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Overview 
• Background 

– Why does competition occur? 

• 15N competition observations 
– What can we learn? 

• Existing competition theories 

• New competition theory 

• Competition models vs. data 
– Tropical forests, alpine grassland, arctic tundra 
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Why does competition occur? 

• N affect ecosystem C cycle 
– nitrogen-rich RuBisCO enzymes 
– nitrogen-rich extracellular enzymes  

• P affect ecosystem C cycle 
– phosphorus-rich ATP 

• Temperate and boreal 
– nitrogen limited 

• Tropical forests 
– phosphorus limited 

schimel and weintraub 2003 

wikipedia.org 
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Competition hierarchy 

Hour            week            month            year            decade 

Plant 
adjustment 

Successional 
dynamics  

Direct 
competition 
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15N competition observations 
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Prevailing competition theories 
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Competition hypotheses in ESMs 
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ECA Competition hypothesis:  
Enzyme-enzyme battle 
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Substrate diffusivity limitation 

1.Explicit modeling of 
nutrient heterogeneity 
 

2. Implicitly aggregated 
diffusivity limitation in 
kinetics parameter  

(model KM ≠ observed KM) 
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Tropical forest sites 
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Alpine grassland site 

15N-NH4
+/15N-NO3

- fertilization study (24~48 h) 
Xu et al., 2011 

Deep soil Top soil 
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Extractable NH4-N 
(g N / m3 soil)
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Arctic tundra sites: 15N tracer data 
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Competitive traits 

• Carex: competitive species 
– High affinity nitrogen carrier enzyme (low KM) 

(McRoy 1975) 
• Salix: competitive species 

– mycorrhizal fungi (Kroehler 1988) 
• Eriophorum: uncompetitive species 

– low affinity nitrogen carrier enzyme (high KM) 
(Leadley 1997) 

– no mycorrhizal fungi (Lavoie 2005) 



EARTH AND ENVIRONMENTAL SCIENCES • LAWRENCE BERKELEY NATIONAL LABORATORY 



EARTH AND ENVIRONMENTAL SCIENCES • LAWRENCE BERKELEY NATIONAL LABORATORY 

Root trait data 

• Root nitrogen uptake kinetics parameter 
• Root depth 

– Canadell 1996 (global) 
– Iversen 2015b (tundra) 

• Root density profile 
– Zeng 2001 
– Schenk 2002 

• Mycorrhizal fungi association 
– Soudzilovskaia 2015 
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Conclusions 

• There are multiple competition theories 
(MIC win, RD, micropore-to-micropore, no 
competition) 

• Two of them are not applicable in ESM 
(micropore-to-micropore, no competition) 

• Two of them are not successful in ESM 
(MIC win, RD) 

• The new competition theory (ECA) is best 
one so far. 
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