Preliminary Investigation of an Urban Orchard as a Carbon Sink: Do Tree Roots  Enhance Soil Organic Accumulation?
[The wording of a title is crucial in indexing what it is you are investigating.  Your title is OK, but small modifications could make it much clearer in accomplishing this goal,  For example, suggested modifications of title above would make clear your study is: only examining urban orchards; looking at only one particular orchard and therefore you are not in a position to make broad claims about orchards in general; looking specifically at the effects of orchard tree roots; determining if the carbon accumulated is above and beyond what you would see in alternative urban landscapes.
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Abstract

Land use changes are a key focus of climate change research (Pougyat et al, 2008). In the United States, the presence of urban landscapes is expanding (Nowak et al, 2001), which in turn increases the presence of grass turf [excellent job finding relevant literature and appropriately citing this literature. Trees can increase the amount of atmospheric carbon being sequestered in urban turf landscapes through their underground root processes (Chapin et al, 2001). Due to the rise in popularity of edible landscaping, woody fruit trees are becoming an increasingly important component of urban landscapes (Haughton, 2009) [ideal to cite peer-reviewed literature when possible]. However, little is known about how fruit trees affect the ability of urban soils to sequester carbon or whether urban fruit orchards might serve as better carbon sinks than urban turf, urban forests. Our goal for this study was to determine if and how a dwarf apple tree (Malus cultigens) orchard affected soil organic matter accumulation compared to an urban turf landscape. To accomplish this goal, we examined soil organic matter accumulation with respect to distance from a tree and with respect to soil depth. We collected soil samples from two depths at multiple points with each habitat and then dried and incinerated them to determine % soil organic matter (SOM). Depth proved to be a significant factor in the accumulation of SOM within each habitat [get as specific as you can – if you mean that “SOM at the soil surface was significantly higher than deeper SOM in both habitats”, then say this directly.  I suggest putting this one significant result up front like this].  The general trends of our data suggest that orchards are more effective at carbon sequestration than urban turf [again, put the trend up front and then insert the caveat that results are not significant].   However, variability among individual samples was high and differences in soil SOM between land uses  were not statistically significant.   Future studies can further elucidate the effect of orchards on SOM accumulation compared to an urban turf landscape [Get more specific – what do you think should be done next?]
[A fine abstract, particularly with suggested revisions]
Introduction

A key focus of global climate change research is how land use and management changes will affect soil (Pouyat et al, 2008), the largest terrestrial sink for atmospheric carbon. Land use changes are being directed towards increased urbanization—urban areas in the lower 48 United States have doubled in area between 1969 and 1994, and currently occupy 3.5% of the land base (Nowak et al, 2001). In the United States, turf covers 163,800 km2 of urban landscape. Turf is defined as grass land cover, and it is the primary feature of residential, commercial, and institutional lawns, athletic fields, golf courses, and parks (Milesi et al, 2005). Woody plants in urban landscapes can play a significant role in reducing atmospheric carbon dioxide levels because of their impact on soil [nice to have a citation here if you have one]. Both underground root processes and leaf litter deposition contribute to the presence of carbon in the soil carbon pool, but root processes are the primary mechanism [insert citation here]. Because of their longer residence time, larger biomass accumulation, and longer-lasting, more extensive root systems, trees can sequester more carbon in soil than grass turf (Sanchez et al, 1997).

It is estimated that urban landscapes have an average tree cover of 27.1% (Nowak, 2001). Due to the current rise in popularity of edible landscaping, woody fruit trees are becoming an increasingly important component of urban landscapes (Haughton, 2009). However, little is known about how fruit trees affect the ability of urban soils to sequester carbon. Our study was designed to determine whether apple trees in an established urban orchard sequester more carbon relative to a traditional turf landscape. To do so, we analyzed the spatial distribution of soil organic matter (SOM) around dwarf apple trees (Malus cultigens) in a ten-year-old Oberlin College orchard north of the Adam Joseph Lewis Center (AJLC) and in a turf landscape south of the AJLC. We examined the soil organic matter accumulation with respect to distance from trees and with respect to depth.

