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Presenter
Presentation Notes
Hello, I’m Tom Bruulsema, director for the northeast region of IPNI, the International Plant Nutrition Institute, IPNI. IPNI is a research and education organization with a mission of developing scientific information about responsible management of plant nutrition. I’ve listed three colleagues as co-authors for their contributions to this presentation as experts in forms of phosphorus in fertilizers and recycled products.



4R Nutrient Stewardship 

Right Source 
Match fertilizer form 
to crop needs 
Right Rate 
Match amount to 
crop need 
Right Time 
Make nutrient 
available when crop 
needs them 
Right Place 
Keep nutrients where 
crops can use them 

Presenter
Presentation Notes
The fertilizer industry is addressing its challenges through a concept called 4R Nutrient Stewardship. Essentially it involves applying the right source of nutrient at the right rate, at the right time and in the right place. What defines right is an influence on the cropping system that moves it in a more sustainable direction – sustainable economically, socially, and environmentally. 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 level of nutrient management used in the supply chain. In terms of environmental impact, the 4Rs can help improve water quality, air quality, and reduce greenhouse gas emissions, by minimizing undesirable losses of nutrients. 



Increased fertilizer use has contributed to cereal 
production growth and reduced undernourishment 

Data sources: United Nations Food and Agriculture Organization (FAO), 
International Fertilizer Industry Association (IFA) 

Presenter
Presentation Notes
The use of fertilizer contributes in a big way to food and nutrition security. It is estimated that at least half of the world’s population now depends on fertilizer for growing their food supply. Growth in global cereal production continues much as it has through the past 50 years, and much of this growth can be attributed to more and better use of fertilizer. Cereal production here is shown in thousand millions of tonnes, and global fertilizer consumption in hundred millions of tonnes, on the left axis. Over the same period of time, we believe there has been a reduction of undernourishment, although global figures from FAO are available only since 1990. The reduction in undernourishment over the past twenty years is remarkable, though it is a decreasing percentage of an increasing world population, and 12% of over 7 billion people is still an unacceptably large number. ��



World Phosphate Rock Reserves 

Source: USGS, 2013 

Country 2011-12  
Production Reserves Reserve 

Life 
Resources 

(IFDC 2010) 

Mt Years Mt 
Algeria 1.5 2,200 1470 -- 
China 85 3,700 43 16,800 
South Africa 2.5 1,500 600 7,700 
Jordan 6.5 1,500 230 1,800 
Morocco 28 50,000 1790 170,000 
Russia 11 1,300 115 4,300 
USA 29 1,400 49 49,000 

World Total 204 67,000 328 290,000 

P 

Presenter
Presentation Notes
The IFDC 2010 report resulted in almost a four-fold increase in the estimate of world total reserves. Previously estimated at 16,000 MMT, they are now considered to be 67,000 MMT. Most of the increase was for the country of Morocco, a country that still has vast resources, conservatively estimated at 170,000 MMT. A simple calculation of reserve life, dividing current production levels by reserves, gives an estimate of a 328-year PR supply for the world. We have seen, however, that global PR consumption is forecast to continue increasing, thus reserve life here is underestimated. We have also seen, however, that over time new resources get added to reserves and that reserves are not a static number. In that sense these estimates of reserve life are conservative. IFDC definitions:Reserves – phosphate rock that can be economically produced at the time of the determination using existing technology; reported as tons of recoverable concentrateResources – phosphate rock of any grade, including reserves, that may be produced at some time in the future; reported as tonnage and grade in situOnly a fraction of the resources are technically and economically suitable for production at any point in time.



Figure 2.9 Putting 
phosphorus and 
potassium (potash) 
reserves into context: 
Changes in estimated 
reserves of different 
commodities as 
estimated in 2002/2003 
and 2010 (Based on 
Scholz & Wellmer, 2013; 
U.S. Geological Survey, 
2012a; U.S. Geological 
Survey, 2012c). * Ratio 
of estimated reserve to 
annual mine production.  

