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Precision Phosphorus Application for the Lake Erie WatershedOver the past 15 years, Lake Erie has seen increasing trends in harmful algal blooms and loading of dissolved phosphorus from its tributaries. These tributaries drain a large area of productive cropland dominated by corn and soybeans. Weather patterns, as well as other causes, play roles in these trends, but so do changes in crop management practices. Education and certification programs related to 4R Nutrient Stewardship promote the application of the right source of phosphorus at the right rate, time and place to enable continued crop yield improvement while reducing loss to water. This presentation will explore precision-enhanced options for application timing and placement, including subsurface placement in zone tillage, variable rate application, and weather forecast guidance for broadcast applications. 4R Nutrient Stewardship & 4R Certification programLake Erie WatershedHarmful algal bloomsDissolved phosphorusBroadcast applicationStrip tillage and RTKSustainably intensified crop production
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Presentation Notes
IPNI is supported by producers of plant nutrients, and its mission is to promote scientific information on responsible management of plant nutrition.



Ancaster, Ontario – 26 June 2009 – tilled corn 
SOIL EROSION IS A REAL RISK 
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Presentation Notes
Intense rainfall on conventional tillage moves soil. This example of erosion resulting from a sudden two-and-a-half inch downpour a few years ago is from my brothers farm south of Hamilton, Ontario. While the farm has transitioned from annual moldboard plowing to rotational chiseling before corn, keeping erosion under control is still important.



Ponsonby, Ontario – 6 April 2014 – no-till  
SURFACE RUNOFF HAPPENS 
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A photo from a no-till field north of Guelph this spring shows how crop residue keeps the sediment out of the water. But there’s plenty of research to show that, if the soil is unreasonably enriched in P, or if recent applications of manure or fertilizer P have been left on the surface, that runoff water will be unreasonably enriched in the invisible dissolved form of P. Runoff happens; we need to manage P to minimize its exposure.



Essex County, Ontario, 30 July 2009  
BMPs that limit soil erosion don’t limit dissolved P runoff. 

Presenter
Presentation Notes
In the summer of 2009, a Phosphorus Forum was held in Windsor, Ontario. Here’s a farm on the tour of Essex county agriculture. Red clover cover crop following winter wheat. The field is surrounded by a 10-foot buffer – but even a flat field like this can generate runoff, and sometimes the whole field can be a contributing area for P in the runoff. BMPs implemented on the farm include windbreaks, rock chutes, grassed waterways, and buffer strips.Recent trends in river P loading suggest that current soil and nutrient management practices may not be adequate for preventing losses of dissolved P sufficient to stimulate algal blooms in Lake Erie. We need to review what we can do to improve performance.



Outline 

1. Lake Erie P loading trends 
2. Soil P balance in the watershed 
3. Precision P application options 
4. 4R certification 
5. 4R research 
• Slides: available at http://nane.ipni.net 
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Five topics to cover today. First, I will look at some trends in the monitored delivery of phosphorus to Lake Erie by its tributary rivers, principally the Maumee. Next we’ll begin the search for causes and solutions, starting with the P balance in cropland soils and their soil test status, and other soil management trends. Third, I will cover what we know and what we don’t know about options for more precisely managing P, getting it to and keeping it for the crops that need it. Fourth, I’ll give a brief overview of the 4R certification effort, and last, describe a new collaborative project funded through the industry’s 4R Research fund and aimed at answering all the questions I can’t answer in today’s presentation.For those interested, a copy of these slides is posted at the URL indicated here, under “presentations.”



Lake Erie Total P loading  
successfully reduced. 

David Baker et al., National Center for Water Quality Research, Heidelberg U, Tiffin, OH 
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When I was young, we used to go for a day at the beach in Port Dover, on the north shore of Lake Erie. Around 1967 we stopped going there. Too much algae on the beach. In the early 1970s programs to reduce point source loading were introduced, followed by conservation tillage programs to reduce soil erosion in the early 1980s. Those efforts succeeded in reducing the total loading of P into Lake Erie to keep them below the target load of 11,000 tonnes for most years. By the mid-1990s the lake was in much better shape and recreation began to flourish again. Since then, however, algal blooms have again become more frequent. Perplexing, because the trend in total P loading shows no increase.



