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Aims
This Chapter aims to open your eyes to the typical problems and challenges
households have with watering their gardens – and to offer workable solutions for
almost all circumstances. The following will be covered:
Typical problems with watering household gardens
Irrigation is a complex and interesting science, covering too many aspects to deal
with in depth here. But what are the main problems householders face when they
want to water their gardens? What are the typical mistakes people make and how
can we best advise them to avoid these mistakes?
The key problems for householders are:
Water is scarce and often expensive for rural households, even just for drinking and
domestic uses. Most households believe that it is nearly impossible for them to get
hold of enough water to grow a food garden at home.
In the section on water sources, we will discover how much a household can grow
just by recycling their little household water.
Usually, most of our rainwater runs away unutilised. In fact, many people build
barriers to keep rapid-flowing water out of their yards during rainstorms, to avoid
erosion damage to their property. We will look at rainwater harvesting methods that
help households to slow down, capture, store water, and so, still benefit from
rainwater long after a rainstorm had passed.
We will also look at what other water sources a household can try to tap into for food
production in the backyard.
Gardeners often plant their crops at the start of the season, only to find that they
don‟t have enough water at the end of the season, when the plants need the most
water. It is very frustrating to see your plants wither when they are almost ready to be
harvested!
In the section on balancing water needs and sources across seasons, this aspect is
addressed.
Often, people don‟t realise that they are not making best use of the little water they
have. The most common mistake is to give your plants small quantities of water every
day. Most of the water evaporates into the air before the plants can use it.
In the section on applying water sensibly, we look at two questions facing every
irrigator: How much? How often? We will see that one or two deep waterings per
week have many advantages: less water is lost to evaporation, and more water
seeps deep into the soil to enable strong root growth and thus strong plants.
A good guide is to pour one 20 litre bucket per 1m x 1m portion of garden, once a
week in winter, and twice a week in summer (except when it has rained well).
Small ridges around the beds keep the water where it is applied, ensuring that all
plants are watered equally.
Simple methods are used to understand how deep the water goes into the soil.
What can I use to water my garden?
In the section on irrigation technology, the most appropriate pumps and irrigation
systems for small gardens are discussed.
vi
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What am I going to learn?
The following is a list of the things you should be able to do when you have
successfully completed this chapter. This list gives you some idea of what to expect
when you start working on the chapter, but, more importantly, you should come
back to the list when you have completed the chapter to check if you have
achieved all the objectives set out for the chapter. This means that you can monitor
your own progress quite accurately.
On the following page is the list of outcomes for this chapter:
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What am I going to learn?

What should I be able to do after
completing this unit?

combine crops
facilitate a process with a homestead family
to enable them to provide a diversity of
nutritious food throughout the year
facilitate farmer experimentation in terms of
companion planting and timing of crops

1

Establish companion
planting systems in
a homestead garden

2

Establish crop
rotation systems in a
homestead garden

3

Apply basic natural
pest and disease
control in a garden

produce organic pest control remedies
apply organic pest control remedies
control pests and diseases with the use of
organic pest control remedies

4

Characterise the
seeding of
commonly grown
vegetables

identify the seeding characteristics of
commonly grown vegetables
harvest seeds from open pollinated plants
save seeds from open pollinated plants

5

Establish the
planting of fruit
trees in homestead
vegetable gardens

6

Apply vegetable and
fruit processing and
storage techniques

implement the processing of vegetables and
fruit in a community
implement the practice of storing
vegetables and fruit in a community

7

Explain the
integration of small
livestock into a
homestead garden

facilitate the integration of small livestock
into a homestead garden

8

Explain practices
suitable for use by
the poorest people
who participate in
gardening and
learning events

inform the poorest people participating in
gardening and learning events regarding
suitable practices for them to use

viii

rotate crops effectively
facilitate a process with a homestead family
to enable them to provide a diversity of
nutritious food throughout the year
facilitate farmer experimentation in terms of
crop rotation and timing of crops

facilitate the planting of fruit trees in
homestead gardens

Done 
Can’t do 
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Icons
You will find that several different ‗icons‖ are used throughout the Chapter. These
icons should assist you with navigation through the Chapter and orientation within
the material. This is what these icons mean:

Facilitation tools
Processes that you can use in workshop situations,
to support your work in the field.

Research /Case study
The results of research or case studies that
illustrate the ideas presented.

Looking at research, facts and figures
to help contextualise things.

Activity
This indicates an exercise that you should do
- either on your own (individual) or in a group.

Copy and handouts
These sections can be copied and used
as handouts to learners / participants.
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5.1 Introduction
Water is everywhere on the surface of the earth. It is within all living organisms, soil
and even in the air. Without drinking water, the bodies of animals and plants cannot
be sustained. Without water there is no life; with too little water, life is very hard
indeed.
Water is particularly precious to rural
households, precisely because they so
often have to make do with limited
and/or unreliable supplies. Even in
relatively higher rainfall areas,
households often need to walk
considerable distances to fetch water,
either because the local supply system
fails, or because it provides too little
water for all their needs, including
water for home food gardening.
Qumbu village in Eastern Cape is not remote
– it lies quite close to the N2 freeway some
60km North of Mthatha, and has had
municipal water supplies for a number of
years. Yet it was still necessary for this
lady to pay R10 per 200 liter drum of muddy
water from the river whenever she couldn’t
cart it by wheelbarrow herself. A drum of
‘clean’ water (not purified, just not muddy)
was twice the price. This amounts to
R100/kl, while purified tap water in the
cities was being charged at less than R5/kl.

Note the deep valleys
people have to walk
down to reach water
in the streams around
Lubala, Lusikisiki,
Eastern Cape. Despite
this area’s high annual
rainfall of 1050mm/a,
the households
experience water as a
scarce and precious
resource, because
they have to spend so
much time and effort
daily to get it to their
homesteads.

1
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In drier areas, water is also physically scarce
and many sources can dry up completely during
drought periods. Lorraine village, Limpopo
Province, 2003.

Key issues for homestead water management
Household water needs
Because water is so scarce, it needs to be used sparingly. A household has varied
water needs, which includes the following main categories:
 smallish quantities of water that is safe for drinking, cooking and doing the dishes;
 larger quantities for personal hygiene and doing the washing – which need not
be of the same quality as drinking water; and
 even larger quantities of unpurified or „raw‟ water for food gardening and other
productive purposes.
These differences in the quality of water required for different purposes also means
that the household can re-use or recycle water quite successfully. For instance, water
used for washing can be used to water the vegetables – provided the household is
careful about how they deal
with soap and detergents.
Here, water from household
processes are being recycled for
use in food production. Ash from
the cooking fire is added to the
water and left overnight to settle
out the soap and impurities before
it is used to water the plants. Also
note the water storage containers
behind the low wall.

2

Chapter 5: Garden and Homestead Water Management for Food Gardening

Once the interest and awareness of the household members had been kindled, they
can save and re-use water in almost every use they put it to! Two areas are of most
interest, because here potentially larger quantities of water can be saved:
 Recycling saves a great deal of effort that would otherwise have been needed
to fetch more water; and
 Improved irrigation practices can save a tremendous quantity of water, while
assuring good and healthy crop yields.

Watering the garden: how much, how often?
One of the most common wasteful irrigation practices is to spread a small quantity of
water across the whole garden every day or two. It is understandable that people
tend to do this, because they reason that ‗at least all the plants will get a little bit of
water‘. However, such shallow watering is in fact very wasteful, because most of the
water simply evaporates out of the topsoil without doing much good at all.
A much better approach would be to divide the garden into imaginary ‗blocks‘ or
‗sections‘, and to provide a good deep watering to each section every four to seven
days. Thereby the water can seep deep into the soil and less of it will be lost to
evaporation.
Beware: deep watering can also be overdone. Then the water seeps down deeper
into the soil than the plant roots can reach them – we call this deep percolation.
(However, this is a less common mistake than the major water losses through too
shallow and too frequent watering.)
How can one know how deep the water has gone? The simplest method is to push a
steel peg into the soil a few hours after watering the bed, when the water has had
time to infiltrate properly into the soil. The peg goes in quite easily until it reaches the
dry soil below, which gives you a good idea of how deep the water had gone down.
Combine this with knowledge about the typical rooting depth of the crop, and it
becomes easier to strike a balance between over- and under-watering.

Saving water by paying attention to the soil
The food gardener can make much better use of rain by channelling more rainwater
directly to the vegetable beds, and by improving the soil so that it can take and
hold (store) more water.
 To channel rainfall run-off to the vegetable beds, the gardener needs to look at

where water normally runs in his/her yard during a rainstorm, and then dig shallow
ditches and bunds (earth ridges) where necessary so that from then on, water will
flow directly to the vegetable beds. However, in heavy rainstorms the water can
be too much, and may wash the vegetable beds away. To prevent this, she can
shape special bunds to form ‗escape routes‘ for the excess water.
 There are various ways to improve the garden soil to save water. The idea is to
make the soil softer and deeper so that more water can sink into the soil
(improved infiltration) and so that the soil can hold more water for longer
(improved water holding capacity). A very effective way for a food gardener to
create a permanent deeper layer of soft topsoil, is ‗deep trenching‘, and this is
discussed in Chapter 6 in considerable detail.
3
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Saving water by using better watering methods
The water lost in irrigation, is all the water that is applied but can‘t be taken up by the
plant roots. Therefore, good irrigation methods are those that minimise the main
‗water loss culprits‘, namely:
 Evaporation;
 Deep percolation;
 Water applied where the plants are not growing; and
 Uneven distribution of water, meaning that some plants get too much, while
others get too little.

Managing water applications better
It is impossible to irrigate without losing some water, but irrigation efficiencies can
improve dramatically, just by taking some more care to avoid these ‗culprits‘.
In the case study below, we can see the range of possible water losses with a
sprinkler irrigation system, and how we can avoid many of these losses.

Case study 1:
Types of water losses in irrigation
Water losses in sprinkler irrigation systems
Sprinkler systems (tjarra-tjarras) spray water through the air (evaporation during
application), and wets a large area (not only where the plants are actually growing).
If the system is left running for too long at a time, water may soak beyond the depth
of the plant roots (deep percolation), but if it is switched on only for a short while
every day, only a thin top layer of soil will get wetted and will quickly dry out by sun
and wind (more evaporation losses).

Some ideas to minimise irrigation losses
Without changing the irrigation system (sprinkler), irrigation efficiency can be
improved dramatically by:
 irrigating during cooler times of the day, and thereby reducing direct

evaporation;
 applying a deep irrigation, so that the evaporation from the soil surface is a

smaller percentage of the total water applied; but
 avoiding deep percolation by measuring how deep the water infiltrates into the
soil; and
 trying to still make best use of every rainstorm, so that irrigation is needed less
often.

4
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Using organic matter to save water
Soil structure plays a critical role in soil water management. The fact that organic
materials and minerals are mixed together creates a kind of balance between the
forces:
 In a sandy soil the presence of organic matter and humus promotes water
retention, so that the soil will not dry out so quickly; and
 In a clayey soil the presence of organic matter is good for drainage, because it
creates water channels in the soil.

Using the correct irrigation technology for the circumstances
Different irrigation methods perform better in different circumstances. Irrigation
methods that are good at avoiding the ‗water loss culprits‘ under specific conditions
are the following:
Drip irrigation is good at reducing both direct evaporation as well as evaporation
from the soil surface. However, be warned! Drip irrigation can be very bad on coarse
sandy soils where water runs straight down without spreading sideways in the soil to
reach the plant roots (deep percolation losses).
Drip systems also need careful management, because the drippers can easily
become blocked without the gardener noticing it! Also, gardeners often find it hard
to believe that the plants get enough water, because there could be just a small wet
patch on the soil surface. More than with any other type of irrigation, with drip
systems it is important to take a spade and dig to see where the water goes. Do this
as often as you need to until you know your system well, and how it reacts on your
soils.
Drip systems cost money and a food insecure family may not be able to afford the
replacement costs.
Flood irrigation is generally believed to be wasteful, and this is true where this method
is carelessly applied. However, with proper planning and care, efficiencies of 90%
and higher are possible. Water can be lost to evaporation and percolation in the
canals and ditches transporting water to the vegetable beds, and through deep
percolation in the vegetable beds if too much water is given at a time. The common
problem of water losses through too shallow watering does not occur with flood
irrigation.
Efficiencies are greatly improved by levelling out the beds so that water can spread
evenly across the entire bed. In deep trenched gardens, the ditches around the brim
of each trench bed should be nice and level, and the top surface of the trench bed
should also be level, or shaped into small subdivisions to enable the gardener to
share water evenly across the bed.
Similarly, making a basin around a tree helps to keep the water in place until it has
infiltrated where most of the tree‘s roots are.

5
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Chapter overview
In the introduction above, we have briefly summarised the key things that a rural
household can do to get further with the water they can get hold of. We will give
more detail on all of these later.
 You will remember that in Chapter 1, the water situation in the world and in South
Africa was introduced, as well as some of the policies and laws that govern water
use. In this Chapter we will take those thoughts a bit further, and develop a better
understanding of the actual day-to-day problems of water supply in rural
villages. We will also look at planning and facilitation methodologies that have
been developed to address the problems (problem tree, SWELL, etc).
 Looking at water from a rural household‟s perspective we will look more closely at
the quantities and qualities of water needed for different homestead uses, and
potential water sources for these purposes. We will look deeper into how a food
gardener in a rural village can make the best use of the water they can get hold
of, in an affordable and effective way for their circumstances. Particularly, we will
consider how garden layout and irrigation approaches can improve water
availability for food gardening:
In section 5.4 we will look at the question of ―how much‖?:
1. How much water does a rural household need for its different purposes? What are
the quality requirements for different purposes? How much can be recycled from
each of these uses?
a. Safe water for drinking and cooking
b. Water for hygiene and washing
c. Raw water for production like food gardens, livestock (poultry, goats,
sheep, cattle), brick-making, etc.
2. Water sources: Where can a rural household get water from, and how much can
they hope to get from the different types of sources?(municipal water, recycled
water, rainwater, local boreholes, springs, streams, rivers)
3. How can a household balance their available water with their different water
needs across the seasons?
In Section 5.5 we will focus on making the best use of rainwater:
4. How can a household lay out their yard to capture and use rainwater?
a. Principles for layout planning (to make the best of water, sun, wind, frost);
b. Deep trenching to improve water infiltration and water holding properties
of the soil;
c. How to turn run-off into run-on (including the infield rainwater harvesting
technique); and
d. The ―Helicopter Planning‖ technique to put it all together.
In Section 5.6 we will learn how to plan and manage water use in the home food
garden:
5. Applying water sensibly: how to get the most from stored water. Answering
questions like:
a. How much, and how often should one irrigate?
b. How do you know how deep the water went into the soil? How do you
6
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know when it is time to give the next irrigation?
c. What irrigation technology could you use in your circumstances (short
furrows, basins, sprayers/sprinklers, micro sprayers, drippers)?
In Section 5.7 we will look at technologies which are suitable for use by rural
households:
6. Water storage needs and options for rural households.
7. Pumping options.
8. Operation, maintenance and self-monitoring in homestead water management.

Water needs
Water sources

water balance

garden layout
recycling & re-using water
storage

pumping
applying water sensibly:
-timing
-quantities
-methods
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5.2 Day-to-day water problems
in rural areas
We can keep water and manage it, but we cannot make water! Why are our
boreholes running dry? Why is there less water now than before? Where did it go?
Why are so many rivers silted up and contaminated? Why are so many of the water
supply systems so unreliable: giving water only some days instead of continuously, as
they were designed to do? What is happening?
To understand this better, we have to look at
where South Africa is in its history, and think
about our successes and failures as a country.
Many of the problems we face will take many
years to solve; therefore rural households are
interested in what they themselves can do in
the meantime to improve their own situation –
and in some cases, just to survive.

The South African water governance context
Laws and policies
Soon after the 1994 democratic elections, the new government introduced major
reform of water policies and law in South Africa. Water resources are now managed
in terms of the National Water Act (Act 36 of 1998), which recognises basic human
needs and water for the environment, calling this the Water Reserve, and commits
South Africa to the honouring of water agreements with neighbouring states. All
other water uses are subject to term-specific allocations.
A separate Water Services Act (Act 108 of 1997) governs water supply through Water
Services Authorities (WSAs), which are mainly the 42 wall-to-wall District Municipalities
covering the country, and Water Services Providers (WSPs), which may be local
municipalities or other bodies authorised by the WSA. Municipalities are further
subdivided into Municipal Wards (several villages grouped together), which is the
normal unit for planning of municipal services and activities.
These municipal structures are in their infancy and have a very wide range of
responsibilities, which places tremendous strain on their ability to develop and
manage water supplies to vast underserviced areas(De Lange, 2009).
To make matters worse, there is a tremendous
shortage of engineers (Lawless, 2007) and other
technically-qualified people in South Africa. This is
a very serious problem, because water supply
(planning, design, installation and operation and
maintenance) is a specialised technical matter!
Further, managers of water supply divisions need
excellent technical skills in water supply, as well as
a thorough and sympathetic understanding of
people‘s needs and realities on the ground.
8
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Implementation programmes for water
Post 1994, the national Department of Water Affairs and Forestry set in motion a
tremendous effort to reach unserviced population with clean drinking water. This
function was later devolved to the municipalities, as described above. In more
recent years, a major focus on sanitation services was added.
In the drive to reach some 12 million unserviced people, several approaches were
adopted that are of relevance to this study because of their significance for MUS:
 Firstly, in an attempt to reach as many people as soon as possible, a policy was
adopted to supply all people with 25 litres per person per day, within 200m of the
dwelling. At the same time, payment for services was introduced (there was no
system of payment for water in the rural villages pre-1994). Later, the concept of
Free Basic Water (a free lifeline supply of 6kl per household per month) and the
‗water ladder‘ was introduced by Ronnie Kasrils, a former Minister of Water Affairs
and Forestry, which signified that government was committed to ensure ‗some,
for all, forever‘, and would follow with improved services over time;
 Secondly, a decision was taken to pursue bulk supply and reticulated systems,
since these were believed to be more affordable, and easier to implement and
manage than smaller dispersed and stand-alone systems;
 Thirdly, in the drive for supply, there was little capacity to spare for the
preparation of proper operation and maintenance of both existing and new
systems. Today, there is growing pressure on water sector players to address this
aspect as a matter of urgency, as many systems are falling into disrepair.

