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Introduction


Soils develop from raw parent material that is subject to interaction with the climate, topographic relief, and the biota over time (Russell-Anelli 2009).  Basic characteristics of the soil include structure (the size and shape of aggregates), texture (the relative proportion of sand, silt and clay particles), color, acidity, and profile (horizontal definition of soil layers) (Russell-Anelli et al. 2004). The purpose of this laboratory was to describe the soil profile at the soil test pit and understand how its basic characteristics are related to its parent materials and subsequent development.  

Methods


A 3-foot deep pit with vertical sides had been previously dug on site so that the soil profile could be seen.  The wall of the pit was then scraped clean to remove freshly weathered material and reveal the underlying profile.  Horizons, distinct in color, structure and/or texture were identified and measured for depth.  Each horizon was then wet-color mapped using a Munsell Color Book, texture was identified using the texture-by-feel method, and pH was measured using an indicator dye (Russell-Anelli et al 2004).  Additionally, the presence or absence of roots in the soil horizon was noted.  This is a deep soil and the pit did not extend to the depth of un-developed parent material, so a soil-core was used to sample the parent material.


Following field characterization, the Soil Survey of Cornell University (Cline and Bloom 1966) was used to identify the parent material and soil series name; the USDA-NRCS official soil series description used to evaluate the groups’ description of the soil characteristics.

Results


The soil profile described in the field is shown in Figure 1.  Important distinguishing features are sandy loam texture that persists except for the A horizon, which is sandy clay loam and the thin clay deposit layers (Bt horizons) which are silty and sandy clay loams.  The soil profile is slightly basic throughout and roots were present throughout.  Parent material taken by soil core was a sandy loam.


The parent material on this site is Glacial Lacustrine Deltaic (Russell-Anelli et al 2004) (Cline and Bloom 1966).  The Soil Survey identifies this area as an Arkport fine sandy loam 2-6% slope (AkB).  The USDA-NRCS series description fits generally with our observations. It is worth noting that the texture analysis is consistently sandier than we perceived in the field and this is most likely the result of sampling bias or local variation.     

Discussion

As mentioned above, the development of soils can be understood as a two step process: 1) the creation and transport of parent material and 2) the subsequent development of this material as an interaction of climate, topography, the biota, and time.

This model helps us interpret our observation of the Arkport soils.  These soils formed under a glacial lake where a stream joined the lake.  As turbulent waters slowed, larger sandy particles were deposited in a delta, while smaller particles remained in suspension.  When the water level dropped, these sands were left exposed, resulting in a deep and sandy soil profile Following the receding of the glacial lake, clay and silt plains in the surrounding areas were left exposed and subject to wind erosion.  Silt particles were spread across the landscape, resulting in a loess cap and the beginnings of the deep and sandy structure we see today (Russell-Anelli et al 2004)(Cline and Bloom 1966).    

Over time, the other factors influencing soil formation took hold.   Western New York State is a temperate climate; there is significant, but not excessive rainfall.  The pit is located on a hill top, so is not subject to excessive drainage or water accumulation, or temperature extremes associated with aspect.  This climate drives the weathering of materials—rainfall weathers silts into clays, transporting them down through the soil profile until the density of the soil increases at depth, water transport slows and the clays bind together, forming thin bands with a higher proportion of silicate clays called Bt horizons (see Figure 1).  These bands are dynamic, gaining deposits from above and releasing them below as water moves through the subsoil (Soil Survey Staff USDA-NRCS).  

The climate also drives the development of forest in this region, which further interacts with the soil and influences its development.  The forests provide an addition of organic matter primarily from the top down, resulting in a defined A (accumulation) horizon.  As well, the forest provides additions of organic acids that assist the weathering process and the development of the soil horizons.  Later, owing to agricultural activity on the site, human plowing acted to remove the organic horizon associated with forest soils and create a sharp divide at a depth of approximately 14 inches, above which, mineral soil and organic matter are well mixed.     

 
The parent material is a primary influence on the acidity of the soil.  The sample of parent material had a pH of 7.6—slightly basic.  Indeed, the field observations show the soil to be slightly basic throughout the soil profile.  Interestingly, most soils in this series typically range from acid to neutral in the subsoil (Soil Survey Staff and Cline and Bloom 1966).  This might be expected in a forest soil as organic acids and leaching would serve to lower the pH over time.  The observed difference might be explained by liming as this site has long been in agricultural use.  

Finally, we see that soils formed in temperate environments have a generally Yellow-Red hue (Russell-Aneli et al 2004), which shows up throughout the observed profile as well.  There is some variation in the profile, with distinct darker bands delineating the Bt horizons. As well, there are differences between the field observation and the USDA-NRCS description. However, this may be attributable to local variation.  

Conclusion


In this lab we learned field techniques for describing soil physical and chemical characteristics.  These techniques proved effective as our observations generally match those of the Cline and Bloom (1966) and the USDA-NRCS Soil Survey Staff descriptions.  These techniques are most helpful when it is understood that soils are a function of parent material interacting with climate, topography, and the biota over time.  This helps us interpret our field observations and has the potential to expand our understanding of a particular site to a landscape scale.
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