
Hans Pretzsch
Chair for Forest Growth and Yield Science

Technische Universität München

http://www.forestgrowth.wzw.tum.de/presentations.html

________________________________________________________________________________
Lecture given at the conference “Ecology, silviculture, and management of spruce species in mixed 
forests”, IUFRO WG 1.01.08, August 11-13, 2015, University of Alberta, Edmonton, Canada

Analyzing species mixing effects 
at the stand and tree level



Waldwachstum
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Mixed European beech forest in Central European lowlands
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Cultivation of Norway spruce far beyond its natural
range
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Kölling et al. (2009) Überlegungen zum Risiko des Fichtenanbaus in Deutschland vor dem Hintergrund des
Klimawandels, Forstarciv 80: 42-54
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Mixing proportions (>10 % stand area) according to inventories GRI 1971, BWI I 1987, BWI 2 2002, 
BWI 3 2014 in Bavaria

Idea of close-to-nature
forestry

Back to complex mixed-species forests. 
From the idea to realization in Bavaria
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Experimental setup for scrutiny of mixing effects
Zwiesel 111/3,4,5 Bavarian Forest
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Cross diagrams: Overyielding in mixed versus 
pure stands of Eucalyptus globulus Labill and 

Acacia mearnsii De Wild.

____________________________________________________________________________
Forrester et al. (2006) Mixed-species plantations of Eucalyptus …, Forest Ecology and Management 233:211-230
Forrester, unpublished data from Cann River Exp., precip. 850 mm yr-1, mean temp. 14.4 °C, Southeastern Australia
Harper, 1977, pp 255-267

+ 3.0 t ha-1 yr-1

+ 60 %



Meta-analysis on overyielding of mixed versus
pure stands in boreal and temperate forests

29 publications, 78 case studies

___________________________________________________________________________
Gritti, E. S. et al. 2015: Diversity-productivity relationships in Forests, a Meta-Analysis, 
in preparation

mean effect size + 26.5 %



Meta-analysis on overyielding of  mixed stands of 
sessile oak and European beech versus pure 

stands in Europe based on long-term experiments



Meta-analysis on overyielding of  mixed stands
of Norway spruce, European beech, silver fir in 

Europe based on long-term experiments



Decrease of the overyielding of mixed versus pure 
stands with increase of the site index
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Pretzsch et al. 2013: Species mixing and productivity of forests, German Journal of Forest Research, 
184 (7/8): 177-196



Decrease of the overyielding of mixed versus pure 
stands with increase of the site index

________________________________________________________________________________________________
Pretzsch et al. 2013: Species mixing and productivity of forests, German Journal of Forest Research, 
184 (7/8): 177-196

Summary 1:
• overyielding of 15-30 % in mixed vs. pure stands
• admixture of N-fixing species causes up to + 60 %
• gains can be higher on poor compared with fertile site
• Norway spruce shows a plus of 0-30 % in mixture (with

pine, alder, beech, larch, fir) compared with monocultures



Tracing tree species mixing effects from the 
stand to the tree level

Stand and mean
tree level

Tree and
organ level

Size-structure
level



More trees, wider size range, stronger right-
skewness in mixed stands; often species 1 

ahead, species 2 behind the pure stand 

________________________________________________________________________________________________
Pretzsch, H., Schütze, G. (2014) Size-structure dynamics of mixed versus pure forest stands, 
Forest Systems, 23(3):560-572.



Meta-analysis of stand density in fully stocked 
mixed versus pure stands (left) and effect on 

the self-thinning line (right)



More trees, wider size range, stronger right-
skewness in mixed stands; often species 1 

ahead, species 2 behind the pure stand 

________________________________________________________________________________________
Pretzsch, H., Schütze, G. (2014) Size-structure dynamics of mixed versus pure forest stands, 
Forest Systems, 23(3):560-572.



Cumulative distribution of stem volume (above) and 
stem growth (below) over cumulative tree count

(Lorenz-curve Gini-coefficient) 



Complementary in light ecology enables more 
smaller trees to survive and grow efficiently

________________________________________________________________________________________________
Pretzsch, H. (2014) Canopy space filling and tree crown morphology in mixed-species stands
compared with monocultures. Forest Ecology and Management, 327: 251-264. 



Denser canopy space filling in mixed stands: higher 
sum of crown area and multiple ground coverage

________________________________________________________________________________________________
Pretzsch, H. (2014) Canopy space filling and tree crown morphology in mixed-species stands
compared with monocultures. Forest Ecology and Management, 327: 251-264. 