Changes in thinking: multiple water uses, sources
and systems
There is now growing recognition that the RDP level of supply, namely 25 lpd, is
inadequate to enable the poorest of the poor to engage in a wide range of
economic activities – should they have access to more water.
Also, it is being argued that it may be economically more advantageous to supply
sufficient water from the start, instead of a ‗water ladder‘ approach:
 partly because this would avoid having to add onto system capacity later; and
 partly because the increased amounts of water could enable economic
activities that would enable payment for water services, thereby rendering the
systems more economically viable from the start.
Several factors have also created a more favourable environment to move away
from the singular focus on bulk and reticulated water supply systems, and to consider
a range of alternative systems to augment bulk supplies:
 Problems with the reliability of supply due to inadequate operation and
maintenance have created the need for ‗fallback‘ supplies which are more
easily within the control of rural communities; and
 The realisation that most economic activities do not need a purified source of
water, means that a range of other systems can be reconsidered, such as roof
and surface harvesting of rainwater, springs, stream diversions and boreholes
fitted with handpumps and other manageable devices.

9
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In this context, the concept of Multiple Use Systems (MUS) provides a focal point for a
range of ideas in the current water supply context in South Africa, and can play a
significant role in shifting and organising the thinking of players in the water sector.
Further, recent world events, especially the unprecedented rise in food and fuel
prices, has helped South Africa move beyond the dangerous argument that
alternative water supply options and uses are just veiled attempts ‗to keep poor
people poor.‘ Rather, we need to enable people to be as productive as they can
be, whenever they may happen to be without formal employment and income.
Rural water supply, like poverty, needs multiple strategies to increase access and
reduce risk.

What is the Multiple Use Systems (MUS) approach?
To understand the MUS approach to water supply, we need to realise that:
 households have a range of water needs for different uses;
 that not all of these uses require purified water; and therefore
 that a range of water sources can be used to help satisfy the different water
needs if the household (not just purified water from normal municipal water
supply systems).

Activity 1:
Household water uses, users and sources
Aim:
To develop a better understanding of the range of water uses, users and water
sources in a rural context.

Instructions:
Look at the pictures of water users, water uses and water sources on the next page.
Think of a household in a rural village that you know well (you may use your own
homestead as an example, if you wish).
From the viewpoint of the household:
 Select from the pictures the water users, uses and sources that currently apply to
them, and add further ones you can think of. Draw lines to link the household‘s
current water uses with the water sources that currently supply water for these
uses.
 Next, select further water sources that this household could possibly use in future.
Link these sources to possible uses. Use different colours to link the current and
future uses to their possible water sources.
 For each of the additional water sources, write down what a household would
have to do to get access to these, including what permission they would need,
physical work they would need to do to bring the water to where they need it,
how they would need to collaborate with other households to get this water, etc.
 List the constraints they will have to overcome to get hold of this water (social,
financial, legal, etc.) and ideas of how to overcome the constraints.
10
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Figure 1: Rural water users, uses and sources

From: AWARD
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SWELL – a new planning method to provide water for poverty reduction
In ―chasing the backlogs‖, municipalities‘ planning of water supply has
concentrated on trying to supply 25 liter of purified water per person per day, and
has not attempted to supply water for other uses in rural homesteads.
In Chapter 1 we discussed the groundbreaking study in Bushbuckridge, where the
Association for Water, Agriculture and Rural Development (AWARD) found that
villages with more than RDP levels of water supply had double the level of local
economic activity compared to villages where only 25 liters per person per day was
available to households. This finding showed the importance of water as an enabler
or catalyst, for development at these poorest levels of society.
This finding by AWARD has helped to change our thinking in South Africa about the
importance of ‗water for productive uses for the poor‘, and helped to change some
of the policies of the Department of Water Affairs and Forestry to be more ‗pro-poor‘.
AWARD‘s finding was also one of the cornerstones that lead to the new worldwide
concept called Multiple Use Systems (MUS) for water supply planning.

But how can these findings be put into practice?
AWARD followed up on their work on water for productive uses, by developing a
planning method for municipalities to work with ordinary people on the ground in
villages, to identify their needs and possible sources for water for productive uses. This
method follows the same planning steps as for Integrated Development Plans (IDPs)
and is called SWELL for “Securing Water to Enhance Local Livelihoods” (Maluleke et
al, 2005).
SWELL is a participatory method, which draws the responsible people in the various
government organisations and village groups together to analyse and plan how to
solve the specific water problems in a specific area. The officials bring their expertise
and knowledge about what government can and can‘t do, while village groups
bring their knowledge about the day-to-day realities of water supply in their
neighbourhood, as well as their vision for productive water uses so that these can be
addressed in water supply planning.
Before the idea of ‗multiple sources, systems and water qualities‘ became known,
officials could not even consider listening to such requests for more water, because
they could not even cope with supplying the RDP levels. Now there is new hope that
households could get access to more water in a practical way.
The diagram „What is SWELL‟ shows (in the right-hand portion of the diagram) the
organisations that take part in the participatory planning process. This means that
together they develop a better understanding of the livelihoods and specific
productive water needs of people in that village or ward (shown in the left-hand
portion of the diagram). The quantities and qualities of these water needs and
potential sources for that village can then be calculated, so that multiple, separate
and integrated systems can be designed and implemented to address these needs
over time.
The example on the next page shows a problem tree developed by SWELL
participants for specific water problems in Ward 16 in Bushbuckridge.
12
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Figure 2: What is SWELL?
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Figure 3: SWELL „problem tree‟: water issues in Ward 16, Bushbuckridge
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The steps in the SWELL methodology follow the IDP planning steps as follows:
Figure 4: Steps in the SWELL planning method (Maluleke et al, 2005)

The SWELL steps in Figure 4 above, can be summarised as follows:
 Phase 1 is at village level, looking in-depth at water and livelihoods issues.
 Phase 2 is at Ward level, to synthesise findings, develop an integrated plan for the

Ward and come up with project proposals for implementation.
 Phase 3 is monitoring and evaluation of the projects.
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5.3 What can individuals do?
Let us not be tempted to think that nothing can be done just because these
processes take time. Individuals, households and farmers – everyone of us – can help
to save water, as we already have a major impact on water and our environment.
Anyone can help to make a difference without even engaging the water
committee! What can one do? All of us can use water sparingly, avoid polluting it,
and use every opportunity to help protect water sources.

Individuals’ impacts in the water cycle
Activity 2:
How can I impact our water?
Aim:
To identify where the individual can intervene in the water cycle, and have both
positive and negative impacts.

Instructions:
Study the picture of the water cycle below. Think about where you, as an individual,
would be able to intervene, or manage our water.
Figure 5: The Water Cycle
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In the water cycle we see that water falls on an area through rain:
 In South Africa‘s dry climate, most of this rainwater evaporates immediately.
 The rest of it runs off towards lower-lying areas and eventually to the sea. From

here it evaporates to, once again, form rain.
 On this downhill journey, some of the water infiltrates into the top- and subsoil,

and some of it seeps even deeper until it joins the groundwater.
 Water in the top 10-15cm of the soil can still be lost to evaporation when the air
starts to dry out when the rain has passed. This happens much more quickly when
the wind blows, and when the soil is bare (i.e. with no plants or mulch on it).
 Water in the ‗root zone‘ (where roots grow) can be taken up by plant roots and
used for transpiration (the plants ‗sweat‘). Without this process, we will have no
grasslands, forests or crops – and no food!
 Evaporated and transpired water goes back into the air, to once more become

rain.
Now think about the area where you live and work, and write down your answers to
the following questions:
1. How are you and your household currently impacting on the water in your own
area? Think of negative impacts (polluting water, overusing water, allowing water
wastage, etc.) and about positive impacts (saving water, protecting it from
getting polluted, preventing too much evaporation, etc.)
2. What more can you and your household do to use more water productively out
of the whole water cycle? And to protect the water from evaporating unused?
And to prevent water pollution? Write down all your ideas on how to impact
positively on the water cycle.
Time: 2 hours

How individuals have improved our water
resources
It is possible for a household, even in a dry area, to create a small oasis at home. In
this Chapter you will find several examples of what individuals were able to achieve
in the rural areas. There are examples of the following:
 Groundwater recharge (in this section)
 Spring protection
 ‗Farming with water‘ – a case study of Mr Phiri‘s farm (in this section)
 ‗Water for Food‘ – a case study of MaTshepo‘s home food garden
 Emily Masha‘s luscious garden in dry Sekhukhune (rainfall only 440mm per year)

Groundwater recharge
Water that enters into the soil can take the following two possible routes:
1. Firstly, water can be absorbed by plants and trees which transfer it back to the
atmosphere/air through evapo-transpiration. Plants wilt and become stressed if
they transpire (‗sweat‘) more water from their leaves than they can draw from
the soil. Plant roots can only draw water from the soil within their ‗root zone‘, that
is where their roots are growing.
17
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Figure 6: How evapotranspiration works
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From: Ways of Water

2. Secondly, when there is enough rainfall, the water will seep deeper into the earth
to be stored in aquifers. Aquifers are cavities and cracks in underground rock
formations that store water – this water is called ‗groundwater‟ and the top of the
groundwater ‗surface‘ is called the water table. In high rainfall periods the
groundwater increases, so the water table pushes up (rises), and in dry periods
the water table drops down lower below the ground surface.
Figure 7: What happens to water under the ground

When the water reaches an impermeable layer of rock (e.g. shale or mudstone), it
will follow the slope and can eventually emerge
Impermeable:
on the surface as a spring or the source of a
stream or river.
doesn‟t let water through
Base flows:
sustained low flow in a river
Aquifers are related to seepages, wetlands,
during dry weather conditions
spring flow and river base flows, but the
relationships of flow and recharge are complex
and not well understood. The springs and their related ecosystems may be
vulnerable to large scale groundwater abstraction. It is possible also that overpumping can permanently deform aquifers, leading to the collapse or closure of
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water bearing fractures. Stressing of an aquifer by over-pumping can also increase
the salinity of the water. The mean annual recharge of aquifers varies between 2-4%
of the annual rainfall.
Groundwater recharge is also related to the vegetative cover of the land. The two
pictures below give an indication of how it works.
Figure 8: A lack of vegetative cover reduces the water table

What’s left of our
wood, water, land
and people?

Every year we have
to dig deeper. We
are always calling
in the well-diggers

What can you
expect when runoff
is the cause?

Like human beings, I have to go looking for
water deeper and deeper, further and
further down. But how can I do that when
all my leaves have been removed?

How far will I have to go for wood
when everything has been cut down
and nothing replanted?

Little or no infiltration.
Even after heavy rain, only a few centimeters of soil are
moistened.
Large volume of dry soil not occupied by the roots.
Former level of the
water table

The water table is getting
lower and lower because it is
not recharged by infiltration

Soon, we won’t get
anywhere near the
water table

Water table

From: Ways of Water

20

Chapter 5: Garden and Homestead Water Management for Food Gardening

The picture illustrates what happens to the water table and groundwater when
resources in the environment are extracted or taken away without replenishing them.
We tend to think plants use all the water and that there should be more water if we
remove them. This may be true of alien trees, which act like huge pumps that extract
water from the soil every day. However, if we removed indigenous vegetation,
groundcover reduces and the surface of the soil becomes hard. This results in higher
runoff rates and there is little or no infiltration of water. The area becomes drier all the
time and it is difficult for plants and trees to survive, resulting in even less vegetation,
again causing less infiltration. Boreholes and wells dry up.
Other natural resource problems such as accelerated soil erosion, loss of fertile topsoil
and the development of donga‘s are also results of this cyclical process – all initially
caused by loss of vegetation. The picture below illustrates the outcome of
management of groundcover (such as trees and crops) on an environment.
Figure 9: Increasing infiltration to protect the water cycle

From: Lancaster (2007)

Rivers have a sustained flow, because most of the water is actually stored in the soil,
where it slowly releases into the drainage or stream. In disturbed catchments
(‗watersheds‘), this slow and sustained release of water is disrupted. Water runs
rapidly off the ground's surface, rather than soaking in. This process creates floods
followed by drought (Lancaster, 2008).
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Case study 2:
Farming with Water: Mr Phiri
Mr Zephaniah Phiri Maseko has lived and worked on his family land holding
(3 hectares), in one of Zimbabwe's driest regions for over 30 years. He has created
his ―garden of Eden‖ and over the years has taught many others to do the same.
The farm is on a north to east sloping face of a hill (providing good winter sun). The
top of the hill is a large, exposed rock (a granite dome) that creates a lot of storm
water run-off. The average annual rainfall in the area is around 570mm. Droughts
occur often.
When Mr Phiri began, it was very difficult to grow crops successfully, let alone make a
profit. He had no money for deep wells, pumps, fuel and other equipment. Mr Phiri
started his farming with long and careful observation. He noticed that where the runoff from rain went unchecked (not slowed down) very little infiltration took place. He
then noticed that the soil remained moist for longer in small hollows/depressions. This
also happened up slope of rocks and plants (where the rainfall runoff is slowed down
and can infiltrate between rocks and plants). He realised that he could mimic or
copy this process and enhance areas of his land where soil was remaining moist for
longer. Thus began his water farming.
Figure 10: Trapping water creates fertile areas

From: Lancaster (2007)

More water, soil, seeds and life gather where their flow across the land is slowed down (here by
the rocks packed on the contour). The arrow indicates the direction in which the water flows

Beginning at the top of his catchment, Mr Phiri built low stonewalls here and there on
the contours. These 'check dam walls' slow down and spread the flow of storm runoff water. This controlled run-off from the large rock (at the top of the hill) is then
directed to two earth dams just below (one large and one somewhat smaller). These
dams were dug out by hand.
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The water in the larger dams seeps straight into the ground over a period of time. The
overflow from the smaller dam is directed via a short pipe to an above ground
ferrocement (steel reinforced concrete) tank that feeds the family's vegetable
garden during dry times. Another tank, shaded and cooled by a granadilla vine,
captures drinking water from the roof of the house. Besides these two tanks, all water
harvesting structures on the farm directly infiltrate water into the soil.
Numerous water harvesting structures act as ‗nets‘ that capture the flow of the
surface run-off and quickly infiltrate the water into the soil, before it can evaporate.
These include:
 Check dams (small stone walls placed within drainages across the waters' flow;
 Vegetation planted on contours;
 Terraces (built-up level fields or beds);
 Berm-n-basins (dug out basins with earth and plant banks, laid out on contour);
 Infiltration basins; and
 'Fruition pits'. These are large basins dug out in the bottom of drainage lines
(3 metres long, 2 metres wide and about 2 metres deep). When it rains, the pits fill
up with water and the overflow fills one pit after another. Long after the rain
stops, water remains in these pits, infiltrating into the soil. These fruition pits feed
the groundwater table as well as the plants.
Thatch grass, fruit trees and timber trees have been planted in and around the
fruition pits. Mr Phiri explains with a smile: ― I am digging fruition pits and swales to
plant the water, so that it can germinate elsewhere. (See the explanation of swales
and contour bunds below.)
Figure 11: Sketch of Mr Phiri standing in a “fruition pit” full of thatch grass

From: Lancaster (2007)
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Figure 12: Layout of Mr Phiri's farm

From: Lancaster (2007)
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Swales
Swales are earth banks/ bunds built along a contour line. Earth is piled below the
ditch rather than above. This is a very good way to concentrate water on the land.
In this way, you can keep double the amount of water in your soil. The banks are
planted with water loving and long living plants. The ditches fill up with soil over time
and need to be cleared out when this happens. The soil should be cleared out and
placed below the swale to prevent it running back in when it rains again.
Figure 13: Swales and contour bunds concentrate water on the land

If this is not done, the
trench fills up with soil
and cannot serve
the purpose of
slowing water down
so that it can infiltrate
the soil. In addition, if
the trench is filled
with soil, then run-off
water cannot be
contained and will
wash over the bund,
possibly washing
away plants and
trees growing there.
From: Production without destruction. 1995

Earth Banks/ Bunds
Earth banks are built by digging a ditch across the slope, along a contour line.
Whereas with a swale, the dug-out earth is placed below the trench, with a bund the
dug out soil is placed above the ditch. Rainwater will accumulate above the earth
bank/bund and in the ditch. This water will sink into the ground instead of running off
your land. As soil is washed down the slope and accumulates behind the bank, a
small flat terrace will be formed (LIRAPA, 2008).
Figure 14: Plant roots improve the infiltration boundary in the soil

From: Ways with water. CTA, 1990
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Diversity of crops
Mr Phiri plants a diverse range of crops on his farm: basket reeds, pumpkin (squash),
maize, peppers, eggplant, lettuce, spinach, peas, garlic, onions, beans, granadilla,
mangoes, guavas and paw-paws, as well as a number of different types of
indigenous trees. Indigenous trees are those that occur naturally in the area. They
are the best suited to dealing with the particular natural conditions. (Exotic trees
come from other places and may not grow as well. Sometimes exotic trees grow too
well and compete with indigenous trees. They are then called invasive. This can be a
big problem).
Mr Phiri‘s crops are planted on the terraces formed between the contour bunds and
the swales. This diversity provides food security for his family: even if some crops fail,
others will survive.

Open pollinated varieties
He only uses open pollinated varieties of crops and collects, keeps and plants his
seed from one year to the next. Over time these crops become adapted to the drier
conditions on the farm.

Adding organic matter to the soil
Mr Phiri has found that soils amended (improved) with local organic matter and
nitrogen fixing plants (such as Pigeon Peas) infiltrate and hold water a lot better than
those amended with synthetic/commercial fertilizers. He says: ―You apply fertilizer
one year but not the next and the plants die. Apply manure once and plant nitrogen
fixing plants, and the plants continue to do well year after year‖. Note that another
advantage of manure is that it is usually free, compared to the costs of synthetic,
commercial fertilizers.

