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Abstract 

Our objective was to measure soil properties at the recently-constructed Adam Joseph Lewis Center (AJLC) in order to determine the effect of construction on soils and provide a “baseline reading” which future researchers can use to study changes in soil properties on the site.  We chose four sample plots in five separate sub-ecosystems of the AJLC:  the garden, the orchard, the lawn, and the area around (and directly within) the pond.  We also used a control plot on the South Dorm lawn.  In each of these sample areas, we measured soil organic matter (SOM), bulk density, cation exchange capacity (CEC), pH, and percent base cation saturation (PBCS). We found that soil qualities in all sample areas were within or near the expected range for soil in the Northeastern Ohio area.  We also found that SOM was low and bulk density high in the AJLC sample sites relative to the control.  Finally, we found that measurements at the orchard sample site differed significantly from measurements at the other four sites.  We conclude that while all properties of soil on the site are generally within expected ranges for this area, the construction on the AJLC site had an adverse effect on SOM and bulk density.  The data might also suggest that imported soil was used in inordinately high amounts to construct the berm on which the orchard is located.  We offer our data to future researchers, who we hope will use it to measure changes in the AJLC soils since construction.
[Nicely written abstract]
Introduction  

Soil properties are important in assessing how any terrestrial ecosystem is functioning.  Measuring soil properties can determine the soils’ fertility and serve as one measurement of "ecosystem health".  Moreover, soils act as an important carbon sink, storing a large percentage of non-atmospheric carbon.  We chose to study the soils at the Adam Joseph Lewis Center for Environmental Studies (hereafter referred to as the AJLC).  The AJLC is the new home of the Environmental Studies Department at Oberlin College.  Completed in the year 2000, the AJLC and its landscape are designed to serve as a learning environment, a laboratory, and an example of the newest inovations (?) from the field of ecological design.


The landscape immediately surrounding the AJLC is comprised of several sub-ecosystems, including an orchard and garden plot to the north of the building, a pond area to its east, and a grass lawn to its south.  For the purposes of this project, we chose to measure several ecological variables in the soil of each of these sub-ecosystems.  Our goal was to compile a summary of basic information about the current state of the soils on the property.  In order to do this, we sampled soil from four of the AJLC’s sub-ecosystems (lawn, orchard, circle garden, and pond) as well as from a control site from the South Dormitory lawn.  Each sample was then analyzed for percent soil organic matter (SOM) and bulk density, pH level, cation exchange capacity (CEC) and percent base cation saturation (PBCS) by ion.


Our purposes for collecting this data were many.  First, we wanted to see if the soil properties on the AJLC site fell into the expected ranges for soil in the Northeastern Ohio region (Brady 1984, Ohio State Univeristy 2000, Gary Horrisberger personal communication).  Secondly, we wanted to determine if construction on the AJLC site influenced soil properties (such as SOM levels) (Brady 1984).  Finally, we wanted to provide baseline measurements of AJLC soil properties at “time zero” (directly after construction) to which future researchers at the site can compare their data.  [Has anyone done a similar study on the evolution of soils on the grounds of an institution under different management regimes?  I'm sure there must be something relevant in the primary literature to cite, discuss, and relate your work to in this section.]
[no need to qualify like this] The results of this project will be important to a number of groups.  First, students and professors who are now working on the AJLC landscape and garden are likely to be interested in the site’s current soil properties.  Members of the ecological design community might be interested in the impacts of construction on the AJLC soils.  Finally, future researchers at the college will likely be interested in using our results as “baseline” data which they can use to determine changes in the site’s soils over time.

