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1. Improving your soil

The living soil
Healthy soil is living soil. It contains many living organisms. It is deep, loose, easy to dig
and full of air and water.
Living soil is a mixture of many things:


Bits of sand, silt and clay, which are types of soil;



Bits of organic matter, like leaves, grass, manure;



Inorganic matter, like rocks and silica;



Minerals such as potassium;



Air and water;



Micro-organisms: These are tiny bugs or creatures that
are too small to see and live in the soil. They make the
soil fertile by eating organic matter and changing it into
rich plant food or humus. Small creatures like
earthworms, other worms and beetles also live in the
soil.
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Soil types
Soil is made through the breaking up of the basic elements or minerals of the earth.
These are initially found in the form of rocks. Over a very long time, these rocks are
broken down into small particles through rain, wind and sun and mixed with air and
water. This becomes soil that can support plants and micro-organisms to grow. Like
people, plants cannot live and grow without water, air and food.
All soils are a mixture of sand, silt and clay. The difference in the amount of sand, silt
and clay will determine how the soil holds water. Examples of types of soil are sandy,
sandy loam, loam, clay loam and clay.
Sand makes the soil loose.
Silt is very fine sand. It holds water and plant food better than rough sand, but it is
easily washed out of the soil.
Clay is the sticky part of the soil that holds it together. It holds water like a sponge.
The best soils are called loams and they are an equal mixture of sand, silt and clay.

Characteristics of soils:
Sandy soil
Good things about this type of soil

Bad things about this type of soil



It is easy to dig and work with



It gets dry quickly



It warms up quickly in spring after winter



It does not keep much fertility



It is good for root crops



It does not hold water well



Water and air can get into the soil easily

Loam soil (Mixture of sand and clay)
Good things about this type of soil


Holds water well



Best for root growth



Contains organic matter, like …..

Bad things about this type of soil


This soil can be hard when dry

Clay soil
Good things about this type of soil

Bad things about this type of soil



Holds water well and for a long time



Hard to work; heavy



Holds fertility well and for a long time



Slow to warm up in spring



Sticky when wet



Hard when dry
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How to tell your soil type
You can tell how much sand, silt or clay is in your soil by how it feels. Wet some soil
and roll it into a ball between your hands. Then roll this little ball into a sausage. You
can tell what kind of soil it is by looking at the table below.
It is important to know which soil type you have. This will give you some ideas about
what you need to do to make your soil crumbly and loose. Crumbly and loose soil
holds the most water and the most air, which is what plants need to grow.
To make your soil more crumbly (whether it is sandy, loam or clay) you need to keep
adding lots of manure, compost and mulch. Never walk on the planted areas,
especially if they are wet.
Sandy soil needs to be given organic matter to increase its ability to hold water and
plant food. Clay soil needs to be given organic matter to increase its ability to hold
air in the soil and to release the plant foods that are there.
All types of soil need organic matter to increase their fertility, or plant food.
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What soil looks like

What soil feels like

When rolled into a sausage

The soil is

Very sandy

Very rough

Cannot be rolled
into a sausage

Very sandy

Quite sandy

Rough

Can be rolled into
a sausage but it
cannot bend

Sandy

Half sandy & half
smooth

Rough

Sausage can bend
a little

Sandy loam

Mostly smooth

A little sandy, quite Sausage can bend
smooth but not
about half way
sticky
around

Mostly smooth

A little sand quite
smooth and sticky

Sausage can be
bent more than
half way round

Clay loam or
sandy clay

Smooth

Smooth and sticky

Sausage can bend
into a ring

Clay

Loam or silt loam
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Soil fertility
All living things are composed of the basic elements of the earth. Plants consist
mainly of hydrogen, oxygen, carbon, nitrogen, phosphorus, potassium and smaller
quantities of magnesium, sulphur and calcium as well as many other elements in very
small amounts (these are called trace elements).
Plants need three main kinds of food:


Nitrogen (N) – for healthy leaf and stem growth;




Phosphorus (P) – for healthy roots and fruit formation;
Potassium (K) – for general health and healthy flowers and fruit.

The capital letters in brackets (N, P, and K) are called the chemical symbols. If you
buy fertiliser or other chemicals, they may use these letters instead of writing out the
name in full.
All three of these foods are found in good compost or manure. You can also
increase the amount of these foods in the soil by mulching with leguminous leaves
(like beans, peas, pigeon peas and Acacia (thorn tree leaves)) or comfrey, using
liquid manures, earthworm castings and effective micro-organisms. You will need to
make the earthworm castings and effective microorganism brews and add them to
your soil.
These are different ways of improving fertility that you will need to be shown.

