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Almost certainly, however, the first essential component 
of social justice is adequate food for all mankind.  Food 
is the moral right of all who are born into this world. 

      Nobel Lecture, Dec. 11, 1970 





     Global applications  
of N,P,K fertilizers  

1950-2000 
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Phosphorus 

•  energy production  
  and storage molecules 
•  DNA and RNA 
•  enzymes and hormones 
•  buffers pH 
•  bone 
•  cell membranes 
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Rate of P weathering ≈ rate of removal 



Concentrating P in time 
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Four year rotation:  Annual grain crop 1 year, Perennial pasture 3 years 
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A. Cortes 

Concentrating P in time: 
swidden agriculture 
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    Concentrating P in time:  
Fifteen year swidden rotation involving 2 years of cropping 
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Concentrating P in space 







Concentrating P in space: 
harnessing gravity 

Sierra Madre runoff diversion Nile river floodwater deposition 





Colonel Edwin Drake’s oil well  

Titusville, Pennsylvania  

August 1859 



2009 

In the lifeAme of a 72 year old, >97% of all oil ever 
consumed has been burned  

1937 



Agriculture with fossil fuel energy 

  Farming methods no longer bound by solar 
energy 

  Discover and exploit highly concentrated 
reserves of P and other elements—and use them 
once. 



Global increases in potassium, phosphorus, and 
nitrogen fertilizer applications 1950-1996  
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P inputs               kg ha-1 yr-1 

_______________________________________________ 

Soil mineral weathering     0.3 
Atmospheric deposition     net 0 
Fertilizer         25 
Total           25.3 

P outputs               kg ha-1 yr-1 

________________________________________________________________________ 
Leaching        0.4 
Soil erosion by water      0.5 
Soil erosion by wind      net 0 
Harvested grain      19 
Straw         3 
Total           22.9     

                    Newman (1997) 

Example of a P balance for 
modern wheat production 
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Weathered P inputs-- 1850 



1850 

1950 
Transition to fertilizer P 

Current 6,790,062,216 



       The Goldilocks Conundrum 

  Does too much + too little = just right?




Surface erosion Leaching 

Too Much P 
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The Morning News (Arkansas) 
Saturday, September 19, 2009 

Local News for Northwest Arkansas 
Poultry Litter Industry Trial Set To Begin Thursday In Tulsa Court 

By Doug Thompson 
THE MORNING NEWS  
FAYETTEVILLE — The Oklahoma attorney general’s case against  
Arkansas-based poultry companies comes down to who’s responsible  
for the safe disposal of chicken litter, both sides agree……. 

Now an estimated 345,000 tons of chicken waste each year is  
produced in 1,800 poultry houses in the 1 million-acre watershed.  
Farmers dispose of the bulk by spreading it in the hilly watershed as fertilizer.  
Phosphorous feeds algae, bacteria and other undesired growth,  
damaging water quality and clarity.  


