
Nitrogen-­‐induced	
  plant	
  species	
  shi3	
  
constrains	
  response	
  of	
  ecosystem	
  

produc7vity	
  to	
  elevated	
  CO2	
  
Adam Langley

Smithsonian Environmental Research Center, Edgewater, MD, USA

Villanova University, Villanova, PA, USA 



IPCC	
  2001

Huge	
  carbon	
  sink	
  
predicted	
  
because	
  of	
  CO2-­‐

fer;liza;on	
  effect	
  
on	
  plants



Nitrogen	
  Limita7on	
  of	
  the	
  
CO2-­‐Fer7liza7on	
  Effect	
  



IPCC	
  2001

Smaller	
  terrestrial	
  
carbon	
  sink	
  

projected	
  by	
  IPCC	
  in	
  
2007



Dentener	
  et	
  al.	
  2006,	
  Galloway	
  et	
  al.	
  2008

Nitrogen	
  Pollu;on



Nitrogen	
  limita;on	
  incorporated	
  into	
  

Thornton	
  et	
  al.	
  2009



Duke	
  FACE,	
  NC	
  pine	
  forest

	
   Mixed	
  results	
  of	
  N	
  addi;on	
  on	
  CO2response	
  (Oren	
  et	
  al.	
  
2001,	
  McCarthy	
  et	
  al.	
  2007)

Jasper	
  Ridge,	
  CA	
   grassland

	
   No	
  effect	
  of	
  N	
  on	
  CO2	
  response	
  (Shaw	
  et	
  al.	
  2003)
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Cedar	
  Creek
	
   N	
  addi;on	
  s;mulated	
  CO2	
  response	
  more	
  through	
  ;me	
  

(Reich	
  et	
  al.	
  2006	
  Nature)
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“The	
  availability	
  of	
  
nitrogen	
  and	
  or	
  
other	
  nutrients	
  
apparently	
  limits	
  
the	
  ability	
  of	
  plants	
  
to	
  respond	
  to	
  the	
  
extra	
  CO2“



“Addi;onal	
  N	
  
supplied	
  through	
  
atmospheric	
  
deposi;on	
  or	
  
direct	
  fer;liza;on	
  
can	
  s;mulate	
  
plant	
  growth	
  and	
  
in	
  principle	
  could	
  
relieve	
  the	
  
nutrient	
  
constraint	
  on	
  CO2	
  
fer;liza;on.”
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Does	
  addi;onal	
  
nitrogen	
  enhance	
  
the	
  CO2	
  fer;liza;on	
  
effect	
  on	
  plant	
  
growth?

Nitrogen	
  pollu;on

1)	
  Plant	
  growth



• 20	
  experimental	
  chambers	
  

• 2	
  levels	
  of	
  CO2:	
  ambient	
  

(~390	
  ppm),	
  elevated	
  (~720	
  
ppm)

• 2	
  levels	
  of	
  Nitrogen:	
  
unfer;lized	
  or	
  25	
  g	
  N	
  m-­‐2	
  y-­‐1
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Sedge-­‐	
  C3	
  photosynthesis

Schoenoplectus	
  americanus

Grasses-­‐	
  C4	
  photosynthesis

Spar2na	
  patens,	
  Dis2chlis	
  spicata

C.	
  Gallegos



Why	
  examine	
  this	
  in	
  a	
  marsh?

• Natural,	
  unmanaged	
  ecosystem

• Rapid	
  response	
  of	
  plant	
  
communi7es

• Subject	
  to	
  global	
  changes	
  from	
  the	
  	
  
sky,	
  land,	
  and	
  sea



Does	
  nitrogen	
  enhance	
  the	
  CO2	
  effect?
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Unfer;lized

CO2	
  effect	
  =	
  

Plant	
  growth	
  in	
  elevated	
  CO2	
  minus	
  

Plant	
  growth	
  in	
  ambient	
  CO2



CO2	
  fer;liza;on	
  effect	
  through	
  ;me

Repeated	
  measures	
  MANOVA:
CO2	
  x	
  N	
  x	
  year:	
  P	
  =	
  0.009

+Nitrogen

Unfer;lized

(Langley	
  &	
  
Megonigal	
  
Nature	
  2010)
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• N	
  promotes	
  C4	
  grass	
  
encroachment

• Inhibits	
  sedge	
  
produc;vity

No	
  Nitrogen

Added	
  Nitrogen
Kevin	
  White

U.	
  Penn
“Contras;ng	
  C3	
  and	
  

C4	
  root-­‐shoot	
  
alloca;on	
  responses	
  
to	
  elevated	
  CO2	
  and	
  

nitrogen”	
  In	
  
submission
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Elevated	
  CO2	
  +	
  
Nitrogen

	
  	
  Nitrogen	
  addi;on	
  
interrupts	
  the	
  	
  
nega;ve	
  feedback	
  
loop

Plants	
  respond	
  to	
  
elevated	
  CO2	
  with	
  

enhanced	
  
produc;vity

Elevated	
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Generality	
  of	
  Tradeoffs?
• Plant	
  strategies	
  differ	
  for	
  acquisi;on	
  of	
  different	
  
resources

• Plants	
  may	
  also	
  differ	
  in	
  ability	
  to	
  respond	
  to	
  global	
  

(Data	
  from	
  Xia	
  &	
  Wan	
  
2008,	
  Ainsworth	
  &	
  Long.	
  
2005)

Trees

C3	
  grasses

Legumes Species?	
  
Genotypes?	
  
Individuals?

C4	
  grasses



Tradeoffs	
  among	
  other	
  factors?	
  
• Niu	
  et	
  al.	
  2010.	
  Warming	
  promotes	
  C4	
  
dominance	
  in	
  tallgrass	
  prairie

• Hovenden	
  et	
  al.	
  2010.	
  Warming	
  promotes	
  C4	
  
grass	
  dominance	
  in	
  Tasmanian	
  grassland.	
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Marsh	
  surface	
  

• Elevated	
  CO2	
  boosts	
  
marsh	
  surface	
  eleva;on

• N	
  addi;on	
  diminishes	
  
CO2	
  effect.

(Langley	
  et	
  al.	
  2009	
  PNAS)
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Main	
  Findings
– Ecosystems	
  respond	
  to	
  one	
  factor,	
  elevated	
  CO2,	
  by	
  

dampening	
  its	
  nega;ve	
  effects.	
  

– Adding	
  a	
  second	
  factor,	
  nitrogen,	
  diminishes	
  the	
  
buffering	
  capacity	
  of	
  the	
  ecosystem.

–We	
  could	
  be	
  underes;ma;ng	
  the	
  nega;ve	
  effects	
  
of	
  mul;-­‐factored	
  global	
  change.

Atmospheric	
  CO2	
  rise Sea-­‐level	
  rise
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