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Preface

Three decades of monitoring effects of air pollution in the International Co-operative
Programme on Assessment and Monitoring of Air Pollution Effects on Forests (ICP Forests)
under the UNECE Convention on Long-range Transboundary Air Pollution has provided
long-term data series and a unique asset for the evaluation of status, trends and processes
in European forest ecosystems in a changing environment. The 7™ ICP Forests Scientific
Conference offers the opportunity to present results from various forest-related monitoring
and research infrastructures and will focus on the potential for mitigating or counteracting the
consequences of environmental changes.

Forests represent an immense resource, providing several ecosystem services from the
protection of biodiversity, provision of habitats, soil protection, clean water supply, provision
of wood and non-wood products, to climate regulation and recreation essential for human
well-being. Atmospheric pollution with sulphur, nitrogen, heavy metals, tropospheric ozone
and climate change may jeopardize the provision of such ecosystem services, and the
effects on the manifold ecosystem components need to be permanently monitored, followed
by critical and continuous evaluations. The data are for many scientists the basis to
investigate various policy relevant research questions.

The programme of the 7" ICP Forests Scientific Conference comprises 29 oral and 31 poster
presentations from 20 countries. Over 290 authors have contributed to advance forest
science in the following main topics:

» Changes in ecosystem processes in forests under various management regimes

« Time series on forest ecosystem processes and their (inter)relationships

« Climate change adaptation of forests and their contribution to climate change
mitigation

* Research data management

In response to the feedback by participants of our previous conferences, the 7" ICP Forests
Scientific Conference is prolonged by half a day. A keynote presentation at the beginning of
each session is followed by oral standard (20 minutes) and short (10 minutes) presentations.
We particularly welcome poster presentations, which are announced by a one-minute oral
flash presentation prior to the extended social poster session. A selection of appropriate
presentations will be considered for the ICP Forests Executive Report 2018.

We are looking forward to inspiring presentations, which are leading to stimulating and
enlightening discussions. Welcome to Rigal!

The Programme Committee

Karin Hansen, Marcus Schaub, Lars Vesterdal, Anne-Katrin Prescher, Uldis Zvirbulis, Walter
Seidling
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7" ICP Forests Scientific Conference

Registration

Opening. Chair: Walter Seidling
Welcome Address by host country
Opening address by Marco Ferretti, Chair of ICP Forests

Opening address by Karin Hansen, Chair of the Scientific Committee

Session 1: Changes in ecosystem processes in forests under various
management regimes, Chair: Bruno De Vos

Keynote: Susanne Brandl et al.: Effects of climate and management on
productivity and mortality of European beech and Norway spruce in Europe

Maija Salemaa et al.: Functional significance of nitrogen productivity of boreal
forest plants

Roberto Canullo et al.: Drivers of plant functional traits in understory
communities of Italian forests

Coffee break

Elena Vanguelova et al.: Links between soil biochemistry and biodiversity
with Oak health status

Tiina Tonteri et al.: Declining macrolichens respond to forest management in
boreal forests

Henning Meesenburg et al.: Specific Leaf Area reconstruction may provide
the missing link between litterfall and Leaf Area Index

Nenad PotocCi¢ et al.: The use of monitoring data for improving the
management of pedunculate oak (Quercus robur L.) stands in Spacva basin,
Croatia

Alexander Russ et al.: Water balance of selected sites and tree species —
Retrospect of 20 years of monitoring in the federal state of Brandenburg,
Germany

Bruno de Vos: Wrap up of Session 1

Lunch
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Session 2: Time series of forest ecosystem processes and their
interrelationship. Chair: Nenad Potoci¢

Keynote: Marco Ferretti et al.: Changing perspective — more ecology is
necessary for air pollution studies

Tiina Nieminen et al.: Comparison of soil solution sampling techniques in a
Norway spruce forest in Finland

Rita Sousa-Silva et al.: The impact of forest diversity on tree growth and
recovery to drought

Héctor Garcia-Gomez et al.: Deposition of nitrogen in Mediterranean forests
of Quercus ilex: significance of dry deposition

Coffee break

Iben M Thomsen et al.: Phenology observations in beech and oak by daily
photos: experiences from Denmark

Vincent Boulanger et al.: Ungulates increase forest plant species richness to
the benefit of non-forest specialists

Carmen lacoban et al.: Trends of pollutants concentrations and fluxes in
depositions and soil solution in Romania (1998-2016)

Martina Pollastrini et al.: Relationships between crown defoliation and tree
diversity depend on the environmental context

Arne Verstraeten et al.: Establishing a link between pollen dispersal, seed
production and throughfall dissolved organic carbon (DOC) flux in temperate
forests

Sabine Braun et al.: Ecological conclusions from long-term growth series of
beech and Norway spruce in Switzerland

Nenad Potoci¢: Wrap up of Session 2

Session 3: Poster session, Chair: Karin Hansen
Poster pitching, 1 min per 1 poster slide
Poster session including refreshments

Session 4: Climate change adaptation of forests and their contribution to
climate change mitigation. Chair: Marcus Schaub

Keynote: Christopher Reyer: Data and models to study climate impact on
Europe's forests

Ainars Lupikis: Filing the gaps of modelling of the soil carbon cycling
through better forest litter input data
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Maxime Cailleret et al.: Sensitivity of mean ozone concentration, AOT40, and
POD1 estimates to different sources for ozone, climate and vegetation data

Mirco Rodeghiero et al.: Soil nitrogen explanatory factors across a range of
forest ecosystems and climatic conditions in Italy

Maryam Salehi et al.: Leaf nutrients and leaf morphological traits in beech
stands across a water availability gradient in Switzerland

Coffee break

Elena Gottardini et al.: Ozone removal by Norway spruce forests: a case
study in Trentino, North ltaly

Hubert Jochheim et al.: Mitigation potential of forest management and wood
products use — Simulation study for intensive monitoring plots of Brandenburg,
Germany

Vidas Stakénas et al.: Changes of deciduous tree species areas during the
last decades in Lithuania

Marcus Schaub: Wrap up of Session 4

Session 5: Research data management, Chair: Tom Levanié

Volodymyr Trotsiuk et al.: Quantifying, Understanding and Predicting Forest
growth In Switzerland QUPFIS — a novel analytical pipeline, leveraging a
Swiss network of long-term forest-related observations

lonut losifescu Enescu et al.: Forest data integration in the WSL
environmental data portal EnviDat

Till Kirchner et al.: ICP Forests & LTER — a first handshake between data
infrastructures

Tom Levani¢: Wrap up of Session 5

Chairs: Karin Hansen and Marcus Schaub: Closing

Lunch

Field trip together with participants of ICP Forests Task Force Meeting



Keynote presentation

Effects of climate and management on productivity and
mortality of European beech and Norway spruce in Europe

Susanne Brandl', Levent Burggraef?, Wolfgang Falk'

'Bavarian State Institute of Forestry, Germany, susanne.brandl@Iwf.bayern.de
“Northwest German Forest Research Institute, Germany

In order to assess tree species suitability at a site amongst others productivity and
mortality risk have to be taken into account. Several studies investigate the relationship
between environment, forest management and mortality. These studies are often case
studies or constrained to regional scale. We aim at generalizing these studies by developing
models for European beech and Norway spruce based on European data covering large
environmental gradients. Predictions of mortality and existing growth models can then be
compared and extrapolated to future climate scenarios to study the possible effects of
climate change.

Based on the pan-European Level | and Level Il data (ICP), combined with national
data of the German Forest Condition Survey, single tree survival times are modelled (survival
analysis). Accelerated Failure Time models predict survival probability in dependence on
age. Explanatory variables, e.g. climate data (Worldclim) and species mixture, act
multiplicatively on survival times and thus increase or reduce survival probability. A
productivity measure is derived from a site-dependent height-diameter model based on
BioDiv data (ICP).

Increasing summer temperature and precipitation had a positive effect on growth.
Mortality risk increased with rising summer temperatures, whereas species mixture reduced
mortality risk for both species. Further important covariates were summer precipitation in the
spruce model and winter temperature in the beech model. Mortality risk of spruce was, with a
single tree survival probability of 0.56 at age 100, considerably higher than for beech with a
survival probability of 0.82.

Thus, a predicted increase in productivity under climate warming must be interpreted
in relation to a possibly increasing mortality risk. The development of sites under changing
climate can be visualized by trajectories in a productivity-mortality-diagram, which can be a
helpful tool in choosing species composition for forest adaptation.



Standard presentation

Functional significance of nitrogen productivity of boreal
forest plants

Maija Salemaa', Paivi Merila', Leena Hamberg', Elina Kaarlejarvi?

'Luke, Natural Resources Institute Finland, Finland, Maijja.Salemaa@luke.fi
University of Helsinki (Research Centre for Ecological Change), Finland

Global climate change and forest management are rapidly altering soil nutrient
availability in forests. In order to predict future of forest floor plant communities, we need
better understanding on drivers of current changes. One of the key factors behind the
community changes arises from differences in relative growth rates between species and
their sensitivity to changes in abiotic environment. Nitrogen is the main limiting nutrient of
plant productivity in boreal forests. Here we compare the nitrogen productivity of different
functional plant groups in the understorey vegetation to explore variation in their efficiency to
convert nitrogen to biomass. We calculated N productivity as annual biomass production per
nitrogen unit measured in the total living aboveground biomass in six plant groups (Aerts
1990). The data was collected from six Scots pine and six Norway spruce plots in Finland
(eleven plots belonged to ICP Forests Level Il network). The groups were ranged from high
to low N productivity as follows: herbs > Vaccinium vitis-idaea > grasses and sedges >
Vaccinium myrtillus and Empetrum nigrum > Calluna vulgaris. We compare the N productivity
of these groups in relation to observed forest vegetation changes (Tonteri et al. 2016) and
discuss how latitude and soil fertility level affect the N productivity pattern.

References

Aerts R. 1990. Nutrient use efficiency in evergreen and deciduous species from heathlands. Oecologia 84: 391-
397.

Tonteri T, Salemaa M, Rautio P, Hallikainen V, Korpela L & Merila P. 2016. Forest management regulates
temporal change in the cover of boreal plant species. Forest Ecology and Management 381:115-124.



Standard presentation

Drivers of plant functional traits in understory communities
of Italian forests

Roberto Canullo', Stefano Chelli', Gianluigi Ottaviani®, Enrico Simonetti’,
Camilla Wellstein®, Stefano Carnicelli®, Anna Andreetta®, Nicola Puletti®, Sandor
Bartha®, Giandiego Campetella’

"University of Camerino, Italy, roberto.canullo@unicam.it
2Czech Academy of Sciences, Czech Republic

3Free University of Bozen-Bolzano, ltaly

*University of Florence, Italy

®CREA Research Centre for Forestry and Wood, Italy
®MTA Centre for Ecological Research, Hungary

The study of plant-environment relationships by trait-based approaches are
fundamental to explore ecosystems functioning across space and time. However, studies on
forest ecosystems using a large number of traits for different functions are lacking.

Here we aim to assess the contribution of climate, soil and management variables in
controlling community weighted mean (CWM) values of traits related to nutrient acquisition
and use strategies, space occupancy and recovery after damage.

We used the ICP Forests LI BD dataset for ltaly. It contains 201 sampling sites
representative of the Italian forests, across three biogeographic regions (Alpine, Continental,
Mediterranean). Eleven plant traits were selected, including leaf, seed, whole-plant, clonal
and bud bank traits, for the understory vegetation. We used i) redundancy analysis to assess
traits-environmental variables relationships, ii) stepwise-forward-selection and variance
partitioning to identify the relative role of single and groups of variables on single-trait CWM
variation.

Climate, alone and combined with other variables, explains the largest proportion of
many traits variation (e.g. SLA, plant height, seed mass, clonality, large bud bank) due to
temperature-related variables. Soil and management variables show a secondary, trait-
dependent effect. Management exerts a major role only for two clonal and bud bank traits
(i.e. lateral spread and bud protection).

In general, mesic, cold, and productive forests are characterized by understory
communities with higher percentage of species having low plant height and seed mass, high
SLA values, and both clonal and resprouting abilities. Mostly, this corresponds to forest
specialist species, persistent under disturbance regimes. The opposite scenario can be
linked to forest species living under stress conditions (e.g. drought). Plant traits approach
along climatic gradients can reveal the adaptive ability of plant communities in face of climate
changes.
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Standard presentation

Links between soil biochemistry and biodiversity with Oak
health status

Elena Vanguelova', Sue Benham', Frank Ashwood', Nathan Brown?, Diogo
Pinho3, Sandra Denman'

'Forest Research, UK, elena.vanguelova@forestry.gsi.gov.uk
°Rothamstead Research, UK
®Biocant, Portugal

Acute Oak Decline (AOD) affects both native oak species (Quercus robur and Q.
petraea) in England and Wales and is of great concern as oaks represent the largest
component of native broadleaf woodland in the United Kingdom. Affected trees have
characteristic stem symptoms, dark coloured liquid runs out from cracks between the bark
plates and necrotic lesions are present in the phloem tissue. The symptoms are found in
conjunction with galleries of the two-spotted oak bupresid (Agrilus biguttatus) and specific
necrogenic bacterial species isolated from lesion areas. Similar symptoms have been
described across Europe.