Western Lake 
Erie: DRP trends 
worsening since 
1992 

David Baker et al., National Center for Water Quality Research, Heidelberg U, Tiffin, OH 

0.03 
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The algal blooms have increased mostly in the western basin of the lake, into which a large proportion of the P loading comes from a watershed dominated by cash crop agriculture. The Maumee River drains more than 4 million acres of good corn soybean cropland. When scientists began looking more closely at the dissolved reactive P (DRP) then some connections to algal bloom frequency and severity emerged. These two figures show how the concentration and loads of dissolved P trended downward to the mid 1990s but then reversed to much higher levels by 2013. Of course, there is considerable variability year to year. Weather patterns cause a lot of variability in P loading, and also exert independent effects on the extent of algal blooms. Nevertheless, these data represent non-point source contributions to Lake Erie, and several other similar watersheds monitored by Heidelberg University show the same trends. The loads and concentrations shown here are annual. Recently more attention is paid to spring loadings, since they show a stronger correlation to algal blooms in the western basin. Annual loads, however, are considered important for both algal blooms, and especially for central basin hypoxia.



So what could be causing the trend of 
increased losses of dissolved P? 

• Weather patterns 
• Tillage trends 
• P application 

– Source? 
– Rate? 
– Time? 
– Place? 

USGS monitoring gauge, Waterville, Ohio, 31 July 2012 
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The data in the two figures for the Maumee River come from the Waterville monitoring station. It’s a few miles upriver from Toledo, so those loadings don’t include the point source discharge from the big city. And it’s a long way upriver to Fort Wayne Indiana. We’ll put aside the question of other P sources, and focus on what could be causing the trend we saw in dissolved P in the water flowing past this point. Weather patterns are part of the story – research has documented increased frequency and intensity of rainstorms, particularly in 2007. Tillage trends need to be considered – conservation tillage is protecting soil from erosion, reducing particulate P loss, but potentially leading to higher losses of dissolved P. We also need to consider the application of P fertilizer and manure. Are there trends in source, rate, timing, placement?



1. Application rates short of crop removal since 1991. 
2. Crop removal is increasing with yield. 
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Let’s start with a cropland P balance. This comes from IPNI’s NuGIS, a tool for exploring geographic nutrient balances. Looking at the just the western Lake Erie watershed, mainly in Ohio but also with parts of Indiana and Michigan, we compare crop removal of P to P inputs in fertilizer and manure. Crop removal is represented by the orange bars, and includes 21 crops that comprise more than 95% of the cropland (cropland, by the way is more than 70% of the land area of this watershed). Fertilizer is represented by the blue area, and recoverable manure by the brown area stacked on top of the blue. For the period 1987 to 2007, NuGIS uses census years, but is being done annually since. It’s likely the variability year to year is no higher in the past five years than it has been all along; we just don’t show it. Nevertheless this figure shows that on average, since 1991, application rates have fallen short of P removals in crop harvest. Crop removals have been on an increasing trend, reflecting higher yields. Nothing here gives a general explanation for an increase in losses of dissolved P. Looking at nutrient balances, however, without considering what’s in the soil can lead to false conclusions. So let’s look at the soil test situation.



Soil test P distribution, 2001-2010 

Critical level→ Corn & soybeans Maintenance 
←Limit Wheat & alfalfa 

26% 48% 26% 

48% of Ohio soils test optimum for P 
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We don’t have a soil test summary for the Lake Erie watershed, so here we are taking the whole state of Ohio as representative. IPNI periodically summarizes soil test information from labs across North America. This slide shows the distribution of soil test P levels across Ohio. The blue bars represent the soil test distribution in 2001, the red bars in 2005, and the green in 2010, the last summary conducted. Ohio has a lower distribution of soil test P levels than any other state or province in the Northeast region. Numbers of soil samples have increased over time, due partly to more labs able to provide summary data, and more sampling being done. In the past 5 years, the frequency of soils testing above 50 ppm has declined, and the frequency of those in the maintenance range has increased. As of 2010, about one-quarter of the soils would receive recommendations to build up the soil test level by applying more P than the crop is expected to remove. One-half are currently in the maintenance range, requiring application rates that balance removal. The last one-quarter are in drawdown, and can produce great crops with rates of applied P that are less than removal. Since about as many soils test below the maintenance range as above, having inputs balance outputs would seem to be a reasonable expectation. The previous slide showed inputs falling short of crop removals for the past twenty years. So again we conclude, in general, the increasing trend in dissolved P loss is not explained by excess application. It’s possible that some soils, as indicated above, are receiving more than they should, and some less. 



Soil test P distribution with depth in a long-term tillage experiment on a 
poorly drained Chalmers silty clay loam soil near West Lafayette, Indiana. 
Moldboard and chisel plots were plowed annually to a depth of 8”. Data 
from Gál (2005) and Vyn (2000). Fertilizer P applied broadcast. 