Nitrogen
How do you know if your soil needs more
nitrogen?
You will know your plants need nitrogen when the leaves
are turning yellowish, instead of a strong bright green.

How can you add nitrogen to your soil?
This element is found in most manures (cattle, sheep, pig,
goat, chicken and rabbit). There is more nitrogen in
chicken and goat manure. These must be dried before
being used in the garden. Otherwise they can be too
strong and ‘burn’ the plants.
Nodules on the roots that
fix nitrogen
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Nitrogen is also found in legumes
These are plants that form nodules or little knots on
their roots. These nodules ‘fix’ nitrogen from the air,
so that the plant can take it up through its roots.
There are microorganisms (bacteria) in the roots
that help to ‘fix’ the nitrogen. After the roots of the
plant die the nitrogen is released into the soil and
can be used by surrounding plants.

Roots knots

The bacteria in the root knots binds free
nitrogen from air in the soil and release
nitrogen after the plant dies

Examples of legumes that we often grow:





Ground nuts
Cow-peas
Beans (including soya beans)
Peas

There are less common crops and also many long living
plants and small trees that also fix nitrogen. Some examples
are chickpeas, mung beans, lentils, pigeon peas and tree
lucerne. Some legumes are grown only as green manures,
and are not used for food. These include lucerne, clover,
hairy vetch and lupins. These give a lot more nitrogen to the
soil than our food plants, because we dig them into the soil
when they are still green. This is why we call them green
manures. We can also plant our food crops in between these
legumes (see the Planting Crops leaflet in this series for more
information on intercropping).

Soya
beans

From: Food from the Veld, 1982.

You can also mulch with the leaves of legumes. This will add nitrogen to your soil.
All reduce evaporation
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Stones
Sheets of paper

Phosphorous
How do you know if your soil needs more phosphorous?
You will know your plants need more phosphorous when they do not grow fast, as
they should. The leaves may also start to show unusual red or pinkish colours,
especially around the edges. If your plants are small and will not grow, even when
compost is added, then you almost certainly have a severe phosphorous deficiency.
This can also be caused by acidity in the soil. We will discuss this a bit later in this
pamphlet.

How can you add phosphorous to your soil?
Most of the soils in Lesotho are poor in phosphorous. It is also a bit difficult to add
phosphorous to the soil in an organic way, as most of the sources of phosphorous are
tricky to work with. They include urine, bones, hair, feathers and blood. Usually we
add these as ingredients to compost.
Natural rock phosphate can be added directly to the soil. This is also not easily
available.
Another good source of phosphorous is bonemeal. You can usually buy this from an
agricultural supply store – but it is not cheap.
One other way of adding phosphorous is to place bones in a fire, for a few hours. You
can then grind them into a powder more easily.This powder can be spread on your
garden beds or your compost heap.
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The manure from animals grazing in areas where there is not much phosphorous will
also have little phosphorous. You may need to bring in phosphorous in the form of
chemical fertilizer. The usual source is called Superphosphate. Another chemical
fertilizer known as DAP (Di-ammonium Phosphate) can also be used.

Potassium
How do you know if your soil needs more potassium?
You will know your plants need potassium when the plants become brittle and the
leaf edges become brown and dry. When fruit do not form properly, you should also
suspect a lack of potassium. Other signs can be hard to distinguish. One of these is a
yellowing around the veins of the leaves. This could also be caused by diseases – so it
is difficult to know.

How can you add potassium to your soil?
Good sources of potassium are chicken
manure and fresh woodash. Never use ash
from coal, as this is very poisonous to the soil
and plants. Another good source of
potassium is a plant known as comfrey. This
plant has large hairy leaves and grows in wet
shady places. The leaves contain a lot of
potassium. These can be used to mulch your
vegetable beds and also to make liquid
feeds for your plants (We will look at liquid
feeds later in this section).

Comfrey

From: Useful Plants for Land
Design, Pelum

The other elements or minerals needed in smaller quantities, such as Magnesium, Zinc
and Iron, are found in most manure and in compost.
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Comfrey is also a good spinach and medicine. A tea made from the leaves is good
for high blood pressure and arthritis.

Soil acidity
What is soil acidity?
The minerals or nutrients needed by plants to grow are dissolved in the water inside
the soil. This is a bit like salt or sugar dissolved in a glass of water.
Soil acidity is when the soil is sour. It is a bit like a glass of water that has vinegar
dissolved in it. In places where it rains a lot, some of the minerals can be washed out
of the soil. The soil then becomes acidic. The use of chemical fertilizers over a long
period of time, can also make the soil acidic.
If there is too much acid in the soil, some minerals or plant food will dissolve too
quickly and the plants cannot use them. Other minerals will not dissolve at all, so
again, the plants cannot use them. Phosphorus is one of the minerals that cannot be
used by plants when the soil is acidic – even if it is in the soil.

