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Why do plants 

grow better here?
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Whilst plants have a 

comparatively difficult life 

growing here?
Note the 

accumulation 

of organic 

matter in this 

sandy soil
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Soil surfaces are charged
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(Clay and organic) surfaces (Clay and organic) surfaces 
are charged
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Clay surfaces are charged
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The soil’s exchange complex (CEC)
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• Organic matter also contributes to 

soil charge

• Especially important in soils where 

the clay fraction does not have 

much charge (for example, sandy 

soils)

• Organic matter also has multiple 

other vital roles in soil, such as 

increasing water holding capacity
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Organic matter also contributes to charge

Weil and Brady 2017



Brams 1971

Texture CEC (cmolc/kg)

Sand 3-5

Loam 10-15

Silty loam 15-25

Clay 20-60

Organic soil 50-100
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So the soil’s CEC depends upon 

both the clay content (and type) 

and organic matter content



What is the significance of this charge in soils?

• Reservoir of plant cationic nutrients (Ca2+, Mg2+, K+, …) 

• Cations can be held against the leaching action of rainwater

• (But does not retain anions, such as NO3
-, with NO3

- hence susceptible to leaching)

• Buffers imposed changes

• Ions are highly available but not completely so…
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1. Reversible: This means that the nutrients are not permanently attracted to 

the CEC – they can be released and taken up by plants

2. Instantaneous: Nutrients can be released quickly, and fertilisers that are 

applied can be rapidly retained by the CEC

3. Stoichiometric

Ca-SURFACE + 2 Na+ ⇌ Na2-SURFACE + Ca2+

4. Selective

– higher charge more strongly held (Al3+ > Ca2+ > Na+)

Characteristics of ion exchange
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1. Soils with a higher clay content or with a higher organic matter 

content will generally have a higher cation exchange capacity 

(CEC)

2. Generally, if the organic matter content can be increased, it will 

increase the CEC of the soil and increase the ability to retain 

cations (Ca, Mg, K, ….)

Implications – Source of charge in soils
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• So if I increase the organic matter content of my soil, the CEC will increase?

• However, it is really hard to increase SOM in any agricultural system. In fact, 

use of soils for cropping generally decreases organic matter contents by 30-

60%

• Building up SOM is especially difficult for sandy (lighter textured) soils. This is 

because the clay particles within soil can bind and protect organic matter, but 

in sandy soils the organic matter cannot be protected

• As a result, it is especially difficult to build-up organic matter in lighter textured 

soils when using them for cropping
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What about increasing organic matter content?
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Summary

• Soils are charged

• This charge is a critical property of soils that allows them to retain 

cationic nutrients, such as K+, Mg2+, and Ca2+

• The charge of a soil depends upon its clay content and composition 

(constant) and organic matter content (somewhat variable over the 

long-term)

• The CEC is critical for soil fertility and is able to supply nutrients to 

plants

• Cropping causes a long-term marked decrease in SOM

• Although increasing SOM helps build soil fertility, it is generally difficult 

to increase SOM in cropping systems, especially in sandy soils
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