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

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



Outline 

• 4R Nutrient Stewardship & Sustainability 
• 4R P Management for Lake Erie 
• Slides: available at http://nane.ipni.net 

Presenter
Presentation Notes
My purpose today is twofold. First I would like to give a global overview of the principles of 4R Nutrient Stewardship and their application to sustainability issues worldwide. Second, I will describe how these 4R principles can be applied to address the phosphorus issues of agriculture in the Lake Erie watershed.Note that this slide set is posted under presentations at the URL indicated, nane.ipni.net



http://nane.ipni.net 

Presenter
Presentation Notes
IPNI published a new plant nutrition manual, based on the 4Rs, in 2012. 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 principles I present today are 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.



4R: “right” means sustainable 

Presenter
Presentation Notes
Sustainability may seem like a buzzword these days, but it has deep roots. Internationally it has been recognized since 1987, and today most major corporations, including the food industry and many member companies of IPNI, are using the term and reporting on it. These companies are participating in groups like the Field to Market initiative and the Sustainability Consortium. As an 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. The concept of 4R nutrient stewardship defines “right” as sustainable. These programs are recognizing the contributions of 4R nutrient stewardship to sustainability.   



Stakeholders have a say on 
performance indicators  

• Stakeholders define goals 
 

• Indicators relate to goals 
 

• Producers choose practices  

Presenter
Presentation Notes
Stakeholders have a say on performance indicators and sustainability goals. This statement is controversial. Sometimes it’s perceived as “you mean to say the EPA is going to tell me how to run my farm?” But in actual fact, it’s quite the opposite; the system was designed to let producers choose practices. But any sustainability-based approach needs to consider the rights and desires of stakeholders. And for agriculture, everyone is a stakeholder – people depend on the food, fuel and fiber we produce, breathe the air and drink the water that we affect. How does a producer go about getting stakeholder input? That can be done in many ways, but the important first step is recognizing that stakeholder concerns need to be addressed. How it’s done is not as important as taking the proactive first step in setting out sustainability goals for the operation.



Producers choose practices 

• Practices selected to suit local site-specific soil, 
weather, and crop conditions 
 

• Conditions may change even on the day of 
application 
 

• Local decisions preferred  

Presenter
Presentation Notes
The producer, the farmer, the manager of the land, should be the final decision-maker in selecting the practices—suited to local site-specific soil, weather, and crop production conditions, and local regulations—that have the highest probability of meeting the goals. Because these local conditions—including weather—can influence the decision on the practice selected, right up to and including the day of implementation, local decision-making with the right decision support information generally performs better than regulations dictating practices over a wide range of conditions. 



1. Supply in plant available forms 
2. Suit soil properties 
3. Recognize synergisms among 

elements 
4. Blend compatibility 

1. Appropriately assess soil 
nutrient supply 

2. Assess all available 
indigenous nutrient sources 

3. Assess plant demand 
4. Predict fertilizer use efficiency 

1. Assess timing of crop uptake 
2. Assess dynamics of soil nutrient 

supply 
3. Recognize timing of weather 

factors 
4. Evaluate logistics of operations 

1. Recognize root-soil dynamics 
2. Manage spatial variability 
3. Fit needs of tillage system 
4. Limit potential off-field 

transport 

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 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 which describes the processes. These principles are covered in greater detail in chapters 3 to 6 of the Plant Nutrition Manual.



The 4Rs influence 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 

 
• Practical limits 

on what can be  
measured 
 

• Stakeholders 
need to choose 
priorities 

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, choice of tillage for a particular soil can affect both the yield of the crop and the erosion of the soil. So the choice needs to consider the relative importance of the two. There are practical limits on what can be measured, but what gets measured is what gets managed. So our stakeholders need to choose priorities. Fortunately, our stakeholders are in favor of food production as well as environmental protection. We need a process, though, to assess chosen practices in the field. The next two slides will show how this assessment works in the process of adaptive management.



Adaptive management refines “right” 
source, rate, time and place 

Farm Level 
Producers, 
Crop advisers 

DECISION 
Accept, revise, or reject 

EVALUATION of OUTCOME 
Cropping System 

Sustainability Performance 

LOCAL SITE 
FACTORS 

• Climate 
• Policies 
• Land Tenure 
• Technologies 
• Financing 
• Prices 
• Logistics 
• Management 
• Weather 
• Soil 
• Crop demand 
• Potential losses 
• Ecosystem 

vulnerability 

ACTION 
Change in practice 

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

Presenter
Presentation Notes
There is a long list of local site factors that influence the choice of right practice. The practices that are right in the Lake Erie watershed may not be the same as those that are right in the Chesapeake Bay watershed. And within the watershed, what is right for one farm or one soil may not be right for another. At the farm or local production system level, producers and their advisers make decisions—based on local site factors—and implement them. They then evaluate the outcome of their decisions to determine what decision to make the next time in the cycle. The assessment of practice performance needs to consider priority performance indicators chosen by stakeholders. This is the practice of adaptive management—an ongoing process of developing improved practices for efficient production and resource conservation by use of participatory learning through continuous systematic assessment. For sound guidance in this process, it is important that crop advisers have some level of professional certification and training. 



