Soil organic matter accumulation at the George Jones Farm: A comparison of organic treatments with natural processes and conventional management [decent title, but does not indicate what you found]
C.L. Bosch, N.B. Decker, K.T. Merrick

Final Research Project, ENVS 316: Systems Ecology, December 12, 2003.

Professor Petersen, Oberlin College

Abstract.  Soil organic matter (SOM) content is a key measure of soil fertility, and is linked with cation exchange capacity, etc…].  In organic agriculture, maintenance of SOM is especially important, providing nutrients without necessitating reliance on inorganic fertilizers.  The soils of the organic George Jones Memorial Farm in northeastern Ohio are managed to increase SOM content using a variety of organic amendments, including leaf mulch, chicken tractors, cover crops, and manure.  The effectiveness of treatment types and intensities was unknown.  We measured SOM content in five agricultural sites on or near the farm: an organically managed greenhouse, two organically managed groups of beds, a cover-cropped orchard, and a conventionally managed neighboring field.  In addition, to compared managed to unmanaged treatments by comparing two sites principally affected by natural processes: a fallow field and the edge of a wetland.  We also compared the present SOM contents of the soils to values measured in 2000, when the farm switched from conventional to organic practices.  Our results indicate that the greenhouse beds contain significantly more SOM than any other site, the fallow field significantly less SOM than most other sites, and SOM in all sites on the farm has increased since 2000, but does not significantly differ among other treatments [?].  These data show that organic management, particularly in the greenhouse, did increase SOM.  To date, SOM in the organically amended sites, other than the greenhouse, has not surpassed the neighboring conventionally managed field, though it may if current trends continue [This sentence seems to contradict previous sentence – how do you know that it is the organic management practices that have increased SOM?]. The wetland also seems to be adding organic matter to the soil.  Based on our data, we suggest further research to isolate specific mechanisms responsible for SOM increase under organic management.

Introduction
[your first paragraph should start by saying that organic matter is important to fertility, particularly in organic ag, then move to talking about factors that influence it] Soil organic matter (SOM) is a dynamic property of soils, affected by numerous variables including climate, organisms, geological parent material, topography and time (Quideau, 2002).  Modern agriculture has greatly impacted the amount of SOM in cultivated fields, which in turn decreases soil fertility (Nyakatawa et al., 2001, Janzen et al., 2002).  SOM is important to soil fertility because it increases nutrient storage, cation exchange capacity, and water retention (Chapin et al., 2002).  It acts as a slow-release fertilizer: a substrate for decomposers, which mineralize it and thus make inorganic nutrients available to plants.  Therefore, high SOM levels are particularly important in organically farmed soils, which are not fertilized with inorganic nutrients that would otherwise supplement the plants (Watson et al., 2002). [Good intro]
Both organic and conventional agriculture deplete SOM by erosion and tillage, which breaks up soil aggregates, stimulating increased aerobic decomposition (Doran and Smith, 1987, in Karlen and Cambardella, 1996, Curci et al., 1997, Nierop et al., 2001). To compensate for depletion, organic agriculture relies on augmentation of SOM through various cropping techniques and organic soil amendments (Watson et al., 2002).

Techniques used to augment SOM include planting and mowing of cover crops, addition of leaf mulch, addition of composted cow manure, addition of composted food and agricultural waste, and use of “chicken tractors” (Hartwig and Hoffman, 1975, Wander et al., 1994, Nyakatawa et al., 2001). The Ecological Design Innovation Center (EDIC), manager of the Oberlin Sustainable Agriculture Project (OSAP) at the George Jones Memorial Farm in Oberlin Ohio, utilizes each of these techniques.  Various sites on the farm property have received different combinations of these organic amendments (Figure 1).  Other sites have remained untreated since the end of large-scale conventional soybean cultivation there in 1999.  The crops grown since then have varied from herbs to root vegetables.  Our study is observational, because the Jones farm operates as a working farm where treatments are added as deemed necessary, and not as part of a carefully controlled experimental regime.