In order to understand the occurrence of oak decline it is necessary to not only
investigate the impact of biotic agents and their interactions, but rather consider the whole
system beginning with the links to environmental factors. A survey with more than 500
locations has been used to map AOD occurrence with soil type, climatic factors and
deposition (nitrogen, sulphur and base cations) using GAM models. The presence of AOD in
England and Wales is significantly influenced by rainfall, air temperature, and elevation, as
well as nitrogen, sulphur and base cation deposition. Analysis highlighted differences
between soil types and soil moisture, however these need to be investigated at smaller
scales, e.g. at site and tree level.

This spatial study reemphasised the importance of predisposition factors in the oak
decline syndrome and led to the site/tree specific investigation of the links between soil
biogeochemical indicators and soil fungal and microbial diversity and the relationships of
these with oak health and nutrient status. Preliminary results will be presented which suggest
strong links between belowground traits and tree health.
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Standard presentation

Declining macrolichens respond to forest management in
boreal forests

Tiina Tonteri', Maija Salemaa’, Ville Hallikainen', Pasi Rautio’, Paivi Merild’,
Anne Tolvanen'

'L uke, Natural Resources Institute Finland, Finland, tiina.tonteri@luke.fi

Terricolous macrolichens have declined in boreal and temperate forests of Europe
during the last decades (Makipaé & Heikkinen, 2003; Reinecke et al. 2014). In Finland, the
cover of macrolichens has decreased throughout the country (Tonteri et al. 2016). Here we
aim to explore the factors behind the decline observed. We analysed the relationship of the
cover of all the lichens and that of Cladonia reindeer lichens with stand characteristics and
forest management in three boreal subzones in Finland. The lichen cover was measured on
1730 sample plots in 1985-1986 in connection with the 8" National Forest Inventory. The
data was analysed by means of generalized linear mixed models (GLMM).

In the case of total lichen cover forest cutting, soil preparation and stand
characteristics explained the cover significantly. In addition, vegetation subzone, temperature
sum, site type and cover of dwarf shrubs were significant explanatory factors. The results
confirm the presumption that terricolous macrolichens thrive in old, sparse forests with high
light availability for the forest understory vegetation. Moreover, the lichens were sensitive to
disturbance caused by regeneration cuttings and soil treatments. Lichens showed similar
responses to stand characteristics and forest management both in (north Finland) and
outside (south Finland) the heavily grazed reindeer herding area.

References

Makipaa R & Heikkinen J. 2003. Large-scale changes in abundance of terricolous bryophytes and macrolichens
in Finland. Journal of Vegetation Science 14: 497-508.

Reinecke J, Klemm G & Heinken T. 2014. Vegetation change and homogenization of species composition in
temperate nutrient deficient Scots pine forests after 45 yr. Journal of Vegetation Science 25: 113-121.

Tonteri T, Salemaa M, Rautio P, Hallikainen V, Korpela L & Merila P. 2016. Forest management regulates
temporal change in the cover of boreal plant species. Forest Ecology and Management 381:115-124.
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Short presentation

Specific Leaf Area reconstruction may provide the missing
link between litterfall and Leaf Area Index

Henning Meesenburg', Bernd Ahrends’, Stefan Fleck?, Julius Willig', Markus
Wagner'

'Northwest German Forest Research Institute, Germany, henning.meesenburg@nw-fva.de
2Thuenen Institute of Forest Ecosystems, Germany

Leaf Area Index (LAI) is one of the most sensitive parameters in water budget
simulations, gas exchange studies, and element budget models. Longer time series of LAl
are, however, only rarely available as the assessment of LAl was only recently amended to
the ICP Forests programme. To overcome this problem, leaf mass from litterfall sampling, for
which longer time series exist, may be converted to LA, if the area to mass relationship
(specific leaf area, SLA) is known. The high interannual variability of SLA has been shown to
be correlated to net primary production (Cornelissen et al. 2003, Wright & Westoby 2000),
suggesting an effect of environmental drivers on SLA.

In order to evaluate a possible impact of climatic and soil variables on SLA, data from
10 ICP Forests Level Il plots from Northwest Germany with European beech as dominant
species were analysed using a Generalized Additive Mixed Model. The tested climatic
indicators included temperature, precipitation, wind speed, global radiation, as well as
derived parameters (e.g. aridity index) for the actual and previous year, aggregated to annual
values or vegetation period, as well as deviations from the long-term average. Soil variables
were extracted from the aggregated forest soil condition database (Fleck et al. 2016) and
atmospheric deposition was aggregated to annual fluxes.

Global radiation and wind speed were identified as significant indicators and a
multilinear model of these variables (r? = 0.44) shows no indications of overfitting. However,
further refinements of the SLA model are needed in order to be able to provide reliable LAI
time series.

References

Cornelissen, J. H. C., S. Lavorel, E. Garnier, S. Diaz, N. Buchmann, D. E. Gurvich, P. G. Reich, H. Ter Steege, H.
D. Morgan, M. G. A. Van Der Heijden, J. G. Pausas & H. Poorter (2003): Handbook of protocols for standardised
and easy measurement of plant functional traits worldwide. Austral. J. Botany 51, 335-380.

Fleck, S., N. Cools, B. De Vos, H. Meesenburg & R. Fischer (2016): The Level Il aggregated forest soil condition
database links soil physicochemical und hydraulic properties with long-term observations of forest condition in
Europe. Ann. Forest Sci. 73, 945-957, d0i10.1007/s13595-016-0571-4.

Wright, 1. J. & M. Westoby (2000): Cross-Species Relationships between Seedling Relative Growth Rate,
Nitrogen Productivity and Root vs Leaf Function in 28 Australian Woody Species. Functional Ecol. 14, 97-107

13



Short presentation

The use of monitoring data for improving the management
of pedunculate oak (Quercus robur L.) stands in Spacva
basin, Croatia

Nenad Potoéi¢', Ivan Seletkovié¢', Tamara Jakovljevié¢', Ivana Radojé¢ié
Redovnikovié*, Mladen Ognjenovié'

'Croatian Forest Research Institute, Croatia, nenadp@sumins.hr
2Faculty of Food technology and Biotechnology, University of Zagreb, Croatia

Spacva basin is one of the largest (40 000 ha) areas of lowland pedunculate oak
forests in Europe. Diebacks of oaks of various intensity have been recorded since the late
19th century until today, and have resulted in a large share of wood volume harvested by
salvage logging of dead trees or trees with defoliation over 80% (2 696 062 m® in the period
1996-2005). The quantification of forest ecosystem behaviour under pressure from
environmental changes, both manmade and caused by global changes, is fundamental for
future forest ecosystem goods and services maintenance, enhancement and restoration. We
determined the vitality of oak stands from defoliation data acquired on the ICP Forests Level
I network as well as national 4x4 km network of monitoring plots. Different slopes of
defoliation trends were determined for two microrelief categories characterized by different
groundwater table levels. We compared the differences in the concentration of mineral
elements (N, P, K, Ca, Mg) and the extent of oxidative stress (contents of malondialdehyde
and H,0.) in the leaves of oak trees of various crown defoliation degrees. Ca concentrations
become lower and MDA and H,O, concentrations and N/Ca ratios become higher with the
rise in defoliation. Above 60% defoliation Ca concentrations are below adequate values. To
assess the loss of nitrogen from the pedunculate oak stands through biomass harvesting in
two different thinning regimes, we used a quick method comprising the dissection and
chemical analysis of oak trees. Deposition data from the nearby intensive monitoring plot No.
109 (Vrbanja) were used to determine the input of N into the ecosystem. Calculated N
balance is 7 - 9 kg ha'of excess N input annually, regardless of the harvesting method.
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Short presentation

Water balance of selected sites and tree species —
Retrospect of 20 years of monitoring in the federal state of
Brandenburg (Germany)

Alexander Russ', Winfried Riek', Reinhard Kallweit', Hubert Jochheim?,
Dietmar Littschwager?, Jens Hannemann', Thomas Griinwald®, Ralf Barth',
Frank Becker’

'LFE, Eberswalde, Germany, Alexander.Russ@LFB.Brandenburg.de
2Leibniz Centre for Agricultural Landscape Research (ZALF), Germany
TU Dresden, Germany

The impact of soil properties and vegetation on the water balance of forest sites is of
great interest to decision makers, working in the field of forestry and landscape water
resources. For this purpose the time series of an oak site, a beech site and two pine sites,
with grassy and shrubby ground vegetation respectively, are presented.

For each site the water balance components were estimated by simulations with the
one-dimensional water balance model SWAP 3.2.36 (Van Dam, 2000; Kroes et al. 2009).
The model runs are compared intensively with monitoring data. These include throughfall
measurements, xylem sap flux data, tensiometer readings, time domain reflectometry, and
evapotranspiration estimates from eddy covariance method and ratios of chloride
concentrations in throughfall and deep seepage water. The occurrence of drought stress is
assessed by two established indicators, based on soil water contents and ratios of actual and
potential transpiration respectively. The response of trees to drought indicators is shown by
comparison with trunk diameter fluctuations.

The model runs were in good accordance with the measurements. A high annual
variability of water balance components was observed at all sites. In particular the amount of
deep seepage varied widely. The interception losses of the canopy layer were in a very
similar range at all plots, while also taking ground-cover vegetation into account, the
interception losses were highest at the pine sites. Especially at the pine site, transpiration
was limited by soil water availability, while actual and potential transpiration rates were very
similar at the oak site.

Critical drought indices were observed most frequently at the pine stand with grassy
ground vegetation, whereas the periods of severe drought at the oak site were very rare.

A fairly high degree of coincidence between diameter fluctuations and drought indices was
observed at the pine stands, while there was less agreement at the beech and oak stands

References

Kroes, J., Van Dam, J., Groenendijk, R., Jacobs, C.M.J., (2009): SWAP version 3.2 Theory description and user
manual, Alterra Report, Bd. 1649(02). Alterra, Wageningen, 284 p.

Van Dam, J.C. (2000): Field-scale water flow and solute transport - SWAP model concepts, parameter estimation
and case studies. PhD thesis, Wageningen University, 167 p.
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Keynote presentation

Changing perspective — more ecology is necessary for air
pollution studies

Marco Ferretti', Paolo Cherubini', Alessandro Chiarucci?, Roberto Tognetti3

'Swiss Federal Institute for Forest, Snow and Landscape Research WSL, Switzerland,
marco.ferretti@wsl.ch

2University of Bologna, Italy
SUniversity of Molise, Italy

This presentation aims at promoting a more comprehensive, ecologically-based
approach to the study the effects of air pollution on forests.

Most studies in this field were developed from a relatively narrow perspective. The
role of traditional ecological driving forces (availability of resources, competition for
resources, climate and weather fluctuations), interactions with biotic and abiotic factors, the
inherent ecosystem dynamics and processes, and management history were seldom (if ever)
accounted for.

The wealth of studies dealing with air pollution effects on forests focussed on the
physiological response of plants to a number of pollutants. Often, even the collection of data
on e.g. insect attacks on trees is considered not relevant because believed to be not
important in identifying air pollution effects. This is a clear ecological nonsense, as the entire
suite of biotic and abiotic factors is related to forest health and productivity and exert a great
role on forest diversity, ultimately affecting forest response. Ignoring the role of biotic factors
(e.g. insects) may lead to a substantial misinterpretation of the role of abiotic factors (e.g. air
pollution). The same applies to the role of management: age, thinning, density and
competition can affect health, productivity and diversity, and offset or exacerbate the role of
environmental drivers.

The debate about the effect of tropospheric ozone on forests is a good example of
this and will be used as an example in the presentation. Despite the above ideas are well
established in forest ecology, present Critical Levels (CLs) to protect forest vegetation from
ozone are set on the basis of experiments that omit to consider all the most important drivers
of forest health, productivity and diversity. Therefore, their applicability in the real world of
forest ecosystems is questionable.