How do you know if your soil is acidic?
You will know your soil is acidic if you provide compost or manure and water for your
plants, but they do not grow. The plants remain small and stunted. This is a common
problem.

How will you solve the problem of acidity?
The only practical way of dealing with soil acidity is to add lime to the soil. Lime can
be bought and is a white powder, or grey granules.
It needs to be dug into your soil, at least as deep as the roots of the crop you are
growing. For vegetables this is between 30 - 60 cm. This is the width of 1 or 2 spades.
You will need to add 1 kg of lime for every square metre of soil. 1 Kilogram of lime is a
spade full. It needs to be heaped high.
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30 cm

One metre

Two metres

For field crops like maize and sorghum that have deep roots this is from 60 cm to
1 metre deep. 1 metre is the length of a spade.
Usually Lime is added 2 or 3 months before planting, as it is slow acting in the soil. If
you add Lime at the same time as you are planting your crop, you will only see the
main effect of the Lime in the next season.
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Other ways of improving your soil
Manure
Most kinds of animal manure can
be used. This includes cattle, sheep,
goats, pigs and chickens.

Handling manure
The best manure to use is manure
mixed with straw and urine, from a
kraal. Sweep this into piles at least
once a week, and then cover it with
grass or plastic.

Manure can be added to your soil in a number of ways:


It can be used when you are planting your seedlings, by mixing in two to three
handfuls of manure into your planting holes for seedlings.



It can be dug into a whole bed to increase the fertility. Here you will need to use
one wheelbarrow load (around 50 kilograms) to a bed size of 1 metre by 5
metres.

5 metres
1 metre



It can be used in hotbeds. Here the bed is dug out to a depth of about 30 cm,
10
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which is the width of a spade. It is then filled with a layer of fresh manure about
10 cm deep at the bottom. This is about the same as the width of your closed
hand. Some grass, weeds and organic matter can be placed on top of this
before filling your trench with top soil only. Some manure or compost can be
mixed into this soil before planting. These are called HOTBEDS because the
manure heats up as it decomposes in the ground. This will heat up the soil in your
bed. This is very good for cold winter areas.


Manure can be spread over the surface of the ground as a mulch. It then has
the added advantage of providing food to plants.



Manure can be added to compost heaps to make the BEST COM.

Compost
Compost is a combination of wet and dry plant material and manure that has
decomposed together to form a rich plant food. Compost also helps the soil to hold
water and keep plants free from diseases.

More advantages


Compost is ready as plant food, without
the need to be broken down by soil
micro-organisms first.



Some disadvantages



Compost does not cause a lot of weed
growth, like most animal manures do.


You can get good crops without
spending lots of money on fertilizers.



Compost requires a lot of work to
prepare and use.
The value of compost depends on how
it is made and what you used. If it is
not made well, it will not be a good
plant food.
It may be difficult to find the organic
material you need to make compost.

What do you need to make a compost heap?
You need to collect a lot of the following:


Maize stalks or leftovers from other crops. These are called crop residues;.



Grass (without seeds!) – it can be green or dry;



Cabbage leaves and weeds (green or dry) with no seeds;



Animal manure;
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 Wood ash.
Some other things that can go into a compost heap are: kitchen waste, washing
water, yard sweepings, dead animals, bones, wool, horns and feathers. It is a very
good idea to add comfrey to compost heaps.
THINGS NOT TO ADD: Plastic, glass, metal, wood, old batteries or anything that
cannot decompose (that means to break down in the soil).

The completed compost
pile

Wood ash
2 cm fine soil
4 cm manure
20 cm grass and greens
Broken soil
Cover of grass or plastic

Where to make a compost heap


In a shady place but not too close to the trunk of a tree.



Protected from too much wind.



On flat ground.



Close to your garden and to a source of water.



Away from animals (especially pigs,
goats and chickens).

How to make a compost heap
Step 1:
Choose your site and turn the soil over
with a fork or a hoe. The area should be
about 1 metre by 2 metres (1 spade
length wide and 2 spade lengths long).
12
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Step 2:
Chop the stalks and leaves of your
crop residues, grass and weeds into
small pieces. This includes comfrey,
cabbage leaves, weeds and maize
stalks. They need to be chopped into
pieces about 10 cm long. This is the
width of your closed hand. This will
make the composting process go
faster.