 Because the AJLC property was recently disturbed by construction, we hypothesized that there would be relatively high bulk density and low SOM values throughout the site compared to the control [what mechanisms to you propose to explain these hypotheses?  Some examples 1) construction involves the use of heavy equipment and this equipment will compress the soil leading to high bulk density. 2) Soil organic matter content of a soil is a function of two processes, input and decomposition.  Imported soil is likely to be well mixed and therefore have a lower surface organic matter content to begin with.  New soil has not yet had time to build surface organic matter (time-limited input).  Disturbing soil increases surface area and aeration thereby leading to high rates of soil respiration (increase output).  Etc.  You need to suggest mechanisms that support your hypotheses!].  Because some of the soil at the site was imported during construction, we were unsure whether measured soil properties would fall within the expected ranges for NE Ohio.

Methods

We began by selecting five sample areas – orchard, garden, lawn, pond, and a control site on the South Dorm lawn -- and creating sampling grids for each area [Fig. __ -- include a map like the one you showed in your class presentation].  For the orchard, lawn, garden, and control areas, we outlined 42-by-42 foot sample area [go metric -- most journals insist on it].  We divided this square into nine sub-squares of 14 feet by 14 feet each.  We put a flag in the center of each sub-square and took all of our samples from the ground directly surrounding the flag [give us a sentence justifying (and perhaps citing another study using) this sampling scheme] .  For the pond sample area, we chose three points equidistant along the boundary of the site. At each of these points, we placed three flags for sampling:  one two feet into the pond water, one at the shoreline and one 10 feet away from the pond.  

We then recorded the sample grids and flagged points using Global Positioning System (GPS) technology.  [You need to say something about the type of GPS unit used and associated accuracy and precision]. We have saved this data for future researchers in the event they wish to sample at the same points we did (see Appendix 2).

Next, we used three methods in order to measure soil properties.  

Method 1:  We used soil coring devices to take a single core from each flag.  At every flag except those under the pond water, we used a metal coring device to remove one plug of soil approximately 15.0 centimeters deep and 2.0 cm wide.  We measured and recorded the exact depth of the hole [explain why].  To take cores of sediments under the pond water, we inserted sections of PVC pipe to about 4 inches into the pond sediments [minimally be consistent in use of units -- go metric].  We then sealed the pipe from below while it was still imbedded in the sediment.  Finally, we removed each sample and placed it in a labeled, plastic bag.  Within each sample area, we also took a second core at every third point for the purposes of replication.

We analyzed these individual samples for SOM and bulk density using methods suggested by Professor John Petersen (Petersen personal communication [better to use an actual literature reference] ).  First, we dried the soil cores in a 55-degree C oven until all water moisture was evaporated.  We then recorded the total weight of each sample.  To determine bulk density, we divided the total dry weight of each sample by the volume of that soil core ( x  the radius of the sampling device [1 cm]squared [=1 in this case, but not if r is different from 1] x the depth of the hole left by the removal of that soil sample).  

In order to determine SOM, we first crushed and homogenized each soil core using a mortar and pestle.  Next, we took a sub-sample of approximately 25 grams, recorded its exact weight, and incinerated it for six hours in a 500-degree C muffle furnace.  We then recorded the weight of the remaining soil.   The difference between the initial weight and the “ashed” weight gave us the weight of the sample’s organic matter.  We then divided this number by the pre-incineration weight to determine % SOM.  

 Method 2:


For each sample site, we followed the following procedure:  first, we took 3 cores per flag at approximately 15.0 cm deep.  We then mixed all the samples from the site, creating one large sample of approximately 4 cups.  We repeated this process three times in each of the five sample areas, creating a total of 15 large mixed samples.  We took a sub-sample of approximately 25 grams from each large mixed sample and analyzed it for SOM using the methods outlined above.  

Method 3:  We then took the remaining soils from each of these large mixed samples and sent them to Holmes Laboratory in Millersburg, Ohio, where they were tested for SOM, pH, CEC and PBCS by ion.   

