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1. What is 4R? 
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Presenter
Presentation Notes
The four Rs are deceptively simple. Just apply the right source of plant nutrients at the right rate, right time and in the right place. But complexity is introduced by the word “right.” When we talk about 4R, it includes the definition of right. And by right we mean sustainable improvement in the economic, social and environmental dimensions of stakeholders lives. Thus it becomes necessary to assess the performance of each combination of source rate time and place in the context of each cropping system. This outcome-based performance needs to be measured by performance indicators selected with stakeholder input. Those stakeholders are represented by people including producers, suppliers, neighbors, buyers, consumers, and environmental groups.  Science is the crucial link between the practices and these outcomes.



http://nane.ipni.net 
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Our Institute’s recently released 4R Plant Nutrition Manual explains this concept in detail. Starting from the framework of sustainability and sustainable agriculture and the need for nutrient stewardship, it provides detailed scientific principles related to each of the 4Rs. It then goes on to describe how practices need to be adapted to the whole farm, supporting practices like soil testing, and how accountability can be applied to the management of plant nutrients. These nine chapters form the backbone of a course being prepared by the American Society of Agronomy leading to a 4R specialist designation. The hardcopy is $45 plus shipping, and we are soon to announce an electronic version to be made available through iBooks – a very user-friendly format on the iPad.



What’s different? 
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Presentation Notes
You may ask what’s different about the new manual compared to the Soil Fertility Manual. Many crop advisers are familiar with its content, since it has been a popular basis for training since 1978. While much of the same material is covered, both manuals provide important concepts and information for training. The focus and structure of the soil fertility manual is on the chemistry and the mechanisms by which plant nutrients move from the soil to the plant and benefit plant growth. The 4R manual focuses more on management choices, and the ways in which they benefit the overall sustainability of the crop production system. So as we go from the one to the other, we move up in the hierarchical scale of scientific scope.
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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.



2. 4R technologies and practices  
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Presentation Notes
Now I’d like to shift attention to a few specific technologies and practices, grouped under the 4Rs.



Right Source  

Scientific Principle:  
• Ensure a balanced supply of plant-available forms of N, 

utilizing all available sources. 
Practices: 
• Credit N from manures and composts 
• Credit N from previous crops 
• Assess use of enhanced-efficiency sources 

• Granular versus fluid 
• Inhibitors of urease and nitrification 
• Coated fertilizers 
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Presentation Notes
The main principle behind right source for nitrogen is to ensure a balanced supply of plant-available forms, making sure all available forms are used. The practices must include crediting N from manures, composts, other materials and previous crops. They also include choosing the source most likely to offer the highest efficiency. In some cases, the choice of granular versus fluid makes a difference. Ensuring that urea moves into contact with soil reduces risks of volatile losses of ammonia. In other cases, inhibitors of urease or of nitrification can be of value. Coatings can also be of value in slowing the release of ammonia to the soil, preventing volatile losses, especially for urea. It’s worth noting that the right source depends on the particular rate, timing and placement being used as well.



1. Synthetic organic compounds containing N 
 urea-formaldehydes, IBDU, triazones, etc. 

2. Physical coating or barrier around soluble N fertilizer 
 Sulfur-coated or polymer-coated urea. 

3. Stabilized materials 
 urease and nitrification inhibitors 
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Enhanced-efficiency fertilizers are not a single group of materials, but consist of products or technologies that generally improve fertilizer use efficiency beyond standard practices and materials. Slow-release and controlled-release products can be useful when the material needs to be applied well ahead of the time of the plant uptake curve. Release of N can be slowed down by either using organic compounds like urea-formaldehydes, or by placing a physical barrier around the granule as in sulfur-coated or polymer-coated urea. The term stabilized materials is used to describe products with inhibitors that either slow the conversion of urea to ammonia (urease inhibitors) or slow the conversion of ammonium to nitrate by inhibiting the process of nitrification. The term ‘enhanced-efficiency fertilizers’ is an AAPFCO category; it should be recognized that efficiency will only be enhanced when these products are used in the right conditions, and that good efficiency can also be attained using the right rate, timing and placement of soluble nitrogen fertilizers.



Right Rate  
Scientific Principle: 
• Assess soil nutrient supply and plant demand for N. 
Practices: 
• Soil test 
• Balance crop removal 
• Determine crop yield potential 
• Assess price ratios 
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Presentation Notes
The key scientific principle for right rate is to assess both soil nutrient supply and plant demand for N. The soil supply is actually a net of mineralization from the large pool of organic N less losses through leaching and denitrification. It’s a simple principle but tough to implement because all aspects are influenced by the weather. Soil testing for N is difficult because of its mobile nature in the soil and its susceptibility to losses. A lot of work is going on with crop N sensors, essentially using the plant to gauge the soil’s N supply. This technology too is challenging: it’s hard for a sensor to detect a deficiency that has not already harmed the crop’s yield potential. Crop removal and yield potential vary year to year with weather. Price ratios can matter but good data on N response curves is needed to make decisions on that basis.



