The Vital Role of Soil in Sustainable Ecosystems:  A Field Based Laboratory

Description and Teaching Materials:

Introduction: 

Though often overlooked as a resource, soil is literally at the foundation of a sustainable society, producing much of the food humans depend upon. In addition, soils are probably the least valued resource, particularly in developed countries in which the ease of purchasing food and materials has created a culture of disconnect from the product's origin.  
As climate change has become a pressing environmental issue, a large focus has been paid to carbon (dioxide) concentrations in the atmosphere and the ability of vegetation and oceans to reduce levels in the atmosphere through absorption/assimilation.  While terrestrial biota can assimilate large amounts of carbon, soils store four times the amount of carbon (Hillel and Rosenzweig, 2009) and thus are important “sinks” for carbon.  As organic products from living organisms are decomposed, a more stable form of carbon remains in the soil called “humus”.  While humus is also subject to being further degraded, it is much more resilient than freshly deposited material.  
The amount of carbon stored in the soil depends upon input rates and the degradation rate, which in turn are largely controlled by the biotic community and soil conditions such as aeration.  For example, a soil in an arid region is more likely to have less carbon input into the soil because of less vegetation growing in that environment.  Conversely, grassland soils are more likely to have large inputs of organic compounds and thus a larger organic carbon reservoir in the soil.  Decomposition rates also influence the level of organic carbon stored.  In a waterlogged soil with low aeration and oxygen concentrations (such as in a wetland), organic carbon tends to accumulate because of the slow decomposition rates in low oxygenated environments.  Conversely, farmed areas that are excessively tilled and aerated can have increased levels of decomposition and thus lower carbon stored in the soil.  Thus, not only do geographical location and environmental parameters naturally influence carbon storage, but human actions and management also greatly influence potential carbon storage.
While "soil" (particles with diameter ≤ 2.0mm) takes time to form, topsoil formation in particular is exceedingly slow to develop and is dependent upon the soil forming factors of parent material, climate, topography, and biotic community. While climate and parent material tend to be more consistent within a small area, topography and biotic community can influence differential soil characteristics even within a relatively small area. In particular, water movement, both groundwater and surface, is greatly influenced by topography, which subsequently influences the biotic community. In turn, the biotic community influences soil development, thus the interaction between abiotic and biotic components is truly a two-way street as the soil begins to mature.

Objective: 

Examine soil variability and topsoil formation as influenced by topographic/landscape position along a hillside.

Procedure for Field Lab with Instructor Present:

Prior to lab being done in field:

Soil pits should be dug at least two different landscape positions along a topographic gradient.  Note that differences can usually be detected even within a relatively short horizontal distance at an undisturbed site.  Pits should be several feet in diameter and with enough depth to observe at least two horizons.  It is suggested to use the backslope and toeslope positions as large differences can usually be detected between these two positions at an undisturbed site.  Depending upon the class size, multiple pits at the same landscape position can be dug out and utilized (verify that horizons are relatively similar).   For example, for a class of 24, I utilize a small field site (about 75 feet in horizontal distance between landscape positions), digging out a total of four pits, two each at the backslope and toeslope position.  Groups of 6 describe a pit at the backslope position, while at the same time, another group is describing the toeslope position.  After completing the description, the groups swap pits to describe the other location.

Students will also need to be exposed to basic soil physical properties such as color, texture, soil horizons, and the five soil forming factors.  Although soils are complex, some generalizations can be inferred from observing the color and approximate texture that will in turn tie into the relative fertility, sustainability, and soil/water relationships (i.e. groundwater contamination).   

Though the specific sizes used to differentiate sand, silt, and clay depend on who is classifying it (i.e. engineer versus a soil scientist), all classifications will place sand as being much larger compared to a silt or clay particle (relatively the difference between a basketball, golf ball, and head of a pin, respectively).  Soil texture is then the combination of these different size particles in different ratios.  Soil texture can be determined either through a very time consuming analytical laboratory procedure or through the much more commonly used field technique called the “Feel Method” (see Feel Method website).  Though commonly done, determining the correct texture using this field technique requires a lot of experience.  

