Final Exam Notes 274

The geography of soils
Nearly 80% of terrestrial organic and inorganic carbon is stored in soil, and about a quarter of this amount is stored in wetlands, which are defined by the presence of hydric soils (waterlogged soils).
Only the ocean stores more carbon than soil.
Soils do not reproduce, nor can they be re-created—they are a non-renewable natural resource.

Soil science is the interdisciplinary study of soil as a natural resource on Earth’s surface; the field draws on aspects of physics, chemistry, biology, geomorphology, mineralogy, hydrology, taxonomy, climatology, and cartography.
Pedology deals with the origin, classification, distribution, and description of soils (ped is from the Greek pedon, meaning “soil” or “earth”).
Edaphology specifically focuses on the study of soil as a medium for sustaining the growth of higher plants.

Soil-Formation Factors and Soil Profiles
Soil is composed of about 50% mineral and organic matter; the other 50% is air and water stored in the pore spaces around soil particles.
The organic matter, although making up only about 5% of a given soil volume, is critical for soil function and includes living microorganisms and plant roots, dead and partially decomposed plant matter, and fully decomposed plant material that forms a nutrient-rich mixture called humus.
Soil is an open system with physical inputs of insolation, water, rock and sediment, and microorganisms, and outputs of plant ecosystems that sustain animals and human societies, and improve air and water quality.

Soil scientists recognize five primary natural soil-forming factors: 
1. Parent material 
2. Climate
3. Organisms
4. Topography and Relief
5. Time

Soils are assessed and classified using soil cross sections, usually extending from the ground surface to the bedrock or sediments beneath.

Natural Factors in Soil Development
Physical and chemical weathering of rocks in the upper lithosphere provides the raw mineral ingredients for soil formation.
Bedrock, rock fragments, and sediments are the [parent material], and their composition, texture, and chemical nature help determine the type of soil that forms.
Clay minerals are the principal weathered by-products in soil.

Soil types correlate closely with climate types worldwide.
The [temperature and moisture regimes of climates] determine the chemical reactions, organic activity, and movement of water within soils. The present-day climate is important, but many soils also exhibit the imprint of past climates, sometimes over thousands of years.
Eg: glaciation produced the loess soil materials that were windblown thousands of kilometres to their present locations.

[Biological activity] is an essential factor in soil development. All organisms living in, on and over the soil, such as algae, fungi, worms and insects, determine the organic content of soil.
The chemical characteristics of the vegetation and many other life forms contribute to the acidity or alkalinity of the soil solution. 

[Relief and Topography] also affect soil formation.
Slopes that are too steep cannot have full soil development, because gravity and erosional processes remove materials.
Orientation of slopes relative to the sun: In the Northern Hemisphere, south-facing slopes are warmer throughout the year, and north-facing slopes are cooler throughout the year.

All natural factors in soil development require [time] to operate.

Tectonic plate movement has redistributed and thus subjected soil-formation processes to diverse conditions.

Note: Soils develop more quickly from sediments than from bedrock.
Soil Horizons (stratigraphically separate horizontal layers)
Soils are evaluated using a soil profile, which is a vertical section of soil that extends from the surface to the deepest extent of plant roots or to the point where regolith of bedrock is encountered.

Soil profiles may be exposed by human activities of natural processes. Not previously exposed soils are used by scientists to dig soil pits to expose the soil profile for analysis.

Pedologists use a 3D representation of the soil profile, known as a pedon, for classification of soil.
· A pedon is the smallest (taxonomic) unit of soil that represents all the characteristics and variability used for classification.

Within a soil profile, soils are generally organised into distinct horizontal layers known as soil horizons.
These horizons are roughly parallel to the land surface and have characteristics recognisably different from horizons directly above or below.

There are 6 soil horizons:
1. O
2. A
3. Ae
4. B
5. C 
6. R

· O, A, B and C are the 4 “master” horizons in most agricultural soils.
· A, Ae, B, C layers are composed of sediment or bedrock. These middle layers are composed pf sand, silt, clay and other weathered by-products. 
· Soil scientists also employ lowercase letters to designate sub-horizons within each master horizon, indicating particular conditions.
· A, Ae and B are the designated solum, the true definable soil of the profile. The horizons of the solum experience active soil processes.

1. O Horizon
Top of the soil profile. It is known for its organic composition, derived from plant and animal litter that was deposited on the surface and transformed into humus (a mixture of decomposed and synthesised organic materials that is usually dark in colour). Microorganisms perform humification intensively on this debris. 
This horizon is 20-30% or more organic matter, which is important because of its ability to retain water and nutrients and because of the way its behaviour complements that of clay minerals.

2. A Horizon
Second in the soil profile. Commonly known as the topsoil. Here, humus and clay particles are particularly important, they provide essential chemical links between soil nutrients and plants. 
This horizon is usually richer in organic content and is therefore, darker than the lower horizons.
Human disruption through ploughing, pasturing and other uses, takes place in this horizon.

3. Ae Horizon
Third in the soil profile. Mainly made up of coarse sand, silt and leaching-resistant minerals.
This horizon is lighter in colour as the silicate clays and oxides of aluminium and iron are leached from here to the lower horizons with water percolation.
Eluviation taking place: (e in Ae) process of removing fine particles and minerals by water, leaving behind sand and silt. Precipitation      eluviation 

4. B Horizon
Fourth in the soil profile. This horizon accumulates clays, aluminium and iron, in contrast to A and Ae.
Illuviation taking place: materials leached by water in one layer, enter and accumulate in another.
*However, some materials may have formed by weathering processes rather than illuviation
Note: [Both eluviation and illuviation are types of translocation (movement of nutrients, soils, clays, downward in the soil)].
Reddish or yellowish hues are the main colour of the horizon.

