Cation Exchange Exercise Instructor Notes
Cation exchange capacity (CEC) is a measure of the negative charges existing on the surfaces of organic or geologic material in an area of soil.  As rocks weather on the surface or organic matter decomposes, any cations that weather and enter solution can bond with some of the negative exchange sites in the soil, effectively removing them from solution.  While some of these cations may not be particularly useful for primary producers (Al and Na for example), many nutrients are very useful and even necessary (Ca, Mg, NH4, K, etc).  
In this exercise, there are three main factors that are evaluated when considering influence on cation exchange capacity. The two physical soil properties considered are amounts of organic matter and amounts of clay.  Much of the soil organic matter is large complex humus molecules consisting of chains and rings of carbon and hydrogen atoms.  Oxygen will often be present on the outer portions of these molecules and supply abundant negative charges exposed on the outer portions of this material.  Most clays also have negative charges exposed on the outside of the structure due to oxygen on the outer portions of the silica tetrahedron or alumina octahedron.  There can be significant differences in the amount of available exchange site with different types of clay, however.  The swelling clays (2:1 clays, smectites) have significantly more than kaolinite (1:1 clays).  An additional factor that needs to be considered is pH.  Because pH is essentially the measure of H+ ions, the more H+ that is present in a soil, the lower the pH will be and consequently, the more of these negative exchange sites will be occupied by the H+ ions. A good explanation of CEC can be found at the following website:  http://www.clemson.edu/turfornamental/tmi/fertlime/Cation%20exchange%20capacity.pdf
To complete this exercise, students may chose whichever location they would like to create their soil map.  Problems may arise with certain locations, however, due to either incomplete or no data being available for that particular location.  In order to do an adequate assessment of the influence of these soil properties on the cation exchange, a minimum of 3 soil types should be present in a map and data should be available for both depths.  Depths of 0-10 cm and 10-20 cm were chosen due to the likely differences in organic material and clay between these two depths of soil.  A typical soil will show a decrease in organic material and an increase in clay with depth.  Keep in mind, there are can be exceptions to this rule.  The database will average all soil parameters for the ranges chosen.  
For use in a soils course, students can use the taxonomic classification of the soil to further gain insight into trends in CEC shown.  For example, if the soil is found to contain a 2:1 clay, it may directly explain a large CEC value over a neighboring soil.  If a soil is shown to have a higher zone of saturation (by being closer to a surface water source or lower topography for example) it may result in slower decomposition rates, which will increase the amount of organic material and subsequently, the CEC values.  
