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Nutrients have always been important in 
agriculture 



From maximum yield to economic return 

•  Earliest work looked at using fertilizer to get the highest 
yield 

–  Fertilizer relatively cheap – soils very responsive. 
–  Sub & Super era & the “Super” bounty 
–  Maximum production rates 

•  Development of resource economics 
–  Marginal returns considered where the added cost was balanced 

against the added return – equi-marginal returns. 
–  Economic rational rates 
–  Add in “other values” 

•  Difficult to value “environment” 
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Sustainability goals 
•  Many stakeholders interested in nutrient management 

–  Farmers, crop advisers and consultants, policymakers, 
consumers, and general public 

• Stakeholders	  have	  different	  expecta4ons	  of	  
nutrient	  management	  which	  revolves	  around	  the	  
pillars	  of	  sustainability.	  	  



Best Management Practices (BMPs) 

Definition - Research proven practices that have been tested 
through farmer implementation to optimize production 
potential, input efficiency, and environmental protection 
(Griffith and Murphy 1991). 

 
•  Fertilizer best management practices, integrated plant 

nutrient management, integrated soil fertility management, 
code of best agricultural practices, site-specific nutrient 
management, etc. 

•  Goal — ensure plant nutrients are use efficiently and 
effectively in ways that are beneficial to society 
without adversely impacting our environment. 



International Fertilizer Industry 
Association (IFA) initiative on fertilizer 
BMPs 

•  International workshop in 
Brussels (2007) to define 
principles of FBMPs and a 
strategy for wider adoption 

• IPNI	  VP	  Paul	  Fixen	  …	  idea	  
of	  a	  global	  framework	  from	  
which	  FBMPs	  could	  be	  
adopted	  



Global 

Global	  Fer*lizer	  BMP	  framework	  (2007) 
Fertilizer 
stewardship goals Economic Agronomic Environmental    Social    

Fertilizer management 
objectives 

Right time Right place Right rate Right product 

Fundamental 
scientific principles 

1.   
2.  
3.  
4. 
5. 

1. 
2. 
3. 
4. 
5.   

1. 
2. 
3. 
4. 
5.   

1. 
2. 
3. 
4. 
5.   

Site &  
grower-specific 
fertilizer BMPs 

1. 
  a. 
  b.  
  c. 
2.  
  a. etc.  

1. 
  a. 
  b.  
  c. 
2.  
  a. etc.  

1. 
  a. 
  b.  
  c. 
2.  
  a. etc.  

1. 
  a. 
  b.  
  c. 
2.  
  a. etc.  

                   System assessment                    

R
ef

in
em

en
t 



Global 

One	  poten*al	  global	  framework	  with	  FBMP	  example.	  
Fertilizer 
stewardship goals 

Fertilizer management 
objectives 

Fundamental 
scientific principles 

Economic Agronomic Environmental    Social    

Right time Right place Right rate Right product 

1.  Assess soil nutrient supply 
2.  Assess non-soil nutrient sources 
3.  Assess plant demand 
4.  Predict fertilizer use efficiency 
5.  Consider soil resource impacts   

1.  Assess soil nutrient supply 
     a. Use Mehlich III soil test for P, K, and Zn with target levels of 25,         

150, and 1 ppm, respectively based on annual 0-15 cm soil 
samples. 

     b. Use omission plots for determination of soil N and S supply.  
     c. Etc. 

Site & 
grower-
specific 
fertilizer 
BMPs 



Source	   Rate	  

Time	   Place	  

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	  scien*fic	  principles	  of	  managing	  crop	  
nutrients	  are	  universal	  	  



The concept was 
further developed 
by IPNI scientists 

(Bruulsema et al. 2008) 
 

The	  framework	  is	  intended	  to	  aid	  the	  
development	  and	  adop4on	  of	  nutrient	  

BMPs	  that	  meet	  sustainable	  
development	  goals	  



Produc*vity	  

Profitability	  

Durability	  

Healthy	  environment	  

CROPPING	  SYSTEM	  OBJECTIVES	  

Net	  profit	  

	  	  	  	  	  	  	  Resource	  use	  	  	  	  	  
	  	  	  	  efficiencies:	  	  	  	  
Energy,	  Labor,	  
Nutrient,	  Water	  	  

Return	  on	  	  
investment	   Yield	  

stability	  

Water	  &	  air	  quality	  

Farm	  income	  

Working	  	  
condiBons	  

Nutrient	  balance	  

Nutrient	  loss	  

Yield	  

Quality	  

Soil	  erosion	  

Biodiversity	  

Ecosystems	  	  
services	  

AdopBon	  

Soil	  producBvity	  

4R	  Nutrient	  Stewardship 



4R Nutrient Stewardship 
•  The 4Rs are the foundation 

and guiding principles of 
nutrient BMPs (Roberts 2007) 

•  Approach is simple … apply 
the correct nutrient in the 
amount needed, timed, and 
placed to meet crop demand 

Source	   Rate	  

Time	   Place	  

The 4R’s is both 
•  a process (what needs to be 
considered)  
and  
• an outcome (how the pieces 
fit together) 



Right source, rate, time, and place 

•  science-based principles 
•  not static  
•  Interdependent & applied in 

farming systems  

•  The 4Rs provide flexibility to nutrient 
management recognizing that 
FBMPs are site and crop specific 
depending on soils, climatic 
conditions, crop and cropping 
history, and management expertise, 
and can be applied in large-scale, 
extensive agriculture or small family 
farms. 

•  Ignorance	  more	  frequently	  
begets	  confidence	  than	  
does	  knowledge.	  

–  Charles	  Darwin	  



Role of 4Rs in nutrient use regulatory 
and policy developments 
•  Endorsed by: 

–   USDA’s Natural Resources Conservation Service (NRCS), 
–   Association of American Plant Food Control Officials (AAPFCO) 
–  Conservation Technology Information Center (CITC) 
–  American Farm Bureau Federation (AFBF) 

•  Being implemented within the Alberta’s N2O reduction 
protocol (NERP) and under  consideration in other 
provinces 

•  In Australia 
–  Endorsed by AFSA & incorporated into FertCare Training 
–  Underpins the “Fert$mart” Dairy Australia project. 
–  Adopted by DAFWA to lead into their nutrient management pubs. 



4R	  Nutrient	  Stewardship	  

Crops & Soils 42(2): Mar-Apr 2009 

Crops & Soils 42(3): May-Jun 2009 

Crops & Soils 42(4): Jul-Aug 2009 

Crops & Soils 42(5): Sep-Oct 2009 
Crops & Soils 42(6): Nov-Dec 2009 

Know Your Fertilizer Rights: Right Place  
by T.S. Murrell (IPNI), G.P. Lafond (AAFC), and T.J. Vyn (Purdue U.)  

http://www.ipni.net/4r 



Concluding Comments 
•  Manage or be managed 
•  Regulations on nutrient management 

–  Reef Regulations on sugar industry in the wet tropics 
–  Use of soluble P fertilizers on the Swan coastal plain. 
–  Fertilizer management in the Mississippi Basin. 
–  N application in UK. 
–  Regulations on N use on particular dairy pastures in New 

Zealand. 

•  Right source, right rate, right time, and right place is a 
simple slogan that integrates a century of science and 
experience into nutrient stewardship.   

•  Research backstops the principles of 4Rs with science, 
but the stakeholders decide what is right.   


