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The Forest Research Institute

• was established in 1930 as 

an Experimental Station of the 

State Forests, 

• in 1934 it has been 

transferred into Forest 

Research Institute of the State 

Forests,

• since 1945 it has been acting 

as the Forest Research 

Institute, subordinated to the 

Minister of Environment.

Jan Teodor HAUSBRANDT

first director of IBL

(1895-1940)



Sękocin Stary
 Department of Forest Ecology

 Department of Sylviculture, Genetics and Tree Physiology

 Department of Forest Protection

 Departmant of Forest Fires

 Department of Forest Management

 Department of Scientific Information

 Laboratory of Chemistry of Forest Environment

 Ph.D. study program

 PEFC Office

Białowieża
European Center for Natural Forests

Kraków
Department of of Mountain Forestry

• 203 persons employed  

including 21 professors 

and  56 doctors.





 

Lokalizacja stałych powierzchni doświadczalnych. 
 powierzchni doświadczalnych 
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Drawieński Park Narodowy 

Powierzchnia SCH40, 1941 r. Powierzchnia SCH40, 2001 r. 

Permanent plots

• By Adam Schwappach (since 1886) and Eilhard 

Wiedemann (since 1927)

• The oldest - 1874

• The oldest in Poland - 1895 (till know 67 plots)
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Daily and multiday 

satellite composites

Forest distribution map 

(land use map)

Corrections

Analysis

NPP

NEP

maps 

and 

reports

fFAR

LAI

Evapotranspiration

Radiation temperature

Soils

Tree/stand parameters

Tree/stand models

High resolution 

satellite data



• member since 1936 r.

http://www.ibles.pl/struktura-10/kom-naukowo-badawcze/hl/aktualnosci/Pomoc_rozwojowa_w_dziedzinie_ochrony_srodowiska/image/image_view_fullscreen
http://www.eeagrants.org/


http://ffp.ibles.pl/content/archiwe-issues/2009/vol-51-1
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Nowości Piśmiennictwa Leśnego

Mapa zagrożenia pożarowego lasu

Krajowy System Informacji o Pożarach Lasów

Monitoring Lasu

http://www.ibles.pl/dzialalnosc/wydawnictwa/ceny-drewna/
http://www.ibles.pl/dzialalnosc/wydawnictwa/doniesienia-ibl/
http://libcat.ibles.waw.pl/libcat/index_news.html
http://libcat.ibles.waw.pl/libcat/index_news.html
http://bazapozarow.ibles.pl/zagrozenie/
https://bazapozarow.ibles.pl/ibl_ppoz/faces/index.jsp
http://bazy.ibles.waw.pl/bazy/monitor/index.html
http://www.ibles.waw.pl/bazy/pozary/index.php
https://bazapozarow.ibles.pl/ibl_ppoz/faces/index.jsp
http://bazy.ibles.waw.pl/bazy/monitor/index.html




Our main clients

19%

52%

12%

3%

11%

3%

Ministry of Sciences

State Forests

National Fund for NP.

Inspectorate of Env.P

Intl Projects

Others



Thank you….



Sweden, 60°N Poland, 52°N Turkey, 40°N

Usefulness of the genetic field experiments 

for biological sciences

Jacek Oleksyn

Polish Academy of Sciences

Institute of Dendrology



HMS Victory (104 guns) 

39 m 

“Riga pine”

+wood from

ca. 18 other 

species



St. Petersburg

(19
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Dvina river, S.M. Prokudin-Gorskii (1912)



Mariinskii channel, S.M. Prokudin-Gorskii (1912)



Mariinskii channel, S.M. Prokudin-Gorskii (1912)



Volga near Kostroma, S.M. Prokudin-Gorskii (1912)



Piotr Daszkiewicz
Muséum national d'Histoire naturelle



Philippe André de 

Vilmorin (1776-1862)

Known sites with 

„Riga pine‟ plantations

in 18th – 19th c. France



IUFRO Scots pine provenance 

experiments

- 1907

- 1938-1939

- 1982



VV.D. Ogievskii, 1909 r.



?

Ca. 20 sites

with 45 provenances

established in 1910-1916 



VSalomon Z. Kurdiani, ca. 1930





95 sites, 295 seed sources of Scots pine
Mean annual temperature -1.7 to 14°C, precipitation from 294 to 698 mm, 

growing season length from 124 to 224 days. Plantation age - 17±10 yrs.

46°
N

68°
N

4°E 70°
E
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Climate transfers equivalent to warming by 1-3 °C markedly increased the survival of 

populations in northern Europe (≥ 62°N, < 2 °C MAT) and modestly increased height 

growth ≥ 57°N but decreased survival at < 62°N and modestly decreased height 

growth at < 54°N latitude in Europe. Thus, even modest climate warming will likely 

influence Scots pine survival and growth, but in distinct ways in different parts of the 

species range.

≥ 62°N57 - 61°N50 - 53°N



Sweden, 60°N Poland, 52°N Turkey, 40°N

IUFRO – Scots pine-1982

Provenance experiment







50

75

100

125

150

0 50 100 150 200 250

Elevation (m)

r
2
 = 0.49, p = 0.05

50

75

100

125

150

4 5 6 7 8 9 10

Mean annual temperature (°C)

r
2
 = 0.76, p = 0.005

50

75

100

125

150

45 50 55 60 65

R
o

o
t 
p

ro
d

u
c
ti
o

n
 (

n
o

. 
y
r-1

)

Latitude (°N)

r
2
 = 0.64, p = 0.017

IUFRO – Scots pine-1982

Provenance experiment



50

75

100

125

150

34 36 38 40 42 44

RWR (%)
(1-yr-old seedlings grown

at simulated 50°N photoperiod)

r
2
 = 0.84, p = 0.005

50

75

100

125

150

4 5 6

R
o

o
t 
p

ro
d

u
c
ti
o

n
 (

n
o

. 
y
r-1

)

DBH (cm)

r
2
 = 0.50, p = 0.05

IUFRO – Scots pine-1982

Provenance experiment



50

75

100

125

150

0.7 0.75 0.8 0.85

R
o

o
t 
p

ro
d

u
c
ti
o

n
 (

n
o

. 
y
r-1

)

Dead : alive fine root ratio

r
2
 = 0.91, p = 0.012

IUFRO – Scots pine-1982

Provenance experiment



0

0.5

1

1.5

2

2.5

46 48 50 52 54 56 58 60 62F
in

e
 r

o
o
t 

: 
n
e
e
d
le

 r
a
ti
o
 (

k
g
 k

g
-1

)

r2 = 0.79
p < 0.0001

Latitude (°N)

IUFRO – Scots pine-1982

Provenance experiment



2-yr-old seedlings

Picea abies 

provenance experiment



1-yr-old seedlings

IUFRO – Scots pine-1982

Provenance experiment

50°N simulated photoperiod

60°N simulated photoperiod
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Sweden, 62°N Poland, 52°N
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(in situ data)



Mean annual temperature (°C)

-5 0 5 10
2

3

4

5

6

7

8
r = 0.97, p < 0.0001

N
e

e
d

le
 l
e

n
g

th
(c

m
)



0

10

20

30

40

50

-5 0 5 10 15

H
e

ig
h

t 
in

c
re

m
e

n
t

(c
m

 y
r-1

)

r = 0.97, p = 0.0002

Mean annual temperature (°C)



0

1

2

3

4

5

6

7

8

-5 0 5 10

r = -0.98, p < 0.0001

N
e

e
d

le
 l
if
e

-s
p

a
n

 
(y

e
a

rs
)

Pinus sylvestris
(in situ data)

Mean annual temperature (°C)



Latitude of origin(°N) Elevation (m)

Scots pine Norway spruce

N
e

e
d

le
 a

g
e

, 
y
rs

.

N
e

e
d

le
 a

g
e

, 
y
rs

.

Provenance experiments

Expected values Expected values



0

1

2

3

4

5

6

7

8

-5 0 5 10

r = -0.98, p < 0.0001

N
e

e
d

le
 l
if
e

-s
p

a
n

 
(y

e
a

rs
)

Pinus sylvestris
(in situ data)

Mean annual temperature (°C)



Picea abies 7-yr-old

provenance experiment
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Picea abies

Provenence experiment



IUFRO – Scots pine-1982

Provenance experiment



IUFRO – Scots pine-1982

Provenance experiment
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IUFRO – Scots pine-1982

Provenance experiment
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≈20%



The Role of Common Garden Studies 
in Adapting Forests to Climate Change

in the Northwestern United States

Daniel J. Chmura, Glenn Howe, Brad St.Clair, Paul Anderson



Taskforce on Adapting Forests 
to Climate Change

The TAFCC is a group of scientists and land 
managers interested in:

• Understanding the potential effects of 
climate change on forests in the western 
U.S. 

