
Lecture 6: Crash course in soil
• Ecological definition of soil
• Why are soils so crucial to ecological studies?
•Typical soil profiles 

– Soil horizon designations in the U.S. Soil 
Taxonomy 

• Major process of soil development
• Elements of describing a soil
• Soil properties (physical and chemical 
properties): focus on properties we will 
examine in class (pH, texture, color)
• Trends in soil properties along toposequences 
and chronosequences
• Soil taxonomy



Ecological definition of soil
Soil is a mixture of mineral particles, organic matter, water, and air that 

is capable of supporting plant life.
– Mineral component

• Anchorage for plant roots.
• Pore space for water and air.
• Source of many plant nutrients through weathering.
• Exchange sites for plant nutrients.

– Organic component
• Source and exchange site for nutrient cycling.
• Influences soil structure, pore space, and water holding capacity.
• Energy source for soil microbes and other heterotrophs.

– Water component
• Solvent for many essential plant nutrients.
• Maintains equilibrium between cation and and anions that are held on 

exchange sites.
– Air component

• Contains O2 for aerobic metabolism of plant roots and soil organisms.
• Exchange of CO2 from soil respiration and which facilitates weathering.
• Provides N2 for N-fixing soil organisms.



Why are soils so crucial to ecological studies?
• They provide all or part of all essential factors for plant 

growth except light.
• Rooting material for the plants: the platform on which 

trophic levels of the ecosystem are built.
• Contains most of the decomposers that recycle energy and 

nutrients of the ecosystem.
• Contain the history of the site, which can be interpreted 

through paleoecological reconstructions.
• The soil is an ecosystem in itself (producers, consumers, 

and decomposers)



Major process of soil development
Physical weathering: The breakdown of rock (the regolith) 

into finer particles through weathering.
Chemical weathering: The breakdown and redeposition of 

organic and inorganic substances primarily through the 
processes of oxidation, dissolving, and leaching. 

Decomposition: The breakdown of organic matter by bacteria 
and fungi into simpler organic substances (carbohydrates, 
lignins, proteins).

Mineralization: The ultimate breakdown of organic 
substances into nonorganic substances (minerals, carbon 
dioxide, water, salts).

Nitrification: The transformation by soil bacteria of ammonia 
compounds into nitrates and nitrites.



Soil horizons



Soil horizons
O - organic horizons.
A - predominatly mineral horizon that is mixed with humified organic 

material (an eluvial horizon, i.e. a source of organic material, clay, and 
cations to lower horizons).

E - light colored, bleached mineral horizon underlying the A horizon that 
occurs only in highly leached acidic soils.

B - mineral horizon that shows little or no evidence of the original rock 
structure and which has been altered by oxidation, and illuviation 
(addition of minerals, clays, and organic matter from the A horizon).

K - a subsurface horizon that is characterized by accumulation of calcium 
carbonate. Occurs mostly in desert and dry areas.

C - a subsurface horizon that is basically the material from which the soil 
formed (loess, alluvium, till, etc.). It lacks most of the properties of the 
A or B horizon, but can be somewhat oxidized (Cox horizon).

R - regolith (consolidated bedrock).



Horizon modifiers
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Elements of horizon description

• Horizon name
• Depth, top and bottom of horizon
• Color: Munsell color chart (name, hue, 

value,  chroma)
• Structure
• Consistency and field texture
• Other notes
• Boundary 



Sample soil description form



Example soil description 



Soil colors 



Quantification of color using the Munsell
notation: Hue, value, chroma

• Hue (page in Munsell color book): The dominant color, (e.g. 
10 R is red; 2.5YR has some yellow, 7.5YR are tans and browns, 2.5 Y 
is yellow, G is green). As soils age they oxidize and change from 
yellow to brown to red (e.g., 2.5Y to 10YR to 7.5YR to 5 YR to 10R).

• Value (rows on each page): The relative darkness or lightness 
of the hue from 1 (dark) to 8 (light). The value is often a function of 
the amount of humic organic material in the soil. Darker soils have 
more organic material. Very black horizons may be buried charcoal or 
accumulations of MnO2. Whiter horizons may be  the result of 
leaching as in an E horizon, or the accumulation of carbonate or
gypsum. 

• Chroma (columns on each page): The strength or intensity of 
the color from 0 (least with none of the hue) to 8 (most vivid). This is 
indicative of the amount pigmenting material present, but it is strongly 
influenced by the texture of the soil.

Example: a soil with color 10YR5/6 is 10YR hue, 5 value, and 6 chroma, 
a yellowish brown in the U.S. system of color names.



