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 Introduction
- atmospheric N deposition
- main effects of N deposition
* Overview of ecological restoration
- after eutrophication
- after acidification (incl. ammonium accumulation)

- examples from grasslands and
heathlands

e Concluding remarks




Sources of N (NQ):

Traffic

Energy and

Fertilizer production
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Sources of N (NH):

Agriculture
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N deposition

N deposition 1993 [mg N/m2/vr]
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Galloway et al., 2004



IMPACTS OF N DEPOSITION:

. eutrophication
- acidification

 negative effects of reduced N

 Increased sensitivity to stresses and disturbances (drought,
frost, pathogens, herbivores)

very complex, many interactions, different
timescales



N EUTROPHICATION — Calcareous grassland (pH
7-8; highly buffered)

e o

L ] — L]
T
“ v

vy
N E DAt B
M- BT
ol g
L !.u,p.lw\-i
1 1N




Ja

N treated

control

' &




Control situation



After N addition



Also In heathlands (acid; pH 3.8-4.2)



Soll acidification (loss of ANC)




Increase Iin soll aluminium






Soil acidification occurs with increased N

Carroll et al 1997



Mechanism: decrease of nitrification

Violion pH 5,5 (red) Dominance of Molinia pH
4,3 (blue)

'g 70 n

>
© 60 -

fe))

©

% 50 -

s

5 40° b c cd
>

3

s 30 1 _

S

Z 20 -

©

[

_c_;cs 10 - .
[

9

g o

0-5cm 6-10 cm 0-5cm 6-10 cm
Dorland et al. Control Control Acidified Acidified

2004



Only nitrate



With increased
ammonium :

De Graaf et al. 1998



Impacts of increased ammonium
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Blue: common species; red: red-list species Kleijn et al. 2008



Experimental evidence of N effects in Europe (Grasslands —E- &
Arctic/alpine vegetation (F2): reduced SPECIES RICHNESS
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Thus severe IMPACTS of N:

Abiotic constraints:
 Increased N availability
« depletion of base cations, higher Al  3* (pH lower)

* Increased NH ,* concentrations (especially with low
nitrification rates/ in regions with high reduced N)

Biotics:

e Changes in species composition  (more nitrophytic
and/or acidophytic species, fewer rare, typical plants, lichens,
MOSSES MyCO'S etc)

e Reduction in species richness



Restoration after (only) N eutrophication

Aims:

* lowering of N availabllity to the original
conditions

* Reduction of dominant nitrophytic species

Options:

 More efficient N removal via adjusted
Mmanagement (mowing time; frequency )

e Sod cutting



Rehabilitation:

% of total
biomass

autumn
mowing

summer
mowing



Bobbink & Willems 1991



Sod cutting
(without the
removal of relict
populations!!)

Used in N -eutrophied
heaths and grasslands



N-eutrophied
heathlands



Soil chemistry, based on 300 releves from the
sandy region (Netherlands)

De Graaf et al 2009



12 yrs after sod cutting



Restoration after soll acidification (mostly
also eutrophied)

Aims:

« To reinstal the original base saturation

» To decrease toxic Al 3* (and NH,*) concentrations

e Toreduce the N availability (if necessary)

Options:

* Via natural recovery (weathering; very long-term process
In these dry ecosystems, > 100-200 yrs)

* Via extra inputs of buffering substances (base
cations)

- Liming (after topsoil removal)
- Catchment liming
- Increased influence of buffered groundwater




Degraded acidic grassland (Violion)some relict



Liming after sod cutting (1990)



Liming of degraded Violion
grassland after sod cutting

SC SC-lime
SC-dol control



Arnica montana
after sod cutting
and liming (open
symbols) or after

sod cutting only
(closed symbols)

De Graaf et al. 1998



15 years after sod
cutting and liming
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e VVegetation recovery seriously limited If the

endangered species already disappeared
before restoration

CAUSES:
e non-persistent seed bank

 restricted dispersal capacities in fragmented
landscapes

NEEDS:

e Re-introduction of endangered species via
hay transfer or seeds (...)




Restoration with hydrological
measures (acidifled & eutrophied)



Hydrological measures. more seepage



Winter 1989/90



Just after sod cutting and hydrological
measures: 03 --1990



Soil pH during 12 yrs

Seepage/lnundation
Infiltration



After 15 yrs: 15 - 20 Red —List species;
species-rich acidic grasslands & heath
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Conclusions B:iC:

RESEARCH CENTRE

* N deposition may have severe effects in
protected areas

« Adequate rehabilitation of the (identified)
biogeochemical constraints Is possible

« Combined measures are in many situations
most efficient

* Biotic measures (hay transfer etc) also
needed

AND: atmospheric N deposition should be
decreased!!!
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Important considerations
before Ecological Restoration

* History of the degraded protected area

* \Which key factors have been changed
by N inputs!!

* Present -day situation ( vegetation, soill,
fauna, landscape) --> indication, restrictions

Also

 Adequate management after restoration
(semi-natural vegetation)

e Reduction of the N EMISSIONS!!!