The AJLC orchard and turf landscape was designed and is managed with the goal of fostering a diverse composition of native and edible species. Student grounds keepers leave all grass clippings on site. There is no application of synthetic fertilizers, pesticides, or herbicides. The turf component which extends under the fruit trees and in isolated patches is a “low-mow” mix of grass species. Because the spatial distribution of leaf litter is relatively equal in the orchard, we assumed that underground root processes were primarily responsible for any spatial variation in SOM accumulation that we might observe (Gula et al, 2007).  
[Whether this is included in your methods section or here, it seems like you need to say more about the details of management – how far apart are the trees, how big is the orchard, how regular are the plantings, how was the soil first created, is the soil the same on both sides, what have previous studies examined and found? Etc.  A person’s ability to interpret the generality of your findings is based on understanding these particularities.]
[Seems to me that your most general mechanistic hypothesis is that tree roots significantly increase SOM in a  landscape in which fruit trees are present and that the more specific predictions which follow represent the approaches that you have for testing this]. We predicted that the %SOM of the orchard would be greater than the lawn, as the root processes of woody plants sequester more carbon than those of grasses. We predicted that %SOM would decrease as distance from a tree increased because we expected that the effects of root processes would decrease with increasing distance from a tree. We predicted that the top halves of the soil cores would have greater %SOM than the bottom halves, as the effect of root processes and the decomposition of leaf litter and mulch would more greatly affect the top layer of soil compared to the bottom layer of soil.  [Can you make more specific predictions about depth variation that might be related to trees vs. turf? What is known about depth of fruit tree roots vs. turf roots?  Based on this, what would you expect.  Generally speaking, I think you could tighten up your mechanistic hypotheses here]
[It occurs to me that there is another hypotheses related to your mechanism that you might explore and that is that you might expect spatial heterogeneity in soil samples to be greater in the treed landscape than in the turf landscape as a result of less even distribution of tree roots than grass roots]
Methods

We collected soil samples from the orchard on the north side of Oberlin College's Adam Joseph Lewis Center (AJLC) and from the lawn on the south side of the building [A plan view of the AJLC about here with areas circled as in your poster, would be very useful here.  You need a bit more describing physical arrangement of trees, space between trees and information on the specific trees such as age, height DBH, pruning regime, etc.]. We selected two units of three trees in the orchard to take our samples from. First, we measured the distance between each of the trees and divided these distances into quarters. We took one soil core adjacent to each tree trunk, one core halfway between two trees and another sample at each quarter distance (see Figure 3). We also took two soil cores from the south lawn to serve as our control group (see Figure 4). These samples were more than twenty feet away from nearby trees, therefore we assumed that the trees would not have an effect on %SOM in our control cores. Each soil core was approximately 15 cm deep and had a radius of 2 cm. After extracting the cores, we divided them into a top half and bottom half and treated the halves as separate samples (Dick et al, 1996) [not so clear from this citation what Dick at al. are being cited for, but implicitly you seem to be suggesting that they focused on dividing soils into upper and lower parts.  Is this right?].  Each sample was placed in a plastic bag at first and later moved to small, metal containers. In all, we collected fifty-two soil samples from around the AJLC. All samples were collected on the same day and we did not repeat the sampling process.

Immediately after we collected the samples we dried  them to prevent the samples from rotting.  Samples were heated at 105° C for 24 hours. Afterwards, we stored the samples until we were ready to begin testing them. In order to determine the percentage of soil organic matter (%SOM) we used the loss-on-ignition method (Nelson et al., 1996). To do this we re-dried thethe samples at 105° C for thirty minutes and ground up the dehydrated samples with a mortar and pestle. We then measured approximately 5 grams of each sample and incinerated them at 400° C for sixteen hours. After the samples were incinerated, we measured their post-incineration mass and subtracted this value from the dehydrated mass, divided the difference by the dehydrated mass, and then multiplied the quotient by 100. (dehydrated mass - incinerated mass) / dehydrated mass * 100 = %SOM