• Providing forest landowners with science-
based management options suitable for 
meeting diverse management objectives 
under alternative climate change 
scenarios



Outline

• The role of genetic variation in 
forest adaptation to climate 
change

• How to approach management of 
genetic resources to help forests 
adapt to future climates

• Tools for decision support

• Closing remarks



Trees

• Are key components of forest 
ecosystems

• Are economically important and 
provide multiple other ecosystem 
services

• Long-lived - many of today’s trees 
will be exposed to the climate of 
the end of the century 

• Have long generation intervals, 
meaning that adaptation is slow 



Genetic Variation Cannot Be Ignored

• Trees are genetically 
adapted to their local 
environments

• Therefore populations, not 
the species as a whole, 
should be the management 
units

Lodgepole pine 
in Finland

Finnish Forest Research Institute

Lodgepole pine in New 
Zealand (Wright 1976)

Douglas-fir in Spain 
(Hernandez et al 1993)

Provenance tests



Using Provenance Data to Project Impact 
of Climate Change on Forest Trees

Lodgepole pine 

provenance test in BC

Illingworth series

• 60 sites

• 142 populations

Rehfeldt et al. 1999. Ecol. Monogr. 69: 375-409 



Using Provenance Data to Project Impact 
of Climate Change on Forest Trees

Wang et al. 2006. Glob. Change Biol. 12: 2404-2416



The Climate in the 
Pacific Northwest is Changing

Temperature trends (1916-2006)

http://climate.washington.edu/trendanalysis/

http://climate.washington.edu/trendanalysis/
http://cses.washington.edu/cig/pnwc/cc.shtml
http://climate.washington.edu/trendanalysis/


Is the Pacific Northwest Climate 
Going to Change Further? – Yes

Mote and Salathé (2009)

Relative to the 1970-1999 mean, 
at the end of the 21st century:

• Annual temperatures are likely 
to be warmer

• Annual precipitation may 
slightly increase 

There is substantial variability 
associated with these 
projections.

http://cses.washington.edu/db/pdf/wacciach1scenarios642.pdf


Trees and Forests Will be Challenged 
by Climate Change

• Abiotic stressors
– Wildfires

– Summer droughts

– Summer heat

– Warm winters

– Spring and fall frosts – even 
with general warming

• Biotic stressors
– Insects and pathogens

– Competition, including invasive 
exotic species

J.E.Dewey, USFS, Bugwood.org

USFS R4 Archive, Bugwood.org

D.Powell, USFS, Bugwood.org
Minn. DNR Archive,  Bugwood.org

R.L.Anderson, USDA FS., Bugwood.org

Drought Wildfires

Frost

Insects and diseases



What Can We Do? 

• Understand climate variability 
and climate change 

• Understand climate change 
impacts on forests

• Help forests adapt to climate 
change – use Genetic Options for 
adaptation



Genetic Options for Adaptation

• Conserve genetic diversity
– In situ (on site)
– Ex situ (outside)

• Understand and manage populations 
within the species
– Seed zones
– Breeding zones

• Help populations migrate
– Natural migration
– Assisted migration

• Develop improved genotypes
– Selection and breeding
– Genetic engineering

D.Powell, USFS, Bugwood.org



Conserve Genetic Diversity

Maintain species diversity and within-
species variation

• In situ (on site) reserves
– Valuable populations

– Areas of high environmental and genetic 

diversity

• Ex situ (outside) reserves
– Endangered populations

– Seed and tissue collections for long-term 
storage

– Assisted migration

– Provenance tests – provided enough 
variation is represented



Promote Migration

Natural migration

• Avoid landscape fragmentation to facilitate 
migration via pollen and seed

• Maintain forests in all succession stages 
(age classes) across the landscape

Assisted migration - planting

• Facilitate migration of populations within 
the species to help track the climate



Applications

• Seedlot Selection Tool

• Center for Forest Provenance 
Data



Seedlot Selection Tool

On-line seed transfer 
decision-support tool:

• helps foresters select 
seedlots that are 
adapted to current and 
future climates at their 
sites

• works for multiple 
species with a user 
choice of multiple 
climatic variables and 
various climate change 
scenarios

Contact Glenn Howe or Ron Beloin at OSU for details

http://sst.forestry.oregonstate.edu/

http://sst.forestry.oregonstate.edu/
http://sst.forestry.oregonstate.edu/


http://sst.forestry.oregonstate.edu/PNW/index.html


Seedlot Selection Tool
Find Seedlots for My Planting Site

2010-2039

2070-20992040-2069

1961-1990



Seedlot Selection Tool
Find Planting Sites for My Seedlot

2010-2039

2070-20992040-2069

1961-1990



Center for Forest Provenance Data

• A centralized data and information 
management system to archive, maintain, 
and distribute forest genetics data 

• Data will be available to researchers for 
promoting national and international 
collaboration to study forest genetics, 
plant adaptation, and responses to 
climate change

• Hardware and software has been 
configured to ensure that the data are 
safely archived and accessible now and in 
the long term

F.G. Jones, UK, Bugwood.org

http://cenforgen.forestry.oregonstate.edu/

http://cenforgen.forestry.oregonstate.edu/


http://cenforgen.forestry.oregonstate.edu/










Needs

• Better projections of local climate

• Information on population 
responses to climate – especially for 
non-commercial species

• Information to populate database

• Resolve ownership issues – credits 
to original scientists, proprietary 
datasets, data release, etc.



Conclusions

• Common garden studies play a 
profound role in advancing our 
understanding of population’s 
responses to climate

• Information generated in this kind of 
tests have been used to develop the 
information-sharing tools and 
decision support tools

• These tools can and should be used 
to help adapt forest to future 
climates
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Thank You

Visit us at http://tafcc.forestry.oregonstate.edu/index.html

http://tafcc.forestry.oregonstate.edu/index.html


Marzenna Guzicka & Roman Rożkowski

Institute of Dendrology

Partner no. 18

Population variability of Fagus sylvatica leaves -
a preliminary study

TREEBREEDEX - Sękocin Stary, June  22 – 24, 2010 - TREEBREEDEX



TREEBREEDEX - Sękocin Stary, June  22 – 24, 2010 - TREEBREEDEX 





3
4

5

10

11

15-17

18

19

21

23

26

27 28

29

30

31

32

34

35

37

38

39

41

42-44

45
47

Łagów

Wipsowo

Kwidzyń

Młynary

G da ń sk

Wejcherowo

Karnieszewice

Gryfino

Szczecinek

Lipusz

Lutówko

Bierzwnik

Drawieński PN

Krucz

Łopuchówko

Grodzisk

Świebodzin

Lipinki

Brzeziny

Milicz

Zdroje
Prudnik

Ustroń

Lesko
Rymanów

Łosie

Leżajsk

Tomaszów

Bieszczadzki PN

6-7

8-9

1-2

24-25

Pniewy

BRZEZINY

BUSTRZYCA 
KŁODZKA

ŁOPUCHÓWKO

KRYNICA

ŁOBEZ

CHOCZEWO

Beech provenances
in the Choczewo experimental site

38 provenances of beech from 
its natural distribution range in 
Poland

The experiment site was 
established in April 1996 with 
three-year-old seedlings

Each provenance is represented 
by 100 or 50 trees (1.5×1.3 m 
spacings) in plots in 1 to 6 
replications

This site is a part of a project testing
diversity of beech in Poland.
Similar trials were planted also in five other locations 
(Łobez, Łopuchówko, Brzeziny, Bystrzyca Kłodzka, and Krynica)



The experiment was established to investigate:

• genetic variability of common beech

• resistance of the particular populations to negative environmental
factors (frost, ground frosts, drought, high temperature)

• interaction genotype × environment

• productivity

• to create the gene bank
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12 provenances 

for the study of variability

of leaf morphology
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Differences between 
block 1 and block 2



Morphological parameters of leaves 
were analysed using Winfolia:

Perimeter
Area
Total holes area
Leaf length
Blade length
Blade width (maximum, in 50% and 90% of length) 
Mass of 10 leaves
SLA [cm2/g]
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our hypothesis:

Morphological parameters of leaves can be an indicator of productivity
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What do genetic field trials tell 

about the future use of forest 

reproductive material?

Prof. Csaba Mátyás
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Sękocin Stary  2010



Waldzukunft Report (Freiburg 2008) 
Delphi interview, over 1000 forest experts

Out of 12 forecasts for 2050:

 Forests hit by climate change

 Genetic diversity declining

 GMOs unwanted but progressing

out of 5 unclear problems:

 Adaptation strategies?