Sutton et al. 2013. Our Nutrient 
World: The challenge to 
produce more food and energy 
with less pollution. Global 
Partnership on Nutrient 
Management.  
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Presentation Notes
With recent revisions to the estimates of reserves, the estimated life of phosphorus reserves is now similar to those of potash and magnesium, and well into the hundreds of years. It is worth noting that the estimated life of the important micronutrient zinc is far shorter. �



Presenter
Presentation Notes
Bars show removal in the harvested crop. Blues area shows fertilizer. Stacked above fertilizer is the P in manure, in two forms: recoverable and non-recoverable. Recoverable is essentially the manure that is applied to land with a spreader; non-recoverable is dropped on either pasture or feeding areas that aren’t scraped up and spread. For 2008-2010 the cropland balance was possibly in deficit. The manure estimates do not account for use of phytase, which decreased the input of P in feeds for swine and poultry, and the recent increased use of byproducts from ethanol (DDGS) which also reduce feed P use but increase P in the manure.Farmers in Eastern Canada, over the past 40 years, have moved from a “build up the soil” approach to a “maintain” phase when it comes to applying phosphorus. 
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Presentation Notes
Farmers in Western Canada, in contrast, have generally been fertilizing their crops only at maintenance rates, with no buildup phase. This has resulted in a different distribution of soil test levels between the East and the West.



IPNI  
Soil Test 
P Levels 

in 
  Canada  

31% 

64% 
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Presentation Notes
These two figures represent the distribution of soil test phosphorus levels in eastern and western Canada. The red, yellow and green areas represent sufficiency for crops: crops without P applied lose yield in the red zone; in the yellow zone farmers apply P to maintain soil fertility, but in the green zone there is little to no reason to apply P for most crops.In Eastern Canada, the substantial proportion of soils in the highest soil test category generally represents either intensive livestock operations with a nutrient surplus, or crops that require more phosphorus than they remove, like potato and tobacco. Only 31% of soils would benefit from buildup applications.Western Canada still has a large proportion of soils testing quite low in phosphorus. Economics of dryland agriculture do not favor a build up approach particularly when the main source of P inputs is purchased fertilizer. For this reason, 64% of soils are still below critical levels for crop response.



How much of crop yield can be attributed to P? 

27% 
P 

60%  
N+P 

One example: Long-term contribution of P to yield of 
irrigated corn in Kansas – 40-year average, 1961-2000  
(Stewart et al., 2005, Agron. J. 97:1–6)  

Presenter
Presentation Notes
We are often asked the question, how much does fertilizer contribute to yield? It is not a simple question to answer. It depends on the time frame under consideration and the initial fertility levels of the soil, as well as many other factors. In general, many sources of information attribute at least 40 to 60 percent of crop yield to the use of fertilizer. In this example, a 40-year study on irrigated corn in Kansas, yields are 60% lower without nitrogen and phosphorus combined; 27% lower if only phosphorus is missing. 



Management  Fertilization, Grain  Organic 
Practice  N-P2O5-K2O  Yield,   Matter,  
  lb/A bu/A % 

Continuous corn 115-70-30 104 3.6 
Continuous corn 0-0-0 13 3.1 
Rotation corn 115-70-30 145 4.4 
Rotation corn 0-0-0 65 3.3 

Gregorich & Drury, 1996 

A 30+ year study in Ontario shows that NPK fertilizer 
benefits both corn yield and soil organic matter. 

Presenter
Presentation Notes
I’m not aware of any trials in Ontario that have looked specifically at phosphorus for more than a decade, but this one in Woodslee, in Essex county close to Windsor, shows the long-term effect of the absence of fertilizer on either continuous corn or corn in rotation with oats and alfalfa. In both cases, a large proportion of corn yield is lost without fertilizer, and soil organic matter declines as well.



How much of crop yield can be attributed to P? 

• Short-term (one year):  
– Very small on soils with adequate P levels 
– Average ~7% (0-34%) for Ontario soils testing below critical 

level 

• Long-term (within 40 years): up to 27%  

Presenter
Presentation Notes
There is a database of over 100 site-years for P responses of major crops of Ontario. From this database we can conclude that for soils with adequate P, very little of crop yield depends immediately on P application. For soils below the critical level, the average response is 7% with a range of zero to 34%. The 40-year Kansas trial suggests that the long term answer is at least 27%. Even though the short term response is small, P use in agriculture clearly plays a large role in minimizing the land use footprint.



