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4R Plant Nutrition: linking science to practice�
The global fertilizer industry has adopted  4R Nutrient Stewardship as an innovative approach for fertilizer best management practices. The concept is simple—apply the right source of nutrient, at the right rate, at the right time, and in the right place—but the implementation is knowledge-intensive and site-specific. The term "right" considers economic, social, and environmental dimensions essential to sustainability of agricultural systems. The 4R Plant Nutrition Manual, released in 2012 by IPNI, outlines the scientific principles that define the four “rights.”  This presentation will provide an overview of these principles, and illustrate their application to current nutrient stewardship issues, including:
	1) interactions of nitrogen with climate change impacts on agriculture, 
	2) management of phosphorus to control harmful algal blooms, 
	3) maintenance of soil fertility,
	4) fertilizing crops for qualities that improve human health.



Formed in 2007 
from the Potash 
& Phosphate 
Institute, the 
International 
Plant Nutrition 
Institute is 
supported by 
leading fertilizer 
manufacturers. 

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. Sustainable agriculture 
2. Nitrogen-climate interactions 
3. Phosphorus issues 
4. Soil potassium fertility 
5. Fertilizing to improve human health 
• Slides: available at http://nane.ipni.net 
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The global fertilizer industry has adopted  4R Nutrient Stewardship as an innovative approach for fertilizer best management practices. The concept is simple—apply the right source of nutrient, at the right rate, at the right time, and in the right place—but the implementation is knowledge-intensive and site-specific. The term "right" considers economic, social, and environmental dimensions essential to sustainability of agricultural systems. The 4R Plant Nutrition Manual, released in 2012 by IPNI, outlines the scientific principles that define the four “rights.”  This presentation will provide an overview of these principles, and illustrate their application to current nutrient stewardship issues, including:
	1) interactions of nitrogen with climate change impacts on agriculture, 
	2) management of phosphorus to control harmful algal blooms, 
	3) maintenance of soil fertility,
	4) fertilizing crops for qualities that improve human health.
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Sustainable Agriculture 

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.



• 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. 



Sustainability Initiatives Abound in 2013 

Presenter
Presentation Notes
Twenty-five years later, sustainability has become a hot topic for corporations. For example, the Sustainability Consortium represents a number of major food retailers. Major food retailers, like Pepsico, WalMart, Unilever and Loblaws,  are recognizing that to demonstrate their sustainability, their whole supply chain needs to document its performance. This extends to agricultural operations and their agri-service providers. So now it becomes necessary for those of us who are responsible for crop nutrition to be able to communicate on sustainability issues to a broader range of the public than ever before, and to a myriad of groups interested in food production. 4R Nutrient Stewardship was designed with sustainability principles in mind, and provides a means to connect what we do in managing nutrients to the interests of the rest of the world. One example of the use of the 4Rs in such systems is provided by The Keystone Alliance. It has developed a fieldprint calculator which includes elements of 4R Nutrient Stewardship in its greenhouse gas component. Future editions may include a Water Quality Index linked to 4R Nutrient Stewardship as well.
�



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.



Right means Sustainable  

• Right source, rate, 
time, and place 
 

• Outcomes valued 
by stakeholders  

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.



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. 



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.



The 4Rs involve adaptive management 
• Balanced assessment of each “R” for contribution 

toward sustainability goals 
• Right rate  

– easily quantified, easily changed 
• Right source, Right time, Right place 

– require investment to change 
– interaction problem for scientific testing:  

soil * weather * management * 23 
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Nitrogen-Climate Interactions 



Nitrogen-Climate 
Interactions 

• 7 chapters, 208 pages 
• Feeds into U.S. National 

Climate Assessment 
• “improved nutrient 

management will be 
increasingly challenging 
under climate change 
scenarios of more variable 
climatic patterns” 

• “striving for NUE reduces 
impact of climate on crop N 
use, and impact of crop N use 
on climate” 

Presenter
Presentation Notes
A study effort, coordinated by Eric Davidson and Emma Suddick of the Woods Hole Research Center, aimed to provide information to the US National Climate Assessment. It notes that it will be increasingly challenging to improve the management of crop nutrition given climate change scenarios of more variable patterns. But it also notes that “striving for NUE reduces impact of climate on crop N use, and impact of crop N use on climate.” Of the report’s seven chapters, the one focused on agriculture is the theme of today’s session. My objective in this presentation is to expand on the concepts of 4R Nutrient Stewardship and partial nutrient balances that it includes.