 Risk management?

FRM use review → Climate change!



Problems, conventional forecasting 

of climate change effects

 limits assumed exclusively climatic

 vegetation supposed to move in community 

 spontaneity of vegetation adjustment assumed

 human impact on European landscapes unconsidered: NO 
EMPTY SPACES!

→no forestry imput?

 Intraspecific adaptability differentiation of forest trees left 
unnoticed: “monolithic species?”

→no genetic input?

– role of forestry & genetics in internat’l climate 
mitigation: formal to nonexistent!



Adaptability and tolerance are 

genetically set

Quantitative genetic knowledge is needed for:

 forecasting adaptive response

 formulating strategy of mitigation

 actively supporting adaptation 

(reprod. material trade, resource use & 

conservation)

Quantitative (growth , yield) forecasting 

needs field observations and tests!



Why are answers not ready?- 1

 Basic paradigm appropriate? (equilibrium 

and optimation as attainable goals?)

 Evolutionary change potential unclear

 Unsatisfactory coupling of quant. genetics 

with ecology, genomics

 Skewed approach to genetic processes:

random vs directed →



Why are answers not ready?- 2

Effect on 

response

Ease of 

investigation

(neutral) variation of the genome ? xxxx

Past migration and drift x xxxx

Current selection, adaptation xxxx xx

Plasticity, epigenetics xxxx x



Can we offer anything beyond this?

„The existence of climatic races within species is probable 

but it is not worth to follow further”
(Dengler 1935)



Can we offer anything beyond this?

There are answers in common 

gardens since Ph. Vilmorin, 1840 

„The existence of climatic races within species is probable 

but it is not worth to follow further”
(Dengler 1935)





Common gardens

Provenance tests: probably the most 
important contribution of forestry to biology

 the only true simulation possibility for 
estimating adaptive response

 New use of tests: assessment of response 
to changed conditions

 Transfer analysis (Matyas 1987): growth 
and health across test sites interpreted as 
response to changed climate



local population (Transfer to the 

South)

(Transfer to the 

North)

cooling warming
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Transfer analysis P. banksiana in: Mátyás – Yeatman 1992



What are the genetic options 

to cope with climate change ?

 Present generation:

Plasticity/ acclimation: response tailored to environment

Selection (differentiation, mortality): survival of the 

fittest

 Succeeding generations :

Migration to friendlier places: dispersal

Inheritance of traits of the fittest: adaptation

Random replenishment of genet. resources: gene flow

Superscript over genetic codes: epigenetics



Climate selection, plasticity 
and their interaction, consequences



Photo: K. Kovács

This process is genetic-driven!



Effect of climate selection 
on allelic diversity:

Spring precipitation vs allelic frequency of ADH alleles: 
(data for sessile oak by A. Borovics)

Allele type Correlation with Pspring

ADH-3 + 0,67 

ADH-4 non sign.

ADH-5 - 0,73  

ADH-6 - 0,65 



Continentality of temp. vs. exp. heterozygosity at EST-A

Data for sessile oak by A. Borovics



Ecological-genetic concept of 

population response to climatic changes

ecological

interaction

genetic

tolerance

limits

W

V
GNatural distribution

mass 

mortality

Disease, pest

susceptibility

Worsening climate factors >>>>

fitness

T1

T2



Scots pine provenances, age 6, Kámon Arboretum

Cherkassk UA

P.apáti H  

Beskarachaisk, Kazakhstan

Murmansk RU

Ajan Pacif.RU



Mass mortality, beyond the limits of tolerance

Test site: Kamon (Hungary)  nr. ffd: 180, ann. prec.: 700 mm

Provenance: Ayan, Yakutia (Russia)

Number of frostfree days: 107, annual precipitation: 890 mm

Hungary (local)

Turkey

Ayan, RU



Height response of provenances in the 

VNIILM test Recsk, Hungary, age 15

X: Mean January temp. (ºC)

Y: Number of frost days

Z: D 1.3



52. M.egregy (H) H: 3,13 m 13. Soignes (B) H: 2,62 m



Gramatikovo, BG



Common provenances at SE European test  sites

▲ CRO



Response of juvenile height growth (H’) of beech to changed 

climate at the humid cool site Straza, SLO (EQ: 15.3)
▲ interaction: Tarnawa (POL, left) and Plateaux (FRA, right).

Change of Ellenberg’s drought index, unit: Δ Cº/mm



Response of juvenile height growth (H’) of beech to changed climate 

at the warm, xeric limit in Bucsuta, H (EQ: 26.3)
▲ interaction: Tarnawa (POL, left) and Plateaux (FRA, right). 

Change of Ellenberg’s drought index, unit: Δ Cº/mm



Height age 16 versus change of annual temp. change in plasticity 

differences in the IUFRO Norwa spuce trial (data É. Ujvari-Jarmai)

Harz Mts

Beskids

E. Carp.
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Response regression slopes indicating phenotypic plasticity
Juvenile beech populations tested in SE Europe (SVK, HUN, SLO)

+ 1.26

+2.75

+0.52
-3.31

-4.24

-1.01

+2.25

+1.74

+1.45

-1.44

(+2.66)

-(1.43)

Tarnawa



Responsiveness (plasticity) of Scots pine provenances in Russian tests
(trait. juvenile height: L. Nagy unpubl.)



Responsiveness of Norway spruce in 5 IUFRO trials 
Relative  performance: black 100-120%, blue 90-100%, light blue 80-90%, white: 50-80% (Mátyás, Ujvári unpubl.)



Evolutionary optimisation thru 
adaptive disequilibrium

Paradigm of non-equilibrium state of ecosystems
valid also at the genetic level of adaptation to the 

(climatic) environment
 (genetic) selection and phenotypic plasticity are acting 

jointly,
 plasticity counterbalances the effect of natural 

selection= adaptation lag,
 “perfectly adapted”: in reality under constant strain = 

better performance in more favourable environments.

Silviculture: adaptive optimization implicitely assumed:

 Basic dogma of FRM use



Consequences of adaptive non-equilibrium

Corollaries 
“Decoupling” of local populations? →fitness loss and 

extinction risk across the whole range following 
fast changes?

 Reality: depend on location, may lead even to 
growth acceleration

Prediction models: → assume equilibrium 
 models predict responses too pessimistic 
 the genetic/physiological possibilities for 

persistence are not instantly exhausted under 
changing conditions

Revision of principles of FRM use necessary
Caveats: conclusions based on juvenile test 

responses!



Conclusions



General (descriptive) result of tests

 Differences between populations in all traits 

confirmed…

 Although effect of climate traceable, adaptability is

broad,

 Between-population differences in phenotypic 

plasticity,

 Local is not necessarily best,

 Differences between species in adaptation pattern

not particularly exciting … 



Predictive results
 Macroclimatic adaptation + (simulated) 

climatic change explains a significant part of 
response

 Response depends on change direction and 
limiting factors: predictable

 Plasticity: a key factor in adaptation to fast 
climate change!

 Natural populations not in adaptive optimum;

 Plasticity seems to be linked to climate 
selection: plastic zones?

 Extreme conditions → genetic depletion: 
special management needed



Prediction of growth response 

(considering only macroclimate)

Growth response depends on 

 macroclimatic adaptation (at origin), 

 the climatic environment where the 

population is growing/tested

 climatic distance of change, 
respectively: by which the population was moved 

 plasticity!



Plasticity:
Role of plasticity in adaptation and speciation

 selection effects buffered

 acts for stasis of species, against isolation, 
speciation

 Result: local genetic inequilibrium

Questions directly related to FRM use:

Value of autochthonity?

Width of plasticity?

Speed of acclimation?

Unresolved: epigenetics??



Beech seed zones, Hungary



Climatic niche of beech stands in two seed zones in Hungary



Populations at the extremes

1.Effectivity of selection at extremes:

Severe selection depletes→plasticity loss

Effect may be very fast

2. Rethinking of forest management rules

Seed zones: pops at margins resemble each 

other better than geogr. adjacent ones

Special rules for exposed regions?

3. Conservation / management strategy

Marginal populations less valuable?