Once we obtained the %SOM for all of our samples, we grouped the data into specific categories for analysis. We first grouped the data by habitat (orchard and lawn) and then grouped the data by soil depth (top halves and bottom halves of soil samples). We also grouped the orchard samples and by their relative distance from the nearest tree. 
[A table showing comparison groupings as they related to hypotheses would be very helpful here]
[Someplace in either background or methods you probably want to mention how the trees  were managed in terms of planting and annual mulching and how this process might affect SOM nearest the trees]
Results

Our results show that the average %SOM of samples collected from the orchard (16.6%) was greater than the average %SOM of samples collected from the lawn (6.3%). We used ANOVA with a 95% confidence level to test whether the difference between the samples collected from each habitat was significant. We determined that the difference in %SOM of each habitat was not statistically significant because the P-value (0.2) was greater than 0.05. 
[Often times people don’t both stating their alpha levels and simply report each P value. E.g. you might right differences in SOM among habitats were not significant (P=0.2)”]
To further analyze differences in %SOM between the orchard and the lawn, we also 1) analyzed the difference between average  %SOM of the top halves of our soil samples in each habitat and 2) analyzed the difference between average %SOM of the bottom halves of our soil samples in each habitat. The average %SOM of the top halves of soil samples from the orchard (20.6%) was greater than the top halves of soil samples from the lawn (7.3%) [P value?]. Similarly, the average %SOM of the bottom halves of soil samples from the orchard (12.4%) was greater than the bottom halves of soil samples from the lawn (5.2%) (see figure). ANOVA determined that the differences in the top halves and the bottom halves of soil samples between the orchard and the lawn were not statistically significant; the P-value for difference in top halves of samples was 0.3 while the P-value for bottom halves of samples was 0.4. 
[Seems like you might be able to clearly  summarize ALL of your various comparison data in a table with both average values and P-values]
We also analyzed the difference in average %SOM of the top halves and bottom halves of soil samples within each habitat. The difference in average %SOM between the top halves and the bottom halves of the orchard samples (8.2%) was greater than the same for the lawn samples (2.1%) [This is really interesting . What you are not describing is whether upper or lower is greater]. We found that these differences in %SOM in each habitat were statistically significant. The P-value for the difference between the top halves and bottom halves of the orchard was 0.04; the P-value for the difference between the top halves and bottom halves of the lawn was 0.001. 
Our results show that average %SOM decreased as the distance from a tree increased: average %SOM of samples nearest to a tree was 18.9%; average %SOM of samples farthest from a tree was 13.8%; and average %SOM of samples between the nearest and farthest samples was 16.8% (see Figure 2). A P-value of 0.7 determined that the differences between the grouped soil samples were not statistically significant. We thought that the samples nearest to the tree might have had the highest variability due to the mulch applied to the base of the trees, so we decided to analyze the difference between the grouped samples without the samples nearest to the tree. We found that the difference was still insignificant, with a P-value of 0.6 [Same trend?].      
We also tested the correlation between position and %SOM with linear regression. While the trend line showed that %SOM decreased with increasing distance from a tree, the R2 value is 0.03. This means that sample position only explained 3% of the variation we observed in the %SOM of the soil samples (see figure). We conducted a second correlation analysis after eliminating two outliers: one that had a value of 97% SOM and another that had a value of -1.5% SOM. The R2 value was 0.06; therefore, sample position still only explained 6% of the variation we observed in the %SOM of the soil samples. 

Discussion
The general trends in average %SOM for each of our analyses were consistent with our hypotheses [I would not say “support” because the results are not statistically significant]. Average %SOM of the orchard was greater than average %SOM of the lawn; average %SOM decreased as the distance from each tree increased; and average %SOM was greater in the top halves of soil samples than the bottom halves of soil samples between habitats and within habitats. However, all the differences were statistically insignificant except the analysis of difference in top halves and bottom halves of soil samples within each habitat. This significance could be attributed to underground root processes [OK, but explain the particulars, if I am interpreting your results correctly, it looks like there was LESS of a difference in SOM between top and bottom half in orchard vs. grass.  If so, this does not seem particularly consistent with mechanistic hypotheses], leaf litter deposition, and/or the management of each habitat. 

