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When and why would you undertake these  
soil tests?
Sampling soil and having it tested for a range of chemical 
attributes can be extremely useful for supporting farm 
management decisions.

However, determining what a soil test result means usually 
depends on the soil type, climate and farming system involved. 
Some tests may not be effective on a particular soil type.

Taking a soil sample
Soil sampling should always involve extracting a uniform core of soil 
to a precise depth. Many soil tests are calibrated for determining 
critical levels in a surface soil sample extracted to a depth of 10cm. 
The core extracted to this depth should be of a uniform width to 
ensure that the sample is representative of the entire depth.

A cylindrical soil corer is ideal for this purpose. In contrast, 
sampling soil using a shovel will usually result in the sample 
being dominated by the surface few centimetres, providing an 
error that can give biases in the test results such as higher pH, 
phosphorus or organic carbon.

Other errors may also occur. This is because the top 10cm of 
soil is not uniform, and will often have a concentration of some 
features at the surface.1

Sampling strategies
When assessing a paddock, soil cores should be taken within 
single soil types and within single management systems. Don’t 
mix together cores from visibly different soil types, and avoid 
mixing together soils that have been managed differently.

Ten to thirty cores that are taken across  a paddock should 
be thoroughly mixed together (bulked) in a bucket, and 500 
grams taken out, air dried and put into a labelled zip lock bag 
to send to a suitable soils laboratory. It is often insightful to take 
samples from different depths as well as the top 10 centimetres. 
For example, the 10-20cm (sub-surface) layer can be useful for 
assessing acidity issues, and the top 10cm of the clay (sub-soil) 
layer can indicate a range of sub-soil characteristics.

Soil Tests:
Phosphorus (P) 
Phosphorus is an element that is deficient in most Limestone 
Coast soils without a strong fertiliser history. In most soils, 
applied phosphorus will stay in the immediate surface of the 
soil as it reacts rapidly with the soil and is immobilised. This is 
often not the case in low quality sandy soils, where phosphorus 
can be lost to leaching within months of being applied. Several 
tests have been shown to be useful in determining a soils risk of 
losing applied phosphorus.

Reactive iron and reactive aluminium: Trials in the Limestone 
Coast of South Australia have indicated that the higher the 
reactive iron and aluminium levels are, the lower the risk 
of phosphorus losses. Levels of reactive iron plus reactive 
aluminium that are less than about 500 parts per million can 
indicate that phosphorus leaching is a high risk. This may 
result in the decision  to spread lower doses of phosphorus, 
or to spread clay in order to lift the soil’s content of iron and 
aluminium. In other soils, excessive levels of reactive iron and 
aluminium can indicate that a soil will react very strongly with 
applied phosphorus, resulting in low rates of phosphorus release 
in a plant available form.

Other tests that relate to a soil’s ability to strongly hold 
phosphorus include carbonate percentage, organic carbon and 
the phosphorus buffer index.

High values of any of these tests will indicate that a soil has 
the potential to release phosphorus to plants more slowly 
than desirable. Calcium carbonate2 (free lime) does this by 
precipitating phosphorus out of the soil to form low solubility 
calcium phosphate products. Free lime will also make the 
soil alkaline (usually around pH w 8.5), and its amount can be 
estimated by adding dilute acid to a soil sample.2

Phosphorus is a component of organic matter, so highly organic 
carbon soils will have a significant proportion of phosphorus 
essentially locked up in a non-available form. The phosphorus 
buffer index is a measure of a soil’s ability to bind with applied 
phosphorus, and is usually related to the amount of iron, 
aluminium and carbonate in the soil.

The most commonly used agronomic test for phosphorus in the 
Limestone Coast is the Colwell Extractable Phosphorus test.

This test has been calibrated with a large number of field trials to 
provide a “critical value” above which additional building of soil 
phosphorus will not provide a yield increase. When coupled with 
tests for total soil phosphorus, farmers are able to better balance 
and predict their phosphorus fertiliser needs. Note that the 
Colwell test doesn’t measure the total phosphorus in the soil, and 
so total phosphorus should be assessed also to build a picture of 
the deletion/replenishment of the soil phosphorus store.

pH Tests 
Are useful for determining a soil’s acidity or alkalinity. Two 
laboratory tests are commonly used for soil samples, one in 
a water solution, and one in a calcium chloride solution. The 
calcium chloride pH (pHca) value is usually between 0.5 and 
1.5 units lower than the pH in water (pHw). pHca tends to be 
less influenced by seasonal conditions. The pHw measurement 
can vary through the season, with variations being known to 
occur during wet South East winters of up to 1 unit higher when 
compared to samples taken in summer. Consequently, reliance 
on pHw measurements alone can potentially lead to severe 
acidity problems being overlooked.
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1. Air drying can be done in a microwave oven for short (2-4 minute) bursts until dry.
2. Dilute hydrochloric acid can be used to assess free lime content.  
Visible bubbles will form where free lime is present in high amounts.
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Field kits using universal indicator dye and barium sulphate 
powder can be used as a quick and easy way to closely 
approximate  a pHw measurement while in the paddock. Soil 
pH can vary markedly with depth into the soil. Samples that are 
taken too shallowly can often result in a pH measurement that 
is more alkaline than it should be due to the alkalinity of organic 
matter accumulated at the soil surface. It is recommended 
that when one is sampling to test for soil acidity that samples 
are taken from the 0-10 cm layer and the 10-20cm layer. In the 
Limestone Coast the 10-20cm layer of many soils can exhibit 
the strongest acidity of the soil profile. Testing the pH of the clay 
layer in soils with a strong texture contrast (that is, loam on clay 
or sand on clay soils) can be useful if the clay is to be brought to 
the surface for clay spreading or delving.