Spontaneous processes disrupted: interference 

unavoidable



Consequences, FRM use



Consequences for deployment of 
reproductive material

FRM policy: risk minimalization - ecology first

 leave more room for selection: plant higher 
numbers, prefer seeding, etc.

 reinterpretation of autochthony principle
 Preference for plastic, adaptable populations
 provenance regions to be redrawn – at least 

for extreme zones? (for optimum, northern: 
less urgent)

 novel bases for prop. material
 evacuation of threatened gene pools
 FRM serves „human supported migration”



Conclusions, FRM transfers

 apply ecological criteria instead of 

geographic-based ones to define 

recommended directions and limits of 

transfer;

 transfer effects are not similar in different part 

of the distribution area, in particular:

 in the range of the climatic optimum, in the 

area centre, and towards the thermal limit 

(north- upward) transfers are less critical; 

 in (macro)climatical sense, local superiority is 

mostly not valid;



Conclusions: differentiated use of 

FRM
 individual („ecotypic”) differentiation of pops 

in growth and plasticity, further support the 
use of selected sources, (seed) stands;

Reconsidering seed zones

 proposed separate treatment of higher 
elevation populations is supported by the 
deviating behaviour of provenances from 
above 1000m;

 stressful and uncertain conditions at the lower 
(xeric) limit of the species: more rigorous 
rules for use and conservation;

Again: seed zones and epigenetics???



•Concept of adaptation and appropriate use of FRM

to be incorporated in national forest strategies

•Flexible pan-European guidelines to be developed

•Orienting research in adaptive response (further

field tests with specified aims)

Priorities

▪ threatened extreme limit populations (mostly 

south-continental, mediterranean)

▪ phenotypically plastic populations

▪ rare species at xeric tolerance limit

Common plan of action

▪ crossborder collaboration

▪ sharing of responsibilities

General policy recommendations 
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End of (spontaneous) evolution?

Why human interference is 

indispensable

 Changes too fast!

 Human-dominated landscapes : slow or 

missing spontaneous adjustment

 Genetic adaptation unreliable

 Natural processes constrained at (lower) 

ecological limits (flowering, regeneration)

SE continental Europe especially 

threatened



Method

Ecodistance approach:

Phenotypic response to climate depends:

 on the climatic conditions where the 
population is actually grown or tested, and

 on the ecodistance of transfer, i.e. on the 
magnitude and direction of environmental 
change experienced due to the transplanting 
to the test site

Selected variable: of ecological (not 
geographical!) relevance



Height response: thermic vs xeric limit
corrected height (H’) vs. climatic shift in EQ (DEQ, right) and

test site climate in EQ (SEQ, left)



Width of plasticity / Autochthony: 
Importance of autochtony determined by: 

\ Species level: genetic system and 

distributional pattern of species

\ Within species: local selection pressure, local 

level of plasticity

\ Planting site: severity of selection on site; 

ecological risks and constraints

\ Genetic quality of population (human effects) 

and surrounding stands

\ Policy level: priority of production vs 

conservation



How will trees respond

within a generation?

 How much climatic (site) change is tolerated?

 Are available genetic resources sufficient?

 Speed of adaptation/evolution?

 Limits to genetic adjustment?

 Acting of natural (spontaneous) evolution?

In forestry/conservation practice:

 Which populations to plant, where?

 How to conserve, what?
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Research interests:

• national progeny test program in Poland and in 

Europe (specialy for Norway spruce, Silver fir and 

European beech)

• conservation of gene resources (specialy in the 

Carpathian Mts.)

• forest reproductive material 

• gene markers for provenances of Norway spruce



IUFRO 1964/68 - History

In 1959 Professor Olaf Langlet from the Stockholm Faculty of Forestry proposed that an international 

inventory provenance trial of Norway spruce be established. Prof. Langlet offered to establish such a trial.
By 1964 Langlet already collected 1614 seed samples and an extensive international interest in the experiment 

developed. Langlet chose from his collection 1300 seed lots and these were sown in a nursery of the Institut 

für Forstgenetik in Schmalenbeck near Hamburg under the control of Professors Wolfgang Langner and 

Klaus Stern. In 1966 the seedlings were transplanted to a commercial nursery of Pein & Pein in Halstenbeck, 

near Hamburg. There, under the supervision of Dr Walter Neugebauer, the seedlings were grown till 1968 when 

each one was individually supplied with a label and prepared for transport to wherever the experimental areas were to be 

established. From the Institute at Schmalenbeck this work was co-ordinated by Dr E. Masching. Up to that stage there were no 

replicates. Finally 1100 populations were qualified for the experiment. For each of the populations there was a sufficient number 

of transplants needed by co-operators to include them in all of the planned 20 experimental areas. The populations were divided 

into 11 groups of 100 populations each, with a maximally even representation of the whole range of the species in each group.

As a result each group in itself is already an experiment encompassing the whole range of the species. In all, 20 trial areas 

were established, 3 in Germany and Sweden, 2 in Belgium and Norway and one each in Austria, Canada, Czech 

Republic, England, Finland, France, Hungary, Ireland, Poland and Scotland. 

The experimental design was proposed by Prof. Klaus Stern. As a result the experiment includes 1100 populations 

each represented by 25 trees on each trial area, treated as 

single-tree plots. Since each of the 11 groups of populations covers the whole range of spruce, it was assumed that 

blocks with populations from different groups would have  similar means and variances. No 2.02.11 Norway Spruce 

Provenances, under the leadership 

of Jon Dietrichson and Peter Krutzsch, which took over responsibility for the international 

co-ordination of efforts pertaining to the 1964/68 experiment.

The Polish trial area was established by Prof. Stanisław Bałut in the Experimental Forest of the Cracow Agricultural 

University in Krynica. 

The trial has a full set of 1096 provenances. It is the most elevated planting site (750 m) for the whole experiment.

The experiment covers provenances from the natural range of the species and from the area where spruce was 

introduced by man. Poland is represented by 92 provenances. Among all the provenances considered, 528 have a 

strictly defined (accurate to a stand) location, so they can be reproduced and used in practice. The material is thus 

representative of the whole Picea abies species to the degree that has no parallel in any previous research.

To avoid the effect of crown closure for as long as possible, a 2 2 m spacing was employed. As a result each block 

covers 1 ha. The specimens representing individual provenances are randomly distributed over the block area.

(prof. M. Giertych)

Genetic reactivity of Norway spruce to climate change based 

on experimental results from IPTNS-IUFRO 1964/68 test in Poland



I. Baltic natural forest region

II. Mazury-Podlasie region

III. Great-Pomeranian region

IV. Mazowsze-Podlasie region

V. Silesian region

VI. Region central Polish

VII. Sudeten region

VIII. Carpathian region

Division of Poland into seed regions againt the backround 

of natural-forest regions (I-VIII)



1970 Wojkowa, Block 02

1985 Wojkowa,

Block 10

Location of blocks of the international provenance test 

of Norway spruce (area No 19 Poland). Krynica 

Experimental Forest Station

Forest 

Range

Block  

No

Geographical  

coordinates Altitude 

(m)
Longitude Latitude

Kopciow

a

05 21°01’ 49°28’ 705

Wojkowa 02 20°58’ 49°21’ 795



Years

Temp. 

Average

(°C)

St. 

deviation

Precipitation

(Mm)

St. 

deviation

Wegetation

(days 

above 5°C)

Snow

covering

Days

1969 4,9 7,0 990 49 190 128

1972 5,6 6,9 885 55 180 85

1975 5,9 7,3 1020 45 187 126

1978 4,2 6,9 1190 55 181 124

1983 6,1 7,7 1175 57 198 134

1988 5,3 7,6 1117 53 184 133

Records from 1969–1988. Data base for belt 600 a 850 m abave sea level 

(Beskid Sądecki Mts) According to Dep. of Forest Protections and Forest 

Climatology. Forestry Faculty in Cracow

Records from 1956–1965 (after Baliński, 1974)

Attitude
Average of 

temerature in 
year [°C]

Percipation 
[mm]

Period wit 
average 

tejmperature 
above 5°C

Snow 
covering 
period 

[date]

Period 
without 
frosts 
[days]

Period of 
snow 

covering in 
year [days]

800 4,3 1000 179 2.XI – 15.IV 170 120



Investigations

Investigations:

Height in age 6, 9, 12, 15, 20, 25 (1969, 1972, 1975, 1978, 

1983 and 1988)

The observations and measurements of the tree height were carried out 

in 11 blocks of the IPTNS-IUFRO test 1964/68 in Krynica. Each block contained 

100 provenances of 25 young trees each on average. The measurements were 

carried out in the years 1969, 1972, 1975, 1978, 1983 and 1988.

The mean heights in blocks, locations and years were converted into 

values expressed in units of the standard deviation for the given year and block. 

Investigations



Methods
Methods of statistical analysis

In evaluating the variability between the regions and between the years analysis of 

variance was applied with repetitions.

