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What	  happened	  previously	  

•  Discussion:	  do	  plants	  
respire	  a	  constant	  or	  
variable	  frac6on	  of	  the	  
carbon	  assimilated	  during	  
photosynthesis?	  

•  Some	  scien6sts	  say	  yes	  
(at	  long	  6me	  scale):	  
	  CUE	  =	  1-‐Ra:GPP	  	  
	   	  	  =	  NPP:GPP	  	  

	  	  ~	  0.5-‐0.6	  
	  

GPP=100%	  
Ra~40%	  

NPP~60%	  



What	  happened	  previously	  

•  Important	  argument	  for	  conserva6ve	  CUE:	  
photosynthesis	  and	  respira6on	  are	  interdependent	  



What	  happened	  previously	  

•  Important	  argument	  for	  conserva6ve	  CUE:	  
photosynthesis	  and	  respira6on	  are	  interdependent	  

•  But..	  Other	  scien6sts	  say	  CUE	  varies	  with	  climate,	  
between	  species,	  ...	  
Ra	  more	  T-‐sensi6ve	  than	  GPP	  

	  
	  
	  CUE	  constant?	  Difficult	  to	  measure	  



What	  happened	  previously	  

•  FORESTS	  
•  Waring	  et	  al	  (1998):	  	  

NPP	  constant	  frac6on	  of	  
GPP;	  CUE	  ~	  0.47	  

•  BUT!	  Artefact	  in	  calcula6ons	  
(Medlyn	  &	  Dewar,	  1999)	  



What	  happened	  previously	  

•  FORESTS	  
•  DeLucia	  et	  al	  2007:	  

analysis	  of	  NPP:GPP	  in	  
60	  forests	  around	  the	  
globe	  

•  CUE	  varied	  considerably	  
	  0.23<CUE<0.83	  



What	  happened	  previously	  

•  Real	  driver	  of	  varia6on	  in	  
CUE	  remained	  unclear	  
due	  to	  confounding	  
effects	  
–  Age	  effect	  confounded	  with	  

forest	  type	  
–  Nitrogen	  deposi6on	  highest	  in	  

temperate	  region	  
–  ...	  

•  In	  any	  case:	  assuming	  
constancy	  of	  CUE	  seems	  
inappropriate	  



Can	  we	  solve	  this	  issue??	  

•  Global	  forest	  database	  (Luyssaert	  et	  al	  2007;	  n=49	  for	  
NPP:GPP	  analyses)	  shows	  similar	  pakerns	  as	  observed	  by	  
DeLucia	  et	  al	  2007	  

	  

a a

b
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Can	  we	  solve	  this	  issue??	  

•  Global	  forest	  database	  (Luyssaert	  et	  al	  2007;	  n=49	  for	  
NPP:GPP	  analyses)	  shows	  similar	  pakerns	  as	  observed	  by	  
DeLucia	  et	  al	  2007	  

•  IDEA:	  	  
Global	  pakern	  was	  due	  to	  the	  unaccounted	  for	  NPP	  
components:	  NPP	  =	  tree	  biomass	  produc6on	  +	  	  
–  Fruits	  and	  seeds	  
–  Herbivory	  losses	  
–  Understory	  produc6on	  
–  VOC	  emissions	  
–  Mycorrhizae	  
–  Exudates	  



Analyses	  

•  DB	  included	  es6mates	  for:	  
–  Fruits	  and	  seeds	  
– Herbivory	  losses	  
– Understory	  

•  But	  no	  es6mates	  available	  for	  
–  VOC	  emissions	  
– Mycorrhizae	  
–  Exudates	  



Analyses	  
•  New	  term:	  
	  Biomass	  produc6on:GPP	  =	  biomass	  produc6on	  efficiency	  

	   	   	   	  	  =	  BPE	  

	  	  	  Apparent	  contradic6on	  with	  theory	  remains	  

Tree	  biomass	  only	   Tree	  biomass	  +	  reproduc6ve	  organs	  
+	  herbivory	  losses	  +	  understory	  

a a

b
a a

b



Literature	  

•  DB	  included	  es6mates	  for:	  
–  Fruits	  
– Herbivory	  losses	  
– Understory	  