Results 

% SOM:  As noted above, we used three different methods to obtain estimates of average % SOM at each site.  Two of those methods—the individual cores and the Holmes sub-samples that were analyzed in-house —yielded similar average results at each sample site.  The third method—sending the soil to Holmes Laboratory for analysis—yielded consistently lower measurements of % SOM at each site.  Data from the first two methods showed an SOM range of approximately 5% to 7%.  Data from the third method showed an SOM range of approximately 1.5% to 3% (figure 1).  [The difference in results is interesting.  It would have made sense to do an x-y plot of the Holmes data versus the other data – this would give you an indication of the strength of the relationship, which appears to be excellent save 1 point]
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All three methods, however, revealed similar trends in % SOM.  The % SOM of the South Dorm (control) sample site was consistently higher than the % SOM in each of the AJLC property sites.  Also, the garden showed a consistently lower level of % SOM than any of the other sample sites (figure 1).
Bulk Density:  The bulk density ranged from 0.88 Mg/m^3 to 1.3 Mg/m^3.  The orchard has the lowest average bulk density, at 1.02 Mg/m^3.  The composite of the pond site was 1.03 Mg/m^3 making it second-least dense.  Next were the South lawn at 1.09 Mg/m^3 and the Lewis lawn at 1.19 Mg/m^3.  The garden had the highest average bulk density at 1.30 Mg/m^3 (figure 2 [When you none of your data are anywhere near 0, you should adjust the scale of your graph so that it starts near your lowest value point.  For your pH graph, it would have made sense to graph from 8.0-9.0 – that way the viewer can see differences more clearly]).

pH:
The pH levels varied little between the sites.  The pH of the South Dorm lawn (control) was most acidic at 7.10.  Next were the Lewis lawn and Garden at 7.27 each.  Finally, the orchard and pond were most basic at 7.47 each (figure 3).

CEC: 
CEC values ranged from 12.13 to 20.60 milliequivalents per 100 grams (meq/100g).  The orchard had the highest CEC of the five sample sites (20.60 meq100g), followed closely by the pond (19.00 meq/100g).  The other sites had significantly lower CEC readings:  the AJLC lawn had a value of 13.00 meq/100g, the garden had a value of 12.60, and the South Dorm lawn (control) had a value of 12.13 meq/100g (figure 4).

PBCS:  Holmes Laboratory did not give “true” percent base saturation readings (% of micelles with cations attached);  rather, they gave readings for relative percent base cation saturation by ion.  They give readings for cations of three elements:  Ca, Mg, and K and assume that all other elements will show up in only trace amounts.

The PBCS by ion readings were relatively similar for each site, with all sites having between 84-89% Ca, 9-15% Mg, and 1-2% K.  The pond had 89% Ca, 9.67% Mg, and 1.33% K.  The orchard had 88.33% Ca, 10.67% Mg, and 1% K. South Dorm lawn (control) had 85.67% Ca, 12.33% Mg, and 2% K.  For the garden, it was 84.33% Ca, 14% Mg, and 1.33% K.  Finally, for the AJLC lawn, it was 84.00% Ca, 14.67% Mg,  and 2.00 % K (figures 5-9).

Discussion

% SOM:  The likely reason for the discrepancy between the samples that were analyzed in-house and the samples that were analyzed at Holmes Lab is a difference in analytical techniques.  Whereas we burned our samples for 6 hours at 500 degrees C,  Holmes burned their samples for 3 hours at 360 degrees C.  (In retrospect, it is likely that Holmes’ methods are more “correct” – their data revealed % SOM levels that were within the usual range for the NE Ohio region [Horrisberger personal communication])
Despite this difference, % SOM showed similar trends among the three sampling methods.  