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). 



http://nane.ipni.net 



Climate and soil organic N 
• Soil N mineralization increased by temperature but reduced 

by higher C/N ratios (Brevik, 2012, Soil Horizons) 
• Nutrients: “Soil C sequestration under elevated CO2 is 

constrained both directly by N availability and indirectly by 
nutrients [P, K, Mo] needed to support N2 fixation” (van 
Groenigen et al, 2006, PNAS) 

• Progressive N limitation: “Soil N supply is probably an 
important constraint on global terrestrial responses to 
elevated CO2” (Reich et al, 2006, Nature) 
 
 

Presenter
Presentation Notes
Soil organic matter and the nitrogen it contains influence the nitrogen nutrition of crops strongly, and is also heavily influenced by climate change. Its fate under climate change is uncertain. Higher temperatures increase its mineralization, as pointed out in a recent Soil Horizons article by Eric Brevik, but higher carbon dioxide levels may mean greater input to the soil of crop residues richer in carbon but lower in nitrogen, thus decomposing more slowly. Thus many expect that soil organic matter will benefit from higher CO2 levels, but as pointed out by van Groenigen et al in 2006, progressive nitrogen limitation under enriched CO2 can constrain soil carbon storage, and in addition nutrients like phosphorus, potassium and molybdenum may constrain biological nitrogen fixation in future climates as well. A 2006 paper in Nature by Reich et al agrees that N supply from the soil may constrain the response of terrestrial plants to elevated CO2. There seems to be considerable lack of certainty as to what climate change will do to soil organic matter, but if it’s going to increase, inputs of N will need to be increased.

**************************************************************************
Brevik, EC. 2012. Soils and Climate Change: Gas Fluxes and Soil Processes. Soil Horizons. 

According to the Intergovernmental Panel on Climate Change, global temperatures are expected to increase 1.1 to 6.4°C during the 21st century, and precipitation patterns will be altered by climate change. Soils are intricately linked to the atmospheric–climate system through the carbon, nitrogen, and hydrologic cycles. Altered climate will, therefore, have an effect on soil processes and properties, and at the same time, the soils themselves will have an effect on climate. Study of the effects of climate change on soil processes and properties is still nascent, but has revealed that climate change will impact soil organic matter dynamics, including soil organisms and the multiple soil properties that are tied to organic matter, soil water, and soil erosion. The exact direction and magnitude of those impacts will be dependent on the amount of change in atmospheric gases, temperature, and precipitation
amounts and patterns. Recent studies give reason to believe at least some soils may become net sources of atmospheric carbon as temperatures rise and that this is particularly true of high latitude regions with currently permanently frozen soils. Soil erosion by both wind and water is also likely to increase. However, there are still many things we need to know more about. How climate change will affect the nitrogen cycle and, in turn, how the nitrogen cycle will affect carbon sequestration in soils is a major research need, as is a better understanding of soil water–CO2 level–temperature relationships. Knowledge of the response of plants to elevated atmospheric CO2 given limitations in nutrients like nitrogen and phosphorus and associated effects on soil organic matter dynamics is a critical need. There is also a great need for a better understanding of how soil organisms will respond
to climate change because those organisms are incredibly important in a number of soil processes, including the carbon and nitrogen cycles.

