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Background
Environmental regulations, high fertilizer prices, improved manure handling and storage technologies, and steadily increasing animal densities on farms force us to re-examine manure management. Maintaining a high quality, high yielding crop has always been a priority for farmers. We must now work to sustain those yields while minimizing the potential for nutrient loss while providing farmers a set of management options that allows manure to be most efficiently used.


The greatest concern in applying manure is typically the fate of phosphorus (P) and nitrogen (N). These elements are macronutrients that are needed in large quantities so producers want to ensure these nutrients are readily available for crop uptake. But, both N and P could be potential pollutants if lost from the farm fields and transported to surface and/or groundwater. It is critical to understand the potential environmental loss pathways of these nutrients as minimizing loss through one pathway may lead to increasing losses through others. For instance, surface application of manure without incorporation may reduce N leaching but increase P accumulation and/or P runoff. Incorporation of manure may reduce P runoff but if amounts are not adjusted, it may lead to increase N leaching. 


Our project has three components: (1) assessment of the amount of P needed to raise soil test P levels (related to a soil’s storage capacity for P); (2) runoff versus leaching losses in tile drained systems; and (3) development of outreach materials on soil fertility management. 

Phosphorus Runoff and Tile Drainage Project

Methods:  

Our primary objective for this study is to quantify losses of P and N in tile lines and surface runoff while evaluating the effects of manure application on orchardgrass yield, quality and nutrient uptake. We established 12 large (60’ x 500’) orchardgrass plots designed to collect runoff and drainage water on the Willsboro Research Farm.  Baseline measurements for these plots collected in previous years include general fertility of topsoil, depth profiles, orchardgrass yield and quality, analysis of leachate samples collected from the lysimeter plot manhole sites and rainfall runoff simulations. Yields and analysis of leachate from natural flow were continued in 2006. The dates of these events are summarized in Table 1. Flow rate measurements taken in the spring combined with the flow histories of the plots enabled us to identify plots with similar flow characteristics. Three plots were chosen to receive each of three treatments for rainfall simulation runoff and leaching measurements. A control treatment received only inorganic fertilizer. The other two treatments involved the application of manure at a rate of 5000 gallons per acre (providing 25 lbs/acre P) in addition to the inorganic fertilizer. For one treatment, an Aerway soil aerator was run over the plot prior to manure application. Manure was applied to undisturbed ground for the final treatment. Manure was applied only within the area of the runoff frames. Manure treatments were applied after each cut. Rainfall simulations were performed from 4 to 6 days following the application.

The protocol followed for the rain simulation was modified from the protocol developed by the National Phosphorus Project. The equipment used and rainfall rates followed the protocol. For this experiment we did not saturate the soil the day prior to the rainfall simulation and each treatment was only rained on once.  For the simulations following the first cutting, rain was applied at a rate of 125 ml/sec until runoff occurred. Water samples were collected from paired plots during simulated rain events with the sample collection lasting 30 minutes from the time of initial runoff. Samples were submitted to the Cornell Nutrient Analysis Laboratory for nitrate nitrogen and elemental analyses.  During the simulation, all flow from the tile drain in the plot was weighed and retained to determine flow rate and total volume recovered. Samples were taken at 5 minute intervals for analysis. A bulk sample collected over the entire event was also obtained. Following the second cutting only drainage water was sampled. Due to dry soil conditions at that time, there was no runoff, characteristic for the soil type and summer weather conditions in NNY. The time of the rainfall event was standardized to 1.5 hours for treatments in plot 7. It was increased to 2.5 hours for plot 8 but even with this rainfall duration, no drainage occurred in plot 2. Prior to rainfall simulations, 8” soil samples were taken within the plot. Sample holes were plugged to prevent preferential flow. A hand harvest was performed with in the runoff frames at the second cutting.