Soil test P stratifies without moldboard plowing 
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Another possibility to explore is the long-term impact of conservation tillage on the stratification of soil test P in the soil. These data illustrate how soil test P stratifies in the soil with no-till, and even with aggressive annual chisel plowing, in comparison to moldboard plowing. The consequence is that any runoff coming from the soil will contain more dissolved P. For any soil generating substantial runoff, stratification should be kept to a minimum by placing applied P in the soil rather than on the surface. New approaches to vertical soil mixing, with minimal disturbance of soil residue cover, are needed.



Ohio Ag Retailer survey – Lake Erie basin 
March 2013 

Soil testing: 
Grid (2.5 A)   25% 
Soil type   11%  
Management zone  6% 
 
Variable Rate  
Application   33% 
  
 

Placement: 
Planter band   30% 
Strip-till band  4% 
Incorporation <7 days 16% 
  
Timing: 
Fall 41% 
Spring 41% 
 

Greg LaBarge, Ohio State University Extension 
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A recent survey reported by Greg LaBarge with Ohio State University Extension covered ag retailers representing 1.9M acres in the Lake Erie watershed. Large cropland areas are being sampled intensively – 25% by grid, 11% by soil type, and 6% by management zone. Fully one third of P applications are made using variable rate. Those numbers are encouraging. Placement, however, may be an area for improvement. Only 30% of the acres use a planter band, 4% use a strip-till band, and 16% get broadcast and incorporated within a week. That leaves 50% of the applications broadcast and left on the surface. Likely most of them are in the fall, even though the broadcasting in general gets split equally between fall and spring. From here we’ll examine in some more detail what we know and don’t know about risks of loss associated with these application practices.  



Kevin King, USDA-ARS, Columbus, OH 

Northwest 
Ohio Soils – 

most are 
poorly drained 

and flat 
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Most of the productive cropland soils of Northwest Ohio are poorly drained and flat. The same can be said for most of the Western Lake Erie Watershed. Such soils can be expected to generate runoff. Most are also tile drained. But generally, dissolved phosphorus shows up in the same patterns in tile drains as from surface runoff. The source is the same – it comes from water on the surface interacting with whatever phosphorus is available there.



Honey Creek: comparing two runoff events in fall 2011 
14 Nov., after 6d field activity 5 Dec., after 2 further rainstorms 

Mean DRP concentration 0.64 mg/L 0.18 mg/L 

David Baker, Heidelberg University 

DRP load/A of watershed 0.31 lb P2O5/A 0.16 lb P2O5/A  
1. Intense rainstorms following broadcast of P can generate high P concentrations 

in runoff but the direct agronomic or economic importance can be minimal.  
2. As the time intervals increase between surface broadcast P applications and 

runoff-producing rainfall events, DRP concentrations spike less.  

6 d 
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This slide compares two runoff events from the Honey Creek watershed in the fall of 2011. It’s a small watershed of 38 thousand hectares, draining into the Sandusky River. Heidelberg University monitors the phosphorus levels on a daily basis and relates it to the streamflow. It was generally a wet fall, so when weather dried up enough for field activity in early November, both farmers and custom applicators were out on the fields in droves. The six days prior to the 14 November rainfall event saw considerable application of broadcast P in the watershed. The subsequent increased flow of the creek contained very high concentrations of dissolved P, peaking at almost a mg per liter. Three weeks later, a larger runoff event with greater streamflow resulted in lower P concentrations AND LOWER P LOADING (pay close attention to the different scales on these two figures). What was different? Prior to the December event, conditions in the field were too wet for further fertilizer application, and the fertilizer applied earlier had time to move into the soil and be retained by the typical sorption and precipitation reactions we expect with phosphorus.  Dissolved reactive P losses resulting from these two runoff events were 0.35 and 0.18 kg P2O5 per ha of the watershed. So, losses that raised the water concentration to 20 times the limit to prevent algal blooms amounted to a third of a pound of P2O5 in the fertilizer. The point is that when the first rainfall after a surface broadcast application generates runoff, that runoff will be highly enriched in dissolved P. These data show that the sharp elevations seen in small plot and edge-of-field studies translate into watershed-scale measurable impacts. This is the situation to avoid using timing and placement. Incorporate in the soil when possible; if not pay very close attention to the weather and its forecast to time the broadcast application to a period not likely to be followed by runoff-generating rain.



Precision P Application Options 

• Right Place 
• Planter band 
• Fall strip-till band 
• Variable rate application 

• Right Time 
• Avoid periods just before runoff 
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So let’s now look at some precision P application options, and consider their advantages and limitations.



Planter banding? 

