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1. Worldwide trends of N deposition

Production of the Reactive Nitrogen

Ron Nielsen, http:/home.iprimus.com.an/nielsens/!
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1. Worldwide trends of N deposition

Fritz Haber (1868-1934) Carl Bosch (1874-1940)



1. Worldwide trends of N deposition

Past, present and
future of nitrogen deposition

Figure 2. Spatial patterns of total inorganic nitrogen deposition in (a) 1860, (b) carly 1990s. and

(c) 2050, mg N'm ").-'r 4

Galloway et al. (2004) Biogeochemistry 70: 153.
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2. Effects at organism level

Nitrogen deposition and Sphagnum tissue chemistry
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dashed line indicates the relationship reported by Bragazza et al.
(2005) for Sphagnum collected at unfertilized sites and includes an
dep()sjtj()n. extrapolation beyond the range of collection sites (with a maximum
of2 gNm 2 yr " in background deposition). There is no evidence
for N-induced toxicity below Sphagnum N concentrations of

20 mg N g~ " DW (Granath et al., 2009).

Sphagnum capitula along thegradient of atmospheric N

Bragazza et al. (2005) Global Change Biology 11: 106

Limpens et al. New Phyrologist (2011) 191: 496-507




2. Effects at organism level
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2. Effects at organism level

Reduced Sphagnum filtering ability
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2. Effects at organism level

Polytrichum Cover (%)

Juutinen et al. (2010) Ecosystems 13: 874 (redrawn)

Moss area (m2 m-2)
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2. Effects at organism level

The “revenge of vascular plants”

_ Control After 8 years of N fertilization
(ambient N dep. = 0.2 g m2 yr?) (ambient N dep. + 3 g m2 yr?)

Wiedermann et al. (2007) Ecology 88: 454. 13



2. Effects at organism level

Interspecific competition:
Sphagnum vs. vascular plants
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2. Effects at organism level

Response of soil microbes to high N deposition

3.3. Nutrient deposition

Our knowledge of how nutrient deposition affects microbial
population is rather fragmented. Indeed, while a large number of
studies have looked at the long-term impact of nutrient deposition
on vegetation and carbon cycling (e.g. Bubier et al., 2007; Juutinen
et al., 2010; Limpens et al., 2006; Bragazza et al., 2012), only a few
studies have looked at microorganisms and their response to
increased nutrient deposition (Table 6). Enhanced N =~ © depo-




2. Effects at organism level
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2. Effects at organism level

Interspecific competition: Sphagnum vs. microbes

Limpens et al. (2003) Oikos 103: 59

Fig. 1. A Fruiting body of
Lyophyllum palustre, B
Necrotic Sphagntm
cuspidatum. C Early infection
around stem of 8. papillosum

and D Defoliated stem part of

S. papillosum, also referred to
as sign of infection.
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3. Effects at community level

Increased N content in peat litter enhances CO,
release under laboratory conditions
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Fig. 1. Hourly CO; emission from litter peat samples after 4 and 10 days of
incubation in relation to atmospheric N deposition in study bogs. Relation-
ships were explained by a logarithmic regression for both incubation periods
[y =0.98 + 0.21/n(x), RZ2 = 0.75, P < 0.01 and y = 0.49 + 0.11/n(x), R = 0.73,
P < 0.01, respectively]. Each value is the mean (= 1 SE) of three tossix litter peat
samples.

Bragazza et al. (2006) PNAS 103: 1936
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3. Effects at community level

N content in plant litter and short-term field decomposition

Table 1 Initial nitrogen (N) and phosphorus (P) concentration in litter as well as mean litter mass loss (% of initial mass £+ SD)

after 1 and 3 years of decomposition in control and N-fertilized plots for plant litter produced under control and N-fertilized condi-

+ s . - 4g . 3 — - s %
tions respectively. Control treatment received a background deposition of 0.8 gN m™? yr ' whereas the fertilized treatment

) . . 3
received an addition of 3 gN m ™~ yr

1

Initial N concentration

(mg g'l}

Control

Calluna vulgaris 13.0° £ 0.36
Sphagnum fuscum 6.6° = 0.16
Eriophorum vaginatum  14.8% + 0.41

