Comparison of soil properties in raised bed greenhouse and adjacent fallow fields: effects of 3 years of intense organic management at the Jones Farm Oberlin, Ohio.
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Abstract. Soil management is sustainable if the soil quality stays the same or increases while under cultivation.  Soil quality can be assessed based on a number of factors, and was determined in this study by measuring % soil organic matter (SOM),  pH, cation exchange capacity (CEC), and % base cation saturation.  A greater SOM and pH can increase the CEC of the soil, by increasing the number of exchange sites for the base cations that plants need to grow.  At the George Jones Memorial Farm in Oberlin, Ohio we focused on two management practices currently in place: intensely managed greenhouses and minimally managed fallow fields.  Because the fields had not been managed since 2000 when an initial land assessment was completed, our study used the field measurements as a proxy for baseline data, and documented changes produced in soil quality from three years of management practices in greenhouse beds.  Our results showed that the soil in the greenhouse beds was higher in all tests which leads us to conclude that the intensive management practices at the Jones Farm have increased the quality of the soil making it better suited to sustainable agriculture.



INTRODUCTION

Jones Farm background

In 1999, as part of an effort to [place renewed emphasis on] [demonstrate?] ecologically-sound farming practices and small-scale, community-supported local food production, the Oberlin Sustainable Agriculture Project (OSAP) began farming operations on the 70-acre plot of land now called the George Jones Memorial Farm (Marcus 1999) [Hmm, my recollection is that OSAP was not farming out there until 2001].  Located just west of Oberlin, Ohio, the property is owned by Oberlin College and managed by the Environmental Design Innovation Center (EDIC), the non-profit organization that leases land to OSAP [OSAP is a non-profit organization in its own right that is independently managed from EDIC].


Encompassing a sustainable, multi-use approach to agriculture, the north side of the Jones Farm property (which is separated from the south side by a woodlot) is divided between greenhouses, row-crop fields where vegetables are grown, an immature apple orchard, as well as a wetland area and fallow fields.  Intensively farmed during the 1980s by farming operations that leased the land from the College, much of the soil was severely depleted in nutrient content and soil organic matter at the start of OSAP management.  In addition, the underlying till soil is clay-rich and not well-drained in general.  Starting in 2001, intensive addition of organic matter to raised beds in the greenhouses, as well as more distributed addition of organic matter to the northernmost fields, has been instituted in an effort to re-build these neglected soils.  Much of the field area south of the greenhouses has lain fallow for several years, though future plans for cultivation by OSAP exist (Petersen, personal comm.).

  
EDIC has conducted a number of soil tests on numerous plots at the Jones Farm (Masi 2000).  These soil analyses included pH and CEC (cation exchange capacity).  Since then, the CEC has not been measured at the farm due to previous lack of testing equipment.  There have been many changes in farming practices since the original CEC tests and these changes may have had a significant affect on the cation exchange capacity of the soil. We studied CEC, pH, and soil base cation concentration between two areas of varying management practices on the OSAP property—greenhouse beds and the fallow south field— to quantify the effect each of these regimes may have produced in these soils, and to guide future decisions in soil management practices at the Jones Farm.  [Normally you would build a case that there is a significant gap in knowledge before mentioning your experiment – the idea is that your experiment follows as a logical means of filling this gap in knowledge.]
Soil Properties/CEC background
[should probably start with the general statement that nutrients are important to soil fertility and CEC is important to nutrient dynamics within the soil – this is why we care about CEC].  The CEC of soils has been shown to be affected by many factors.  The most important correlations relevant to our study site have been made between CEC and pH in clay-rich soils (Peinemann et al. 1999) and organic matter in soils with low clay content, (Johnson 2002).  Cation exchange capacity is a measure of the number of negative sites on a soil matrix that have the ability to hold onto positively charged ions (cations) such as Ca2+, Mg2+, K+, Na+, and NH4+.  These sites can also be filled with H+ ions and Al3+, but unlike the former stated ions that bond weakly to the site and therefore can be removed and taken up by the plants, H+ and Al3+ bond strongly and decrease the amount of exchangeable cations in the soil (Chapin et al. 2002).  These two ions will also affect the pH of the soil.  An abundance of H+ decreases the pH of the soil and lowers the CEC, while the presence of Al3+ can increase the pH.  A higher pH soil has also been shown to have a higher CEC (Peinemann et al. 1999).  [perhaps say something specifically about pH dependent CEC and mechanisms that account for it (particularly pH dependence of organic matter CEC)]
 
