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N Deposition and Carbon Storage

(1) Greater CO2
Uptake

(2) Smaller CO2 Loss
(Accumulation of soil C)

(3) Greater allocation
to woody biomass

Atmospheric N deposition
initially stimulates growth

Nitrogen



• Current understanding

• Meta-analysis of 15N tracer studies

N Deposition and Carbon Storage



725 kg C per kg N
in wet deposition

(470 kg C per kg N
total deposition)



Response to Magnani et al. (2007):

“What this article does is bears out a couple of truths that I have tried
to pound into people's head for years: Nature will always find a way
to survive. We cannot destroy it. We don't have the means. We don't

have the intelligence, nor do we have the desire….So whatever
damage we do the world, nature finds a way to accommodate it,

correct it, so forth and so on.”

http://www.rushlimbaugh.com/home/estack_12_13_06/nature_finds_a_way_to_survive.guest.html

http://www.rushlimbaugh.com/home/estack_12_13_06/nature_finds_a_way_to_survive.guest.html
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Science in Reality



• Release of N2O
• Reduced forest productivity and biodiversity
• Acidification of stream water
• Eutrophication

De Schrijver et al. Response

Study ignores potential negative impacts of N deposition
~25% European forests included in study are N saturated



Benefits of Nitrogen Deposition Occur
When N Retained in Ecosystem

> 8 kg N ha-1 yr-1 Increased N leaching



De Vries et al. Response
to Magnani et al. 2008. Nature

• Magnani calculates that 470 kg C per kg total N deposition
• Assumes all N goes into high C:N wood
• Most N actually goes belowground (Nadelhoffer et al. 1999)
• Taking into account actual allocation of N

Only 30-70 kg C per kg N



• Variable response among tree species
• Average: 61 kg C per kg total N deposition
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Janssens et al. 2010
Nature Geoscience

• 20 Forest Studies
• Elevated N decreases rates of respiration by 16%
• Increases stability of SOM

Litterfall
Fine root production

Total Tree Biomass
Microbial Biomass

Soil C

Litter Decomposition
Respiration (hetero)

Respiration (root)
Soil CO2 Efflux

Fertilization effect (%)



• Meta-analysis of 109 studies
• N additions increased C content forests by 6%

Liu and Greaver 2009. Ecology Letters



Liu and Greaver 2009. Ecology Letters

Impacts of N Addition on CH4 Fluxes

38% decrease CH4 uptake
97% increase CH4 emissions



Net effect of N addition:
• Increases global C terrestrial sink
• But, offset by 53-76% by increased

CH4 & N2O emissions

Impacts of N Addition on N2O Fluxes

216% increase N2O emissions

Liu and Greaver 2009. Ecology Letters



• Current state of knowledge

• Meta-analysis of 15N tracer studies

N Deposition and Carbon Storage



Fate of Nitrogen Inputs in Terrestrial Ecosystems:
Meta-analysis of 15N Tracer Studies
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Goal

To determine the fate of deposited
nitrogen across a range of:

• climatic conditions
• N loading
• vegetation types



Distribution of Sites
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N Deposition: <1.5 to 60 kg N ha-1 yr-1



Ecosystem Types
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What is the fate of deposited N
within terrestrial ecosystems?



What is the effect of fertilizer N addition?



• Most 15N tracer accumulated belowground
• 15N recovery in wood of shrublands (19%) > forests (3.3%)
• kg C per kg N: shrublands (125) > forests (46)
• Total C: 0.13 to 0.45 Pg C yr-1

• With N fertilization:
– Decreased forest ecosystem N retention
– Increased C storage due to movement of N from low C:N

soils to high C:N wood

Conclusions from
15N Tracer Meta-Analysis



Where do we go from here?
• Need better understanding:

– Role of ecosystem type, species composition and distribution
– N inputs (fixation) and losses (denitrification)
– Interactions with other nutrients (P, Ca, Mg)
– How interactions will change with climate
– N deposition effects in non N-limited ecosystems such as tropics
– Longer-term feedbacks: most studies examining fate of N occur

within decade (exception = 20 years at Harvard forest)
– Other controls on allocation

– Models that reflect this understanding