Cluster analysis with Euclidean distance was used for grouping similar regions. 

The calculations were carried out in the STATISTICA software package.



Distribution of Norway spruce provenances with high and short tree height (based on measurments of 1978, 
tree age 15 years)

Provenance test of Norway spruce IPTNS – IUFRO 1964/68 in Krynica

REGIONS:

1 – Scandinavian provenances

2 – N-NE provenances

3 – South provenances

4 – Carpathian provenances

5 – Alp provenances

Provenace level
Provenance level



Differentation of average height of spruce provenances in 

relationship with attitude. (IPTNS-IUFRO 1964-68)

Altitude
Mean height in unit of standard deviation. Age 25 years

100 m 200 m 300 m

Powyżej 1700

1601-1700

-

-0,87
-0,87 -0,95

1501-1600

1401-1500

-1,04

-0,29
-0,32

-0,95

-0,34

1301-1400

1201-1300

-0,55

-0,17
-0,36 -0,34

1101-1200

1001-1100

-0,29

-0,07
-0,20 -0,09

901-1000

801-900

0,10

0,20
0,14

-0,09

0,23

701-800

601-700

0,04

0,49
0,24 0,23

501-600

401-500

0,41

0,15
0,26 0,19

301-400

201-300

-0,27

-0,61
-0,44

0,19

-0,26

101-200

0-100

-0,14

-0,29
-0,21 -0,26



Age 6 years

Krutzsch regions level



Age 15 years

Krutzsch regions level



Age 25 years

Krutzsch regions level



Methods
Methods of statistical analysis

In evaluating the variability 

between the regions and 

between the years analysis of 

variance was applied with 

repetitions.

Cluster analysis with Euclidean 

distance was used for grouping 

similar provenance regions

according to G x Age 

interaction using 

Finlay-Wilkinson [1963] and 

Mallard methods. (From Gallais 

[1990]). 

The calculations were carried 

out in the STATISTICA 

software package.

b=1,0b=1,0

stabilitystability

averageaverage

badbad adaptationadaptation goodgood adaptationadaptation

xxxx

b
>

1
b

>
1

b
<

1
b

<
1

high high adaptationadaptation

belowbelow averageaverage

Finlay-Wilkinson [1963]

G1

G2

G3

1        2        3

PP

No No effecteffect on on environmentenvironment ((sideside) (E)) (E)

oror ageage (A)(A)

SupperinpasingSupperinpasing effectseffects

on on environmentenvironment (E) (E) oror ageage (A)(A)

andand genotypegenotype (G)  (G)  

G x E (G x A) G x E (G x A) interactioninteraction withoutwithout changechange inin classificationclassification

ofof valuevalue genotypegenotype

1        2        3

PP

1        2        3 EE

PP

1        2        3

PP

G1

G3

G2

G2

G1

G3

G1

G2

G3

EE

EEEE

G x E (G x A) G x E (G x A) interaction with change interaction with change 

in clain classsificationsification of value genotypeof value genotype

GenotypicGenotypic provenanceprovenance response to environment; Gresponse to environment; G11, G, G22, G, G33 –– genotypes; 1?genotypes; 1?--3 3 –– increasing increasing 

productivity of site (E); P productivity of site (E); P –– value of genotype (defined by survival of trees in plantation)value of genotype (defined by survival of trees in plantation)



G  Age interaction

Group 1: very good height growth, no effect of G  A interaction 

Group 2: average height growth, no effect of G  A interaction

Group 3: bad height growth, no effect of G  A interaction

Group 4: very bad height growth, no G  A interaction effect

Group 5: average height growth, no G  A interaction effect

Group 6: average height growth, significant G  A interaction effect, 

mean height increases with age

Group 7: very bad height growth, significant G  A interaction effect, 

mean height increases with age

Group 8: low value of height growth, G  A interaction effect

Group 9: very low value of height growth, G  A interaction effect

Krutsch regions level
Krutsch regions level



1. West, central Europe and East Baltic 

Krutsch regions

2. SW Europe, Russia

3. West Alps, Southern Carpathians

4. S Scandinavian Krutsch regions

5. West Carpathians (Beskid), East 

Carpathians; Bihor Mts, 

Transylvanian, Romania

6. Poland Masurian Likeland

7. Latvia, Estonia

8. Swabian Upland, Germany

9. Central Scandinavian Krutsch regions

Different adaptability of Norway  

Spruce in IUFRO Test 1964-1968. 

G x A in years 1969-1988 (age 6-25)



Developmental phases of Norway 

spruce in the annual cycle of spring 

flushing. Variants A i B according to 

Krutsch.

(Krutrsch P. 1973. IUFRO S. 2.02.11 

Norway spruce. Development of buds.

The Royal College of Forestry, Stockholm, 

Sweden.

Spring flushing in age 15.

IUFRO 1964/68
IUFRO 1964/68  - Investigations:

The spring flushing of Norway spruce tested at 

Krynica was evaluated on the basis 

of analyses of the degree of development of 

individual trees using a classification of the 

developmental phases of spruce worked out by 

Krutzsch.





RYC.2. Distribution of Norway spruce provenances early and late spring flushing. (based on measurments of 1975).
Provenance test of Norway spruce IPTNS – IUFRO 1964/68 in Krynica

Numeracja pochodzeń wg IPTNS - IUFRO 1964/68

- late provenances

- early provenances

REGIONS:

1 – Scandinavian provenances

2 – N-NE provenances

3 – South provenances

4 – Carpathian provenances

5 – Alp provenances

Results
Results spring flushing – provenance level





RYC.3. Distribution of Norway spruce provenances resistant and sensitive to frost .
(based on measurments of 1977). 

Provenance test of Norway spruce IPTNS – IUFRO 1964/68 in Krynica

Numeracja pochodzeń wg IPTNS - IUFRO 1964/68
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- sensitive provenances
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REGIONS:

1 – Scandinavian provenances

2 – N-NE provenances

3 – South provenances

4 – Carpathian provenances

5 – Alp provenances

Results
Results frost – provenance level



Chermes viridis Ratz. 
(Sacchiphantes abietis L.)

fot. dr Robert Rosa

A well-known insect pest that causes much damage to Norway 

spruce plantations is Chermes viridis Ratz., called also 

Sacchiphantes abietis L. or Adelges abietis L. A plant infested 

by this aphid develops 2 – 3 cm-long excrescences at the base 

of young shoots, which results in their unnatural bending and 

the deformation of crowns in young trees.

Resistance to the infestation 

with Chermes viridis

Observations were made on 11 and 12 June 1977 

on all 23 843 specimens of 1095 Norway spruce 

provenances from the whole range of the species.

IUFRO 1964/68
IUFRO 1964/68  - Investigations:



RYC.4. Distribution of Norway spruce provenances resistant and sensitive to (Chermes viridis Ratz.). 
Provenance test of Norway spruce IPTNS – IUFRO 1964/68 in Krynica
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Numeracja pochodzeń wg IPTNS - IUFRO 1964/68

- resistant provenances

- sensitive provenances

REGIONS:

1 – Scandinavian provenances

2 – N-NE provenances

3 – South provenances

4 – Carpathian provenances

5 – Alp provenances

Chermes viridis
Chermes viridis – provenance level





IUFRO 1964/68
IUFRO 1964/68 Conclusions

1. Assessment of the height growth of Norway spruce, carried out on trees in the juvenile period (5 to 25 years) on the 

IUFRO trial plot in Krynica (Beskid Sądecki, Carpathian Mts), revealed that trees from the provenances representing the 

Krutzsch’s regions in which the number of spruce provenances exceeds 10 show a significant variation both at provenance 

and regional level. Based on a dendrogram, six distinct provenance groups were identified differing in genetic height 

reactivity. The groups are as follows:

Group 1: region 48 - Tatras, Slovakia, Poland; good height growth, strong G  A interaction effect.

Group 2: regions 47 - Nízkie Tatry, Slovakia; 59- East Carpathians; Romania; 63 - Beskid Ślaski, Beskid Żywiecki; very good 

height growth, significant G  A interaction effect, mean height increases with age.

Group 3: regions 22, 23, 24 – Swabian - Bavarian Upland (1 - Bavaria, 2, 3 - Swabia) Germany; 13 - Schwarzwald (Baden-

Wurttemberg)Germany; 34 - Styria (E) 3 Austria; 25 - Bavarian Alps, Germany; 21 - Bohemian Forest, Czech Republik; 17 

- Swabian Jura, Germany; 28 - Tyrol – Salzburg, Austria; 30 - Niedrige Tauren, Styria; 32 - Styria (N-E) 1 Austria; 31 –

Carinthia - Styria Austria; 26 - East Alps, Germany; 16 - Swabian Upland (Wurttemberg) Germany; 8 - Meclenburg 

Lakeland, Schwerin, Rostock; Germany; average height growth, no G  A interaction effect.