Hand dug wells
Towards the bottom (the lower lying areas) of the farm are hand-dug, unlined wells
(except for one, which is lined and has a small hand pump, for household use). These
wells are situated in the wetland in the low-lying area. The wetland helps to filter and
clean the water. That is why it is good for household use as well. There is almost
always water in these wells and even during a drought it is possible to pump water
up from the wells for irrigation. Mr Phiri uses a donkey-driven pump for this purpose.

Wetland
A wetland lies below the wells at the lowest point. Here three aquaculture (fishfarming) ponds/dams are surrounded by a soil-stabilising grove of bananas, sugar
cane and reeds. The fish are harvested for food and their manure enriches the water
used to irrigate the fields. The taller vegetation creates a windbreak around the
ponds (reducing evapotranspiration). The shorter grasses filter incoming run-off water
into the ponds and feed his cows when in calf.
For years, Mr Phiri found himself in opposition to the international aid and
government programs that were pushing for groundwater extraction and export
crops as opposed to rainwater harvesting and local food production and
distribution. As a response Mr Phiri formed a non-government organisation called the
Zvishavane Water Resources Project that is spreading his techniques well beyond his
area. He says: ―It's a slow process. But that's life. Slowly implement these projects and
as you begin to rhyme with nature, soon other lives will start to rhyme with yours‖.
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5.4 How much? Water uses and sources
for rural households
To balance water uses and sources to minimise periods of shortfall, one needs to
know how much is needed at different times of the year, and how much is available
from different sources throughout the year.
It is never possible to quantify needs or sources exactly, because in nature there are
great differences from year-to-year, and people‘s activities and circumstances also
change over time. However, it is possible to make good estimates!
The household can use their estimates to plan their own water supplies, and then, by
keeping record of the actual situation over time, they can keep improving their
planning from year-to-year.
This same basic approach applies at village, ward, municipal and national levels!

Rural household water needs
A rural household has a range of water needs, which includes:
 water that is safe for drinking;
 water for cleaning purposes; and
 „raw‟ water for food gardening and other productive purposes.
Next, one needs to estimate the quantities needed for each category before one
can start one‘s planning. Table 1 provides typical values for water needs of rural
households. Note that the cleanest water (potable water) can be used for anything,
but is also the most expensive, and the scarcest water. Therefore, a household will
get furthest with its water if it saves the high quality water for drinking and cooking. It
goes even further if the household can reuse it for other purposes where possible.
Table 1: Typical values for rural household water needs, sources and recycling

Water
use/water
need

Typical quantities
needed

Quality
required

Suitable water
sources

Recyclable
portion
and quality

Drinking
standard

Treated municipal
water;
uncontaminated local
springs, wells &
boreholes; roofharvested rainwater.

60%
(mainly from
dishwashing)

Domestic water – safe for drinking
Potable
(drinking,
cooking,
dishwashing)

7 liter per person per
day

Domestic water – good for cleaning purposes
Domestic nonpotable
(washing self,
cleaning house,
laundry)

65 liter per person
per day

Clear
water

All this above, plus
surface-harvested
rainwater (e.g.
underground
rainwater tank); local
streams, rivers, dams.

70%
(good for
raw water
uses)
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Water
use/water
need

Typical quantities
needed

Quality
required

Suitable water
sources

Recyclable
portion
and quality

All the above plus
recycled water from
above uses plus run-on
and infield rainwater
harvesting.

0%

Water for production
Vegetable
gardening

Maximum 20 litre per
m2 per week
(summer)

Fruit trees

Minimum 20 litre per
tree per week

Poultry (Smith,
2006)

200ml per adult
chicken per day

Small livestock

5 litre per adult goat
per day (10% of
bodyweight)

Large livestock

40 litre per adult cow
per day (double for
lactating animals)

Cement-block
making

20 litre per 20 large
blocks or 40 maxibricks

Raw
water, but
without
toxins

Raw water
(but with
no traces
of sugar)

Activity 3:
Estimating household water needs
Aim:
To quantify the needs of a rural household for water of different qualities.

Instructions:
Use the same homestead as for Activity 1 in Section 5.2 above.
Draw up a table similar to Table 2 below.
In the first column, list the household‘s current water uses.
In the second column (using the values in Table 1 above), calculate the weekly
water needs for each use. Think carefully about the quality of water needed for
each use.
Now estimate how much of the water used by the household can be reused, and
add this up in the last column.
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Table 2: Estimating the water quantities and qualities needed by a rural household

Water use/water need

Calculation

Maximum
quantity
needed
(liter per week)

Recyclable
portion
(liter per
week)

Drinking quality water (safe, potable water)
Drinking, cooking & dishes (7
litre per person per day)

Number of people
x 7 litre x 7 days

60%

Traditional beer making (30
litre water per 20 litre beer)

Litre of beer made per
week x 1.5

0%

Cooking porridge to sell at
market (3 litre water per kg of
maize meal)

Kg maize meal cooked
per week x 3 litre

0%

Traditional healer

0%

Other...
Total drinking quality water needed per week

_____ litre/week

(___ litre)i

Clear water (not purified)
Bathing, washing & household
cleaning (65 litre per person
per day)

Number of people
x 65 litre x 7 days

70%

Caring for the sick (including
extra washing, 50 litre per day)

Number of sick people
x 50 litre x 7 days

0%

Other...
Total clear water needed per week

_____ litre/week

(___ litre)ii

Raw water (untreated)
Vegetable gardening:
backyard gardens, communal
gardens. (maximum 20 litre per
week per m2 planted area in
summer; less 30% in winter)

Planted area (m2)
x 20 litre

0%

Fruit trees (maximum 20 litre
per tree per week

Number of fruit trees
x 20 litre

0%

Poultry (0.2 litre per adult
chicken per day)

Number of chickens
x 0.2 litre

0%

Small livestock (10 litre per
adult animal per day)

Number of goats + sheep
x 10 litre

0%

Large livestock (50 litre per
adult animal per day)

Number of
cattle + donkeys + mules
x 50 litre

0%

Cement-block making (20 litre
per 20 large blocks or 40 maxibricks)

[(Number of large
blocks/20) + (number of
maxi-bricks/40)] x 20 litre

0%

Other...
Total raw water needed per week

_____ litre/week

(_ litre)
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Activity 4:
Water for the garden – litres or millimetres?
Aim
To become comfortable with thinking about rainfall and watering the garden in
terms of millimetres applied.

Instructions
We all know that rainfall is measured and reported in millimetres. You may hear on
the radio or from a neighbour that a certain area had had 21mm (or 2mm or
120mm) of rain the previous night. This means that a ‗layer‘ of water, 21mm deep,
had fallen on the surface of the earth. (Part of this layer of water soaks into the
ground, and part of it flows along the soil surface down to a river as ‗run-off‘. Quite a
lot of it evaporates back into the air even before it reaches the river – mostly only
about 10% ends up in the river.)
Rainfall:
In a 21mm rain event, how many litres would have fallen:
1. on a roof of 10m long by 6m wide?
Remember: Volume=length x width x depth
21mm=21 ÷ 1000 =0.021m

[because 1m=1000mm]

Volume=length x width x depth=10m x 60m x 0.021m=1.26m3
1.26m3 = 1.26 x 1000 =1 260 litres

[because 1 m3 =1000 litres]

You can simplify your calculation as follows:
Volume=length x width x depth=10m x 60m x 21mm x 1000 ÷ 1000 =1 260 litres

2. on a yard of 30m x 20m?
3. on a garden trench bed of 1m wide by 4m long?
How many large bucketsful (20 litre each) would that be?
Watering the garden
Now think again about that trench bed of 1m by 4m:
4. If you would water this bed with four bucketsful (using a 20 liter bucket) how
many millimetres would you have given your trench bed?
5. If you had planned to give 20mm, and it had rained 15mm the previous night,
how many millimetres would you need to give? How many 20-liter buckets is that?
Answers:
1.

1 260 litres; 63 buckets of 20 litre size.

2.

12 600 litres; 630 buckets.

3.

84 litres; 4.2 buckets.

4.

80 litres; 20mm.

5.

5mm; 1 bucketful (=20 litres). NOTE: Spread this evenly across the whole bed!
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Activity 5:
How much water does the garden need?
Aim
To develop useful ‗Rules of Thumb‘ on how many buckets per week a food garden
needs, and how much water we can get from rain.

Instructions
From the calculations we did in the Activity above, we can develop the following
‗rules of thumb‘. [Rules that are easy to remember that we can use to work things out
quickly. ]
1. Make sure you understand these two rules of thumb, and REMEMBER THEM.
Rainfall:
If 1mm rain has fallen, then 1 litre has fallen on every area of 1m x 1m.
The rule of thumb is thus: Every 1mm of rain gives 1 litre per m2 .
Watering the garden:
In most areas, a garden needs about 20mm per week.
To give 20mm per week, we need to give one 20 litre bucket of water per week for
every 1m x 1m area of garden beds.
The rule of thumb is thus: One 20 litre bucket per week for every m2 of garden beds.
2. Now use your rule of thumb to work out how many buckets per week a garden
with 10 planting beds of 1m x 6m would need.
3. How many buckets is that per day if the gardener waters 6 days per week?
4. Should the gardener try to divide these buckets evenly between all the beds
every day?
Answers:
2.

60 buckets (20 litre size) per week.

3.

10 buckets per day, which is the same as one 200 liter drum per day.

4.

No, definitely not! Every bed would just get a thin sprinkling and will dry out again almost
immediately – all the hard work and precious water to waste. Much better: divide the
garden into six parts and water one part per day, moving on to the next part the
following day. In very hot periods, water one-third of the garden per day and increase
the number of buckets per day if necessary.
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Water sources for rural households
Remember that all our water comes from the water cycle (review Figure 5 above).

Municipal water supply systems
To the majority of South Africans, the most easily available water source is the
municipal supply, which is usually piped water – either at a public tap within 200m of
the yard, or a yard tap, or a house connection. The municipality is required by law to,
at the very least, provide all households with at a minimum lifeline amount of 6kl
(6000 litre) per household per month. This is called Free Basic Water (FBW) and is free
of charge. For water use beyond the FBW limit, households are expected to pay.
While this is the policy position, the reality looks somewhat different:
 Not all municipalities have managed to supply all households with FBW. Some
villages have not been reached with reticulated (piped) water supply systems,
and are relying on local boreholes, springs, streams or rivers for their basic water
requirements.
 In many other villages, the piped systems are no longer working or are regularly
out of order, and may run dry for days in a row. This means that households have
to store water to be ready for such ‗dry‘ periods, and/or find other water sources
to keep them going.
 In some villages the piped systems stop working properly because there are too
many illegal connections, which draw so much water from the system that the
water stops reaching the further and higher-lying areas.
 Many households don‘t pay for water they use beyond the FBW amount, for a
variety of reasons: Some refuse to pay because the system is unreliable or inferior;
some find it hard to accept that they now have to pay for water when it has
always been free of charge; others don‘t pay because they expect to get away
with non-payment; and so on.
 Non-payment means that the municipality has less money to repair and maintain
their existing water supply systems, meaning that the systems deteriorate further,
and non-payment escalates even further – a vicious downward spiral.
 Also, many municipalities don‘t have engineers and well-managed water supply
divisions that can do the technical work properly (Lawless, 2007).
The use of municipal water for productive purposes may be thus be limited due to
any or all of the following factors: available quantity, reliability, allowable uses, and
cost.
Therefore, rural households who want to use water for productive purposes (food
gardening, animals, brick making) would usually need to find additional water from
somewhere. Many of these possible additional sources would also be used by others,
meaning that ways have to be found of sharing it fairly to avoid conflicts and
tensions in the village.
Often the only potential sources that are fully under control of the household are:
 Water that the household can recycle from other uses; and
 Rainwater falling directly onto their yard. This is one of the reasons why rainwater
harvesting (RWH) is such an attractive option.
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In Activity 5 you calculated that one 200 liter drum per day is needed, 6 days a
week, to give 20mm per week to 60m2 of garden beds. When the household wants
to think about getting water from other sources, like boreholes, wells, rivers, etc., you
can help them think how it would be possible for them to get one 200 liter drum per
day from the various possible sources – or more for a larger garden, and less for a
smaller garden.
Let us consider how various possible sources could help a household to get together
one 200 litre drum per day, 6 days a week (=ten 20-liter buckets/day, 6days/week).

Recycled water
We often forget that it is possible to use water more than once. In Activity 3 above,
you calculated how much water your example household could recycle per week
from their present water uses.
You can now add together all the water that can be recycled per week. Then divide
this by six to know how much of the 200 liter drum needed per day could be filled
from grey water.
Example 1:
RDP supply of 25 litre per person per day, for a household of 4 people
=25*4*7days=700 litre per week.
If the household can manage to recycle one-third=233 litre per week
=39 litre per day for 6 days of irrigation
(i.e. the 200 litre drum can be filled to almost one-fifth [19%] from recycled water).
Example 2:
FBW supply of 6000 litre per household per month = 1500 litre per week
If the household can recycle half=750 litre per week
=125 litre per day for 6 days of irrigation
(i.e. the 200 litre drum can be filled to over half [62%] from recycled water).
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Boreholes, wells, springs, streams, rivers
In the drier provinces, most villages are very far from any streams or rivers, and even
in high rainfall areas people may have to walk up and down long steep slopes to
reach the water. Therefore distance, cost, and the time and labour needed to
collect the water, all affect households‘ access to these sources.

Boreholes
In the past, government drilled boreholes in and around rural villages and equipped
them with hand pumps, or with diesel-powered pumps if the borehole was strong
enough (could give a lot of water). As the electricity network is spreading to more
areas, more and more electric submersible pumps are being used.
Some of these boreholes fell into disuse when municipalities started supplying piped
water from bulk supply systems (large dams, reservoirs and pipelines). It could be
possible for households to use water for gardening from such boreholes.
A handpump typically pumps at 10 liters per minute. Therefore, it would take
2 minutes of pumping to fill a 20 liter bucket, or 20 minutes of pumping to fill a 200
liter drum.
To this, add the amount of time to get the water to the garden from the
handpump. Measure the time it takes to fetch one bucket, and multiply that by
the number of times per day that the household would need to go to the
handpump to fetch water.
Similarly, you can calculate how much time it would take to collect water from other
sources such as wells, springs, streams and rivers.
If the household is allowed to take as many bucketsful as they need, their available
time and labour will determine how much water they can collect every day.
Otherwise, the limit may be on the number of 20 litre buckets they are allowed to
fetch.
In many villages, water vendors fetch water from all types of sources and deliver it to
people‘s houses, often by donkey cart. In that case, the amount of money that a
household can afford spend on such water would determine how much bought
water they can afford to add to their daily 200 litre drum for irrigation.
Example:
In Qumbu village in 2009, the home food gardeners gave the following information: One
200 litre drum of clean water was costing R20. One 200 litre drum of muddy river water cost
them R10 (=R50/kl). Most gardeners could not afford to pay R60 per week (R10/day for 6 days
of irrigation per week) to water their gardens. They bought some water when it couldn‟t be
helped, but tried to use as much as possible from recycling household water, fetching water
themselves by wheelbarrow when they could, and were also taking some from the public tap
stand when possible.
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Rainwater harvesting
One of the main attractions of harvesting rainwater in the yard, is that it falls where it
is needed – or very close by – which reduces the time and effort needed to get the
water to the garden.
With rainwater harvesting, we try to stop water falling on and running across our
yard, from running away unutilised. There are two main strategies, which can be
used together or separately:
 One, to get more water to soak into our soil, so that the soil gets wet deep down
and can sustain plants for much longer. In other words, we are storing more
water in the soil itself; and


Two, to store water in containers and/or tanks for later use.

The amount of rainwater a household can capture and store depends on the
following:
The amount and pattern of rainfall – not only more rain is a factor, it is also the
way in which rain falls: Light drizzle will soak deep into the soil, but will produce
little run-off, while hard, intensive storms can produce a lot of runoff to channel
to tanks, or to slow down and channel to the garden beds – care needs to be
taken to prevent erosion with such hard rainfall..
The soil conditions – rocky or clayey soils would give more run-off than sandy soils;
there is more runoff from steeper than from flatter slopes; and wet soil would give
higher runoff than dry soil.
The available storage – storage is often the limiting factor with rain water
harvesting. One should not underestimate the storage capacity needed in
order to make it meaningful.
The question does arise – how much water can a gardener gain through rainwater
harvesting? And how much storage does a household need? This depends mainly
on the intended use for the water.
We will go into more detail on this question in ―How much water to store for food
gardening‖ in section 5.7.
In section 5.5 we will first look at how to make the best of rainwater for food
gardening through garden layout.
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5.5 Making the best use of rainwater
Introduction
We have seen that one of the most important and underutilised sources of water for
a rural household, is the rainwater that falls on their yard, and flows past or through
their yard when it rains.
Rainwater is good for several uses by a rural household, depending on how clean
one can keep it:

Water from the roof
The cleanest rainwater comes from the roof, and can be stored in tanks or drums for
drinking and cooking. The roof is cleaned at the start of the rainy season by the first
rains. This is called ‗first flush‘ and is not allowed to go into the storage tank, to keep
the tank clean. (First flush systems, gutters and roofwater storage tanks will be
discussed in more detail in the ‗technology‘ section below).