Step 3:
Lay some small branches and twigs on the soil that you have turned over.

Step 4:
Cover these with a layer of your chopped mixture, about 30 cm deep. This is one
open hand deep. If you have kitchen wastes, they are added in this layer.
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Step 5:
Spread manure on top of this about 4 cm deep. This is the width of 2 fingers.

Step 6:
Spread some soil on top of the manure aoubt 2 cm deep – the width of 1 finger.

Step 7:
Sprinkle wood ash on top of the soil. If you are also going to add lime, bonemeal or
rock phosphate, this can be sprinkled on now.
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Step 8:
Water these layers until the
water soaks through at the
bottom of the pile.

Step 9:
Continue to build the heap,
repeating the layers as before,
until it reaches the height of
your chest.

Step 10:
It is best to cover your
pile, either with a thick
layer of straw or grass or
plastic. This helps to keep
the water and heat in
and helps your pile
decompose. It also stops
animals from scratching
in your heap and
destroying it.

It is best to turn your
compost heap every two
15

Turning the compost
pile

Handout 1

Resource Material for Homestead Food Gardeners

Chapter 6

Handout 1

weeks. If your heap is dry, you will need to add more water. If you do this your
compost should be ready in about 6 weeks in summer and about 8-9 weeks in winter.
In very cold areas that experience snow, your heap will have to be well covered –
otherwise nothing will happen at all.

When is compost ready to use?
When there is still steam coming out of your heap it is VERY busy decomposing. The
compost will be ready when it has turned blackish in colour and looks like moist soil. It
will have almost no smell. (If it is smelly and warm, it is definitely NOT compost!).

Handling compost
1 metre



Plant each seedling with
2-3 handfuls of compost.



Dig compost into the soil:
Turn over the soil and
loosen it to a depth of at
least one spade head.
Spread 4 full spades of
compost in an area of 1
square metre. Dig this
lightly and then plant.



1 metre

1 Square metre

Use compost as a mulch
by spreading it over the
surface of your beds.

1 metre

1 metre
From: Vikela, May 2003, FSG

Plant and animal liquid manures
Liquid manures are a simple way of giving your plants a boost. They can be made
from plant material or animal manures. The aim is to provide plants with natural plant
foods quickly during their growing season. It is useful for heavy feeders like cabbages
and to give seedlings a boost.

How to make liquid manures from plant
You will need:

A good plant for liquid manure is comfrey. Most soft
green leaves and stems can also be used and weeds
are ideal. Avoid plants which are very strong smelling.
Plants are made of different quantities of nutrients
and take up different nutrients from the soil. So it is
best to use a range of plant materials to make your



A container; any plastic or
metal container from 5
litres-50 litres.


A lid of some sort.


A rock.
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liquid.


Make sure your container is clean before you use it.



Collect the plant material and fill up the container. You must keep on adding
material to the container every week.



Place the rock on top of the plant material in the container and put the lid on.
Do not add water. The plant material will make its own liquid.



Place it in a sunny position and two weeks later check to see if the leaves have
turned black. If you tilt the container you should find a black juice. This is the
concentrated plant liquid manure.



This liquid is very strong and should be diluted as follows:
Seedlings: 1 tin of liquid manure for every 4 tins of water
Bigger plants: 1 tin of liquid manure to 2 tins water. If you make the mixture too
strong it can burn the leaves of plants

Every two weeks pour the mixture on the soil around your plants, after you have
watered them. You should pour at least one tin of this diluted mixture around each
seedling or plant. The tin should be the size of a big jam tin.

How to make liquid manure from animal manure
Manure can be used from chickens, rabbits, cows,
goats and sheep. A mixture of manures is best.
You will need:





Put your fresh manure mixture into the bag and
tie the top of the bag.
Put the bag in the container and attach it to
the stick or the rope. Then fill the container with
water. For every 1kilogram of manure you will
need 10 litres of water. This means an orange
sack full of manure in a large bucket, or half
the bag in a normal sized household bucket.
This is a way of keeping the manure and the
water separate, because you should not put
the wet manure on your plants.



A large container: 10l or bigger



A bag of some kind; either an
orange sack, a feed bag or a
cloth bag




A strong stick or rope

Something to tie the bag with


Some type of lid for the
container, or loose cover



Cover the container with a lid. Stir every few days.



After two weeks the mixture will be ready to be used. It should look like weak tea.
Before using the liquid, stir the mixture well.



