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Physical Landscape Seminar:  
Soils and their importance to conservation
· Read through the following extract
· Find 3 examples of poor soil conservation (using www) 
· Construct (In pairs) a poster (A3) to argue the case for soil conservation (include references of www sites used).
· Present/discussion to the class next week.  

NB Should take about 3 hours hence the poster needs to be informative rather than aesthetically perfect.
Source: http://www.co.missoula.mt.us/measures/soils.htm accessed 12/7/08
SOIL PROPERTIES
SOIL HORIZONS 
Most soils in the region have formed since the last ice age and are composed of several horizons, or layers. At the surface, there is commonly a thin (generally less than two inches) and sometimes discontinuous cover of decaying organic matter, such as leaves and twigs. Under this cover of litter and duff is a layer (less than a few inches) of dark, highly decomposed organic matter (humus) which covers a mineral layer of up to several feet thick. This mineral layer may contain organic matter, clay minerals, calcium carbonate, and other salts that are transported down the soil column by percolation or burrowing activities. These horizons have differing capacities for supplying nutrients and holding water.  Because the highest concentration of nutrients and biota are in the uppermost soil horizons, incremental removals of surface soil (such as by soil erosion) are more damaging than removal of subsoils.  
In general, forested environments have thicker and more continuous organic matter layers consisting of litter and duff material above the mineral soil compared to rangeland soil horizons. The thickness and amount of organic material varies considerably depending on local vegetation characteristics, climate, relief, and disturbance history (including human uses and fire). These soil horizons together cover weathered and unweathered parent materials, such as bedrock or old stream gravel. Volcanic material is a major component of many soils.  
PHYSICAL PROPERTIES
Physical properties of soils, such as bulk density (dry weight per unit volume), porosity, texture, hydrologic conductivity, soil depth, and mineral content, are all factors controlling hydrologic response, water-holding capacity, and surface stability. Soil water-holding capacity is a critical factor in the project area where growing season precipitation is low. Soils with high organic matter contents generally have high porosities and high water-storage capacities but are susceptible to compaction.  
The physical properties of soils can be altered by disturbances such as erosion and compaction. Soil compaction results from concentrated activity, including use of heavy equipment, vehicles, pedestrian activity, and excessive livestock grazing pressure.  Where soils are compacted, porosity, permeability, and hydrologic conductivity are reduced, resulting in altered runoff patterns and increased surface erosion.  Natural recovery of surface compaction can take 50 to 80 years, depending on the soil type, degree of compaction, frequency of freeze-thaw cycles, and input of organic matter. Recovery of compacted subsoils often requires up to 200 years. 
BIOLOGICAL PROPERTIES 
Soil biological properties also affect productivity.  Soil is a reservoir of fungal spores and other organisms important for decomposition and nutrient cycling. These organisms are far more numerous than above-ground plants and animals, and their interactions profoundly affect forest site productivity through assimilation of nutrients, protection against disease organisms, maintenance of soil structure, and buffering against moisture stress.  Soil moisture and temperature strongly influence forest type, distribution, and soil productivity.  Erosion or removal of soil surface layers, where most micro organisms reside and where most of the critical nutrient cycling processes occur, can significantly affect productivity for several decades.  
ORGANIC MATTER 
Organic matter, both above and below ground, is an important component for maintaining soil productivity.  Organic matter is important for soil water retention, cation exchange, nutrient cycling, and erosion control.  In general, the higher the total soil organic matter, the higher the site productivity.  Throughout most of the project area, decomposition of organic matter is often slow, leading to accumulations of surface organic matter.  Reductions in soil productivity through the loss of organic matter can be caused by erosion of surface soils, damaging fires, and over-utilization.  Management activities, especially those resulting in compaction from equipment or livestock use, can also lead to decreased soil productivity by reducing the availability of organic matter. 
WHY ARE SOILS IMPORTANT?
Soils form an ecologically rich and active zone at the interface between geologic materials and the atmosphere.  The soil that occurs at a particular site depends on the geologic parent material, climate, relief, and organisms occurring at that site, and on the amount of time that has been available for these soil-forming factors to interact. Most soils in the project area are young and thin, and critical soil processes—such as nutrient cycling, infiltration, and percolation—occur in the upper few inches or feet.  Soil-forming and soil-recovery processes can be slow; therefore, disruption of soils can lead to long-term changes in ecological conditions, including biological and hydrologic processes.  Soil regulates the cycling and availability of plant nutrients through the storage and movement of water and energy within the soil profile.  Soil anchors vegetation and contains mineral nutrients and water that provide the biological productivity, site stability, and ecosystem resiliency required for plant growth. Soils also contain a vast variety of micro organisms that promote decomposition of organic material, such as leaves, twigs, and large wood. This decomposition process is a critical link in the nutrient cycling process, especially for plant nutrients such as carbon, nitrogen, potassium, phosphorous, and sulphur.  

