1. Project Name and Contact Information

“Study of the Effects of Cover Crop and Composting Schedules”, 

Conrad Vispo

Hawthorne Valley Farm

327 Route 21C

Ghent, NY 12075

(518) 672 7500 ext 254 or 781 0243

fep@taconic.net
2. Goals

Our key question is: How much can we increase our production by spreading our autumn compost onto a cover crop vs open ground?

We are exploring this question by testing the effects of autumn composting on bare and cover-cropped soil. The New Organic Standards mean that we must apply our manure/compost in the autumn, accomplishing cover-cropping at the same time can sometimes be a stretch and so we are trying to evaluate the relative importance of making sure the compost goes onto a cover-cropped area.

We raise mixed vegetables, and will use lettuce growth in our different experimental plots as our primary measure of effect; we will supplement this with soil chemistry measurements.

3. Farm Profile

[repeated from application, there hasn’t been appreciable change]

Hawthorne Valley Farm is a diversified, 400 acre farm that has been in operation since 1976. We are located in Columbia County in eastern NY. We produce garden vegetables for a 250 member CSA and for sale in our store and at the New York City Green Market. We have a rotationally-grazed dairy herd of about 60 head which are milked twice daily. We sell whole milk and produce yogurt, quark and a variety of cheeses. The yogurt and quark are sold both regionally and nationally. Our cheeses are sold locally and through the Green Market. We also maintain 5-15 pigs for pork and are beginning to build a beef cattle herd. In addition to the 400 acres of the farm-owned land, we lease an additional 300 or so acres for haying and pasture. The farm has four full time farmers, 2-6 farm apprentices and several part-time helpers. The Farm is part of the Hawthorne Valley Association, an educational non-profit; the farm’s commercial viability is important to the overall success of the Association. The Association also includes a School and Visiting Students Program, and up to 500 kids/year get the chance to see how a true working farm operates.

4. Participants

Primarily, this is an on-farm project and collaborators include myself (as a researcher), the head farmer (Steffen Schneider) and the vegetable farmer (Katy Lince). Steffen, Katy and I share duties of planting and measuring. I also serve as coordinator. In addition, we have consulted on soils with Quirine Ketterings of Cornell.

5. Project Activities

[see below]

Summary

Our central question was the following: given that USDA organic standards mean that our compost must be applied substantially prior to the growing season (effectively in autumn), does applying that compost together with a cover crop provide substantial advantages as compared to applying compost only? The question is of practical significance because it helps determine the end-of-season work load.

We studied this question by dividing a 490 ft lettuce bed into three blocks, and then, within each block, creating four plots to which we randomly assigned the following four treatments: Compost & Cover Crop (compost applied and then plot seeded with rye, vetch, and red clover), Compost only (compost applied but ground left bare), Cover Crop only (rye, vetch, and red clover planted, but no compost applied), and Control (neither compost nor cover crop utilized). The result of our design was 12 plots, with three plots in each treatment.

The plots were established in the autumn of 2004. In order to simulate actual on-farm treatment of open plots, any plots without cover crop were planted with a single lettuce crop during 2005 and the plots with cover crop were mowed. All plots were ploughed and planted to lettuce in the Spring of 2006. The lettuce was cropped twice during the 2006 growing season: once in July, after which lettuce was replanted, and then again in October.

In order to look at the effects of these treatments on the soil, we measured soil characteristics three times (autumn of 2004, 2005, and 2006). Aside from the basic Cornell soil tests, we also measured “soil life” using the Solvita soil respiration assay (this test indexes carbon dioxide after incubating the soil sample for 24 hours at room temperature). In 2006, we also looked at the effects of our treatments on lettuce production. All plots were planted with one lettuce variety (“Magenta”) in a uniform density. During a single harvesting bout, we cut and weighed 24 lettuce heads from the center of each plot (we chose the center to avoid too much overlapping effects from adjacent treatments). These lettuce heads were weighed and their redness and extent of rot were graded on a scale of 1 to 4 (none, little, some, much). This protocol was followed during the July and October harvests. Final soil samples were taken after the last harvest.

We analyzed our data by using basic statistics to look for differences amongst treatments in terms of both soil characteristics and harvest results. Statistical tests are a way to estimate how likely it is that any observed treatment effects are due simply to chance. We deemed a result to be statistically significant if the probability that the observed difference occurred by chance was less than 5 in 100.

In terms of harvest characteristics, our data showed that lettuce head size and quality, at least at the July harvest, was best in the Compost & Cover Crop plots, similar but slightly poorer in the Compost only plots, a bit worse in the Cover Crop only plots and worst in the Control plots. All differences were statistically significant. At the October harvest, Compost & Cover Crop retained its advantage, but the quality gradient of the remaining treatments was unclear, and the only statistically significant difference was between Compost & Cover Crop and Cover Crop only. To illustrate the scale of the effect, Compost & Cover Crop heads weighed about 1½ lbs and the Control heads were around .8 lbs in July. The respective values for the October harvest were .55 lbs and .43 lbs.