The most stunning similarity among the three data sets was that SOM levels on the South Dorm lawn were consistently higher than those from the AJLC sites (figure 1).  This is presumably due to its history of relatively little disturbance compared to the recently-disturbed AJLC sites.  We can see, then, that the recent construction on the AJLC site likely had an effect on the site’s % SOM.  [Need more explanation of why – see my comment in intro]
Of the AJLC sample sites, the pond had the highest % SOM in all three data sets.  It is difficult, however, to make comparisons between samples from the pond to those from other sites because the pond data includes samples from three distinct areas within the pond site (underwater sediments, shore sediments, and soil from 10 outside the pond).  This diversity of sample sites would likely affect the average data.  For instance, sediments under the pond water are more anoxic and would therefore be expected to have higher organic content then would aerobic soils, bringing the average % SOM to a higher number than would be expected if we had just measured the soils around the pond.  [Were these samples all done as mixtures from the three sites?  Do you have data for SOM in the sediments?]
The AJLC lawn and orchard had similar levels of % SOM, perhaps because both are currently dominated by grass.  As the fruit trees and berry bushes in the orchard mature, we might expect a greater distinction between the SOM levels of these sites [in which direction do you anticipate change will occur and why?].  

The garden site had the lowest % SOM of all the AJLC sites.  This was unexpected because garden soils are often fortified with SOM-rich topsoil when they are created.  Perhaps the garden has yet to have much topsoil added to it, or perhaps a lack of any cover vegetation and the wet conditions of this fall washed out a large degree of any added SOM in the garden.

In all of the AJLC sites, soil imported during construction compounds (not sure what you mean here) the variables.  Though as much original soil as possible was saved and re-used in landscaping after construction, an unknown amount of imported soil was added to the landscape.  This soil may be affecting soil characteristics of the sites differently, depending on the relative amount added to each site and the texture and organic matter content of this fill soil..  There is no quantitative way to measure this effect because we do not know where imported soil was used on the property.  As the landscape recovers from construction, though, the effects of this added soil should diminish [SOM will change, but texture will not – a sandy soil will remain well drained and a clay soil will retain clay characteristics].

Bulk density:  Bulk density for the soils in the NE Ohio region tends to range between 1.00 and 1.60 Mg/m^3 (Brady 1984).  The results from all of our sites were within this range (although on the low end).  

Several important patterns emerged.  The South Dorm lawn (control) had a low bulk density relative to most of the AJLC;  we conclude that this is likely because it has not been disturbed recently.  We noted that there were a high number of worms when we were taking cores from the South Dorm lawn;  these worms likely act as bioturbators, chewing up matter, increasing pore space, and decreasing bulk density [good hypothesis].  Also, lower CEC data for the control may point to the presence of a larger-grained, sandy soil type in the South lawn, which would be more resistant to compaction than would the clay soil of the AJLC [another good postulate, clearly we need to do texture analysis to determine if this is the case]. [The other day I noticed that they had aerated the Wilder Bowl lawn – they use a mechanical contraption that removes little plugs of soil every few inches allowing air to penetrate – they may do this on South lawn contributing to lower bulk density]
The garden site on the AJLC had a high bulk density.  This is possibly the result of there being no vegetation present on the garden soil.  The past summer was abnormally wet and without any cover plants to maintain soil aeration, the rain and human disturbance could have compacted the soil [good hypothesis].  

The orchard soil was less dense than the AJLC lawn soil, despite the fact that both sites are currently dominated by grass species.  We assume this is due to the fact that the AJLC lawn is a level site which experienced sustained compaction throughout the construction process, whereas the orchard is a soil berm created after construction and presumably never trafficked by any vehicle larger then a Bobcat [good hypothesis].  We also speculate that imported soil on the AJLC property could be effecting various sites differently.  If the orchard required a larger amount of imported soil to create the berm, then this soil would have a larger effect on soil properties of the orchard relative to the soil of other sample sites.  If this imported soil had a lower bulk density, this would explain the orchard’s lower density levels.
pH:
Soil in the NE Ohio region generally tends to range between a pH of 6.0 and 7.0 (Horrisberger personal communication).  The average pH levels in both the AJLC sites and the South Dorm lawn site were slightly more basic this, ranging from 7.10 to 7.47.  As the pH values were relatively constant throughout all of our sites, local environmental factors could be responsible for the slightly basic nature of our observed pH levels.  These levels of pH, though, are not unusually high. [pH really needs to be done very quickly after soil is removed – better to do them on site, I would not make much of these]
CEC:
Our CEC data was within expected ranges for the northeastern Ohio soils.  The expected CEC range is between 5 and 20 meq/100 g; our findings were on the high end of this range (12.63 to 20.60 meq/100g) (Ohio State University Extension 1999).  It will be interesting to note if CEC values increase over time.  Presumably, the clay content of the soil will remain relatively stable.  However, if the organic content of the AJLC soils increases, the CEC should parallel that rise.  (Due to its already-high level of SOM, the South Lawn site will not likely experience a rise in SOM or CEC).  [It would be interesting to see if South is, in fact, in steady-state, or if it still increases over time].