A definition for precision agriculture: 
A set of tools to enable intensive 
management on extensive areas 

Presenter
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What’s wrong with this picture? Nothing, for Delaware cropland. Most of its soils are built up to the point where the absence of fertilizer banding is not an issue. But a planter without banding capacity is not a tool for precision or sustainable intensification in areas with the soil test P distribution of Ohio or the Lake Erie watershed. We need to find ways of placing P near the seedlings for more crops and more situations.Precision agriculture should, by definition, enable intensive management on extensive areas. 



Idealized effect of placement on crop 
response  
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A large number of studies, summarized in Randall and Hoeft (1988), support the generalization that band application of phosphorus produces larger corn and wheat yield responses than broadcast when soil test levels and rates of application are low, but that these differences disappear once soil test P reaches optimum levels. Their review also pointed out that in low P soils, band applications alone may not be sufficient for optimum yields. Given that broadcast application is less costly and can enhance timeliness of planting, many producers with soils at optimum levels of P choose to broadcast. However, tillage methods have changed, often resulting in less vertical mixing of the soil profile. The consequences in terms of soil P stratification and its impact on the quality of surface runoff water need to be considered.“Band placement has generally proven to be the most effective placement for deriving maximum starter benefit and greatest yield increase per unit of applied fertilizer for corn (Nelson, 1956; Welch et al., 1966b). However, some scientists concluded that maximum corn yields could not be attained when all of the fertilizer P was banded (Barber, 1958; Widdowson and Cooke, 1958; Welch et al., 1966b).”“Earlier work conducted in Australia by Rudd and Barrow (1973) suggested that row-placed superphosphate was about twice as effective as that broadcast at seeding of wheat. More recent work by Peterson et al. (1981) contradicts the concept of a 2:l ratio of broadcast to row P applications as standard practice. Their results showed that the relative effektiveness of row and broadcast methods changed from about a 3: 1 ratio at low soil test P levels (12 Ib Bray and Kurtz P,/acre) to a 1:l ratio at medium soil test levels (30 lb Bray and Kurtz Pdacre). These relationships may be tempered somewhat in very cool soil conditions of the Northern Plains where increased yields of spring wheat occurred with the banding of P even at high soil test levels (> 30 lb NaCH03-soluble P/acre) (Alessi and Power, 1980).”



Placing P in the soil reduces P loss from a single 
immediate runoff event 

Concentration of dissolved and total P in runoff from a clay 
loam soil in North Carolina, from artificial rainfall immediately 
following application of superphosphate fertilizer. Incorporation 
was to a depth of 5 inches by rotary tillage following 
application. Data from Tarkalson and Mikkelson (2004). 
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P fertilizer is soluble P. Leaving it on the soil surface dramatically increases the concentration of dissolved P in any runoff that happens to occur soon after application. As shown in this figure, surface-applied fertilizer resulted in much more dissolved P in runoff than fertilizer incorporated into the soil. Incorporation also minimized levels of total P in runoff when P fertilizer was applied. Incorporation can increase loss of total P through increased erosion. Using the minimum disturbance possible to place P into the soil is important for managing loss of both dissolved and total P. Innovative growers are coupling conservation tillage practices such as zone tillage with P placement to keep their cropping systems productive while minimizing nutrient losses.Tarkalson, D.D. and R.L. Mikkelsen. 2004. J. Environ. Qual. 33:1424–1430.



Eila Turtola & Antti Jaakkola (1995) Loss of Phosphorus by Surface Runoff and Leaching 
from a Heavy Clay Soil under Barley and Grass Ley in Finland, Acta Agriculturae 
Scandinavica, Section B — Soil & Plant Science, 45:3, 159-165 

• Silty clay soil, 
2% slope 

• Plots 
100’x100’ 

• Soil test P 
low 

• Tile drain 
depth 40” 

• Grass 2 cuts 
• Barley straw 

retained 

Loss of P (as P2O5) in surface runoff and tile drains 
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The two examples I’ve shown so far are based on short term single runoff events. Very few studies compare band and broadcast placement for impact on P losses over the long term. This three-year study from Finland comes close. It compared P broadcast on grass pasture with P fertilizer banded with the seed of barley. There is some confounding here. The barley is tilled and received rates of P application that were half those on the grass. The surface runoff was aggregated from the two rates of application, but the tile drain loss was measured separately for each rate applied. As expected, particulate losses were higher for barley than grass, owing to the tillage. But dissolved P losses were much greater from the grass treatment. Why – was it the lack of tillage, the higher rates, or the placement? Actually, there is good evidence that it was due to the placement, not the rate or tillage. In the tile drains, the higher rate within each crop did not raise dissolved or total P. While tile drain flow was 30% less under grass than under barley, surface runoff was only 4% higher. The rates of P application were well in excess of the crop removals of P – 10-17 kg/ha in grass, and 9-11 kg/ha in barley. As in Ohio, losses from May through August were much less than during the rest of the year. Yields: barley 2 and 3 t/ha (37-56 bu/A); grass 4-6 t/ha (1.8-2.7 ton/A).