•  But	  no	  es6mates	  available	  for	  
–  VOC	  emissions	  
– Mycorrhizae	  
–  Exudates	  

Can	  be	  large	  	  
(up	  to	  30%	  of	  NPP;	  reviews	  by	  Hobbie	  
et	  al.,	  2006	  and	  Courty	  et	  al.,	  2010)	  

usually	  <	  5%	  of	  NPP	  

~	  BPE=0.4	  but	  NPP:GPP	  up	  to	  0.6	  



Literature	  

•  DB	  included	  es6mates	  for:	  
–  Fruits	  
– Herbivory	  losses	  
– Understory	  

•  But	  no	  es6mates	  available	  for	  
–  VOC	  emissions	  
– Mycorrhizae	  
–  Exudates	  

Can	  be	  large	  	  
(up	  to	  30%	  of	  NPP;	  reviews	  by	  Hobbie	  
et	  al.,	  2006	  and	  Courty	  et	  al.,	  2010)	  

usually	  <	  5%	  of	  NPP	  

~	  BPE=0.4	  but	  NPP:GPP	  up	  to	  0.6	  Up	  to	  10%	  
of	  NPP	  



Literature	  

•  Why	  would	  carbon	  alloca6on	  to	  mycorrhizae	  and	  
exudates	  differ	  between	  forests?	  
NUTRIENTS	  

	  
Ø  Phillips	  &	  Fahey	  2007:	  fer6liza6on	  reduces	  mycorrhizal	  coloniza6on	  in	  different	  

tree	  species.	  
Ø  Högberg	  et	  al	  2010:	  fer6liza6on	  reduces	  C	  alloca6on	  to	  soil	  biota	  by	  60%	  in	  a	  

boreal	  pine	  forest.	  
Ø  Hobbie	  et	  al	  2006	  (review):	  fer6liza6on	  reduces	  root	  exuda6on	  and	  symbionts	  

by	  up	  to	  22%	  of	  GPP.	  
Ø  Treseder	  2004	  (review):	  P	  fer6liza6on	  reduces	  mycorrhizal	  abundance	  by	  32%	  
Ø  Natural	  gradients	  in	  soil	  N	  content	  or	  atmospheric	  deposi6on:	  inversely	  related	  

to	  mycorrhizal	  abundance,	  diversity,	  reproduc6ve	  structures,	  …	  (Schulze	  et	  al	  
2000;	  Lilleskov	  et	  al	  2002;	  Högberg	  et	  al	  2003).	  



Literature	  
	  Can	  this	  help	  reconciling	  theory	  (constant	  CUE)	  and	  
observaAons	  (variable	  BPE)?	  

	  
	  If	  CUE	  is	  rela>vely	  constant	  

AND	  
	  we	  are	  missing	  a	  substan>al	  frac>on	  of	  NPP	  that	  is	  allocated	  
to	  mycorrhizae	  and	  root	  exudates	  
	  	  
	  We	  expect	  BPE	  to	  increase	  with	  increasing	  nutrient	  availability	  
because	  mycorrhizae	  and	  exudates	  are	  >ghtly	  linked	  to	  
nutrient	  availability	  



Analyses	  

•  Does	  nutrient	  availability	  affect	  BPE??	  
– No	  uniform	  measurements	  of	  nutrient	  availability	  
currently	  available	  



Analyses	  

•  Does	  nutrient	  availability	  affect	  BPE??	  
– No	  uniform	  measurements	  of	  nutrient	  availability	  
currently	  available	  

– Nutrient	  classifica6on	  based	  on	  different	  indicators:	  

Indicators	   Extra support	  
Site name	   ID	   nutr.	  

class	  
soil	  
type	  

N	  
soil	  

other	  
nutr.	  