The treatments appeared to have some effects on autumn soil quality, although consistent patterns were rare, and differences seemed smaller in 2006 than in 2005. In 2005, the Compost & Cover Crop treatment ranked first or second in terms of soil respiration, percent organic matter, phosphorus and potassium. The Control plots ranked third or fourth (i.e. second-to-last or last) for the same four values. Patterns for nitrate and the remaining soil elements were not clear.

We concluded that the treatments had measurable effects on production and estimated their magnitude. However, whether or not these differences are sufficient to justify applying compost and cover crop together from a short-term, purely economic perspective is question only the farmer can answer. We did not evaluate long-term trends or environmental effects such as nutrient leaching.

Illustrated Methods
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The above diagram outlines how we conducted our experiment. We used a stratified random block design in which we broke the bed into three blocks containing four plots each. Within blocks, we randomly assigned our four treatments to the four plots. Each plot was 5’ x 41’; and the entire bed was 492’ long.

The “Magenta” variety of lettuce was planted on all open plots in 2005; and on all plots in 2006. We planted lettuce on open plots in 2005, cut cover-crop plots, and reapplied compost to the appropriate plots because this followed our standard farm practice for open, cover-cropped, and composted plots respectively, and we wanted to assess results under ‘true-to-life’ conditions.

For each plot, pooled soil samples were assembled from at least six subsamples collected with an auger from the top five inches of soil within four feet of the plot center line. (We collected soil samples and lettuce heads from near the center of each plot in order to avoid the “leakage” of effects from adjacent plots). These 12 samples were then sent to the Cornell Nutrient Analysis Lab for standard soil nutrient analyses; each plot’s respiration was measured immediately after sample collection with the Solvita test kit. 
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Measuring compost application rates, Autumn 2004. We wanted to simulate rate of application generated by our manure spreader. So we measured its application rate several times by driving the spreader over a plastic of known dimensions and then weighing the compost found on the plastic. Based on those measurements, we chose a single value (359 lbs per205 ft2  plot) and applied that amount by hand (in order to insure all plots received an equal quantity). Because it was not handled according to their protocol, our compost  qualified as “manure” according to USDA organic standards; however, this material had been piled the previous winter and turned at least once. In the text, we refer to it as “compost”.
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22 September 2004. The experimental bed after manure application. This is a triple bed – the experimental

plots are located along the left-hand third of the plowed area, their width is outlined by the composted plot.
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23 September 2004. Chisel plowing bed after manure application and before seeding. (Seeding was subsequently done by hand with rye, vetch and red clover.)
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7 December 2004. Experimental Bed (on left, plots marked out by white flags along border).
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Experimental Plots during 2005 growing season. On left, 6 June with young lettuce coming up in open plots and cover crop trimmed. On right, 3 October, after lettuce harvest, weeds growing into to open plots.
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Soil Samples. Left, the Solvita soil life test used to measure soil microbial activity. Carbon dioxide production is graded according to color of the palates inserted into each jar. Center, one plot’s pooled soil sample sitting in a bucket. A subsample of this was taken for the Solvita test, and the rest was air-dried and then sent to Cornell for standard soil nutrient analyses. The pooled sample was collected using the auger pictured at right. At least six cores were taken from the central eight feet of each plot; they were then mixed together in the bucket.
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The experimental plots during the 2006 growing season. On the left, the first lettuce crop has just been planted in early June. Center and right, the plots before the season’s first  lettuce harvest on July 17th.
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The plots prior to the harvest of 9 October 2006. On the right, our excellent (?) thistle harvest (several of our plots were invaded by thistle; lettuce was harvested from them nonetheless).
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The July 2006 harvest crew in action. Katy, the head vegetable gardener, cuts and

grades the heads, while one apprentice, Leoni, weighs and another, Mike, records.
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July 2006 harvest. A fine two pound lettuce head (left); not a two pound lettuce head (right).
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July 2007 harvest. A lettuce heads with “some” reddening (left) and almost no reddening (center). A cross-section of a lettuce head with extensive rot (right).

Detailed Results & Discussion

Lettuce Head Weights

Not surprisingly, both compost application and cover cropping resulted in increased lettuce weight relative to plots that had received neither. Furthermore, the autumn application of compost followed by cover cropping resulted in significantly increased lettuce weight relative to other treatments. The treatment effect was significant for both harvests (ANOVA, p < .05). T-tests exploring differences amongst the means indicated that all means differed significantly (p < .05) from each other in July (Fig. 1). In October (Fig. 2), Compost & Cover Crop resulted in significantly heavier heads than the Cover Crop only plots, but the differences from the Compost and Control plots were not significant (but see below). In terms of relative weights, July lettuce heads from plots which had received Compost & Cover Crop were nearly twice as heavy as those from Control plots, while in October, when all heads were smaller, heads from the dually treated plots were about 25% larger than the Control heads.

