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“In forests, ammonia pollution encourages the
growth of algal slime that can suffocate ...
mosses and lichens (see picture) .... NH; and
NO, emissions have reduced forest biodiversity  ammonia can kil treeiiving plants (1), replacing them with algal
by more than 10% over two-thirds of Europe.” siime.

o

L LEITH: M. SUTTON

Where has ICP Forests been after 25 years forest monitoring?
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1. DEpOSitiOI‘I (Waldner et al., 2014)

16 The current deposition of inorganic
—14 nitrogen (nitrate and ammonium) is
T . . .
.-.:3 - ”\V/\ highest in central Europe as well as in
=3 some southern regions. Critical loads
c . .

S 10 M\ are still widely exceeded.
- N
g 6 The overall decreasing trends for
E " inorganic nitrogen in the decade to
g 2010 were about 2%, with three
< 2 guarters of the plots showing no
0 — — — . significant trend.

o o g LN (Vo] P~ 0 (*] o i
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= 8 8 8 8 8 g 8 ‘9‘ 8 —Nitrogen open field (n=62) ’

Development of nitrogen deposition
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% oligotrophic macrolichen m  (Conifers

species on the plot Deciduous broadleaves
Evergreen broadleaves
100 — m  Mixed forests
H . e
. Lichens are very sensitive indicators

75

for nitrogen deposition. On 80% of
the plots assessed in 10 countries
nitrogen deposition is too high and
has altered lichen species
composition over the years.

50

25

__#
T L& _T?"—"_ T 7 ]
15 20 25 30 35

N troughfall deposition (kg/ha/y)

Percentage of lichen species adapted to nutrient poor conditions and nitrogen deposition
on 83 plots. It was possible to determine a nitrogen critical load of 2.4 kg ha yr.

Page 6 Richard Fischer ®se )
27 May 2014 | 3 |CP Forests Science Conference. Athens, Greece -@- | THUNEN




3. Ground vegetation (seidling et al., 2008)

QOccurence of nitrogen
indicating plant species
4 - “The vegetation appeared to be
N ". . largely determined by the
. T ‘traditional’ factors soil, climate,

T and tree species, but there was a

' . small but statistically significant
effect of atmospheric deposition.”
(van Dobben and de Vries, 2010)

0 10 2 30 40 50 60 70
Measured nitrogen deposition [kg/ha.yr]
Figure 3-19: Relationship between the occurrence of nitrogen-indicating plants (4th DCA

axis) and nitrogen deposition for 224 plots. Ground vegetation significantly reflects the
measured nitrogen deposition under the forest canopy of the plots.
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Ground vegetatic .
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4. Mosses (skudnik et al., 2014)

20
—_ o* °
g 15 7 * . . Measured results show clear
= i effects of N deposition on N
8 10 - ¢ L concentrations in mosses and
E confirm the usefulness of mosses
as bioindicators, as already
3 , , , : implemented in larger context,
5 10 15 20 e.g. ICP Vegetation.
NH4-N + NO3-N in deposition [ kg/ha year ]

Case study on 14 ICP Forests Level Il plots in Slovenia (8), Austria (3), Italy (2) and Croatia
(1) reveals significant relation between nitrogen concentration in moss (Hypnum
cupressiforme) and N open field depositions
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5. Fungi (Suz et al., submitted)

- .
i 94 "““---h___ .o . At the European scale, eutrophication
E --'"'-_.__q_q__ et and acidification drive ecto-mycorrhizal
. ““1 ’ fungi communities through their
3 - ) o ~— impacts on tree roots, fungi and soil
E . -"““"-u_ condition. The critical N load for
. . * T~ mycorrhizal diversity and evenness in
g - the oak forests sampled is 9.5 - 13 kg
% Plh001; a0 416 . N.hatyr,
ET{II E'.rﬁ ] :'EITE-

Log Theoughtall Mitrogen deposition (kghafer)

Eveness of fungi species and N deposition based on 22 ICP Forests oak plots, in 9
countries, including roots from 2,112 soil cores and analysis of over 6,300 mycorrhizas.
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6. Soil Water (Graf Pannatier, 2014)

Soil water is a fast reacting N pool in forest
ecosystems. Critical limits are widely exceeded.
There is no general time trend. Local site and
stand parameters have stronger influences on
short term peaks and variation than deposition

* The critical limit of 1 mg N L' leading to nitrate leaching was exceeded in the mineral
subsoil in 50% of the 173 selected Level Il plots, in particular in the Netherlands and
Belgium (lost et al. 2011).

* Literature study (27 publications): no clear time trends, locally varying situations,
increase mostly when N-cyle disrupted (fellings, calamities, tree vitality, water regime)
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7. Litterfall (Ukonmaanaho)

* High concentrations low concentrations in
North Europe. Time trena.

