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

Presenter
Presentation Notes
IPNI is supported by producers of plant nutrients, and its mission is to promote scientific information on responsible management of plant nutrition.



Outline – P Stewardship Challenges 

1. Areas of surplus, sufficiency and need 
2. Areas where loss leads to impact on algae 
3. Tillage, placement and timing 
4. Global reserves and resources 
5. 4R research fund 
• Slides: available at http://nane.ipni.net 



Total P Levels in 
Rivers and 

Streams 

Generally 
high P use 
efficiency 

Median Bray P1 eq, 2010 NuGIS 1/12/2012  

• Areas rated “poor” 
for WQ don’t 
match areas of 
high soil test P or 
low PUE. 

• Considerable areas 
of soils test below 
critical levels, and 
removal to use 
ratios >1 indicate 
drawdown. 
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Presentation Notes
This slide offers an example of a situation where apparent P use efficiency and water quality are disconnected. The Northern Plains is the region of the US where EPA reports the highest percent of rivers and streams rated poor for total P. It corresponds with an area of generally low soil tests—as indicated in the IPNI soil test summary--and with an area where the IPNI NuGIS removal to use ratio is around 1.0, indicating that P removed in crop harvest is just barely being replaced by P inputs. In contrast, the Southeast has a bigger percent rated good, and a lower percent poor. But it also has some of the lowest P removal to use ratios and some of the highest soil P tests in North America. The soil test and nutrient balance indicators also suggest that considerable areas of soils test below critical levels, and that drawdown may be continuing in some of these areas. 



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 progressive agri-retailer, and a trend toward increased loading of dissolved P has been observed since 1995.



Western Lake Erie 
Watershed 

Excess rates are 
not the issue. 
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Presentation Notes
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.



Soil test P distribution, 2001-2010 

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

26% 48% 26% 

Extreme soil test P is not the issue. 
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Presentation Notes
Let’s begin with some background information on the cropland soils of Ohio. 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. The critical level for corn is 15 ppm Bray P1, and the maintenance range extends to 30 ppm. Recommendations go to zero above 40 ppm. So, about 20% of soils are in maintenance range, 13% in drawdown, and 25% need no P.�For alfalfa and wheat, critical level is 25 ppm.



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



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/ha of watershed 0.35 kg P2O5/ha 0.18 kg P2O5/ha  
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.  
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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. It is typical, by the way,  for dissolved P concentrations to increase with streamflow, through the whole western Lake Erie watershed. 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 two runoff events in 2011-2012 for the Honey Creek watershed were 0.35 and 0.18 kg P2O5 per ha of the watershed. Though these are meaningful P losses from a water quality perspective, they are equivalent to very small amounts of P on an area basis, the basis upon which agronomic P management decisions are made. 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.



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 also a factor 
– No-till leads to STP in top 5 cm 3-4 times that in top 20 cm  
– Annual chisel plowing 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) 

• Some practice changes are obvious. Others require research. 
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When P fertilizer is broadcast, there are, however, issues of environmental impact. First there is an acute issue: fertilizer P is soluble, and if the first rainfall event generates runoff, that runoff will have highly elevated levels of dissolved P, often as high as 5 to 20 mg per liter. This concentration is several hundred times more than needed to start an algal bloom. Second, a chronic issue: broadcasting P on the soil surface increases stratification of soil test P. This interacts of course with tillage. Long-term studies generally show that no-till leads to soil test P levels in the top 5 cm that are 3 to 4 times higher than those of the top 20 cm. Conservation tillage like chisel plowing has to be aggressive to cut the stratification in half. Only the moldboard plow completely alleviates stratification. This issue needs research attention. It is often assumed that no-till or conservation tillage lead to lower volumes of runoff, but this is not always the case. Tillage needs to be very specific to the soil. We also need to recognize that conservation tillage controls the loss of P through erosion. More research is needed to develop tillage and placement combinations that minimize both erosion and stratification, while maintaining profitable crop productivity. Third, timing can be considered. Meteorological data show a slightly lower frequency of intense rain in the fall than in the spring, so in one way fall broadcast applications are less vulnerable to the acute issue. But fall applications are also less likely to be incorporated on time, since farmers are busy with harvest, rather than eager to till and plant. Another consideration is that recent research has developed a model for algal blooms entirely dependent on spring, not fall, loadings to Lake Erie. 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



1. Initial Training and Ongoing Education 
2. Monitoring of 4R Implementation 
3. Nutrient Recommendations and Application 

 
• July/August: review of 4 Pilot Audits  
• Fall 2013/Winter 2014: Promotion 
• Summer of 2014: Certifications 
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Over the past two years, a group has been working to develop a certification standard for nutrient service providers. The standard has three 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. 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.This program has gone forward because of support from multiple stakeholders: from the fertilizer industry (the Andersons, Morral Companies, and other agri-retailers, the Ohio Agri Business Association), from environmental groups (the Nature Conservancy, Environmental Defense), Ohio government agencies, Ohio Farm Bureau, and Ohio State University. Pilot audits were conducted a reviewed this summer, and after a few tweaks this voluntary certification is set for promotion this coming winter, with certifications to be awarded starting next summer. IPNI and TFI played advisory roles to ensure consistency with 4R principles.



