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Rainfall exclusion and stand density interactively shape forest primary
productivity, water use and their responses to drought in a Mediterranean
oak coppice
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Drought intensity and frequency is currently increasing in many regions due to reduced precipitation during the
growing season combined with warmer temperatures. By reducing the water availability in mature forest ecosys-
tems, rainfall manipulation experiments are necessary tools to study mid-term responses to drought and gain a
better understanding of forest responses to climate change. Stand density reduction by thinning has been recom-
mended as an adaptive management to reduce tree competition for water, but its interactions with drought responses
are still poorly known especially at the stand level.

The throughfall exclusion experiment of the Puéchabon experimental site combines a rainfall exclusion (27% re-
duction of precipitation inputs) with a thinning treatment (30% reduction of the basal area) in a Quercus ilex
Mediterranean forest. We investigate treatment effects on stand aboveground primary productivity (ANPP) and
water fluxes over 15 years, and explore whether these treatments modify the inter-annual relationships

between drought and ecosystem functions.

The reduced precipitation regime induced an 11% decrease in total stand ANPP, mainly due to a 23% reduction in
leaf litterfall. This decrease in leaf production was accompanied by a reduction of transpiration by approximately
23%, which is consistent with the predictions of eco-hydrological equilibrium theory. Stand reproduction was
also severely affected by rainfall exclusion, while stem growth and tree mortality were not significantly reduced.
Thinning mimics the ecosystem response to drought by reducing stand density, leaf area and transpiration, but it
stimulates stand reproduction and stem growth so that ANPP was maintained in thinned stands, even under drier
conditions.

Rainfall exclusion and thinning treatment did not alter ANPP relationships with spring drought. The relationship
between transpiration and drought exhibited, however, a lower intercept in droughted and thinned stands due to
the structural constraints on tree transpiration exerted by a lower leaf and sapwood area. In addition, thinning de-
creased the sensitivity of wood biomass loss to annual drought.

Our results suggests that i) mid-term changes in stand ANPP due to precipitation reductions can be inferred from
the historical temporal relation between stand ANPP and drought, ii) impacts on ecosystem water use may be de-
coupled due to changes in stand structure and carbon allocation and iii) thinning can compensate for reduced water
availability and decrease stand sensitivity to drought.



