
Types of Soil Colloids

• Crystalline silicate clays
– Phylosilicates → tetrahedral and octahedral crystal sheets

• Non-crystalline silicate clays (Andisols)
– Dominantly amorphous clays (allophane and imogolite)

• Iron and aluminum oxides (Oxisols & …)
– Dominantly gibbsite (Al-oxide) and goethite (Fe-oxide)

• Organic (humus) colloids (Histosols &…)
– Non-crystalline colloids dominated by long C-chain molecules



Sources of Charges on Soil Colloids

• Constant Charge (structural)
– through Isomorphic substitution
– both negative and positive charges
– predominately NEGATIVE

• Variable or pH-Dependent Charge
– both negative and positive charges
– primarily associated with hydroxyl (OH) groups
– Source of charge on humus, Fe & Al oxides, 

allophane and some phylosilicates.



Constant Charge (structural)





Variable or pH-Dependent Charge
– both negative and positive charges
– primarily associated with hydroxyl (OH) groups
– Source of charge on humus, Fe & Al oxides, 

allophane and some phylosilicates.



Variable or pH-Dependent Charge

via protonation / deprotonation of hydroxyl groups

kaolinite
A negative charge comes with 

increasing pH

gibbsite



kaolinite

A positive charge comes with 
decreasing pH

Variable or pH-Dependent Charge

via protonation / deprotonation of hydroxyl groups

gibbsite







So where do the ions come from?

& 

Which ions bind to the exchange sites?



Almost all ions or molecules are … 

- absorbed by roots

or - leached away

But first the ions must be released from solids by/from … 

- cation exchange

- anion exchange

- ligand exchange

- dissolution / precipitation

or - surface chelation







Cation Selectivity

Charge Equivalence

Ratio Law

Reversibility = all exchanges are reversible



Complementary Cations 4. the combined influence of charge equivalencies, 
ion selectivity and complementary ions drive the 
exchange of cations

Generally it is the cations with the largest ionic 
radii and the lowest hydration energies that 
adsorb most strongly on the permanent charge 
sites of clay minerals.



B. Anion Exchange (AEC)

- Generally much smaller than CEC

- Attraction of anions to oxide minerals

gibbsite







So where do the ions come from?

Answer: through dissolution processes into the soil solution and exchange 
processes from the soil solids in the soil solution

& 

Which ions bind to the exchange sites?

Answer : an interaction of size, charge, charge strength and concentration 
determine the net residency of ions on exchange sites

NB – this is a dynamic environment with exchanges happening constantly

How do we quantitatively measure this characteristic of soil?

Answer: Cation Exchange Capacity (CEC)
and to a lesser extent Anion Exchange Capacity (AEC)





milliequivalents / kilogram







How do we measure CEC?









CEC only measures the capacity of a soil to hold exchangeable cations

Base Saturation is a measure of base cations located on 
the exchange sites.

Base Cations* (Ca, Mg, K and Na) or non-acid cations

Acid Cations (Al3+ and H+)

Base Saturation = the percentage of CEC sites occupied by 
bases

vs.

*Technically these non-acid base cations are not bases, but 
they do serve to reduce acidity and increase the pH in the soil 
solution – hence the term “base”
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