Carbon Cycle 
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Carbon is the key building block in all living cells. It’s captured primarily by plants from the carbon dioxide (CO2) in the air we breathe and, via photosynthesis, is stored in plant tissues.  Carbon is recycled through several processes including respiration of plants and animals, fire, and decomposition by bacteria and fungi – decomposition being a critical link in the nutrient cycling process.  Changes to the carbon cycle can also affect other nutrient cycles, such as the nitrogen cycle. 
Nitrogen Cycle 
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Nitrogen in the air can’t be used directly by plants and animals; it must be captured and transformed (or “fixed”) by specific bacteria or algae into a usable form.  Nitrogen-fixing organisms that live on the roots of certain plants change nitrogen gas into forms that can be used in biological processes.  When plants and animals die, their bodies are decomposed by other micro organisms to return nitrogen to the air – a critical link in the nutrient cycling process.  Soil erosion can contribute to reduction or loss of usable nitrogen by reducing the total organic matter and thus the potential total nitrogen content of the soil. Another problem is the conversion of sites to monocultures of shallow-rooted (often exotic) species, which affects the depth to which plant roots can deposit nitrogen in the soil. 
DECLINES IN SOIL QUALITY
Diverse geology and climate, in conjunction with natural and human disturbance, result in a spatially complex pattern of soils that differ in appearance, function, and response to management activities.  The physical properties of soils can be altered by disturbances such as erosion and compaction. Soil compaction results from concentrated activity, including use of heavy equipment, vehicles, pedestrian activity, and excessive livestock grazing pressure.  Where soils are compacted, porosity, permeability, and hydrologic conductivity are reduced, resulting in altered runoff patterns and increased surface erosion.  Natural recovery of surface compaction can take 50 to 80 years, depending on the soil type, degree of compaction, frequency of freeze-thaw cycles, and input of organic matter.  Recovery of compacted subsoils often requires up to 200 years. 
In general, greater declines in soil productivity are directly associated with greater loss of soil from erosion and displacement, loss of soil organic matter, changes in vegetation composition, removal of whole trees and branches, and increased bulk density from compaction.  The causal factors for declining soil productivity include improper implementation of vegetation management activities, road construction and maintenance, and excessive livestock grazing pressure.  More recently, large-scale, uncharacteristic wildfires have increased the number of landscapes with declining soil productivity through reduction in effective vegetative ground cover and loss of root strength, which has resulted in increased soil erosion rates.   
FIRES AND SOILS
Accumulated litter and woody debris are potential fuel for wildfire, which is an important factor controlling soil conditions in forestlands and rangelands of the project area, especially in drier environments where fire frequency is high (Harvey et al. 1994). The combined processes of biological decomposition and fire regulate nutrient availability and cycling.  
Fire can substantially change surface soil characteristics and erosion rates and can influence patterns of vegetation on the landscape. Fire can have consequences on soil productivity by productivity by consuming organic matter and vegetation. Nutrients, such as nitrogen, can be evaporated by fire, resulting in an immediate loss of soil productivity as well as limiting future inputs of nutrients. However, nutrients such as carbon are also made available by fire, especially by converting large woody debris into smaller, more readily decomposed material.  Forests in the inland West depend on a combination of biological and fire-decomposition processes to regulate nutrient availability and cycling.  
Fire can also affect soil productivity by creating bare soil or hydrophobic (water-repelling) conditions that alter infiltration, runoff, and erosion processes. In general, the more soil heating that occurs, the greater the potential for water repellence. Dry, coarse-textured soils are most susceptible to becoming water-repellent, especially after high intensity, high severity fires. 
More recently, large-scale, uncharacteristic wildfires have increased the number of landscapes with declining soil productivity through reduction in effective vegetative ground cover and loss of root strength, which has resulted in increased soil erosion rates.  Soil productivity may currently be higher in areas where fire has been suppressed and where organic matter and vegetation have not been removed.  However, the unnaturally high amounts of vegetation and large woody material put these areas at risk for uncharacteristic fire intensity and severity, which can lead to decreased soil productivity because of high rates of erosion, loss of organic matter, woody material, and nutrient reservoirs.
Primary source: Interior Columbia Basin Supplemental Draft EIS, Vol.1, Ch.2, 'Affected Environment", US Dept. of Agriculture and Interior, March 2008
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