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Nitrogen (N) deposition alters ecosystem function in several ways,
with important effects on N leaching and water quality, as well as on
interspecific competition and biodiversity. These changes have been
attributed to ecosystem N saturation, defined as the alleviation of
N limitations on rates of biological function'. After an initial ferti-
lization effect, N saturation has also been suggested to reduce plant
function and growth?, eventually leading to forest dieback. Although
our observation of a substantial positive effect of N deposition on
forest carbon (C) sequestration® does not imply the absence of nitrate
losses or other negative effects, as rightly stressed by De Schrijver
et al?, the sustained response observed demonstrates that the fear
of a generalized forest decline in response to N fertilization could be
overstated, at least within the rather broad N deposition range
explored in our analysis. The nature of the observed response of
forest C sequestration to N deposition, however, has been questioned
outright by de Vries et al.®, who suggested that it could be an artefact
resulting from the covariation between N deposition and other
environmental variables. The arguments proposed against an over-
whelming N effect, however, do not seem to stand up to close scrutiny.

We agree that ecosystem gross primary production (GPP) and
plant growth are, to a large extent, controlled by local climate,
drought and fertility (that is, N mineralization associated with soil
organic matter decomposition), although fertility could be itself
influenced by current and past N deposition®. However, the same
environmental factors would modulate in parallel ecosystem respira-
tion, and as a result do not seem to affect net ecosystem production
(NEP), which is the difference between GPP and ecosystem respira-
tion and is the subject of our analysis®. Both components of NEP
seem to be also affected by N deposition, but in opposite directions:
apart from the positive effects on plant growth considered by de Vries
et al.?, respiration is known to be significantly reduced by N fertiliza-
tion, as demonstrated by manipulation experiments”® as well as
regional transect studies’. The combined effect at the ecosystem level
is largely missed when focusing on tree growth alone.

The question remains of the magnitude of the observed response
to N deposition. Assuming a linear relationship between NEP and N

deposition, a slope of 445 = 38 kg C per kg N of wet N deposition can
be inferred from our entire data set (n = 20, rather than the sub-
sample of 8 data points in the analysis by de Vries et al’). If we
assume, rather conservatively, that wet deposition constitutes 40—
50% of total N deposition', this would imply a NEP sensitivity to
total N deposition of approximately 175-225 kg C per kg N, which is
consistent with the stoichiometry of plant tissues and soil organic
matter. Although it is true that fine roots account for a significant
fraction of forest growth, it should be noted that one of the main
effects of increased N availability is an increased allocation to woody
tissues (with a high C:N ratio of up to 500:1) away from fine roots''.
This mechanism could indeed represent an important component of
the observed response to N deposition.

Far from implausible, a 200:1 sensitivity is nevertheless higher than
suggested by long-term forest fertilization experiments'”. Potential
problems with N manipulation studies have already been discussed".
In particular, they overlook the role of canopy N uptake, which
enables plants to absorb a relevant fraction of incoming N without
any competition from soil microbes. Canopy N uptake amounts to
up to 70% of N deposition, providing as much as one-third of tree N
requirements”'*", The critical comparison of results from ecosystem
manipulation and observational studies could be providing a rare,
unforeseen insight into the key factors controlling C-N relations in
forest ecosystems.

Federico Magnani', Maurizio Mencuccini’, Marco Borghetti’,

Frank Berninger”, Sylvain Delzon®, Achim Grelle®, Pertti Hari’,

Paul G. Jarvis?, Pasi Kolari’, Andrew S. Kowalski®, Harry Lankreijer®,
Beverly E. Law'®, Anders Lindroth®, Denis Loustau", Giovanni Manca'?,
John B. Moncrieff’, Vanessa Tedeschi’, Riccardo Valentini" &

John Grace®

'Department of Fruit Tree and Woody Plant Science, University of
Bologna, Bologna 1-40127, Italy.

e-mail: federico.magnani@unibo.it

?School of GeoSciences, University of Edinburgh, Edinburgh EH93JU, UK.
3Department of Crop Systems, Forestry and Environmental Sciences,
University of Basilicata, Potenza 1-85100, Italy.