Right Time 
Scientific Principle: 
• Assess timing of crop uptake, soil nutrient supply, weather, 

loss risks and field operation logistics. 
Practices: 
• Split-application for sandy soils 
• Cover crops to capture nutrients 
• Suit tillage and planting operations 
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Nitrogen timing needs to consider not only the uptake curve of the crop, but the timing of loss risks due to weather, and the logistics of field operations. On sandy soils, split application is often essential owing to high risks of leaching loss. Since rates cannot be forecast precisely, cover crops to capture leftover nutrients can be very helpful in protecting water quality, and, in the long run, improving soil organic matter. Since early planting is one of the management keys to the increasing yield trend of the corn crop, it is very important that N application not get in the way of timely planting.



Right Place  
Scientific Principle: 
• Place nutrients where they are 

accessible to the crop.  
Practices: 
• Site-specific sensing technologies 
• Starter placement near seedlings 
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Right place covers scales ranging from the plant to the field. Nutrients need to be accessible to the seedling, and the practice of starter N for corn ensures that during the early stages, even though N uptake isn’t at high rates, seedling growth is not limited by N. On the broader scale, variability across fields can be managed using variable rate application technology.



3. 4R adoption by agri-service providers 
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In the third part of this presentation, I’d like to turn our attention to 4R adoption by agri-service providers. 



nutrientstewardship.com 
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The web site nutrientstewardship.com supplies information on implementing the 4Rs. The 4R Nutrient Stewardship has generated tremendous enthusiasm among the Fertilizer Institute’s member companies in the agri-retail sector. They have begun to list retailers that have nutrient management systems that are 4R-consistent. Consistency differs from compliance in that this is based on public commitment rather than verified compliance to rules and regulations.



“4R Inside” Checklist 
1. Balance economic, social, environmental areas. 
2. Include BMPs addressing SRTP. 
3. Provide site-specific recommendations. 
4. Balance essential elements. 
5. Assess nutrient requirements. 
6. Consider all sources. 
7. Comply with regulations. 
8. Measure effectiveness of BMPs. 
9. Use terminology consistent with 4R standards. 
10. Document plans and implementation. 
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The agri-retailers considered 4R-consistent publicly commit to a ten point checklist termed “4R Inside.” It refers to the essential components of 4R nutrient stewardship. This is a condensed version just to illustrate the ten areas touched upon. Such dealers commit to:Balancing the three pillars of sustainability. They show some concern and care for each.Including BMPs that specify source, rate, time and place.They need to provide site-specific recommendations, rather than one BMP for all.They need to balance the supply of essential elements, ensuring that deficiency of one nutrient isn’t hampering the efficiency of the others.They assess nutrient requirements as opposed to a single recipe for every field.They consider all sources, not discounting manure.They comply with regulations.They measure the effectiveness of the BMPs they work with. This can be challenging, but there are good examples of programs like HighQ in which the dealer assists the grower in tracking yields and nutrient removals from every field on a site-specific basis.They use terminology consistent with 4R standards ensuring we speak a common language to the public.Finally they keep records and document the implementation of their practices. 
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The 4R Advocate program aims to:Recognize producers and retailers utilizing 4RsEngage producers and share success storiesThe inaugural program received 37 producer nominations from retailers across the US, from which 5 were chosen. Winners got a trip to Commodity Classic and participated in TFI booth.This video clip is online, and includes comments from the producers on their perspectives on nutrient management challenges and how 4R Nutrient Stewardship can help address them. It’s important to remember that constraints to the adoption of practices considered “right” extend beyond the range of biophysical science; logistical and practical concerns need to be taken into account.�
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The Nitrous oxide emission reduction protocol, or NERP for short, provides offset credits to farmers for reduction in greenhouse gases. 4R Nutrient Stewardship is the core of the practices it documents.For government this is a tool to meet emission reduction targets. It meets ISO criteria for real, measurable, additional and verifiable emission reductions. In October 2010 it was approved by Alberta Environment, the first to be recognized by a government with an active carbon trading framework. Protocols involve legal-regulatory-political considerations as well as science, but science-based practices are an essential part. The protocol can identify relevant knowledge gaps, thus guiding and providing rationale for research.



4. Reporting 4R Performance 
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Reporting performance, or progress toward sustainability, is a large task and covers a wide range of scales. Industry is engaged in discussions as to how to do this at the farm level, taking privacy and proprietary concerns into account. In the next few slides, I will limit myself to covering the broad scale of US agriculture, through the performance monitoring tool we in IPNI cal NuGIS.
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NuGIS is a geographic information system for exploring crop nutrient balances. It is available both as a printed publication and as an online interactive tool (easy to find; just google NuGIS). We are using it in work with the Chesapeake Bay Program to improve the representation of fertilizer use in the Chesapeake Bay Model (Scenario Builder). We are also working with EPA to have NuGIS included in their Atlas project – The National Atlas of Sustainable Ecosystem Services.Many factors impact the balance of nutrient inputs to the soil and their removal. Nutrient balances can provide relevant performance indicators – indexes of how “right” are the choices that farmers are making regarding the source, rate, time and place for their nutrient applications. They can also be presented in different ways, and can be interpreted as indicators of nutrient use efficiency. But nutrient balances, and output/input ratios, require context for interpretation. I will demonstrate this in the next few slides.