Macro- and micronutrients are essential for plant growth and are often limiting factors. Most of these nutrients are taken up by plants as cations through root and root hair interactions with soil particles. Cakmak (2002) has found that at least 60% of cultivated soils world-wide are suffering from mineral nutrient deficiencies, the most limiting being N, P, K, Fe, and Zn. Cultivation causes cations to either leach out of the soil or bind to microaggregate fractions which are highly stable and do not give up cations readily, decreasing exchangeable cations and effective cation exchange capacity (Pardo et al. 1997) [I suggest moving the preceding part of this paragraph before the discussion of CEC]. Nutrient budgets of gains and losses of these nutrients within a soil have been created as a means of determining soil management practices that are efficient for long-term sustainability (Berry et al. 2003). 


Soil organic matter (SOM) provides [provides is a bit vague – say something about storage and release through decomposition] nutrients as well as sites for base cations in soils. Tilling and harvesting tends to remove organic matter from the soil, thus amendments are crucial in maintaining a constant percent SOM. If organic matter increases over time in cultivated soil it indicates that organic matter input is greater than percent SOM taken away (Chapin et al. 2002). 
We measured total CEC and its relation to pH, soil organic matter content, and base cation concentrations in order to see which of these factors effects soil at the Jones Farm and the differences between managed and unmanaged soil on the same farm.  The soil that we tested in the greenhouse is in raised beds that have been built up repeated applications of organic matter in the form of compost and mulch.  Our hypotheses were as follows:

1) Higher SOM levels in greenhouse beds would be correlated to higher CEC measurements due to the increase in exchange sites produced by organic material  

2) Higher pH would be correlated with higher base cation saturation, because fewer cation exchange sites would be occupied by H+ ions.  

3) Base cation concentrations would be higher in the greenhouses due to the added organic material countering the reduction in nutrients due to tillage.

4) Three years of intense management will give the greenhouse beds a higher SOM than the fallow fields.

[This list is helpful in guiding the reader.]

Methods

 Field Sampling


Our observational field study was designed to sample from two areas on the north half of the Jones Farm property that have been under distinctly different management regimes since the commencement of Jones Farm operations.  These management regimes include a greenhouse area with raised garden beds, and an area of fields south of the greenhouses that has lain fallow since the inception of OSAP, but that was planted with round-up ready soybeans under conventional management prior to this.  


Soil cores were taken from a depth of 6-8” using a 13/16”-1” diameter soil core device.  Each sampling area within our study site (greenhouse and fallow field) was sampled in four different areas, and each of these sub-samples was comprised of numerous soil cores from within the sub-sample area, “bulked together” and homogenized by thorough mixing with a mortar and pestle.  Each sub-sample area was limited to the dimensions of one of the greenhouse beds (4m x 1m), to constrain heterogeneity within soil spatial variability by the size of the least common denominator sub-sample [good thinking].  Because each sub-plot was uniformly rectangular, soil core samples within this area were taken at 1- meter intervals along the longer latitudinal axis, oriented from E-W.  
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Figure 1:  Greenhouse A (GA) and B (GB) at Jones Farm with bed layout and location of sampled beds.  Direction is N(S, from left to right.  Beds are numbered in the order in which they were sampled. 

[How long has the North greenhouse been in operation?  I know it went in much later than the south one]
In the greenhouses, four beds were sampled, three from the southernmost greenhouse and one from the northern one, both of which are side by side. Both houses are composed of soil taken from fields within the farm, with peat moss, leaf mulch, and compost amendments imported (Masi 2004, pers.comm).   Beds in the southernmost greenhouse had been planted during the summer with alternating crops of salad green and sown recently with mescalin.  Beds in the northern greenhouse had been planted with tomatoes.  In the fallow field area, which have no recent crop history or differential use pattern to affect soil properties, sub-sample plots were based on soil sample GPS coordinates used in the initial Land Assessment and Conceptual Land-Use Plan developed for the Jones Farm property by ESIC (Masi 2000).  The coordinates for the four plots selected are as follows, NAD83 State Plane Coordinate system for Northeast Ohio:

F1 = 2055600.38, 592049.16

F2 = 2055219.52, 592039.00

F3 = 2055265.22, 591817.26

F4 = 2055217.56, 591585.45

All soil cores were taken on November 3, 2004, under the same weather conditions.   

