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Presentation Notes
Managing losses of dissolved phosphorus by time and place of application

The application of phosphorus under 4R Nutrient Stewardship requires attention to source, rate, time and place. Placement can be critical for accessibility of the applied nutrient to the crop and to loss processes including runoff and drainage. When left on the soil surface, time of application can have large impact on runoff losses. With the increase in use and number of forms of conservation tillage for production of corn, soybeans and wheat, fertilizer placement options and the stratification profiles for available phosphorus in soils have changed. This presentation will explore the potential use of decision support tools to guide application timing and placement to avoid excess losses of dissolved phosphorus through surface runoff. In addition, the adaptation of such tools in a 4R Nutrient Stewardship program in the Lake Erie watershed will be discussed. 



Formed in 2007 
from the Potash 
& Phosphate 
Institute, the 
International 
Plant Nutrition 
Institute is 
supported by 
leading fertilizer 
manufacturers. 
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IPNI is supported by producers of plant nutrients, and its mission is to promote scientific information on responsible management of plant nutrition.



Outline 

• Lake Erie algae and dissolved P 
•Right rate, right place or right time? 
• 4R Nutrient Stewardship - certification 
• 4R Research Fund 
• Slides: available at http://nane.ipni.net 



MODIS  
satellite image  
3 Sept 2011. 

Source: Michalak 
et al., 2013, 

PNAS. 
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In recent years, since the mid 1990s, there has been an increasing trend in the frequency and extent of algal blooms. In 2011 the area affected grew to an extent several times larger than had ever been seen before – it got larger than this satellite image from the third of September 2011. Even though algal blooms had a hiatus in 2012, it was well recognized that it was drought conditions, not changes to agricultural management or reduction of point sources, that limited the loading of P to the lake.

An intensive area of agriculture, dominated by corn soybeans and wheat, drains into Lake Erie from parts of Ohio, Ontario, Michigan, and Indiana. One river alone, the Maumee, drains over 4 million acres of cropland and is often responsible for a large share of the P loading to Lake Erie. Unlike other areas where P has become an issue, this watershed is not dominated by livestock. Fertilizer comprises a substantial source of the P applied. These tributary rivers are monitored, in some cases with funding from at least one progress agri-retailer, and a trend toward increased loading of dissolved P has been observed since 1995.
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So the question of reducing losses of fertilizer P is one that IPNI, along with many other organizations, has worked to address. The first question we had to resolve was which of the four Rs – source, rate, time or place of application – might be most important in addressing the issue. As the figure in this IPNI Insights article indicates, fertilizer still dominates over manure as a source. Indeed it’s reasonable to consider fertilizer one of the potential sources. Are rates excessive? In this state P balance for the cropland of Ohio, it seems the trend is away from the surpluses of the past. Plotted as amounts of P2O5 per acre for each year, in the last decade or two, the amount of P applied as fertilizer and manure doesn’t much exceed crop removal, the amount of P contained in the harvested portion of the crops. Crop removal has pushed past an average of over 40 pounds per acre.



Western Lake Erie 
Watershed 

Excess Rates? 
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A nutrient balance focused more closely on the watershed of Western Lake Erie, but only for census years from 1987 through 2007, shows roughly the same trend. Crop removal, indicated by the orange bars, is increasing over time as crop yields increase, and rates of application of fertilizer and manure, indicated by the blue and brown shaded areas, have trended mostly downward. Here the amounts shown are kilotonnes of P. Soil test summaries also show that the soils of Ohio, compared to other states and provinces, contain less available P, although most are in the desired maintenance range. Excess rates may still be an issue on some particular farms, averaged out against those applying little or not P, but in general neither rates nor soil test levels are likely drivers of the increasing trend in the loading of dissolved P in the rivers.



Timing and Placement: 
Planter Banding? 
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So our attention turns to timing and placement of fertilizer. Have there been trends that could explain increased dissolved P in the rivers?

Planter banding allows application of phosphate fertilizers at rates to replace crop removal. This kind of equipment, standard for corn production in the past, allowed application of phosphate with timing and placement that was right for the crop and right for water quality, though on some soils with this little residue cover, one could argue that soil erosion could harm water quality.



Planter without bins: leads to more broadcasting? 
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But today larger planters often don’t include bins for granular fertilizer, and the bulk of the phosphate ends up needing to be broadcast. We don’t have hard numbers on the proportions, but many extensionists feel at least 50% of the P fertilizer is broadcast on in the fall. However, as much as 40% of the land area does still receive planter-band-applied P fertilizer.



Idealized effect of placement on crop 
response  
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Randall and Hoeft, 1988 
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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. Much of Ohio cropland is in the medium to high category, and thus there is not much agronomic difference between band and broadcast application. So there is not a lot of motivation in terms of crop yield response for a producer to hold on to planter banding, if there is any advantage in terms of planting logisitics to a wider planter with no need to refill fertilizer bins. 