CEC/	  
exch. bases	  

N	  
min.	  

pH	   water	  
status	  

flora	   atm.	  
dep.	  

history	   report	  

Bartlett	   1	   M	   x	   x	  
Bornhoved Alder	   2	   L	   x	   x	   x	  
Bornhoved Beech	   3	   M	   x	   x	  
Cascade Head (1)	   4	   H	   x	   x	  
Cascade Head (1A)	   5	   H	   x	   x	  
Caxiuana	   6	   L	   x	   x	  
Collelongo	   7	   H	   x	   x	   x	  

Vicca	  et	  al.,	  2012	  
(Ecology	  Lekers)	  



Analyses	  

•  Does	  nutrient	  availability	  affect	  BPE??	  
– No	  uniform	  measurements	  of	  nutrient	  availability	  
currently	  available	  

– Nutrient	  classifica6on	  based	  on	  different	  indicators:	  
–  49	  forests 	  	  	  nutrient	  availability:	  	  	  	  19	  low	  

	   	   	   	   	   	  	  	  	  	  	  13	  medium	  
	   	   	   	   	   	  	  	  	  	  	  17	  high	  



Results	  

•  Nutrient	  effect	  on	  GPP	  and	  biomass	  produc6on:	  
Ø GPP	  increases	  (p=0.05)	  
Ø Biomass	  produc6on	  increases	  (p<0.01)	  –	  mainly	  wood	  

Climate	  zone,	  
nutrient	  availability	  

GPP	  	  
(g	  C	  m-‐2	  y-‐1)	  

Biomass	  producAon	  	  
(g	  C	  m-‐2	  y-‐1)	  

Temperate,	  low	   1320	  (718)	   565	  (264)	  

Temperate,	  medium	   1328	  (372)	   659	  (208)	  

Temperate,	  high	   1724	  (408)	   1008	  (354)	  



Results	  

•  Nutrient	  effect	  on	  BPE:	  

Vicca	  et	  al.,	  2012	  
(Ecology	  Lekers)	  



Results	  

Vicca	  et	  al.,	  2012	  
(Ecology	  Lekers)	  



Conclusions	  (1)	  

•  Nutrients	  were	  hidden	  drivers	  behind	  previously	  
observed	  differences	  among	  climates,	  forest	  types	  and	  
stand	  ages	  

•  This	  may	  reconcile	  theory	  (CUE	  is	  constant)	  and	  
observa6ons	  (BPE	  varies	  substan6ally)	  if	  the	  nutrient	  
availability	  reflects	  carbon	  alloca6on	  to	  mycorrhizae	  and	  
exudates	  

•  Data	  needed	  for	  CUE	  research:	  total	  NPP	  or	  Ra	  



Next	  ques6on:	  	  
How	  does	  nutrient	  availability	  affect	  carbon	  

balance	  in	  forests?	  
	  

q  What	  happens	  to	  decomposi6on	  rates?	  





Fer6liza6on	  manipula6on	  experiments	  

Janssens	  et	  al.,	  2010	  
(Nature	  Geoscience)	  



Forest	  database	  

Janssens	  et	  al.,	  2010	  
(Nature	  Geoscience)	  

Tree	  biomass	  produc6on	  (g	  C	  m-‐2	  y-‐1)	   Tree	  biomass	  produc6on	  (g	  C	  m-‐2	  y-‐1)	  

White	  =	  low	  N	  deposi6on	  
Red	  =	  high	  N	  deposi6on	  



Next	  ques6on:	  	  
How	  does	  nutrient	  availability	  affect	  carbon	  

balance	  in	  forests?	  
	  

q  What	  happens	  to	  decomposi6on	  rates?	  
Ø Microbial	  ac6vity	  and	  decomposi6on	  decrease	  when	  nutrient	  
availability	  increases	  

q  If	  BPE	  increases	  and	  microbial	  respira6on	  decreases	  with	  increasing	  
nutrient	  availability,	  does	  NEP	  increase?	  (NEP=GPP-‐Ra-‐Rh)	  



Analyses	  

•  92	  forests	  of	  low	  or	  high	  nutrient	  availability	  with	  NEP	  
and	  GPP	  data	  available	  

•  GLM	  to	  test	  drivers	  of	  NEP;	  predictor	  variables	  included:	  
•  Nutrient	  availability	  
•  Climate	  (MAP,	  MAT,	  WD)	  
•  Stand	  age	  
•  Management	  
•  GPP	  