Group 4: regions 36 - Bohemian Upland, Lower Austria; Czech Republic; Austria, 66 – West -Pomeranian Lakeland, Poland; 41 

- Bohemia; Czech Republic; 19 - Franconia, Upper Palatinate; Germany; 18 - Franconian Jury, Germany; 45 - Moravia 3,

Czech Republic; 10 -Erzgebirge; Czech Republic; 37 - West Bohemia, Czech Republic; 44 - Moravia 2, Czech Republic; 

42 - South Bohemia, Moravia, Czech Republic; 7 - Harz Mts 2 (Westerhof), Germany; good height growth, no G  A 

interaction effect.

Group 5: regions 56 - Rhodope Mts;  Bulgaria; 27 - Tyrol; Austria; 14 - Breisgau, Germany; 15 - West (Lepontine) Alps; 

Switzerland; 2 - West Alps; France; 5; poor height growth, weak G  A interaction effect.

Group 6: region 90 - Central Sweden; poor height growth, no G  A interaction effect.

As shown by an analysis of variance, the effect of study year (seedling age) and of the interaction study year (seedling age) 

provenance region was significant for groups 3, 4 and 5. The provenances from the western and southern Carpathians, 

belonging to group 4 (fast height growth, favourable G  A interaction), and those from Bohemia, Austria and the Hartz 

Mts, belonging to group 4 (good height growth, no change in incremental dynamics due to interaction), can be considered 

the most suitable for juvenile selection.



IUFRO 1964/68
IUFRO 1964/68 Conclusions

2. Late flushing provenances of a high spring frost resistance are those from regions 55 -61, 68-71, 75-

78 and 80, i.e. the mountain regions of southern Carpathians, Bihor Mts and Rhodope Mts 

and the northeastern regions lying within the lowland range of spruce - from Masuria, 

Białowieża and central Russia. The studies conducted so far foud a high heritability of this trait.

3. Spruces from the Bohemian provenances and a part of southern Carpathian ones are resistant to 

Chermes viridis Ratz. Those extremely late or early flushing from regions 40 South Bohemia, Czech 

Republic, 49 East Slovakia, 50 Slovenskie Rudohorje and 57 Southern Carpathians, 

Transylvanian Applend, Romania exhibit a high resistance to the infestation by this insect species.

4. As suggested by the height of trees aged 25 years and the frost resistance (late flushing) of spruces, 

the provenances from regions 67 East Pomeranian Lakeland, Masuria Poland, 69 Augostów, 

Lakeland Poland, 50 Slovenskie Rudohorje , 75 Belarus, 96 Canada (Hudson, Ontario) and 58

Bihor Mts., Transylwania, Romania have the greatest genetic and breeding value.

5. The current results on the variability of height and resistance traits indicate a high marketing potential 

of the seeds and seedlings of Norway spruce originating from the western and southern 

Carpathian regions as well as from the lowland regions of Poland and Russia lying within the 

northeastern range of the species.

6. Analysis of dependence between the altitudinal location of the experimental plot in Krynica, the 

altitudinal location of parent populations and the total height of their progeny at age of 25 which 

determines the breeding success of the vertical transfer of the spruce reproduction 

material, was carried out distinctly showing the necessity of a strict regime in the 

selection of seed basis in mountainous conditions. At age of 25 years the best growth 

characterized the progeny representing spruce stands of the altitudinal location similar to that of the 

comparative plantation. In the progeny of spruce populations from sites both lower or higher than the 

experimental plot decreases in height were found significant in the range of -0.95 for stands from the 

altitudes exceeding 1700 m above sea level to -0.26 for stands from 100 to 0 m above sea level, 

being proportional to differences in the altitude of the location of plantations and parent stands of the 

provenances tested.
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A review of the Irish Birch and 

Alder Improvement Projects

Teagasc and UCC collaboration
Ellen O’ Connor1, Niamh O’ Dowd2, Martin Steer3, Michael Bulfin4, 

Nuala  Ni Fhlatharta4, and Barbara Doyle1. 
1) University College Cork, 2) Dublin City University, 3) University College Dublin, 4) 

Teagasc. 

Funded by: 

http://www.coford.ie/iopen24/index.php


Ireland: Forestry land cover 

1999    =     9 %

2004    =   10 % (680,000 ha.)

National forestry strategy   2035    =   17 %

• Of which 20% will be broadleaves Financial incentives 

to promote planting and the range of 

species planted 

• A 10 % minimum commercial broadleaf requirement 

advised for each planting  - role for birch

EU average  =   35%.



‘In Northern Europe birch is commercially the most 

important broadleafed species’ 

J. Hynynen et al. Forestry 2010 83: 103-119

Unable to put birch on the recommended species list as 

had not seen any evidence of good form in Ireland -

Dr Niall OCarroll Chief Inspector of the Forest Service

• Potential 10% min. broadleaf requirement on poor quality soil;

• B. pendula and B. pubescens are native species;

• Increased diversity of Irish forestry species;

• Can produce high quality timber;

• Shorter rotation than most other broadleaved trees (Barrett 2000). 

• It can be used as a nurse tree for other timber species.

• Other European Betula improvement programmes have shown 
this genus to be amenable to form and vigour improvement. 



Summary of performance of two trials of foreign birch in 

Ireland assessed in 1998. (O’ Dowd, 2004)

Site Species Age
(years)

Origin Tallest 

individual 

(m)

DBH 
(cm)

Survival

(%)

Comeragh 

Forest

B. pendula 32 Sweden A 12.5 8.1 ± 0.9* 53

B. pendula 32 Sweden B 17.0 9.2 ± 1.4 53

Kilmacurragh

**

B. pubescens 14 Ireland 10.5 10.3 100

B. pubescens 14 Finland 10.3 10.2 69

B. pendula 14 Finland3 12.0 10.0 22

B. pendula 14 Finland6 8.0 7.9 6

* standard error ** data supplied by Coillte, standard error not available



The development of a sustainable supply of 

improved, adapted and healthy seed within 

the framework of the EU Forest 

Reproductive Material (FRM) regulations.

• Locating the best examples of mature trees 

(plus-trees) of these species on which to base 

the improvement programme;

• Collecting scion wood from plus-trees i.e clones;

• Establishing clone banks to preserve the clones; 

• Establishing seed orchards;

• Establishing progeny trials to assess the value of 

the trees as parents.



Birch:

• ‘Pilot project for the genetic improvement of Irish Birch’ 

(1998 – 2000). 

• ‘Irish Birch Improvement Project’       (2001– 2004).

(O’ Dowd, 2004)

A = birch woods

B = scattered or 

individual trees

Plus-tree locations



Birch to date

• Establishment of provenance/progeny trials

• Three sites, 9 ha.

• 27 B. pubescens

- 94 B. pubescens families

• 16 B. pendula provenances 

- 27 B. pendula families, 

• 37 controlled crosses of plus-trees

(B. pubescens) 

• Overseas B. pendula

-7 Scottish provenances,

-2 German breeding populations 

-1 French family. 

• Now 10 years-old

• Clone banks established

• Untested seed orchard
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Alder:

• Initiated in 2005

• On recommended list

• Inadequate supply for demand

• Imported material used extensively

• Two collections (2007 and 2009)

• Untested seed orchard 

• Clone banks established at two locations

• Three progeny trials established (2008 and 2009)



The future

New phase of research;

To measure and trace genetic diversity in the collections

Assess that the heritability variation             Authenticate pedigree 

To test the relatedness of clones            Physiological studies

Reduce field testing                           Response to climate change 

Maintain genetic diversity in breeding populations and collections

•Adoption by the Forest Service of birch as a recommended 

species and a sustainable supply of improved, adapted and 

healthy seed is the ultimate aim.

Challenges;

Pests e.g. hares, deer and squirrel

Diseases e.g phytophthora 

Long-term security of research sites

Funding



Outputs:

• Bi-annual reports for COFORD

• Project reviews for COFORD Annual report

• O’Dowd, N. 2004. The improvement of Irish birch. Phase 1: Selection of 
individuals and populations. Project Reports COFORD, Dublin.

• O’ Connor, E. 2007. Progress in the selection and improvement of Irish 
birch. COFORD Connects, COFORD, Dublin.

