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Tree foliage and litterfall reveal declining tree  
nutritional status and improve the assessment  
of carbon dynamics
L Wohlgemuth, M Neumann, M Jonard, L Ukonmaanaho, P Rautio, A Nussbaumer

Nutrient supply and balance are essential for healthy forests.  Analyses of foliar nutrients  
can reveal nutrient deficiencies and/or toxicities and can indicate a biological response 
to environmental changes. ICP Forests monitors the nutritional status of forest trees in  
Level II plots.

Decline of nutritional status of European forest 
trees
Analysis of overall trends reveals significant declines in fo-
liage concentrations of several nutrients in the main Euro-
pean forest tree species. Such declines in foliar nutrients 
may lead to nutritional deficiencies (see bar graph on the 
left). (Jonard et al., 2015; Talkner et al., 2015; Braun et al., 
2020; Peñuelas et al., 2020; Du et al., 2021).

Improvement of the estimation of carbon and 
nutrient fluxes to forest soils
More than 1,600 ICP Forests annual litterfall observations 
form the basis for modelling litterfall carbon and nutrient 
fluxes. The total annual amount of carbon, nitrogen, phos-
phorus, and potassium transferred to European forest floors 
via litterfall has been estimated to be 351 Tg, 8.2 Tg, 0.6 Tg, 
and 1.9 Tg, respectively. (Neumann et al., 2018)

Mast years and resource dynamics
With annual litterfall data, we can identify spatially syn-
chronized high fruiting years (mast years). During those 
years, radial growth of tree stems and leaf biomass decrea-
ses in beech. In contrast, oak species exhibit no change in 
vegetative growth. (Nussbaumer et al., 2021)
   

An overall quality assurance perspective  
for ICP Forests

 Manuel Nicolas, Marco Ferretti

A committee created for the overall quality 
assurance of the program
The Quality Assurance (QA) Committee was created in 2007 
to promote data quality and to properly define a common 
approach within ICP Forests. Within a 3-year mandate until 
2010, the Committee led the review of all parts of the ICP 
Forests Manual according to harmonized rules and elabo-
rated a new Manual part about QA (Ferretti et al., 2021).

A manual to be continually improved and 
adapted to new situations
The QA Committee was convended again in 2020 to re-
view the QA Manual Part and develop further guidelines, 
especially to harmonize the reporting of quality measures 
in all surveys. Initially, the ICP Forests Level II programme 
was designed for plots installed in adult and homogenous 
forest stands. But after more than 30 years of monitoring, 
additional instructions were required in how to deal with 
stands under regeneration after final cutting or those se-
verely damaged by natural disturbances (storms, bark bee-
tle attacks, etc.).  The ICP Forests Manual is being further 
developed regularly to provide guidance in these situati-
ons (Ferretti et al., 2020).
   

Comparison of defoliation assessment in Scots pine, Freiburg i. B.,  
Germany, 1988. Average deviation in defoliation assessment among 
10 teams from Bulgaria, the former CSSR, the former German De-
mocratic Republic (GDR), Hungary, Poland, Spain, the former USSR, 
the former Yugoslavia, Italy, and the former Federal Republic of Ger-
many (FRG).

Data quality is essential in forest monitoring. Efforts have been made to improve 
data quality since the early stages of ICP Forests: e.g. the ICP Forests Manual and 

the international crown condition intercalibration courses were initiated in 1986–1987 
and soil inter-laboratory comparisons started in the 1990s. Later, a great deal of activity 

was developed, with particular emphasis on laboratory analyses and intercomparison.
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