Biosolids 
1. Amount of P in biosolids is roughly equal to dietary P supply. 
2. Total biosolids from sewage treatment in North America 

contains an equivalent of 8% of crop P removal. 
3. Currently, half the biosolids are land applied, to less than 1% 

of the cropland. 
4. Good source of zinc. 
5. Low analysis sources: 

1. Issues with bulk and transportability. 
2. Accuracy of reported nutrient analysis – “guaranteed minimum” 

does not apply well to bulk materials 

 



Struvite crystallization is promising technology 
… nutrient rich streams mixed with MgCl in a 
controlled chemical precipitation 
• Precipitation reaction: Mg+2  

NH4
+  PO4

-3 

– Removes up to  
90% P and 20% N 

– Low salt index and low heavy 
metal content 

• Produces a slow-release N, 
P and Mg fertilizer  

 

Ostara Technology 

Crystal Green 
5-28-0 10Mg 



Struvite from manure: potential? 
1. Large potential source in eastern Canada 
2. Amount of Mg to add – more costly as fertilizer than P, 

similar limits as a non-renewable resource? 
3. Facilitated by anaerobic digestion for swine manure (Moody 

et al., 2009) – increases soluble Mg 
4. Of 30+ anaerobic digesters in Ontario, only one for swine 

manure, most for dairy manure (DeBruyn, Hilborn, pers. 
comm. 2014) 

5. Role of phytase in swine diet? Increased solubility of P and 
Mg but likely lower concentrations of P 

6. Can NH4
+ be retained? 

7. Could have a big impact if Mg requirement and N losses 
could be reduced. 

Presenter
Presentation Notes
As indicated on the crop nutrient balance figures, the amount of phosphorus contained in livestock manures is sizeable relative to crop P removal. While a good deal of this P is currently being utilized in land application of manure, it could be used more efficiently if it were in a less bulky form, like struvite. [Most manure is applied at N removal rates and thus supplies more P than necessary for crops on soils with optimum P levels]Several factors limit the economic feasibility of applying the struvite recovery process to manure. First is the amount of magnesium to add – as a fertilizer, Mg is often a more costly ingredient than P, and just like P, it is mined from non-renewable resources. Recovery of struvite, however, is shown to be enhanced following anaerobic digestion, with reduced requirement for Mg addition owing to its solubilization in the digestion process. Potentially struvite recovery could be a co-benefit of intiatives to generate renewable energy from manures. There is considerable current work in this area and there are more than 30 digesters operating on Ontario farms, though mostly on dairy rather than the most P-rich manure from swine. It would be interesting to discover how the feeding of phytase might impact the extraction of struvite from manure – would it further enhance solubility of Mg and P? It would however, likely reduce the total P concentration in the manure. Another observation is that the optimum pH for precipitating P as struvite is quite high – so the question arises of the fate of the large quantity of ammonium in the manure. Nitrogen is the most valuable nutrient in manure, and its current recovery is quite low. Capturing the ammonium would be very important. If these issues could be addressed and struvite recovery from manure could be made feasible economically, there would certainly be a large reduction, though not elimination, of demand for fertilizer P. L. B. Moody, R. T. Burns, K. J. Stalder. 2009. Applied Engineering in Agriculture. Vol. 25(1): 97‐102 EFFECT OF ANAEROBIC DIGESTION ON MANURE CHARACTERISTICS FOR PHOSPHORUS PRECIPITATION FROM SWINE WASTE



Is struvite less susceptible to loss in runoff 
when applied surface broadcast? 

•Water solubility: 
– Three orders of magnitude lower than common fertilizer 

forms, MAP and DAP (0.2 g/L versus 370 to 580 g/L) 
– But still considerably higher than critical P concentration 

for algae (25 versus 0.03 mg/L)  

• Runoff comparisons not available 
– No titles in Agricola contain both the word “struvite” and 

“runoff” 
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Given its lower solubility as compared to MAP and DAP, one might expect less loss in runoff when the fertilizer is on the soil surface. However, struvite is soluble enough that its equilibrium concentration in water is still far higher than the critical limit for algae growth. However, direct comparisons of P in runoff have apparently not been published.



Protecting water quality with 4R 

• Placement most critical 
• Timing also significant 
• Source needs to be a form that can be applied in the right 

place at the right time 

Presenter
Presentation Notes
An example addressing the environmental impact of nutrient losses associated with fertilizer use is the application of the 4R nutrient stewardship concept to the Lake Erie Watershed. There, a certification program is being promoted to encourage adoption of source, rate, timing and placement practices that reduce phosphorus loading to the lake. 



Summary – P for Food Security 

1. Phosphorus inputs to crops are essential to food security. 
2. In terms of world reserves and resources, zinc is more 

limited than P.  
3. Opportunity exists to enhance recovery and recycling of P  
4. 4R Nutrient Stewardship requires P sources that can be 

applied at the right rate, the right time and the right place 
for best crop performance as well as minimizing losses to 
water. 

 

http://nane.ipni.net 

http://www.ipni.net/
http://www.ipni.net/
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