References

Cailleret M, Ferretti M, Gessler A, Rigling A, Schaub M, 2018. Ozone effects on European forest growth — towards
an integrative approach. Journal of Ecology, DOI: 10.1111/1365-2745.12941
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Standard presentation

Comparison of soil solution sampling techniques in a
Norway spruce forest in Finland

Tiina Maileena Nieminen', Paivi Merila', Liisa Ukonmaanaho'

'L uke, Natural Resources Institute Finland, Finland, tiina.m.nieminen@Iuke.fi

Soil solution water chemistry has been studied at some of the Finnish Level Il plots
over a twenty year period as a part of the ICP Forests Programme both by suction cup and
zero-tension lysimeters. Here we aim to depict the evolution of nutrient concentrations in soil
solution during the last decades of the rotation period in a Norway spruce stand. The focus is
in comparison of soil solution sampling techniques. We report the overall trends in pH,
nitrogen and dissolved organic carbon concentrations in soil solution including their seasonal
patterns.

The sampling has occurred at 2—4-week intervals during the snow-free period. Five
zero-tension lysimeters are located at three depths: 5, 20, 40 cm and six suction cup
lysimeters at 20 and 40 cm depths. The samples have been analyzed monthly, e.g. for pH,
ammonium (NH,) and (NOj3) and dissolved organic carbon (DOC). Methods are described in
the ICP Forests manual (www.icp-forests.net).

In a spruce stand studied, a clearly increasing trend was observed for nitrate
concentrations, apparently related to thinning followed by rot damage and bark beetle
outbreak (lps typographus). The most striking difference between the sampling techniques
was found in the case of DOC concentrations, since the concentrations achieved by zero-
tension lysimeters were almost twice as high as those by suction-cup lysimeters. Both
sampling techniques showed an increasing seasonal pattern in DOC concentrations.
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Standard presentation

The impact of forest diversity on tree growth and recovery
to drought
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During recent decades, drought events have increased in intensity and frequency in
many regions around the globe. For forests, drier climatic conditions have been linked to
negative effects such as widespread combinations of drought-related die-off events and
reduced primary production. Complementarity among species for resource use may reduce
interspecific competition and increase the occurrence of facilitative interactions, resulting in
an improved tree growth and resilience to drought. Therefore, mixed-species forests have
been proposed as a strategic approach for managing forests in the face of climate change.
Yet, whether or not diverse forests are better adapted to withstand drought stress remains
unclear.

To describe how resilient the responses of forests to drought can be, we investigated
the growth dynamics of beech and oak species across three distinct drought events which
occurred during the last three decades in Western Europe. Furthermore, we examined how
the growth and resilience of trees relate to tree species diversity and crown decline.

By making use of over 90 long-term monitoring plots, where tree growth and crown
transparency have been assessed in detail since 1990, we showed that trees growing in
more diverse stands were more resilient to drought compared to those growing in pure
stands. Recovery after drought was also fastest and more pronounced in mixtures than in
monocultures. In addition, we found that the higher defoliation the more negative the impact
of drought on tree growth.

Taken together, our results demonstrate a clear link between the reduction in forest
productivity and an increase in drought conditions, associated with longer recovery times.
Moreover, the present findings indicate that higher tree species diversity allows for a greater
growth resilience to drought events, which adds further evidence to the overall positive
impact of diversity on forest productivity in the face of expected drier conditions.
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Deposition of nitrogen in Mediterranean forests of Quercus
ilex: significance of dry deposition
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Gonzalez-Fernandez', Fernando Valifio', Jestus M. Santamaria?, David
Elustondo?, Anna Avila®, Isaura Rabago', Rocio Alonso', Victoria Bermejo-
Bermejo'
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The Mediterranean Basin presents an extraordinary biological richness but more
information is needed on the threat that atmospheric deposition of nitrogen (N) can pose to
biodiversity and ecosystem functioning. A first approach to assess the risk of N enrichment
effects on Spanish ecosystems within Natura 2000 network (Garcia-Gémez et al. 2014)
showed that the most endangered forest habitats (>50% of the assessed area at risk) were
relictic or endemic Mediterranean tree species. In Mediterranean areas, dry deposition is a
major component of the total N input to natural habitats, particularly to forest ecosystems.
Previous studies showed that the modelled dry deposition could be underestimated for
Spanish Mediterranean forests and they could be, therefore, withstanding a much higher risk
than the one resulting from this assessment.

Recently, an innovative approach (empirical inferential method coupled with the
modelling of stomatal conductance) has been used to estimate dry deposition of N pollutants
in four holm oak forests under Mediterranean conditions in Spain. On average, the estimated
dry deposition of gaseous and particulate atmospheric N represented 77% + 2% of the total
deposition (surface and stomatal deposition averaged 10.0 + 29 kg N ha” y' and 3.3 + 0.8
kg N ha” y', respectively). Comparison with canopy budget model and chemical transport
models are exposed. Implications of dry deposition into these Mediterranean forests, such as
air quality improvement, Mediterranean nutrient asynchrony and critical load exceedances,
are studied and discussed.
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Phenology observations in beech and oak by daily photos:
experiences from Denmark
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Since 2010 daily photos have been taken during the phenology stages of flushing,
autumn colour and leaf shed in two Danish Level Il plots. The aim was to explore the
correlation with climatic conditions, including spring temperature as the forcing factor in
budburst. Data used came from beech (Fagus sylvatica) at Frederiksborg DK plot 34 and oak
(Quercus robur) at Vestskoven DK plot 85, with climate data from the nearest grid points
obtained from the Danish Meteorological Institute. Information about the earliest reports of
budbreak in beech in Denmark from 2001-2017 was found on TV2.dk.

Early beech budburst years in Denmark are e.g. 2007 and 2014, and late budburst
years 1996, 2006 and 2013. The photo observations confirmed that 2013 and 2014 are on
either end of the spectrum, with plot 34 beech starting to flush by April 21 2014 and being
fully flushed by May 2", whereas in 2013 the same beech trees only started to flush by May
5" following an unusually cold March.

The provenance of beech used at DK plot 34 is fairly late flushing compared to
Danish beech in general. The photo method shows flushing usually happens more than three
weeks later and at double the accumulated temperature threshold compared to media
reports of first budburst in beech elsewhere in Denmark. However, the same factors seem to
be in action, since in most cases budburst was apparently forced by a sudden 4-6 degree C
increase in daily temperature over a few days, once a temperature threshold of accumulated
degree days had been reached.

Further analysis is needed to show which of the existing budburst models fits best
with the data acquired from the photo phenology, but the value of having continuous daily
observations during years of very different climatic conditions is obvious. We therefore plan
to continue with the photo phenology in beech and oak and have recently added a Norway
spruce plot.

Figure 1: Early spring
700 flushing of beech in 2014.

Budburst happened after a
600 degree day sum of 300 was
reached and there was a
sudden increase in daily
temperature.

Beech DK plot 34 spring 2014

Flushingstage 1= <1% flushed
Flushing stage 2= 1-33% flushed =budburst
Flushing stage 4= more than 66% flushed

Flushing stage 5:100% flushed

Daily temperature
Accumulated temperature
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Ungulates increase forest plant species richness to the
benefit of non-forest specialists
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Large wild ungulates are a major biotic factor shaping plant communities. They
influence species abundance and occurrence directly by herbivory and plant dispersal, or
indirectly by modifying plant-plant interactions and through soil disturbance. In forest
ecosystems, researchers’ attention has been mainly focused on deer overabundance. Far
less is known about the effects on understory plant dynamics and diversity of wild ungulates
where their abundance is maintained at lower levels to mitigate impacts on tree regeneration.
We used vegetation data collected over 10 years on 82 pairs of exclosure (excluding
ungulates) and control plots located in a nation-wide forest monitoring network (Renecofor).
We report the effects of ungulate exclusion on (i) plant species richness and ecological
characteristics, (ii) and cover percentage of herbaceous and shrub layers. We also analyzed
the response of these variables along gradients of ungulate abundance, based on hunting
statistics, for wild boar, red deer and roe deer. Outside the exclosures, forest ungulates
maintained higher species richness in the herbaceous layer (+15%), while the shrub layer
was 17% less rich, and the plant communities became more light-demanding. Inside the
exclosures, shrub cover increased, often to the benefit of bramble (Rubus fruticosus agg.).
Ungulates tend to favour ruderal, hemerobic, epizoochorous and non-forest species. Among
plots, the magnitude of vegetation changes was proportional to deer abundance. We
conclude that ungulates, through the control of the shrub layer, indirectly increase
herbaceous plant species richness by increasing light reaching the ground. However, this
increase is detrimental to the peculiarity of forest plant communities and contributes to a
landscape-level biotic homogenization. Even at population density levels considered to be
harmless for overall plant species richness, ungulates remain a conservation issue for plant
community composition.
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Trends of pollutants concentrations and fluxes in
depositions and soil solution in Romania (1998-2016)
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In the framework of the ICP Forests, deposition and soil solution are monitored in
Romania since 1998, in four Level Il plots, in order to establish the trends and correlation
with other factors that can affect the forest health. In the present study, the SAS — Skript was
used to select parallel sampling and interpolate to monthly data. The Partial Mann-Kendall
tests were applied to the monthly data using the R package.

Concentrations and fluxes of sulphate decreased in bulk deposition and throughfall,
registering a significantly trend, for all the plots, within the period 1998 - 2016. The same
trends was observed for ammonium, but at Stefanesti, plot located close to the capital
Bucarest, the fluxes in throughfall are still high (more than 8 kg N-NH, ha™ y" in 2015, as
specified in the 2017 ICP Forests Technical Report). For the other 3 plots, the throughfall
fluxes of ammonium were lower than 4 kg N ha™' y"' and are considered as low deposition.
The decreasing trend for ammonium concentrations registered in deposition was also
observed in soil solution (for example, at the plot Fundata, N-NH, concentrations significantly
decreased at all the 4 depths of the soil profile). For nitrate, the concentrations and fluxes
decreased in the studied period, but the trend was not significant for all the plots. Fluxes of
chloride decresed at 3 plots, but increased significantly at Stefaneti, up to aboat 50 kg ha™ y™
in the last 3 years, registering values of 2.5 times higher than the value calculated for 1998.

The defoliation can be related to the concentrations and fluxes of pollutants. The
relative high fluxes of sulphate in throughfall in 2006 and 2007 may be considered as one of
the explanations for the drastic decrease of the healty trees percent (with 0 - 10% defoliation)
and increase of proportion of trees with 10 - 25% defoliation.
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Relationships between crown defoliation and tree diversity
depend on the environmental context
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Tree health is positively influenced by forest diversity, especially in relation to insect
and pathogen attacks, but there is no clear general evidence about the possible relationships
between tree diversity and crown defoliation as assessed in the ICP Forests programme. It is
recognized that the influence of tree diversity on forest health may be variable in relation to
the environmental context, and it can be expected that different patterns of crown defoliation
occur on different tree species in different eco-regions. ltaly is an excellent case of study
because of the ecological heterogeneity of the forest area, which includes alpine, mountain
and Mediterranean environmental conditions.

The 250 plots of the Italian Level | ICP Forests network were subdivided in four
groups of plots by mean of a multivariate cluster analysis, considering ecological and
structural parameters (geographical, climate and soil characteristics, diversity indices) of
stands. Relationships between crown defoliation and diversity were analysed on the whole
dataset and in homogeneous clusters for the most important tree species (beech, Norway
spruce, Turkey oak, downy oak, chestnut). Tree diversity was determined by means of
taxonomic (Shannon) and structural (Mingling) diversity indices.

The main results evidenced a general positive correlation between defoliation and
diversity (i.e. increasing defoliation with diversity) in the whole population (i.e. all tree species
together) and singularly in the main species. This unexpected result can be explained by the
fact that, because of their ecological behaviour and past management, the main species tend
to constitute monospecific forests in the most favourable environmental conditions. Analysing
individual clusters of plots (i.e., with similar ecological conditions), species-specific
correlations between crown defoliation and tree diversity (both negative and positive) were
found in some cases.
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Throughfall dissolved organic carbon (DOC) concentrations and fluxes exhibit strong
seasonality, with one or even two peaks, in spring and autumn. Several factors are believed
to cause the spring peak (in May), including leaching from opening buds and unfolding
leaves, pollen dispersal and the activity of phytophagous insects. However, it is difficult to
separate the effects of these factors acting simultaneously. In order to shed light on the
underlying sources of DOC fluxes we did an exploratory analysis of long-term data (1999-
2017) on biomass of litterfall fractions and throughfall DOC flux in May in five Level Il plots in
Flanders, i.e. two coniferous (Pinus sylvestris L., Pinus nigra ssp. laricio var. corsicana
Loud.) and three deciduous (two Fagus sylvatica L. and one mixed Fagus sylvatica L. -
Quercus robur L.) forests. The total biomass of fruiting/seeds derived from litterfall traps was
positively related to throughfall DOC flux in May only in the deciduous plots, with high DOC
peaks observed particularly in mast years. In a next stage, we will further explore this
relationship at a larger spatial scale, including also airborne pollen concentrations from
sampling locations in several European countries including Flanders, ltaly and the UK, to test
the hypothesis that pollen dispersal is the main driver of the spring peak in throughfall DOC
both in coniferous and deciduous (Norway spruce, Silver fir, Scots pine, oak and beech)
forests. Successful mast fruiting in coniferous and deciduous stands likely requires preceding
abundant pollen dispersal, triggering a peak in throughfall DOC in May. This carbon (C) input
should be considered as canopy generated, rather than as C input with atmospheric
deposition when calculating C balances for forest stands. In coniferous forests it was more
difficult to demonstrate this relationship due to more constant release of pollen.
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Ecological conclusions from long-term growth series of
beech and Norway spruce in Switzerland
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Understanding the effects of nitrogen deposition, ozone and climate on tree growth is
essential for sustainable forest management. We used forest monitoring data of the Swiss
cantons (growth and elements in leaves/needles since 1984 every 4th year on 141 Picea
abies Karst. and Fagus sylvatica L. plots, 10'100 trees) for studying the interplay of
environmental factors with tree growth.