Most sites showed a CEC trend which mirrored their % SOM levels. This is to be expected because SOM is a major determinant of CEC in soil [Need a graph of CEC vs. SOM to see if this is true].  The South Dorm lawn was an exception to this trend.   The South Dorm lawn had a high % SOM but a comparatively low CEC.  This implies a more sandy soil on South lawn than at the AJLC sites (which would decrease CEC due to the large surface-to-volume ratio of sand [It is not so much the surface area to volume ratio, as it is the lack of charge on sand particles that give sandy soils relatively low CEC]).  This could be due possible importation of soil to the South Dorm lawn property when the building was first built. 
PBCS:  When examining PBCS levels, it is important to note that Holmes Laboratory did not actually measure the percent of occupied negative sites on micelles.  Instead, they assumed a saturation of 100% in order to determine relative concentrations of Calcium (Ca), Potassium (K), and Magnesium (Mg). The percent saturation of calcium was a bit higher for all sites than the expected range for our area.  Our sites ranged in percent calcium from 84.00 to 89.00%, but the predicted range is from 40.00 to 80.00% (Ohio State University Extension 1999).  Consequently, the magnesium and potassium levels were on the lower end of their expected ranges.  Our percentages of magnesium ranged from 9.67 to 14.67%, with an expected range of  10.00 to 40.00% (Ohio State University Extension 1999).  Our percentages of potassium ranged from 1.00 to 2.00%, with an expected range of 1.00 to 5.00% (Ohio State University Extension 1999).  Both potassium and magnesium can potentially become limiting nutrients in this area and our results show this as a distinct possibility on the AJLC property (North Dakota Agricultural Experiment Station Year not given).  It may be useful to monitor these levels over time to assess whether they drop below healthy ecosystem functioning levels.   [The high calcium content may be a result of adding lime (CaCO3) to the soil, or a high content in the parent material of imported soil (regions to the south of us have soil high in limestone deposits), this would also explain the high pH].
Conclusions:



In general, our results were within or near the expected ranges for soil in the NE Ohio area.  Our data for % SOM (as measured by Holmes), CEC, and bulk density fell within the expected ranges.  Our data for pH showed slightly higher pH levels than normal.  Our PBCS by ion data showed slightly more Ca cations than expected for the region, and as a result less Mg and K cations.

Our data suggest that the recent construction on the AJLC had an impact on the soils.  This is most evident in bulk density and % SOM.   Bulk density levels in the AJLC sample sites tended to be higher than those on the South Lawn, suggesting more compaction.  % SOM levels were consistently higher on the South Lawn site across all three analyzing methods.  This suggests that the construction caused SOM on the AJLC sites to be lost due to disturbance, runoff, etc. [see my comment in the introduction regarding mechanisms…]
Finally, comparatively high CEC readings in the orchard lead us to speculate that much of this soil might have been imported during construction.  We can not be sure about this, as no record was made detailing where imported soil was used on the property.  

Two main problems encountered in this experiment can be remedied in future versions of the experiment.  Our first problem was the difference in % SOM data between the in-house measurements and the Holmes Lab measurements.  We suggest that future researchers adopt the Holmes method (incinerating for 360 degrees C for 3 hours);  it is more in line with current % SOM analyzation techniques and will therefore yield results that are comparable to data from other studies (Ohio State University 1999).