van Groenigen, K.-J., J. Six, et al. (2006). "Element interactions limit soil carbon storage." Proceedings of the National Academy of Sciences 103(17): 6571-6574.
	Rising levels of atmospheric CO2 are thought to increase C sinks in terrestrial ecosystems. The potential of these sinks to mitigate CO2 emissions, however, may be constrained by nutrients. By using metaanalysis, we found that elevated CO2 only causes accumulation of soil C when N is added at rates well above typical atmospheric N inputs. Similarly, elevated CO2 only enhances N2 fixation, the major natural process providing soil N input, when other nutrients (e.g., phosphorus, molybdenum, and potassium) are added. Hence, soil C sequestration under elevated CO2 is constrained both directly by N availability and indirectly by nutrients needed to support N2 fixation.


Reich, P. B., S. E. Hobbie, et al. (2006). "Nitrogen limitation constrains sustainability of ecosystem response to CO2." NATURE 440: 922-925.
Enhanced plant biomass accumulation in response to elevated atmospheric CO2 concentration could dampen the future rate of increase in CO2 levels and associated climate warming. However, it is unknown whether CO2-induced stimulation of plant growth and biomass accumulation will be sustained or whether limited nitrogen (N) availability constrains greater plant growth in a CO2-enriched world. Here we show, after a six-year field study of perennial grassland species grown under ambient and elevated levels of CO2 and N, that low availability of N progressively suppresses the positive response of plant biomass to elevated CO2. Initially, the stimulation of total plant biomass by elevated CO2 was no greater at enriched than at ambient N supply. After four to six years, however, elevated CO2 stimulated plant biomass much less under ambient than enriched N supply. This response was consistent with the temporally divergent effects of elevated CO2 on soil and plant N dynamics at differing levels of N supply. Our results indicate that variability in availability of soil N and deposition of atmospheric N are both likely to influence the response of plant biomass accumulation to elevated atmospheric CO2. Given that limitations to productivity resulting from the insufficient availability of N are widespread in both unmanaged and managed vegetation, soil N supply is probably an important constraint on global terrestrial responses to elevated CO2.



	





Grove et al. 2009. Better Crops with Plant Food 93(4):6-8 – Kentucky, USA 
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Presenter
Presentation Notes
I would like to point out a specific example of a management choice that may become more feasible with climate change, and one that could contribute to increased soil carbon storage. This figure shows soil organic carbon levels in a 39-year study from Kentucky. Continuous corn was grown with zero, 168 or 337 kg/ha of annual N application, under no-tillage or moldboard plowing. An important feature of this cropping system is the winter cereal cover crop—feasible now in Kentucky; with climate change, it may become more feasible northwards as well. The high rate of N provided probably more N than the corn would need on its own, and would have been a complete waste without the cover crop. But with the cover crop to absorb it, the additional nitrogen turned into valuable soil organic matter– to the extent that with no-till, the highest N rate resulted in restoration of soil organic carbon to levels found in continuous grass sod. Here is a crop management strategy, coupled with a crop nutrition strategy, that takes advantage of nitrogen-carbon interactions to help adapt to and mitigate climate change.
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Right Source 

• Form: rising [CO2] and implications for NH4
+ versus NO3

- 

• Plant dependence on NH4
 + versus NO3

- changes with [CO2] 
(Bloom et al, 2002; Epstein and Bloom, 2005) 

• If preference for NH4
+ increases, greater crop response may be 

expected from:  
– nitrification inhibitors (nitrapyrin, dicyandiamide)  
– urease inhibitors, polymer coated urea, later time of application 

• Adapting to higher [CO2] could lead to less nitrate leaching 

Presenter
Presentation Notes
The 4Rs each have separate and unique considerations when it comes to the nitrogen cycle. In this and the next three slides, I’ll highlight a few.

