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Why the fertilizer industry promotes 
4R Nutrient Stewardship 



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 
1. Food Security: The fertilizer industry plays an 

important role; it keeps > half of humanity alive. 
2. Stewardship: 4R Nutrient Stewardship is the 

industry’s response to issues with water, air and 
climate. 

3. Sustainability: Real improvement in performance 
requires higher levels of partnership and 
communication. 

• Slides: available at http://nane.ipni.net 



Right source 

Right rate 

Right time 

Right place 

 

Presenter
Presentation Notes
The fertilizer rights—source, rate, time, and place—are connected to the goals of sustainable agriculture through the cropping system, shown as the middle circle on this slide. Fertilizer management, to be considered “right,” must support stakeholders’ goals for how that cropping system performs, how it produces, how it affects the air they breathe, the water they drink, etc.
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Food and Nutrition Security 



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

Data sources: FAO, IFA. 

Presenter
Presentation Notes
Growth in global cereal production continues much as it has through the past 50 years, and much—although not all—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 undrenourishment, although global figures from FAO are available only since 1990. The reduction in undernourishment over the past twenty years is remarkable, though we must remember it is a decreasing percentage of an increasing world population, and 12% of over 7 billion people is still an unacceptable number. In addition, percent undernourishment is an indicator of calorie deficiency; the prevalance of stunting, wasting and other symptoms of nutritional deficiencies are not included. These need our attention. They have various causes and require site-specific solutions.



World Fertilizer Consumption 
Historical and Projected 

Tenkorang 
& 

Lowenberg-
DeBoer, 

2009. 

----- IFA Statistics 1961-2011 ----- 
N 

P2O5 
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forecast 
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Presenter
Presentation Notes
Globally, fertilizer use is on an increasing trend, as shown by these IFA statistics. Units are million metric tonnes, equivalent to teragrams. There was a temporary exception to the increasing trend, associated with the changes in the former Soviet Union in the late 1980s and early 1990s, but it is forecast to continue. The projections, from a recent paper by Tenkorang and Lowenberg-Deboer, are based on a model considering crop areas, maintenance needs for soil fertility, and traditional trends with respect to rates of change. The authors point out that the FAO crop area forecasts they rely on assume reduction, but not elimination, of world hunger. Fertilizer inputs can be expected to continue to comprise a large part of the global biogeochemistry of these elements.Tenkorang, F. and J. Lowenberg-DeBoer, 2009. Forecasting long-term global fertilizer demand. Nutr. Cycling Agroecosystems. 83:233-247.



Fertilizer Industry Value 

Canada (2007-2012), per 
annum 
• $5-8 billion potash sales 
• $3-4 billion other fertilizers 
• $3-4 billion total farm 

spending on fertilizers 

World (2012), per annum 
• ~$100 billion N 
• ~$40 billion P 
• ~$20 billion K 



Fertilizer consumption (2005/06 – 2007/08)  

14% 

10% 

11% 

17% 

38% 
Mostly China 

Presenter
Presentation Notes
The Far East, mostly China, is by far the world’s largest consumer of fertilizer. South Asia is next, followed by North America and Europe. Intensive, multi-crop rotations that support the high population density of Asia require the highest rates of fertilizer to replenish soil nutrients.



Human Population and N Use 

 

Erisman et al., 2008, Nature GeoScience 

Presenter
Presentation Notes
This figure comes from an article by Jan Willem Erisman and others, published in 2008 in Nature. The upper line represents world population over the last century. The blue line represents average input of fertilizer nitrogen on a per hectare basis. The dotted line represents the authors’ estimate of the proportion of the world population fed by Haber-Bosch nitrogen. It has come up from next to nothing in 1900 to 48% of the world’s population today., and continues on a strongly increasing trend. Without Haber-Bosch nitrogen, we would be feeding only half of the 6-plus billion population today, unless we had cut down pretty well all the world’s remaining forests. Haber-Bosch nitrogen also supported a strong increase in per-capita meat consumption – although we don’t need more in North America, the growing middle class in Asia appears to think it does.I find it interesting that the UN assumes a levelling off by 2050, based on the expectation that when incomes rise in the developing world their fertility rates will decline. This would imply however large increases in meat production and greenhouse gas emissions. Either way we have important issues to address.Figure 1 Trends in human population and nitrogen use throughout the twentieth century. Of the total worldpopulation (solid line), an estimate is made of the number of people that could be sustained without reactivenitrogen from the Haber–Bosch process (long dashed line), also expressed as a percentage of the globalpopulation (short dashed line). The recorded increase in average fertilizer use per hectare of agricultural land(blue symbols) and the increase in per capita meat production (green symbols) is also shown.Jan Willem Erisman1*, Mark A. Sutton2, James Galloway3, Zbigniew Klimont4 and Wilfried Winiwarter4, 5nature geoscience | VOL 1 | OCTOBER 2008 | www.nature.com/naturegeoscienceHow a century of ammonia synthesis changed the world



Topics 
• Food security 
• Micronutrient malnutrition 
• Functional foods 
• Proteins, oils and 

carbohydrates 
• Plant disease  
• Farming systems 
• Remediation of soil 

contaminated with 
radionuclides 

• 11 chapters 
 



Click to edit Master title style 

Stewardship 

Presenter
Presentation Notes
We begin with the first chapter of the 4R Plant Nutrition Manual, with the big picture overview on the origin of the sustainability concept and the relation of plant nutrition to the goals of sustainable agriculture.



