
Cation Exchange and
Cation Exchange
Capacity

Discussing the Flow of Ions in Soil



The Cation Exchange Capacity (CEC) of a soil
refers to its ability to hold and exchange positively-
charged nutrients (cations), such as calcium (Ca²⁺),
magnesium (Mg²⁺), potassium (K⁺), and hydrogen
(H⁺). Soils with a high CEC can hold more cations
(water and nutrients) and have a greater ability to
exchange them compared to soils with a low CEC. 

What Is Cation Exchange
Capacity (CEC)?



Soils with high clay content and organic matter carry a
negative charge, which allows them to attract and hold
positively-charged nutrients. This natural attraction
helps keep these essential nutrients in the root zone,
preventing them from being lost through leaching and
ensuring they remain available for plant uptake. 

Soil Texture Affects CEC



As plant roots absorb nutrients from the soil, they
release hydrogen ions (H⁺) in exchange for other
cations. This process, known as cation exchange,
allows the soil to continuously supply nutrients to plants
by replacing the absorbed cations with new ones from
the soil solution. 

Cation Exchange in Action



Plants require potassium (K⁺), calcium (Ca²⁺), and
magnesium (Mg²⁺) in the largest amounts for growth.
Other essential cations present in the soil but needed in
smaller amounts include ammonium (NH₄⁺), sodium
(Na⁺), hydrogen (H⁺), aluminum (Al³⁺), iron (Fe²⁺/Fe³⁺),
manganese (Mn²⁺), copper (Cu²⁺), and zinc (Zn²⁺).

Essential Minerals
for Plants

Larger Amounts Required:

Smaller Amounts Required:



Factors Influencing 
Cation Exchange Capacity (CEC)

Clay

Content

Higher clay content = higher CEC
Clay soils have a higher CEC (25–50 meq/100g) due to their fine
particle size and high total surface area, which enhances their
ability to retain nutrients.

Lower clay content (more sand) = lower CEC
Sandy soils have a very low CEC (less than 2 meq/100g) because
they lack the ability to hold nutrients (larger particle size reduces
total surface area for nutrient retention, leading to greater leaching). 



Factors Influencing 
Cation Exchange Capacity (CEC)

Organic

Matter 

More organic matter = higher CEC
Organic matter increases the soil’s ability to hold and exchange
nutrients by providing more negatively-charged sites, greater
surface area, and gradual nutrient release as it decomposes.

Low organic matter = lower CEC
Soils with less organic matter have fewer exchange sites,
reducing their capacity to retain and supply nutrients, leading to
higher nutrient loss through leaching. 



Factors Influencing 
Cation Exchange Capacity (CEC)

Soil pH

Higher pH (more basic) = higher CEC
In neutral to alkaline soils, more negatively-charged
particles are available, allowing the soil to hold and
exchange more nutrients.

Lower pH (more acidic) = lower CEC
In acidic soils, hydrogen ions (H⁺) bind to soil particles,
effectively displacing other cations and reducing the
soil’s ability to retain and supply essential nutrients like
calcium (Ca²⁺) and magnesium (Mg²⁺).



What Is the Process of Cation Exchange?

Release of
Hydrogen Ions

Plant roots produce and
release hydrogen ions (H⁺)
into the soil as part of
nutrient uptake.

The released hydrogen ions
replace positively-charged
nutrients, such as calcium
(Ca²⁺), magnesium (Mg²⁺),
and potassium (K⁺), on soil
particles.

The displaced nutrients
dissolve in the soil
solution, making them
available for plant uptake.

Displacement
of Nutrients1 2 Nutrient

Availability3



When “extra” nutrients are added to the soil, they can
either dissolve in the soil water or push other nutrients
off the soil particles. This makes more nutrients
available for the plant to take up. The more negatively-
charged a soil particle is, the more surface area it has,
which increases its cation exchange capacity.

Adding Nutrients to
Your Soil
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Thank You for Reading!
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