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Intensity of breeding
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Breeding systems
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Propagule 
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Production 
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Breeding 
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Breeding system:

- conventional             
aaa

- open nucleus

- hierarchical open 
ended

- multiple population

Country:

DK, EE, IS, 
LV, Sc.

FI

Hierarchical 
open ended

LT, NO, SE

Vegetative 
propagation:
- cuttings           
aaaaaaaa
-in vitro

Country:aaaaaaaaa
aaa
DK, EE, FI, IS, LT, 
NO, Sc., SE
DK

Vegetative 
propagation:
- cuttings           
aaaaaaaa
-in vitro

Country:aaaaaaaaa
aaa
DK, EE, FI, IS, LT, 
NO, Sc., SE
DK

Seed orchards:
- grafted aa aaa   
aaaaaaaaa
- seedling

Country:
DK, FI, LV, LT, NO, 
Sc., SE

Progeny testing:

- long-term                              
- short-term

- generative        
- vegetative

- multiple location 
- single location

- multiple tree plots
- single tree plots

Country:

all countries                
FI, SE, Sc.

all countries                  
FI, SE, NO, IS, DK, EE

FI, SE, NO, LT                   
a

Aaaaaaaaaa                     
a

Mating:

- random a

- organised:

open pollination
aa

polycross

diallel

factorial

single pair mating

double pair mating

Country:

Aaaaaa

DK, EE, IS, LT, 
LV, NO, Sc.

FI, Sc. a

FI, SE                                  

Selection:

- backward

- forward:

best families

best trees

best trees in best families

- combined backward and forward:

group merit:

restriction (or balanced)

no restriction (or unbalanced)

without group merit

Sexual propagation:
- control pollination
- open pollination
- supplemental 
pollination

Country:
FI, SE
most countries
SE
aaa

Sexual propagation:
- control pollination
- open pollination
- supplemental 
pollination

Country:
FI, SE
most countries
SE
aaa

- group merit:

restriction (or balanced)

no restriction (or unbalanced)

- without group merit

Country:

all countries

aaaaaa

FI, LT
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Progeny testing
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Breeding 

systems 
Advantages Disadvantages 

C Simple to apply in practice  Low level of improvement 

ON Appropriate level of genetic 

diversity and improvement. 

Difficult to maintain a large 

breeding population; possibility to 

combine with gene conservation 

is mainly limited to a few forest 

tree species. At later generations 

it is less likely that material will 

be transferred from the large 

population to the nucleus 

population owing to the loss in 

gain connected with such a 

transfer. 

HOPE High improvement level in 

elite breeding population. 

Comparatively lower genetic 

diversity and difficult to combine 

with gene conservation. 

Impossible to use for long-

generation time species. 

MPBS High overall genetic 

variation and possibility to 

combine with gene 

conservation in efficient 

way. 

Many breeding populations have 

to be created. 
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Selection strategies
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Selection strategy Advantages Disadvantages 

   

index selection - the 

technique involving the 

integration of information 

from multiple sources into 

one index value 

higher efficiency, compared 

with the other strategies; 

gain in all selected traits in 

one generation  

to get reliable results under 

this strategy, estimates of 

genetic parameters are 

required (also true for the 

remaining strategies) 

   

tandem selection - only a 

single trait is selected each 

generation and selection 

intensity is assumed to be 

constant 

selection on very different 

traits (e.g. disease resistance 

and growth rate); 

a need to measure only one 

trait at a time 

long period is needed for 

improvement of several 

traits;  

long-term selection in one 

trait can restrict success in 

another trait 

   

independent culling - 

when any individual not 

exceeding the preset 

threshold values in all 

traits being culled  

it can be applied at any  time 

in one generation 

large breeding population 

size is needed to reach the 

goal; difficult to set 

appropriate culling levels 

for each trait, especially 

when many traits have 

been selected 
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Mass selection Type of mating Type of seed orchard 

Case 

No 

Seed 

tree 

stand 

Thinning Plus 

trees 

OP1 Crosses in 

seed 

orchards 

Seedling Clonal 
Genetic gain 

1. + +  +    tp
ih σ2  

2. +  + +    pp
ih σ2

2
1

 

3. + + + +    )(
2
1 2

ptp
iih +σ

 

4.   + +  +  pp
ih σ2

2
1

 

5.   +  + +  pp
ih σ2  

6.   +  +  + pp
ih σ2  

1 OP – open pollinated progeny;  
2h  =heritability; 

p
σ =phenotypic standard deviation; 

t
i =selection intensity at thinning (female 

tree selection); 
p

i =plus tree selection intensity. 
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trait 2=forking 
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trait 4=bud burst 

trait 1=height 
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trait 3=wood density 
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Species Occurrence Population size Economic 
importance 

Pinus sylvestris widely occurring average to large +++ 

Picea abies widely occurring average to large +++ 

Betula pendula widely occurring large +++ 

Alnus incana widely occurring  

(C-N Lithuania) 

average to large +- 

Alnus glutinosa widely occurring average to large ++ 

Populus tremula  widely occurring average to large + 

Betula pubescens widely occurring average to large + 

Fraxinus excelsior  widely occurring small to average + 

Quercus robur widely occurring small to average ++ 
Carpinus betulus scattered occurrence 

(S-SW Lithuania) 

small to average - 

Tilia cordata scattered occurrence small +- 

Ulmus glabra scattered occurrence small +- 

Ulmus laevis scattered occurrence small +- 

Acer platanoides scattered occurrence small +- 

Larix decidua scattered occurrence small +- 

Fagus sylvatica rarely occurring  

(SW Lithuania) 

small - 

Quercus petraea rarely occurring 

(S Lithuania) 

small +- 

Pyrus communis rarely occurring small - 

Prunus avium rarely occurring  

(W-SW Lithuania) 

small - 
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Propagule 
population
Propagule 
population

Production 
population

Breeding 
population
Breeding 
population

Breeding system:

- conventional             
aaa

- open nucleus

- hierarchical 
open ended

- multiple 
population

Species:

rarely occurring tree 
species

Hierarchical open 
ended

commonly occurring 
tree species

Vegetative 
propagation:
- cuttings      aaaaaaaa
-in vitro

Species:aaaaaaaaa
aaa
P.abies
P.tremula

Vegetative 
propagation:
- cuttings      aaaaaaaa
-in vitro

Species:aaaaaaaaa
aaa
P.abies
P.tremula

Seed orchards:
- grafted
- seedling

Species:
Most tree species

Progeny testing:

- long-term                              
- short-term

- generative        
- vegetative

- multiple location 
a

-single location
a

- multiple tree plots
- single tree plots

Species:

all tree species
a

all tree species                        
a

commonly occurring 
tree species

rarely occurring tree 
species

A  
most tree species

Mating:

- random a

- organised:

open pollination
aa
a                                          

polycross

diallel

factorial

single pair mating

double pair mating

Species:

Aaaaaa

all broadleaved 
tree species, 
except B.pendula

A

conifers

Selection:

- backward

- forward:

best families

best trees

best trees in best families

- combined backward and forward:

group merit:

restriction (or balanced)

no restriction (or unbalanced)

without group merit

Sexual propagation:
- control pollination
- open pollination
- supplemental 
pollination

Species:

conifers, broadleaves
conifers a 
aaa

Sexual propagation:
- control pollination
- open pollination
- supplemental 
pollination

Species:

conifers, broadleaves
conifers a 
aaa

Species:

all tree species
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