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Forest research  since late 1800 
 



Classical measurement of tree and stand structure 
Calculating volume and volume growth 

A full rotation 
Few species; mainly pine spruce birch 

 



Experiments or 
simulations? 

• Bengt Jonsson, 
1962  
 

• Growth 
functions for 
individual trees 
 



Field experiments mixed stands pine and 
spruce 



Bengt Jonsson experiments 
2 sites  
10 blocks  
pine - spruce – mixture pine/spruce 

Arjeplog 
Lat 65 N  500 m a s l 
SI= T16, G14 
Planted 1975 
 
 
Främlingshem 
Lat  60 70 m a s l  
SI = T27, G24 
Sown 1956/57 
Establishing the experiment 
1961 
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Främlingshem after 41 years  
Volume production   

Pure pine 
 
Mixed pine/spruce 
 
Pine in mixture 
 
(Pure pine + pure spruce)/2 
 
Spruce in mixture 
 
Pure Spruce 
 



Arjeplog age 41   Främlingshem age 41 

h 

h 



Fiskeby  AB planting mixtures later 
create pine - spruce – mixture 
pine/spruce 

4 experiments  
Not complete 
 
Pine – mixture  pine/spruce 
 
Pine – mixture pine/spruce 
Spruce –mixture pine /spruce 
 
Pine – mixture pine/spruce 
 
 
 



Mixed stands pine and spruce  
volume growth and total production   

 

• PA 

Total production 

PAI  18 years 



Mixtures with birch 



MIXTURE 
BIRCH AND 
SPRUCE  
ASA SMÅLAND 



Some results from ”Brudahall” experiment 
with mixture of spruce and birch 

 
Diameter distribution, (left) AND volume 

growth, (below) 
SPRUCE – black 

BIRCH – white (or unfilled) 



Management of mixed spruce birch stands 



Shelters 



Birch shelter + spruce ”Kronobergsmetoden” 
Management in 3 steps 



Volume yield birch shelter+spruce (Tham 1988) 

Approx. 50 extra m3/ha (birch) correspond to 5  á 10 % higher volume 
yield over a rotation compared to spruce 



Simulations growth and yield 



Principles of growth 
simulator 

 



Growth and yield simulators 

• NFI data 
• “Great Yield Investigation” 
 
• Individual trees     Stand level 
 
• Ekö 1985   NFI data, stand level; 
   pine, spruce, birch, mixed stands, oak, beech 
 
• Agestam 1985  GYI data, stand level;  
  mixed stands, pine spruce birch,  



Do growth and yield simulators give reliable 
results? 



Mixed stands - pure stands SI= T16, T20 Ekö 1985 

 



Mixed stands - pure stands SI= T24, T28 



Mixed stands - pure stands SI= T16, T20 south 
Sweden 



Mixed stands - pure stands SI= T24, T28 south 
Sweden 



Spruce - pine pure and mixed north Sweden  
 Agestam 1985 



Spruce pine pure and mixed south Sweden
 Agestam 1985 

 



Mixed stands wit birch vs pure stands  
(Mielikäinen, 1981, 1985, Agestam 1985) 

 



Shelters 
 



Individual trees, 
simulation 

different mixtures 
birch and spruce 

Fahlvik et al 2005,  



Long-term experiments 
with  

pure and mixed forest  
side by side  

• Lappland (tall-gran) 
• Umeå (gran under björk) 
• Gävle (tall-gran) 
• Finspång (tall-gran) 
• 8 sites in Götaland (gran under björk) 
• Brudahall (gran-björk) 
• Tönnersjöheden (gran-björk) 
• Snogeholm landskap laboriet (ren bok, ek och 

gran skog i jämförelse med olika blandningar) x 

x 

x 

x 

x 

x 



Meta-analyze permanent plots (experiments) 
with mixed stands in Europe  

• Swedish co-ordinator Lars Drössler 
• Many plots with mixed stands in Europe 
• Few experiments with pure and mixed stands side by 

side  
• Today 60 exp.  ~30 complete (“triplets”)   

 
• Ongoing “networking”  

 
 



 

x 
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x x x 
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Presentatör
Presentationsanteckningar
Not complete! 70 replicated mixed forest experiments (at least one treatment replicated) in 20 European countries. My guess about the number of all existing experiments (regardsless replication or not): perhaps 300? – Interesting here that several Spanish mixed forest researchers could not locate a single Spanish experiment (i.e. Vila employed one PhD for one week to search for experiments. That explains partially to me, why the Spanish approach to analyze NFI data is the approach to compare growth between mixed and pure forest.)



Overyielding of mixed stands compared with pure 
stands of spruce, pine, fir beech, and, oak 
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Pretzsch et al. (2013) Mischung und Produktivität von Waldbeständen. Ergebnisse langfristiger ertragskundlicher  
Versuche, AFJZ, 184 Jg.  
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Why mixed stands? Some good reasons often 
discussed in forestry 

• Less damages  
– Frost damages 
– Root rot 
– Wind damages 
 

• Lower risk (”not all eggs in one basket”)     
 

• Better economics 
– Possibilities for earlier income 
– Sometimes lower regeneration cost 
– Sometimes lower intensity in silviculture 
– Possibilities for better quality 

 
• ... and nature values, recreation and ... 

 
• But today we don’t think mixed stands increase volume production 

 
 
 
 

 



Why not mixed stands?  
Some problems and drawbacks 

• (Sometimes - often) expensive regeneration (sometimes not!) 
 

• Expensive and complicated silviculture/management/planning 
 

• Lack of knowledge and experience 
 

 





• Dr Google say :   (with some help)    
To what extent mixed stands occur in natural 

forests due to essential part of climate and 
site conditions. ......  

The better the soil, the greater the prospects 
for the emergence of mixed stands and the 
several species occur therein. On the better 
sites may namely several species their 
claims to satisfied. 



Birch are not 
lacking in 
young forest 

Managemanet of spruce and birch 
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