Source includes nutrient form, and one specific nutrient form that may be affected by rising CO2 levels is the choice between ammonium and nitrate. Most fertilizer sources are in the ammoniacal form, but soil processes often result in most of the uptake occurring in the nitrate form. As CO2 levels rise, plant photosynthesis becomes more efficient and more focused on carbon assimilation, leaving less surplus energy for nitrate reduction, and in some cases an increasing preference for ammonium over nitrate has been demonstrated. Thus nitrification inhibitors or controlled-release forms of nitrogen may be more strongly preferred, giving larger crop responses, and also leading perhaps to less nitrate leaching. Given increased need and opportunity for conservation tillage, forms suitable for placement into the soil will be needed, to prevent the contact between urea and crop residue that results in ammonia volatilization.

*************************************************************************************************************************
Epstein, Emanuel and Arnold J. Bloom. 2005. Mineral Nutrition of Plants: Principles and Perspectives. 2nd edition. Sinauer Associates. Page 186.

Bloom, A. J., D. R. Smart, et al. (2002). "Nitrogen assimilation and growth of wheat under elevated carbon dioxide." Proceedings of the National Academy of Sciences 99(3): 1730-1735.
	Simultaneous measurements of CO2 and O2 fluxes from wheat (Triticum aestivum) shoots indicated that short-term exposures to elevated CO2 concentrations diverted photosynthetic reductant from NO or NO reduction to CO2 fixation. With longer exposures to elevated CO2, wheat leaves showed a diminished capacity for NO photoassimilation at any CO2 concentration. Moreover, high bicarbonate levels impeded NO translocation into chloroplasts isolated from wheat or pea leaves. These results support the hypothesis that elevated CO2 inhibits NO photoassimilation. Accordingly, when wheat plants received NO rather than NH as a nitrogen source, CO2 enhancement of shoot growth halved and CO2 inhibition of shoot protein doubled. This result will likely have major implications for the ability of wheat to use NO as a nitrogen source under elevated CO2.






Right Rate 
• A function of crop demand, soil supply, and soil losses 

– All 3 affected by weather 
• Soil-crop system models using real-time data (e.g. Cornell 

University’s Adapt-N), or crop sensors, can help adapt to 
weather  

• Adapting N rates to weather: 
– More variable crop yield and rainfall-related N losses may 

make it more important. 
– Cover crop response to surplus N may make it less 

important. 

Presenter
Presentation Notes
Rate. If yield goals were hard to set in the past, they may be even more difficult to predict in the future. If you felt you needed a little extra for insurance with normal weather, the temptation may increase when weather becomes more variable. There are alternatives! Particularly for nitrogen, you can use crop sensors and/or weather-driven crop models as decision support tools to take into account the dynamic changes in weather. But I should add that even though increased variability in yield and N loss may make it more important to fine-tune rates to weather, the use of cover crops could make it less important, considering that cover crops can make good use of surplus N, provided the surpluses are reasonable.




Right Time 
• If winter rains increase in amount and intensity, fall application 

may be even less effective. 
• Split applications allow more decision points to help deal with 

variability in crop yield potential and loss mechanisms. 
 

Presenter
Presentation Notes
Time. Splitting the dose into multiple applications can help minimize risk of loss and maximize nutrient supply to the crop. Does your equipment enable you to take advantage of narrow application windows that open up? Can you respond to short-term forecasts that assure that applied nutrients will stay in the soil? Can you fit your application timing to the growth stages of crops that might happen earlier than usual? 



Right Place 

• Greater benefits to subsurface 
placement with conservation 
tillage? 

• If winter rains are more frequent 
and intense, more need for varying 
N rate by landscape position? 

• Crop sensors for variable rate? 
 

Presenter
Presentation Notes
Place. If rainstorms are more frequent and intense, leaving nutrients on the soil surface makes even less sense than before. Placing nutrients in the soil close to where the roots are growing adds resiliency to the crop production system. It will be important to consider investment in equipment that can place the right nutrients in the soil at the right time, rapidly enough to fit application windows that might be shorter and at different times than in the past. If winter rains result in more water moving across the soil surface, there may be more need to address the within-field variability that results. Crop sensors, again, may offer a way to deal with this variability, but the placement equipment will more likely involve fluids, drop tubes, and/or injectors.




