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Soil 
The Basics
Soil is the uppermost surface of the earth, which has been slowly transformed by 
decomposition due to the effects of weather, vegetation and human activities. The 
parent material from which soil is formed 
can be the underlying rock, deposits from 
rivers and seas (alluvial soils) or the wind 
(aeolian soils), or volcanic ash.
Soils is composed of:

*  mineral particles
*  air
*  water
*  organic matter

Soil texture and structure are of special importance for soil fertility and plant growth:
*  Solid particles are classified by size into gravel and stones, sand, silt and clay.
*  Soil texture refers to the relative proportions of sand, silt and clay in the soil. 

Depending on the soil’s texture, it is described as sand, sandy loam, loam, clay 
loam, clay, etc. Soil can also be characterized as light, medium or heavy based on 
its workability.

*  Soil structure refers to the aggregation of the finer soil particles into crumbs or 
larger sizes.

Soil supports plants by providing a permeable layer for their roots. It stores plant 
nutrients and water. Depending on their composition, soils differ in their ability to 
supply plant nutrients.

Factors determining soil fertility
The main factors that determine soil fertility are:

*  soil organic matter (including microbial biomass)
*  soil texture / structure
*  soil depth
*  nutrient content
*  water holding capacity
*  drainage
*  soil pH
*  absence of toxic elements

Contrary to what is widely believed, the colour of the soil reveals very little about 
its fertility.
How does soil hold nutrients and release them?
Decomposing rock material forms soils and releases plant nutrients. The original 
mineral content of this material - and the nature and intensity of the decomposition 
process - determine the kind and amount of nutrients released. Clay and organic 
matter retain nutrients in a plant-available form, that is, the nutrients are attached 
to the soil constituents.
Soil’s ability to retain a certain amount of nutrients determines its natural fertility.
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Nutrients, which carry positive and negative charges (cations an anions), are 
attracted by the clay and organic matter in the same way that metal filings are 
attracted by a magnet.
Soil water containing the nutrients in dissolved plant-available form is called the 
soil solution. Nutrients can only be taken up by roots in dissolved form. There-
fore, they have to be released from the storing complex into the soil solution to be 
plant-available.
Organic matter can absorb more nutrients than a comparable amount of clay. It is 
therefore important to build up the organic matter, especially in degraded tropical 
soils with less ability to absorb the mineral component.

Soil organisms increase soil fertility
The activities of soil organisms are indispensable for high soil fertility and good crop 
production. Most of these activities are beneficial for the farmer. Soil organisms 
decompose organic matter to produce humus; aggregate soil particles to provide 
better structure; protect roots from diseases and parasites; retain nitrogen and other 
nutrients; produce hormones that help plants grow; and can convert pollutants that 
find their way into the soil.

The Soil food web
Soil organisms form the basis of a complex food web, of which we are a part. 
The species that form these webs are of course very specific to each environment.  
Bacteria and fungi, the bottom of the food chain are ultimately eaten by us all and 
critical to a healthy system. They feed on decomposing organic matter and a small 
amount can make a big difference to soil fertility.

Source: USDA Natural Resources Conservation Service
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Estimating Soil Texture

Sand, Silt and Clay
Texture refers to the size of the particles that make up 
the soil.  The terms sand, silt, and clay refer to relative 
sizes of the soil particles.  Sand, being the larger size 
of particles, feels gritty.  Clay, being the smaller size of 
particles, feels sticky.  It takes 12,000 clay particles lined 
up to measure one inch.  Silt, being moderate in size, 
has a smooth or floury texture. 

Particle name Particle diameter

Very coarse sand 2.0 to 1.0 millimeters
Coarse sand 1.0 to 0.5 millimeters
Medium sand	 0.5 to .25 millimeters
Fine sand 0.25 to 0.10 millimeters
Very fine sand	 0.10 to 0.05 millimeters
Silt 0.05 to 0.002 

millimeters
Clay	 below 0.002 millimeters

Soil Texture Triangle
The soil texture triangle gives names 
associated with various combinations of 
sand, silt and clay.  A coarse-textured 
or sandy soil is one comprised primar-

ily of medium to coarse size 
sand particles.  A fine-textured 
or clayey soil is one domi-

nated by tiny clay particles.  
Due to the strong physi-
cal properties of clay, 
a soil with only 20% 
clay particles behaves as 
sticky, gummy clayey soil.  
The term loam refers to a 
soil with a combination 
of sand, silt, and clay 
sized particles.  For 

example, a soil with 
30% clay, 50% 

sand, and 20% 
silt is called 
a sandy clay 
loam.



Soil testing Page 4

Permaculture Design: a step-by-step guide ~ book resources www.aranyagardens.co.uk

Identifying Texture by Feel
Feel test – Rub some moist soil between fingers

*  Sand feels gritty 
*  Silt feels smooth
*  Clays feel sticky

Ball squeeze test – Squeeze a moistened ball of soil in the hand
*  Coarse textures (sand or sandy loam) soils break with slight pressure
*  Sandy loams and silt loams stay together but change shape easily 
*  Fine textured (clayey or clayey loam) soils resist breaking

Ribbon test – Squeeze a moistened ball of soil out between thumb and fingers
*  Sandy or sandy soils won’t ribbon
*  Loam, silt, silty clay loam or clay loam soil ribbons less than 1 inch
*  Sandy clay loam, silty clay loam or clay loam ribbons 1 to 2 inches
*  Sandy clay, silty clay, or clay soil ribbons more than 2 inches

Note: A soil with as little as 20% clay may behave as a heavy clayey soil.  A soil 
needs 45% to over 60% sand to behave as a sandy soil.
Identifying Soil Texture by Measurement (Jar Test)

1  Spread soil on a newspaper to dry.  Remove all rocks, trash, roots, etc.  Crush 
lumps and clods.

2  Finely pulverize the soil.
3  Fill a tall, slender jar (like a quart jar) ¼ full of soil.
4  Add water until the jar is ¾ full.
5  Add a teaspoon of powdered, non-foaming dishwasher detergent.
6  Put on a tight fitting lid and shake hard for 10 to 15 minutes.  This shaking breaks 
apart the soil aggregates and separates the soil into individual mineral particles.

7  Set the jar where it will not be disturbed for 2-3 days.
8  Soil particles will settle out according to size.  After 1 minute, mark on the jar the 
depth of the sand.

9  After 2 hours, mark on the jar the depth of the silt
10  When the water clears mark on the jar the clay level.  This typically takes 1 to 3 
days, but with some soils it may take weeks.

11  Measure the thickness of the 
sand, silt, and clay layers. 
a. Thickness of sand deposit  ____ 
b. Thickness of silt deposit  ____ 
c. Thickness of clay deposit  ____ 
d. Thickness of total deposit  ____

12  Calculate the percentage of 
sand, silt, and clay. 

13  Turn to the soil texture  
triangle and look up the soil 
texture class.

Source: Colorado State University website
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Indicator Plants

Source: Robert Kourik ~ ‘Designing & Maintaining your Edible Landscape Naturally’



Soil testing Page 6

Permaculture Design: a step-by-step guide ~ book resources www.aranyagardens.co.uk

Source: Robert Kourik ~ ‘Designing & Maintaining your Edible Landscape Naturally’
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Source: Robert Kourik ~ ‘Designing & Maintaining your Edible Landscape Naturally’

Source: Patrick Whitefield ~ ‘The Earth Care Manual’
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Source: Patrick Whitefield ~ ‘The Living Landscape’