This liquid will be very strong and should be diluted:
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Seedlings: 1 tin of liquid to 8 tins of water (or buckets or bottles)
Bigger plants: 1 tin liquid to 4 tins of water
If you make the mixture too strong it can burn the leaves of plants.
Every two weeks pour the mixture on the soil around your plants, after you have
watered them.
Again, use at least one big jam tin full for each seedling or plant. Avoid applying your
mixture in the middle of the day or on very hot days.
Plastic cover
Stick to stir

Sack with ± 40 kg
manure and/or plants

200 litre drum filled
with water

From: Production without Destruction

Experimentation
An experiment to test whether your soil
has enough lime and phosphate
In this experiment, you will need to measure out 4 plots of the same size. Make these
plots about 1 metre long and 1 metre wide. This is the length of one spade.
Be sure to mark your plots out with sticks, so that you will know throughout the season
where your plots are. You will then be able to do your experiment.

Plot 1:
Prepare and plant in your normal way
18
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Plot 2:
Prepare the soil in your normal way and then add 2 big spoon fulls of
Superphosphate. This is spread evenly over your soil and then dug into the soil. Then
plant in your normal way.

Plot 3:
Prepare the soil in your normal way and then add one big tin (jam tin) full of Lime. This
is spread evenly over the soil and then dug into the soil. Then plant in your normal
way.

Plot 4:
Prepare the soil in your normal way and then add 2 big spoon fulls of
Superphosphate and one big tin of Lime. This is spread evenly over your soil and then
dug into the soil. Then plant in your normal way. Below is picture of what your
experiment could look like.
Now you will monitor or look at this experiment. Every week you will check and write
down which plants look better. You will look at the plants’ growth, their colour
(whether they are green or yellowish), and their health (whether they are healthy or
diseased).
Here is an example of how you can record your results: You can start with this table
and write in your results from week 3 onwards. Or use this table to draw your own
table on a piece of paper.

Control
Experimental plot

1

Phosphate

Lime

Lime &
Phosphate

2

3

4

Garden planted with cabbages
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Plot 3

Plot 1

Plot 2

Control

Phosphate

Week 1

Seedlings look
good

Seedlings look
good

Seedlings look
good

Seedlings look
good

Week 2

Seedlings
growing, but
yellowish. No

Seedlings
growing; not
yellow. No

Seedlings
growing well. No
disease

Seedlings
growing well;
dark green. No

Lime
Phosphate

Plot 4
Lime +
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disease

Week 3
Week 4
Week 5
Week 6
Week 7
Week 8
Week 9
Week 10
Week 11
Week 12
Final result
Growth
Colour
Health
Number of
plants that
look good

Let’s go to the Small Scale Experimentation Plan that is in the Farmer Experimentation
leaflet. You can use this plan to think about how the phosphorous and lime
experiment will help you improve your soil fertility.
Small scale experimentation plan
What is the problem?

My plants are not growing well, even when I add
compost or fertilizer

What is a solution to this problem?

I will add phosphorous and lime to see if that makes a
difference

Why will this solution solve the
problem?

My soil may need phosphorous or lime, or it may need
both of these things

How will I test this solution?

I will add phosphorous to one experimental plot, I will
add lime to another experimental plot, and I will add
phosphorous and lime to my third plot. I will also keep
one plot free, as a control, to make sure that what I am
adding is really making a difference

How will I check my results? What

I will look at the leaves to see if they are a good bright
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will I look for?

green colour. I will also look to see if my plants look
healthy or diseased

How else will I check my results?
What will I measure?

I will measure the growth of my plants using a piece of
string

How will I measure the results or
outcomes?

The plants that grow the most, and look the most green
or the least yellow, and look the most healthy will be
the best plants

I will know that where my results were good, I should
How will I compare my experiment add that thing to my soil. So if I get the best results by
to my usual way of farming?
using phosphorous and lime together, then I should
add that to all my soil

In these materials there are many suggestions for improving your soil. You can
experiment with any of them to see whether your plants will grow better if you use
them.


You can test what kind of soil you have, and add compost.



You can add nitrogen, by adding manure.



You can add nitrogen, by planting legumes.



You can add phosphorous (which is called Superphosphate when you buy it).



You can add potassium, by adding chicken manure.



You can add potassium, by adding fresh woodash.



You can add lime, which you can buy, to make the soil less acidic.



You can add manure.



You can add compost.



You can add a liquid manure made from comfrey or animal manure.



You can mulch with leaves of legumes.

For each of these suggestions, you can do some experimenting, to see which works
best for you. Remember to keep a record of all your experiments, so you can look
back on them in a few years time. You should also keep records so that you can
share the information with your neighbours and community, and compare your
results with other people’s results.
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