Stem growth of Fagus has clearly decreased during the observation period. For Picea
no trend was observed. N deposition of more than 26 (beech) or 22 kg N ha™ y ' (spruce)
was negatively related with stem growth, for beech stronger than for Norway spruce. High N
deposition and low foliar K concentrations in Fagus were correlated with increased drought
sensitivity. High air temperatures in winter were negatively related with stem growth in
Norway spruce in general and in beech at high foliar N:Mg ratios or high N deposition while
on an average the relation was positive in beech. Fructification in beech was negatively
related to stem growth. The increase of fructification observed during the last decades
contributed thus to the growth decrease. Ozone flux was significantly and negatively
correlated with stem growth both in beech and Norway spruce. The results show clear non-
linear effects of N deposition on stem growth of beech and Norway spruce as well as strong
interactions with climate which have contributed to the growth decrease in beech and may
get more important in future. The results help to disentangle ecological processes and
interactions in forests. The study shows also the potential of an integrated evaluation of
forest monitoring data with environmental information.

The work fits well in the priorities of the effects-oriented activities under the UNECE
CLRTAP. The evaluation was supported by the Swiss Federal Office of the Environment and
is part of the Swiss contributions for the effects work under the Convention.
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Data and models to study climate impact on Europe’s
forests
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Forests are linked to climate change in two intriguing ways: Firstly, they contribute to
mitigating climate change by sequestering carbon and secondly, they are affected by climate
change themselves, threatening the many services forests provide to societies. Process-
based models allow studying these interactions between climate and forests but projections
are often highly uncertain. These uncertainties can partly be addressed through multi-model
comparisons but also through the use of modern model-data fusion techniques to integrate
different data types and learn both about model structural and parametric uncertainties.
Ultimately, such studies will help to develop models and model frameworks that are driven by
data and theory to study the impacts of environmental and societal change on forests and
enable evidence-based decisions to shape the future of the world's forests.
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Filling the gaps of modelling of the soil carbon cycling
through better forest litter input data
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It is important to quantify the impact of different forest management practices on a soil
carbon balance to be able to monitor carbon cycling and provide recommendations of climate
change mitigation options in a forestry. Carbon balance of forest soils largely depends on the
carbon input from tree above ground and below ground litter production. Litter production
may be both, triggered and impeded by different forestry management practices, thus
altering the soil carbon balance. Estimation of litter production is one of the many challenges
in modelling of soil carbon balance. The aim of this report is to present the expected
contribution of ERA-GAS research project INVENT on the modelling of litter production and
carbon input in forest mineral soils. The main idea is to create simple models, which can be
used to model litterfall rates using variables measured in national forest inventories. We will
focus on collecting the best available data from literature and ICP Forests intensive
monitoring (Level 1) datasets about literfall. Level Il monitoring provides long term datasets
of tree above ground litterfall throughout Europe. During the project we will collect the data of
tree above ground litterfall from Level Il monitoring into database, covering the main tree
species across Europe from boreal to meditteranean biome. Other litter fractions which is not
covered by Level Il monitoring, like roots, ground vegetation, will be targeted by available
literature sources to comprehend all litter fractions in forest ecosystem. The result will be
comprehensive database on production of different fractions of litter for the most common
tree species throughout Europe which can be used to model soil carbon input in soil carbon
balance models.
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Sensitivity of mean ozone concentration, AOT40, and POD1
estimates to different sources for ozone, climate and
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Tropospheric ozone (O3) has large impacts on plant metabolism and functions at the
individual tree level. However, due to the presence of several compensatory and acclimation
mechanisms, and to interactions between ozone and the other environmental stressors, its
long-term impacts on forest functions and dynamics at larger spatial scales is controversial
(see Calilleret et al. 2018). A key measure to better assess ozone effects on forest growth is
to accurately quantify ozone concentration at the stand level, and ozone uptake by the
leaves. For forests, several ozone metrics such as mean ozone concentration, AOT40 and
POD1 are usually applied, but it is not clear how their calculations are impacted by the type
and quality of the data source used.

Based on the physiological process-based DOsSE model (Emberson et al. 2001;
CLRTAP 2017) and on a multi-factorial simulation design, we tested the sensitivity of these
ozone metrics to (i) the source of ozone (using active or passive samplers or simulated by
the EMEP model), and meteorological variables (daily vs. hourly values) used as input, and
to (ii) stand-level vegetation and soil characteristics (e.g., using measured or assuming
constant indices for leaf area, leaf phenology, canopy height, or soil water content). We also
partitioned the overall variance in each metric to detect the respective main sources of
uncertainty. Using selected ICP Forests Level Il plots along a north-south gradient as
examples, we found a strong variability in the sensitivity of these ozone metrics across sites,
and that the quality of the vegetation data tend to matter more than for the meteorological
variables. Our simulation results provide new insights on the quality of the data required and
on the assumptions that can be drawn to derive reliable ozone metrics, and will consequently
help to improve future ozone risk assessments for forest ecosystems.
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N is known to be the most limiting element for vegetation growth in temperate and
boreal forests. The expected increases in global temperature are predicted to accelerate N
mineralization, therefore incrementing N availability in the soil and affecting the soil C cycle
as well. While there is an abundance of C data collected to fulfill the requirements for
national GHG accounting, more limited information is available for soil N accumulation and
storage in relation to forest categories and altitudinal gradients. The data collected by the
second ltalian National Forest Inventory, spanning a wide range of temperature and
precipitation values (10° latitudinal range), represented a unique opportunity to calculate N
content and C/N ratio of the different soil layers to a depth of 30 cm. Boosted Regression
Tree (BRT) models were applied to investigate the main determinants of soil N distribution
and C/N ratio. Forest category was shown to be the main explanatory factor of soil N
variability in seven out of eight models, both for forest floor and mineral soil layers. Moreover
latitude explained a larger share of variability than single climate variables. BRT models
explained, on average, the 49 % of the data variability, with the remaining fraction likely due
to soil-related variables that were unaccounted for. Accurate estimations of N pools and their
determinants in a climate change perspective are consequently required to predict the
potential impact of their degradation on forest soil N pools.
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Soil water availability and temperature are the two most important environmental
factors controlling forest productivity. European beech (Fagus sylvatica L.) is one of the most
abundant broadleaved tree species in Europe and plays an important role in sustainable
forest management. Due to beech drought sensitivity, the physiological performance, growth,
and competitive ability of beech may be adversely affected by changing environmental
conditions, i.e. decreasing water availability. In order to improve the understanding of tree
response to climate change, the availability of nutrients and its interaction with water should
be better investigated. The goal of this study is to assess the response of foliage properties
(nutrient concentrations, specific leaf area (SLA), lignin and phenol content) of beech to
precipitation, soil properties and soil water potential in 12 forest stands across Switzerland.
Eight of these stands belong to the Swiss Long-Term Forest Ecosystem Research (LWF)
programme (ICP Forests Level Il plots). Foliage data were collected in summer 2017 on five
trees at each site. Soil and climatic data are available from earlier measurements.
Preliminary results using mean annual precipitation at the sites showed a relationship
between this indicator and selected leaf traits of beech, e.g. nitrogen concentration and SLA.
Further results showing relations between environmental factors and nutrients in the foliage
will be presented. The final results of this work will provide information about the impact of
environmental factors on leaf nutrients, leaf morphological traits and relations between soil
and leaf nutrients.
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Ozone removal by Norway spruce forests: a case study in
Trentino, North Italy

Elena Gottardini', Fabiana Cristofolini', Antonella Cristofori', Marco Ferretti?

'Department of Biodiversity and Molecular Ecology, Research and Innovation Centre,
Fondazione Edmund Mach, ltaly, elena.gottardini@fmach.it

2Swiss Federal Institute for Forest, Snow and Landscape Research WSL, Switzerland

Tropospheric ozone (O3) is absorbed by tree foliage and this may impact tree
performance. Uptake by plants, however, may also result into removal of Oz from the
atmosphere, thus contributing to improved air quality. Such a removal should be reflected to
some extent by reduced O3 concentration [O3] beneath the forest canopy as compared to
open areas. Given the peculiar spatial pattern of [O3] (higher in remote, high elevation sites
and in summer time) and its high oxidative potential, [O3] reduction can be of particular
importance in montane, remote areas subject to intense tourism during summertime.

Aim of this work is to estimate the contribution of Norway spruce forests to [O3]
reduction in Trentino, North ltaly, a 6200-km? alpine region covered for 56% by forests,
subject to high [O3] (Gottardini et al. 2017) and visited by 9.5 million tourists in summertime.

We considered two elevation gradients (range: 900-1700 m a.s.l.) and measured [O3]
at 2 m height in six open areas and in 18 nearby N. spruce forest stands according to
Schaub et al. (2016) during summer in 2013 and 2016. We calculated the mean relative
differences in [O3] between forests and open areas (%) for three elevation classes (<1000;
1000-1300; >1300 m a.s.l.). These % were then tentatively applied to the mean 2007-2011
[Os] previously estimated for open areas in the region (Cristofori et al. 2015) on a 1x1 km
grid. First results show that [O;] in forest (mean=34.1+6.52 ppb) are significantly lower
(p<0.001) than in the open areas (mean=37.0+7.61 ppb), especially at high elevation. When
estimated for the entire conifer forests in the region (2140 km?), mean reduction of [O3] was
5.0 ppb (range 0-10.1 ppb). The largest portion of conifer forests (1408 km? showed an
expected reduction of [O3] between 4.4 and 10.1 ppb, as compared to open areas (Fig. 1).

Figure 1: Expected reduction of ozone
by conifer forests in Trentino, north ltaly.
The four ozone classes represent the
4>  quartiles of the distribution and are
expressed as absolute values.

N 10.1- 7.8 ppb

B 7.8- 4.4 ppb
4.4-3.8 ppb
3.8-0ppb
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Mitigation potential of forest management and wood
products use — Simulation study for intensive monitoring
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Forest ecosystems store large carbon stocks in vegetation, coarse woody debris, and
soil. The use of wood products may contribute to the mitigation of climate change by
prolonging the carbon storage in harvested wood, and by substituting energy-intensive
materials and fossil fuels. We present results of a simulation study for ICP Forests intensive
monitoring sites of Brandenburg (Germany) to explore the mitigation potential of forest
management taking into account wood products use. Two management strategies aiming at
maximising yield vs. maximising carbon storage, varying in thinning intensity, harvest
fraction, and rotation length, were compared with the business as usual scenario (BaU).
Forest growth and carbon storage in forest ecosystems were simulated using a modified
version of BIOME-BGC, extended by a management module. The carbon storage of
harvested wood products including an assessment of its substitution potential was simulated
using the wood product model CASTLE_WPM. On average, the “storage strategy“ increased
the potential carbon sequestration of the forest sector by 32t C ha™, compared to BaU. But
taking into account the substitution effects, the advantage of the “storage strategy“ was
overcompensated after 57 years. On the other hand, the lower sequestration potential of the
“vield strategy” of -31 t C ha lasts for 177 years until overcompensated by substitution
effects.
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The territory of Lithuania lies in the northern part of the temperate climate zone.
However, the predicted climate change scenarios show that Lithuania will belong to the
southern part of this forest zone within the next 100 years. These changes, caused by
climatic and anthropogenic factors, might have a direct impact for vegetation resistance and
species biodiversity. Recently, invasion of southern plant species and vanishing of northern
plant species is observed in the most Europe regions.

