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Research Unit: Forest Ecosystem, Nogent-sur-Vernisson

38 persons: researchers, engineers, technicians...

2-5 PhD

10 non-permanent staff /year

 8-15 students (mostly master level) / an

Taxonomic biodiversity Tree growth, ecosystem functioning

Herbivory, vegetation 
dynamic

Conservation of genetic 
tree biodiversity
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Oak
Pine
Mixture
Unthinned mixture

Oak

Quercus petraea

Pine

Pinus sylvestris

Mixture

State forest of Orléans

Even-aged stands,

60-80 yr old

Study area and description



p. 4OPTMix: experimental site in mixed forest

5-6th Oct. 2021 / Korboulewsky et al.

Factors tested

Composition

OAK
OAK-PINE 
MIXTURE

PINE

3 tree compositions

Hyp.: better growth (niche 
complementarity), resilience, 
resistance 

T° max 

T°mean :  0.33°C  / 10 yr

+ 1°C the last 30 yr !

T° min

Evolution of the annual 
temperature

1970 2010 Weather station of Nogent
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Factors tested

Composition

OAK

Silviculture
(tree density)

Dynamic 
(low density)

Conservative 
(medium density)

OAK-PINE 
MIXTURE

Dynamic 
(low density)

Conservative 
(medium density)

PINE

Dynamic 
(low density)

Conservative 
(medium density)

Self thinning
(high density)

3 tree compositions

3 tree densities

Hyp.: lower density = 
lower competition for resources (water)
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Factors tested

Composition

Herbivory

OAK

unfencedunfenced fenced

Silviculture
(tree density)

Dynamic 
(low density)

Conservative 
(medium density)

OAK-PINE 
MIXTURE

unfenced

Conservative 
(medium density)

PINE

unfencedunfenced fenced

Dynamic 
(low density)

Conservative 
(medium density)

Self thinning
(high density

unfenced

3 tree compositions

3 tree densities

3 herbivore pressures

FencedUnfenced Partially fenced
x x x

1970 1980 1990 2000 2010

0

100k

200k

300k

400k

500k

600k

0

10k

20k

30k

40k

50k

60k
Capreolus capreolus

Cervus elaphus

Sus scrofa

Hunted wild animals

unfenced fenced

Dynamic 
(low density)

Partially 
fenced
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Three factors tested on stands with adult trees, over 40 ha !

Composition

Herbivory

OAK

unfencedunfenced

3 replicates

=

Total 33 plots
(40 ha)

fenced

Silviculture
(tree density)

Dynamic 
(low density)

Conservative 
(medium density)

OAK-PINE 
MIXTURE

unfencedunfenced fenced

Dynamic 
(low density)

Conservative 
(medium density)

PINE

unfencedunfenced fenced

Dynamic 
(low density)

Conservative 
(medium density)

Self thinning
(high density)

Partially 
fenced

unfenced

3 tree compositions

3 tree densities

3 herbivory pressures
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We study…

Photo: G. Maisonneuve/irstea

10 000 trees

180 automatic           

dendrometers

578 sensors 

100 000 data/day

210 litter traps

420 plots 

- regeneration

- floral biodiversity

800 days/yr camera traps

Rodent traps

Tree growth Resource use
water, light, nutrients

Understory dynamics and biodiversity

Photo: G. Maisonneuve/irstea
Photo: G. 

Maisonneuve/irstea
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OPTMix and more

OPTMix = a unique in situ factorial experiment with 3 factors 

over 40 ha

Study management practices facing climate change

Open to collaborations

Staff:  > 5 person eq. full time, but 20 persons working on OPMTix

PhD, Master…

Integrated in networks: 
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Mixture = modification of some functional traits

Same root distribution

Larger crown, more volume

More and richer 

litter

Water absorption: oak pine

the topsoil               deeper topsoil + deeper topsoil

Preztsch et al. 2019, Eur J For Res
Kędra et al. 2019, Ann For Sci
Bello et al. 2019, Plant Soil
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Mixture vs pure stands
Stress –

Resistance +

• Oak: lower water stress

• Better resistance (+27%) 

= higher growth during drought

• Pine stopped evapotranspiration

• Lower resistance (-5%)

• Better nutritional status

Resistance –

Better nutritional status

Nutrient absorption
Water absorption

Bello et al. 2019, For Ecol Manag
Bello 2019, PhD Thesis
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OPTMix en bref

OPTMix vise à améliorer les connaissances sur le fonctionnement des forêts mélangées en région tempérée avec 
des applications directes à la gestion forestière en particulier dans le cadre des changements climatiques.

• Un site unique

• Trois facteurs sont contrôlés : la composition du peuplement, la densité du peuplement et la présence des 
herbivores ;

• le site est équipé de nombreux capteurs ;

• plusieurs services écosystémiques y sont étudiés (e. g. : production de bois, biodiversité) ;

• plusieurs approches scientifiques sont combinées : descriptive, écophysiologique et fonctionnelle, modèles 
basés sur les processus et modèles basés sur les observations ;

• Trois répétitions pour une surface totale de 40 ha dans la même forêt (47°46’ – 47°55’ N, 2°17’ – 2°35’ E) ;

• Le site est installé dans une forêt tempérée de plaine, avec du chêne sessile et du pin sylvestre, deux espèces 
importantes par leur surface couverte et par l’utilisation de leur bois ;

• le mélange chêne sessile – pin sylvestre est un des mélanges les plus répandus en France concernant les 
mélanges feuillus – résineux, et ces deux espèces ont des traits contrastés ;

• OPTMix est un dispositif de suivi à long-terme ;

• A proximité (20 à 50 km) Irstea dispose d’une pépinière expérimentale, de serres et d’un laboratoire.