Top Product of the Year, 2012 – Ag Professional Magazine 



Summary – Nitrogen Technologies 

1. 4R technologies and practices are available.  
2. Agri-service providers are making improvements 

through voluntary measures by adopting 4R. 
3. 4R research needs to focus on validating sustainability 

performance of specific 4R practices 
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Phosphorus Issues 



An aerial photo of a Lake Erie algal bloom on August 19, 2011.  
Source: www.glerl.noaa.gov/res/Centers/HABS/western_lake_erie 
 

Toledo 

Detroit 

algae 

Lake Erie 



The Heidelberg University Tributary Loading Program 

Focus on the 
Honey Creek 
Watershed that 
drains into the 
Sandusky River. 

95,000 acres 

~80% row crops 

Dr. David Baker 



Fall 2011 storms, Honey Creek, Ohio 

. 

Dates custom applicators were in fields 





Practice  Advantages Limitations 

S – MAP or DAP 
R – rotation removal 
T – fall  
P – broadcast    

Minimal soil compaction 
Allows timely planting in spring 
Low-cost fertilizer form 
Low cost of application 

Risk of elevated P in runoff in 
late fall and winter 
Low N use efficiency 

S – MAP or DAP 
R – rotation removal 
T – spring  
P – broadcast    

Minimal soil compaction  
Better N use efficiency 
Low-cost fertilizer form 
Low cost of application 

Risk of elevated P in spring 
runoff before incorporation 
Potential to delay planting 
Retailer spring delivery capacity 

S – MAP or fluid APP 
R – one crop removal 
T – spring   
P – 2” x 2” band  

Low risk of elevated P in runoff 
Most efficient use of N  
Less soil P stratification 

Cost and practicality  
Potential to delay planting 
Retailer delivery capacity 
Cost of fluid versus granular P 

S – MAP or DAP 
R – rotation removal 
T – fall  
P – banded in zone    

Low risk of elevated P in runoff 
Maintain some residue cover 
Allows timely planting in spring 
Less soil P stratification 

Cost of RTK GPS guidance 
Cost of new equipment  
More time required than 
broadcast 



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 



farming4Rfuture.ca 



Country Current  
Production Reserves Reserve 

Life Resources 

Mt Years Mt 
USA 29 1,800 62 49,000 
China 53 3,700 70 16,800 
Morocco 25 51,000 2,040 170,000 