The aim of this study was to estimate the changes of tree number and volume of
some deciduous tree species (Tilia cordata Mill., Ulmus glabra Huds., Acer platanoides L.,
Ulmus minor Mill., Carpinus betulus L.) in Lithuania. The data was collected according to the
methodology of the National Forest Inventory (NFI). The NFI has been implemented on a
continuous basis of 5 years remeasurement cycle.

The analysis showed that the number of deciduous tree species increased during the
studied period in Lithuania. Significant increase of the small-leaved linden trees was fixed in
forests over the last two decades. The number of trees of all assessed Norway maples
increased about 1.5 times. Intensive spread of maples was also found in the undergrowth.
The abundance of elm species increased possibly due to the climate change.

The European hornbeam naturally is more abundant in the southern part of Lithuania.
The changes of hornbeam habitat have been assessed from 1928. The data showed that
hornbeam distribution area shifted to the north-east about 30-70 km over the recent eight
decades. The annual spread of hornbeam amounted about 500 meters and such speed was
even about 3 times higher compared to the speed of species movement due to the climate
change.
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Quantifying, Understanding and Predicting Forest growth
In Switzerland QUPFiS — a novel analytical pipeline,
leveraging a Swiss network of long-term forest-related
observations
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Carbon fluxes and storage vary regionally and with inter-annual to long-term
environmental change. Existing models of forest growth dynamics include large
uncertainties, which ramify and lead to divergence in forecasts how climate change will
impact the future terrestrial carbon cycle. To reduce these uncertainties, it is necessary to
extend and combine assessments of current observation networks using novel analytical
approaches and data sources. Swiss forests are of particular interest: the climatic, pedologic
and biogeographical conditions of Switzerland correspond closely with the European
gradient, on a relatively small geographical scale.

We will present a conceptual framework aiming to link various terrestrial data sets
with different spatial and temporal resolution to estimate Swiss forest net ecosystem
productivity (NEP) at monthly or seasonal resolution in order to relate biomass changes over
time with global drivers (climate, soils, landscapes, N deposition). In particular, we will link
permanent sample plots data of high spatial but low temporal resolution with tree ring and
dendrometer networks which are more highly temporally resolved but have low spatial
resolution. We first, establish a data assimilation system to link all relevant data sets. Then
the spatio-temporal interpolation of all data sets will be tackled with a statistical space-time-
Kalman filter. At the last step we aim at modelling NEP at intra-annual resolution, thereby
employing mechanistically-based models.

QUPFIS team: Abiven S., Babst F., Buchmann N., Bugmann H., Burri S., Cailleret M., Etzold S.,
Ferretti M., Forrester D., Gessler A., Gharum M., Haeni M., Hagedorn F., Hobi M., Hug C., Kahmen A.,
Kumar S., Levesque M., Lischke H., Meusburger K., Piot M., Rigling A., Rogiers N., Rohner B.,
Schaub M., Schmatz D., Stillhard J., Sutter F., Thurig E., Treydte K., Waldner P., Walther L., Werner
E., Zweifel R.
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Forest data integration in the WSL environmental data
portal EnviDat
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The Swiss Federal Research Institute WSL aims at facilitating efficient and unified
access to its environmental monitoring and research data. To this end, we are developing the
environmental data portal EnviDat. The EnviDat framework is described in a separate
submission, whereas here we focus on the integration of forest data.

EnviDat currently offers two options for integrating data from the areas of forest
inventory and forest ecosystem research: (i) direct upload of curated data in the EnviDat
repository and (ii) integration of existing information systems and databases. Both options
are enhanced by a flexible metadata schema that can be adapted to individual requirements
through custom metadata fields. Data sets and other resources can be made open or
restricted to registered users as specified by data providers. We will illustrate the EnviDat
capabilities using the ongoing work on the integration of the Swiss Long-term Forests
Ecosystem Research Program (LWF) and the Swiss National Forest Inventory (NFI).

LWF and NFI represent two different types of forest monitoring programs. LWF
constitutes the Swiss contribution to the UNECE LRTAP convention by providing
multifunctional long-term monitoring data and scientific knowledge on the effects of air
pollution, climate change and other stressors on the Swiss forest ecosystems. To this end,
LWF hosts a core infrastructure of 19 non-systematically distributed long-term monitoring
sites (Level II) and approximately 50 plots (Level I) overlapping with the NFI. In contrast, NFI
records current state and changes of the Swiss forest. Results are based on the statistical
analysis of a representative number of field sample plots (around 6500) including data from
enquiries with local forest services and area wide remote sensing data.

In conclusion, EnviDat is designed to provide unified access to the data and results
from both forest monitoring programs dedicated to long-term monitoring of forest systems
and processes.
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ICP Forests & LTER - a first handshake between data
infrastructures
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2Environment Agency Austria/L TER Europe, Austria

Data from extensive (Level I) and intensive (Level Il) networks has been collected
according to standardised manuals for more than three decades and is kept in the
collaborative international database of ICP Forests. A detailed description of the applied
methods (manuals) and the data model (see https://icp-forests.org/documentation/) is
available, but additional metadata on plots, stands, and infrastructure is further needed for a
comprehensive perception of the monitoring plots.

The Long Term Ecological Research (LTER) network has developed a web based
platform to document research sites and the datasets generated at these sites. The DEIMS-
SDR (https://data.lter-europe.net/deims/) is based on comprehensive metadata models (see
https://data.lter-europe.net/deims/documentation/metadata-models/current-metadata-
models) following standards and takes user requirements into account. The “Site Metadata
Model” contains a set of attributes to describe any environmental monitoring facility, which
also allows the ICP Forests plots to be described according to the idea of the ICP Forests
survey “System Instalment” in an enhanced manner.

To refine the existing information about the sites and the research infrastructure of the
ICP Forests network as a whole, it would be of great value to be able to combine the ICP
Forests data portal with the DEIMS-SDR metadata system.

The contribution describes workflows/solutions that have been developed to identify
the current representation of the ICP Forests plots in DEIMS-SDR and to connect the
data/metadata models of both networks. Examples will be given on how the combination of
both networks can help scientists working with ICP Forests data. Finally suggestions will be
made to harmonise the site descriptions of ICP Forests plots in DEIMS-SDR.Existing barriers
will be identified and resolved in order to make use of the full potential of this “handshake
between infrastructures”.

*DEIMS-SDR - “Dynamic Ecological Information Management
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Litter carbon stock variability in the Spanish forest types

Patricia Adame', Isabel Cafellas', Ana Isabel Gonzalez?, Silvia Guerrero', Maria
Belen Torres?, Iciar Alberdi’

'INIA-CIFOR, Spain, adame.patricia@inia.es
“Ministerio de Agricultura, Alimentacién y Medio Ambiente, Spain

Global change is supposed to influence cycles of carbon (C) and nitrogen (N) in forest
ecosystems. Litter decomposition can be considerably altered under global warming and
land use practice but little is known about its variability in the different bioregions and forest
types. Litter has a marked seasonal component, which varies for the different species and
forest type. Decomposition rate is affected by changes in temperature and humidity ground,
which in turn can be influenced by forest management.

A litter inventory was carried out in sample plots located in Spain belonging to the
network of the European transnational survey (ICP Forests Level I) of forest condition in
Europe (16 x 16 km grid). Biomass, carbon and nitrogen stock of litter were obtained in the
620 plots along the country between 2014 and 2017. Litter data was collected from 4
containers (50 x 50 cm size) placed 6 meters from the center of the plot in the 4 orientations
(N, S, E, and W).

The main aim of this study is to quantify the litter biomass and their variations in the
different forest types. Carbon and nitrogen stocks were analyzed, determining the range of
values found within and between the plots of the different forest types and bioregions in
Spain. This study proved the great variability between the litter carbon and nitrogen stock of
relevant Atlantic, Mediterranean and Macaronesic forest types and provided for the first time
valuable data. This information is also crucial for inventory design improvement of the
analyzed variables.
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Processes and barriers involved in the contaminant
mobility reduction through the life cycle of a tree

Edita Baltrénaité', Pranas Baltrénas’, Arvydas Lietuvninkas’

"Vilnius Gediminas Technical University, Lithuania, edita.baltrenaite@vgtu.lt

The intensive industrial development and urbanization, as well as the negligible return
of hazardous components to the deeper layers of the Earth, increases the contamination
load on the noosphere (i.e., the new status of the biosphere, the development of which is
mainly controlled by the conscious activity of a human being). The need for reducing the
spread and mobility of contaminants is growing. Trees as representing the highest biomass
share of the terrestrial living matter, which governs the mobility of contaminants, can be
employed in various types of barriers for reducing spread of contaminants in environment.
The insights into the role of the tree in the reduction of contaminant mobility through its life
cycle are presented to show an important function performed by the living matter and its
products in reducing contamination.

References

Baltrénaité E, Lietuvninkas A, Baltrénas P (2018) Biogeochemical and engineered barriers for preventing spread
of contaminants. Environmental Science and Pollution Research 25(6), 5254-5268.

Baltrénaité E, Baltrénas P, Lietuvninkas A (2016) The Sustainable Role of the Tree in Environmental Protection
Technologies. Monograph. Springer. 360 p.

40



Poster presentation

Current ambient and elevated ozone effects on poplar:
a global meta-analysis and response relationships

Vicent Calatayud', Bo Shang?, Feng Gao? Zhaozhong Feng?

'Fundacién CEAM, Spain, vicent@ceam.es
2Research Center for Eco-Environmental Science, China

Effects of ozone (O3) on poplar under current and future elevated Oz concentrations
(e[Os]) were carried out by a meta-analysis. Current [O3] has significantly reduced CO,
assimilation rate (Pn) by 33% and total biomass by 4% in comparison with [O3] close to
preindustrial times. An increase in future [O3] would further enhance the reduction in total
biomass by 25%, plant height by 17% and plant leaf area by 19%. Therefore, O lessen the
climate change mitigation potential of this widely distributed sensitive tree, while O; effects
can be moderated by adding nitrogen. Isoprene emissions will decline by 34% under €[O3],
with feedback implications by reducing the formation of secondary air pollutants including Os.
Reduced stomatal conductance and lower foliar area might increase runoff and freshwater
availability in O3 polluted areas. Higher O; exposure over a threshold of 40 ppb (AOT40)
induced larger reductions in Pn, total biomass and isoprene emission. Relationships of light-
saturated photosynthesis rates, total biomass and chlorophyll content with AOT40 using a
global dataset are provided. These relationships are expected to improve O; risk assessment
and also to support the inclusion of the effect of Oz in models addressing plantation
productivity and carbon sink capacity.
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Trends of average tree defoliation on sample plots Level |
in Serbia
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'Institute of Forestry, Serbia, ilija.djordjevic@forest.org.rs

This research shows the results of monitoring of forests in Serbia in the period 2004-
2017. On the basis of the collected data until now, trends of average defoliation are
summarized in the case for broadleaves and conifers, as well as for certain types of trees.
The statistical method is used in the process of analyses of defoliation, and in narrow sense,
method of trend analysis. In order to monitor the trends of defoliation, statistical techniques
based on the analysis of time series are used (Pordevi¢ et al. 2013). Within beech (0.7%)
and other broadleaves (1.1%), is present positive exponential growth rate, while within other
broadleaves trees hungarian oak (-7.5%), records highest negative exponential growth rate
(Figure 1). On the other side, within all conifer types are present negative exponential growth
rates, and this is especially evident with austrian pine (-5.5%). Observing years with highest
average defoliation for all types of trees, 2004 (15.0%) and 2005 (14.4%), are separated with
the highest values, while the lowest values are present during 2011 (9.9%) and 2017 (9.6%).
Also, by analysing obtained results, it can be noticed that most of the species, records
significant rise in 2007, 2013 and 2016, from up to then recorded average defoliations.
Despite negative exponential growth rates in most tree species, specific deviations of aver-
age defoliations in some years, can give us guidelines for research and finding possible reas-
ons for this (Cesljar et al. 2014). In Serbia, mentioned years are recorded as extreme hot and
dry, which may indicate that trees, in terms of defoliations, reacted most on the influence of
abiotic stress factor, in this case because of high temperatures and lack of precipitation over
long period of time, which was very present in mentioned years (Cesljar et al. 2013).