Soil Properties
The pH of the soil was taken in a 1:2.5 soil to water ratio using a Vernier LabPro pH sensor (Peinemann et al. 1999) [If this ref is for the oil mixture, then move it to after the word “ratio”.  In its current location it implies that his reference relates to Vernier sensors].   CEC was measured using the same methods as Petersen (2004) and Horn et al. (1982). 

The concentration of base cations was determined by running supernatant liquid from the soil samples following NH4+ saturation through the Dionex ion chromatograph cation column according to the procedures outlined in Petersen (2004) and Sinnah (2001) [Start by saying at least a little bit about how CEC was done –e.g. “following the procedure of Petersen (2004),  sequential addition of NH4 and KCl to soil….”  The reader is not going to know what “following NH4 saturation” means without a bit of explanation].  An inherent problem is obtaining measurements of base cations using this method was presented by the extremely high concentration of NH4+ in the liquid.  This cation ‘spike’ tended to ‘swamp’ the measurements of other cations that had similar retention times on the cation column.  One trouble-solving solution attempted involved raising the pH by adding NaOH to the samples to shift the equilibrium, changing NH4+ to gaseous NH3, thereby driving it out of solution and lowering the artificially high concentration of NH4+.  Although this technique was effective in reducing the concentration of NH4, it altered the concentration of other base cations and was therefore abandoned.  Failure to reduce the ‘swamping’ effect was observed however, and by controlled experimentation with pH-adjusting regimes, it was concluded that raising the pH might also be producing interference in the measurement of NH4 concentrations and the surrounding peaks.  For this reason, only those cations with longer retention times could be measured accurately, and these cation concentrations have been used as a proxy for the percentage of base cation saturation.  

The cation column was observed to be completely flushed clean by the time Ca2+ left the column.  However, there were concerns that in some samples Mg2+ readings might still be exhibiting interference from the NH4+ spike, and so the significance of Mg2+ concentrations between the two sample areas may be subject to further scrutiny.  

Three analytical replicates were tested for both CEC and cation concentration measurements, yielding a total of 24 lab samples from both sites.  One measurement from each sub-sample was taken for SOM and pH data collection.
How was soil organic matter analyzed????
 Data analysis


Differences in CEC and cation concentrations were compared among the greenhouse and fallow field soil samples using Analysis of Variance (ANOVA). Linear regression was used to quantify the relationship between….[explain what you were looking for. Statistical analysis were conducted using Microsoft Office Excel.  

RESULTS


CEC between averaged greenhouse and field sub-sample measurements was statistically different (α=0.05, p=0.013).  Average greenhouse CEC was 11.67 cmol (+)/kg with a standard error of 1.79, while average field CEC was 5.39 cmol (+)/kg with a standard error of 0.30.  


The average percentage of SOM in soil samples from both the greenhouse and field plots was also significantly different (α=0.05, p=0.015), with greenhouse samples at an average of 13.90% with a standard error of 2.33 and field samples at an average of 6.045% with a standard error of 0.19.  SOM levels in the greenhouse beds exhibited a high level of variance (21.81) compared to the field plots (0.14).  Dropping the plot that had the lowest measurement of SOM from the greenhouse bed data, the variance dropped to 7.78.  [To me it seems completely legitimate to drop data from the second greenhouse: the two greenhouses have been under very different management, the “A” greenhouse has been a recent addition, so it is not surprising that it has much lower SOM – I think it is perfectly legitimate to exclude it from comparison.] A comparison of SOM for each plot within the two groups is shown in Figure 1.  
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Figure 1.  SOM in soil samples from individual sub-sample plots at Jones Farm.  GB (1-3)= greenhouse one with the number differentiating between beds within the greenhouse. GA4= bed sampled in the second greenhouse. F(1-4)= different sites sampled within the field from locations found using GPS.


Values of pH were significantly different between averaged greenhouse and field plot measurements (α=0.05, p=2.07*10-6).  Greenhouse pH averaged 6.98 with a standard error of 0.048, while field pH averaged 5.55 with a standard error of 0.065.  