%
o

5 LR /\\ Ok aruce - N-Finland (5)
i 12.00 = \ /,..:\"/ \ ) S-Finland (12)
59.10.00 N A o==" Y — ay (702)
g 8.00 ':::-"-"F‘-",--":"";:"’“""J"‘-‘::nnaar.‘.&z":--" ,_{:‘ ....... Scots pu. .(6)
g’n 6.00 :— o 4 e ====S5cots pine-5S-r.. ad{13)
.“E T el ibiiine, " st Scots pine - Germany (707)
= 2.00 Beech - Germany (704)

0.00 S S P S SV = === Beech - Germany (707)

s @gb@« s '19@'9&1?&'9@'19&’»&% 'Pgbq?@ '\.QQ%@@'»&P

Nitrogen concentrations in litterfall on 6 ICP Forests plots
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8. Soil C/N (Cools et al., 2014.)

H o . . .
plr:ts High N status Intersrrt1aetdu|:te N I;;vtvur: Tree species is the major factor
CoN < 25 25 < C:N < 30 CoN > 30 explalnm'g C:N ratios in European
Scots pine 1291 326 (25%) 431 (33%) 534 (41%) forest soils (forest floor and
Nor\./v.ay sp.ruce 927 425 (46%) 368 (40%) 134 (15%) tOpSOil); deposition played a
Maritime pine 103 10 (9.7%) 20 (19%) 73 (71%)
Aleppo pine 90 20 (22%) 28 (31%) 42 a7%) Smaller and at the European scale

All coniferous

: 2745 924 (34%) 922 (34%) 809 (33%) inconsistent role (<10% relative
stands

importance)” (Cools et al., 2014)

The number of coniferous ICP Forests plots on Level | by main coniferous tree
species with high, intermediate and low N status according to the C:N ratio of the
forest floor (Gundersen et al., 2006)

( => Not much general difference between conifers and broadleaves, but
between species)
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9. Ground water

Conclusive results on national i1 O
Level Il based work on European leve. 4’ "~ g. NitLeach)
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10. Trees: growth (Etzold et al.)

400

w
o
o
o

no
o
o

relative increment (%)

“Clear fertilization effect of N”
(Laubhann et al., 2009, Solberg
et al. 2009, De Vries et al., 2014).

[N
o
(=]

relative increment (%)

o

0 10 2 30 40 50
N deposition (kg ha™ yr™)

0 10 20 30 40 . . . .
Nderodion(gtatyry  BULT At sites with low nitrogen
status in the soil N deposition

increases growth. But half of the

Sensitive sites with low B sites are already nitrogen
N status saturated and the high
atmospheric inputs lead to
reduced growth (Etzold et al.).
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Plot number

Fagus svlvatica

I

O Surplus (High to Toxic)

O Normal (Medium)

W Deficiency (Low)

S Ca Mg

N

K

In species and regions with low N
deposition (pine and spruce in
North) N is still limiting tree
growth. In Central Europe with
higher depositon, N is no longer
limiting (beech).

N depo affects trees by nutrient
imbalances (alarming N:P ratios!)
and reduced root growth and
uptake.

Plot distribution according to their foliar nutrient status determined by comparing the mean
foliar concentration of the current-year leaves with the thresholds set by Mellert and Goéttlein
(2012) for N, P, Ca, Mg and K and by Stefan et al. (1997) for S
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10. Trees: foliage (Waldner et al. subm.)

“Mineral nitrogen concentration in
soil solution and throughfall
nitrogen deposition concentration
might at least be similarly
important factors for foliage N”

50% -

m high/surplus
W adequate/optimum

[] Iow/defluent

0% -

not critical critical in critical in
minority of majority of
samples samples

N critical limits in soil solution

% of plots in foliar nutrition classes at different nitrogen status in soil solution, Fagus
sylvatica.
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, Increases in N availability appear,
at least for conifers, to have a
negative effect on tree

health even under N-limiting
conditions... Consequently,
increases in defoliation may
represent a warning symptom of

Defoliation - sqrt transformed

e high N deposition provided that
o 1 2 3 a 5 & other causes of defoliation are
N : P ratios - sqrt transformed ruled OUt.”

N : P ratios and defoliation. Black triangles, conifers; grey crosses, broadleaves; continuous line,
segmented line for conifers; discontinuous line, segmented line for broadleaves .
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10. Trees: defoliation (Ferretti et al.)

60 1 B Picea abies L.

AIFagus sylvatica L. The combined addition of

damage symptoms and N

flux resulted in the best

model performance in

beech.

“Relationships of air
pollution with crown

Reference +Damage +N flux ;rn[()jal:lngg)e(z l:l-_::a(i:i;asr +Soll condition appear to be

PLS model weak while climatic factors

appear to be more

important drivers.” (De Vries

et al., 2014)

N W S A
o O O o
1

Variance explained (%)
|_\
o

o

Variance of deoliation explained by the six PLS regression
Each variable(s) is added to the reference model at subsec
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Modelled defoliation

10. Trees: defoliation (De Marco et al., subm.)

Er=0.84
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Modelled defoliation

10. Trees: defoliation (De Marco et al., subm.)
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Outlook and discussion
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Outlook and discussion
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Outlook and discussion
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