We surmised that the high variability of the samples collected from the orchard—confirmed by a standard deviation of 0.16—and the small sample size of the lawn (n = 2) likely contributed to the statistical insignificance. Another Systems Ecology study in 2007 found that the average %SOM of the orchard was greater than average %SOM of the lawn but likewise found that the difference was not statistically significant (Gula et. al., 2007). The general trends that we observed in average %SOM suggest that there might be a difference in SOM accumulation between the orchard and the lawn due to root processes, but statistical significance is needed to be certain. 
Methodical errors could have contributed to the high variability of %SOM in our samples. For instance, we measured the post-incineration masses of our soils while the samples were still in the crucible. Error could have potentially arisen through our use of the same crucible mass [You assumed that all crucibles were the same mass?  You did not weigh them individually?  This is important, but not clear]. In addition, it is possible that we also made weighing errors such as failing to recalibrate the scale. 
We have two recommendations for future studies to increase the statistical power of %SOM analysis. The first is to collect a greater number of soil samples. This could mean collecting a greater number of samples around each tree and/or increasing the number of tree units from which to sample. The second recommendation is to incorporate multiple samples from different locations and homogenize these this is as a single sample [good, why?]. For example, our study grouped soil samples into three categories depending on their relative distance from a tree. We think that variability would be better accounted for if future studies mixed soil samples from the same category before performing the loss-on-ignition method.  [Explain how this might dampen variability].  This method would also be a more time-efficient process due to the drastic cut in the number of samples that need to be dried and incinerated.
Overall, the general trends of our study suggest that orchards could be an effective tool for carbon sequestration, and we believe that further study should be undertaken to clarify the ability of orchards to mitigate climate change. Future studies could collect samples from orchards with different tree species and/or with trees of different ages. For instance, a proposal has been made to plant a nut tree orchard north of the AJLC Annex, so future research could address SOM accumulation around a nut tree species. Future studies might also analyze SOM accumulation in orchards with different planting schemes than the AJLC orchard. This analysis could inform the design of planting schemes that optimize carbon sequestration in orchards.  [Nice conclusions]
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Appendix I: Division of Labor

We all collected, dried, incinerated, and weighed the soil samples.

We all organized the data and conducted significance tests.

We all wrote, revised, and edited the final document.



Appendix II: Figures and graphs
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Figure 1. Graph shows average %SOM of each habitat and the average %SOM of top halves and bottom halves of soil samples from each habitat. Error bars show the standard deviation of %SOM.
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Figure 2. Graph shows average %SOM of samples grouped by relative distance from a tree. The value for the lawn is the habitat's average %SOM. Error bars show the standard deviation of %SOM. [“Position” lettering is unnecessarily cryptic, better to write, near, mid, far, or something like that]
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Figure 3. Diagram of the orchard sampling method. [indicate north and south.  Maybe include photo that has both landscapes  -- bottom is very clear.]
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Figure 4: Diagram of the lawn sampling method.
1. Title & Names of investigators

>Clearly indicates what you did and ideally what you found. 
See comments
2. Abstract (250 word max)

>Summarizes what you did, how you did it, what you found, and why it is important.
Nice, but see comments
3.  Introduction/Background

>Sets context by describing the overall problem that research addresses and appropriately situates this in larger ecological and societal context.  
Yes
>Cites relevant primary and secondary literature to support arguments (minimum of four citations).
Yes
>Problem statement establishes gap in knowledge, need for research, and describes how your research fills gap.
Yes
>Clearly states mechanistic hypotheses explaining what you expected to observe and why.
Yes, see comments, I think this could be organized more tightly.  Conceptual model might be useful.
4. Methods (revised from proposal)

