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Beech forests of Central Europe are covering large areas with marginal calcareous soils, but provide important
ecological services and represent a significant economical value. The vulnerability of these ecosystems to projected
climate conditions (higher temperatures, increase of extreme drought and precipitation events) is currently unclear.
Here we present comprehensive data on the influence of climate change conditions on ecosystem performance,
considering soil nitrogen biogeochemistry, soil microbiology, mycorrhiza ecology and plant physiology. We
simultaneously quantified major plant and soil gross N turnover processes by homogenous triple 15N isotope
labeling of intact beech natural regeneration-soil-microbe systems. This isotope approach was combined with
a space for time climate change experiment, i.e. we transferred intact beech seedling-soil-microbe mesocosms
from a slope with N-exposure (representing present day climate conditions) to a slope with S exposure (serving
as a warmer and drier model climate for future conditions). Transfers within N slope served as controls. After an
equilibration period of 1 year, three isotope labeling/harvest cycles were performed.
Reduced soil water content resulted in a persistent decline of ammonia oxidizing bacteria in soil (AOB).
Consequently, we found a massive five-fold reduction of gross nitrification in the climate change treatment and a
subsequent strong decline in soil nitrate concentrations as well as nitrate uptake by microorganisms and beech.
Because nitrate was the major nutrient for beech in this forest type with little importance of ammonium and amino
acids, this resulted in a strongly reduced performance of beech natural regeneration with reduced N content, N
metabolite concentrations and plant biomass. These findings provided an explanation for a large-scale decline
of distribution of beech forests on calcareous soils in Europe by almost 80% until 2080 predicted by statistical
modeling. Hence, we question the sustainability of such forests under projected climate change conditions, but
also discuss potential mitigation and adaptation options.
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