World 160 60,000 375 290,000 

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

resource” 
IFDC, 2010 

Presenter
Presentation Notes
New IFDC Report Indicates World Reserves of Rock Phosphate Are Adequate to Meet Demand��The International Plant Nutrition Institute (IPNI) and its predecessor, the Potash & Phosphate Institute (PPI), have long promoted the effective and efficient use of phosphorus (P) fertilizer in crop production. Without balanced and appropriate P input, crop yields are reduced, quality is diminished, and the potential for adverse environmental consequences are increased. However, excessive P input in crop production, usually associated with manure application, can pose specific and well known challenges. Therefore, P input in crop production warrants careful and judicious consideration on the part of farmers and their advisors, regardless of crop or country. ��Most commercial P fertilizer is derived from mined phosphate rock (PR), a naturally occurring ore consisting mainly of calcium phosphate minerals. As is the case with most natural resources, the global supply of PR is finite and there are legitimate concerns regarding eventual depletion. In response to the heightened global awareness of P and PR availability, the International Center for Soil Fertility and Agricultural Development (IFDC) has released a publication entitled World Phosphate Rock Reserves and Resources (September 2010). This report is Phase One of a comprehensive effort to thoroughly evaluate world phosphate rock reserves. This initial phase includes a survey of global literature using publicly available information and was not envisioned as a definitive analysis. Phase Two will be a collaborative effort among PR producers, government agencies, international agencies, organizations, and academia to better estimate the world’s PR reserves and resources. ��World Phosphate Rock Reserves and Resources provides a systematic and well organized assessment and coverage of the PR longevity issue. Among the topics addressed are manufacture of P fertilizers, PR characteristics and terminology, and an assessment of past and present reserve and resource estimates. One important observation in the publication concerns how reserve and reserve base are defined based on economics, and that the U.S. Geological Survey (USGS) criteria of USD 40/ton for reserves and USD100/ton for reserve base are 15 to 20 years out of date considering today’s prices. Furthermore, the terminology used to define reserves and resources is not consistent on a worldwide basis. These issues alone make an accurate and unbiased assessment of the PR situation a substantial undertaking. ��The IFDC report estimates that there are about 60 billion metric tons (mt) of PR reserves worldwide as compared to the most recent USGS estimate of 16 billion mt. Among major producing countries, the biggest discrepancy in the two estimates is in size of the PR deposits in Morocco. The details of the estimate and how it was determined are discussed with clarity and transparency. It is stressed in the publication that the report is not to be considered a definitive analysis, and that cooperation among industry and government agencies is critical going forward during Phase Two. In the interim, the current IFDC effort provides a much needed compilation of publicly available information on PR reserves and provides specific forward-looking suggestions. ��According to the IFDC report, the world is not on the verge of a “peak phosphorus” event in the next few decades. Based on the data reviewed, PR reserves would sustain current production levels for the next 300 to 400 years. However, PR is a finite resource, and all practical measures to ensure efficiency in production and use should be implemented. IPNI scientists look forward to cooperating with IFDC as these preliminary estimates are further refined. We will continue to promote nutrient stewardship and responsible P management for the benefit of the human family.



Summary – P issues 
• 4R Nutrient Stewardship provides a framework to 

communicate sustainable management  
• 4R management of P requires a focus on Right Place 

– In the soil, not on the soil 
– Right Time? 

• Phosphate rock depletion not imminent 
– Recycling processes need to consider principles of “right source” 
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Soil Potassium Fertility 



Soil test K frequency distribution, 2001-2010 



Soil test K frequency distribution, 2001-2010 

Median STK declined from 133 to 121; cumulative K2O deficit 168 lb/A 
 
= 14 lb/A of K2O deficit to lower STK by 1 ppm  



Potassium fixation Dehydrated K ion 
 
Hydrated K ion 

Clay mineral layer 

Interlayer 
positions 

Havlin et al., 1999 
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Seasonal variation in soil test K 
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Ebelhar et al. 1997. Personal communication. Soil test values are ammonium acetate extractable. 



Iowa corn yield response vs. soil test K – dried soils 

Barbagelata and Mallarino. 2005. Personal communication. 
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Barbagelata and Mallarino. 2005. Personal communication. 
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Iowa corn yield response vs. soil test K – moist soils 



http://info.ipni.net/KFellow. 