The second problem we encountered was a difficulty in interpreting the average data from the pond sites because this data was a composite of results from the sediment, shore, and soil 10 feet away from the pond.  We suggest that future researchers break the pond into two separate sampling areas – sediments and surrounding areas – and take more samples in each area [absolutely!].  

Our most significant recommendation is that future researchers use this data in an effort to determine changes in the AJLC soils over time.  These data constitute a baseline reading – a measurement of the properties of soils directly after construction.  It will be particularly interesting to see how these properties have changed in 10 years (or longer).  

A follow up study will be able to assess whether “ecologically-friendly” landscaping practices that the AJLC employs will have a result on soil properties.  The AJLC landscaping practices are a deviation from conventional techniques (Bormann 1993) [Not clear here what idea you are supporting by referencing our book].  First, less area is devoted to lawn than on most building sites.  The lawn area it does have is planted with “no-mow” grass which is a blend of many grassy and weedy species that are intended to grow only to 3-5 inches.  The lawn’s maintenance regime does not call for application of chemical fertilizers, pesticides, or herbicides (except for spot treatments of the herbicide Round-Up on weeds). [It would be interesting to have students expand your study to compare species diversity of plant species in the lawn].
Perhaps the most notable characteristic of the AJLC landscape is the diversity of plant species.  The garden area will eventually support ornamental plants as well as vegetables.  The orchard utilizes disease resistant tree species to grow edible fruits.  Part of the AJLC lawn is planted with local woodland trees which will eventually grow to be representative of a mature Ohio forest.  The pond site at the AJLC is planted with a large array of native pond.

It will be interesting to see the effects of these landscaping practices on the soil properties.  In particular, it will be interesting to see if some sub-ecosystems’ properties change more significantly over time.  For example, pond sediments often function as important sinks for atmospheric carbon.  [How did you calculate SOM for the pond samples?].  Future studies will be able to assess whether the pond at the AJLC is effectively trapping atmospheric carbon and storing it in the soil (which would further the AJLC’s goal of neutralizing the environmental impact of its own construction).  

Indeed, the real importance of our research will be its use by future workers.  This experiment was designed to be repeated at various points in the future.  Such repetition will allow for an assessment of how soil properties of the individual sub-ecosystems (as well as the landscape as a whole) change through time, as well as an assessment of how well the AJLC’s soils are serving as a carbon sink.
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Figures and Legends

Please see included file called “AJLC.soils.figures-and-legends” for figures and legends.

Appendix 1 -- Division of labor

We performed all soil samples and GPS mapping as a group.  We rotated the responsibility for incinerating and measuring soil.  We entered shared the responsibility of data entry.

Jessica was responsible for creating the Excel graphs.  Peter was responsible for working with ArcView (a GIS program), turning the GPS data into maps.  Peter created the Power Point presentation for our oral report of this material, though all group members collaborated.  The paper was divided by section:  Peter worked on the abstract, literature cited, and results; Jess worked on the introduction and the figures section.  Graeme worked on the results, methods, discussion, conclusions, literature cited, division of labor.  Jess and Peter edited the document.

As the above description indicates, our group shared responsibility equally, although each individual had areas of expertise (specific computer programs, writing, editing, etc) where they took additional initiative.

Appendix 2 – additional notes

See Excel file “AJLC.soil.2000.data” for a spreadsheet of all data.  See ArcView file “AJLC.soil.2000.gis” for a map of all points sampled.

This is a very nicely written report.  You did a good job of speculating on the cause of differences in soil properties among sample sites.  You might, however, have speculated on the effects as well – e.g. what effects might differences in CEC have on the development of the ecosystems?

Important questions

1) How did you measure %SOM in the pond sites – you have a # in your spreadsheet, but no calculations for it which suggests to me that you just have Holmes lab data.  

2)  Where are the archive samples, I should store those someplace safe.  Are these samples all oven dried?  I hope so, because if not, they will lose SOM.

Congratulations on a job well done!