No investigation of the relative effects of these treatments, either singly or in combination, had been undertaken at the Jones Farm.  EDIC’s organic treatments may have an entirely different effect on the SOM content of northern Ohio’s Mahoning silt-loam soils than the same treatments would have elsewhere (Ernst et al., 1976).  To determine the effectiveness of the various treatments in increasing SOM at the Jones farm thus far, our study compares SOM levels in soils subject to a gradient of treatment intensities: from a site that has received all available treatments, to a site untreated since 1999.  We also compare SOM content of the Jones Farm soils with SOM in a conventionally managed neighboring field.

We hypothesized that SOM content would be higher in the organically managed beds than in either the neighboring conventionally managed field or in the fallow field.  Though the unmanaged fallow field should retain SOM since it is not tilled, the large volume of organic amendments to the treated beds should more than make up for loss through tillage.  Among managed sites, we predicted that SOM content would increase in proportion to treatment intensity, that is, that it would increase from the orchard to the South beds, to the North beds, to the greenhouse [how does this order reflect “treatment intensity”.  It is not clear how you are operationally defining this term].  We also sampled from the wetland edge, predicting that the slow decomposition in the anoxic environment might yield high levels of SOM, though we were uncertain whether it would exceed the organically amended beds.  Finally, we hypothesized that the treated beds would have higher SOM than the bed area did before it was organically farmed.
[Very nice introduction section, but see comments at close]
Methods


EDIC managed different sites on the George Jones farm using a number of different organic treatments (Fig. 1).  All organically managed sites were cover-cropped with orchard grass and red clover in 1999 and mowed thereafter.  Under cultivation, some beds were also amended with manure, different amounts of leaf mulch and/or chicken tractors: portable enclosures for chickens, placed over beds to fertilize them with phosphorous-rich chicken waste.
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Figure 1. Sampling sites with treatments and 

average percent SOM for each.  [your methods section should not contain any results.  Description of treatments belongs here, but SOM data belong in the results section. Nice job with description of treatments]
C/M – Cover cropped and mowed for 3 years

CHX – Chicken tractor

LM – Leaf mulch

XLM – Extra leaf mulch

M – Manure

1,2 – Number of years in cultivation 


We collected samples from OSAP and a neighbor’s field using 13/16”-1” diameter soil corers, extracting soil to a depth of 6”-8”.  Samples were taken in different geometric patterns depending on the layout of the area.  For agricultural beds (north, south, and greenhouse beds) we took rows of samples from the center of the bed and near both sides, while from larger fields (fallow field, neighbor’s field, and orchard) we took samples in a circular pattern [how was the center point selected?].  Along the wetland edge we sampled along 10-meter transects [were these transects parallel or perpendicular to the edge?  Did they pass through vegetation?].  We bulked soil cores at three replicate treatment types [?] [what is a replicate location?] per site, except for the south beds for which we had six replicates (Fig. 2).  For a site map and diagram of our sampling scheme see Fig. 3.
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Figure 2. Cores per replicate sample and number of replicates at each site.  Date refers to date collected. [your distinction between “samples” and “cores per sample” is a bit confusing -- if I were not familiar with your project, I would not get it from your description.]
We determined SOM content using loss on ignition procedures described by Baldock and Nelson (2000).  All samples were oven dried at 105ºC for at least 24 hours, then homogenized with hammers or an Eclipse meat grinder to pea-size (~4mm diameter particles) or smaller [what kind of a meat grinder?!].  A 16-22 gram subsample was weighed and then heated at 400°C for 16 hours.  Samples were reweighed following combustion and % loss on ignition was expressed as (post-combustion weight – pre-combustion weight)/(pre-combustion weight) [I know this is pretty simple, but in addition to citing work, you need to describe what you did at this level]

We used Microsoft Excel’s ANOVA software to determine the statistical significance of differences in average SOM percentages of various sites.