There were significant differences within treatments and across blocks. The southern portion of our study bed consistently produced heavier lettuce heads.

There are at least two caveats. In the July harvest, one Cover Crop plot was hit hard by rabbits. While we corrected for that somewhat by measuring additional lettuce heads, this loss may have somewhat reduced the Cover Crop mean. In October, one of the three Control plots was accidentally not planted. In order to achieve the balanced design necessary for the ANOVA’s that we ran, we “created” a third control plot by duplicating the results of the middle plot and multiplying its values by the average percental difference between block 1 and 2 observed for the other treatments. The average weight of the two real plots was .40 lbs and .41 for our three plots including the adjustment.
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Fig. 1. The mean weights of lettuce heads harvested in July 2006 from the plots in each treatment. Bar indicates the approximate confidence interval around each mean (two times the standard error).
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Fig. 2. The mean weights of lettuce heads harvested in October 2006 from the plots in each treatment. Bar indicates the approximate confidence interval around each mean (two times the standard error).

Other Lettuce Head Characteristics

While we did not attempt to extensively quantify the quality of each lettuce head, we did codify and record two characteristics of the heads aside from weight: redness and rot. Leaf reddening is thought to indicate stress in the Magenta lettuce variety which we planted. We ranked lettuce heads on a 1-4 scale indicating none, little, some, and much reddening. Likewise, rot was scored on a similar 1-4 scale.

Leaf redness and rot paralleled our weight results in the July harvest but not in the October harvest. In July, redness of “Compost & Cover Crop” heads was significantly less than that of any other treatment. Rot was not only significantly lower in the “Compost & Cover Crop”, but heads of the Control lettuce had significantly more rot than all other treatments (all results t-tests, p<.05). In October, the patterns were somewhat reversed with redness and rot of the “Compost & Cover Crop” heads exceeding that of the Control heads, although the difference was only significant for redness.

Soil Parameters

We ran standard soil tests for basic nutrients and, independently, did the Solvita Soil test for Soil Life based upon CO2 production.

We essentially had two forms of control for the soil tests: the first year of sampling (2004) occurred prior to the application of any treatments and thus, for each treatment, the first year serves as a control for the subsequent two. At the same time, we had our standard control plots which remained untreated through the experimental period. For aluminium, calcium and organic matter, there were significant differences amongst plots as grouped by treatment even prior to the application of treatments. Thus, the general conclusions that follow are based more on the within-treatment group evolution of soil properties relative to the evolution in the control, rather than the absolute values amongst treatments. 

CO2 Production

The only statistically significant differences within years occurred in 2005 when the “Compost & Cover” plots had significantly higher CO2 production than the Control and the Compost only plots, and when Cover Crop had significantly higher production than the Control (Fig. 3). All treatments were associated with above-control respiration values suggesting that they enhanced soil life. The Compost & Cover Crop treatment showed consistently higher values. Sampling occurred later in 2006 than in 2005 and that may help explain the overall decline between the two years, although sampling was likewise later in 2005 than 2004.
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Fig. 3. Carbon dioxide production from soil under the four experimental conditions. Soil samples were incubated following the Solvita protocol and CO2 production was scored using their index. CO2 is produced by respiration occurring in the soil and is thought to indicate the intensity of soil life.

Organic Matter

In all years, the organic matter of Control plots was significantly lower than the Compost & Cover Crop plots and the Cover Crop only plots (Fig. 4). There was no experimental reason why this difference should have existed in 2004 (before application of any treatments), so we can only assume that, to some degree, these differences were a fluke. Under these conditions, the more relevant comparison is between 2004 values and subsequent values within each treatment. Perhaps the most striking result is that the Compost only treatment did not appear to be associated with any organic matter increase.  (The Compost & Cover Crop and the Cover Crop only treatments appeared to enhance organic matter slightly between 2004 and 2005, but the same pattern was seen in the Control plot suggesting a non-experimental factor; the Compost only plots bucked this trend.)
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Fig. 4. The percent organic matter of soils under the four experimental conditions.

Soil pH

The only significant differences within any year were, in 2006, between “Compost & Cover” and Compost only and between Cover Crop and Compost (Fig. 5). The relatively high pH of the Control plots in 2006 was due to one plot of the three having an extraordinarily high pH (7.36) while the other two had pH’s of 7.02 and 7.03. The presence of Cover Crop in both the mixed and the Cover Crop only treatments may have been associated with a reduction in pH in 2006, or some other factor may have been responsible.