Soil textural triangles are often included in soil chapters of introductory textbooks; however, I do not have students try to determine the specific soil texture. Frankly, this is not at all realistic to do in one lab as it takes a lot of experience. However, I do want them to be exposed to the three major size classifications of soil (sand, silt, and clay), the important textural class of a loam (from an agricultural perspective), and the concept that most soils are a combination of all three sizes. Thus, I have created a simple chart for soil textural determination (see included document – Soil Texturing). Having them feel the soil is very tactile and a different learning experience than simply reading about it.  In addition, subsequent classes can utilize the information with regards to biotic community effects, water infiltration, retention, and thus erosion and groundwater contamination.

After explaining what soil texture is and the two different methods for ascertaining texture, I have them “calibrate their fingers”.  It is difficult to jump into determining the texture of a soil if one has never really felt the individual particles.  As such, I set up an area inside the lab consisting of purchased separate soil fractions of sand, silt and clay particles.  Instructions are to feel the particles dry and moist, including feeling how cohesive, smooth, gritty, etc. the material is.  For example, sand is coarse and can easily be heard when rubbed between the fingers but has very low cohesivity, both moist and dry (think of a sand castle).  However, both silt and clay are smooth and can form an aggregate with fairly high cohesivity.  In addition, when dry, silt aggregates break rather easy but clay is very hard to break apart.  Students should put a small amount between their fingers, wet the sample with a water bottle, and rub the particles to feel the various properties.  

After they calibrate their fingers, I show them how to do a modified version of what is called the “Feel Method” (see Feel Method website for original version).  The original Feel Method relies on making a ribbon of soil between the thumb and forefinger which I personally found difficult to do even as a soil science student.  Instead, my instructor taught us how to make wires of soil - that is rolling out samples between the palms of the hands (similar to rubbing hands together) gently enough to not smash it into a pancake but firm enough to form a wire if there was enough cohesion between the particles present.  The key to utilizing the wire method is to allow the wire to naturally form and not artificially shape/mold it into a wire.  

Wire Method

Take a small handful of soil in the palm and add enough water to the sample to make the sample uniformly moist and putty-like (not wet….and not dry either).  As water is added, the soil should be worked together so the water has a chance to interact with the particles.  The goal is to roll out a wire (if possible, depending upon the soil texture) and then follow the modified chart I have developed.  Please note that the chart is not a flowchart, but one with relatively simple characteristics students can use after a short introduction to the material.  I then give them a couple of mixed samples to practice the method before going out into the field.  

*A common mistake is to use too small of a sample of soil to determine the texture.  There is no set amount; however, often students grab only a few pinches which is not nearly enough.

*Another common mistake is to use too little or too much water.  The sample should be moist throughout – if it is cracking, add water, if muddy water is dripping through the fingers, it is too much water and some soil should be added to soak up the excess water.

*The greater proportion of sand, the less water will be needed to moisten the sample.  Conversely, the greater the proportion of clay, the greater the amount of water will be needed to moisten the sample.  Clay will also take more time to manipulate/play with the sample prior to making a wire.         

Soil Color   

As most students usually think of soil as being brown, I have found that asking a few questions engages even rather disinterested students.  I ask students if they were handed a box of crayons as kids, what color would they draw ‘dirt’?  Inevitably, everyone says “brown”.  At this point I pass around a sample of soil to several different students and ask them to describe the color.  Again, inevitably, as color is subjective, many different descriptions will be spoken for the same sample.  This is a great time to pull out a Munsell color book and illustrate a more systematic way of describing color.  Flipping through pages of blue, green, red, yellow, and brown always raises the interest when students realize that soils come in many colors besides boring brown!  Though there are many things color can indicate about a soil, I focus on a couple primary generalizations for an introductory class. 

Dark brown/black – humus, fertile, high in nutrients

Light yellows/browns – low amounts of humus, low fertility, relatively low in nutrients

Bright red/orange – older, less fertile, more weathered soils (iron minerals weather/age and the soil matures)
Soil horizons 
An important thing to stress is that there is no set horizon pattern in nature.  After reading a textbook, students usually think soils have a set A, B, C sequence and are surprised to learn that there can even be more than one of each horizon.  As with other soil properties, many characteristics are associated with different horizons, but for an introductory class focused on soil variability and topsoil sustainability and formation, I focus on the following:

O horizon – dominantly organic, but can be various degrees of decomposition, from intact and unbroken down material to highly decomposed.  This horizon is not as common as textbooks tend to indicate and is usually found in forests or wetlands.