Global Eutrophication Challenges 

Source: Russ Gibson, NPS Program 
Manager, Ohio EPA 

Algae bloom 
Lake Erie 2011 

March 14, 2013 



Sq. mi. of hypoxia 

Year 
Hypoxia data from N. Rabalais, LUMCON 
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Hypoxia Action Plan  
Reduce N and P loading 45% 



Galloway & Cowling, 2002;  
UNEP, 2003 



• GPNM 2013, 128 pages 
• Analysis of global N & P cycles 
• Essential for food [fuel & fiber] 
• Threats to WAGES 
• Full-chain N use efficiency 8% 

[could be higher than 16%] 
• Multiple definitions of crop NUE 
• Deserves attention… and 

refinement 



Greenhouse Gases and Fertilizer 
0.88 CH4 + 1.26 Air + 1.24 H2O 
→ 0.88 CO2 + N2 + 3 H2 → 2 NH3  
 GHG cost of N 
use 

kg CO2-eq  
/kg N 

Manufacture & 
transport 

3.0 – 4.5 

Emission of N2O 
from soil 

0.7 – 4.7  

Lime 
requirement 

0.0 – 0.4 

Soil C storage ? 



MODIS  
satellite image  
3 Sept 2011. 

Source: Michalak 
et al., 2013, 

PNAS. 

Presenter
Presentation Notes
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.









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 

 

Presenter
Presentation Notes
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.



Peak phosphorus … like peak oil?? 

Cordell et al, 2009. 

Hubbert curve: production reaches a 
maximum when 50% of the resource is 
depleted and declines thereafter. 
 
Cordell et al (2009) predicted a 2033 
peak, using the USGS (2009) reserves 
estimate. 

2033 
Cumulative use:  
USGS (2009) – 27% 
IFDC (2010) – 9% 

Presenter
Presentation Notes
Another approach to dealing with depletion of reserves is the “peak phosphorus” concept developed (for oil rather than for P) by Hubbert in 1949. This approach fits a Gaussian curve to production data, with the constraint that the area under the curve must equal total resources including total cumulative production to date. Using this technique, and using the USGS 2009 estimate of global PR reserves (instead of resources), Cordell et al. (2009) project a date of 2033 for “peak phosphorus” a date beyond which sharp increases in prices would be expected. However, the USGS, based on IFDC (2010) in 2011 raised their estimate of global PR reserves almost four fold. Thus the curve would shift to the right, even using their approach. The main difficulty with the “peak phosphorus” concept is that the global total of resources is unknown, and the estimates of reserves keep changing over time. Using the figures above, with IFDC reserve estimates, the world is currently at 882/9725 = 9% cumulative use of the total P reserve, as compared to 27% as shown in this figure.From Cordell et al., 2009: “A conservative analysis using industry data suggests that the peak in global phosphorus production could occur by 2033 (Fig. 4). This analysis of peak phosphorus is based on estimated P content in remaining world phosphate rock reserves (approximately 2358 MT P8) and cumulative production between 1900 and 2007 (totaling 882 MT P) based on US Geological Survey data (Buckingham and Jasinski, 2006; Jasinski, 2007, 2008), data from the European Fertilizer Manufacturers Association (2000) and the International Fertilizer Industry Association (2006). The area under the Hubbert curve is set equal to the depleted plus current reserves, totaling approximately 3240 MT P. The data for annual production is fitted using a Gaussian distribution (Laherrere, 2000), based on the depleted plus current reserves estimate of 3240 MT P, and a least squares optimization which results in a production at peak of 29 MT P/a and a peak year of 2033. However the actual timing may vary due to changes in production costs (such as the price of raw materials like oil), data reliability and changes in demand and supply.”The story of phosphorus: Global food security and food for thought. Dana Cordell, Jan-Olof Drangert, and Stuart White. Global Environmental Change 19 (2009) 292–305



“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 

Presenter
Presentation Notes
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.



