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IPNI Mission
“to develop and promote scientific information 

about the responsible management of plant 
nutrition for the benefit of the human family.”nutrition for the benefit of the human family.
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1 Wh i 4R?1. What is 4R?
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What’s different?
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4R Adaptive Management for Plant Nutrition
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2 4R technologies and practices2. 4R technologies and practices 



Right Source 

Scientific Principle: 

• Ensure a balanced supply of plant‐available forms of N, pp y p ,
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

I hibit f d it ifi ti• Inhibitors of urease and nitrification

• Coated fertilizers



New
Technology

1 S th ti i d t i i N

Technology

1. Synthetic organic compounds containing N

 urea‐formaldehydes, IBDU, triazones, etc.

2 Physical coating or barrier around soluble N fertilizer2. Physical coating or barrier around soluble N fertilizer

 Sulfur‐coated or polymer‐coated urea.

3 Stabilized materials3. Stabilized materials

 urease and nitrification inhibitors



Water managementWater management
is essential for N
managementmanagement

Volumetric water
content at the start
and conclusion for 
surface and sub-surface
drip

Hanson et al., 2006



Hanson et al., 2006



No Nitrogen Efficiency without Water Efficiency
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Right Rate 

Scientific Principle:

• Assess soil nutrient supply and plant demand for N.

Practices:

• Soil testing

• Tissue analysis

• Balance crop removal

• Determine crop yield potential

• Assess price ratios



Right Time

Scientific Principle:

• Assess timing of crop uptake, soil nutrient supply, weather, g p p , pp y, ,
loss risks and field operation logistics.

Practices:

• Split‐application for sandy soils

• Cover crops to capture nutrients
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Right Place g
Scientific Principle:

• Place nutrients where they arePlace nutrients where they are 
accessible to the crop. 

Practices:

• Site‐specific sensing technologies

• Starter placement near seedlings



3 4R adoption by agri service providers3. 4R adoption by agri‐service providers
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“4R Inside” Checklist4R Inside  Checklist
1. Balance economic, social, environmental areas.

2 I l d BMP dd i SRTP2. Include BMPs addressing SRTP.

3. Provide site‐specific recommendations.

4. Balance essential elements.a a ce esse t a e e e ts

5. Assess nutrient requirements.

6. Consider all sources.

7. Comply with regulations.

8. Measure effectiveness of BMPs.

9 Use terminology consistent with 4R standards9. Use terminology consistent with 4R standards.

10. Document plans and implementation.





4 Reporting 4R Performance4. Reporting 4R Performance





Inputs of N to US agricultural land including recoverable manure legume fixation andInputs 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 & Robertson et al., 2012.
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U.S. Partial N Balances (NuGIS 2011)
1987 1992 1997 2002 2007

kg N ha‐1

Per harvested 
cropland 36 38 37 33 36

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





5. 4R research



4R Applied Research Needs for N 
…validation of efficacy of specific application practices

…environmental impact per unit of economic and social value

1. Adapting N management to 
hweather

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 field crops

6. Nitrate leaching index

7 Nitrous oxide emissions7. Nitrous oxide emissions

8. Practice indicators

9. Research infrastructure

10. Sensor‐based variable‐rate N



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 andamong producers, agri‐service providers, and 
government.

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