Kimmel et al. 2001. J. Environ. Qual. 30:1324-1330 
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Fluid P – knifed-in versus broadcast 

Annual runoff P losses as affected by tillage x placement in sorghum-soybean 
rotation. East-central Kansas. Mean of 2 growing seasons. 
Fluid fertilizer applied @ 50 lb P2O5/A. 
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Research measuring runoff losses of P in Kansas found results possibly similar to those expected for the lake Erie Basin.  Comparing knifed in and broadcast placements of a fluid of phosphorus fertilizer under chisel no tail and ridge tool management, losses of soluble phosphorus were clearly higher with broadcast applications on the reduced tillage treatments.In each case soluble Bio available or total phosphorus losses were highest with broadcast phosphorus compared with either the knifed-in or check treatments.  The knife placement puts the phosphorus in a small volume of soil compared with the broadcast placement, and places the phosphorus below the zone of interaction between the soil and surface runoff.Overall, phosphorus losses were generally lower with soybean compared with grain sorghum because of the more recent phosphorus fertilizer applications to grain sorghum.  Some treatment effects were still other than, however, demonstrating that phosphorus fertilizer management can influence runoff composition for multiple years. 



Fall  
Strip-till 
Banding  

Greg LaBarge, Ohio State 
University Extension 

• Puts the P in the soil 
• Keeps residue on the soil 
• RTK GPS for precision 

planting 
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As indicated in the survey, as much as 4% of fertilizer P application is by fall strip-till banding. This is an innovative method for putting P in the right place while keeping crop residue in its right place. The system requires RTK GPS for precision planting, and takes more time than fall broadcasting. A few questions to consider: how will we motivate expanded use of this system? How will we recognize and reward the growers who step up to take on these additional expenses and workload for the benefit of the lake? And further, if we put a cover crop in this system, how much more productive can we make it?



Grid sampling for variable rate application 

74 acres, 2.5-acre grid, November 2011 

Presenter
Presentation Notes
As a practical example of the kind of variable rate application that is currently practiced on about a third of the cropland, I’d like to show a few slides borrowed from John Oster of the Morral Companies. This field of 74 acres was sampled in November of 2011 on a grid with about 2.5 acres per sample.  



Chagrin silt loam, rarely flooded 

Soil map for variable rate application 

Occasionally flooded ~ higher risk of runoff? 
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The soil map of the field shows two major zones, one with a Chagrin silt loam that is rarely flooded, and a Genesee silt loam that is occasionally flooded. Mark the pattern!



Soil test P from grid, ppm (Mehlich-3) 

50-90 

24 30-40 

Soil test P is high in zone of occasional flooding… 

Presenter
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The soil test map created from the grid samples identified several zones with lower than average fertility in phosphorus. Note that the soil zone occasionally flooded is relatively high in soil test P.



Variable rate P application map 

Zero rate where P is high, in zone of flooding… 

Presenter
Presentation Notes
The variable rate application map puts a zero rate of application where the soil test P level is high. In this case, it happens to coincide with the zone of occasional flooding. If the risk of runoff is high in this flooded zone, it might be reasonable to assume that the avoidance of application in that zone would have helped protect water quality. Considering the soil test level, it should not have hurt crop productivity, either.



Published reductions in P loss using VRA 
• Iowa: “On average, [variable compared with fixed rate] applied 12% less P 

and reduced STP variability in five fields… and showed potential for reducing 
excess P loss…” (Bermudez and Mallarino, 2007) [sampling grid: 4 
samples/A, 10-12 cores each] 

• Minnesota: based on a calibrated ADAPT model, “Phosphorus losses for the 
variable strategy were significantly lower than losses for a uniform strategy.” 
(Gowda and Mulla, 2005) [sampling grid: 1.5 samples/A] 

• Nova Scotia: wild blueberry field mapped with RTK-GPS management zones 
based on slope and bare spots. Natural runoff monitored June-October 
2011.  “The VRA significantly (p≤0.05) decreased TP, DRP, and inorganic 
nitrogen losses in surface runoff as compared to UA in low lying area of the 
field.” (Saleem et al., 2014)   
 