We compared our data with SOM content of the Jones Farm soils as sampled in 2000 and interpolated across OSAP (Masi, 2000, Fig. 4). [you need a a description of how SOM was measured in the first study.  How were these samples collected?  Were they the same depth?  Was the loss on ignition method used?  Who did it?  The reader needs this information to interpret your comparison -- ]
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Figure 4. Percent SOM at the Jones Farm in 2000.

Results


The greenhouse beds had 4.0-5.3% more SOM than any other studied area and differences were statistically significant (p-values ranged from 0.011-2.8E-09, Fig. 1 and Fig. 5).  There were no significant differences in SOM content between any of the other organic treatments (Fig. 6).


The fallow field contained significantly lower levels of SOM than the orchard, south beds, greenhouse beds, and outdoor beds in general (average SOM = 1.2%, 0.8%, 5.3%, 0.8% respectively, p<0.05 in all cases [? Not clear from this what is significant], Fig. 5 and Fig 6).  The fallow field contained less SOM than the north beds at the 90% confidence interval (0.8%, 0.9% lower average SOM content respectively, p<0.1).  The neighbor’s field was significantly lower in SOM than the greenhouse beds, but not significantly
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Figure 5. Mean soil organic matter percent for various sites.  Error bars represent one standard error.  Capital letters indicate significantly different SOM values at the 95% level and lower case letters indicate differences significant at the 90% level .  Significance was determined for pair wise comparisons using MS Excel’s ANOVA (analysis of variance).
[I think that there is something inconsistent about this significance scheme – Lowercase c is different from B, but only at the .1 level – but I assume that lower case c is different from A at the .05 level (?)]

different from any other site.  There was an unusually high level of variability in the neighbor’s field (4.2-7.0% SOM) compared to the other sites.


We also found no significant difference between leaf mulch application and extra leaf mulch application.  Soil that had been cover-cropped and mowed had an average of 0.9% more SOM than soil that was never cover-cropped (p=0.0025).


SOM content of the wetland edge was not significantly different from the north beds, the south beds, or the 

orchard.  The wetland edge mean SOM content (4.8%) was higher than the SOM content of the fallow field (3.9%), 

however this difference was only significant at the 90% confidence interval (p=0.065).


In general, SOM content increased since the last study of OSAP.  Values for SOM in 2000 ranged from 1.7-3.7% for all study sites on the OSAP property.  This amounts to at least a 1% increase for all organically managed sites, and the wetland edge.
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Figure 6. Statistical pair wise comparisons for each site.  Data was analyzed using MS Excel’s ANOVA (analysis of variance).  Yellow cells indicate significant comparisons in the 95% confidence interval.  Orange cells show significant comparisons in the 90% confidence interval.  Red cells show insignificant comparisons.  “Outside Beds” is a grouping of the north beds and the south beds.  [This is a pretty cool table.  Since the numerical value of the P-values is really not very important, the table could be made simpler and easier to interpret by using just three or four levels – e.g. P>0.1, P<0.1, P<0.05, P<0.01]

Discussion:


The high SOM content of the greenhouse soils clearly shows organic amendments can boost SOM content above levels found in the untreated fallow field or the conventionally managed neighboring field [good general conclusion]. The low SOM content of the fallow field in separate comparisons to the south beds, all beds as a group, and the orchard further demonstrates the value of organic soil management for SOM accumulation at the Jones Farm.  Cover cropping, when isolated from other variables, significantly contributes to the difference. 


Comparisons between the neighboring field and organically managed plots other than the greenhouse show no significant differences in SOM.  Replicate sampling sites in the neighboring field were visually selected to maximize representation of heterogeneity, resulting in high variability among replicates [I think you realize this now, but from a statistical perspective it is important to select a sampling regime that is either random or systematic].  This variability prevents any clear distinction between SOM in the neighboring field and in the managed, outdoor Jones Farm 

soils, since the mean values at all of these sites are quite similar  [even if the mean had been quite distinct, high variability would have prevented you from detecting differences].  Therefore the results of these comparisons, which exclude the greenhouse, do not lend support to the claim (Matson et al. 1997) that organic farming practices lead to higher SOM accumulation relative to conventional practices.  However, comparisons of the fallow field and year 2000 SOM content( with current OSAP soils show significant accumulations of SOM [how did you measure significance here?  One way to do this is to measure change (final – initial SOM) and compare change among treatments using ANOVA – this allows you to detect differences.  There are also statistical approaches to assessing whether final differs from initial (i.e. null hypothesis is that change = 0).  If you did not do these tests, then you shouldn’t say “significant”].  If this trend continues, OSAP SOM content could surpass that of the neighbor’s field within the next few years.