>Describes what you did in sufficient detail that someone could repeat your experiment.
Yes in terms of your work, but not in terms of the study site itself – see comments
>Answers what, where, when, and how you made your measurements. 
Yes
>Includes diagrams, maps of sampling, tables, timelines as appropriate (only if appropriate).
Yes, see comments
>References literature where appropriate (who’s procedure did you follow?).
Yes
5. Results:

>Includes text, tables, graphs & figures that describe but do not explain results.
See suggestions on using a table to summarize results – would have been much clearer
>Explains calculations.
Yes
>Indicates statistical significance.
Yes
>Does not present same data in both tables and graphs.
Yes
6. Analysis & Discussion:

>Interprets and critically analyzes your findings.
yes
>Explores connections between your findings and those of other studies (agreement, disagreement, relevance). 

Not much there in terms of other findings from other literature
>Addresses the usefulness and limitations of the methods you used.
Yes
>Addresses limitations of findings and suggests further research that might extend or more conclusively addresses your initial hypotheses and findings.
Yes
7.  Literature cited:

>Uses the same format described in the “How to write ecological site assessments” handout.
Yes
>Does not use footnotes.
Yes
8. Figures and figure legends: (tables, graphs, conceptual models, etc. that appear in introduction, results, and analysis & discussion sections)

>Text legend below each figure describes content in sufficient detail that reader can understand what the figure represents without reference to text in manuscript.  
Yes


>Symbol legend within the frame of each graphic indicates what different color bars, lines or shapes represent.
Yes, see comments
>Figures are numbered sequentially in the order in which they appear in the paper. 
Yes
>Every figure that appears in paper is directly referenced within the paper. 
Yes
>Units are indicated either within the figures (often in the x and y axis labels) or in the text legend. 
Yes, but would be helpful to actually have SOM on the y-axis.  Also useful to have titles for graphs.
9. Appendix 1: Division of labor: 

>Describes role of each group member in developing and implementing the project.
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10.  General comments:
Charles, Meaghan and Savannah:

Relative to the general quality of papers in this class, your paper is very nicely organized, clearly written and is an fine model of clear scientific writing – good clear context, gap in knowledge and hypotheses in introduction, and clear description of methods, solid interpretation of data.  With that said, your paper could be a lot better – see extensive suggestions  in the text for making it so.  Results could have been more clearly presented in tables.  Although your results were not significant, it still would have been appropriate to devote at least some of your discussion to interpretation of your findings in light of other studies – not one reference to or citation of peer-reviewed literature in your discussion.  For example, I think you found very high SOM in sites examined.  How does this related to findings of others working in urban landscapes?
But overall this is very strong and you your work points towards some interesting and potentially fruitful follow up studies.
POSTER COMMENTS AND GRADE

>Introduction (Savannah):  Excellent job establishing broad context and gaps in knowledge relevant to this particular study.  However, a bit more emphasis on why trees might be more important in contributing to SOM would have been useful.  Periodic glances at poster when there was no imagery on poster related to what was being said was a bit distracting.

>Assumptions and Methods (Charles): The inclusion of clearly defined assumptions was excellent. Assertions needed further explanation, for instance statement that “fruit trees have more complex soil processes [then turf]” needs explanation.  I think that you might mean that less uniform distribution of roots with proximity to tree are going to lead to greater spatial heterogeneity, but only because I am very familiar with your study.  Rational for sampling protocol is clear on poster text, but verbal explanation was less clear.  Explanation of methods and processes involved in evaluating was more detailed than it needed to be for a poster presentation – a stronger emphasis on results and interpretation is warranted.

>Discussion of results (Meghan): Nicely organized, good discussion of problem of variability.

>General:  Overall a very nicely organized and well-rehearsed presentation.  Generally excellent  job of answering questions from audience.  You had a question about the expected extend of root growth away from the base of apple trees.  I’m not certain what literature exists on this, but it DOES strike me as the type of information that would be important to research in the literature as a basis for your study. Several students suggested that space could have been more effectively used in poster.  MOST colleagues suggested that larger font would have been nice and was a possibility given ample available space.  Several colleagues suggested that in your oral presentation you emphasized methods at expense of results and discussions