A horizon – dominantly inorganic but with enough humus to give a dark, rich color; also called topsoil

B horizon – dominantly inorganic, lighter in color than A horizon

C horizon – dominantly inorganic, lighter in color and largely not affected by soil forming factors

Depending on your location, discussion of the eluviated E horizon may be appropriate but as it is rare and not commonly found in western Washington, I do not discuss this for an introductory lab.  

Field Lab

Suggested Equipment per Group: 

· Shovel 

· Bucket to carry supplies 

· Rags to wipe hands 

· Golf tees or something similar to mark horizon boundaries 

· Screwdrivers (or another device to probe soil and pull out samples with) 

· Munsell Book (or pages that correspond to local colors)

· 2 mm soil sieve with bottom to collect sieved material 

· Water bottles (laboratory wash bottles that spray a stream of water, not regular water bottles used for drinking)

· Basic soil texturing chart in sheet protector (see example provided)

1.  Divide class into small groups.  Ideally, small groups of 3-4 are best; however, depending upon the field site and time to dig out holes, this may not be possible.  As there are a number of tasks to accomplish, having less than three students will require a longer time period to examine two pits.  Large groups are not conducive to everyone participating or even being able to see the soil pit unless the pit was quite large (more like a trench).  In order to accomplish all the tasks, each person in group needs to be doing a task (and not just being a scribe). 

*It is easy for one person to become the leader (sitting in the pit and more or less driving the group) and stay in that position in the next pit. In addition, often there is one person who is eager to get their hands dirty while someone else who is reluctant to even touch the soil. In order for all students to participate and gain experience with different learning and procedures, I ask them to switch roles. For example, if a student was responsible for determining soil color at one pit, perhaps they can do texturing at the next pit. I also jokingly (though somewhat serious) tell them that I am going "to check their fingernails" to make sure everyone got their hands dirty.  (
2. Have students make observations about area surrounding each pit, including biotic community (relative biodiversity, differentiation of species, etc.) and landscape position (hillside/swale or backslope/toeslope). 

*Explain to students to minimally disturb the area surrounding the pit such that observations can be made in a relatively undisturbed site.  Soil pit edges are especially prone to getting disturbed from walking around the pit.  

*As this is an introductory course, it is not expected that local plant species would be known; however, observing that there are different species (and thus the relative biodiversity) can be done based on physical characteristics. Ideally, different landscape positions will have different water retention characteristics because of slope and soil characteristics, thus resulting in different biotic communities (within the area of influence which may be a relatively small area).

*Depending upon objectives, watershed information, topographic information, aerial imagery (i.e. Google Earth), and soils (Web Soil Survey website) previously mapped in the area can also be incorporated and add to the depth of analyses and discussion.

*Advanced classes can also gather more detailed information on slopes with clinometers, such as slope percentage and aspect which can then subsequently be applied to local hydrology and abiotic factors such as radiation differences on south/north slopes and how it may influence the biotic community.  

3. Examine soil pit after roughening up side to be examined with screwdriver.  Determine boundaries of soil horizons based upon a difference in color, texture, compaction, and rocks. 
4.  Describe soil pit using the following profile template, including depth of horizon, horizon label, soil texture (sandy, silty, loamy, or clay), Munsell color (Munsell notation and translated color), relative degree of compaction, horizon where roots are concentrated, and any other notable characteristics (i.e. rocks).  

Care should be taken to minimally trample the edges of the pit so as to not disturb the profile. 

*Soils are incredibly diverse and thus horizon depths and characteristics can differ greatly, even within the same pit.  Thus, the group should pick a side of the pit to examine and stick to that face for data collection.  A side illuminated in natural light would be ideal. 

*Remember that by convention, the surface of the pit is zero inches and increases with depth into the pit. 

*Though horizon boundaries can be determined in situ, it is often much easier to detect subtle differences, especially color by pulling out small samples and placing them on the surface of the soil.
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