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The challenge of 9 billion by 2050… 

• Reached 7 billion on 
October 31st 

• Annual growth rate is 
1.1% (200,000 people 
per day) … slowing 
down to < 1% in 2020 

Source: http://ngm.nationalgeographic.com/2011/01/seven-billion/olson-photography 



Source: International Food Policy Research Institute, Concern Worldwide and Welthungerhilfe 

Where are the hungry? 



 
9 Billion Mouths to Feed? 

•Food production will need to 
increase by some 70% by 
2050 (from 2005/07 levels, FAO)  

• Few options … more crop 
land and/or more production  
 



The world has 13.0 billion ha land surface 

Arable land and 
permanent crops 
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Source: FAO 2009 

By 2050, arable land will increase about 70 million ha … 90% of 
growth in crop production globally will come from land already in 
production (Bruinsma 2009) 

 

• 1.5 billion ha for crop 
production 

• Arable land per person 
is declining … 
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Croplands of the Earth 

Atlas of the Biosphere 
Center for Sustainability and the Global Environment 
University of Wisconsin - Madison 



Yield gaps* show room for improvement 

Modeled
Yield

Experimental
Yield

Max. Farmer
Yield

Average
Farmer Yield

• Yield gaps for major 
world cropping systems 
range from about 20-80%    
(Lobell, et al. 2009) 

After Lobell et al., 2009 
*Yield gap defined by some potential measure 
compared to average farmer yield 
 



Projected source of growth in  
crop production to 2050*, percent  

Arable land 
expansion 

Increases in 
cropping intensity 

Yield 
increase 

Developing countries 21 8 71 
  Sub-Saharan Africa 25 6 69 
  Near East/North Africa -7 17 90 
  Latin America/Caribbean 30 18 52 
  South Asia 5 8 87 
  East Asia 2 12 86 

World 9 14 77 

Source: Bruinsma (2009) 

*based on 2006 FAO baseline demand projections for 34 crops grown in 108 countries 



Madagascar village: irrigated rice yields 1 -1.5 t/ha 



JICA Project for Rice Productivity Improvement 
in the Central Highlands of Madagascar 
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“Without the use of N fertilizers, we could not 
secure enough food for the prevailing diets of 
nearly 45% of the world’s population, or 
roughly 3 billion people…” 

Smil, V. 2011. Nitrogen cycle and world food production. World Agriculture 2:9-13.  



How much crop yield is  
attributable to fertilization? 
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OSU Magruder Plots: Mean = 40% U of MO Sanborn Field Plots: Mean = 62% 

U of IL Morrow Plots: Mean = 57% Broadbalk Experiment, Rothamsted: Mean = 64% 

After Stewart et al. 2005 



Role of fertilizers in food production is well 
recognized, but … 

Source: FAO and IFA 
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but, … 
inundated with 
negative press 



Abstract  
“… Findings reveal that about two-
thirds of U.S. cropland is not meeting 
three criteria for good nitrogen 
management.” 





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 

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



... concept developed into a global 
framework for nutrient stewardship 
 



Productivity 
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4R Nutrient Stewardship 



http://www.nutrientstewardship.com 



4Rs provide a voluntary option to address 
nutrient related regulatory issues 

• Endorsed by: NRCS, AAPFCO, CTIC, and AFBF 
• Implemented within Alberta’s N2O reduction protocol 

(NERP) and are under consideration in other 
provinces 

– a proposed system to reward producers for adoption of 
sustainable practices reducing N2O emissions per unit of 
production 

 



… to explain the concept of 
4R Nutrient Stewardship 
and to outline the scientific 
principles that define the 
four “rights”. 



Includes: 
 adoption of practices on the 

farm  
 approaches for nutrient 

management planning 
measuring sustainability 

performance.   
 case studies illustrating 

various applications of 4Rs 
 

The manual incorporates the scientific principles behind 
each of the Rs with supporting practices.   
 



For example … 



Review questions … 



Learning modules 
with supporting 
data … 



Applying 4Rs … 



Case studies … 



4Rs for nutrient 
management 
plans … 



Example worksheets … 



Available in 
January, 2012 



4Rs are Needed to Feed a Hungry World 

•Developing world — 4Rs will increase crops 
• Developed world — 4Rs good for the environment 



Better Crops, Better Environment … through Science 

www.ipni.net 

Thank You 
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