5. C Horizon
Fifth in the soil profile, below the solum. Made of weathered bedrock or weathered parent material.
This horizon is identified as the regolith layer. This layer is minimally affected by the soil operations in the solum and lies outside the biological influences experiences in the shallower horizons.
Plant roots and soil microorganisms are rare in this horizon. It lacks clay concentrations and is generally made up of carbonates, gypsum or soluble salts of iron and silica, which can form cementing agents.

6. R Horizon
Bottom of the soil profile. Consisting of either unconsolidated material or consolidated bedrock. When bedrock weathers into regolith, it may or may not contribute to overlying soil horizons.
Soil Characteristics
Physical Properties
Colour, Texture, structure, consistence, porosity and moisture.
Colour
Soils with high hummus content are dark.
However, tropical regions with less than 3% organic content, are the some of the blackest soils. This is due to charcoal fragments and not humic organics.
Use of Munsell Colour Chart by soil scientists to standardise their descriptions, they display 175 colours arranged by hue (dominant colour such as red), value (lightness or darkness), and chroma (purity and saturation of the colour, which increases with decreasing greyness).
A Munsell notation identifies each colour by a name, so soil scientists can make worldwide comparisons of soil colour.

Texture
Refers to the mixture and proportions of different size particles, and perhaps is a soil’s most permanent attribute.
Individual mineral particles are called soil separates. 
All particles smaller than 2mm in diameter (the size of very coarse sand) are considered part of the soil. Larger particles such are pebbles, cobbles, and gravel are not part of the soil.
Sands are graded from coarse to medium to fine, down to 0.005mm. Silt is finer, to 0.002 mm. Clay is even finer, less than 0.002 mm.
Look at soil texture triangle for detail.

Consistency
West soil, moist soil, dry soil.

Porosity
Denotes the part of a volume of soil that is filled with air, gases or water.
Control the intake, flow and drainage of the soil horizon, as well as air ventilation.

Chemical Properties


Human Impacts on Soil

Soil Classification
A number of different classification systems are used worldwide.
Because of the involvement of interacting variables, classifying soils is similar to classifying climates.
There are thousands of soil types due to the multiple interactions.

· Diagnostic Soil Horizons: this is used by soil scientists to group soil into each soil series. A diagnostic horizon has distinctive physical properties [colour, texture, structure, consistence, porosity, moisture] or a dominant soil process.
A diagnostic horizon that occurs at the surface or just below it, is an epipedon (may extend downward through the A or even B horizon)
A diagnostic horizon that forms below the soil surface at varying depths is called a diagnostic subsurface horizon. It may include part of the A or B horizon or both.


· Pedogenic Regimes: the connection between soil-forming process and climatic regions, serves as the basis for pedogenic regimes.
However, both the Canadian and US soil classification systems recognise the uncertainty and inconsistency of basing soil characteristics on such climatic variables. They both have their own systems now.
· Laterization – a leaching process active in humid and warm climates (in tropics or subtropics).
· Salinization – a process that concentrates salts in soils in climates with excessive potential evapotranspiration rates.
· Calcification – a process that produces an illuviated accumulation of calcium carbonates in continental climates.
· Podsolization – a process of soil acidification associated with forest soils in cool climates.
· Gleysation – a process that includes an accumulation of humus and a thick, water-saturated grey layer of clay beneath, and is usually found in cold, wet climates and poor drainage conditions.

· Canadian System of Soil Classification (CSSC): a taxonomic system based on the observable and measurable properties in soils specific to Canada.
Categories of Classification in the CSSC:
1. Order – each of 10 soil orders has pedon properties that reflect the soil environment and effects of active soil forming processes.
2. Great group – subdivisions of each order reflect differences in the dominant processes or other major contributing processes.
3. Subgroup – are differentiated by the content and arrangement of horizons that indicate the relation of the soil to a great group or order or subtle transition toward soils of another order.
4. Family – this is the subdivision of a subgroup. Parent material characteristics such as texture and mineralogy, soil climatic factors and soil reactions are important.
5. Series – detailed features of the pedon differentiate subdivisions of the family – the essential soil-sampling unit. Pedon horizons fall within a narrow range of colour, texture, structure, consistence, porosity, moisture, chemical reaction, thickness, and composition.

Soil Horizons (CSSC): Three mineral horizons [A, B, C] are recognised by capital letter designation, followed by lowercase suffixes for further description. Four organic horizons [O, L, F, H ] are also identified in the Canadian Classification System.

The 10 soil orders of the CSSC: 
1. Cryosolic order (45.0%)
2. Podsolic order (22.6%) Translocation of iron, aluminium, & humus
3. Luvisolic order (10.3%) Translocation of silicate clays
4. Brunisolic order (8.8%) Immaturity 
5. Chernozemic order (5.1%) Accumulation of carbonates 
6. Organic order (4.2%) Accumulation of organic matter 
7. Gleysolic order (1.9%) Reduction 
8. Regosolic order (1.3%) Lack of development 
9. Solonetzic order (0.8%) Accumulation of sodium 
10. Vertisolic order (0.8%) Alternating shrinkage and swelling