Soil structure
• The bonding together 
into aggregates of 
individual soil particles 
into peds.
• These aggregates 
persist through cycles of 
wettting and drying.
• The amount of organic 
material is important in 
sphericalor granular
shaped peds. Clay is 
more important in 
angular, blocky, 
prismatic, and columnar
structures. Platy
structures can result 
from ice-lens formation, 
sedimentation, or 
accumulation of organic 
layers.



Soil structure



Soil particle sizes

• Gravel, >2 mm
• Sand, 2 - 0.05 mm
• Silt, 0.05 - 0.002 mm
• Clay, <0.002 mm



Consistence 



Soil texture triangle



Percent of sand, silt and clay in various textured soils 



Surface area vs. particle size



Particle sizes and surface area of sand, silt and clay



Combination of mineral, organic, water and 
air in a loam soil



Soil particles and void space 



Saturation, field capacity, wilting point, and 
hygroscopic water

Field capacity: The percentage of 
water compared to the dry weight of 
soil that is  held in the  soil after 
drainage of the excess water, at 1 
atmosphere of pressure.
Wilting point: The amount of water 
held in the soil at 15 atmospheres of 
pressure. (This is a standard that 
depicts a point at which many borad-
leaved plants wilt.)
Available water: The difference 
between the Field Capacity and the 
Wilting Point.
Hygroscopic water: The water held at 
30 atmospheres of pressure. This is 
representative of the amount of water 
that is tightly held to the soil particles, 
and which is not available to the plants.



Influence of soil organic matter on water 
holding capacity



Clay particles



An idealized cluster of clay particles



Clay crystal with adsorbed cations



Cation exchange capacity (CEC)

• A measure of the number of negatively 
charged sites on soil particles that attract 
exchangeable cations.

• Factors that influence the CEC include clay 
content, kinds of clay, humus content, and 
pH.



Base saturation

• Base saturation is the percent of the 
exchange sites that are occupied by 
exchangeable bases (Ca++, Mg++, K+), which 
are important plant nutrients.



Percentage base saturation



Relationship between soil pH, cation exchange 
capacity, and base saturation



Range of pH in soils

Acid peaty soils Humid region soils Alkali soils Arid region soils 



Relationship between pH and selected plant nutrients 
and the activity of soil fungi and bacteria



Soil genesis through time:
Chronosequence



Toposequences



General trends in soil properties 
downslope

• Increasing
– Depth of O horizon
– Depth of the A horizon
– Percent clay in the B horizons
– Soil moisture
– pH
– Soil nutrients



Soil taxonomy
• The names of the soil units impart a great 

deal of information about the soil.
• The U.S. Soil Taxonomy is a highly 

systematic system that is now used in many 
parts of the world. 

• It is similar to vegetation classification in 
that gradual changes from one type to 
another may be partitioned into discrete 
types despite the gradient.



Great soil groups in the U.S. soil taxonomy
Young soils
Entisols: “new soils with little horizon development (e.g., soils on floodplains, 

sand dunes, mountain tops).
Inceptisols: shallow moderately developed soils on new, very cold, or very wet 

substrates (e.g., many tundra soils).
Histosols: organic soils, peats.
Grassland soils
Mollisols: prairie soils and soils with dark surface horizons, high in organic 

mattter and high base saturation.
Deciduous forest soils
Spodosols: highly leached soils with a distinct bleached (E) horizon (e.g., podzols

of northern humid forests).
Alfisols: well developed, soils common in many midwestern deciduous forest.
Desert and Tropical Soils
Vertisols: soils high in clay and salts that crack deeply when dried (many desert 

soils)
Aridisols: red desert soils, highly oxidized.
Ultisols: intensely leached soils of warm climates, with strong clay translocation, 

and low base content (e.g., some laterites, red-yellow podzols).
Oxisols: high weathered soils of the tropics with high oxides.



Formative elements of the names of soil orders



Common soil physical properties analyzed in the 
laboratory

• Soil moisture
• Soil particle size - texture
• Bulk density
• Color
• % organic matter
• Soil water retention properties

– Field capacity - 1/3 atm
– Wilting point - 15 atm
– Hygroscopic water - 30 atm
– Available water = field capacity - wilting point



Common soil chemical properties analyzed in the 
laboratory

• pH
• Cation exchange capacity - total amount of cations 

(including H+) that can be displaced
• Base saturation - the percent of the cation exchange 

complex occupied by exchangeable bases (mostly plant 
nutrients such as Ca, Mg, Na, K, etc.) 

• Nutrients - amounts of macronutrients and micronutrients