The high greenhouse SOM content supports our hypothesis that among differently managed plots on the Jones Farm, those that received the most organic amendments would have the highest SOM content [Is this what you mean by “intensity”.  Still not clear what “most” means because you have both different types of treatments and different magnitudes of each.  You need an operational definition to make this clear].  Interpretation of these results requires consideration of both inputs to and losses from the dynamic SOM pool (Six and Jastrow, 2002).  The greenhouse beds received more organic amendments, and thus inputs to SOM, than any other plot.  In addition, soils in the greenhouse beds are relatively protected from both wind- and water-driven erosion, which decrease SOM content by removing soil and breaking up soil aggregates (Izaurralde and Cerri, 2002).  Therefore, SOM losses may have been minimized.  However, SOM decomposition increases at higher temperatures, due to increased microbial activity (Rice, 2002).  Higher temperatures in the greenhouse apparently do not result in enough SOM loss due to decomposition to negate the benefits of increased inputs and decreased erosion [good].   

Differences in the relative degree of treatment do not always result in correlative differences in SOM.  The north beds received more treatments [more in terms of variety or in terms of magnitude – you could use 100 ways to increase SOM, but if they were all small in magnitude then they would be less than 1 way that added lots of organic matter]  than the south beds or the orchard, but none of these plots was significantly higher in SOM than any other.  Outside of the greenhouse, erosional processes may dominate SOM dynamics [good], so that inputs are relatively less important in determining overall SOM accumulation.  Alternatively, manure and leaf mulch amendments may not have been sufficiently concentrated on treated beds to result in higher SOM than in the orchard.  Since SOM content is statistically indistinguishable between north and south beds, it seems that different crop types have not affected SOM accumulation in them, contradicting [‘not consistent” or “does not support contention” are generally safer phrases than “contradict”] the variation typically attributed to differences in vegetation type (Janzen et al., 2002).  Lack of clear differences among treatments and crops may be due to the recent conversion to organic management [good].


Wetland edge SOM content did not differ significantly from that in the orchard or beds, suggesting the wetland edge may naturally increase SOM as efficiently as organic amendments do.  The anoxic conditions typical of wetland soils inhibit the decomposition of SOM (Quideau, 2002), which could account for the similarity to the SOM content of managed areas despite the lack of inputs from humans.  Yet high variability among wetland edge replicates, likely due to the difficulty of defining a true “edge,” decreases the significance of the comparison between higher wetland SOM and lower fallow field SOM.  Despite this potential imprecision in sampling, we feel that an interesting trend toward higher SOM content in wetland compared with fallow field soils is apparent in our results.  SOM accumulation at the wetland does not benefit agriculture, yet it is an interesting natural “yardstick” against which to measure relative efficiency of human efforts to augment SOM [interesting suggestion].  


Our results suggest that in three years of cover cropping and one to two years of cultivation with organic amendments, SOM content has already increased by at least 1% in all Jones Farm sites as compared to year 2000 values [this really needs to be more thoroughly qualified with a discussion of methods used to assess SOM – more than just a footnote].  Therefore, under current management techniques, SOM is accumulating faster than it is being lost through decomposition or erosion.  Further management of OSAP on the Jones Farm should strive to continue this positive trend.  We suggest that monitoring of trends in SOM accumulation at this site continue.  We also suggest that although the environment inside the greenhouse is different from that outside, and may account for the drastic difference in SOM accumulation there, the outside beds may still benefit from the intensity of organic treatments that has so far only been applied to the greenhouse beds.  However, it has been found that no-till and conservation-till cultivation are most effective at maintaining SOM (Hartwig and Hoffman, 1975, Curci et al., 1997). Given the possibility that erosion may be the key factor in SOM dynamics at the Jones Farm, adoption of such tillage practices could dramatically improve SOM retention [FYI, I don’t think that no-till is commonly used in organic agriculture (with the exception of Wes Jackson’s work at the Land Institute).  No-till usually uses lots of fungicides and sometimes herbicides – good for reducing soil erosion and loss of SOM, but not organic].