Stakeholders supporting 4R certification 

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


4R: “right” means sustainable 

Presenter
Presentation Notes
4R Nutrient Stewardship defines right as more sustainable. While voluntary certification by a third party was the route chosen by industry and stakeholders in the Lake Erie Watershed, it is not the consensus that this approach would be workable or preferred globally. Industry is engaging the food industry as it develops its sustainability programs. For example, Walmart recently announced a fertilizer optimization program that requires its suppliers to document the percentage of their products coming from land with varying levels of nutrient management, with 4R referenced in the upper levels 3 and 4. The practical implications of such programs are still being worked out, and a variety of approaches are still being explored in initiatives including Field to Market and the Sustainability Consortium.  



“No matter how much phosphate rock 
exists, it is a non-renewable resource” 

IFDC, 2010 

Country 2011-12  
Production Reserves Reserve 

Life 
Mt Years 

Morocco 28 50,000 1790 
South Africa 2.5 1,500 600 
Jordan 6.5 1,500 230 
Russia 11 1,300 115 
USA 29 1,400 49 
China 85 3,700 43 
World Total 204 67,000 328 

Source: USGS, 2013 

Peak Phosphorus by 2030? 
 
Not likely. Global Partnership in Nutrient 
Management’s “Our Nutrient World” 
(2013) indicates oil, gas and zinc have 
shorter reserve lives than P. 
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Will phosphate rock production reach a peak in 2030? Will there be a peak phosphorus just like peak oil? Phosphate rock deposits are indeed a non-renewable resource, and finite resources need to be considered in any discussion of sustainability. The real question is how soon and how urgent. After the publication of the peak phosphorus concept in 2009, a more extensive look at reserves around the globe quadrupled their estimated size in 2010. Much of the increase, however, was in one country: Morocco. The Hubbert curve approach has been criticized in several substantial papers published since 2009. World reserve life is now estimated at over 300 years, though admittedly much shorter in the USA and China. Possibly, in the future, this may give rise to geopolitical concerns. The Global Partnership in Nutrient Management’s “Our Nutrient World” publication released this year indicates a number of important commodities, including crude oil, natural gas and zinc have shorter reserve lives than P.***********************The International Fertilizer Development Center published a technical bulletin (Van Kauwenbergh, 2010) called “World Phosphate Rock Reserves and Resources” which, while highlighting the industry’s concern for finite resources, shows that current reserves are considerably larger than previously thought, sufficient for over 300 years at current rates of extraction. The reserve figures in this publication are in agreement with the USGS (2013) publication of mineral commodity summaries. In addition, the International Plant Nutrition Institute has published a 2013 article “World Reserves of Phosphate Rock…a Dynamic and Unfolding Story” which points out that over the past decade or so there has been concern that the world would soon deplete its phosphate rock resources, and face a catastrophic phosphorus shortage; however, recent and thorough estimates of world supply indicate that a crisis is not imminent, and that we will not soon run out of phosphate rock. More recent published material (e.g. Scholz and Wellmer, 2013) show that the concept of “Peak P by 2030,” usually attributed to Cordell (2009), is based on outdated reserve estimates and methodology and has been criticized because it over estimates the urgency of the phosphorus supply risk. The Hubbert curve approach has also been shown to be inaccurate and unrealistic (Hendrix, 2011). In addition, Sutton et al. (2013; figure 2.9 on page 15) point out that many other important commodities, including crude oil and natural gas, and the important micronutrient zinc, have much shorter estimates for reserve life than does phosphate.



4R Research Fund – environmental, social, 
economic impacts of 4Rs on P loss 

• Meta-analyses: Review and analysis 
projects. $20K - $70K with duration 6-9 
months. Total of $300,000 in 2014. Due 15 
Dec 2013. 

• New Projects – Measurement. Projects 
$50K to $300K/y for up to 5 y; total of 
$500,000/year. Due 31 Jan 2014. 

• Both to contribute measures of 
performance for 4R 

• For additional information: 
www.nutrientstewardship.com/funding 
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The industry has commited $7 million in funding for the next five years, directed to projects that relate the 4Rs – source, rate, timing and placement combinations – to measures of sustainability impacts.



Summary  

1. Amid cloisters of P surplus, large areas of 
North America feature low and slowly 
declining soil P levels. 

2. Not all P loss impacts relate to extremely 
high soil P accumulations. 

3. Placement, timing, and management of 
stratification may reduce risks of dissolved 
P loss… but require research! 

4. Industry is engaging the 4Rs to address—
and support research on—sustainability 
issues related to P. 
 
 



Thank 
You 

 
 

nane.ipni.net 
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