
Productivity 

of mixed-species plantations

Hervé Jactel



A growing need for forest biomass

1.  Raw material for industry, construction...

2.  Climate change mitigation

3. Ecosystem services provided by the forest



The supply of woody biomass is likely to decrease: 
• productivity limits despite advances in genetics and silviculture
• negative impacts of climate change 
• competition for available land

Hence the need to increase production density:
• proposal to diversify forests to increase their productivity 

in the long term

Tension on the forest resource





Forest productivity increases with tree species richness



Mixed-species forests produce more than the average 
productivity of their component species monocultures

The concept d’overyielding (OY)
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Mixed-species forests produce more than the average 
productivity of their component species monocultures



Overyielding = 15%

126 comparisons pure vs. mixed 
forests in 60 sites

Mixed-species forests produce more than the average 
productivity of their component species monocultures



+22%

Mixed-species forests produce more than the average 
productivity of their component species monocultures



3 main mechanisms explain the pattern

Mechanism # 1: tree packing



Mechanism # 2: complementarity in resources use

3 main mechanisms explain the pattern



Mechanism # 3: facilitation

3 main mechanisms explain the pattern



Some mixed species forests can be more productive than the  
most productive monoculture of their component species

Concept of transgressive overyielding (TOY)
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Transgressive 
overyielding ≠ 0%

Some mixed species forests can be more productive than the  
most productive monoculture of their component species



Examples of transgressive overyielding in mixed-species 
plantations in Europe

Picea abies + Fagus sylvatica (Pretszch et al. 2009)

Picea abies + Betula pendula (Jonsson et al. 2019)

Picea abies + Alnus glutinosa (Mason et al. 2014)

Picea sitchensis + Tsuga heterophylla (Mason et al., 2020)

Pinus sylvestris + Tsuga heterophylla (Mason et al., 2020)

Pinus sylvestris + Picea sitchensis (Mason et al., 2021)

Pinus sylvestris + Picea abies (Drössler et al., 2018; Jonsson et al., 2019)

Pinus sylvestris + Quercus robur/petraea (Steckel et al. 2019)

Pinus sylvestris + Fagus sylvatica (Condes et al. 2013)

Pinus sylvestris + Betula pendula (Jonsson et al. 2013)



Remaining questions to promote and develop 
mixed-species plantations

1. Choice of tree species to associate

2. Spatial planting pattern 

3. Silvicultural guidelines 

4. Integration in the bioeconomy



FORMIX
A new network of experimental mixed plantations



A twofold concept:
1. Adopting common principles
2. Adjusting to local conditions

6 Common Principles
1. All tree species to plant must be relevant to the local forestry sector
2. Two-species mixtures, if possible associating broadleaves and conifers
3. Tree species planted as monocultures as well
4. Test of different tree densities to optimize productivity/revenues
5. Tree species intermingling pattern = row-wise planting
6. Large experimental plots to allow realistic cost benefit calculations

Adjustment to local conditions
Choice of adapted tree species to local soil and future climate, and relevant to 
local stakeholders/industries expectations