Comparing pH and SOM levels to CEC, there is a positive linear correlation between both pH and SOM and the corresponding CEC measured, exhibited in Figures 2 and 3.
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Figures 2 and 3.  Correlation between pH/SOM and CEC in soil samples from individual sub-sample plots at Jones Farm, with regression lines. Pink points represent the field whereas blue represent the greenhouses. [As I suggested during the poster session, it looks to me like the slope of the relationship between pH and CEC is very different for the highly organic greenhouse soil and the field soil – this almost certainly results from the high degree of pH dependent charge associated with organic matter.  This is worth discussing!]

Average cation concentrations of both Ca2+ and Mg2+ were significantly different between the two sites (α=0.05, p=0.0079/p=0.014, respectively).  Average Ca2+ (mg/L) in the greenhouse beds was 36.99 with a standard error of 5.55, while the average in field plots was 14.74 with a standard error of 1.25.  Average Mg2+ (mg/L) in the greenhouse beds was 0.78 with a standard error of 0.12, while the average in field plots was 0.38 with a standard error of 0.010.  


Figure 4 and Table 1 show summary statistics for averaged and individual sub-sample soil characteristics data, respectively.
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 soil properties from averaged sub-plot data at Jones Farm, with standard error bars and base cation concentrations adjusted to allow for a constant scale of comparison.
	
	
	
	Greenhouse
	
	
	Field
	
	

	
	GB1
	GB2
	    GB3
	    GA4
	
	       F1
	F2
	F3
	F4

	pH
	  6.9
	7.1
	        7
	6.9
	
	   5.5
	5.7
	5.6
	5.4

	CEC (cmol (+)/kg) 
	  11.72
	15.78
	12.09
	7.07
	
	   4.6
	5.45
	6.04
	5.47

	SOM (%)
	  12.9
	18.39
	16.51
	7.78
	
	     5.79
	6.55
	6.1
	5.74

	[Ca 2+] (mg/L)
	  53.2
	28.11
	34.06
	32.6
	
	11.46
	15.12
	14.83
	17.54

	[Mg 2+] (mg/L)
	  1.11
	0.75
	       0.73
	0.55
	
	     0.38
	0.36
	0.37
	0.41


TABLE 1.Comparison of average soil properties of sites sampled within the greenhouse and fields at the Jones Farm. GB (1-3)= greenhouse one with the number differentiating between beds within the [It is not necessary to repeat results in both a table and a graph – typically you would just include the graph.] greenhouse. GA4= bed sampled in the second greenhouse. F(1-4)= different sites sampled within the field from locations found using GPS. 

DISCUSSION


CEC was found to be significantly higher in all greenhouse beds sampled compared to the fallow fields. Although soil organic matter breaks down quicker in tilled soils, the greenhouse had a higher SOM percentage due to the fact that substantial quantities of compost were applied to beds prior to the growing season every year since the greenhouse was installed. Variation between individual greenhouses can be attributed to differences in crops grown in each [Seems to me that this is much more likely due to differences in soil management – the greenhouse with the lower SOM was added much later than the other one]. Salad greens were grown in GB while tomatoes were planted in GA with mescaline planted prior to sampling.   The amount and type of compost added to the houses is not known in order to account for other differences. While this information is not available, we do not feel it lessens the validity of our study because differences between greenhouses and fields were still highly significant in all tests [seems legitimate]. 


A study conducted in 2003 using the same methods as this study found SOM to be 9.2% in the greenhouses and 3.8% in the fallow fields (Bosch et al. 2003). Our results show higher numbers for % SOM in both study sites. The differences may indicate that over the course of a year SOM can substantially increase in both fields where SOM is added and where nothing is added or removed from the system [Did the two studies use identical methods for calculating SOM?  The numbers are dependent on the technique (e.g. duration of incineration)]. 

Due to complications in the IC procedure, Ca2+ was the only base cation we could accurately measure. For this reason, a full macronutrient budget cannot be obtained from our data, but Ca2+ concentrations can still be analyzed, and used as a proxy for base cation saturation, since Ca2+ was the cation in highest concentration.  Again, Ca2+ concentrations were higher in the greenhouse, as well as Mg2+ (although these measurements are skewed by the ammonium spike). Higher Ca2+ concentrations correlated with higher pH and organic matter content of the greenhouses. A higher pH means there is less free H+ to bind to CEC sites, allowing more access for base cations.