Image from John Deere/Land-
Data Eurosoft 
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The volume of published literature showing reduction in dissolved P loss from variable rate is actually quite sparse. In Iowa, a study concluded that variable rate could increase profitability, and showed potential for reducing excess P loss – but it was based on a sampling grid considerably more intensive than what we currently consider economical. In Minnesota, and modeling study concluded that P losses should be lower with a variable rate strategy than with a uniform rate, but again, with a more intensive sampling grid, and the measurements made calibrated the model but did not directly compare the two strategies. A very recent study in Nova Scotia, however, reported at last weeks precision ag conference, measured actual reductions in natural runoff within a wild blueberry field, from using a variable rate application strategy based on management zones. So there is some hope!Figure 5. Precision farming through efficiently matching fertilizer application with actual soil nutrient needs. The colour indicates soil nutrient demand based on satellite and other data from field sensors and farmer knowledge (Image from John Deere/Land-Data Eurosoft).http://www.mdpi.com/2073-4395/3/1/86/htmIn Iowa, Mallarino et al. (1999) compared uniform and variable P fertilization on two corn and two soybean fields, using GPS techniques and grid soil sampling. Variable-rate fertilization reduced considerably the amount of P fertilizer applied in two of the four fields and increased yield in one field. Mallarino, A.P., D.J. Wittry, D. Dousa, and P.N. Hinz. 1995. Variable-rate phosphorus fertilization: On-farm research methods and evaluation for corn and soybean. pp. 687-696. In P.C. Robert, R.H. Rust, and W.E. Larson (eds.) Proc. of the Fourth International Conf. on Precision Agriculture. Am. Soc. Agron., Madison, WI. doi:10.2134/agronj2006.0172 Impacts of Variable-Rate Phosphorus Fertilization Based on Dense Grid Soil Sampling on Soil-Test Phosphorus and Grain Yield of Corn and Soybean Manuel Bermudez and Antonio P. Mallarino Agron J Vol. 99 No. 3, p. 822-832, 2007 AbstractMost agricultural fields have high soil-test phosphorus (STP) variability. Variable-rate (VR) technology facilitates application of different P rates over a field and could improve nutrient application and crop yield. Replicated strip trials (6–12 ha) were established at six Iowa fields and were evaluated during 4 yr to compare VR and fixed-rate (FR) P fertilization for corn (Zea maysL.)–soybean (Glycine max L. Merr.) rotations. Fields had median Mehlich-3 STP ≤ 20 mg P kg−1, although minimum and maximum values within each field were 4 to 18 and 22 to 62 mg P kg−1, respectively. Treatments replicated at least three times were a control, VR based on STP from grid sampling (0.06- to 0.08-ha grids), and FR based on median STP. Treatments were applied with commercial spreaders and grain was harvested with combines equipped with yield monitors and global positioning systems (GPS). Phosphorus increased yield in 13 site-years and application methods differed in 1 site-year, when FR increased yield further. On average, VR applied 12.4% less P and reduced STP variability in five fields compared with FR. Semivariograms and SD showed that fertilization, especially VR, often reduced yield variability and seldom increased it. High STP variability at a small scale and P recommendations to maximize yield and buildup STP in low-testing soils might explain a lack of yield differences between application methods. Although VR did not increase yield compared with FR, it managed P better and showed potential for reducing excess P loss from fields through reduced P application to high-testing field areas.NOTE: SAMPLING GRID FOR THIS IOWA STUDY WAS 19 M BY 45 M ABOUT 10 TIMES AS DENSE AS ONE PER HECTARE. EACH GRID POINT WAS 10-12 CORES FROM A 100 M2 AREA.Environmental Benefits of Precision Farming – A Modeling Case Study Prasanna H. Gowda, Agricultural Engineer CPRL-USDA-ARS, P.O. Drawer 10, Bushland, TX 79012, pgowda@cprl.ars.usda.gov David J. Mulla, Professor & W.E. Larson Chair Department of Soil, Water, and Climate, Univ. of Minnesota, mulla003@umn.edu Written for presentation at the 2005 ASAE Annual International Meeting Sponsored by ASAE  Tampa Convention Center Tampa, Florida 17 - 20 July 2005  Abstract. In this study, we evaluated the environmental impacts of spatially variable versus uniform phosphorus fertilizer application rates on a 32-ha commercial corn field in Blue Earth County of southern Minnesota. In 1998, the phosphorus rates (0-39 kg/ha) were variably applied in accordance with measured surface soil pH and soil Bray P levels across 50 x 50 grid spacing. Surface runoff and tile drain leaching losses of sediment and phosphorus were measured using automated sampling systems. The Agricultural Drainage and Pesticide Transport (ADAPT) model was calibrated to measured water fluxes, and losses of sediment and phosphorus to surface waters. There was good agreement between measured and modeled water fluxes, sediment, and phosphorus losses. Using the calibrated model, a sensitivity analysis was conducted for both uniform and variable rate phosphorus application strategies using a 50-yr climatic record. Phosphorus losses for the variable strategy were significantly lower than losses for a uniform strategy. Impact of Variable Rate Fertilization on Nutrients Losses in Surface Runoff for Wild Blueberry FieldsAuthors S.R. Saleem, Q.U. Zaman, H.N. Ahmad, A.A. Farooque, F. Khan, A.W. Schumann, A. Madani, D.C. PercivalAffiliation Department of Engineering Nova Scotia Agricultural College Truro, Nova Scotia, CanadaDescription Wild blueberry producers apply agrochemicals uniformly without considering substantial variation in soil properties, topographic features that may affect fruit yield within field. A wild blueberry field was selected to evaluate the impact of variable rate (VR) fertilization on nutrient losses in surface runoff from steep slope to low lying areas to improve crop productivity. Field was divided into three sections (variable rate application, VRA; uniform application, UA; and control) and three management zones (steep slope, Z1; moderate, Z2 and low lying area, Z3) were developed in each section based on slope variation and bare spots in the field. GPS-guided prescription map was developed in ArcGIS 9.3 to apply fertilizer rates (200,150 and 100 kg ha-1 for Z1, Z2, Z3, respectively) with VR fertilizer spreader and zero rate was allocated for bare spots. One section received the growers uniform fertilizer rate of 200 kg ha-1 for comparison. USDA-NRCS runoff plots were installed to collect surface runoff samples from different zones of the field. The surface runoff samples were collected from USDA-NRCS runoff plots after every heavy rainfall event and analyzed for total phosphorus (TP), dissolved reactive phosphorus (DRP), and inorganic nitrogen concentrations. The leaf samples were analyzed for leaf nutrient concentrations under VRA and UA. The VRA significantly (p≤0.05) decreased TP, DRP, and inorganic nitrogen losses in surface runoff as compared to UA in low lying area of the field. Most leaf nutrient concentrations were not significantly influenced by the VRA and were within the recommended optimal ranges. VRA used 40% less fertilizer than standard UA and could improve crop productivity.MSc thesis - http://dalspace.library.dal.ca/bitstream/handle/10222/14625/Saleem,Shoaib,Msc,AGRI,March%202012.pdf?sequence=1