Broadcast placement issues 
• Fertilizer on the soil surface (acute) 

– If first rainfall generates runoff, can raise [DRP] to 5-20 mg/L in a single 
event 

• Stratification in soil (chronic) 
– Tillage more than placement 
– [STP] in top 5 cm moves to 3-4 times that in top 20 cm within 5 years 

of no-till 
– Even annual chisel plowing only reduces stratification by half 
– Increase runoff [DRP] from ~0.1-0.2 mg/L to perhaps 0.4 to 0.8 mg/L  

• Timing 
– Fall application: lower frequency of intense rainstorms than spring 
– Spring broadcast more likely to be incorporated before first rain 
– Recent research indicates that March-June loadings are most closely 

related to algal bloom extent from 2001-2011. (Stumpf et al., 2013) 
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Smith et al. 2007. Soil & Tillage Research 95:11–18
(Owens and Shipitalo, 2006). 
(Smith et al., 2007). Silt loam soil near Lafayette, Indiana, USA





Placement of granular P with strip tillage 



Placement of granular P with strip tillage 



Can weather forecast data be harnessed to drive a  
“safe time to broadcast P” decision support tool? 

PoP x 
Rainfall amount x 
Soil infiltration capacity 
= time to stop broadcast? 



1. Training 
2. Monitoring 
3. Recommendations 
4. Applications 

Example recommendation standards: 
3.5.7 Nutrients are not recommended for surface application within 24 hours 
prior to heavy rainfall (i.e., at least 50% chance of more than ½ inch rainfall). 
3.5.8 According to the nutrient recommendation, nitrogen and phosphorus 
must not be applied to frozen ground. 
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The standard has four sections. First, for training, five hours of continuing education credits are required to begin and then every two years, and a nutrient service provider must have professional recognition on at least the level of a certified crop adviser. Second, the provider must monitor the number of participants and keep records of the farms and cropland area under 4R management, documenting implementation of improved practices.

Third, specifications for the recommendations they provide include GIS mapping of fields and GPS location of soil samples taken at an appropriate frequency (at least every 3 years). Nutrient recommendation sources need to be documented but can include local results of adaptive management approached. Fourth, providers who apply nutrients must follow the recommendations, and should be apply to do variable rate management as well as provide records of nutrients applied to the grower.



Ohio  
Industry Partnerships 

• Outreach at expos and 
meetings – TFI, TNC, OH ABA 

• October 2011 – adoption of 
4Rs by  OH Dept. of Ag, OH 
EPA, OH DNR 

• March 2012 – final report 
naming 4Rs Foundation of 
Nutrient Management 

• June 2012 – Healthy Lake Erie 
Fund, $3M – to help 
implement 4Rs 

• Developing 4R service 
provider recognition program 



The 4Rs influence many performance indicators  

• social, economic and environmental performance 

Net profit 
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• influenced by crop 
and soil management 
as well 

 
• whole system 

outcomes  
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The 4Rs have been embraced by the partners involved because they emphasize whole system outcomes. The performance areas considered important by all stakeholders include both the continued potential to increase crop productivity, while reducing the impact on the water quality of Lake Erie. It also allows us to recognize that managing crop P nutrition is only one part of the solution; it will involve changes to crop and soil management as well, particularly to tillage. 



Who is working on 4R Certification? 

http://oaba.net/aws/OABA/pt/sp/home_page
http://www.deshlerfarmers.com/index.cfm


Timeline 
 July: 4 Pilot Audits (Certifications) 
 August: 4R Advisory Committee Review 
 Fall 2013/Winter 2014: Begin to promote 
 Summer of 2014: Certifications 



4R Nutrient Stewardship Research Fund 

• Launched April 2013 
• The North American fertilizer industry has  

pledged $7 million to fund a multi-year  
research effort aimed at measuring and  
evaluating the economic, social and  
environmental impacts of 4R Nutrient Stewardship  
(applying the right source of nutrients at the right rate, at the 
right time and in the right place). 

• The fund will support U.S. and Canadian projects in 
partnership with land-grant universities, watershed 
stakeholders and government agencies. 



Modules and Case Studies for the 4R Plant 
Nutrition Manual 
Modules describe specific practices related to principles 
explained in the text of the 4R Plant Nutrition Manual. 
 
Module 5.3-2 Timing broadcast  
phosphorus fertilizer applications  
can help protect Lake Erie 
Module 6.3-1 Place phosphorus  
in the soil to protect  
water quality in Lake Erie 



Summary  

1. 4R Nutrient Stewardship has been 
embraced in Ohio to address the Lake 
Erie P issue. 

2. “Right place” – banding – can reduce loss 
of dissolved P in runoff. 

3. “Right time” – scheduling broadcast 
applications to avoid runoff – could help. 

4. 4R Nutrient Stewardship research is 
needed to develop trusted, reliable 
decision support. 
 
 



Comments 
Welcome 

 
 

nane.ipni.net 
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