Although our study compares the effects on SOM of a variety of organic soil management strategies, we wish to emphasize that our research is observational, not experimental [yes, good qualification].  We were unable to isolate the precise causes of SOM increase since OSAP beds have not been designed as experimental plots.  Therefore, to determine the most significant site-specific contributors to SOM accumulation, it would be beneficial to establish experimental plots with proper controls and isolation of independent variables, on or near the Jones Farm [very good suggestions].

Site Map and Diagram of Sampling Schemes
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Figure 3. Sampling methods and layout of the Jones Farm beds.  Map not to scale.  Neighboring field adjacent to the West.  Sampled sites shaded brown.
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COMMENTS

1. Title

√Summarizes what you did (and what you found if possible)

2. Abstract

√Summarizes what you did, how you did it, what you found, why important

3.  Introduction/Background (revise from proposal)

√Context: review relevant findings from literature 
[Nice job with general literature review.  You need more of a description of how different types of management for SOM might yield different results – there must be other studies out there comparing SOM management practices.  What have they found?]
√Problem statement establishes gap in knowledge, need for research, how your research fills gap

√Mechanistic hypothesis describes what you expected to observe and why
[This is a bit week in the sense that you do not define what you mean by “treatment intensity”, or how the different fields reflect this.  ]
4. Methods (revised from proposal)

*Describes what you did in sufficient detail that someone could reproduce
[Not really – see comments in text.  We need more info on both sampling and processing samples.  In particular, there is no information on how previous samples were processed – vital info for interpreting change over time]
*What, where, when, and how did you make your measurements? 

Brief description of samples and equipment
[It usually makes sense to actually name the brand of equipment used, the city where manufactured and the model number – this makes it much easier for folks to interpret and reproduce]
√Diagrams, maps of sampling, tables, timelines may be useful 
[Excellent map]
√Reference literature where appropriate (who’s procedure did you use?)

5. Results:
√Include text, tables, graphs & figs that describe but do not interpret results

*Explain calculations

√Indicate statistical significance

6. Analysis & Discussion:
√Interpret meaning of findings in light of other studies

√Address limitations of findings and suggests further study
[Nice job with qualifications and suggestions for further study]

[A table that includes location, treatment, SOM ’99 and SOM ’03 would make a nice addition to discussion section]
7.  Literature cited:
√Use format of the journals Ecology or American Naturalist

xDo not use footnotes

8.  General comments:
Kate, Tina, Natty:

You discovered along the way that the “experimental design” of existing treatments itself was fairly wishy-washy and poorly documented, and made a very respectable stab at trying to meaningfully analyze data.  However, as I say within the paper, your study needs to develop a clear operational definition of precisely what you mean by “treatment intensity”.  There are different types of treatments, different magnitudes of treatments, and different combinations.  Type and magnitude are both critical parameters that you do not clearly distinguish between.  Since you don’t define intensity, it is not really possible to falsify (or find consistency) with the hypothesis that SOM increases with intensity.  Hopefully we can do a better job with documentation in the future.  

Your report is generally well organize, clearly written and you offer numerous thoughtful suggestions for why treatments might not differ.

Excellent job with the oral presentation – well rehearsed, good distribution of material among presenters, engaging style.

Congratulations on a job well done

( Due to unavailability of information about analysis methods used in the 2000 study, comparison with current data may inflate the interpreted SOM increase.  [this is an important point that should be incorporated directly into your discussion and not included as a footnote – footnotes are not generally used in ecological literature]
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