Results	  

NEP	  =	  	  
Predictor	   esAmate	   p	  value	  R²	  

(intercept)	   -‐1056	   <0.01	  

GPP	   0.87	   <0.01	   0.18 

AGE	   4.76	   <0.01	   0.03 

NUTRIENTS	   934.9	   <0.01	   0.19 

MAT	   20.67	   <0.01	   0.09 

GPP	  *	  AGE	   -‐0.0029	   <0.01	   0.09 

GPP	  *	  NUTRIENTS	   -‐0.68	   <0.01	   0.15 

AGE	  *	  NUTRIENTS	   -‐1.86	   0.018	   0.01 



Results	  

Gross Primary Production (gC m-2 year-1)
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Nutrient-rich: Slope = 0.73, P = 0.002

Nutrients * GPP P < 0.0001
Nutrient-poor (GPP < 2500): Slope = 0.35, P < 0.001

Fernández-‐Mar<nez	  et	  al,	  
under	  review	  for	  Nature	  



Next	  ques6on:	  	  
How	  does	  nutrient	  availability	  affect	  carbon	  

balance	  in	  forests?	  
	  

q  What	  happens	  to	  decomposi6on	  rates?	  
Ø Microbial	  ac6vity	  thus	  decomposi6on	  decrease	  when	  nutrient	  
availability	  increases	  

q  If	  BPE	  increases	  and	  microbial	  respira6on	  decreases	  with	  increasing	  
fer6lity,	  does	  NEP	  increase?	  (NEP=GPP-‐Ra-‐Rh)	  

Ø Yes.	  NEP	  can	  only	  be	  high	  when	  nutrient	  availability	  is	  high	  
	  



Conclusions	  

•  CUE:	  s6ll	  not	  sure	  if/how/why	  it	  varies	  among	  forests	  
•  BPE	  increases	  with	  increasing	  nutrient	  availability.	  If	  

missing	  NPP	  components	  are	  behind	  this,	  CUE	  is	  less	  
variable	  than	  assumed	  from	  the	  data.	  

•  NEP	  increases	  with	  increasing	  nutrient	  availability	  
•  High	  carbon	  sequestra6on	  only	  possible	  when	  nutrient	  

availability	  is	  high	  



	  
	  
	  

Thanks	  for	  your	  aken6on	  



Extra	  

Climate	  zone,	  
nutrient	  
availability	  

GPP	  	  
(g	  C	  m-‐2	  y-‐1)	  

Biomass	  
producAon	  	  
(g	  C	  m-‐2	  y-‐1)	  

BPE	  

Boreal,	  low	   911	  (184)	   355	  (124)	   0.39	  (0.10)	  

Temperate,	  low	   1320	  (718)	   565	  (264)	   0.43	  (0.05)	  

Tropical,	  low	   2985	  (591)	   1233	  (315)	   0.41	  (0.11)	  

Boreal,	  medium	   803	  (204)	   390	  (112)	   0.49	  (0.10)	  
Temperate,	  
medium	   1328	  (372)	   659	  (208)	   0.50	  (0.11)	  

Temperate,	  high	   1724	  (408)	   1008	  (354)	   0.58	  (0.13)	  
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Factor loadings F1 (14.8%)
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EXTRA	  

Gross Primary Production (gC m-2 year-1)
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Nutrients * GPP P < 0.0001

Nutrient-poor: Slope = 0.90, P < 0.0001
Nutrient-rich: Slope = 0.25, P = 0.14

Nutrient-poor (GPP < 2500): Slope = 0.64, P  < 0.0001
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Literature	  

	  Can	  this	  help	  reconciling	  theory	  (constant	  CUE)	  and	  
observaAons	  (variable	  BPE)?	  

	  
GPP=100%	  

Ra~40%	  

NPP~60%	   BPE~0.6	  

No	  missing	  NPP	  components	  



Literature	  

	  Can	  this	  help	  reconciling	  theory	  (constant	  CUE)	  and	  
observaAons	  (variable	  BPE)?	  

GPP=100%	  
Ra~40%	  

NPP~60%	   BPE~0.6	  

GPP=100%	  
Ra~40%	  

NPP~60%	  

No	  missing	  NPP	  components	   30%	  of	  NPP	  to	  mycorrhizae	  and	  exudates	  

BPE~0.4	  

Mycorrhiza	  