Figure 1: Trends of average tree
defoliations in Serbia (2004-2017)
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Crown defoliation effect on tree growth recorded at the
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Tree growth information delivered by the Romanian forest monitoring system at the
Level Il plots has a great importance towards estimating the forest health status. Given the
complexity of these growth processes, establishing a trend on forest health is a huge
challenge especially in the context of research concerns. This study includes tree growth
measurement starting from 1991 with an emphasis on the main tree species in
representative forest ecosystems. The information used was selected from specific Level Il
plots database and the analysis were focused on the most prevalent species: beech (Fagus
sylvatica), oak (Quercus robur), spruce (Picea abies) and sessile oak (Quercus petraea). The
conducted analysis aimed to develop models and patterns based on annual volume growth
correlation to tree crown condition under the action of air pollution, climate change and other
disruptive factors. In the last decade of the last century a slight increase of growth was
recorded. However, in comparison to this period, the first decade of this century, when the
precipitation was more abundant (except 2003) the growth rate was higher. For example,
between 1996-2002, at Mihaesti —sessil oak plot common trees (average of defoliation
percentage - 26%), recorded an annual volume growth of 2.57 m® per plot (plot area -
2500 m?) and during the period 2002-2006 a rate of 5.13 m® (average of defoliation
percentage - 18.3%). Also, between 2006-2014 the annual growth rates decreased to
2.51 m® (average of defoliation percentage for common trees - 20%). An explanation would
be the slight depreciation of tree’s crown condition, reducing of precipitation regime and
obvious trend of increase of temperature.

Also a model reflecting the growth dynamics in relation to the trend of changing the
tree crown condition in different studied periods has been developed.
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Romanian forests are situated mainly in the Carpathian Mountains (approx. 65%),
while hills and especially plains are covered by much smaller areas of forests. Beech (Fagus
sylvatica L.), spruce (Picea abies L. Karst) and oak species (Quercus sp.) constitute
approximately 70% of Romanian forest habitats (of which 30% is beech), summing up
around 4 mil. ha. Monitoring of forest health in Romania started in 1990 and it was carried
out in permanent sampling plots. Among studied variables (e.g. biometric, defoliation, soil
properties) foliar nutrients content highlights qualitative and quantitative used ultimately in
assessing the health of trees and offers reliable parameters to determine the general state of
the ecosystems.

The aim of this paper was to highlight the influence of the global climate change
effects (e.g. drought, ozone levels) on the physiological processes of trees in the Level Il
core plots. Nutritional status of trees was characterized by the type of nutrition, determined in
relation to the content of the absolute foliar mineral element (per unit of dry biomass) and
cationic reports between nutrient contents that can reflect potential imbalances.
Determination of nutrient contents was achieved by oxidation of the organic matter and
solubilization of the residue. Overall, the levels of foliar nutrition for spruce are normal, while
beech and oak on the other hand showing a deficit in the supply of nitrogen and potassium
but offset by an adequate supply of calcium and phosphorus, which in turn leads to a
balanced nutrition.
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The Norwegian government plans to intensify use of forest biomass. However,
ecologically sustainable intensified removal of forest biomass requires more than broadly
based national or international guidelines, but must be adapted to local conditions, including
economic and social conditions. For example, forest harvesting on steep slopes in western
Norway combined with high precipitation leads to an increased risk for terrain damage
compared to drier, less steep conditions in eastern Norway. Climate change, which in
Norway is expected to lead not only to warmer but also to wetter and wilder weather, is likely
to complicate this picture still further. Inorganic nitrogen deposition remains too high in
southwestern Norway, but at the same time, forest fertilization, especially with nitrogen, has
been proposed as a climate mitigation strategy to increase standing biomass, and subsidies
are being given to fertilize forests across Norway. Changes in climate and deposition might
lead to areas that today are suitable for intensified forest biomass harvesting becoming less
so in the future, while other areas might become more suitable. We discuss the importance
of flexibility when adapting forest management for intensified biomass removal to variable
and changing conditions, especially climatic conditions.
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Coppice forests are widely distributed in Europe, especially in southern countries,
where they cover approximately 23 million ha. Coppice forests provide a number of goods,
from energy (fuelwood) to non-wood production (mushrooms, honey, fruits) and a number of
ecosystem services (recreation, water, biodiversity). Nonetheless, coppice is a management
option barely considered in SFM scenarios. In this context, the project LIFE14
ENV/IT/000514 "Shaping future forestry for sustainable coppices in southern Europe: the
legacy of past management trials" - LIFE FutureForCoppiceS, aims to improve the
sustainable forest management (SFM) of coppice forests and to demonstrate the ability of
different management approaches to maintain and enhance their efficiency in providing
multiple forest goods and services, in a frame of changing environmental conditions.

FutureForCoppiceS will benefit of a network of 45 plots, established in three different
European Forest Types (beech mountain forests, thermophilous deciduous forests and
evergreen broadleaved forests), and regularly monitored over the last 10 - 45 years. The
project will demonstrate by means of a total of 39 consolidated and newly established SFM
indicators: the ability of different management approaches (traditional coppicing, natural
evolution, active conversion by selective felling) to maintain and enhance the sustainable and
complementary options on the ground; the indicator’s ability to assessing and monitoring the
effects of different management approaches, and evaluate as well their applicability and
transferability within the project context and beyond, also by means of ICP Forests data.

Given that concurrent, substantial changes have occurred over the past 45 years both
locally and globally, the results will improve the knowledge base for SFM in view of
anticipated future changes in key environmental drivers. The project is still running, so
preliminary results are showed only.
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'Kahramanmaras Sutcu Imam Univ., Turkey, turgaydindaroglu@hotmail.com

Karst ecosystems are being adversely affected by global climate change and many
negative ecological factors, and the fragmented habitats and corridors that connect them are
disturbing the ecological balance. The aim of this research was to determine of eco-regions
and corridors sensitivity for reclamation processes. For this purpose, habitat factors including
land cover, elevation, slope, aspect, soil texture, depression areas, and distance to roads
were evaluated for plant survivability in karst ecosystems, using images processing, GIS and
geostatistical analysis. In the study area, for plant survivability in terms of ecological features,
"Poor" areas consisted of 516.33 ha (36.09%), "Average" areas were 342.34 ha (23.93%),
"Good" areas were 481.16 ha (33.63%), and "Best" areas were 90.83 ha (6.35%). The best
growing conditions for plants were in the "Best" areas, where there had been minimal effects
by intense anthropogenic pressure and negative ecological conditions. However, this field of
ecological networks was limited to each other’s corridors. The longest ecological corridors in
the study area were 5.95 km. But there is no appropriate link between ecological regions and
networks to spread plants, so they can only survive in a little more than 50% of the research
area. To minimize possible major losses due to global climate change and adverse
ecological conditions in the karst ecosystem, have been identified “best” spatial distribution
corridors for afforestation and “bad” corridors for reclamation in the degraded karst
ecosystem. There is a need a spatial planning in order to improve the bad ecological network
through silvicultural methods.
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Atmospheric chemical transport models are useful tools to identify areas potentially at
risk from impacts of atmospheric N deposition. A model inter-comparison and evaluation
exercise for N deposition in Europe for the year 2010 has recently been carried out in the
framework of the Task Forces on Hemispheric Transport of Air Pollutants (TF HTAP) and on
Measurements and Modelling (TF MM). An ensemble of the models with the best
performance for N wet deposition was made and used to explore the implications of N
deposition for the conservation of protected European habitats within the Natura 2000
network. Exceedances of empirical critical loads (CLexc) were calculated and the areas with
exceedances were identified. In addition, the representativeness of the EMEP monitoring
sites, commonly used in the evaluation of modelled deposition estimates, was tested.

The habitat types “broadleaved deciduous woodland”, “coniferous woodland”, and
“mixed deciduous and coniferous woodlands” (EUNIS classifications G1, G3 and G4) were
among the most common terrestrial habitats in the Natura 2000 network. These habitats
were well represented within a buffered area of 50 km-radius around the EMEP monitoring
sites (with respect to their representation within the entire Natura 2000 network). Coniferous
and mixed woodlands were among the six habitats with the largest surface area at risk of
eutrophication, with CLexc in 34% and 32% of their respective areas, particularly in Central
Europe. Since it has been previously reported that model estimates of dry deposition could
be underestimated for Mediterranean forests, a preliminary correction of the dry deposition
estimates is applied and the increment of forest area at risk is reported. The results of this
study are further explored here for Spanish forests by using the estimates from this
ensemble of models and a more-detailed habitat classification from the Spanish National
Biodiversity Assessment.
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The fluxes of nitrogen (N) in form of nitrate (NO3-N) and ammonium (NH4*-N) as well
as sulfur (SO,*-S) were measured in throughfall at four Level Il sites in Denmark during
periods of 15-31 years. These data were compared with the corresponding concentrations of
NO;-N and SO,*-S in the soil solution sampled in 90 cm depth in the mineral soil. The four
Level Il sites are:

* Ulborg: Norway spruce plantation, planted in 1964, soil: nutrient poor sandy soil,
surroundings: forest and heathland, but nearby high-intensive cattle and pig farming may
influence the N deposition. Monitoring 1985-2013

» Suserup: Beech-dominated seminatural forest with ash and oak, soil: nutrient-rich loam,
surroundings: mainly forest and cropland with few farm animals. Monitoring since 2002.

» Vestskoven: Oak afforestation on former cropland, planted in 1970, soil: nutrient rich
loam, surroundings: relatively close to several highways and Copenhagen. Monitoring
since 2001.

* Frederiksborg: Beech plantation, planted in 1964, nutrient rich loamy soil, surroundings:
mainly forest Monitoring since 1985.

The throughfall flux of S decreased over time in all four sites, most notably in the
beginning of the period from 1985 to 1990’s. A parallel decrease was observed in the
concentration of S in the soil solution. There was for example a fivefold decrease in both the
flux of S in throughfall as well as in the soil solution S concentration over the 33 years of
monitoring at the Frederiksborg site. In general, we also observed a decreasefor NO3-N and
NH,*-N, however much less pronounced with larger year-to year variation. The ratio of NO5-
N to NH,*-N in throughfall will be shown and discussed relative to the different N emission
sources at the four sites.
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The Swiss Federal Research Institute WSL has a long tradition in data collection, in
particular in the areas of forest ecosystems, snow and natural hazards research. The data
sets collected by WSL researchers include time series and spatial samplings spanning over
100 years. WSL operates a comprehensive network for environmental research that includes
more than six thousand observation sites. Such long-term environmental monitoring datasets
are valuable towards obtaining an integrated view of the Earth System, while data sharing
encourages national and international collaborations.

EnviDat is an overarching environmental data portal for facilitating the management,
search and user-friendly access to WSL’s rich reservoir of environmental data. The portal's
main functional requirements include data discovery through metadata and map search,
publishing of datasets with Digital Object Identifiers (DOI) and the provision of a repository
for diverse data types, whereas data curation and quality control remain decentralized with
the domain experts.

The EnviDat core design principles focus on usability and user-friendliness. The
EnviDat conceptual framework highlights several principles such as the connection to the
wider research data management community and, where possible, the adoption of best
practices and standards in data sharing. Interoperability between EnviDat and other research
data management initiatives can be achieved by leveraging well-known community software,
as for instance CKAN, whereas high importance is laid upon integrating requirements of, e.g.
the forest research and management communities. Ongoing work on the integration of the
Swiss Long-term Forests Ecosystem Research Program (LWF) and the Swiss National
Forest Inventory (NFI) is described in a separate submission.

Existing institutional thematic repositories such as EnviDat may thus increase pan-
European visibility of data sets dedicated to long-term monitoring of forest systems and
processes.
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Ammonia (NH3) emissions are linked to eutrophication, plant toxicity and ecosystem
shifts from N to P limitation. Bryophytes are key components of terrestrial ecosystems, yet
highly sensitive to N deposition. Hence, physiological responses of mosses may be indicative
of NHs-related impacts, and thus useful to foresee future ecosystem damages and establish
atmospheric Critical Levels (CLEs). In this work, samples of Hypnum cupressiforme Hedw.
were seasonally collected along a well-defined NH; concentration gradient in an oak
woodland during a one-year period. We performed a comprehensive evaluation of tissue
chemistry, stoichiometry, metabolic enzymes, antioxidant response, membrane damages,
photosynthetic pigments, soluble protein content and N and C isotopic fractionation. Our
results showed that all the physiological parameters studied (except P, K, Ca and C)
responded to the NH; gradient in predictable ways, although the magnitude and significance
of the response were dependent on the sampling season, especially for enzymatic activities
and pigments content. Nutritional imbalances, membrane damages and disturbance of
cellular C and N metabolism were found as a consequence to NH; exposure, being more
affected the mosses more exposed to the barn atmosphere. These findings suggested
significant implications of intensive farming for the correct functioning of oak woodlands and
highlighted the importance of seasonal dynamics in the study of key physiological processes
related to photosynthesis, mosses nutrition and responses to oxidative stress. Finally, tissue
N showed the greatest potential for the identification of NHs-related ecological end points
(estimated CLE=3.5 pug m®), whereas highly scattered physiological responses, although
highly sensitive, were not suitable to that end.
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Soil respiration is one of the most significant carbon fluxes in terrestrial ecosystems.
The analysis and quantification of the fluxes and its influencing factors play a crucial role in
the understanding of the global carbon budget.