Surface run-off
Water from the roof is just a very small portion of the available rainwater, compared
to the rain that falls on the yard, and water that runs through or past the yard from
the surrounding areas – this is called surface run-off. Surface run-off is not clean
enough for drinking, cooking and dishwashing, but can be used for non-potable
domestic uses like washing oneself, laundry and general cleaning. It is also a very
important water source for productive uses, like food gardening, water for animals
and poultry, and brick-making.
How can a household make best use of rainwater? Simply by laying out the yard in
such a way that water is...
 intercepted (captured), then…
 slowed down so that it doesn‘t flush away everything in its path, then…
 channeled to where it is needed, and then…
 stored for use, in two ways:
i.
directly in the soil of the planting beds, and
ii.
in tanks or containers.
 The process of channeling water directly to planting beds is called ―run-on‖, and

we will look closely at how to do this in the section called: ―Turning run-off into runon‖.
 Further, we will look at techniques to get more water into the soil (more
infiltration), and to store more water in the soil (water holding capacity of the soil).
Many of these techniques were discussed in detail in Chapter 6, namely deep
trenching, mulching, double-digging, etc.
 You can read more about how a rural household can store and pump water in
section 5.6: ―Technology and equipment‖.
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“Helicopter planning” is a very useful method, developed over many years in the
field by MaTshepo Khumbane, which enables ordinary rural households to plan the
layout of their own yards to capture and use every drop of rainfall they can.
First we will look at the principles for garden layout and design, and then learn how
to help households to do their own “Helicopter Plans”.
In summary, we will learn how a household can lay out their yard to capture and use
rainwater by:
a. Understanding the principles for garden layout planning (to make the best
of water, sun, wind, frost);
b. Applying deep trenching, mulching, etc. to improve water infiltration and
water holding properties of the soil;
c. Turning run-off into run-on (including the infield rainwater harvesting
technique); and
d. Using the ―Helicopter Planning‖ technique to put it all together.
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Principles for garden layout and design
What is garden layout all about?
Every homestead yard is exposed to the natural elements of sun, wind, rain and frost,
in different ways, depending on where the homestead is situated in the surrounding
landscape or the ‗topography‘ of an area. All these elements affect how well plants
can grow.
Normally, a household would not be able to move house to look for an ‗ideal‘ yard
for production! A better approach is to make the best of what they have, by laying
out the garden to create the best possible conditions for plants to grow well.
We need to learn how we can work within the given topography (altitude, aspect,
ridges and valleys, slope or gradient) affecting the yard to protect the plants so that
we can improve our harvest. To do this, one has to understand what plants like and
don‘t like.
In this section we will learn where to position the garden:
 we will have a brief look at topography, and then
 think about how a gardener can manage sun, heat, cold, frost, wind and water
better.
In the next section we will then go into more detail on how to lay out the beds across
the slope in a garden to maximise the use of rainwater.

Topography
The amount of sun, heat, cold, frost, rainfall and run-off a household can expect,
depends on the position of their homestead in the landscape, with topographical
factors like altitude, aspect, ridges and valleys, and slope all playing a role. For
instance:
 If you cultivate steep slopes, you could cause soil erosion;
 Valley bottoms are often not very favourable for gardening, as there may be a
problem with frost or there may be a wetland. Wetlands are lowlands that are
seasonally or permanently waterlogged (wet);
 If your crops are planted in a flood plain, your crops can wash away during
heavy rainfalls; and
 If you are at a high altitude you may have cold winter temperatures.

Altitude
Higher-lying areas get colder in
winter (like Lesotho, Drakensberg
and other high-lying mountain
areas).
Households can learn more about
what types of crops grow well at
their altitude.

Aspect
‗Aspect‘ means which direction
your land faces, and this
influences the amount of sunshine
your land can get.
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Do you know how to find out where N, S, E and
W are? If you are confused; just think where the
sun comes up – that will be East. Where the sun
goes down – is West.
Now if you stand with your left hand towards the
West and your right hand towards East; you will
be facing North, and South will be behind you.
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In the Southern hemisphere, North-facing slopes get the most sun, and can be hot
and dry in summer, and pleasant in winter (you may find aloes on these slopes).
South-facing slopes are cooler and wetter (you would find indigenous forests on
these slopes).
Large gardens may slope in more than one direction (i.e. a choice of aspect), but
mostly the entire garden will face in a certain direction. The gardener needs to make
best use of the available sunshine, and create shade for plants that need this.

Ridges and valleys
Ridges are at the tops of hills or slopes and valleys are at the bottom. There can be a
large difference in temperature between ridges and valleys. Valleys can become
hot during the daytime and very cold at night. Frost is often found in the valley
bottoms. Ridges can be cold and windy.
The best places for cultivating are generally mid- and lower slopes, but not on top of
ridges or right in the bottom of valleys.

The mid-slope area is best for
gardening or farming.

Slope or gradient
‗Slope‘ tells us how steep or flat our land is. The steeper the land, the faster will run-off
water run down the slopes during rainstorms – and the more easily soil will be washed
away (eroded). In other words, steep slopes are more vulnerable to erosion than
flatter areas when used for cropping and grazing.
If we can prevent run-off water from gathering too much speed, we can prevent
erosion. We do this by limiting the distance the water can run downhill before it gets
slowed down – by creating contours (level ridges) or other erosion control structures
(like terraces) along the hillside. The steeper the land, the closer the contours have to
be spaced together to keep the
speed of the water within safe limits.
On a map, contours are imaginary
lines that are on the same level (at
the same height or elevation),
across a slope as indicated on the
picture.
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An understanding of slopes enables the gardener to take control of rainfall run-off
and use it in the garden. This is called rainwater harvesting.

Water drainage, catchments and watersheds
All water that falls on land runs downhill until it reaches the sea – unless it evaporates
or gets intercepted along the way. This
is called surface drainage. Water that
falls right at the very top ridge of a hill or
mountain would ‗shed‘ to one or the
other side of the mountain, and then
continue its journey down to the sea.
This top line along the highest lying
points of the landscape is called the
watershed line (or sometimes simply the ‗watershed‘).
In South African water law, when we talk about ‗catchments‟, we mean the whole
area, right from the watershed line, that drains into the sea at the same point (this
would of course be at the mouth of a river).
Some of these terms can become a little confusing when people use them in
different ways. For instance:
 In some other countries such a ‗catchment area‘ is also called a ‗drainage basin‘
or a ‗watershed‟ (so the same name is used for the watershed line and for the
whole basin!)
 Also, when water managers talk about ‗catchment management‘, they mean
managing all the water that runs from the watershed line to the river mouth.
 However, when environmentalists talk about ‗catchment management‘, they
mean managing all the interrelated natural processes in the catchment area.
This knowledge will help you to better understand the following definition of a
watershed, by John Wesley Powell (1888):
According to him, a watershed (catchment) is
―that area of land, a bounded hydrological system, within which all living things are
inextricably linked by their common water course and where, as humans settled,
simple logic demanded they become part of a community.‖
Catchments can be subdivided into several sub-catchments, or smaller drainage
basins, from where the water from the tributaries all run into the same river and
eventually out to sea at a common point along the coast (the river mouth).
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The natural elements
The general topography of an area influences the way in which the natural elements
affect the garden (e.g. how much sun, wind and water reaches it). We combine our
understanding of the topography with our knowledge of how different plants react
to the natural elements to make decisions about garden layout.

Sun:
Plants mature once they have absorbed the required amount of ‗heat units‘. The
more heat units they can absorb every day, the faster and larger they grow, and the
sooner they can be harvested. However, if they are bombarded with too many heat
units too soon, they get scorched! This is the value of a ‗hothouse‘ or hydroponic
system: plants are protected against the onslaughts of too much sunshine, wind, cold
and even pests and diseases, while they receive enough heat units (warmth), water
and nutrients to enable them to grow fast and strong.
In nature, some plants prefer full sun, while others grow better in the shade or semishade. Some, like apple trees, need enough ‗cold units‘ in winter to enable them to
form lots of fruit in the next season, e.g. that is why apples and cherries do so well in
the high altitude, colder areas of the Free State, like Bethlehem area.
Remember, this does not mean that you cannot grow apples anywhere else, just
that they may not grow quite as well as they would in areas with these ideal
conditions.

Summary of garden layout factors for sunshine:
 Lay out the garden beds to get the maximum sunshine all day long. Beds that lie

along an East-West direction will get the full benefit of both morning and
afternoon sun.
[NOTE: If this clashes with the bed direction you need to catch water, you have to
decide which factor is more important in your circumstances. If water is scarce, or
you have heavy storms that can easily cause erosion damage, make sure you lay
out your beds along the contour!]
 Plant fruit trees in your garden beds to create shade for plants that don‘t like full
sun.
[NOTE: In mono-culture commercial farming trees and vegetables are not grown
together, to prevent competition for water and nutrients. However, in homestead
food gardens based on intensive production methods like deep trenching,
companion planting and other organic production systems, this is one of the
ways of working with natural processes to create synergy.]

Wind:
What is the prevailing wind direction for the area where you live? In other words,
which direction does the wind most often blow from? How strong are these winds,
how often and how continuous do they blow?
Wind dries out soil and plants very quickly, making them struggle for survival. Not
many gardeners realise that a lot of the damage they see in their plants, is actually
from wind!
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However, it is very easy to create small protected areas in the garden to avoid wind
damage to the plants. The gardener‟s most effective weapon is awareness – once
you take notice of what is happening, you can begin to take control of the situation.
Households can make thatch fences to keep the wind out or establish hardy plants
as windbreaks, etc. This is described in detail in Chapter 6.

Activity 6:
Analyse a picture for aspect, ridges and valleys
Aim:
To analyse a given drawing in terms of aspect, ridges and valleys to give indications
of land use options.

Instructions
Look at the picture below. The picture is meant to give an indication of planting of
fruit trees related to the aspect, ridges and valleys. Note the aspect and the
movement of air as shown in the drawing. Then answer the following questions
1.
2.
3.
4.

Where it the best place to plant trees and crops? Give two reasons for your
answer.
Why have no fruit trees or other trees been planted on the cool, cold southfacing slope?
What is the difference between the fruit trees planted on the north-facing slope
and the fruit trees planted in the valley bottom?
A comment on the drawing states: ―rows of trees can trap cold air and should
be removed‖. Try and work out what this statement means. Where is the cold air
coming from and where is it going? Where will the cold air be trapped? If you
would want to plant rows of trees to protect your fruit trees from cold air where
would you plant them?

Time: 2.5 hours
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Water:
We all know that plants cannot grow without water. If plants receive regular deep
waterings, they develop deep, strong roots, meaning that they can produce large,
strong stems, leaves and fruit. If they get just a little water on the soil surface most of
the time, the roots will be shallow and the plants will have very little resistance to dry
periods.
Did you know that plants can also suffer if there is too much water around their roots
all the time (water logging), so that the roots cannot ‗breathe‘ (too little oxygen)?
Therefore plants need well-drained soils to prevent the roots from rotting and dying.
Water can also damage the soil in the garden in several ways, for instance:
 We have seen above that fast-running water can wash away the topsoil, causing

erosion. As in the surrounding landscape, the steeper the slopes in the yard, the
faster the water will run downhill during rainstorms.
A household can reduce erosion damage by finding ways to slow down the flow
of the water in the yard: by making cut-off trenches, contours, terraces, stone
barriers, and bunds or ridges, by creating flat areas to slow the water down, by
building stepped furrows and infiltration basins, etc. Once the water is slowed
down, it can be channeled anywhere the household needs it.
In the section on “Making the most of rainwater” we will look in more detail at
how a household can „take control‟ of rainwater and use it to their advantage,
instead of allowing it to do damage.
 Large water drops falling on the soil can compact the soil and create a hard

crust on the soil surface which can keep water and nutrients from getting to the
plant roots.
Households can protect their soils from crusting by breaking the impact of such
large water drops: with mulching, by letting the water break its fall on flat stones,
or by breaking large drops into finer spray before it hits the plants or soil.

Summary of garden layout factors for water:
 Notice where the water runs through the yard during rainstorms. This will always

be from higher-lying areas to lower-lying areas. The steeper the slopes in the
garden, the faster the water will run. The best way to understand how the water
flows in your garden is to walk your land in the rain!
 Plan how to take control of the water (slow it down) and channel it to where it is
needed (in the garden beds and/or in dams or storage tanks).
 Lay out long, level garden
beds along the contour (i.e.
across the slope) to more
easily intercept and spread
out the water along each
bed.
An urban example
In the next section you will learn
in detail how to lay out the
garden to maximise water
benefits.
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Applying the elements of layout to the home
garden
Stepwise process for garden layout planning
This is a stepwise process: Step 1 to 3. Work from the big picture to the detail.
Step 1: Where does your homestead lie in the landscape, and how
will this affect what you can do in your garden?
Think of altitude, aspect, ridge/valley, slope, natural drainage routes. Sun, wind, frost,
water. Keep these factors in mind when you choose your garden site, when you think
about how to compensate for ‗not-ideal aspects, and when you decide what crops
to plant.
Figure 15: Step 1 – Considering the location of the homestead in the landscape

In Figure 15, the homestead is situated on the mid-slope, which is better than on the
ridge (exposed to wind) or in the valley bottom (tendency for frost). However, it is on
a South-facing slope, which tends to be colder as the sunshine cannot warm it as
effectively as slopes that face North1. This gardener would have to take care to
make the most of the available sunshine. A natural drainage route passes by the
Eastern side of the house. Rainfall runoff would run towards and down this shallow
area during rainstorms, down to the river. The prevailing wind direction is East.

1

True for the Southern hemisphere. North of the equator, South-facing slopes get more sun.
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Step 2: Where would you like to have your garden?
Choose an area to make your garden, then test your choice: is it the best place for
you? No site is ever perfect, but the ideal would be: Fertile soil. Easy to get water to it.
North side of the house or buildings. North-facing slope. Protected (or can be
protected) against wind, and against animals. Close to your house so that you can
easily spend lots of time there. Others in the family are satisfied that you use this area.
Weigh the positive and negative points of your choice, and make a final decision on
where to make the garden.
Plan how you will compensate for the ‗not-ideal‘ aspects of your garden site, such as
exposure to wind, etc.
The most important thing is to MAKE A DECISION and to MAKE A START!
Figure 16: Step 2 – Selecting a suitable area for the garden

This gardener has selected a garden area on the North-Western side of the house. It
makes the best use of sunshine by avoiding the areas South of the house which
would be in the shade for parts of the day. The chosen area is half-hidden from the
regular Easterly winds, although further protective hedges would be advantageous.
Water running down the SE-facing slope towards the drainage route could be
intercepted and spread through the garden. It should also be possible to make some
low earth ridges (berms) to divert extra water from higher up in the drainage route
towards the garden. The selected garden area is also nice and close to the house,
making it easier to keep stray animals away and to spend lots of time there. The
Northern wall of the house warms up during the day and will add further heat to the
garden. Grey water can easily be taken from the kitchen to the garden.
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Step 3: How will you lay out the planting beds in your garden?
Usually, one would start by thinking about water when you decide how to lay out
your garden beds. You will first decide where to place your long narrow planting
beds across the slope, and then how to shape the earth into rainwater flowpaths
and ditches so that runoff will flow to your plants during every rain event (see next
section: ‗Turning runoff into run-on‘).

Water factors affecting garden layout
We all know that water always flows downhill, and that the steeper the slope, the
faster the water will run. Fast-running water has lots of energy, and drags everything
in its path along with it – this is why soil erosion happens.
Runoff running through our garden must be slowed down to prevent soil erosion.
Fast-running water also has very little time to infiltrate into the ground, so despite lots
of rain, the soil underneath can remain dry (in the rootzone of the plants).
Runoff must be slowed down and even dammed up to have lots of time to seep into
the soil – into the rootzone of our plants.
We also know that water in a plate will all collect at the lower end if we hold the
plate at an angle, but if we put it on a level table, the whole surface of the plate will
be covered equally with water.

Our planting beds and ditches must be as level as possible, so that the water can
reach everywhere equally. In that way we‘ll make best use of the water we have.

Other layout factors
In Step 2 you have already considered sunshine, wind and frost protection when you
selected your garden area. Now, as soon as you have decided the basic positioning
of the beds to maximise the use of rainwater in your garden, you can make further
adjustments to create the best possible conditions for your plants, for instance:


In which beds will you plant fruit trees to create some shade for your vegetables
during the worst heat of the day?



What barriers will you plant/erect on the windward side of your beds to protect
the garden soil and plants against drying out from wind exposure?
How will you prevent animals and birds from eating all your hard work?



These strategies are some of the most interesting aspects of gardening, and
gardeners can spend hours in happy conversation sharing their latest creative ideas
with each other!
But now, let us get into the detail of how to turn runoff into run-on, so that your plants
can benefit much more from every rainstorm.
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Turning runoff into 'run-on'
This innovative technology is based on the work and experimentation of MaTshepo
Khumbane, who has a beautiful working system at her present homestead near
Cullinan. The remnants of a similar system in her former homestead plot near Tzaneen
of some 20 years ago, still nourishes the fruit trees there, even though the present
owners are unaware that there is a system at all! This system is the product of years of
experimentation with practises in rainwater harvesting and storage. MaTshepo's runon system has been studied and documented, so that it could be used as an
innovation that could be introduced to other householders in their circumstances.

10

MaTshepo‟s run-on &
trench bed garden
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Compare this photo to the diagram overleaf.

Run-on is ‗automatic irrigation when it rains.‘ The soil in the garden is shaped to
catch rainwater runoff, slow it down and lead it gently to where it is needed. The
water dams up in pathways between deep-trenched planting beds, giving it time to
seep into the planting soil. The layout allows excess water to escape before it can
erode the planting beds or the pathways themselves. Such excess water can either
run further down-slope to a storage structure (tank or dam) for future use, or be
released into the veld to continue on its natural course downstream to the river.
Interestingly, the run-on system works with water flows above and below ground.

In its simplest form, the run-on system concentrates surface runoff from
adjacent areas into the rootzone of the planting beds. This in itself dramatically
increases the effectiveness of rainfall – even in high rainfall areas, where a large
percentage of rainfall may run off unutilised once the top soil layers are wet.

Further, as people‘s understanding deepens on what happens to water below
the soil surface in their own conditions, they can start manipulating these flows –
with cut-off trenches and by creating strategically placed impermeable layers
in their deep-trenched beds.
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1

2

3

4

A trench (the top ditch) is dug across the runoff slope of the land to catch
rainwater.
Below the top ditch, the vegetable beds are dug 1m deep and filled with
organic matter — grass, leaves, manure, and ash — and mixed well with topsoil.
These trench beds are fertile and absorb and retain moisture.
The trench beds are edged with ridges. Some are re-enforced with stone to stop
the soil washing away and to reduce evaporation.
Between the trench beds a network of depressions (rainwater flowpaths)
connect the top ditch to a second one at the bottom edge of the garden. The
rainwater flows and pools in these channels during rain.

