Nitrogen-induced plant species shift
constrains response of ecosystem
productivity to elevated CO,

Adam Langley

Smithsonian Environmental Research Center, Edgewater, MD, USA

Villanova University, Villanova, PA, USA




CO; flux to atmosphere (PgClyr)

|

- | 1 |

o «© [e)] -L N o n S
1 1 | | 1 | |

L
)

a) Terrestrial models: CO, only

- Hybrid
———LPy
— B3
—— SDA/M
—— VECODE
- - -~ TRIFFID

LI B B I B B B B

IPCC 2001

Huge carbon sink
predicted
because of CO,-

fertilization effect
on plants




Nitrogen Limitation of the
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a) Terrestrial models: CO, only
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Nitrogen limitation incorporated into

Carbon cycle

respiration

Nitrogen cycle

Internal External
(fast) (slow)
phgtosynthesis denitrification
*
| "
Plant i N Ideposmon
as ilation: {
I
Iitt%all & mortality I 1
r N - ,I
- P
Litter / CWD .| Soil Mineral .
N - = =N fixation
. 4 -
degomposition !
- ~ mineralization
|
i ; \
Soil Organic Matter N leaching
-~

Thornton et al. 2009




CO, X Nitrogen Experiments

Duke FACE, NC pine forest

Mixed results of N addition on CO,response (Oren et al.
2001, McCarthy et al. 2007)

Jasper Ridge, CA grassland
No effect of N on CO, response (Shaw et al. 2003)




Biomass in elevated CO, —

biomass in ambient CO,
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“The availability of
nitrogen and or
other nutrients
apparently limits

the ability of plants
to respond to the
extra CO,"“




7.3.3.1.3  Nutrient and ozone limitations to carbon
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detrimental effects on plant growth, possibly further limiting
the stimulation of carbon uptake by anthropogenic N emissions
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Experimental Design
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Grasses- C, photosynthesis
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Schoenoplectus americanus Spartina patens, Distichlis spicata




Why examine this in a marsh?




Does nitrogen enhance the CO, effect?
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CO, fertilization effect through time
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Species responses
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« N promotes C, grass
encroachment

* Inhibits sedge
productivity

Kevin Whit

U. Penn |
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C, root-shoo
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Elevated COZ Elevated C02 &

Nitrogen

Plants respond to Nitrogen addition
elevated CO, with interrupts the
enhanced negative feedback

productivity loop




Generality of Tradeoffs?
* Plant strategies differ for acquisition of different
resources

* Plants may also differ in ability to respond to global

It Legumes Species?
Genotypes?

Individuals?
Trees

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

w C;grasses
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Tradeoffs among other factors?

 Niu et al. 2010. Warming promotes C,
dominance in tallgrass prairie

« Hovenden et al. 2010. Warming promotes C,
grass dominance in Tasmanian grassland.

Rising CO,  |e X
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1 Linear trend
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Marsh surface

| i « Elevated CO, boosts

marsh surface elevation

* N addition diminishes
CO, effect.

(Langley et al. 2009 PNAS)




Main Findings

— Ecosystems respond to one factor, elevated CO,, by
dampening its negative effects.

— Adding a second factor, nitrogen, diminishes the
buffering capacit system. _
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