Regional Level 
Agri-service Providers, 
Agronomic Scientists 

DECISION SUPPORT based 
on scientific principles 

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

Farm Level 
Producers, 
Crop advisers 

DECISION 
Accept, revise, or reject 

EVALUATION of OUTCOME 
Cropping System 

Sustainability Performance 

ACTION 
Change in practice 

Science and logistics specific to the Lake 
Erie watershed 

LOCAL SITE 
FACTORS 

• Climate 
• Crop demand 
• Ecosystem 

vulnerability 
• Financing 
• Land Tenure 
• Logistics 
• Management 
• Policies 
• Potential losses 
• Prices 
• Soil 
• Technologies 
• Weather 

Presenter
Presentation Notes
The outcome of adaptive management at the farm level has implications for the regional level. The regional level includes the agri-services industry (crop input dealers and agricultural service providers), since they make decisions affecting the capacity to deliver the right sources of plant nutrients, in the right volumes and at the right time and place to meet the demands of producers. The regional level also includes agronomic scientists who work to develop and deliver decision support. Their output is a recommendation of the right source, rate, time, and place—again in relation to local site factors. 



4R P management 
for Lake Erie watershed 

Presenter
Presentation Notes
Now I would like to turn your attention to specific practices for managing losses of dissolved P in the Lake Erie watershed. 



Soil test P distribution, 2001-2010 

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

26% 48% 26% 

Build, maintain or drawdown as per soil test 

Presenter
Presentation Notes
Let’s begin with some background information on the cropland soils of Ohio. IPNI periodically summarizes soil test information from labs across North America. This slide shows the distribution of soil test P levels across Ohio. The blue bars represent the soil test distribution in 2001, the red bars in 2005, and the green in 2010, the last summary conducted. Ohio has a lower distribution of soil test P levels than any other state or province in the Northeast region. Numbers of soil samples have increased over time, due partly to more labs able to provide summary data, and more sampling being done. In the past 5 years, the frequency of soils testing above 50 ppm has declined, and the frequency of those in the maintenance range has increased. As of 2010, about one-quarter of the soils would receive recommendations to build up the soil test level by applying more P than the crop is expected to remove. One-half are currently in the maintenance range, requiring application rates that balance removal. The last one-quarter are in drawdown, and can produce great crops with rates of applied P that are less than removal. Since about as many soils test below the maintenance range as above, we would expect that rates of application should equal rates of removal. Is this what is happening?



Western Lake Erie 
Watershed 

Excess rates are 
not the issue. 

Presenter
Presentation Notes
A nutrient balance focused on the watershed of Western Lake Erie, for census years from 1987 through 2007, shows recent trends in the balance of phosphorus on cropland. The amounts shown are kilotonnes of phosphorus. Crop removal, indicated by the orange bars, is increasing over time as crop yields increase, and rates of application of fertilizer and manure, indicated by the blue and brown shaded areas, have trended mostly downward. Since the mid-1990s, rates of application have not, on average, exceeded removals. Excess rates are not the issue. In general neither rates nor soil test levels are likely drivers of the increasing trend in the loading of dissolved P in the rivers. The relative amounts of fertilizers and manures, and fertilizer products, have not changed substantially either. 



Placing P in the soil  
can help protect water quality in Lake Erie 

Concentration of dissolved and total P in runoff from a clay 
loam soil in North Carolina, from artificial rainfall immediately 
following application of superphosphate fertilizer. Incorporation 
was to a depth of 5 inches by rotary tillage following 
application. Data from Tarkalson and Mikkelson (2004). 

Presenter
Presentation Notes
P fertilizer is soluble P. Leaving it on the soil surface dramatically increases the concentration of dissolved P in any runoff that happens to occur soon after application. As shown in this figure, surface-applied fertilizer resulted in much more dissolved P in runoff than fertilizer incorporated into the soil. Incorporation also minimized levels of total P in runoff when P fertilizer was applied. Incorporation can increase loss of total P through increased erosion. Using the minimum disturbance possible to place P into the soil is important for managing loss of both dissolved and total P. Innovative growers are coupling conservation tillage practices such as zone tillage with P placement to keep their cropping systems productive while minimizing nutrient losses.Tarkalson, D.D. and R.L. Mikkelsen. 2004. J. Environ. Qual. 33:1424–1430.
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15-year no-till site, corn-soybean rotation. Tillage 12 April with “finisher” 
chisel plow to 6” depth. Residue cover 57% for NT and 20% for RT. Rainfall 
applied 22 June to 2 July. Smith et al. 2007. Soil & Tillage Research 95:11–18 

