Chemical Characteristics of Soil
Macronutrients – required in relatively large amounts


Constituents of nucleic acids, proteins, carbohydrates, lipids, and chlorophyll


C, H, O, N, P, K, S , Mg, Ca

Micronutrients – required in relatively small amounts


Co-factors in enzymatic reactions


Fe, Mn, Bo, Mo, Cu, Zn, Cl, Co

Most nutrients are supplied by processes occurring in the soil:  ion exchange reactions, mineral weathering, and organic matter decomposition.

Nitrogen often limits the growth of many boreal and temperate forests.

Phosphorus often limits growth of humid tropical forests.

Chemically Active Components of Soils:  Clays and Organic Matter


Why?
Large surface area / unit volume



High adsorptive capacity



Electrically charged



Cohesive

Clay Mineralogy
In soils, clay colloids usually have a net negative charge.  They attract cations to try to obtain chemical equilibrium.  

Clay has 2 main structures:  SiO4 and AlO6 or MgO6

form octahedral and tetrahedral sheets in either a 1:1 or 2:1 ratio.

Common Clay Minerals & Their Properties

Name


     Ratio of O:T

Net Negative Charge

Shape

Mica



2:1

100-180 cmol kg-1

Plates, Flakes

Montmorillonite (Smectite)
2:1

80-120 cmol kg-1

Flakes

Kaolinite


1:1

2-5 cmol kg-1


Hexagonal Crystals

Chlorite



2:1:1

15-40 cmol kg-1


Variable

Where does this charge originate?

1:1 Clays:  Proton Dissociation

2:1 Isomorphic Substitution is one of the most common ways that clays develop their negative charge.  It occurs during weathering when the Si or Al is replaced by atoms of similar size but lower charge in the mineral sheets.  

For example, The mineral is neutral (0) when it contains Al.  Al has a charge of 3+.  It 

has been replaced by Mg, which has a charge of 2+.  The particle now has a charge of 

–1.  This is a permanent change in the charge of the particle.  And, the substitution 

occurs all along the sheet.  A large negative charge indicates that there has been 

a lot of substitution.

Soil Acidity also plays a role in developing a net negative charge on a soil.  

pH = -log[H+]

This change is pH dependent, not permanent.  For example, in alkaline soils, the minerals will lose protons (H+), giving the minerals a negative charge.  But, if the soil becomes more acidic, the protons will move back onto the minerals, returning them to their neutral state.  This is predominant in highly-weathered tropical soils.

In highly weathered soils, Si is lost from the minerals, leaving only Fe/Al oxides.  These are strongly acidic and result in a soil with an almost neutral charge but a very low pH (~4.5).  Leaching of nutrients is a definite problem in these soils.

CEC & the Supply of Nutrients

What is CEC?  It is the “Cation Exchange Capacity” and represents the total amount of cations (+ charges) that can be adsorbed onto a kg of soil (cmol charge / kg soil).  It is determined by the density of negative charges on the colloid.  This adsorption represents a “reservoir” of plant nutrients in the soil (cations at least).

Role of CEC in Soil:

Buffers pH

Retains nutrients and cations

Aids in formation of aggregates (improving soil air/water relations)

The higher the cation charge or the larger the cation, the greater the adsorption.  Weakly adsorbed cations are more available & more susceptible to leaching.  So, 

Al3+ > Ca2+ > Mg2+ > K+ (> H+) > Na+
As the %clay increases, so does the CEC, does this make sense?


Yes, ONLY the clay and organic matter influence CEC, so they are the ONLY components of the soil that can retain cationic nutrients.

Why does a soil tend to become more acidic over time?  

It is less able to replace lost base cations over time via weathering, so buffering capacity is lost.  Soil 

reactions are then dominated by Al, which buffers pH at ~4.5, too low for most plant 

species to grow.

Acids (H+ ions) come from:

Respiration of plant roots & soil microorganisms


CO2 is released and dissolves in soil solution and forms a weak acid: carbonic acid

Microbial decomposition of plant matter


Stronger organic acids

Exudation of organic acids by plant roots

Acid rain containing Nox and SO2, released during burning of fossil fuels


Form HNO3 and H2SO4
pH of Forest Soils

Range from extremely acid (pH 4.0) to slightly acid (6.5).

Conifers such as pines, spruces, hemlock and Douglas fir will have a greater effect on soil acidity than

hardwoods or northern white cedar

Soil Organic Matter

Composes a relatively small fraction of most forest soils.

Can originate above-ground or below-ground

Has a large effect on physical, chemical & biological properties of soil


Contributes to aggregate formation, thus influencing soil water availability


Stores plant nutrients, supplying most of the N in forest ecosystems


Used for growth & maintenance of microbial populations in soil

Organic Matter is metabolized by microbes, producing energy, CO2, H20 & humus.

Conditions Controlling the Rate of Residue Decomposition:

N content

O2 content

C:N ratio

Presence of Salts

Type of Residue 


Humus is in a very advanced state of decay & does not resemble original plant 

material.  It is resistant to further degradation & can remain in soils as long as 100-3000 

years.

Organic Matter Content vs. Climate, Depth, Texture, Vegetation Type, Topography, and Time