E3

©2008 Nature Publishing Group


mailto:An.Deschrijver@Ugent.be

BRIEF COMMUNICATIONS ARISING

4Departement des Sciences Biologiques, University of Québec a
Montréal, Montréal, Quebec H3C 3P8, Canada.

SUMRBIOGECO, INRA—Université Bordeaux 1, F-33400 Talence Cedex,
France.

®Department of Ecology and Environmental Research, Swedish
University of Agricultural Sciences, SE-75007 Uppsala, Sweden.
"Department of Forest Ecology, University of Helsinki, FIN-00014
Helsinki, Finland.

8Department of Applied Physics, University of Granada, E-18071
Granada, Spain.

°Department of Physical Geography and Ecosystems Analysis, Lund
University, S-223 62 Lund, Sweden.

9College of Forestry, Oregon State University, Corvallis, Oregon 97331,
USA.

TINRA, UR1263 EPHYSE, F-33883 Villenave d'Ornon, France.
|nstitute for Environment and Sustainability—Climate Change Unit,
Joint Research Center, European Commission, 1-21020 Ispra, Italy.
3Department of Forest Resources and Environment, University of Tuscia,
Viterbo 1-01100, Italy.

1. Aber, J. D. et al. Nitrogen saturation in temperate forest ecosystems. Bioscience 48,
921-934 (1998).

2. Aber, J. D. et al. Is nitrogen deposition altering the nitrogen status of northeastern
forests? Bioscience 53, 375-389 (2003).

3. Magnani, F. et al. The human footprint in the carbon cycle of established temperate
and boreal forests. Nature 447, 848-850 (2007).

NATURE| Vol 451/14 February 2008

4. De Schrijver, A. et al. Nitrogen saturation and net ecosystem production. Nature 451,
doi:10.1038/nature06578 (2008).

5. de Vries, W. et al. Ecologically implausible carbon response? Nature 451, doi:10.1038/
nature06579 (2008).

6. Spiecker, H. Overview of recent growth trends in European forests. Wat. Air Soil Pollut.
116, 33-46 (1999).

7. Bowden, R. D., Davidson, E., Savage, K., Arabia, C. & Steudler, P. Chronic
nitrogen additions reduce total soil respiration and microbial respiration in
temperate forest soils at the Harvard Forest. For. Ecol. Manage. 196, 43-56
(2004).

8. Olsson, P., Linder, S., Giesler, R. & Hogberg, P. Fertilization of boreal forest reduces
both autotrophic and heterotrophic soil respiration. Glob. Change Biol. 11,1745-1753
(2005).

9. Schulze, E.-D. (ed.) Carbon and Nitrogen Cycling in European Forest Ecosystems
(Springer, Berlin, 2000).

10. Dentener, F. et al. Nitrogen and sulfur deposition on regional and global scales. A
multimodel evaluation. Glob. Biogeochem. Cycles 20, GB4003 (2006).

11. Litton, C. M., Raich, J. W. & Ryan, M. G. Carbon allocation in forest ecosystems. Glob.
Change Biol. 13, 2089-2109 (2007).

12. Hyvdnen, R. et al. Impact of long-term nitrogen addition on carbon stocks in trees
and soils in northern Europe. Biogeochemistry doi:10-1007/s10533-007-9121-3
(2007).

13. Sievering, H. Nitrogen deposition and carbon sequestration. Nature 400, 629-630
(1999).

14. Sievering, H., Tomaszewski, T. & Torizzo, J. Canopy uptake of atmospheric N
deposition at a conifer forest. Part [I—Canopy N budget, photosynthetic efficiency and
net ecosystem exchange. Tellus 59B, 483-492 (2007).

15. Gaige, E. et al. Changes in canopy processes following whole-forest canopy
nitrogen fertilization of a mature spruce-hemlock forest. Ecosystems 10, 1133-1147
(2007).

doi:10.1038/nature06580

E4

©2008 Nature Publishing Group



	Title 1
	References 1
	Title 2
	Methods
	Table 1 Multivariate regression results at stand level and individual tree level
	References 2
	Title 3
	References 3



