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Context — Numerous recent studies have documented the ecological benefits and values provided by 

mixed-species stands in temperate forests. However, the effects of these mixtures are expected to change 

with corresponding changes to environmental conditions and gradients of resource supply.  

 

Objectives — Our main goal was to increase our understanding of the differences in growth, structure and 

functioning of trees in mixed vs. pure forests using a well replicated study at the European level. In particular, 

we asked (i) how does productivity of mixed-stands differ from that of pure stands, (ii) how does crown 

morphology differ in mixed and pure stands, and (iii), to what degree do both (i) and (ii) depend on the site 

characteristics? 

 

Approach — We studied the growth of Scots pine (Pinus sylvestris L.) and European beech (Fagus 

sylvatica L.) in mixed versus pure stands on 32 triplets (pure pine-mixed-pure beech) located along a 

productivity gradient through Europe, reaching from Sweden to Bulgaria and from Spain to Ukraine. We 

installed a triplet in the Northern Vosges; we cored 20 dominant trees per plot and species and pooled our 

data with the rest of the European network. Additionally, we used terrestrial laser scanning (TLS) to obtain 

high-detail 3-D description of crowns in a subsample of four sites covering the mixture’s distribution area 

(from Spain to Sweden). 

 

Key results — 

 

 A unique network was established consisting of triplets of Scots pine (Pinus sylvestris L.) and 

European beech (Fagus sylvatica L.) across Europe. The network consists of 32 triplets, 96 plots, 

7555 trees and 4695 core samples. These data contribute to our understanding of mixed stand 

dynamics. 

 In mixture standing volume (+12 %), stand density (+20 %), basal area growth (+12 %), and stand 

volume growth (+8 %) were higher than the weighted mean of the neighbouring pure stands.  

 Our findings confirm that species mixing can stabilize productivity at the community level, whereas 

there is a neutral or negative effect on stability at the population and individual tree levels. 



 Crowns in mixed stands were wider and lower-reaching than those in pure stands. Innovative TLS 

metrics revealed site effects not captured by traditional metrics. 

 There was an overall positive effect of mixing on light absorption. 

 Overyielding in mixed stands did not show any relationship with site index and climatic variables. 

 However, the magnitude of mixing effect in crown structure differences increased in the two sites 

with higher productivity and heterogeneity over monocultures increases with water availability. 

Main conclusions including key points of discussion — The unique empirical network built has 

demonstrated the higher stand productivity and forest structural changes in mixtures compared to 

monocultures. Using a combination of techniques, from classical dendrology to remote sensing and 

modeling, we have been able to highlight the importance of considering both site conditions and spatial scale 

when analyzing mixtures. Some of the next necessary steps which will be tackled partially with the project 

REFORM incude considering the effect of forest management, and thinning in particular, in the overall 

differences between mixtures and monocultures. 

 

Perspectives — The strong European network built during the COST action EuMixFor (and supported 

financially by the Labex for the French team) has been recently funded through the participation in the ERA-

net European project “REFORM” (French team funded by ANR and led by H. Jactel, INRA Bordeaux). In 

this project we will analyze the combined effect of species diversity, density and drought on growth and on 

crown characteristics. 
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