We present results of four years measurements of soil respiration at two ICP Forests
Intensive Monitoring sites on sandy soils in the Northeast German Lowland, a Scots pine
(DE1203) and an European beech (DE1207) forest stand. CO, efflux and vertical partitioning
of CO. production in soils were calculated using the flux-gradient approach based on
measured CO, concentrations at the soil surface and at 0, 10, 20, 30 and 100 cm soil depth.
CO, concentrations were measured every 30 minutes using 16 mini NDIR sensors which
were attached to gas permeable polypropylene gas probes installed at the respective
sampling depths. To develop site-specific diffusion models, intact soil samples were taken at
different depths to measure the soil gas diffusion coefficient at different levels of soil moisture
in the laboratory. The site-specific diffusion models were used to calculate the time series of
soil gas diffusivity throughout the year based on soil moisture and temperature. Soil moisture
and temperature were measured at identical time steps and soil depths as soil CO,
concentrations.

Results show higher CO, efflux at the beech site compared to the pine site which
increased in years with higher precipitation. Subsoils at both sites contributed less than 10%
to the overall CO, production.

52



Poster presentation

Changes in vascular plant communities in the third to fifth
year in an experimental tree trial on arable land

Vita Kreslina', Dagnija Lazdina’

'Latvia State Forest Research Institute "Silava", Latvia, kreslinavita@gmail.com

The studied object is located in Latvia, in Skriveri district in “Pardenci” (56°41’ N and
25°08’ E). In this area, short rotation tree species were planted. In this study, we have paid
attention to four of them: willow, birch, aspen and grey alder to compare the difference of
plant species composition and changes in vegetation during three years period. The aim was
to determine if the vegetation in short rotation coppice is changing to be more similar as it is
in forests. Vegetation was described in plots. The abundance of each species was rated in
percent. Data about plant species found in willow, birch, aspen and grey alder was
summarized for each sampling time. Changes were found in the structure of herbaceous
species in the plantation from the third to the fifth years after planting.

Indicator species analysis showed that the most characteristic species for willow plots
were Phleum pratense, Trifolium pratense, Plantago lanceolata, Sonchus arvensis, Agrostis
gigantea. The most characteristic species for birch plots were Poa annua, Taraxacum
officinale, Trifolium hybridum, Myosotis sylvatica, Leontodon autumnalis, and Cerastium
holestoides, Myosotis sparsiflora. The most characteristic species for aspen plots was
Festuca ovina. There were no characteristic species for grey alder plots.

The amount of plant species in the plantation tends to decrease. Conditions are
changing and tree trial starts to look more like young forest. In the fifth year after planting, the
canopy of the trees ar getting connected and vegetation is changing and getting more
homogenous. But the main vegetation consists of meadow plants, not forest. We looked at
the dominant vascular plant species and found out if there is any charactersitic for forest. The
only forest plant specie found as a dominant in the experimental tree trial is Fragaria vesca.
Though, already in the fourth year after planting, there were found forest mushroom species,
for example, Leccinum aurantiacum.
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The aim of the study is to find out the effect of different fertilizers on tree growth,
dimensions and ground vegetation in a cutaway peatland. Afforestation trial established at
2015 at Olaine district in VirSi on a cutaway peatland. Trees planted 10 x 10 m sample plots
25 trees in eache where sewage sludge (10 t ha™') and mineral fertilizers (0.5 t ha™') have
been applied. The plots have been afforested with Silver birch, Scots pine, Norway spruce
and Black alder seedlings. The average values for tree height (m) and diameter (cm) were
used, the growing stock was calculated. The projective cover of ground vegetation is larger in
plots fertilized with sewage sludge. There is much less ground vegetation cover on the plots
fertilized with mineral fertilization, mainly consisting of mosses and typical wetland species.
Due to closing of canopies of trees planted, during last years cover of the ground vegetation
and and its biodiversity below Pine and Black alder dramatically decreased. Fertilization
provides favorable conditions for self-seeded tree regeneration, while on nonfertilzed plots
trees dead at third season and no vegetation occurred. At the age of 8 the growing stock of
planted birches is 24 m® ha™" while for self-seeded trees it is 27 m® ha™. Stand productivity is
higher using sewage sludge and it has a lasting effect.
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The present work was carried out to assess the effect of atmospheric ammonia (NH3)
on soil physicochemical properties, soil enzymatic activities (B-glucosidase -B-GLU-, nitrate
reductase -NR-, urease -UR-, protease -PRO-, acid phosphatase -PHO-, dehydrogenase -
DHA-), soil microbial biomass and soil respiration. The study was conducted along a NH3
gradient in a Q. pubescens Milld. forest in the vicinity of two livestock farms. Because of NH,
(NH,: NH; and NH,") deposition, N saturation was detected up to 330 m from the farms. This
excess of N led to a decrease in soil C:N and an increase in soil nitrification processes,
which resulted in an accumulation of the heavy N isotope (°N) in the soil. N saturation was
also reflected in the activity of NR enzyme, which was inhibited. On the other hand, while UR
enzyme was inhibited close to the farms possibly due to the high amount of NH,*-N resulting
from the hydrolysis of NH3, PRO activity was stimulated by the presence of organic nitrogen
compounds and the need of soil organisms to meet the C demand. In addition, the activity of
PHO and B-GLU enzymes was regulated by the relative amount of C and P that organisms
need. Regarding biological variables, enhanced NH; reduced soil microbial biomass and
biomass respiratory efficiency. Finally, soil enzyme activities and soil microbial biomass have
proved to be good biological indicators of soil quality.
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We study biological protection on the occurrence of mass dieback in oak forests
seedlings caused by Microsphaera alphitoides Griff. et Maubl., with various dosages of AQ-
10 biofungicide, which is a pelleted formulation of conidia of Ampelomyces quisqualis Ces.
ex Schlecht. One of the main goals of the research was adjustment of the protective
measures to the FSC policy through selection of eco-toxicologically favourable fungicides,
given the fact that only preparations named on the list of permitted active matters are
approved for use in certified forests. In view of the fact that biopreparation AQ-10 is non-toxic
to humans and warm-blooded animals as opposed to the chemical preparation, has no
negative effects on the environment, ensures long-term control and is favourably priced, it
can be concluded that it should be introduced in control of oak powdery mildew in nurseries.
Future scientific research should certainly focus on testing the effect of AQ-10 on powdery
mildews of other major forest species. Simultaneous testing was conducted on the efficacy of
a chemical sulphur-based preparation. The best results in suppression of oak powdery
mildew were attained through use of sulphur SC in the concentration of 0.5%, while very
satisfactory results were obtained by use of AQ-10 biofungicide in the highest dosage of
application (50 and 70 g ha™'). The number of treatments was proven to have no significant
impact on increased efficacy of the bio-preparation, or in other words, it showed that besides
the application dosage, the high efficacy of the bio-preparation depends primarily on proper
timing of the application. It is therefore necessary to support the scientific institutions in
conducting the research aimed at producing biological methods and pesticides with less
adverse effects on the environment and biodiversity in forest ecosystems.
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Several studies have shown that dissolved organic carbon (DOC) in surface waters
has increased in Europe and in North America in response to the decline in acidic
atmospheric deposition. The response in soil solution in forest soils across Europe has been
less unequivocal due to a number of factors acting at local (soil and vegetation types) and
regional (atmospheric deposition of N and S) scales (Camino-Serrano et al. 2016). The
objective of this study was therefore to understand the long-term trends of DOC in soil
solution (2000 - 2016) at five Swiss Level Il plots and the influence of DOC throughfall (2000
- 2016) on temporal patterns of DOC. To assess the potential interactions of DOC with Al
and Fe (hydro)oxides and its susceptibility to microbial decay, the distribution of DOC
between the hydrophobic and the hydrophilic fractions in soil solution was estimated (2005-
2012) using the mean of UV spectrometry at 260nm (Dilling and Kaiser 2002).

Results of DOC time series decomposition in the soil solution do not exhibit a
monotonic trend, instead the trend component shows acyclic patterns with peaks in certain
years. Over all samples, there is a strong relation between the hydrophobic fraction and total
DOC in the soil solution (R%g = 0.79) and in throughfall (R%; = 0.86), respectively. On
average, hydrophobic DOC constitutes 74% of total DOC in the soil solution and 47% to total
DOC in throughfall. While time series of hydrophobic DOC in throughfall did not show much
variations at the five sites, time series of hydrophilic DOC exhibited seasonal peaks that, in
some sites, were also traced in the soil solution (soil depth 0 and 15 cm). The pattern of the
two DOC fractions might offer an additional explanatory variable to improve our
understanding of the DOC temporal dynamic in soil solution and of its potential long-term fate
in the soil. The influence of litterfall on DOC soil solution will be also presented.
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In this work the fluxes of mass and the nutrients Ca, Mg, K, N, P and S were
determined in the litterfall of two adjacent forest ecosystems of Hungarian oak (Q. frainetto)
and beech (F. sylvatica) in the area of Ossa (a mountain situated in northeastern Greece) in
the period 2010-2015. The litterfall was divided into foliar, woody and rest components. In
addition, the stocks of mass and nutrients were calculated in the forest floors of the two
ecosystems. The annuals litterfalls were compared and only one significant statistical
difference was found, that of K in the woody litterfall. In contrast, in the forest floors
significant differences were found. In the L horizon statistical differences were found for the
stocks of Ca and N. In the FH horizon the masses and all the nutrient stocks as well as the
C/N ratio differed significantly as the beech plot had much higher quantities of organic matter
and nutrients.
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The aim of the contribution is evaluation of changes and trends in tree nutrition within
the ICP Forests Level Il network in the Czech Republic. The longest time series for ICP
Forests Level Il plots without interruption is since 1995 until last sampling in 2017. But only
two Norway spruce plots were sampled these whole period. The rest of sampled plots differs
in length of period of sampling as well as in number of sampled years. According to various
conditions also differs number of sampled plots for every year of sampling and/or number of
analysed elements differs as well. Sampling is being done every two years and both
sampling procedure and analysis of foliage are carried out according to ICP Forests manual.

There is a fluctuation or slight increase of nitrogen concentration and simultaneously
slow decrease of phosphorus concentration. This leads into imbalance between these two
important nutrients. Ratio between these two elements exceeds often the upper optimum
limit 12 points.

Potassium behaves differently in mountainous areas (> 800 m a. s. |.), where there is
a decrease, especially in one year old needles while in lower altitudes is the situation better
and concentration of potassium fluctuates or there is slight increase.

Concentration of magnesium decreased on two sampled broadleaves plots
(European beech) as well as on Scots pine plot. The decrease within the beech plots is from
2.3, resp. 1.4 g kg (2001) to 1.5, resp. 0.9 g kg™ (2015). The decrease about 25 % was
found on pine plot between years 2005-2015.

Concentration of sulphur was higher in 90ties, but nowadays there is between 1.0-
1.3 g kg within the coniferous plots and about 1.6 g kg™ within the broadleaves plots. It
means we can call sulphur as a nutrient instead of load or stress element.

In general we can conclude, that nutrition level is slightly changing, often we observe
imbalance in ratio between nitrogen and other important nutrients, especially between N and
P.
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Throughout Germany, experts estimate about three to four times more nitrogen being
introduced into forests than is compatible with forest ecosystems. The presented project
aims to improve the data on critical nitrogen loads (N.q) for forests. By this, the project will
provide an improved basis for the planning of measures and their enforcement under
immission control legislation in order to protect N sensitive forest communities from further
degradation.

To estimate critical loads for various N sensitive forest communities, the approach of
the Simple Mass Balance (SMB = N deposition — N uptake into biomass — N immobilization —
denitrification — N leachate) is applied. Within the project, the mean SMB is calculated for the
years 2008 to 2017 at three spatial scales, which differ in their level of information regarding
the terms contained in the SMB:

1. Intensively monitored plots (ICP Forests Level II); on which long-term
observations are available on deposition, soil nutrient pools, soil water and
nutrient fluxes, soil gas fluxes and N uptake in the (wood) biomass;

2. FFH areas of ten N sensitive forest communities, where detailed information on
vegetation changes, large-scale data on deposition and soil solid phase and
short-term observations on soil-water concentrations are available;

3. Further N sensitive forest communities, for which no on-plot measurements exist
and functions need to be established to transfer SMB terms from the more
intensely investigated plots (1., 2.).