World Potash Reserves 

Country 2012  
Production Reserves Reserve 

Life Resources 

Million tonnes K2O Years Mt K2O 
Canada 9 4,400 490 
Russia 7 3,300 470 
Belarus 6 750 125 
Germany 3 140 45 
USA 1 130 130 7,000 
World 34 9,500 280 250,000 

USGS Mineral Commodities Summaries, 2013 

Presenter
Presentation Notes
Potash is usually found in salt deposits about 900 meters underground. The mineral sylvinite contains granules of both potassium chloride and sodium chloride. A typical Saskatchewan mine shaft passes through a number of geological layers to access the deposit. Drilling a mine shaft is technically difficult owing to high-pressure water in the Blairmore formation. Many of the Saskatchewan mines have hundreds of kilometers of tunnels carved out by the room-and-pillar mining technique. Potassium is separated from sodium using physical processes in a brine.At 2007 rates of production, Canada’s potash reserves could last 490 years. World reserve life is 280 years. Worldwide resources are estimated at 250 billion metric tonnes..



http://nane.ipni.net 

Presenter
Presentation Notes
IPNI published a new plant nutrition manual, based on the 4Rs, just last year. It begins with the concept of sustainability, linked to the management of plant nutrition, and then describes scientific principles related to right source, rate, time and place of application of nutrients. The material I present today is drawn from this manual. It’s available for purchase at the web site indicated, in both print and electronic editions. The electronic edition is an iBook and can be read on an iPad or on a computer with an iBooks account.



Source, rate, time, and place describe any 
nutrient application  

Presenter
Presentation Notes
Any application of nutrients has a source, rate, time and place, and the four of them fully describe any application of nutrients. This holds for any crop, and any farm or enterprise engaged in growing crops, plants, or trees, and it doesn’t matter whether they are small-scale operations doing things by hand in India or large mechanized operations in California. 



1. Provide essential elements 
2. Supply plant-available forms 
3. Suit soil properties 
4. Synergisms, blend compatibility 
5. Associated elements 

1. Assess plant demand 
2. Assess soil supply  
3. Assess all available sources 
4. Predict fertilizer use efficiency 
5. Consider resources and economics 

1. Assess timing of crop uptake 
2. Assess dynamics of soil supply 
3. Assess timing of weather factors 
4. Evaluate logistics 

1. Recognize root-soil dynamics 
2. Consider soil chemical reactions 
3. Manage spatial variability 
4. Fit needs of tillage system 

The basic scientific principles of 
managing crop nutrients are universal  

Presenter
Presentation Notes
There are scientific principles that apply to each of the 4Rs. The sciences of physics, chemistry, and biology provide fundamental principles for the mineral nutrition of plants growing in soils. The application of these sciences to practical management of plant nutrition has led to the development of the scientific disciplines of soil fertility and plant nutrition. The management components source, rate, time and place each have unique science related to the mechanisms and processes involved in plant nutrient uptake. These principles are covered in greater detail in chapters 3 to 6 of the Plant Nutrition Manual.



ACTION 
Change in practice 

Farm Level 
Producers,  
Crop advisers 

DECISION  
Accept, revise, or reject 

EVALUATION of OUTCOME   
Cropping System  

Sustainability Performance 

Recommendation of right source, 
rate, time, and place (BMPs) 

    Regional Level 
Agronomic scientists, 

Agri-service  
providers 

DECISION SUPPORT based 
on scientific principles 

Policy Level – Regulatory,  
Infrastructure, Product Development LOCAL SITE 

FACTORS 
•Climate 
•Policies 
•Land tenure 
•Technologies 
•Financing  
•Prices 
•Logistics 
•Management 
•Weather 
•Soil 
•Crop demand 
•Potential 
losses 

•Ecosystem 
vulnerability 

4R Adaptive Management for Plant Nutrition 

Presenter
Presentation Notes
The 4Rs include adaptive management, though of course adaptive management goes beyond crop nutrition as well. Our vision of adaptive management for plant nutrition includes cycles of decision, implementation and evaluation. These cycles operate at several levels, including the farm, the regional and the policy levels. The farm level cycle is the growing season. Producers continually look at options, choosing recommendations for source rate time and place that suit their local site factors. These site-specific factors start with soil and landscape and include a wide range of considerations including policies (regulations) and land tenure. At the regional level, we have both agronomic scientists working to refine decision support through research. We also have agri-service providers making decisions on the sources they will provide and on the logistics of how they can be delivered to the farm or to the field. Both academic and industry agronomists interact with producers and crop advisers to implement and interpret on-farm trials that aid in the evaluation of selected practices – right along the lines of adaptive management.At the national or state level, decisions are made by government on regulations, and by industry on product development, and by both on infrastructure.All three levels need to be consistent in the goals against which they evaluate outcome. Source, rate, time and place are central to all, but it’s the full framework that we mean when we talk about 4R Nutrient Stewardship, or the 4Rs, for short.
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Sustainability 



• Our Common Future (1987) 
addressed concerns “about the 
accelerating deterioration of the 
human environment and natural 
resources and the consequences 
of that deterioration for economic 
and social development.” 

