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Thou	
  Shalt:	
  
•  Plant-­‐microbe	
  

and	
  mul5-­‐
nutrient	
  
compe55on	
  
•  M3.8,	
  M3.12,	
  

M3.14	
  
•  N	
  leaching	
  fluxes	
  	
  

•  M3.7,	
  M3.10,	
  
M3.14	
  

•  Nitrifica5on,	
  
denitrifica5on,	
  
N	
  fixa5on	
  
•  M3.10	
  

Three	
  ACME-­‐Supported	
  Publica5ons	
  
Relevant	
  to	
  ALM	
  BGC	
  Experiment	
  



Next	
  Genera5on	
  LM’s	
  Need	
  to	
  Represent	
  
Mul5-­‐Nutrient,	
  Mul5-­‐Consumer	
  Interac5ons	
  

•  Michaelis-­‐Menten	
  (1913),	
  Monod	
  (1949)	
  
kineKcs	
  derived	
  using	
  Law	
  of	
  Mass	
  AcKon	
  

•  Enzyme-­‐substrate	
  interacKons	
  also	
  
theoreKcally	
  derived	
  from	
  staKsKcal	
  and	
  
quantum	
  mechanical	
  approaches	
  



Next	
  Genera5on	
  LM’s	
  Will	
  Need	
  to	
  Represent	
  
Mul5-­‐Nutrient,	
  Mul5-­‐Consumer	
  Interac5ons	
  

•  We	
  extended	
  the	
  concepts	
  to	
  realisKc,	
  
complex	
  ecosystem	
  processes	
  and	
  
interacKons	
  (Tang	
  and	
  Riley	
  2013)	
  



ECA	
  Kine5cs	
  Mul5-­‐Nutrient,	
  Mul5-­‐
Consmer	
  Compe55on	
  

•  ApplicaKons	
  to	
  N	
  &	
  P	
  compeKKon	
  between	
  
heterotrophic	
  decomposers,	
  nitrifiers,	
  
denitrifiers,	
  and	
  plants	
  (Zhu	
  et	
  al.	
  2015)	
  

•  UnseTled	
  
science	
  for	
  
many	
  
components	
  

•  Serves	
  as	
  a	
  
foundaKon	
  for	
  
iniKal	
  
development	
  



ECA	
  Kine5cs	
  and	
  Mul5-­‐Nutrient	
  
Compe55on	
  

•  ECA	
  kineKcs	
  gave	
  very	
  accurate	
  predicKons	
  of	
  compeKKon	
  
compared	
  with	
  tropical	
  N	
  &	
  P	
  manipulaKon	
  experiments	
  

•  Comparison	
  with	
  >70	
  natural	
  ecosystem	
  ferKlizaKon	
  
experiments	
  underway	
  
–  IntegraKon	
  into	
  ILAMB	
  planned	
  

•  We	
  have	
  integrated	
  these	
  concepts	
  into	
  ALM	
  for	
  v1	
  

Zhu	
  et	
  al.	
  (2015)	
  



Integra5on	
  in	
  ALM	
  of	
  Leaf	
  and	
  Root	
  
Traits	
  and	
  Compe55on	
  

•  N	
  uptake	
  potenKal	
  and	
  
affinity	
  linked	
  to	
  root	
  
properKes	
  
•  CompeKKon	
  with	
  soil	
  N	
  
consumers	
  represented	
  
•  Leaf	
  N	
  dynamically	
  
predicted	
  and	
  affects	
  
photosynthesis	
  

N,	
  	
  P,	
  H2O	
  

Photosyntesis	
  =	
  	
  
f	
  (N,	
  	
  P,	
  H2O)	
  

	
  
	
  



Impacts	
  on	
  Site-­‐Level	
  C	
  Cycle	
  

Time	
  of	
  day	
  (h)	
  
Current	
  unrealis5c	
  
nutrient	
  controls	
  on	
  GPP	
  

ALM	
  fixes	
  to	
  nutrient	
  compe55on	
  and	
  leaf	
  and	
  root	
  traits	
  leads	
  
to	
  conceptually	
  realis5c	
  responses	
  and	
  beTer	
  site	
  to	
  global	
  
predic5ons	
  

-­‐  65%	
  reducKon	
  in	
  global	
  GPP	
  bias	
  from	
  CLM4.5	
  
-­‐  Using	
  ILAMB	
  for	
  broad	
  invesKgaKon	
  against	
  observaKons	
  

	
   Ghimire	
  et	
  al.	
  (submiged)	
  



•  Houlton	
  et	
  al.	
  (2015;	
  Nature	
  Climate	
  Change):	
  
– CLM4.0	
  and	
  CLM4.5	
  (and	
  therefore	
  ALM)	
  have	
  
very	
  inaccurate	
  esKmates	
  of	
  Nitrogen	
  losses	
  

– These	
  errors	
  affect	
  	
  
•  Terrestrial	
  C	
  cycle	
  predicKons	
  	
  
•  Nutrient	
  compeKKon	
  relevant	
  to	
  ACME	
  BGC	
  Experiment	
  



Global	
  ALM	
  Applica5on	
  of	
  ECA	
  
Compe55on	
  and	
  Improved	
  Transport	
  

Zhu	
  and	
  Riley	
  (submiged	
  Nature	
  Climate	
  Change)	
  



Conclusions	
  
•  ALM	
  BGC	
  Experiment	
  will	
  benefit	
  from	
  
theoreKcally	
  consistent	
  and	
  tested	
  
representaKons	
  of	
  nutrient	
  controls	
  on	
  C	
  
dynamics	
  

•  ECA	
  compeKKon,	
  root	
  and	
  leaf	
  traits,	
  and	
  
advecKon	
  losses	
  dramaKcally	
  improve	
  site	
  and	
  
global	
  predicKons	
  
– Links	
  with	
  River	
  BGC	
  ongoing	
  work	
  at	
  PNNL	
  

•  Code	
  integraKon,	
  tesKng,	
  and	
  analysis	
  
ongoing	
  