Fertilized

154" £ 0.25
157 £ 0.95
1427 + 0.24

Initial P concentration
. —1
(mg g—)

Control Fertilized Control Fertilized Control Fertilized

084°£0.05 076" 009 389" +17 44(0°P+£57 628 44 66.0°+98
0312 £ 0.01 0.29° + 0.02 30 1412+ 34 158 18.9% + 4.2
0.872 + 0.01 449 £ 59 378"+ 28 654* £49 597° & 146

Different superscripts for the same plant species indicate significant differences between treatments (Student t-test; P < 0.05). Mean

values are based on five replicates for initial litter chemistry and on eight replicates for litter mass loss.

Bragazza et al. (2012) Global Ch. Biol. 18: 1163
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3. Effects at community level

Nutrient retention in decomposing Sphagnum litter

Nitrogen (N) @ Control Phosphorus (P) | mControl
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Bragazza et al. (2012) Global Ch. Biol. 18: 1163

Positive feedback on increasing soil N availability due to reduced N immobilization
22



3. Effects at community level

Soil enzymatic activity

...under field conditions
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3. Effects at community level

Overall trends in litter accumulation with increasing N deposition

C source

Eriophorum vaginatum

=
o
%N
EE
o 2
=5
S B
) —
£ 5
=
==
:C
OO
oo
S T
[
O &
=3
8 N
S s
L -
QL 2
=
=)

— = Calluna vulgaris

Sphagnum fuscum

Bragazza et al. (2012) Global Ch. Biol. 18: 1163

The increased productivity of vascular plants does not compensate for the

reduced productivity of recalcitrant litter by Sphagnum plants o
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N deposition and N,O emission: the role
of vegetation as N sink
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Fig. 6. Mean N,O-N flux (4+/— sterr) from the control (no added
N) and N treated (oxidised (N reduced (Nred) and ammonia
(amm)) plots (~56kgNha~!yr~!) at Whim bog in 2009 and
2010,

Sheppard et al. (2013) Biogeosciences 10: 1469.

M peat Mvegetation

con Nox56 Nred56 amm56

Fig. 7. Immobilization of N above and below ground, in the peat
from the control (no added N) and N treated (oxidised (Nox]
duced (Nred) and ammonia (amm)) plots (~ 56 ke Nha™! yr
Whim bog in 2009.
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CH, and N deposition: the role of pH,
soll temperature and vegetation cover
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..at cellular level

=

The reductlon in plant fresh weight after long-term
exposure to high nitrogen deposition rates was not
reflected in a significant reduction in dry weight,
indicating adverse effects on capitulum morphology
and cell anatomy, probably via a reduction in hyaline/

chlorophyllous cell volume ratio. As a consequence,

water content in high nitrogen treated plants reduced

from 1960% to 1500%. Accordmg to Sllvola (1990),

Elevated atmospheric CO, and increased nitrogen
deposition: effects on C and N metabolism and growth
of the peat moss Sphagnum recurvum P. Beauv. var.
mucronatum (Russ.) Warnst

EDWIN VAN DER HEIJDEN, STEVEN K. VERBEEK and PIETER J.C. KUIPER
Department of Plant Biology, University of Groningen, Kerklaan 30, 9750 NN Haren, The Netherlands




Nutrient additions in pristine Patagonian Sphagnum bog vegetation

Fig. 2. Vlsibieeffects of treatments [Control (a), N-treatment (b), P-treat-
ment ch NP-treatment (d)] on Sphagnum magellanicum—dominated plots.
Oblique photographs were taken after a dry spell in January 2009, when
water levels were 35 cm below the surface, 15 cm lower than the average

summer water level. For treatment details see Fig. 1.

Fritz et al. (2012) Plant Biology 14: 491.
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...at community level

Hummock
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1. N deposition effect on decomposition of old organic matter
2. N deposition effect on root architecture, morphology and

functioning

3. N deposition effect on soil microbial structure and enzymatic

activity
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N deposition and N,O emission

M. S. Carter et al.: Synthesizing greenhouse gas fluxes
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