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 a recent Biogeochemistry paper by Phil Robertson reviewing N cycling in US agriculture. 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. 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). 
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NuGIS maps spatial patterns as well. These maps are done over census years – 5-year intervals – and this slide depicts the first and last of the series. Yellow represents balance with inputs equal to within 10 lb/A of removal, and deepening shades of green represent increasing surpluses of inputs over removals. In general, surpluses declined from 1987 to 2007, but not very much. In Northern Montana and North Dakota, deficits moved toward balance – possibly relieving a situation that was “mining” N from organic matter.What do you take away from these maps? Perhaps the variability across the land area strikes you. Perhaps the fact that the dominant color is green. While these maps give great spatial detail, they don’t show the full picture of the inputs and outputs, the large flow of the N cycle managed by producers.



U.S. Partial N Balances (NuGIS 2011) 

• U.S. N balances are considerably lower than those similarly 
estimated for 2002-2004 in:  

• Netherlands 229, Germany 113, EU-15 83, OECD 74, France 54, 
and the United Kingdom 43, and similar to the N balance for 
Canada 35 kg N ha-1 (OECD 2008)  

1987 1992 1997 2002 2007 
kg N ha-1 

Per harvested 
cropland 36 38 37 33 36 
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When we compare NuGIS partial N balances to data from other European countries, we generally see that both the US and Canada have smaller surpluses than the average OECD country, and much smaller than the Netherlands, Germany, and France.



Partial factor productivity in the U.S. for fertilizer N used on maize and wheat 
from 1965 to 2010 (Adapted from USDA-ERS and USDA-NASS, 2011). 
[From Fixen et al., 2012, article in preparation] 
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What I have presented so far averages over all crops. Using other data from USDA-ERS, we also calculate partial factor productivity, another measure of nutrient use efficiency. This is not part of NuGIS, but these figures are used often in industry publications. Wheat and corn show contrasting trends. Since 1975, the amount of corn produced per unit of fertilizer input has steadily increased. The main reason is the steadily increasing yield, increasing faster than the increase in N rates. Physiological studies show that corn today captures N more efficiently than it did 30 to 40 years ago, largely because it continues N uptake longer.Wheat shows a contrasting pattern, a declining trend in efficiency, up until the last ten years. What’s the reason? A lot of wheat production has shifted from a tilled wheat-fallow rotation towards a continuous no-till system. The switch has been accompanied by soil carbon sequestration – and soil organic carbon usually contains N. So because the soil was absorbing N, more input was needed per unit of production. Is the uptick in the last ten years perhaps a sign that soil organic matter levels have reached a new equilibirum?



5. 4R research 
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I will speak briefly about research. The industry is ready to commit to increased support for research that supports 4R Nutrient Stewardship. 



4R Applied Research Needs for N – North America 
…validation of efficacy of specific application practices (SRTP) 
…environmental impact per unit of economic and social value 

1. Adapting N management to 
weather 

2. Ammonia emissions from wheat 
3. Integrated management for 

ecological intensification  
4. Nitrate leaching from high-value 

fruit, vegetable and tree crops 
5. Nitrate leaching from wheat 
6. Nitrate leaching index 
7. Nitrous oxide emissions 
8. Practice indicators 
9. Research infrastructure 
10. Sensor-based variable-rate N 
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The main research need for research relevant to the 4Rs is research that validates the efficacy of specific practices, specific combinations of source, rate, time and place. We need to be able to evaluate the environmental impact per unit of social and economic value. This list of ten technical topic areas was drawn from IPNI staff across North America. While they match up with a lot of ongoing initiatives, the important thing is to integrate them so that the results can be used in providing assurance to all stakeholders that the practice changes we are making provide genuine benefits. We, TFI and IPNI, have met with the leadership of the USDA-ARS Long Term Agro-ecosystem Research (LTAR) network on the potential for including some of the 4R Research Initiative projects. The LTAR network may provide opportunity to help translate findings from the field scale to larger scales of watersheds and regions.



Summary – Nitrogen Technologies 

1. 4R connects science to sustainable management of 
plant nutrition. 

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

through voluntary measures by adopting 4R. 
4. Reporting 4R performance requires collaboration 

among producers, agri-service providers, and 
government. 

5. 4R research needs to focus on validating sustainability 
performance of specific 4R practices 



ipni.net/4R 
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