Soil texture was not measured. Soils rich in clay tend to have an elevated CEC because clay has a high surface area and a slight negative charge that attracts cations. Clay soils also tend to be more dependent on changes in pH rather than soil organic matter in determining cation concentrations (Peinemann et al. 1999) [this sentence is unclear.  Are you comparing organic rich soils with clay rich soils?].  Soil texture analysis of Jones Farm soils in future studies would allow for the effects of pH to be separated from the effects of SOM additions on CEC measurements.  [Hmm, I’m not sure it would because texture is usually done on the mineral soil, and what makes these soils so different is the high organic matter content of the greenhouse soil]
The fields exhibited a significantly lower pH in all samples in comparison to the greenhouse, lowering the amount of sites for base cations such as Ca2+ and Mg2+.  

Our study demonstrated that CEC varies between tilled soil with added organic matter and fallow fields.  Using fallow field soil quality measurements as a proxy for the baseline conditions three years ago, it can be shown that intensive soil management has substantially increased soil quality [yes, good].  Although some increase from in CEC in the fallow fields may have occurred as a result of natural SOM accumulation, the much higher CEC and SOM increase in the greenhouse beds shows that intensive management of soils can improve soil quality at a rate much greater than natural increases [good].  Information from this study can be used by workers of the Jones Farm in deciding whether or not to plant in the fallow fields while giving a good indication of soil properties for the greenhouses. An examination of soil properties of the fields farmed at OSAP in comparison with the greenhouses could further aid in management choices and practices at the Farm. Phelan et al. (1995) found that CEC was higher in organic farms compared to inorganic in Ohio. Further studies of the Jones farm in contrast to other inorganic farms with similar soil texture in the region can be helpful as a future teaching tool for OSAP.
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COMMENTS

1. Title

Summarizes what you did (and what you found if possible)
Yes, slight tweaking might have allowed you to identify what you found, e.g., “...significant effects evident after 3 years”
2. Abstract

Summarizes what you did, how you did it, what you found, why important
Excellent abstract.  The only thing missing is a statement of the relevance of what was found at the Jones farm to other sites.
3.  Introduction/Background (revise from proposal)

Context: review relevant findings from literature Yes
Problem statement establishes gap in knowledge, need for research, how your research fills gap.  Problem statement could be clearer – something along the lines of explaining how many farmers are involved in converting from conventional agriculture to organic agriculture and there is insufficient data on how quickly key soil properties like SOM and CEC can be improved….”
Mechanistic hypothesis describes what you expected to observe and why
Yes
4. Methods (revised from proposal)

Describes what you did in sufficient detail that someone could reproduce

What, where, when, and how did you make your measurements? 

Brief description of samples and equipment

Diagrams, maps of sampling, tables, timelines may be useful 

Reference literature where appropriate (who’s procedure did you use?)
See specific comments in text – good level of detail on many of your explanations, but a few of these explanations need to be further fleshed out.  Most noticeably absent is any indication of how SOM was determined!
5. Results:
Include text, tables, graphs & figs that describe but do not interpret results Yes
Explain calculations

Indicate statistical significance Yes
6. Analysis & Discussion:
Interpret meaning of findings in light of other studies [Study really needs to consider how these results might be significant to others – seems to me that there must be plenty of literature out there on efforts to increase soil fertility by building organic matter.  Your study should be related to these studies.] 
Address limitations of findings and suggests further study
Yes.
7.  Literature cited:
Use format of the journals Ecology or American Naturalist

Do not use footnotes

8.  General comments:
Ona, Shannon and Rob:
I offer plenty of specific comments above and in text.  In general, this is very clearly written.  
Your poster comes across as a bit biased in the sense that you start with a statement that indicates that you wish to prove rather than to test a point, “to show that intense management can increase the rate at which soil quality improves”.  The very simple fix is to write, “to test the hypotheses that intense….”  Other issues that your colleagues identified in your poster include confusion regarding units in the bar graphs and a suggestion that less bullets might have aided in flow.  But generally I found your poster to be very effective and well structured.
Grade on paper = 9.5/10

Grade on poster = 9.5/10
















































































































































