


Tree mineral
nutrition responds
to environmental
change

When studying forest responses to climate change it is
important to consider tree nutrition. Enhanced atmospheric
deposition of nitrogen, atmospheric carbon dioxide
enrichment, and higher temperatures and longer growing
seasons have stimulated tree growth in many parts of Europe.
Increased tree growth can lead to increased nutrient demand.
In forests where soils offer limited nutrient supply and where
nutrients are removed from forest ecosystems through tree
harvesting, tree mineral nutrition can deteriorate.

Nutrient levels in tree foliage reflect atmospheric and
soil-related influences and are an important component
of the ICP Forests monitoring scheme under the UNECE Air
Convention. Foliar nutrient analyses have been undertaken
at least once on 1061 Level Il intensive forest monitoring
sites in 31 countries since the 1990s. These data allow
detailed analyses of interactions between nutrients,

the detection of trends over time, and the study of tree
responses to environmental change.
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Current status

Foliar N:P ratios in broadleaf forests across

Europe for the period 2007-2016 varied between
10.3 and 34.1, with an overall average of 20.2.
Ratios at more than half the study sites (56%) were
above the critical limit for optimal nutrition. For all
sites, this is due to both high foliar N and low foliar
P concentrations.

Foliar N:P ratios were lower in coniferous forests,
ranging from 5.3 to 20.9, with an average of 9.6.
Ratios at over 80% of the study sites were within
the optimal nutrition range. The few sites with low
N:P ratios, indicating limited availability of N, are
mostly in northern Europe or in mountain areas.

In contrast, sites with high N:P ratios, indicating low
availability of P relative to N, occur all over Europe.

» Mean foliar N:P ratios for the period 2007-2016
period assessed against the critical limit for optimal
nutrition for coniferous trees (Scots pine, Norway
spruce) and broadleaf trees (Furopean beech,
temperate oaks) at ICP Forests Level Il intensive
monitoring sites across Europe.

Recent trends

Overall, both foliar N and foliar P concentrations
have decreased significantly at ICP Forests
monitoring sites over the past two decades for
both broadleaf and coniferous trees. The rate of
decrease in foliar P is more than double that for
foliar N, resulting in a shift towards higher N:P
ratios. Although certain sites show a trend towards
lower N:P ratios, the number of sites with N:P ratios
above corresponding, species-specific limit values
have increased for both broadleaf and coniferous
forests, showing an increasing imbalance in tree
nutrition across Europe.

» Trends over time (1996-2016) in foliar N:P ratios
for coniferous trees (Scots pine, Norway spruce) and
broadleaf trees (European beech, temperate oaks)
at ICP Forests Level Il intensive monitoring sites
across Europe.

Tree species specific nutrient classes
corresponding to the mean N:P ratio

of the 2007-2016 period

I Class 1: below the N:P lower critical limit
I Class 2: optimal range

M Class 3: above the N:P upper critical Limit

Forest Type

A Coniferous

® Broadleaf ‘f
Woodland

Trends in N:P ratios from 1996 to 2016

B Trend 1: statistically significant increase in N:P ratio
[ Trend 2: non-significant increase in N:P ratio
¥ Trend 3: non-significant decrease in N:P ratio
W Trend 4: statistically significant decrease in N:P ratio

Forest Type
A Coniferous
® Broadleaf
Woodland ¥
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Future developments

Shifts in the ratio between levels of foliar N and foliar P can be
attributed to human emissions of N and carbon. The resulting
nutrient imbalance has the potential to limit tree growth,
leading to a reduction in wood supply and carbon sequestration
by forests,and to decrease the resilience of forest trees to
stressors such as drought or insect infestation.

The implications for forest productivity and for the potential

of forest ecosystems to respond to global environmental change
highlight the importance of monitoring the deposition of N and
other elements into forests and their subsequent impacts on the
structure and functioning of forest ecosystems.

Counteracting nutrient imbalances in forest trees through

P fertilisation of forest soils is not generally considered viable
or cost-effective. Instead, and for ecological as well as economic
reasons, the nutrient imbalances detected on ICP Forests
monitoring plots would perhaps be better addressed through
action to further reduce levels of air pollution.
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This is the forth issue of the ICP Forests Brief series, which aims to provide clear
and concise information on the ICP Forests monitoring programme and its latest
scientific findings. These short updates are primarily directed at policymakers
and the interested public offering them scientific knowledge for an informed
debate on key forest-related environmental topics.
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United Nations Economic Commission for Europe
(UNECE) Convention on Long-range Transboundary Air
Pollution (Air Convention) International Co-operative
Programme on Assessment and Monitoring of Air
Pollution Effects on Forests (ICP Forests)

The data underlying this Brief were collected through ICP Forests. Monitoring
sites are maintained by the ICP Forests member states and a wide range of
environmental parameters and ecosystem responses are regularly assessed.
See ICP Forests Brief #1 for further details.

For further information, please contact:
Programme Co-ordinating Centre of ICP Forests
Dr Kai Schwarzel, Head

Thiinen Institute of Forest Ecosystems
Alfred-Moller-Str. 1,Haus 41/42

16225 Eberswalde, Germany

Email: pcc-icpforests@thuenen.de
http;//icp-forests.net
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