5

These rainwater flowpaths are also the footpaths to access the trench beds.

6

In the rainwater flowpaths the gradient is flat so that the water has more time to
soak into the trench beds.

7

If it rains too much, the bottom ditch is breached to avoid flooding of the trench
beds.

8

A water catchment area: concrete paving around the house is lipped and
slopes down to pipes which lead to further ditches and deep trenches downhill
of the house.

9

Lower down a 2 x1m hole (open pond) catches and stores more run-off.

10

Fruit trees are planted along the lower edge of a ditch so that their deep roots
can benefit from the extra soaking.

48

Chapter 5: Garden and Homestead Water Management for Food Gardening

Further, as people‘s understanding deepens on what happens to water below the
soil surface in their own conditions, they can start manipulating these flows – with cutoff ditches and by creating strategically placed impermeable layers in their deeptrenched beds.

„We call this system “double-double” – now we can grow
double as much food (higher yields), and we can grow
food double the time (summer and winter)!”
Andile, Upper Nqumeya, Eastern Cape

The challenge with run-on systems is to explain them in the simplest possible way, so
that people will be encouraged to start experimenting with them. Further learning
can then be built on their own experience.
For this reason we will take you through the run-on system in steps – starting with
‗baby steps‘ and taking you right through to ‗mature steps‘; slowly progressing from
little secrets to deeper secrets.

‘Baby’ steps – preparing deep-trenched beds to soak up the water:
In Chapter 2 – on ―facilitation‖ you learned how deep trenching is introduced to
enable gardeners to achieve early successes with gardening. In Chapter 6 – on ―soil
fertility management‖ you will learn in detail how to make a trench bed. You will also
discover how deep trenching creates ideal soil conditions for plant growth. Here in
Chapter 5 – on ―water management‖ we will look at how deep trenching helps the
soil inside your planting beds to absorb and hold more water. You will also learn how
to lay out your garden so that water can pool around your deep trenched beds to
maximise infiltration.
Let us first have a look at how the water moves from being pooled around your
trenched planting bed into the root zone of your
plants.
During a rainstorm, water pooling in the top ditch (left on
this drawing) and in the rainwater flowpaths (right on this
drawing) infiltrates (soaks) sideways into the deep soft
soil of the trench bed. This all happens underground, so
you cannot see it unless you dig and look! Very little water
soaks into the soil beneath the footpath/rainwater
flowpath, because this soil is very hard, while the ridges
and deep soil in the trench beds are very soft and
absorbent from all the organic matter that has been
mixed into it.
Top
ditch

Deep soft soil
of trench bed

Hard soil beneath
footpath
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Note that each bed is trenched, raised, ridged and surrounded by footpaths which
double as rainwater flow paths during rain:

TRENCHED to create a deep fertile root zone;





RAISED to elevate it above the flow path of the water and make the soil even
deeper;
RIDGED to keep the water on the bed when you irrigate. The ridges also absorb
lots of extra warmth for the roots, and creates ideal space to grow sweet
potatoes and other crops that need ridging ; and
SURROUNDED by rainwater flow paths so that water can pool all around the
trench bed during a rainstorm to give maximum time for water to infiltrate into
subsoil of the trench beds through the soft porous ridges. The footpaths are on
hard, undisturbed soil; therefore the pooled water absorbs mostly sideways into
the ridges, and then soaks down into the deep trench.
Deep trenched beds, raised
above the flowpath
of the water

Level top surface of trench beds, with small
dividing walls in-between to divide water
equally among all plants when hand watering.

Rainwater flowpaths
surrounding the
trench bed

Ridges and spillways (overflow ridges in the
flowpaths) keep rainwater pooled in the flowpaths
during rain, so that it can seep through these soft
ridges into the subsoil of the deep-trenched beds.
The top lip of the ridge also holds water in place on
top of the bed during hand watering.

Note that all hand watering or irrigation is applied on top of the trench bed – NOT in
the rainwater flowpaths between the trench beds! Evaporation losses are
tremendous if one tries to apply irrigation water via the rainwater flowpaths!!
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‘Toddler’ steps – making a furrow for runoff to flow to the garden:
Look at where water runs across (and adjacent to) the yard during a rainstorm.
Often, you can see evidence of where water has flowed, even when it isn‟t raining, for
instance, low-lying flow areas with small pebbles where the fine soil had been washed out; or
fine soil that had been deposited in wavy patterns.

Think of how you can dig a furrow and make some soil berms (ridges) to direct this
water to flow towards your garden every time it rains. This is your runoff supply furrow.
In the words of Zanele Semane2, your runoff supply furrow is:
―a furrow that your planting beds can drink from‖.
This simple runoff supply furrow brings water to the
planted trench bed in MaTonisi’s new garden.
Photo: J Denison, Upper Nqumeya, Eastern Cape.

2

Zanele Semane, facilitator working with Border Rural Committee, East London, South Africa
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‘Child’ steps – making escape routes for excess surface flows:
One of the first challenges you
may experience once you
have created a runoff supply
furrow to your garden, is what
may happen in a heavy
rainstorm – the water could be
too much, and wash out your
planting beds!
Escape routes for excess rainwater flows:
(1) escape spillways
and (2) the long bottom ditch.

Therefore, before we discuss
how to lay out the rainwater
flowpaths inside the garden, we
will first learn how to take control of how water flows into and out of the garden:

The best way to prevent flooding and erosion damage, is to create an escape
route for excess water at the bottom of your garden.

Another way is to block the water in the runoff supply furrow from entering your
garden once it is wet enough. The disadvantage of this is: what happens if you
are not at home at the time? This WILL happen sooner or later!
Water always flows down-slope, therefore it will start overflowing out of your garden
at the lowest point it can find (think again of the plateful of water you are holding at
an angle). Therefore, you should build a safe escape route at the lowest point in your
garden – this is like a ‗dam spillway‘ or overflow section, made of earth across the
exit point of your last rainwater flowpath (see drawing below).
Here are some tips on how to make an escape spillway that would achieve its
purpose without itself breaking up against the flow of the water:

Make the top edge of your spillway low enough (lower than the ridges around
your trench beds) so that the water can get out of the garden before it
overtops your ridges and washes into the soft soil of the planting beds. Make it
slightly higher than the bottom of the flowpath, so that water can dam up
behind it to soak through the ridges.

Widen the rainwater flowpath (i.e. where the water flows) before it reaches your
spillway, so that the
water can slow down
even further. Your
spillway could be 600mm
to 1m wide, but you can
adjust this until you are
satisfied, depending on
how it holds up over
time. The wider it is, the
slower will be the flow of
water over the spillway,
and the better protected
it is against eroding
away.
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Make the top of your spillway at least 300mm from the back to the front (i.e. like
a normal 30cm school ruler), so that it won‘t wash away easily. It is 2m in this
photo!



You can pack stones on the escape spillway to help slow down the flow of the
water.
Water from this escape spillway can flow into the bottom ditch at the lower
edge of your garden.
The bottom ditch acts like a long overflow section. Look at the watermark on
the photo below to understand how this works. Water spilled sideways out of
the bottom ditch before the ridge could be overtopped.




Escape routes for excess rainwater flows:
(1) escape spillway
and (2) the long bottom ditch.

Water mark against the ridge above the long
bottom ditch. Water overflowed safely out of
the ditch (downhill, to the right on the
photo) once the water reached this level.
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‘Young adult’ steps – spreading runoff through the garden:
Your runoff supply furrow brings water to your garden, and your escape spillway and
bottom ditch ensures that excess water will flow out of the garden before it starts
eroding your planting beds. But how can you spread the water from the runoff
supply furrow throughout the garden so that it reaches all your plants?
To achieve this, you will continue to apply the same principles:
-water always flows downhill and must be slowed down; and
-water is distributed evenly when the soil surface is level, i.e.
-flat (not sloping/at an angle); and
-with an even surface (without hollows and bumps).

In this section we will go step-by-step through the process of marking out and
constructing the network of ditches and rainwater flowpaths in your run-on garden.

How does one lay out the run-on system in practice?
This is the easiest to do if it is a new garden which can be laid out on the contour. If it
is an existing garden in which none of its edges follow the contour, or other
restrictions prevent you from following the contour, it can still be done, but your long
beds may get shorter!
Follow these steps to lay out a new garden:
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1. Bring the water to the garden – make a runoff supply furrow
1.1
1.2
1.3

Find the highest point along the garden perimeter.
Make berms and a runoff supply furrow so that runoff from higher areas will
collect at (be channeled to) the garden‘s highest point or edge.
You can also make a stone ‗check dam‘ to slow the water down and to
remove excess silt before it enters the garden.

At the end of this runoff supply furrow
from a nearby road, the small stone ‘check dam’
slows down the water and removes silt before
the water enters the garden.
(Photo: Prof. B. Mati, Kenya.)

2. Mark out the top and bottom cut-off ditches and rainwater
flowpaths in the garden
2.1
2.2
2.3
2.4

Draw a line on the ground along the contour (i.e. level) where the top edge
of the garden will be (this is where you will dig your top cut-off ditch).
Draw further lines parallel to the top edge, not more than 1.5m apart, where
the long flowpaths will be. Continue until you reach the bottom edge of the
garden, where you will mark the bottom ditch.
Now draw the position of the connecting pathways, staggering them to
prevent long uninterrupted downhill pathways.
If you have already made your first trench bed earlier, incorporate it into your
overall design. Your layout could look some thing like this:

3. Dig the top ditch
3.1
3.2
3.3
3.4

Dig out the top cut-off ditch. Dig this deep enough to contain the amount of
runoff you would expect to run into the garden via the runoff furrow.
Heap the topsoil all along the lower edge of the cut-off ditch, thereby
creating a sidewall for the ditch.
If you have too much, place the excess topsoil all along the lower edges of
the long flowpaths.
Do not use ‗dead‘ subsoil for the planting beds or ridges, but you can use it in
the bottom of your hard rainwater flowpaths/footpaths.
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3.5
3.6

Make sure that the bottom of the top ditch is level, so that water will spread
and stand evenly along its full length during a rainstorm.
Create an inflow spillway out of the top ditch (i.e. a section where the
sidewall is slightly lower than the rest of the sidewall of the top ditch) to lead
water into the network of rainwater flowpaths in the garden.

Remember that because you are just shaping the soil, you can always reshape it
later once you have observed how your system responds during a rainstorm.
Your priority now is to create the water flows to your existing beds, and to expand the
water distribution system to reach your beds as you add them later.
If you have already made your first trench bed earlier, you would now want to create
the flowpaths and spillways to pool water around the trench bed – always ensuring
that excess water can overflow and escape down-slope without damaging your
garden.
You may want to lay out the run-on system for the whole garden, and deep trench
your planting beds one-by-one over time.

4. Make rainwater flowpaths that will pool the runoff between the
trench beds
4.1

4.2

Make sure that your first long rainwater flowpath (which runs parallel to the top
ditch above it) is level and even, and wide enough to walk in (not less than
300mm). Form ridges of topsoil along the edges of the flowpath/footpath to
hold the water.
Find the point where the connecting flowpath from the inflow spillway out of
the top ditch joins the first long flowpath.
Inflow spillway out of top ditch
Short connecting flowpath
Long rainwater flowpath

4.3
4.4

4.5
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From this point, dig out the connecting flowpath, working back upslope
towards the inflow spillway. Make sure the flowpath comes out level and
even!
If the garden slopes very steeply, in other words the connecting flowpath will
become very deep when you try to dig it out until it is level, you can construct
another spillway at its connecting point with the long flowpath, and level out
the connecting flowpath at a slightly higher elevation.
You can now continue this process of digging out long flowpaths and level
connecting flowpaths with spillways in-between, until you reach the bottom
edge of the garden.
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5. Dig the bottom ditch
5.1
5.2
5.3

Dig out the bottom cut-off ditch along the lower edge of your garden. Make
sure that its bottom is level.
This is a deeper ditch, but not a pathway, because no-one will need to walk in
it.
Plant grass or pack stones along the down-slope edge of the ditch, or
wherever water will overflow out of the ditch, to protect the area against soil
erosion.
6. Secure the escape spillway

6.1
6.2
6.3

Make sure that the top of your escape spillway is lower than any other spillway
in the garden, so that all excess water will find its way out of the garden via
the escape spillway.
You can pack flat stones wherever you want to protect the soil against
flushing out and eroding.
Channel the water that overflows the escape spillway and the bottom ditch
to where you need it: this could be an open pond, an underground tank, or
another garden further down.

‘Mature’ steps – working with subsurface flows:
We have mentioned before that a lot of the action with run-on systems and trench
beds happen underground, which makes it harder to understand what is happening.
Research supervised by Professor Leon van Rensburg of the University of the Free
State at MaTshepo‘s garden, revealed that there is a waxy layer about 50-60cm
underground, which helps water to flow underground, all the way to the river. This
means that by helping more water to infiltrate into the soil, MaTshepo is actually also
helping to reduce flood peaks and improve the baseflow of the river.
MaTshepo‘s soils are also sandy, meaning that deep percolation happens more
easily. She has come up with a plan to reduce deep percolation without
waterlogging her beds (drowning them from below). By placing a layer of plastic
sheeting or green cow dung in the bottom of her trench bed and about 10cm up
the sides before filling it, she creates an underground pool of water which can spill
over the edges of the plastic once it gets any deeper than 10cm. Ingenious!

57

Agricultural Water Management in Homestead Food Gardening – Resource Material

Case study 3:
Implementation of run-on ditches
In Potshini in 2006, the run-on ditches combined with trench beds were introduced in
Potshini through their learning groups. In a way, it is not surprising that the uptake of
the run-on ditches was lower than other new ideas, as it is a very new idea and it is in
fact difficult to observe the difference in one's garden directly, without some way of
measuring the increased water.
Only one volunteer, Thabani Dladla, took on the run-on ditches as an experiment.
This meant that he observed closely what happened and the supporting research
team also placed water measurement instruments in the soil in his garden.

Above is a picture of one of the small trench beds in the Dladla homestead (there are 3) laid out
with the run-on ditches, just before planting an autumn crop. Photo: E. Kruger, Potshini 2007.

Participants in the learning workshops felt that they would need guidance and
assistance in their gardens to set up a run-on system at their homes. A few did go
home and dug a ditch or two to lead water to some of the beds in their gardens. A
complete run-on system was not attempted by anyone.
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Table 3: Extract from a survey on significant innovations in Potshini

Innovation

Run-on
ditches

Ye
s

9

N
o

9

Tried but no longer in
use or did not try (why
not?)
Did not know about it –
4
My garden is too small2
New garden – 1
Could not make it work
–1

Adaptations made/ comments
I did not have t o water in
summer -1
Retains moisture and saves water
-1
Perfect- 1
Good results -1
Easy way to water the garden – 1
You do not need to water when
it rains -1

Facilitation Tool 1:
Garden layout for run-on: outline and process
Desired outcomes for the workshop
Participants can analyse where water flows in their yards and can dig a ditch to lead
water to their gardens;
Participants can construct a network of level paths/ channels that can feed the
beds in their gardens with the run-on water;
Participants can mark out the contours in their gardens to decide where to make
their long beds across the slope; and
Participants understand that this is a process of observation and trial and error. They
know that they can adjust their system over time until it works well.

The learning process
a. Introduce rainwater harvesting concepts: channel, slow down and spread out,
sink in and lead off the excess.
b. Using photos of MaTshepo's garden, do small-group work to analyse where water
flows, how it can be channeled, where it would sink in, and how and where excess
water could be lead off to (see Handouts section for these photos).
c. Then the small groups do a practical, looking at the same elements in the
homestead where the workshop is being held.
d. Then dig the main ditch leading water to the garden and dig a ditch across the
top-end of the garden. In an existing small garden (5m x 5m on average) this ditch
will follow the top fence line and be level or in level sections with spillways inbetween. In a larger garden (10m x 10m and larger) this ditch is made on the
contour using a line level.
e. Then level the run-on ditches around the trench beds, and make the ridges along
their sides (i.e. around the trench beds) and the spillways in-between so that water
can dam up in the pathways during rain.
Encourage participants to try it and see what it does during rain.
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Facilitation process
Introduction to Garden layout and design:
The facilitator will introduce the workshop by explaining that how the garden is laid
out can affect how well plants grow. How much sun there is (aspect), wind, cold and
using rainwater can all be planned for. The facilitator can make a small presentation
using the information provided in this Chapter to give the participants an idea of
how weather and topography affects their gardening and some ideas of what can
be done. The facilitator then specifically introduces rainwater harvesting through runon, using the following process:
Group discussions on photographs showing a run-on gardening system:
A small group discussion using one of the run-on
photographs, in Phutadjithaba, FreeState. (Photo:
E Kruger, WRC, 2006)

A small group using the other photo in their discussion
(each group must have a look at both!!) in Bergville.
(Photo: E. Kruger, World Vision, 2007)

Divide the participants into small groups, hand out the two photos of MaTshepo's
system and ask the groups to discuss what they can see happening in the photos.
Participants in the small groups need to report back to plenary what they have
discussed.
The facilitator then summarises and explains what is happening in the photos.
Assessing the run-on of a garden:
The small groups then to walk around the homestead (we are assuming the
workshop is happening at the homestead of one of the participants!) and think
through where water runs and where ditches can be placed to channel water to the
garden. They report-back to each other and then dig a ditch in the agreed upon
place, (where a trench bed can be dug below the ditch to ―drink‖ from it).
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A participant in a
garden layout
workshop in
Emmaus, KwaZulu
Natal, presents her
run-off map and
shows where she will
put her main run-on
ditch and trench
beds. (from Erna
Kruger, World
Vision Workshop,
Bergville, 2008)

Here is an example of a garden where run-on ditches were being prepared during a workshop. It
is possible to see the run-on ditches clearly. The raised garden beds are also leveled on their
surface to ensure even water distribution of rain of irrigation that is applied directly to the
beds. (Photo: E Kruger, Potshini, Bergville, WRC, 2006)
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The small groups also look at slope, aspect and wind and make some comments
about what interventions are possible.
Individual garden layout plans:
Then, each individual takes the present situation drawing of their own homestead (or
makes one if they do not have one already) and fills in on there where the run-off is
in their homestead and where they can make a ditch to provide run-on in their
garden and place their first trench bed. They give indications of slope, aspect and
wind direction as well as an idea of what they are going to do.
Once they have completed these drawings, a few volunteers are asked to present
their garden layout plans to the group.
NOTE: It is possible to send the participants home to do this exercise while they are
looking at their own homestead and garden (as this is easier than imagining it). They
then come together again later to present their drawings to each other.
The facilitator should not prescribe at this point!
Rather let them try! Nothing beats experience.

