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• N is the element most limiting to net primary 
production in most ecosystems.

• Poor understanding of N fixation 
successional dynamics, distributional 
patterns and rates; agricultural > natural.

• Carbon storage—link to missing CO2 sink?
• N fixers respond differently to rising CO2?



• In JULES: ?
• C:N ratios
• “Century”—Linear function of ET

– Schimel et al. 1997
• “A Simple Model of N Fixation”

– Vitousek & Field, 1999; Vitousek et al. 2002
• “Multiple Element Limitation”

– Rastetter et al. 2001
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M O D E L   A P P R O A C HM O D E L   A P P R O A C H

• Modelling theory from evapotranspiration:
AET = PET*f(available H2O, LAI, …)
ANU = PNU*f(available N, uptake rate, fixation cost)



P L A N T   N   M O D E LP L A N T   N   M O D E L

• ANU = PNU*f(available N, uptake rate, fixation cost)
• ANU = PNU*(fSNfNT+ffixfNT)
• PNU = biomass*(actual C:N/optimal C:N)
• fSN = f(root depth, soil depth, soil N)
• fNT = f(transpiration)
• ffix = f(ability, energetic cost, NPP, fSN)

– If fixer AND NPP>energetic cost, then 1-fSN else 0
ANU = PNU under well-fertilized conditions
AET = PET under well-watered conditions
• Plant N Allocation = ANU*f(compartmental biomass, 

compartmental C:N’s, litterfall, re-translocation)



S U C C E S S I O NS U C C E S S I O N

• Why don’t N fixers take over the world?
(Vitousek & Howarth 1991; Vitousek et al. 2002)
– “The widespread occurrence of N limitation to NPP in terrestrial and marine 

ecosystems is something of a puzzle; it would seem that N fixers should have 
a substantial competitive advantage wherever N is limiting, and that their 
activity in turn should reverse limitation.”

– “Why then are N fixers not a dominant species in all systems where N limits 
primary productivity?”



S U C C E S S I O NS U C C E S S I O N

• Succession
– Low available N, high light
– Roots not established

C for N No N!

Fixer Non-fixer

Yes N
No C for N

No roots

– N fixation is restricted to the early phases of succession (Schlesinger 1991, 

Cleveland et al. 1999, Crews 1999, Sprent 1999, Vitousek et al. 2002) despite the persistence of N 
limitation on production late in succession.  This paradox has yet to be 
explained adequately (Rastetter et al. 2001).



O B S E R V A T I O N SO B S E R V A T I O N S

• The conditions that favor N fixation are:
a) Elevated CO2 (Havelka et al. 1982, Vance & Heichel 1991)

b) Open canopy (Rastetter et al. 2001)

c) Low available N (Havelka et al. 1982)

d) Extended root system (Rastetter et al. 2001)

e) Evapotranspiration (Schimel et al. 1997)

f) NPP (Cleveland et al. 1999)

• N fixation is difficult to measure in the field, 
especially in non-agricultural systems   
(Vitousek et al. 2002).
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