
Soils are more than a pile of dirt!

Soils are an organized mixture of organic & 
mineral matter created by the interplay of 
five soil forming factors.

s = f (cl, o, r, p, t …)
Jenny 1941

https://www.soils.org/stickers







Two types of rock weathering





2NaAlSi3O8 + 2H2CO3 + 9H2O => 2Na+ + 2HCO3
- + 4H4SiO4 + AL2SiO5(OH)4 

Na- feldspar Soluble Components kaolinite

CaCO3 + H2CO3 => Ca++ + 2HCO3
- 

limestone Soluble Components

Two types of chemical weathering



Bowen Reaction Series
Mafic



Categories of chemical reactions in soil



Denudation is a connection between the land and oceans



Ehrlich et al. 1977

Composition & ways to classify soils
Parent Material Source & Deposition Site

Texture
Soil Orders Defined by their Profiles



Soil texture is important  because
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Soil profiles consist of horizontal layers 
called horizons
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Soil Organic Matter (SOM)

Discovery (in 1996) of the glycoprotein glomalin suggests 

that it may create a strong link between biota & some 

important soil properties

Produced by hyphae of AM fungi

May account for ~25% of soil C

Persists 7-24 years

Enhances abundance of soil 

aggregates

Guo and Gifford 2002

Different compounds decay at different rates



Brady 1974

Secondary Clay Minerals

Soil chemistry is influenced by clay minerals 
and SOM



Soil Chemistry
(CEC & pH Buffering)



From: Spiro, T.G., and W. M. Stigliani. 2003.
Chemistry of the environment.
Page 301. 2nd edition. Prentice Hall, Upper Saddle River, NJ

Decline in soil pH over time in response to 
atmospheric acid inputs.



1) Acidic rain can be neutralized if calcium carbonate is 
present

2) Cation exchange buffering is limited by the number of 
exchange sites occupied by Na+, K+, NH4

+, Ca++, Mg++

3) Aluminum buffering is rarely depleted b/c Al containing 
minerals are common in soils.

When pH drops below 4.2, H+ dissolves the Al-containing 
minerals.

Al3+ can be toxic to plants and aquatic organisms.

Al2Si2O5(OH)4kaolinite + 6H+ = 2Al3+aq + 2H4SiO4aq + H2O

NaAlSi3O8plagioclase + 4H+ + 4H2O = Na+aq + Al3+aq + 3H4SiO4aq

Al(OH)3gibbsite + 3H+ = Al3+aq + 3H2O

Stages of buffering if present in soils

Limestone: CaCO3 + H2SO4 --> CaSO4 + H2CO3
CaCO3 + 2HNO3 --> Ca(NO3)2 + H2CO3

The calcium sulfate is soluble in water and hence the limestone dissolves and crumbles.

H2CO3 --> CO2 gas + H2O

The original acid (hydrogen ions) have been converted to water in these reactions. 



Polluting activities may be far displaced 
in time from their environmental effects. 

Dashed line: lake pH, Solid line: upwind SO2 emission from the U.S. 
industrial midwest. 

Lake pH



The Dust Bowl





Soil Erosion – U.S. case study

May 1934

1935

Dust Bowl

1954-1956

c.a. 1988

Topsoil blown off the Great Plains 
reaches ships 200 miles offshore in 
the Atlantic

Soil Conservation Service (SCS) 
established after dust from the Great 
Plains seeped into congressional 
hearing room

~89 million acres of cropland 
destroyed (9 million) or damaged

Wind erosion damaged more land 
than in the 1930s

“Enough topsoil erodes … each day 
to fill a line of dump trucks … 3,5000 
miles long …”  Miller 1988



Goudie 2000

Land use affects erosion rates both locally & globally!





Pimentel et al. 1995

If we do things differently, we can get 
different results.



National Geographic
Sept. 2008

“With eight billion people, … We’re simply not going to be able to 
keep treating it like dirt”

David Montgomery
Univ. of Washington

“As water wears away stones and torrents wash away the 
soil, so you destroy man’s hope” Job 14:19



National Geographic
Sept. 2008

“The land takes care of us as we care for it …”
Cletus Reed
80-yr old
Iowan farmer