What to do in a larger garden
Here, as mentioned in the instructions, a contour furrow will have to be laid out at the
top-end of the garden.
Slope is measured or estimated, so that it is possible to work out how far apart to
make contours or erosion control structures on the slope or hillside, so that slopes may
be cultivated without being eroded. Contour lines are imaginary lines across a slope
that is at the same level (height, elevation). It is possible to mark out contours using a
line level. The process of making and using a line level is shown below. You can copy
this section as a handout for gardeners when you introduce line levels and how to
make them.
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Copy & Hand Out 1
Make a line level to measure contours and slope
A line level is an instrument that can be used to measure contours (the levels across
a slope) as well as the slope itself.
To make a line level you will need the following materials:
-20 m of line (fish line works well);
-A line level (an inline spirit level is a small plastic tube that you can buy from the
hardware and is often used by builders);
-Two lengths of wood about 2m long; and
-A measuring tape.
Making the line level
1. Using a measuring tape and a pencil or a fine koki pen mark each pole carefully
along its length in 10 cm marks. Number these marks from the bottom.
2. The two poles are then linked by exactly 10 metres of string (after you have tied
the string to the poles), which should be tied to each pole with a knot that can be
slid up and down the pole.
3. Hang the inline spirit level in the middle between the poles. When the string is
horizontal, the spirit level is also horizontal or level and the air bubble will be in the
middle of the window.
When you have assembled your line level it should look like the picture below. To use
the line level to mark contours the string is placed at the SAME HEIGHT (on the same
mark) on both poles.

Using a line level to mark contours. Note that the string is
tied at the same height on each pole. The bubble of
coloured liquid in the line level is in the middle when the
poles are at the same height.
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It is normal to start marking contours at the top of the slope where you are working.
You start by marking the first contour. Once you have done that, you need to move
down to where you will make the second contour. For a run-on garden, mark them
about 1.5m apart: this gives enough space for a 1m-wide trench bed and a
water/pathway, as well as the ridge that separates the bed from the pathway.

Here is an example of a garden in Hlabisa where a contour was made at the top end of the
garden – The banana trees with the tall grass (Napier fodder growing behind them) give an
indication where the contour ditch was made. From the contour ditch a number of other furrows
have been dug as run-on ditches for the trench beds (left and right in the foreground of the
photo) (Photo: E. Kruger, Hlabisa, ARC, 2007)
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Some notes to the facilitator
The following recommendations can be made for run-on learning processes:
1. Introduce, as a minimum, the idea of water flow and ditches leading water to
specific beds (especially if there is an existing garden). Do not be tempted to design
a whole run-on system when introducing the concepts.
2. Check what is happening underneath the soil surface – where is the ground wet
and how deep is the ―wetness‖? This is important! Show how sticks or metal rods can
be pushed into the soft soil of the trench beds to see how deep it is wet. Otherwise,
dig to see how deep the wetness goes. [NOTE: This is best done the day after an
irrigation, when the water has had time to seep deep into the soil.] Promote these
observations among participants. They should go home and do this on a regular
basis.
3. Experiment, try it! And don't give up if it does not seem to work first time.
Basically, as a facilitator:
Do not get too technical; the concept of contours can be left out.....
Don't just talk, also do it;
Assist participants to do this in as many gardens as possible; not just one. The system
looks different in each garden and people need to get used to this; and
Don't be tempted to leave it out as a concept because people do not immediately
get the hang of it.
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Case study 4:
Run-on and deep trenching:
From nothing to abundance
March 2007
a small start

2 April 2007 (one month later)
three trench beds & runoff furrow/top ditch combined

3 August 2007 – eating!
Made a plan for fencing.

8 May 2008 (one year later). Notice the size of the garden,
and the Vetiver grass to protect the runoff furrow

Photos: Paul Scherzer,
Empangeni, KZN.
August 2007 (end of winter)
– she ran short of water in
winter, so started digging to
store rainwater
May 2008 – starting this winter with full storage! Safely fenced in.
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Infield Rainwater Harvesting (IRWH) technique: Turning 'run-off' into 'runon' in shallow basins on the contour (Botha et al, 2007).
The Infield Rainwater Harvesting (IRWH) technique was developed by the Agricultural
Research Council and the Water Research Commission. The initial work was done at
the Glen Research Station near Bloemfontein, and then the results were
implemented in villages in the ThabaNchu area in the Freestate, and later taken to
more provinces.
In this technique, rainfall is harvested into basins that catch the run-off water. These
basins also help to prevent soil erosion. Run-off water harvested from the un-tilled
(unploughed and unplanted) ‗run-off area‘ is concentrated into the planting basins
just below them, thus promoting infiltration of water into the soil. Mulch in the basins
helps to minimise evaporation.
Below is a diagrammatic representation of how the system works and a photograph
that gives another view.
Figure 17: The Infield Rainwater Harvesting (IRWH) technique

‗No-till‘ in the picture means that
with this planting system, there is
no need to plough.
In the ‗runoff area‘ the soil is
quite hard and the rainwater
runs off this soil into the basins
where the crop (in this case
maize) is planted.
Water percolates beyond the
evaporation zone in the soil. This
means that water infiltrates
deeply into the soil.
From: Botha, JJ.

Figure 18: Run-off plots and
infiltration basins in a garden
situation

Infield Rainwater Harvesting
plots planted with cabbage.
Water runs off the bare area
(called the ‘run-off area’) and
collects in the basins. Crops are
planted in rows above and below
these basins.
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5.6 Irrigation planning and management
So far, you have learnt more about several aspects of home water management,
including the following:

Things that individuals can do to save and protect water;



How much water a household needs and how to work out how much
additional water they can get from different water sources in their area; and
How to lay out a garden to absorb and retain much more rainwater through
run-on and deep trenching.

Before we look at different technologies and types of irrigation equipment in the next
section, let us now look at two very important aspects of water management,
namely:
1. How to PLAN for how much water you would need throughout the growing
season; and
2. How to MANAGE your water day-to-day to get the most out of it (stretch it as far
as possible).

Planning ahead for the season’s irrigation
In Activity 3 we made an assumption that our plants would need 20mm/week
throughout the growing season. This worked out at one 200 litre drum of water per
day to irrigate 6 days per week, and then rest for one day.
20mm/week is a good assumption to start our planning on, but of course, our plants
would not need exactly the same quantity of water week after week!

When it rains, they need less irrigation (we know how to calculate this (see
Activity 4).

When the plants are still very small, they need less water, but just like human
babies, they need it more often. Human babies drink every two or three hours
after birth; your seeds/seedlings must never dry out, so check them several
times a day in the beginning.

When plants are making fruit, like nursing mothers, they need extra food and
water!


This often coincides with peak season, when all the plants need extra water
because it is extra hot. In cooler periods, plants would need less.




Towards the end of their life, like older people, plants need less.
The plants in your garden will be at different growth stages, and of different
types – all having their own level water needs from week to week.
And finally, in different parts of our country, the rainfall, sunshine, wind and
other factors are all different, meaning that the water needs of the plants will
also vary from place to place.



This sounds too complex to try and predict how much water we would need from
week to week, and to try to add up what we would need for a whole growing
season to help us plan ahead. But we have to have some idea, because it is very
disheartening to see your plants grow beautifully almost up to harvest time, and to
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then run out of water and see your hard work die before your eyes.
To solve this complex problem, the Water Research Commission has developed a
computer program called SAPWAT for South Africa. There is a similar program that
was developed by the Food and Agriculture Organisation (FAO) of the United
Nations, which is more general for the whole world, called CROPWAT. The developers
of CROPWAT and SAPWAT have shared ideas to improve both programs.
Using SAPWAT to work out the water needs for a garden in different parts of the
country and with different crops, we know that there can be large differences in
crop water needs. Even if one irrigates plants earlier or later in the day, the water
needs are different.
Therefore, we have selected a ‗typical‘ garden situation, with one-third each
planted to crops with a high, medium and low water requirement. We then tested
the crop water needs for such a garden in a high, medium and low rainfall area to
see how great the differences could be. We did such an example for the summer
rainfall areas and for the winter rainfall areas, and for summer crops and winter crops
for each. From this, we developed a summary recommendation for you to use as a
starting point in your area. We worked this out for 10m2 of garden so that it would be
easy for you to multiply this to work out the needs of your size garden.
2

Table 4: Average water needs for vegetables in different rainfall areas per 10m deep trenched
garden beds

Types of crops

Summer rainfall area

Winter rainfall area

Summer

Winter

Summer

Winter

Spinach (High demand)

2 800 l

3 900 l

6 600 l

900 l

Mixed (Medium demand)

2 500 l

2 900 l

5 400 l

1 000 l

Cabbage (Low demand)

1 000 l

1 900 l

2 600 l

200 l

Note: This is only a guideline based on 70% crop cover.

Activity 7:
Estimating garden water needs
Aim
To make an estimate of the water needs of a typical food garden according to the
rainfall area.

Instructions
Using Table 4 above, work out how much water your 60m2 garden would need for
your summer crops, and for your winter crops in your area.
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Managing irrigation water: get more ‘crop per drop’
Golden rules
Day-to-day, how and when you irrigate your plants has a big influence on how much
water you use in the end. Here are a few golden rules:










Start the growing season with your soil thoroughly wet to at least one meter
deep – especially for the dry season crop when there will be very little rain for a
few months. At first, the young roots won‘t reach this water, but the water will
stay there and the plants will draw on it later in the season when they may
need more than you can give. Wetness in these deeper soil layers also
encourages your plant to develop deep roots, which makes it stronger overall,
and more resistant to drought.
Deep wetting, once a week. In very hot periods you can shorten this to once
every three days, but give enough water to make sure that it will seep deep
into the ground, and not all just evaporate out of the top 10-15cm of your soil.
You can also mulch to help reduce evaporation losses. But NEVER give shallow
daily wettings to mature plants – besides the evaporation losses; you are also
encouraging your plants to make only very shallow roots.
Try to give soft, fine showerings rather than big hard drops (which will compact
your soil), or gentle flows rather than rapidly running water (which will wash out
your soil and expose the plant roots).
Distribute water evenly across the planting bed. If all the plants get equal
amounts of water, you will be getting the most ‗crop per drop‘. With uneven
water sharing between the plants, those plants that get too much water, use
too much ‗drop‘; while those that get too little water, will give you too little
‗crop‘. In the next section you will learn how to choose an irrigation system to
ensure good, even water distribution between your plants, e.g. by making
LEVEL planting beds and furrows; by making sure your drippers are never
clogged; and by spacing sprayers so that their sprays overlap enough to
create equal watering across the whole area. All pressurised systems must at all
time work at the pressure they were designed for, otherwise their distribution
patterns get distorted and again – some plants will be over-watered while
others will be too dry.
Measure! Monitor! Keep a record of how much water you are giving; how
much rain you are getting; and how the level changes in your rainwater tank(s).
Every year you will get better at stretching your water to get the most ‗crop per
drop‘. Always dig the day after you have given water to see how deep the
wetness goes. Do these until you have developed a feel for how your soil reacts
to irrigation and rain; and check again whenever you are uncertain whether
the deeper soil layers are beginning to dry out.

How water moves underground
It is so important to understand what happens to water once it enters the soil, that
we will look at two exercises to explain this well, namely:

The sponge demo; and

‗Water balloons‘ in different soil types.
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Activity 8:
Sponge demonstration:
Water movement below the soil surface
Aim
To develop an understanding of how water moves under the soil surface.
To observe lateral water movement, uneven movement of water through the soil,
and deep percolation beyond the reach of plant roots.

Instructions
Take three hard flat kitchen sponges, and hold them upright, one above the other as
shown in the photo below. These three sponges represent the top soil, subsoil and
the soil below (deeper than) the root zone.
Now ‗irrigate‘ along the top edge of the top sponge. You can use a syringe or a
small jug, moving it to-and-fro to apply water evenly along the whole top length of
the sponge. Stop irrigating from time to time to show that the water keeps moving
down into the soil even after irrigation has stopped.
Observe how the water (wetting front) moves down through the sponges – unevenly
even when the irrigation along the top is applied evenly.
Notice what happens when water starts ‗dripping out the bottom‘ of the second
sponge – this is deep percolation; this water is beyond the reach of the plant roots.
In discussion, build the links between soil water deficit, and the way wetting fronts
move through the soil. Irrigation can be improved by knowing when the wetting front
has passed each of the depths.
Dr Richard Stirzaker
(CSIRO, Australia) doing
his sponge demonstration
with the help of two
SADC participants at the
2007 SARIA workshop in
Pretoria (WRC Water
Wheel, Apr 2007).
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‘Water balloons’ under the soil surface
Water moves differently in sandy soils than in clayey soils.

In coarse sandy soils, the water tends to go straight down with little sideways
spreading. One needs to be careful not to give too much water at a time in
these soils, because it may run down too deep even for mature plant roots to
reach. Drip systems may not work well on these soils – better to use irrigation
systems that spread the water better across the soil surface, like sprayers.


In clayey soils, the water does not easily go deep, but tends to spread laterally
(sideways). One needs to ensure that water is applied slowly (e.g. with
drippers), or can pool on the soil surface (e.g. run-on and flood systems) to give
enough time for the water to infiltrate into the soil.

Below are pictures of how the underground ‗water balloons‘ form in different kinds of
soil, when drip irrigation is used:
Figure 19: Water distribution underground

Clay
Loam
Sand
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When you use drip irrigation, you will see little circles of wetness above ground, on
top of the soil. These wet circles may be close together or more spread out and
further apart.
Under the ground they may flow into each other.
You will need to check what is happening under the ground to know what the water
is doing. You can press a stick or a rod into the ground as far as it will easily go – close
to the drippers and then further away – to get an idea of how even the distribution of
water is underground.
There may be some dry patches inside the soil, which is why it is more difficult to use
drip irrigation with row crops. People usually put one plant next to a dripper, but this is
not necessary if the soil that has good lateral (sideways) distribution of water
underground.
How fast the water comes out of the small hole or dripper will also change how the
water moves. The systems that use large holes in the pipes, like the sponge and
thread systems are more like a controlled flood irrigation system than a dripping
system, as the water pours out rather than drips.
The secret to good irrigation is to check what is happening in the soil!
Take the time!!!

How much water to store for food gardening
How much water should and could a household store for gardening? Again, one
needs to PLAN for the season, and then MANAGE the stored water well to get as
much ‗crop per drop‘ as possible. The situation is different for winter and summer,
and we cannot work it out exactly, because our rainfall differs every year – but we
can make good estimates.

Planning water storage
A gardener stores water in the soil and in containers and tanks.

The water stored in the soil reduces the quantity that the gardener needs to
store in tanks – that is why run-on and deep trenching is so important. Run-on
can bring two to three times as much water to the garden than what falls
directly from above onto the plants, and deep trenching means that the soil
can absorb and store more water than ‗normal‘ soil.
Our calculation here for the required storage assumes that this is for a gardener who
practices run-on and deep trenching. A gardener not practicing run-on and deep
trenching will be able to grow a smaller area with this amount of water storage.
Now we are beginning to think about the three main factors that influence our
choices about water storage for gardening; we need to work out the relationship
between:
1. Size of garden
2. Size of storage
3. Size of runoff capture area (also called the ‗collection area‘)
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To work out this relationship, we need to know


How much water your garden will need per month in summer, and in winter;
and



The average rainfall for the area in summer, and in winter. Most areas have
rainfall records of at least the past 50 years

Water needs:
20mm/week is the maximum your garden would need in peak season. This is 200 litre
per day for a 60m2 garden, and a total of about 5 000 litre per month (this is 250
buckets of 20 litre each).
Water needs=5 000 litre per month

Storage size:
If your area often gets no rain in the dry season for 3 months in a row, you will have to
store enough water for three months. That is 3x5 000=15 000 litre.
Storage size=15 000 litre for winter=15m3

Capture area:
Now, you will have to make sure that your tank is full when the dry season starts. The
larger the area that you are capturing water from , the more will your tank fill back
up during a rainstorm. Here is how you calculate this:
Volume (in ℓ) you can capture = rainfall (in mm) x capture area (in m2) x run off factor

We multiply by a ‗run off factor‘ (RF) because some of the water that falls on our
capture area does not reach the storage tank. The RF gives an indication of what
you can harvest from the rain event. When the area is a roof, some water splashes
away; when it is a yard or a field, some of the water soaks into the ground before it
can reach our tank. Hard areas work the best to capture water!
Less water runs off when it is raining softly than when it rains hard; and less water runs
off when the soil is still dry, as when it has already rained for a day or more and
everything is wet. Less water runs off from vegetated areas than from bare areas, but
the runoff from vegetated areas will carry less silt which will need to be cleaned out
of your tank from time to time.
Select a run off factor (RF) from the table below that best describes your conditions:
Table 5: Loss against the Runoff factor

Roofs – estimated 15% loss or a RF = 0.85
Hard roads or areas – estimated 50% loss or a RF = 0.5
Sandy soil – estimated loss 90% or a RF = 0.1
Loamy soil – estimated loss 70% or a RF = 0.3
These losses will depend on specific situations and can only be taken as guidelines
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Let us assume that your last summer month is March, and that on average, 100mm
falls in March. Water is picked up from a hard road.
What area do you need to capture 15 000 litres in that month.
Minimum capture area (in m2)
= volume (in ℓ) you want to capture /( rainfall of last summer month (in mm) x Run off factor)
=15 000ℓ / (100mm x 0.5)
=300m2
Capture area is at least 300m2 of hard road (or 500 m2 for a loamy soil)
This is an area of only
(1) 60m x 5m (a short stretch of street); or
(2) )20m x 25m ( a loamy soil in a yard)
NOTE: The larger the capture area, the better!
Gardeners must be encouraged to become very creative with channelling available
runoff to their storage tanks, because this greatly reduces their vulnerability to dry
periods!