Preliminary Research Results (Method Development): 

5
Yields: First and second cut yields of the larger plots (no manure applied) are shown in Table 2. The average 2006 yield was 3.88 tons of dry matter per acre, less than previous years. The yield reduction is primarily due to an early second cut. Yields and forage quality were very similar between plots, identifying uniformity of the plots. 
Leaching data – natural flow: Concentrations of phosphorus in water from the tile drains were very low throughout the season, as shown in Table 3. The concentration in the leachate does not appear to be related to the soil test P levels. The low levels of P and nitrates (Table 4) in the leachate allow us to choose plots for our rainfall simulations by flow rate, not soil nutrient levels. 

Runoff data: The amount of rainfall needed to cause runoff varied greatly between plots, as did the volume of runoff (Table 5). The N and P concentrations in the runoff were more consistent (Table 6). When adjusted for source water N (0.304 mg N/L) and P (0.373 mg/L) concentration the net N and P loads were extremely low. Similar results were seen in the 2005 rainfall simulations at this site. 

Leaching data: As with runoff, the amount of rainfall required to initiate flow from the tile lines was highly variable. Tile flow began as soon as 23 minutes after the rain simulation commenced. With the drier conditions in the fall tile flow took as long as 1 hour 43 minutes to begin. Phosphorus loss through the tile line was low overall, but was significantly higher for the plots that received manure (Table 7). Nitrate concentration levels in the leachate were higher in the manured plots (Table 8) but below the EPA limit of 10 ppm for drinking water. Average concentrations of P and nitrates were similar to concentrations at peak flow.

Phosphorus Accumulation Project
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We conducted incubation studies using NNY soils to determine the efficiency of liquid dairy manure, NH4HPO4, and Ca(H2PO4)2 in raising M-P and M3-P levels and the degree to which initial P and extractable Al impact the efficiency of applied P. The results are shown on the left. This work shows that (1) soils with high Morgan extractable Al levels need more P to achieve the same Morgan soil test P increase as a soil with lower Al levels; and (2) manure is less efficient in raising soil test P than fertilizer and equal total P levels. Our results suggest that the New York P index should account for the higher P sorption capacity of soils inherently high in extractable Al. Additional work will be done in 2007 to expand this dataset with more NNY soil series (samples were collected in fall 2006) and multiple P sources (different fertilizers).

Agronomy Fact Sheets
Pete Barney, St Lawrence County:

Agronomy Fact Sheet # 8: Starter Phosphorus Fertilizer for Corn (10/22/2005)
Agronomy Fact Sheet # 15: Phosphorus Soil Testing Methods (9/30/2006)

Agronomy Fact Sheet # 20: Establishment & Management of Switchgrass (12/18/2006)
Mike Hunter, Jefferson County:

Agronomy Fact Sheet # 7: Liming Materials (7/21/2006)

Agronomy Fact Sheet # 21: Nitrogen Needs for First Year Corn (12/18/2006)

Jen Beckman, Lewis County:

Agronomy Fact Sheet # 5: Soil pH for Field Crops (11/11/2005)

Agronomy Fact Sheet # 6: Lime Recommendations (3/4/2006) 

Conclusions/Outcomes/Impacts 
Our measurements to date have provided us with a categorization of the lysimeter (drainage) plots at the Willsboro research farm. Initial runoff and leaching data showed very low levels of P movement over the surface and through the profile of the plots. Nitrate leaching to the tile line appears to be the area of greatest concern following manure application under 2006 conditions but additional measurements are needed. 

Outreach

The rain simulator and leachate study was presented during the July 25 Field Day Open House attended by farmers and others. It was shown again as part of a farm tour for the Cornell EV Baker Research Farm Oversight Committee on July 26. Seven agronomy fact sheets were developed in collaboration with NNY CCE field crops extension educators. 
Next steps

We will continue to measure orchardgrass yield and quality in 2007 in the 12 main plots and within the 9 runoff frames that receive treatments. We will install our runoff frames in plots 4, 5 and 6. These plots have slightly greater slopes and higher natural drainage rates. This should improve our runoff rates and our ability to generate flow in the tile lines. Rainfall simulations will be performed after each cutting. Both surface runoff water and leachate samples will be collected after manure application following 1st and 2nd cut. A new incubation study is currently ongoing and additional fact sheets will be written.
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