[image: image27.wmf]pH

6.85

6.9

6.95

7

7.05

7.1

7.15

2003

2004

2005

2006

2007

Year of Sample

pH

Compost & Cover Crop

Compost

Cover Crop

Control


Fig. 5. pH of soils in plots under the four experimental conditions.

Phosphorus

The only statistically significant within-year differences were in 2006, when the Cover Crop plots averaged significantly more phosphorus than either the Compost & Cover Crop plots or the Compost only plots (Fig. 6). Relative to the Control plots, none of the treatments resulted in significantly enhanced (or reduced) phosphorus.
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Fig. 6. The phosphorus content of soils under the four experimental conditions.

Nitrate

In 2005, the Compost and the Control plots had significantly higher soil nitrate than the Compost & Cover and the Cover Crop plots (Fig. 7). These results seem especially strong given that the measurements from all six of the plots of the first two treatments were higher than any of the measurements from the plots of the latter two treatments. In 2006, the Control plots were significantly lower than the Compost & Cover Crop and the Compost only plots. It would appear that in 2005 the cover crop may have consumed nitrate, and that compost may have enhanced nitrate, an effect that persisted through 2006. 
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Fig. 7. The nitrate content of soils under the four experimental conditions.

Potassium

In 2005, potassium in Cover Cropped soils was significantly lower than either Compost & Cover Crop or Compost only (Fig. 8). In 2006, the Control was significantly lower than the same two sets of plots. Cover Crop and Control had nearly identical means in 2006, but variation around the Cover Crop mean was substantially higher because of one very low value (61 ppm). Again, Cover Crop did not enhance and may have even reduced potassium levels.
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Fig. 8. The potassium content of soils under the four experimental conditions.

Remaining Elements (Aluminium, Calcium, Iron, Magnesium, Manganese, Zinc)

As the graphics below illustrate (Fig. 9), the patterns for the remaining elements appeared generally tighter than the preceding ones, and the significant differences that did exist were often pre-existing ones (i.e., patterns present in 2004 which persisted into later years such as the low value of the Control plots in the Magenesium analysis).
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Fig. 9 (cont’d.)
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Fig. 9 (cont’d.)
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Fig. 9. Quantities of aluminium, calcium, iron, manganese, and zinc in the soils under the four experimental conditions.

Conclusions

In terms of treatment effects on soil parameters and on lettuce head weights, Cover Crop seemed to be the least effective of the three active treatments, and the combined treatment (Compost and Crop Crop) appeared to be the most effective. Effects seemed to lessen in the second (October) harvest.

If one assumes that there are approximately 850 lettuce heads to a bed and that there are two harvests, then total pounds harvested under each treatment would be roughly 1680 lbs under the Compost & Cover Crop, 1488 lbs under Compost alone, 1248 lbs under Cover Crop, and 1000 lbs without any active treatments (i.e., the Control). Obviously, actual values would depend on the pre-existing soil conditions and other factors; furthermore, these patterns might change if treatments were continued. For example, without any treatments, beds might progressively degrade if repeatedly harvested over time. Nonetheless, we hope that these are ballpark estimates of the actual effects. 

The above calculations do not translate directly into farmer income given that lettuce is often sold by the head rather than by the unit weight. Because all plots were planted at equal density, we did not evaluate the potential for differences in the number of heads that could be grown under each treatment.

Lettuce heads under a certain size are not marketable, hence some of the plots which produced the lowest weights would probably have had even lower relative value if our parameter had been total weight of marketable heads. For example, if we assume that any head smaller than half of a pound would not be fit for market, then at the October harvest more than 60% of the heads from “Compost & Cover Crop” treatments would be keepers, more than 50% from the Compost treatment, and only around 30-40% of the Cover Crop and Control heads. Heads were generally larger at the July harvest, and similar calculations showed that more than 95% of the heads in any of the actively treated plots were suitable for market, and around 75% of the Control heads were adequate.

Whether these treatment differences are sufficient enough to warrant planting an autumn cover crop atop a composted field is a decision that each farmer must make based on their time availability and marketing.

While more detailed studies would be needed, these relative improvements on lettuce weight seemed to be associated with somewhat similar results for soil macronutrients in 2005 (i.e., Compost & Cover Crop and Compost seemed to generally have the biggest effects on soil nutrients). Patterns of soil nutrients in 2006 were less clear, and understanding them is complicated by the fact that they are the results not only of differential treatments, but also of differential harvests given the significant among-treatment differences in lettuce weight, and the fact that open plots had a 2005 lettuce harvest. 

Of potential interest would be measurements of active organic matter and nitrogen. These tests measure soil components thought to be more readily accessible by plants and more immediately responsive to management. Furthermore, while it took us three years to complete this study, truly meaningful results would probably require the continued application of these treatments over a longer period of time. After all, one of the most relevant questions is, in some ways, not the immediate results of such practices but rather their long-term consequences. Does one, for example, degrade soils in the long-term by using compost without any cover crop?
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