Less P is lost with more time between application and runoff 

Concentration of dissolved P in surface runoff from plots 
cropped to tall fescue during rainfall simulations that occurred 
1 to 29 days after broadcast application of triple 
superphosphate fertilizer (Smith et al., 2007). 

Presenter
Presentation Notes
Finally, if broadcasting must be done, timing can help. Producers are advised to pay close attention to the weather forecast, and avoid broadcasting P fertilizer when there is more than 50% chance of intense rain within the next few days. As indicated in this figure, levels of dissolved P in runoff decline considerably if the runoff event occurs more than 3 to 5 days after application. Broadcast application of P on frozen or snow-covered soil in the winter is never the right time, because these conditions generally end with spring runoff.Smith, D.R., et al. 2007. Environ. Poll. 147:131-137.



Developing 4R Nutrient 
Stewardship Certification 

Presenter
Presentation Notes
Over the past three years, a certification program based on principles of 4R Nutrient Stewardship has been developed. With a rollout last March, about 50 agri-retailers have signed up. This effort has involved many groups, as indicated here, but the primary drivers are highlighted: Four agribusinesses: the Andersons, Morral Companies, Legacy Farmers Coop, and Farmers Elevator – and the Nature Conservancy. 

http://oaba.net/aws/OABA/pt/sp/home_page


Presenter
Presentation Notes
The program applies to nutrient service providers, is voluntary, and has the teeth provided by third party auditors. It’s designed to address the priority issues of the Lake Erie watershed, but others outside the watershed have expressed interest as well.