• Skovsgaard, J.P., O’connor, E., Graversgaard, H.C., Hochbichler, E., Mohni, 
C., Nicolescu, N., Niemistö, P., Pelleri, F., Spiecker, H., Stefancik, I., 
Övergaard, R. (2006) Procedures for forest experiments and demonstration 
plots. http://www.valbro.uni-freiburg.de/

• Hemery, G., Clark, J., Aldinger, E., Claessens, H, Malvolti, M., O’Connor, E., 
Raftoynnis, Y., Savill, P. and Brus, R. (2010) Growing scattered broadleaved 
tree species in a changing climate – risks and opportunities.  Forestry 83: 
65-81 

Transfer of research into commercial sector:
• Initially, small amounts of seed will be produced by the project. 

• Demonstration trials to confirm improvement are in the next phase. 

• Long-term, parent material for commercial nurseries to produce their own 
sources of seed will be available. 

• Protocols to manage these indoor seed orchards are being developed. 



Project team

• Dr Ellen O’ Connor, University College Cork*

• Mr. Oliver Sheridan, Teagasc

• Dr Nuala Ni Fhlatharta, Teagasc

• Dr Barbara Doyle-Prestwich, UCC

• Other staff such as Christy Roberts and Jenny O’ Callaghan

• Students

Early birch work

• Dr. Niamh O’ Dowd

• Dr. Linda Williams

• Michael Bulfin

• Prof. Martin Steer, UCD

* Correspondence email: e.o’connor@ucc.ie
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International trials concerning 
forest species in Italy

Anna De Rogatis, Fulvio Ducci & Lorenzo Vietto (CRA PLF)

Partner 12

CRA SEL



Italy and specially CRA SEL  always  had shared efforts for 
establishing international experiments on forest species.

• Only large experiments can allow the understanding 
of productive potential and adaptation traits of 
species.

• This concept was clear and shared through all Europe 
since the early last century.

• Most of international tests were initially focused on 
conifers, mostly exotics but also hardwood species...



Pseudotsuga menziesii

•Iufro 1953 – 11 provenances (Or, Wa)

•IUFRO 1957 – 4 provenances (Wa)

•Iufro 1969/1970 – 85 provenances, 21 of them from  
interior + 10 Italian

•Eudirec Burnt Wood prov. progenies + 10 Italian

Aerial view of Faltona field trials. 
The photo shows the differences
in adaptation to environmental 
conditions of site of the IUFRO 
provenances used in this test.

Main Results:

-- Best origins and best artificial

seed stands;

-- Phenotypic traits

-- phenology;

-- adaptation (survival)

introduced in Italy since1882, in Tuscany (Chianti area), 
while the first introduction tests were established in 1887, 
in Tuscany (in Vallombrosa, near Florence). 
annual yeld ranging between 13.5 and 16.4 m3/ha/year. In 
Tuscan Apennines standing volumes range between 500 and 
820 m3/ha at age 50.



The international network of FAO/4bis (Coord. Ex ISSEL)
on  Pinus helepensis Section Species/Provenances shared by 8 Medit. partners

P. h. Seed 
Stands



Mediterranean Pines (Haleppo pines section –
International trilas in Italy

36 test still exist on 70 initially planted 
since 1975 in Italy, among about 300 tests 
were established in the framework of  
FAO Silva mediterranea.

Algeria, France, Greece, Israel, Italy, 
Morocco, Tunisia, Turkey

Network CRA - PLF

Network CRA - SEL

Lentiscete test 
site

southern 
Apennines CRA 
SEL



Prunus avium

• 1993, 29 Provenance/progenies from 
Caucasus shared with INRA P1 (bilateral 
coll.) in 3 Italian sites (1 lost in 2008);

• 1993, 14 Italian clones + 11 French 
clones (AIR Always) in 3 Italian sites;

• 2003, 11 full sib families FR x IT
shared with INRA P1 (bilateral coll.); 
only 1 Italian site.

• 2009, Seeds/seedlings exchanges
among EU countries  (B. De Cuyper) for 
establishing trials.

Survey 1999 - 2005

Survey 1985 - 1992



Prunus avium
• The genetic variation of wild cherry trails was 

examined with severals tools, in order to have a 
multivariate approach:

• Molecular markers SSRs ( 10 loci) on trees from 
30 populations

• Biochemical markers (9 isoenzyme) on the same 
populations

• Leaf shape on a set from the same populations

• Flower phenology recorded for 3 years in 3 clonal 
archives, where the above 250 clones are hosted

• Selection of Prunus avium L. clones for resistance to 
Phytophthora  sp. : early screening on micropropagated 
cherry clones, tested  in vitro to avoid the Phytophthora
spread in the environment, 2 wild cherry tissues, callus 
from leaf shoots and micropropagated plantlets  were 
tested in vitro

Characterization of correlated proteins to pathogenous 
resistance by Native Page electrophoresis



Prunus avium
Leaf shape
PCA 
Provenance group

Early clones - 42°-45° latit.: BF, VG, VM, 
VTN, VTS, CT,AP, VLN
Late clones – 44°-46° latit.: AS, ML, 
PVS, TO, VC, VF
Factors: altitude and latitude



CRA SEL 9

Juglans sp.     
Walnuts and Brains EU PRJs-International trails on EU 
walnuts materials.

Survey 1999 - 2005
Survey 1985 -
1992

Very good information for 
adaptation (phenology) and stem 
quality and architecture variability. 

Database of tests does exist.

Stability of provenance 
phenology in two very 
different sites: northern 
Italy and South.

- Phenotypic traits;
- growth;
- tolerance/resistance to 
frosts;
- physiology of resistence to 
frosts.



A. equi-trojaniA.bornmuellerianaA. nordmanniana A. cephalonica

The Italian Greek fir and other Mediterranean firs

International field networks IUFRO

Species Provenances

A. bormulleriana Cangal

Uludag

Kokez

Arag

A. nordmanniana Karalindere

Ardanug

A. Equi-troiani Kazdag

A. alba Camaldoli,

Best provenances for growth:

Cangal and Arag for A. 
bormuelleriana

Kazdag – A. equi-trojani

Good growth performance of A. bormuelleriana
for dry regions

A. alba good perrformance for hight

A. nordmanniana: bad results



Abies cephalonica

1970 - 3 Comparative 
provenances field tests :

- Londa (Florence – Tuscany) 

- Monte Capraro (Isernia – Molise)

- Colle Soda (Pescara – Abruzzo)

Shared with France INRA and 
Greece AUTH

•Total height:: 1977,1982, 1990.........

•DBH in 1990;

•Annual increments: 1973 to 1978;

•Bud phenology in May/June 1978 (Debazac,1965-1967, 
method):

0 – dormant bud   → 4 – young shoot



Populus sp.

Several international international trials were carried out in the 
past in the framework of the following.....

• Bacterial and fungal pathogenesis in relation to EC poplar 
breeding programmes (FOREST, MA1B 006C).

• Risk evaluation and prevention through durable resistance
(MA2B CT91 0012)

• Inter disciplinary research for poplar improvement (AIR1 CT92 
0349)

• Poplars for farmers (AIR3 CT94 1753)

• Strengthening of research capacity for poplar and willow
multipurpose plantation growing in Serbia (STREPOW – FP7 
REGPOT 2007-3)



Old trials still existing and 
maintained



Pinus sylvestris

International IUFRO TRIALS

– 1938 IUFRO Field test located in Brenna (Como-Lombardy) Lat 45°
40’ N Long. 9°10’ E

– 1958 National field test 1958 – 1962 located in Caldaro 
(Bozen) Lat.46°25’ 17” Long. 11°13’ 00”

– 1958 National field test 1958 – 1962 located in Pievepelago 
(Bologna) Lat.44°12’Long. 10° 37’

–IUFRO 1938: Provenances from central Europe
(Germany, Hungary, Tchekia and Belgium) and from
central oriental groups (Poland, and Germany) showed
the best performances for adaptation (survival) as well as
for growth. Concerning stem form the best material was
the Italian from Olgelsca (stand n. 63 and Val di Fiemme (n.
131).



Larix  decidua

In Italy first field trials of L. decidua were

planted by CRA SEL in 1944 in the frame work 

of IUFRO programmes. 22 provenances of 

European larch were used.

No breedng programmes are at present ongoing,
beaing suitable areas for larch restricted to
the natural range, requested only selected
materials for afforestation in the frame work
of traditional mountain silviculture.

Anyway, plots stil exist and can be 
used for monitoring adaptation etc..



Conclusion

• International trials allow the 
evaluation of materials based on 
large environmental range, either 
for interaction genotype x 
environment for multiple productive
and adaptive traits.