75

Agricultural Water Management in Homestead Food Gardening – Resource Material

Managing stored water
In our calculations above, we have already seen that it would be a good idea to
start the dry season with a full rainwater tank, and with a full soil profile. Our strategies
differ for dry and wet seasons.

Irrigation strategy in the dry season
This would be winter, in most parts of South Africa. There is no rain, and thus no crops.
Or, in some parts, there is some rain, but not enough to see crops through to harvest,
so crops may grow well initially, but die before we can benefit from them.
Dry season strategy: START FULL, END EMPTY
1. Start the dry season with the trench beds thoroughly wet, and the water tank full.
You will try to use as much water from the tank as you need to get through the
winter, and should end the dry season with the tank nearly empty.
2. If you are worried that your water may run out before the end of the season,
plant a smaller portion of your garden in the dry season.
3. Decide how many days per week you will irrigate your garden. Divide the garden
in equal parts to be watered every day (e.g. if you are planning to irrigate five
days per week, divide the garden into five parts).
4. IRRIGATE ONE PART OF THE GARDEN PER DAY, do not try to give a little bit of water
to every bed in the garden every day. (The exception is for seeds and seedlings,
which need a small sprinkling once or twice a day until their roots area strong and
deep enough to cope with less frequent watering).
5. Keep an eye on how much water remains in the tank, and how long before the
next rain is expected. Write this down every day, so that next winter you can try to
benefit from this year‘s experience.
6. If it looks as if your water will run short, decide which crops are most valuable to
you, and keep them going with the water you have left. It is better to lose a few
beds than to harvest hardly anything from all your beds. Keep in mind that some
types of plants need less water than others; e.g. cabbage uses less water than
spinach. So in a crisis you may decide to save fewer spinach plants and more
cabbage plants.

Irrigation strategy in the wet season
This would be summer in most parts of South Africa. Some years there is an
abundance of rain, but some years can be very dry. A very difficult problem is when
there are long dry stretches in an otherwise good rainy year, and this is where stored
water will help you to save your plants. It is hard to predict when to expect a good or
bad rainy year, therefore we have to plan for the worst, or ‗almost the worst‘.
Wet season strategy: START EMPTY, END FULL
1. If you can wet your beds thoroughly at planting, this is always a good strategy.
Your rainwater tank will be nearly empty if you have made good use of it during
the dry season, but should fill up quickly with the first few rainstorms.
2. You will
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5.7 Technology and equipment

In this section we will get practical about technology and equipment that the rural
household can use in their yard to manage their water effectively. This includes the
following:






Water storage options for rural households
Pumping options
Applying water sensibly
Irrigation technology
Operation, maintenance and self-monitoring

Activity 9:
Household water technologies
Aim:
To recognise technology and equipment for use by rural households.

Instructions:
See how many technologies you can recognise in the picture above.
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How a rural household can store water
In recent years, the concept of Multiple Use Systems (MUS) has been introduced into
water management planning. This moves us away from a singular focus on purified
piped water at RDP levels as a basic requirement for all, to the recognition that
different water sources and systems can be used for different family needs. In reality,
a household needs relatively small quantities of (expensive) drinking-standard water,
but also need larger quantities of water – with varying quality requirements – for
other domestic uses (such as body washing and laundry) and particularly for
productive purposes (such as food gardening, animal watering, brick making, etc).
Raw water storage for home food production captures run-off from the soil surface
during rainstorms, and stores it for use during dry periods, usually in underground
tanks, now often called Rainwater Harvesting (RWH) Dams.
Left: This RWH Dam fills from surface runoff, and has a safe overflow structure in
the foreground. Notice the good quality
roofing material with a sturdy trap door
back right.
The concept of raw water storage for
home food production follows on from,
and is best used in conjunction with the
practices of deep trenching and run-on:
 As described in the sections
above, deep trenching and run-on
enables considerable intensification by
concentrating water and plant nutrients in the plant-rooting zone in the soil –
in an affordable manner.


Raw water storage is an additional strategy which provides water security as
follows:
o

in dry spells during the rainy season, thereby providing security against
food losses for the family; and

o

by enabling production during the dry season, thereby providing a
source of food to the household during the off-season period when
production was traditionally not possible.

In most parts of South Africa, storage of roof run-off in above-ground tanks does not
contribute to food production, for two main reasons:
 Roof run-off provides very much less water than surface water, meaning that
the tank does not fill up regularly enough to enable sufficient water for food
production; and
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Gogela, EC. Roof run-off tanks provide too
little water for food production. This household,
like most others with roof run-off tanks, save
this water for drinking and cooking.

Raw water storage for home food
production therefore focuses on the
storage of relatively large volumes of
water (typically 20 000 - 30 000 litre) in
underground tanks; whereas roof runoff is stored for drinking purposes in
above-ground tanks (typically 2 000 5 000 litre). The underground RWH Dams are thus typically six times the size of roof
run-off tanks for drinking water.

SITING OF RWH DAMS
The RWH Dam will be a dominant feature in the household‘s yard for many years into
the future; therefore its positioning is important to the household. The household
captures its garden and RWH layout planning in their own ‗helicopter plan‘, which is
simultaneously a household food security visioning and a five-year food gardening
action plan.
The most critical consideration in positioning the RWH Dam is to ensure that
adequate rainfall run-off will enter the RWH Dam during rainstorms. Where hard
impermeable surfaces are available, the opportunity to capture occasional showers
in the long dry season would increase the effectiveness of the RWH Dam
dramatically.
Secondary considerations include ground conditions, surrounding structures, and
proximity and elevation relative to the garden trenches, to minimise the labour
involved in extracting and carting water, although the latter has proven to be less of
an issue than first anticipated.
Some principles of siting RWH Dams for home food production are briefly summarized
here:
a. To start with, make a careful evaluation of the site in terms of which way the
ground slopes, the location of all existing structures, the existing vegetable
garden, any adjacent roads or fields that may be at a higher elevation, which
areas are hard and which are soft, possible roof run-off and surface run-off from
hard areas.
b. If the site has a steep gradient, then the dam can be constructed with an
additional ‗outlet‘ pipe at its floor level that leads out and through the downside
embankment at which point there should be a valve. In this case, if possible, the
garden should be situated below this point. This means that the RWH Dam may
sacrifice some catchment so that the garden may be gravity fed.
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Steep terrain
Situate the garden downhill of the RWH Dam, and provide an outlet and valve for gravity flow to the garden

inlet

overflow - protruding rocks
Outlet pipe
and Valve
embankment
`

intensified
RWG garden

c. If the site has a substantial catchment from an adjacent field or road that is at a
higher elevation, then the garden could be sited so that the flow from these
areas would flood the run-on collector-pathways around the trenches first, and
only then lead onto the RWH Dam, which would then be situated at an elevation
lower relative to the garden.
d. Likewise, the garden followed by the dam should ideally be sited downhill of any
hard ground such as court yards, driveways, or other impermeable surfaces, such
as steel sheeted roofs.
Large uphill catchment (e.g. field, road)
e.
Where irrigation is going to be via buckets, the garden and RWH Dam should be
In this case, the intensive trench garden can be situated below the uphill catchment, but above the RWH Dam.
Once
rainfall run-off
has saturated
the garden
trenches,
the overflow would fill the RWH Dam.
situated
as close
to one
another
as possible.
The RWH Dam should be close to the garden trenches, to facilitate irrigation by bucket or treadle/manual pump.

contour
lines
compacted
bunds

deep trench
gardens

Flow from
adjacent
field

pervious
soil bunds

inlet

overflow
roof not shown

inlet
backfill
collector
pathways

shallow overflow ridges to
encourage temporary ponding in
the collector pathways, and thus
infiltration into the trench beds
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f.

If the ground is very soft and porous and unlikely to have much runoff, or if the
yard is situated on the watershed and thus unlikely to produce much run-off, it
may be necessary to opt to harvest roof run-off into an underground or aboveground dam. The RWH Dam (and thus the production area) should then be
downsized to the amount of run-off expected to be available, considering the
size and type of roof and the amount and frequency of rainfall typical to the
outlet
valveTOat
the
floor level of the dam would allow gravity feeding to
Mainarea.
catchmentAn
a large
roof (EXCEPTION
THE
RULE!)
Situate the garden downhill of the RWH Dam, and provide an outlet and valve for gravity flow to the garden
the garden, which should ideally be placed down-slope of the RWH Dam.
large roof
NOTE : The 'hoop' reinforcing
in elevated tanks is critical and
must be designed by a
competent engineer.

inlet
overflow
pipe

hoop reinforcing

Outlet pipe
and Valve

splash slab
intensified
RWG garden

`

Please note: This option should be viewed as an exception to the rule, as surface
run-off is the preferred source for production, as explained before.
g. It may be advantageous to construct berms or trenches to redirect runoff
Earthworks
to direct
to stabilise
the RWH
Dam than
walls allow it to run past.
Notes:
towards
therun-off
RWHandDam‘s
inlet
rather
some of the excavated material can be
used to create a berm to divert the water
to the inlet. The crest of this berm should
be horizontal.

contour lines

overflow
structure

inlet
structure
incorporating
sediment pit

RWH dam - roof off
embankment
constructed
from spoil

horizontal crest of berm

horizontal crest
of embankment
and backfill approx 500mm
below roof

When the garden is downhill of the dam, it will normally be
advantageous to construct berms to divert the rainwater runoff
dam. When the runoff is slight, the berm merely diverts the wat
towards the inlet. But when runoff is much greater, for example
height of a storm, it is possible that the inflow into the inlet will e
the flow capacity of the three PVC inlet pipes, and at such time
berms act as a mini 'surge-dam'. The advantage of a surge dam
less water bypasses the tank, and more ends up in the tank. C
the greater the length and height of the berms the more effecti
is. The crest of the earth berms should be horizontal - and say
below the roof of the tank. The sediment pit forms part of the
and reduces the coarse sand and grit that enters the dam. The
the pit is approximately 130mm below the invert level of the 11
PVC pipes.

Spillways should be created on either side of the berms as byfor potentially destructive inflows during unusually large storms
may simply consist of grassed surfaces of sufficient width to m
the flow velocity. The contours of the spillway should always be
degrees to the direction of the intended flow.

The excavated material should also be spoiled on the low side
dam (in addition to using it for constructing the berms) to create
embankment, and this is structurally important where the terra
steep. The top of the embankment and the final crest all aroun
tank should be horizontal and approximately 500 mm below roo

Any backfilling done near the tank should be placed and thorou
compacted in horizontal layers not exceeding 100mm. This will
equalize the earth pressure all around the tank - and hence min
circumferential tensile stresses in the wall.

create a grassed or rock spillway on either side of
the berm as a bypass for stormwater
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. CONSTRUCTION OF RWH DAMS
RWH Dam structure
During the Demonstration Phase of the Department of Water Affairs and Forestry
(DWAF) RWH Pilot Programme, more than sixty experimental RWH Dams were
constructed in 26 villages in four provinces. Five different implementing agents tried
out several shapes, elevations, building materials and construction methods, with
design assistance and construction advice provided by the Core Team.
From the lessons of experience during this experimental phase, a number of
recommendations were derived.

Recommended size, shape and elevation
 Standard size: 30 000 litre
– this provides enough water for year-round vegetable and fruit
production of 100-200m2 in the yard (when combined with run-on
RWH). This enables a constant year-round flow of micro-nutrients in the
household to prevent malnutrition and stunting.
 Shape: Round [walls: cylindrical; floor: flat]
– a round shape is geometrically stronger, and less prone to cracking
and leaking than square or rectangular tanks. A flat floor helps the
household to leave a few centimetres of water to protect the floor
and wall/floor joint from drying out and cracking.
 Elevation: Underground
– tanks are built underground to catch both roof run-off AND surface
run-off. In sloping areas, half-buried dams can still catch those allimportant large quantities of surface run-off.

How a rural household can pump water
Treadle Pumps
One person can mostly operate a treadle pump and because they depend on
human power, they pump relatively small amounts of water compared with motor
pumps.
They are therefore suitable for users who do not need as much water as a motor
pump produces or who cannot afford a motor pump, or do not have cash to pay
diesel, petrol or electricity for pumping. When a family produces food mainly for own
consumption, they try to limit cash expenses as much as possible, as the food
production activity itself does not generate cash.
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A standard pressure treadle pump can generally lift water 20 meters vertically, or
drive it at least 200 meters horizontally, depending on the pipe diameter. The
number of litres that a treadle pump can pump depends on the strength, age, fitness
and gender of the person operating the pump, and on the height to which the
water must be raised. It averages out at about 1400 litres per hour. This means that it
takes much less time and effort to pump the water than to collect it in another way,
such as carrying it in buckets. The table below shows how long it would take to
pump the water required for a household of five people, or for irrigating various sizes
of land.
Table 6: Pumping times for household and irrigation water requirements
Household water,
25 lpd for 8 people
=6kl/month

Volume
liter
125
875

m3
0.125
0.875

Number
of 10-liter
buckets

Pumping time (hh:mm:ss) at various pumping rates
0.2
liter/s
00:10:25
01:12:55

0.4
liter/s
00:05:13
00:36:28

0.8
liter/s
00:02:36
00:18:14

1
liter/s
00:02:05
00:14:35

1.2
liter/s
00:01:44
00:12:09

Daily
12.5
Weekly
87.5
Weekly
Pumping time (hh:mm:ss) at various pumping rates
Number
Area
Volume
irrigation
of 10-liter
requirement
0.2
0.4
0.8
1
1.2
buckets
(mm)
(liter)
liter/s
liter/s
liter/s
liter/s
liter/s
(m2)
(m3)
1
1
1
0.001
0.1
00:00:05
00:00:02
00:00:01
00:00:01
00:00:01
Baseline (above): One liter of water is needed to put 1mm irrigation on 1 square meter.
This would take 5 seconds with a treadle pump at 0.2 liter/second pumping rate.
10
1
10
0.01
1
00:00:50
00:00:25
00:00:12
00:00:10
00:00:08
10
100
0.1
10
00:08:20
00:04:10
00:02:05
00:01:40
00:01:23
50
500
0.5
50
00:41:40
00:20:50
00:10:25
00:08:20
00:06:57
100
1000
1
100
01:23:20
00:41:40
00:20:50
00:16:40
00:13:53
150
1500
1.5
150
02:05:00
01:02:30
00:31:15
00:25:00
00:20:50
250
2500
2.5
250
03:28:20
01:44:10
00:52:05
00:41:40
00:34:43
500
5000
5
500
06:56:40
03:28:20
01:44:10
01:23:20
01:09:27
1000
10000
10
1000
13:53:20
06:56:40
03:28:20
02:46:40
02:18:53
25
1
25
0.025
2.5
00:02:05
00:01:02
00:00:31
00:00:25
00:00:21
10
250
0.25
25
00:20:50
00:10:25
00:05:13
00:04:10
00:03:28
50
1250
1.25
125
01:44:10
00:52:05
00:26:03
00:20:50
00:17:22
100
2500
2.5
250
03:28:20
01:44:10
00:52:05
00:41:40
00:34:43
150
3750
3.75
375
05:12:30
02:36:15
01:18:08
01:02:30
00:52:05
250
6250
6.25
625
08:40:50
04:20:25
02:10:12
01:44:10
01:26:48
500
12500
12.5
1250
17:21:40
08:40:50
04:20:25
03:28:20
02:53:37
1000
25000
25
2500
10:43:20
17:21:40
08:40:50
06:56:40
05:47:13
50
1
50
0.05
5
00:04:10
00:02:05
00:01:02
00:00:50
00:00:42
10
500
0.5
50
00:41:40
00:20:50
00:10:25
00:08:20
00:06:57
50
2500
2.5
250
03:28:20
01:44:10
00:52:05
00:41:40
00:34:43
100
5000
5
500
06:56:40
03:28:20
01:44:10
01:23:20
01:09:27
150
7500
7.5
750
10:25:00
05:12:30
02:36:15
02:05:00
01:44:10
250
12500
12.5
1250
17:21:40
08:40:50
04:20:25
03:28:20
02:53:37
500
25000
25
2500
10:43:20
17:21:40
08:40:50
06:56:40
05:47:13
1000
50000
50
5000
21:26:40
10:43:20
17:21:40
13:53:20
11:34:27
Highlighted example (above):
A person would need to pump 52 minutes per week (e.g. 10 minutes per day for 5 days out of a week) to
supply 25mm of irrigation to a 100m 2 home food garden , using a 0.8 liter/second pump.

Applications and Specifications
It has not yet been generally appreciated that the specification of the pump must
be seen in relation to its particular application before a new pump design can be
developed, and even before purchasing a pump from an available range. A pump
must be capable of lifting the water to the desired level and have the right flow rate.
It must be strong enough to cope with the conditions but, if circumstances require
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portability, e.g. if it needs to be stored in a safe place, it must be portable. There
may be a requirement for high output for short shifts, or for longer operation with
minimum physical effort. This places a premium on modular design and the facility to
cater for the development of alternative models.
Because there is a limited tradition of irrigation, South Africa does not have a 'natural
market' for treadle pumps. This requires more attention to the role of the pumps
under the wide range of circumstances encountered in practice. The following
questions need to be considered to form a picture of what households in a particular
community are presently doing:
•

Are they watering gardens now, when, what with, how much, how frequently?
If the people do not water their gardens now, there is probably either no water
available, or people in the area feel irrigation is out of their reach, or irrigation
is not considered because it had not been practiced in the area before.

•

What is the water source, access to potable water (the first priority), distance,
suction height, and pumping height? If the water source is not accessible by
treadle pump, there is no point in promoting it.

•

Will attention have to be given to water sources, spring protection, small dams,
wells in dry stream beds, wetland protection, household rainwater harvesting
dams, etc? If the water source is accessible by treadle pump, the water
source may need to be modified in order to make it suitable for pumping.

•

What limits irrigation – fenced land, or water, or time and effort to get the
water distributed? If the limits to irrigation cannot be overcome, there is no
point in promoting treadle pumps or food gardening.