Aluminium (Al)
Calcium chloride extractable aluminium provides an indicator of the 
toxicity of aluminium in the soil. Testing for this form of aluminium is 
strongly advisable if a soil test reveals a pHca less than 5. Should 
the pH test be greater than 5, then this aluminium test will not be 
required as aluminium ceases to be soluble at higher pH.

Potassium (K)
Potassium levels extracted from soil using the same Colwell 
method as used for phosphorus have been correlated with plant 
requirements and can be used to predict the risk of a deficiency 
occurring.

However, unlike phosphorus, potassium is present in large 
amounts in many Limestone Coast soils. Also, the main 
concentrations of potassium are not always in the surface soil. 
It is common for the clayey subsoil in texture contrast soils to 
have the highest concentrations of potentially plant available 
potassium. It is useful, therefore, to determine the extent to 
which plants are able to grow roots into the sub-soil in order 
to access the store of nutrients there. Sub-soil tests for Colwell 
potassium can be useful for determining how much of this 
nutrient may be available from the lower root zone. Potassium 
is a component of most Limestone Coast clay minerals, so most 
loamy or clayey soils can supply adequate levels of potassium 
for many decades without the addition of fertilisers.

CATION EXCHANGE3

The base cations calcium (Ca), magnesium (Mg), potassium (K) 
and sodium (Na) are sourced from most soils from the negatively 
charged exchange sites associated with clay minerals and 
organic matter. Calcium and magnesium are almost universally 
available in such high amounts that, despite being taken up by 
plants in similar volumes to phosphorus and potassium, they are 
rarely deficient.

Exchangeable potassium is the primary plant available form of 
potassium, so there is a strong relationship between measures 
of exchangeable potassium and Colwell potassium.

Very low total cation amounts (that is, the addition of all the base 
cation results from a soil test) can indicate a very infertile soil. This 
can indicate that a soil is dominated by low fertility clay minerals 
such as kaolin. It can also indicate that a soil has a very low total 
clay content, and may benefit from having clay added through 
clay spreading or delving. A low sum of cations in the sub-surface 
layer can be an indicator of  a significant barrier to root growth 
(particularly if associated with a strongly bleached soil).

Testing for exchangeable cations is not particularly useful in soils 
that present good physical condition and don’t have strongly 
bleached sub-surface soils. Generally the sum  of cations will be 
higher in more clayey soils and soils with high organic matter.

Trace elements
Copper (Cu), manganese (Mn) and zinc (Zn) are difficult to 
assess usefully from a soil test. For a given extractable level of 
these elements, some soils will show deficiencies and others will 
not. To further complicate things, the species and variety of crop 
being grown will influence the likelihood of a deficiency, as will 
seasonal conditions such as soil temperature and waterlogging. 
Useful predictions of the risk of deficiency are better made from 
samples of plant tissue.

Sodium is never a deficient element in Limestone Coast soils, 
and can often be present in toxic levels. However, the toxic 
effect is often secondary to the effect of excessive sodium on 
soil structure, friability and density. Soils with exchangeable 
sodium over 5 or 6 % can be prone to hardsetting and poor 
physical condition. Soils with high exchangeable calcium tend 
to be friable, and adding a calcium source such as gypsum can 
improve the surface condition of high sodium soils. However, 
sub-soils that are high in sodium are usually difficult to treat 
because of the tendency for gypsum to wash around, rather 
than through, coarse soil aggregates. Experiments have shown 
that physically mixing gypsum into sodic4 subsoils by ripping or 
spading can give good results.

Sulphur and nitrogen are highly soluble nutrients that will 
move through the soil quite freely as seasonal rainfall moves 
down through the soil profile. As a result, surface measures 
of these nutrients are often inadequate for determining how 
much of these nutrients is available in the soil. Cores taken from 
the whole of the main root zone can provide a useful guide 
to the start of the season supply of highly mobile nutrients, 
with 0-60cm samples often being used for dryland cropping. 
Generally nitrogen and sulphur are managed based on the 
amount required to grow each year’s crop. In very free draining 
soils, split applications can be a useful means of ensuring 
adequate nutrition is available later in the season.

4. Sodic soil can refer to saline soil, a soil with excess salts; or alkaline soil, a soil 
with a high pH (>9).

3. Cation exchange capacity (CEC) is a useful indicator of soil fertility because 
it shows the soil’s ability to supply three important plant nutrients: calcium, 
magnesium and potassium.