Denser canopy space filling in mixed stands: higher 
sum of crown area and multiple ground coverage

________________________________________________________________________________________________
Pretzsch, H. (2014) Canopy space filling and tree crown morphology in mixed-species stands
compared with monocultures. Forest Ecology and Management, 327: 251-264. 

Summary 2:
Mixed stands can have compared with pure stands:
• higher stand density
• wider size range
• right skewness, left steepness
• stronger size and growth asymmetry
• denser canopy space filling and stand density



Tracing tree species mixing effects from the 
stand to the tree level

Stand and mean
tree level

Tree and
organ level

Size-structure
level



Effect of species mixing on the crown allometry of
European beech and Norway spruce

________________________________________________________________________________________________
Pretzsch, H. (2014) Canopy space filling and tree crown morphology in mixed-species stands
compared with monocultures. Forest Ecology and Management, 327: 251-264. 



Allometry between crown projection area and 
stem diameter of European in pure stands 
and when mixed with other tree species

s. oak
E. ash
E. larch
N. spruce

________________________________________________________________________________________________
Pretzsch, H. (2014) Canopy space filling and tree crown morphology in mixed-species stands
compared with monocultures. Forest Ecology and Management, 327: 251-264. 
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Pretzsch, H., Heym, M., Pinna, S., and Schneider, R. (2014) Effect of variable retention cutting on the relationship 
between growth of coarse roots and stem of Picea mariana. Scand. Journal of Forest Research, 29(3), 222-233.

n=230 trees 
(nbe=63, n(sp),be=56) 
sampled along the 
ecological gradient from 
Arnstein to Kelheim, 
Allershausen,
Wasserburg, Traunstein

Allometry between coarse root and stem growth 
of E. be. in pure stands and mixed with N. sp.

E. be, pure

E. be, mixed
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Pretzsch, H., Heym, M., Pinna, S., and Schneider, R. (2014) Effect of variable retention cutting on the relationship 
between growth of coarse roots and stem of Picea mariana. Scand. Journal of Forest Research, 29(3), 222-233.

n=230 trees 
(nbe=63, n(sp),be=56) 
sampled along the 
ecological gradient from 
Arnstein to Kelheim, 
Allershausen,
Wasserburg, Traunstein

Allometry between coarse root and stem growth 
of E. be. in pure stands and mixed with N. sp.

E. be, pure

E. be, mixed

Summary 3:
• Mixing can modify stem, crown, and root allometry
• Allometric reactions depend on both the tree species

and the neighbouring species
• For E. beech neighbouring beeches are most

strongest competitors, other species mean relieve



stand productivity
and stand density
can be increased by
species mixing

size-asymmetry, crown extension
and canopy space filling
can be increased by mixing

Overall summary: Mixing reaction patterns 
at the stand, size distribution and tree level



Discussion and perspectives: Improving the
strength of evidence of mixing effects

___________________________________________________________________________________________
Forrester, D. I., Pretzsch, H. (revised) On the strength of evidence when comparing ecosystem functions 
of mixtures with monocultures, Forest Ecology and Management, A. Tamm Review



Mixing effects on 32 triplets of Scots pine and 
European beech along a productivity gradient

through Europe (EuMIXFOR FP 1206)

mean mixing
effects in mature 
stands:  
PAIV +8 %
SDI:+ 20 %
V: +15 %



Discussion and perspectives: Revelation how
stand density modifies mixing effects

__________________________________________________________________________________________________
Pretzsch, H., Baushus, J. (in review) Forest Ecology and management of mixed-species forests



Discussion and perspectives: Revelation how
stand density modifies mixing effects



Discussion and perspectives: Analyzing how
site conditions modify mixing effects

____________________________________________________________________________________________
Forrester, D. I., (2014) The spatial and temporal dynamics of species interactions in mixed-species forests: 
From pattern to process. Forest Ecology and Management 312: 282-292.
Pretzsch, H., del Río, M., Ammer, Ch., ....Bravo-Oviedo, A. (2015) Growth and yield of mixed versus pure stands of 
Scots pine (Pinus sylvestris L.) and European beech (Fagus sylvatica L.) analysed along a productivity gradient 
through Europe. Eur F Forest Res,  DOI 10.1007/s10342-015-0900-4.



KROOF experiment TUM



Map of the 32 triplets of pure and mixed stands
(temp.: 6-10.5°C, precip.: 520-1.175 mm yr-1)
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