Rotational tillage & dissolved P – Waterloo, IN 
one day after 0-46-0 fertilizer surface applied @ 100 lb/A P2O5 

P2O5 loss 
7.3 lb/A  
2.5 lb/A 

Presenter
Presentation Notes
The risk of extremely high concentrations of dissolved P also shows up in this example, coming from a rainfall simulator study on a soil in the Maumee watershed. This was a site with a corn-soybean rotation in no-till for 15 years. Paired comparisons were made where a finisher chisel plow pass was made in the spring, reducing residue cover from 57% to 20%. Rainfall was applied in the end of June one day after applying fertilizer at a rate to supply one hundred pounds of P2O5. Concentrations of P in the runoff started off at almost 15 to 20 ppm, declining with time. This represents what can happen when a large storm generating runoff occurs before any gentler rains can move the applied fertilizer into contact with the soil. Even in this extreme situation, the total loss of fertilizer was small (2.5 to 7.3% of the applied 100 pounds) but the impact on Lake Erie potentially very significant. 15 ppm is about 500 times above the threshold concentration for an algal bloom.  The point here is not tillage. The point is to avoid leaving P on top of the soil wherever there is potential for runoff. 



Timing broadcast phosphorus fertilizer applications  
can help protect Lake Erie 

Concentration of dissolved P in surface runoff from plots 
cropped to tall fescue during rainfall simulations that occurred 
1 to 29 days after broadcast application of triple 
superphosphate fertilizer (Smith et al., 2007). 

Presenter
Presentation Notes
Even small losses of P in runoff can harm water quality. Producers are advised to pay close attention to the weather forecast, and avoid broadcasting P fertilizer when there is more than 50% chance of intense rain within the next few days. As indicated in this figure, levels of dissolved P in runoff decline considerably if the runoff event occurs more than 3 to 5 days after application. Broadcast application of P on frozen or snow-covered soil in the winter is never the right time, because these conditions generally end with spring runoff.Smith, D.R., et al. 2007. Environ. Poll. 147:131-137.



Soil test P distribution with depth in a long-term tillage experiment on a 
poorly drained Chalmers silty clay loam soil near West Lafayette, Indiana. 
Moldboard and chisel plots were plowed annually to a depth of 8”. Data 
from Gál (2005) and Vyn (2000). Fertilizer P applied broadcast. 

Soil test P stratifies when moldboard plowing stops 

0 30 60 90 120 150 180

Moldboard

Chisel

No-till

Soil test P (Mehlich-3), ppm

0-2"

0-4"

4-8"

Presenter
Presentation Notes
These data illustrate how soil test P stratifies in the soil with no-till, and even with aggressive annual chisel plowing. The consequence is that any runoff coming from the soil will contain more dissolved P. For any soil generating substantial runoff, stratification should be kept to a minimum by placing applied P in the soil rather than on the surface. New approaches to vertical soil mixing, with minimal disturbance of soil residue cover, are needed.



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 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 

S – fluid APP 
P – point injection 

As above As above, plus cost of fluid 
versus granular P 

Choice of practice considers both advantages and limitations. 

Presenter
Presentation Notes
The choice of practices in an adaptive management approach needs to consider all the advantages and limitations of the different source-rate-time-place combinations available. Moving from practices with risk of elevated P in runoff may entail costs. Broadcast application offers flexibility in timing and often the lowest application cost. In soils with optimum P levels, band and broadcast applications do not differ in terms of availability to the crop and crop response. But they do differ in risk of runoff loss. To minimize P losses from broadcast applications, it is important to apply when the risk of runoff is low. Runoff events are more frequent in late fall, winter and early spring. Ideally all P would be applied at planting, but limited storage capacity and equipment availability often make this impractical. Practices like fall band application with strip tillage or zone tillage, or point injection, need to be considered. We need more research to accurately quantify the benefits of these practices, to help in making decisions.



4R Research Fund  
environmental, social, economic impacts 

• Established by the fertilizer industry to support 
research on 4R sustainability impact across North 
America. 

• Meta-analysis: Total of $300,000 in 2014.  
• Measurement: Total of $500,000/year, 2014-2019.  
• For additional information: 

www.nutrientstewardship.com/funding 
 

Presenter
Presentation Notes
The industry has committed considerable funding for the next five years, for research relating the 4Rs – source, rate, timing and placement combinations – to measures of sustainability impacts. We anticipate funding projects focused on the dissolved phosphorus issue in the Lake Erie watershed.



Summary  
Make Lake Erie 4Rs part of your business 

• Raise your awareness 
– Sustainability initiatives in your supply chain 
– 4R Plant Nutrition Manual 

• Stakeholder concern for lessening loss of dissolved P 
– Right source, rate, time and place to keep P in the soil 

• Embrace the principles 
– Use the logo 
– Public commitment 
– Consider 4R Certification 



Thank  
you 

 
nane.ipni.net 
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