•

Will the pump be communally owned or shared or individually owned; must it
be locked up at night? If the pump must be shared or locked up at night, it
must be portable.

•

Who will be doing the pumping, and when, and will this vary? For example, if
the pumping will be done by children on Saturdays, the pump must be light to
operate and there must be storage for the water so that other people can use
the water during the week.

•

What irrigation method/s are envisaged: furrow, basin, bucket from drum
storage, mini sprinkle, drum/drip etc? The answer to this question affects the
flow rate of the pump that must be recommended, the length of hosepipe
that is necessary, and how the water should be stored.

•

How would the pumps be distributed and sold – through local stores, hardware
channels, NGOs, etc? This affects planning and costing for warehousing,
advertising, training and representatives.

•

Price, credit, spares back-up? These also affect planning and costing for
warehousing, advertising, training and follow-up.

84

Chapter 5: Garden and Homestead Water Management for Food Gardening

In trying to answer these questions, it becomes apparent that it could be less than
ideal to try and fit an existing pump to the requirements; ideally, an appropriate
pump should be designed according to local requirements.
This raised four other very interesting and important questions.
The first question is: What are the actual crop irrigation requirements? When one
studies this from research results and field observations and from using the simulations
available from SAPWAT, it becomes evident that there is probably a tendency to
over-estimate the water that is required, and that probably most people give far
more water than is really necessary, which can be detrimental. In this case, it means
that the capacity of the standard pump is may be too high.
The second question is: Is it necessary to have a two-cylinder pump? There are good
reasons for having two cylinders, such as getting a uniform flow and evening out the
treadling action, but if smaller flows are required, a single-cylinder unit may suffice.
This has been developed in Kenya recently and, because of the fewer components
that it uses, particularly valves and pistons, it cuts the cost very significantly.
Taking it further, one starts to wonder: Is it really necessary to have a treadle pump at
all? Possibly a more conventional hand-operated pump, stirrup pump with a single
cylinder or hand-operated diaphragm pump would be adequate for most of the
purposes for which the pump is likely to be used. In some cases this may bring the
cost down considerably.
Will there be more use for the treadle pump in the household for potable water
supply than for irrigation? If so, this must be taken into account in pump design and
supply.
The treadle pump market in South Africa is still relatively undeveloped, which
dampens possibilities for dew designs. Good quality units imported from Kenya are
currently more affordable than locally manufactured units.

Rope &washer pump
This pump can also be used although it is not common in South Africa. The
advantage of these types of pumps is that the technology is fairly simple and can be
maintained by the local ‗mechanic‘.
Rubber pulley
turned by hand
Rope with rubber
washers attached is
pulled up through
pipe by pulley

Water from pipe
pumped into tank
Pipe
Water piped
to crops

Open water hole or
stream

Rope with
washers

Pipe stand
and rope guide

85

Agricultural Water Management in Homestead Food Gardening – Resource Material

What types of irrigation a rural household can use
‗Bag gardening‘ is a specific gardening technique that provides a small intensive
food garden at the kitchen door, which can use grey water, and is easy to maintain
once constructed. It became known in South Africa through contact with Kenyan
examples.
In its simplest form, it is an upright ‗gunny bag‘ filled with a fertile soil mixture, with a
porous core made down the centre to ensure even water distribution throughout the
soil mass. Vegetables are planted through holes made in the sides of the bag, and
on the top surface.
Right: A recently planted bag garden. Another two weeks, and the cloth would be
almost completely hidden by the extent of the plant growth in this bag! Note the
sticks protruding from the centre of the bag to create a porous core for even water
distribution.
In mountainous Lesotho, which has an effective
growing season of only about three months, women
carry their ‗gunny bag‘ gardens indoors at night and
during cold spells. This provides them with
vegetables when crops planted outside cannot
survive the severe climate.
Two further variations of bag gardening are found in
South Africa, namely:
 The larger upright bag garden, in South Africa this is called a ‗Tower Garden‘.
Instead of a single bag, several bags are sewn together, or other suitable cloth
like shade-netting is used, if available. The porous core is constructed of flat rocks.
Tower gardens can increase the planting space fourfold compared to
conventional ground level gardens;
 The horizontal or ‗Flat Bag‟ Garden, which is filled like the gunny bag, but placed
down flat on its side. This obviates the need for a porous core; instead, it is
watered by inverting a two-litre plastic cool drink bottle in the centre of the bag.
The bottle is left in place for up to a week to supply a
slow trickle of water to the bag garden. Up to fifteen
spinach plants can be grown in each Flat Bag, which
shows the intensive nature of production in these
bag gardens.

Above: Mrs Mahangu, Ndonga, with her Tower
Garden in its third year of production.
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Right: This Flat Bag garden belongs to Mrs Linda Ngatsane, Female Farmer of the
Year 2007, and Shoprite/Checkers Woman of the Year. Note the upturned bottle for
slow, continuous irrigation of up to a week!

Bag Gardens and Tower Gardens can be made
anywhere conveniently close to a home, for instance
outside the kitchen door. This makes it easy to water
them with grey water from the kitchen, and makes it
possible to pick vegetables even during the cooking
process! Anyone can make these gardens, but they are
particularly useful for older or vulnerable people, as one
does not need to walk far, nor bend down a lot. A wellmaintained tower garden could yield vegetables winter
and summer for at least three years. However, one must
ensure that goats and chickens cannot get to the
tower garden and destroy it.

Making the most of grey water
Grey water refers to water that had already been used for domestic purposes; such
as washing of dishes and clothes. In many cases, water has to be carried from the
nearest standpipe in plastic containers, not for the purpose of gardening, but for
cooking and washing. This water can successfully be re-used for growing vegetables.
This is a way of saving water, especially as water is very scarce in most areas.
Although gardeners were initially very sceptical that vegetables could be grown
successfully with soapy water. However, the results speak for themselves and once
they mastered the management of the system, the results were good:


Gardeners were convinced: Vegetables can grow successfully with soapy
water!



Every day, the available grey water is poured into the Tower or Bag Garden.
The soapy water is cleared out of the system by pouring two buckets of clean
water into the column, once a week.



One can also reduce the soap in grey water by spreading some wood-ash on
the water surface and leaving it in a container overnight to settle before using it
for the plants.

This is lazy gardening
One of the main attractions of the method is that little labour or attention is required
and this appeals to all busy gardeners. Once people have become familiar with the
Tower Gardens, they prefer to position them right at the back door so that it is easy
to pour the wastewater into the tower.
It is difficult to predict how much water is required: in full production, two to three
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20 litre buckets will be needed, while one bucket should suffice in winter. If water
forms a puddle around the bottom of the tower or bag, it is an indication that too
much water is being applied and the obvious answer is to make a second tower!

What vegetables can be grown?
Bag and Tower Gardens are ideal for leafy crops, typically the various varieties of
spinach, which are planted through holes made in the sides of the bag or cloth.
Ideally, the holes should not be directly above one another, but should be staggered
diagonally for more sunlight and space for root development.
Tomatoes and onions can be planted in the top layer and, if crops require trellising.
Extending the vertical uprights and joining them
with wire or string can provide adequate trellising.
Where possible, companion crops should be grown
for biological control of disease and pests. Garlic
and onions are particularly useful.

Left: Note how tallergrowing crops have
been planted on the
top surface of this
Tower Garden (i.e. at
about waist height).

An unexpected benefit is the way in which the vegetables have thrived in severe
heat wave conditions that have proved too much for conventionally planted
gardens. The reason for this is not quite clear. Possible factors are the free air
circulation, lower soil temperature and the better moisture status of the soil.
It is not claimed that towers would be able to provide all the food a family needs,
but the contribution made to nutrition and eating pleasure is very considerable.

How to make a Tower Garden
A Tower Garden can be constructed from shade netting (or other available cloth),
four poles, soil, kraal manure and wood ash.
The poles are planted upright to hold the cloth ‗skin‘ in place while the tower is being
filled with soil, and are used for trellising, if necessary. A porous centre of flat stones
controls the flow of water so that the soil in the tower is kept at the right water
content for growth. The soil mix provides fertility, while the wood ash in the mixture
helps neutralise the effects of soapy water.

Ground surface: The ground needs very little preparation; all that is needed is to level
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and compact a circular area of at least 1m in diameter. It should also be noted that
the tower would need enough sunlight for vegetables to thrive. In very hot areas it
can be beneficial to cover the tower garden with a simple shade cloth structure, or
place it next to a tree for partial shade during the day.
Poles: The upright poles can be made from trimmed branches, fencing standards or
any other available thin poles. Where crops such as tomatoes are planted on the
top surface of the Tower, extensions can be wired onto these poles to provide
trellising.

Cloth: The selection of the cloth that forms the sides of the tower is critical. In Kenya,
nylon gunny bags were used, but were found to only last for about two years. All
sorts of materials were tried initially in South Africa:
 sacking, as shown in some of the photographs, did not last the season;
 black plastic sheets deteriorated rapidly in the sunlight;
 shade netting proved to be far more durable.

It is important to use nylon string or fishing line to join
up the ends of the shade netting to form a cylinder, as
shown in the diagram. The recommendation is to use
80% knotted shade cloth, available at most farmer coops. The string and the shade cloth will last best if they
are UV protected.

Soil: The soil must be fertile and must retain moisture well. People should be able to
develop appropriate soil mixtures utilising locally available material, but some
experimentation would be required.
The following recipe gives a good soil
mixture of the right quantity for one Tower
Garden:
 six wheelbarrows of soil;
 four wheelbarrows of cow manure;
and
 two wheelbarrows of wood ash.
Building the tower with the soil mixture is
something of an art. The three parts
should be mixed well and must be slightly damp, to be cohesive without
compacting during placing. When water is applied when the tower is in use it must
be distributed evenly throughout the soil mass and thus to the plant roots.
89

Agricultural Water Management in Homestead Food Gardening – Resource Material

Porous core: The stone filling that forms the porous core must be built correctly to
ensure that water poured into the top of the stone column can flow evenly
throughout the soil mass. When the first attempts were made in South Africa, round
stones were used and the water simply ran down
the center of the tower, leaving most of the soil
mass dry. Carefully packed flat stones, or building
rubble, solved the problem. Smallish round stones
may be used provided they are so arranged and
packed that satisfactory water distribution is
achieved.
Right: Participants in Potshini are busy filling up the
porous stone column in the middle:


Note the small white bucket (bottomless) that
provides a rigid sliding structure for the placing
of the stones.



Use flat stones or flat pieces of building rubble
to build the porous core. Lay them horizontally to help push water outwards
towards the soil.



Avoid any compacted areas in the soil, as this will hinder even water
distribution.

Tower Gardens and Bag Gardens are in their infancy in South Africa, but have the
potential to make a real difference in areas where extreme climate and adverse
circumstances have led to household vegetable gardening being considered out of
the question. Tower Gardens have been implemented in the Lady Frere and Cala
areas near Queenstown in the Eastern Cape, in Potshini in KwaZulu-Natal, and in
Limpopo Province in the Nzhelele valley, North of the Soutpansberg and Makuleke in
the North Eastern part of the province.
In all of these places the system worked very well, but many households kept it going
for more than a year. The main reasons for abandoning the garden seem to have
been the following:
 it was not well fenced and was sooner or later destroyed by goats and/or
chickens;
 it was too far from the kitchen to easily make use of the grey water; and/or
 the household received water supply on site, which enabled them to start a
larger, conventional garden.
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What material does one need to make a Tower Garden?

How does one make a Tower Garden?

Drip irrigation
Small-scale drip irrigation has been around in Africa for at least 30 years. It is usually
called bucket-drip irrigation or drum-drip irrigation, depending on which water
storage container is used. Water poured into the bucket or drum, slowly trickles into
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the soil around the plants via dripper pipes that run from the bucket or drum, which is
placed with its bottom at least 1m above ground level to provide pressure for the
water to drip out. The water passes through a small filter to prevent that the drippers
get blocked. Small-scale drip irrigation is often supplied as a kit, with all the
components packaged in the drum itself – from there the term ‗drip kit‘.
This type of drip irrigation differs substantially from large scale or conventional drip
irrigation, where the system is operated on a time basis – the drippers are carefully
operated at their design pressure to ensure that the correct quantity of water is
distributed as evenly as possible to all the plants in a field. Instead, a bucket- or drumdrip system is operated on a volume basis – the container is filled to a fixed level, and
allowed to drain completely. Despite the fact that the drippers operate at only
about 10 to 15% of their design pressure, sufficiently uniform water distribution is still
achieved because the dripper lines are very short.
Drip irrigation enables the farmer to make use of limited amounts of water and
fertiliser, and allows precise application of the water and fertiliser, directly to the root
zone. Completely dissolved fertiliser can be administered through the drip kit - either
inorganic fertiliser, or home made liquid fertiliser, made from kraal manure or plant
extracts.
Two buckets kits can produce enough vegetables for a family of seven, and can last
over five years. The system is most suited to kitchen gardens. In addition to the
complete kit, a grower needs a few strong poles to make a support structure.
Drip systems require clean water to avoid blockages; therefore surface water needs
to be filtered before it can be used. A simple in-line garden filter can be used in most
applications. The drip lines must also be flushed weekly to prevent soil particles from
building up in the pipes.
By not wetting the full surface, drip irrigation reduces weed growth, and minimises
losses due to evaporation, runoff and percolation. Thus the system reduces the
labour required to irrigate and weed the crops. This is seen as potentially important
for vulnerable people, whether they are aged, disabled or weakened by the effects
of HIV/AIDS.
However, although it is popularly viewed as one of the most water-efficient types of
irrigation, the soils in large parts of SADC are not suitable for drip irrigation, notably
coarse sands and severely crusting soils. Drip kits are somewhat more flexible and
can be used in more difficult soils than conventional drip irrigation, since drip kits can
give very small amounts of water on very short cycle times, even twice a day.
The drip kits are generally viewed as low-cost and easy to assemble and manage.
There have been high returns in an arid part of Kenya by combining RWH into farm
ponds with bucket or drum drip irrigation kits.
In summary, drip irrigation allows precise application of small amounts of water
directly to the root zone. It is thus believed to save water and is seen as an
appropriate intervention in areas where water is scarce.
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The table below provides a summary of some of the main features of drip kits. The
table expresses the general assumptions that water is saved, greater productivity is
achieved and yields are increased.
Table 6. Summary of main features of bucket and drum drip irrigation kits

3

Uses

Precise application of irrigation water to plant root zones

Necessary
conditions

Dry area or growing season, and relatively small amount of water available;
perception of water scarcity
Reliable source of clean water within carting distance
Wheelbarrow, treadle pump or similar, to enable transport of water for distances
up to 300 metres
Soils suitable for drip irrigation (for example not too coarsely sandy)
Access to good output markets may increase the returns, but the kit can be used
to produce own-use vegetables
Reliable supply of spare parts. A local trader should be identified who is willing to
stock the necessary spares
Availability of skilled installation and repair services
An effective programme of promotion and support, i.e. good technical and
agronomic advice and training. This would probably entail donor/NGO support
for five years or so to establish a sustainable programme
Support on cropping techniques, including cropping calendars and irrigation
scheduling
Pest control using cheaper traditional methods or integrated pest management

Advantages

Raises productivity of water, land and labour; reduces loss of water
In principle very low cost, robust and simple
Some versions – fertilizer can be combined with irrigation water
Can be targeted to poor, women, disabled people
Available in different sizes, from 10 m2 up, so can be adapted to land and water
Usually portable and easy to share — they can be moved or kept at home
Higher yields, better quality crop, shorter maturity which should enable higher
profits

Disadvantages

Currently no effective examples of programs targeted to poor farmers in SADC
Insufficient local manufacturing capacity
Poor support—tend to be distributed for emergency relief which by their nature
suffer poor sustainability
Dirty water can cause clogging
Inadequate institutional support
Are, in most countries, either not available or too expensive
Do not have easily and reliably available spare parts
Do not have easily available repair expertise
Require at least some cash outlay, which makes it difficult for poor farmers to
adopt them in most SADC countries

While there are numerous individual farmers in Africa who have benefited from lowcost bucket and drum drip kits, there is no evidence of successful implementation on
a larger scale. This is in contrast to South Asia, where there has been considerable
success, both in terms of market-driven systems aimed at relatively better-off farmers,
and in terms of targeting poor farmers.

3

Adapted from: Agricultural Water Management Technologies for Small Scale Farmers in Southern
Africa: An Inventory and Assessment of Experiences, Good Practices and Costs. Final Report Produced
by the International Water Management Institute (IWMI), South Africa, April 2006
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Drip irrigation can thus be used if care is taken that the system is maintained. The
pipes are also very vulnerable to damage by hand tools or other means. That means
households will need continued support over many years when using drip irrigation.
Figure 20: Drum-drip irrigation system in a home food garden

From:

Operation, maintenance and self-monitoring
Correct operation of any technology is vital for the sustained use of it. If the filter of a
drip system is removed or damaged all or most drippers can block and will have to
be replaced.
A treadle pump can sustain extensive rust damage if water is allowed to stay in the
pump after use.
It is very important that households understand how the technology works that they
obtained. If they understand the basic principles it would be much easier to maintain
and the technology would much more likely be operated in the appropriate
manner.
Records should be kept when the piece of equipment was obtained, together with
the price and other relevant information. If there is a user‘s manual available, it must
be kept for future reference.
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How to protect a spring
Springs are important sources of water in certain areas, but must be looked after. If
cattle are allowed to trample it the spring‘s use can be impaired. It is also not
recommended to build a low reservoir around the spring as this demand more
pressure or head for the spring to yield its water. This could also impair the operation
of the spring. The following sketch provide a simple yet effective construction to
‗harvest‘ the whole yield from a spring, and more importantly protect it from cattle
and storm water damage. That is why it should be fenced, although the fence is not
shown on the sketch below.
Cut-off drain for
stormwater

Eyes of the
spring

Collecting basin

Abstraction
pipeline to
reservoir

Waterholding
soil layer

Layer of
riversand

Slotted end of
abstraction
pipeline in
collection basin

Rock layer
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