Presenter
Presentation Notes
Goals of the Potassium Fellowship Program�The program is a long-term commitment by the fertilizer industry to:�1) Establish research programs that will attract top students and additional funding for production oriented aspects of K research�2) Build human resources needed by the industry that are strong scientifically, knowledgeable about K as a plant nutrient, and understand how farms and the fertilizer industry function�3) Advance the science of K use in agriculture ��Funding and Donors Individual fellowships are for a maximum of $70,000 per year for a maximum of four years. Fellowships cover the tuition, fees and stipend for the institution plus expenses associated with the research project proposed in response to the Fellowship Program RFP. The fellowship program is supported by voluntary contributions from K fertilizer manufacturers servicing the needs of the North American Corn Belt and Great Plains. Program donors are: Agrium Inc., Intrepid Potash Inc., Mosaic Company, PotashCorp, and Simplot. ��Eligibility�Fellowships are awarded to individuals in the early stages of their graduate study or about to enter a graduate program in sciences relevant to plant nutrition and management of crop nutrients. Typical applicants would be seniors in a B.S. program who want to start a Ph.D. program, Master of Science candidates in their final year who want to pursue a Ph.D., or First year Ph.D. students. Eligible institutions must be degree granting and generally located within the Corn Belt or Great Plains of the U.S. or Canada. Exceptional applications from outside these regions will be considered. ��Requirements of recipients and major professor:
· Completion of the proposed research and graduate degree by the Fellow�· Submission of annual progress reports and presentations at annual program review meetings�· Publication submitted for peer-review�· Article for the popular press (Better Crops or similar)�· Presentation at a national and a regional professional meeting�· One or more visits to donor facilities, events or job shadowing
�Research Topics Requested �Applicants are encouraged to submit creative research proposals addressing knowledge gaps or needed synthesis of existing knowledge that are important to the contribution of K in 4R Nutrient Stewardship. Proposals involving more than one institution are encouraged. The following are examples of potential topics provided to aid in understanding the kinds of proposals being requested and to stimulate thinking. These should not be perceived as limits to the topics being considered.· New K soil testing methodology or calibration addressing changes in critical levels��· K nutrition of new genetic material, rhizosphere and root morphology implications for nutrient management of new corn hybrids
· Late season K uptake patterns with attention to what happens after physiological maturity in relation to environmental conditions and implications for biomass harvest
· Application of synchrotron radiation-based methods to investigations of K in soils, K sources, and implications to K management or soil testing
· Interactions of K with other nutrients in high yield systems, use in fertilizer recommendations, and impact on N efficiency and losses
· K management in high yield soybean systems with an emphasis on timing and placement of complete nutrient fertilization through the crop rotation
�



Summary 

• Soil test K levels are declining in many states in the Midwest, 
but declines are not explained by mass balance  

• The role of fluctuating soil water as a cause of variability in soil 
test K—and plant availability of K—needs further investigation 

• Scientific research opportunities: 
– New soil test based on field-moist sampling? 
– Exchange resins?  
– Plant analysis? 
– Crop sensing? 
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Fertilizing for Human Health 

Presenter
Presentation Notes
Next we’ll explore in detail the 4R Nutrient Stewardship concept. This covers the second chapter of the Manual.

The 4R Nutrient Stewardship approach is one essential component in the development of sustainable agricultural systems. There are many more, of course! But applying the right nutrient source, at the right rate, right timing, and right place, has immediate and long-term impacts on sustainability. It’s essential to economic, social and environmental progress. 





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

carbohydrates 
• Plant disease  
• Farming systems 
• Remediation of soil 

contaminated with 
radionuclides 

• 11 chapters 
 



Presenter
Presentation Notes
Zinc in Soils and Crop Nutrition B. J. Alloway Second edition, published by IZA and IFA Brussels, Belgium and Paris, France, 2008
“Thus, the overall extent of Zn deficiency in world soils matches the extent of Zn deficiency in the human population and published maps for each factor are remarkably similar (Hotz and Brown, 2004; Alloway, 2008; Graham, 2008).”
“It is therefore not surprising that there is a close geographical overlap between the reported soil Zn deficiency and incidence of human Zn deficiency in different countries (Cakmak, 2008).”
“plant breeding and agronomic biofortification approaches should not be considered as  separate approaches to the problem; by contrast, they are complementary approaches and act synergistically”



Ontario, Canada, 1989… 

Presenter
Presentation Notes
Even in regions of the world where zinc deficiency is relatively rare, syndromes have been detected. A study from my home province in Canada published the American Journal of Clinical Nutrition in 1989 found an association between low Zn levels, impaired taste acuity, and growth response to zinc supplements. 



Summary 

Research supporting 4R Nutrient Stewardship has great 
potential to improve sustainability through: 

•Addressing nitrogen-climate interactions 
–impact of N losses on climate change 

–impact of changing climate on N management 

•Mitigating phosphorus issues 
–impacts on water quality, and resource depletion 

•Better assessment of soil potassium fertility 

•Fertilizing for crop qualities to improve human health 



Thank you 
 

nane.ipni.net 
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