4R Certification for Agri-retailers 
in the Lake Erie Watershed 

 Key criteria: 
– Recommendations are consistent with the  land-grant 

university, allowing for adaptive management. 
– A certified professional reviews the nutrient 

recommendations made for the grower customers. 
– Source: All sources of fertilizer are accounted for in 

the nutrient recommendation. 
– Rate: Soil tests are less than four years old; 

application equipment is calibrated annually. 
– Time: Avoids spreading on frozen or snow-covered 

fields; no broadcast prior to a predicted heavy rainfall. 
– Place: Phosphorus is applied below the soil surface 

whenever possible; nutrient application setbacks are 
followed in sensitive areas. 

 http://4Rcertified.org/ 

Presenter
Presentation Notes
The 4R Nutrient Stewardship Certification Program outlines 43 criteria to be implemented, staggered over a three-year period. Each criterion will be re-evaluated each year by a private, third party auditor, via an in-person or desk audit, to maintain certification. Depending on the services provided by the Nutrient Service Provider, some criteria will not be applicable.There are three sections to the Program, which include:Initial Training and Ongoing EducationMonitoring of 4R Implementation; andNutrient Recommendations and Application.The program builds on the strengths of the Certified Crop Adviser program, requiring professional review of nutrient recommendations. The criteria for source, rate, time and place are based on what is currently known and accepted, and can be revised in the future as new scientific understanding emerges.

http://thatssoundadvice.com/


4R Research Fund  
environmental, social, economic impacts 

• Established by the fertilizer industry to support 
research on 4R sustainability impact across North 
America – aiming for $7M over 5 years. 

• Meta-analysis: 5 projects, 2014-2015.  
• Measurement: 4 projects, 2014-2019.  
• For additional information: 

www.nutrientstewardship.com/funding 
 

Presenter
Presentation Notes
The industry has committed considerable funding for the next five years, for research relating the 4Rs – source, rate, timing and placement combinations – to measures of sustainability impacts. We anticipate funding projects focused on the dissolved phosphorus issue in the Lake Erie watershed.



4R Research Fund –  
Lake Erie Watershed Project 

• Evaluating the 4R Nutrient Stewardship Concept and 
Certification Program in the Western Lake Erie Basin 

• GOAL: to evaluate the specific impacts of the adoption of 
practices associated with 4R Nutrient Stewardship, and 
the impact of the 4R Certification Program, on crop 
productivity and profitability, water quality, and 
perceptions of growers, nutrient service providers, and 
residents in the western Lake Erie watershed. 

• 10 collaborators… land-river-lake continuum. 



1. Kevin King 
USDA-ARS, 

Columbus, OH 
• Project lead 
• Edge-of-field 

research on 
rate, time and 

place of P 
application 

 

2. Mark Williams 
USDA-ARS, 

Columbus, OH 
• Edge-of-field 
research on rate, 
time and place of 

P application 
 

4R Research Fund –  
Lake Erie Watershed Project 
Monitoring impacts on Lake Erie from 4R practices and the 4R program 

3. Laura Johnson 
Heidelberg 
University, 
Tiffin, OH 

• Watershed scale 



5. Rem Confesor 
Heidelberg 
University, 
Tiffin, OH 

• Soil and Water 
Assessment Tool 

(SWAT) 
 

6. Joe DePinto 
LimnoTech, 

Ann Arbor, MI 
• Western Lake Erie 

Ecosystem Model 
(WLEEM) & SWAT 

4R Research Fund –  
Lake Erie Watershed Project 

Modeling impacts on Lake Erie from 4R practices 
and the  

4R program 

4. Carrie Vollmer-Sanders 
The Nature Conservancy 

Angola, IN 
• Integration 
• Outreach 

• Triple bottom line 



• To determine the behavioral impact of 4R educational efforts and the 
4R Certification Program on the knowledge, beliefs, and 
management practices of crop growers and nutrient service providers  
 

7. Greg LaBarge  
Ohio State University 

Extension,  
Marion, OH 

 

8. Robyn Wilson 
Ohio State University, 

Columbus, OH  

9. Brian Roe  
Ohio State University, 

Columbus, OH 
 

4R Research Fund –  
Lake Erie Watershed Project 



4R: “right” means sustainable 

“Building public trust in food and farming” 

http://thatssoundadvice.com/


Summary – Precision P for Lake Erie 

• Lake Erie P – we all play a role, and we need to sustainably 
intensify crop production while countering the trend to 
increasing DRP in runoff 

• Crop P balances for every grower, matching surpluses to low 
soil tests and deficits to high soil tests 

• Precision technology, research, and adaptive management 
needs to focus on placement, timing, and tillage, preventing 
loss of BOTH particulate and dissolved forms of P 

• 4R certification – recognizing lake-friendly practitioners and 
building public trust 

• 4R Research – quantifying the 4R effect on dissolved P 
runoff as well as social and eocnomic productivity 
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Presentation Notes
Precision Phosphorus Application for the Lake Erie WatershedLake Erie P loading trendsSoil P balance in the watershedPrecision P application options4R certification4R research



Thank you!             

nane.ipni.net 
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