• This report provided the basis for 
sustainable agriculture. 

Source: Advisory Panel on Food Security, Agriculture, 
Forestry, and Environment. World Commission on 
Environment and Development. 1987. 

Brundtland report  

Presenter
Presentation Notes
ABOUT 25 YEARS AGO, the Brundtland World Commission on Environment and Development produced a report titled Our Common Future. This report provided the basis for the concept of sustainable development, and in particular, sustainable agriculture. Discussions on the challenge of increasing food production in an economically viable way while retaining the ecological integrity of food systems date back to the release of this report. It began to influence the thinking of people engaged in development worldwide. At that time, I was working in agronomy in Bangladesh. There too it had an influence. 



The 4Rs influence many performance indicators  

• social, economic and environmental performance 

Net profit 

                Resource use     
           efficiencies:    
    Energy, Labor, 
Nutrient, Water  

Return on  
investment Yield 

stability 

Water & 
air quality 

Farm  
income 

Working  
conditions 

Nutrient 
balance 

Nutrient loss 

Yield 

Quality 

Soil erosion 

Biodiversity 

Ecosystem  
services 

Affordable 
& accessible 

food 

• influenced by crop 
and soil 
management as 
well 

 
• whole system 

outcomes  

Presenter
Presentation Notes
Many aspects of performance are influenced as much by crop and soil management as they are by management of the nutrients applied. For example, nutrient use efficiency is increased when a higher-yielding crop cultivar is grown. Numerous resource use efficiencies show trade-offs: when one resource is used in smaller amounts, its use efficiency may increase at the expense of others if plant productivity is reduced. Plant production systems are complex and can respond in unanticipated ways to the application of nutrients. So the science backing a particular nutrient application practice needs to describe how the practice works at the basic level (for example, the chemistry) and measure outcomes relative to cropping system performance (for example, the agronomy). Whole-system sciences that measure impacts on whole-system performance are important to the continuous refinement of management practices. 



Figure 4.1: Inputs of N to US agricultural land, including recoverable manure, legume 
fixation, and commercial fertilizers, as compared to removal by crops (adapted from 
IPNI NuGIS, 2011). [In Robertson et al., 2012, Biogeochemistry, in press] 

Presenter
Presentation Notes
This figure was adapted from NuGIS data, even though it doesn’t appear in the NuGIS publication. It has been included, however, in this chapter which is now in press with Biogeochemistry. I show it first because it gives you an idea of how NuGIS works. The nitrogen balances are comprised of one output and three inputs. The output is crop removal, the amount of N contained in the material harvested and removed from the land. The inputs include fertilizers (in blue), legume N fixation (in green) and manure applied (in brown).  Legume N fixation is estimated as the N removal of strong N fixers like soybeans and alfalfa (thus the legumes are assumed to be 100% efficient with N, output equaling input). Recoverable manure is the fraction remaining in the manure at the time of application, after losses, and is estimated using methods of Kellogg et al 2000. What do you take away from this figure? We would call it a partial N balance. On average, there is a surplus, but removals total to 75 to 80 % of inputs. So by this measure, overall efficiency is higher than that reported by other methods which I will discuss. Why? Several reasons. One is that we average the 100%-efficient legumes with the less efficient cereals, fruits, and vegetables. Second is that we don’t consider what is happening to the large pool of N in the soil. We need other sources of information to determine whether that soil resource is maintaining, gaining, or losing N. Fortunately in many cases, we can demonstrate we are not losing soil organic N. The other important facts to take away: agriculture manages a large and increasing flux of N, and the surplus as a proportion of the cycle is declining over time. The units are teragrams (same thing as million metric tonnes). 





Soil test P distribution, 2001-2010 

See http://nane.ipni.net 

Presenter
Presentation Notes
Ohio has a lower distribution of soil test P levels than any other state or province in the Northeast region. The blue bars represent the soil test distribution in 2001, the red bars in 2005, and the green in 2010, the last summary conducted. 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.



4R: “right” means sustainable 

Presenter
Presentation Notes
4R Nutrient Stewardship defines right as more sustainable. 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.  



Top Product of the Year, 2012 – Ag Professional Magazine 



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

• $7M over 5 years across North America 
• Meta-analyses: Review and analysis 

projects.  
• New Projects – Measurement.  
• Both to contribute measures of 

performance for 4R Nutrient Stewardship. 
• For additional information: 

www.nutrientstewardship.com/funding 
 

Presenter
Presentation Notes
The industry has committed $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. The fertilizer industry plays an important role in 
food security; it keeps > half of humanity alive. 

2. 4R Nutrient Stewardship is the industry’s response 
to issues with water, air and climate. 

3. Real improvement in sustainability performance 
requires higher levels of partnership, research and 
communication. 
 

 



Thank you 
 

nane.ipni.net 
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