Based on an error accounting for each individual SMB term, it is estimated for which
SMB terms a calculation on the various spatial scales is feasible and for which uncertainties
are too great to derive reliable results regarding Ne.
The poster shows first results of the SMB balances at all three spatial scales and discusses
the potential for deriving N values for the entire set of N sensitive forest communities in
Baden-Wdarttemberg.
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Many plant species respond to ambient levels of ozone pollution with distinct visible
foliar symptoms that can be diagnosed in the field. The aim of this paper is to determine
possible ozone injury on the selected experimental plate. The results attributed to Level Il
Serbia — Kopaonik sites will be documented in maps covering Europe, characterizing areas
of increased ozone risk of European forest ecosystems. Locality where is a measuring
station for monitoring of health status within the IPCC project is located in the department
74a, GJ "Samokovska river" in the national park "Kopaonik". Basic features of forest
ecosystems in the narrow locality station are: elevation of 1700 m; exposure is North-West;
the terrain is gently sloping to moderately steep; geologic surface as granite and
granitmonconit, compact structure; type of soil - soil podzol brown, deep; dead quilt ?re
medium - adverse humification process; terrestrial vegetation is very dense with shrubs
rarely present; Site belongs to the type of spruce forests (Picetum excelsae oxalidetosum) on
brown podzol soil. The stand is sporadically occurring offspring spruce, and in the wider area
and mountain ash. The assessment for visible ozone injury to main tree species is conducted
on the leaves from the same branches where foliar analysis is carried out. The samples of
foliar injury are collected every second year from the upper sun exposed crown.
Methodologies, including quality assurance, such as data harmonization, completeness and
plausibility tests have been applied according to the ICP Forests Manual, Parts VIII -
Assessment of Ozone Injury. Specific targets - injuries ozone on the selected parcel Level Il
— Kopaonik, show that no ozone injures has occurred.
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Elemental or ionic analyses have been conducted mainly to monitor the atmospheric
deposition and its effects on forest ecosystems. However, it is difficult to discuss clear
relationship between atmospheric inputs and biogeochemical cycles in the ecosystems. To
obtain traceable information on elemental flow in forest ecosystems, we applied multi-
isotopic analyses to the existing samples collected for the Long-term Monitoring Program on
Transboundary Air Pollution and Acid Deposition by the Ministry of the Environment of
Japan. The samples for rainwater (RW), soil solution (SS), and stream water (SW) were
collected monthly in two forest catchments, Kajikawa site (KJK) in Niigata near the Sea of
Japan and ljira site (IJR) in central Japan. The RW sample was also collected at the high
mountain ridge, Happo-one (1,850 m asl). Lake water samples were collected quarterly in six
lakes in forest area. Firstly, we started sulfur isotopic analysis (5°S) for major water samples.
Then, additional isotopic analyses, including Sr isotopic ratio (3’Sr/?®Sr), Pb isotopes (***Pb,
20%pp, 27Pp, and 2°®Pb) and hydrogen (5°H) and oxygen (5'%0) in H,O were conducted for
the rest of the samples. The deuterium excess (d-excess) value (3°H — 8 x3'%0) was
calculated for H,O to discuss water vapor origins. The 5*S values of RW increased in winter
in both KJK and IJR, suggesting long-range transport of air pollution from the continent (e.g.
Ohizumi et al. 2016), while the sulfur deposition in IJR increased in summer due to domestic
emission sources in the Pacific side. Increase in the d-excess values of RW in winter
indicated also transport of air mass from the continent through the Sea of Japan. The 5*'S
values of SS and SW were relatively stable through a year. The deposited sulfur seems to be
once retained/cycled in forest ecosystems and then flowed into SW.
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Atmospheric nitrogen deposition continues to affect natural or semi-natural
ecosystems around the globe. It is known to contribute to an accelerated acidification of
forest soils on crystalline parent material. In central Switzerland, we are conducting since
1995 an experiment simulating increased N deposition to a small catchment (0.15 ha) in a
Picea abies forest, which soil is a Gleysol on Flysch, i.e. a carbonate-containing
underground. The site presents a distinct microtopography of mounds and depressions. N is
added as NH4NO; at 22 kg ha™ y' and the N-addition catchment is compared to a control
catchment receiving only rainwater, with an ambient deposition of 12 kg ha™ y'. Water
chemistry is analysed fortnightly in precipitation and in discharge-proportional runoff
samples. Soil samples were taken in 1996, 2007, 2014, 2015 and 2016.

Over 20 years, precipitation pH increased while sulfate concentrations dropped. In
spite of the decreasing input of protons, the base saturation of the upper layer of the soil
decreased, especially in the N-addition catchment, and more on mounds than in
depressions. In the runoff water from the catchments, the N addition caused, compared to
the control, more than 3 times higher nitrate leaching, a small but significant decrease in pH,
higher concentration of calcium and a strong increase in dissolved Al and Fe. Nitrate
leaching strongly increased after part of the trees were girdled then felled in the N-addition
catchment, also but less pronounced in the control.

Our results show that atmospheric N deposition contributes to top-soil acidification
also for a soil developed on a well-buffered parent material. A biogeochemical modelling
revealed that nitrification and biomass growth are the main acidifying processes that are
promoted by the experimentally increased N deposition.
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The aim of this paper is to emphsize the results of the phenological observations
registered during the growing seasons 2014, 2015 and 2016 in three plots from Level Il ICP
Forests Romanian Network (Stefanesti, Mihaesti, Fundata) on six tree species (Quercus
robur, Quercus petraea, Fagus sylvatica, Carpinus betulus, Acer campestre and Tilia
cordata). In the case of Fagus sylvatica the observations were made both in the permanent
plot at Fundata and at Mihaesti. The methodology adopted is the one described in the ICP
Forests manual dedicated to phenological observations (Beuker et al. 2010). For the
analyzed species, observations were made for a number of 4 phenophases (leafing,
blossoming, leaf coloring and leaf fall) at a number of 30 dominant and co-dominant trees,
easily visible throughout the length of the canopy. The start, the end and duration of each
phenophase are described for all the analyzed species. Also, to highlight the relationship
between each phenophase and temperatures from the study areas, the phenological data
obtained were compared and linked with average daily temperatures and average 10-days
temperatures.
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The anthropogenic sources of air pollution such as transport, energetics, household
heating and industry generate different trace element footprint in the urban ecosystems. The
aim of the research is to determine air pollution in Jelgava city using lichenoindication and
snow samplings. City of Jelgava was divided in 104 sample plots (in the central part of the
city 500 x 500 m and in outer part of the city ~ 1 km x 1 km). In each sample plot on 10 tree
trunks the number of epiphytic lichen species was identified and the percentage of the
covered area of each species was determined. The index of air purity (I.A.P) has been
determined. The snow samplings were collected during January and February 2017. The
snow samples were analysed using inductively coupled plasma spectrometer (ICP-OES).
The territory of Jelgava consists of three air pollution zones: high air pollution zone makes up
2.75% of the city, medium zone 44%, but clear air zone 53.25% of the city. In the central part
of the city the medium zone dominates because of intensity of traffic in the main streets
furthermore this zone has a tendency to increase. The results of clusters of snow samplings
were analysed using GIS, and the areas with different air pollution risks were identified. The
results show strong evidence of transport and household impact on air quality. Relatively
good air quality has been found in places where the pollution is being dispersed by nearby
open spaces or urban parks and forests, and also nearby rivers — Driksa and Lielupe.
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Mycorrhizal fungi benefit plants by improved mineral nutrition and protection against
stress, but little is known about the fundamental functional differences among mycorrhizal
types in fungi and plants and their relative importance in biogeochemical processes. We test
differences in genomes and critically review the ecophysiological differences in mycorrhizal
fungal guilds and mycorrhizal types of plants on other plant traits, ecosystem properties and
global nutrient cycles. Mycorrhizal fungi display fundamental differences in genomic capacity
for mineral nutrition, particularly oxidative degradation of carbohydrates and releasing
nitrogen and phosphorus from organic material. Mycorrhizal associations modulate the trade-
off between allocation to roots or mycelium, ecophysiological traits such as root exudation,
weathering, enzyme production, plant protection, community assembly as well as response
to climate change. Mycorrhizal types exhibit differential effects on ecosystem nutrient cycling
that may affect global nutrient flux and drive functional shifts in response to global change
impacts. The heavy temperate sampling bias associated with differential nutrient limitation
and soil processes across biomes insists caution in global modelling and interpretation.
Combining controlled carefully replicated experiments with —omics techniques will offer great
promise in understanding differences in ecophysiology and ecosystem services among
mycorrhizal types.
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Foliar litter represents an important link between forest productivity and biomass and
ecosystem process. Although much of the element content in foliar (leaves and needles) is
translocated prior to senescence and leaf fall, litterfall (LF) is a key pathway for elements
return to the soil in forests. The studies of LF have usually focused on concentrations of
macronutrients, while there are fewer studies about heavy metals. Too high heavy metal
concentrations in LF and soil can strongly impact the functioning of forest ecosystems due to
their toxicity to organisms, furthermore elevated heavy metal concentrations can reduce the
rate of litter decomposition resulting in its accumulation in forest floors. We aimed to study
Cr, Cu, Ni, Pb and Zn concentrations in LF and their effect on the soil in six ICP Forests sites
in Finland. Two of the sites represent Scots pine, two Norway spruce and rest two Silver
birch dominated stands. LF samples were taken between 2005 and 2007, when last
analyzed soil samples were taken. Analyses were conducted according to the ICP Forests
manual (LF, soil).

The study indicated that the highest heavy metal concentrations in LF were on the
birch site, with the exception of Cu and Ni, which concentrations were highest in the
Sevettijarvi, pine dominated site. The Sevettijarvi locates in northernmost Finland, close to
Russian border. In a Russia, in distance of 100 km, locate Cu and Ni smelters, which
emissions clearly have affected to the site. Heavy metal concentrations in soil were higher in
organic layer than in mineral soil layer, further concentrations in organic layer were higher
than in LF, excluding Zn concentration, which was mainly highest in LF. Heavy metal
concentrations in LF and soil layer correlated well. Next we will expand our study to the other
ICP Forests sites in Finland and Europe.
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Thimonier?, Katrin Meusburger?, Maria Schmitt?, lvano Brunner?

’University of Basel, Switzerland, lena.wohlgemuth@unibas.ch
2 Swiss Federal Institute on Forest, Snow and Landscape Research WSL, Switzerland

Novel research on mercury (Hg) stable isotope signatures in continental vegetation
and soils suggests that uptake of elemental HgO by plants during gas exchange of stomata
represents a largely overlooked deposition pathway to terrestrial ecosystems. Yet, as Hg
concentrations are usually not measured in forest monitoring programs, the data basis for a
thorough assessment of this deposition flux on a large scale is missing.

The objective of this poster is to present an approach for a comprehensive and
collaborative assessment of the Hg pool in foliage across Europe. To quantify the amount of
HgO taken up by forests across Europe we propose to analyze Hg concentrations of a large
set of foliage samples and assess the Hg pool in vegetation using leaf area indices (LAISs)
and specific leaf areas (SLAs). For this reason we are searching for collaborators from
different countries contributing Hg concentration data or foliage samples. If you are
interested, we invite you to come to our poster to discuss our approach and possibilities for
collaboration.

We plan to present first results of Hg analyses of foliage samples collected on ICP
Forests Level Il plots in Switzerland in 2015. This poster proposes an approach how a large-
scale investigation of available samples can be used to assess the Hg pool in foliage across
Europe. This project will improve the understanding of seasonal Hg fluxes to vegetation and
demonstrate how a long-term monitoring program like ICP Forests may help to quantify this
important sinks of atmospheric Hg.
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The aim of this study was to investigate biochemical response of three poplar
genotypes to drought. Poplar is a widely used model for studying stress response of trees.
Adaptation of tree species to climatic conditions is continuing concern, especially under
climate change scenarios. In this study cuttings of poplar were grown hydroponically and
exposed to different concentration of PEG6000 in order to induce drought stress. Sampling
was realized after six days of treatment. Changes in the activity of antioxidant enzymes, two
enzymatic markers of polyphenol metabolism, antioxidant capacity as well as proline and
glycine betaine content were investigated in stressed plants. Our results shown that
genotype B-229 was highlighted by activation of SOD and accumulation of GSH. Also, this
genotype has shown higher antioxidant capacity compared to other two clones, probably
because of higher accumulation of polyphenolic compounds and activation of biosynthetically
enzyme PAL. Genotype M-1 was highlighted with activation of peroxidases, accumulation of
chla and chlb, low accumulation of H,O, and high inhibition of OH radical. Genotype PE19/66
has highest accumulation of proline and activation of ascorbate-peroxidase, as well as lowest
intensity of protein oxidation. Our data shown that there is a difference in response, but some
dominant changes occurred in reactive oxygen species scavenging and osmotic regulation.
These results provide new clues for understanding the molecular basis of plant drought
tolerance.
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