• Nowadays, in view of the global 
change effects, they are open air 
laboratories for studying deeply 
adaptation and genetics of 
adaptation and supply information on 
FGR reactions strategic for 
mitigation activities and preserving
resources in situ and ex situ.

• Many problems for long term 
managing, for maintainance, 
conserving continuity in the time, 
problems due to changes in people, 
but now also to the increased 
ferquence of extreme events. 

Managing trials, 
problems of oversized 
materials!!!...

Pme in Tuscany...

Forest fires 
after the hard 
drought in 
2007, 

Pha FAO collection 
in S Italy.

Caucasus collection lost after 
extreme rainfalls in spring 
2008. Pav in N Italy.



Thank you very much!



Provenance trial networks 
as a tool for biochemical
and molecular genetics 

of forest trees

Berthold Heinze
BFW – TBX P02 – Vienna, Austria

TBX Seminar on Large field trial networks, Sekocin, PL, June 2010



Provenance trial networks 
as a tool for biochemical
and molecular genetics 

of forest trees

Berthold Heinze
BFW – TBX P02 – Vienna, Austria

TBX Seminar on Large field trial networks, Sekocin, PL, June 2010



I - Field trials as a “quick and easy”
way to collect material

• collect diverse material for genetic marker 
studies in one place

pros:
• many diverse sources at one place
• replicated (other labs can use the same 

material) - standardisation & comparison
• relevant for practical purposes – hope to 

distinguish better and worse provenances 
with markers



Lagercrantz and Ryman 1988, 1990

• first to assess range-wide variation in a 
forest tree with isoenzyme (allozyme) 
markers
– Norway spruce IUFRO 1964/68 trial in 

Sweden
• key innovation: using diploid material 

from buds for analysis
• multivariate trends in accordance with

geography





Further examples

• Prus-Glowacki and Bernard 1984,
• Oleksyn et al. 1994 (Pinus sylvestris):

– correlation of genetic data with pollution of the field
trial site

• Kannenberg and Gross 1999 (Picea abies):
– geograpic patterns at some loci
– higher variation in the North and in the Balkans

• Mihai and Teodosiu 2009 (Larix decidua):
– high diversity at the edge of the range



Kannenberg and Gross 1998



Nice example from Poland

• Chalupka et al. 2008 (Picea abies):
• reconstitution of Kolonowskie seed 

source
• original stand of IUFRO seed collection 

disappeared
• source was very good at many test sites
• seed orchard constructed from offspring 

genotypes in tests
• confirmed with genetic markers



Other types of markers
in traditional studies

• marker type is largely irrelevant from the point 
of view of trial management

• other nuclear DNA markers:
– Perry et al. 1999, Picea abies
– sequence-tagged sites (PCR [RFLP])

• chloroplast microsatellites:
– Vendramin et al. 2000, Picea abies
– geographic variation in congruence with only two

glacial refugia
• mitochondrial minisatellites:

– Sperisen et al 2001, Picea abies
– confirmed two glacial refugial populations colonizing

Europe



Further example

• chloroplast and mitochondrial markers
combined:
– Gugger et al. 2010, Pseudotsuga menziesii
– differentiation of Rocky Mountain

populations, but not those at the coast
– zone of introgression / hybridization
– use this information to trace origins of early

introductions in Europe?
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Disadvantages
• exact identification of source

– especially in older trials
– area/region vs. stand

• exact descent of material
– how many mothers - which is which?

• source material may have disappeared
– seed stands cut for timber

• possible natural genetic selection in the 
nursery /at the trial site

• comprehensiveness (range-wide?)



Disadvantages - examples
• Cieslar 1905 Quercus robur

– (Cieslar 1923)
– 1 or 2 mother trees only
– no repetitions

• pre-IUFRO trials in general
– often inferior statistical design
– sources not traceable any more?

• IUFRO trial series restricted to few 
species
– spruce, larch, Doug fir

• RAP Fraxinus – not range-wide



Alternatives 
for obtaining diverse material

• request seeds (or collect yourself)
– preferred for conifers
– haploid megagametophytes

• visit stands
– preferred for controlling relatedness of material
– e.g. 30/50 m between sampled trees

• correspondents
– dried leaf material in a letter
– leaves in silica gel



Example: Populus tremula range
• would be impossible to visit multiple sites
• nor to send seeds easily

Chloroplast DNA data by Heinze and Fussi, unpubl.



„Added value“
of large trial network?

• not really present yet
• multiple-site studies are rare
• multiple-lab studies are rare
• has the value not yet been realised?

– selection effects at different sites?
– pedigree reconstruction?
– genetic diversity and plasticity?
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Selection, adaptation and 
epigenetic effects

• seedlings planted in various climates may undergo
selection

• difficult to disentangle selection and local adaptation
effects
– first vs. further generations?

• epigeneitc effects described in Picea abies
– T. Skroppa, O. Johnson et al.
– seedlings behave different if harvested in different climate, but

from identical trees
– Hungarian example – Ujvari Jarmay and Ujvari 2006:
– Picea abies seeds harvested in IUFRO trial
– selected mother trees often exceeded growth of local material
– well-known „maternal effect“ (seed nutrition after-effects)
– evident in high altitude Picea abies in the Alps



Little "marking" capacity for 
really interesting growth traits

• incongruence between observable growth 
and marker patterns (in some examples)

• often low Fst vs. high Qst
– little genetic differentiation,
– high quantitative variation

• reasons?
– too few markers
– selectively neutral markers
– too simple models of inheritance

• polygenic traits
• more complex genetic interactions
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II - The dawn of the age of genomics

• genetic mapping
– required family pedigrees, not provenances

• maps of markers only, initially
• then QTLs:

– quantitative trait loci
– chromosome regions with statistical 

correlation to quantitatively measured traits
• progeny trials more interesting

http://www.mansfield.ohio-state.edu/~sabedon/2001_dawn05.jpg
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Problems with QTL mapping

• transferability:
– markers or traits or QTLs (or all of those) not 

always transferable from one family to the 
next 

– from one experiment to the next one
– effect of deleterious alleles in some families

• vs. real superior alleles
– interactions (genetic epistasis) are broken in 

a new genetic background)



Alternatives from human genetics

– building large pedigrees is also not feasible
– admixture mapping:
– linkage disequilibrium building up through 

natural hybridization and backcrossing



Alternatives from human genetics

– building large pedigrees is also not feasible
– admixture mapping:
– linkage disequilibrium building up through 

natural hybridization and backcrossing

Darvasi and Shifman 2005



Examples in plants –
Loren Rieseberg‘s lab

• work in hybrid sunflower
• backcrosses loose most genes from other species
• but retain the ones that give them an advantage

http://www3.botany.ubc.ca/rieseberglab/research.html



III - Another alternative:
association studies

• simple correlations between markers and 
traits

• going back to the original idea of genetic 
markers

• at candidate genes
• across the whole genome

– Arabidopsis and other models
• simple, but what are the problems?



Digression - technical advances

• next generation sequencing
– new sequencing methods for very high 

throughput
• massively parallel SNP assays

– assess hundreds of single nucleotide 
polymorphisms in hundreds of samples

• methods often available from larger 
centres or specialised companies



Illumina Golden 
Gate assay

• 1536 pre-defined
SNPs in one run

• hundreds
(thousands) of 
individuals

http://www.genomecenter.ucdavis.edu/dna_technologies/
illumina.html



Next
generation
sequencing
technology 

example

• Roche/454 pyro-
sequencing

http://www2.bio.ku.dk/microbiology/research/sequencer.asp



Metzker
2010



How to do an association study
• collect material
• measure phenotypes

– height, diameter, diseases, ...
• analyse as many markers as possible:
• candidate genes 

– for biological function
– gene expression
– from model organisms
– from QTL regions 
– ...

• alternatively – whole genome sequencing
– individual genomes in Arabidopsis
– pools for other organisms (Futschik and 

Schlötterer 2010 in press)



Example - lignin pathway genes

http://www.hort.purdue.edu/
rhodcv/hort640c/secprod/se
00016.htm



Genetic analysis
in association studies

• mostly done by sequencing genes
– PCR & sequencing

• or analysis of SNPs
– sometimes a selection only

• next generation sequencing for sequence / 
SNP discovery
– but not yet for re-sequencing = analysing the

individual samples



How to do an association study (II)

• assess structure in the sample
• need to control for population substructure / 

family structure 
– e.g. STRUCTURE, pedigree reconstruction

• calculate statistical associations
– dedicated software
– special tests if structure is present

• verify in independent sample
– e.g, 2/3 of sample in association
– and 1/3 of sample for verification



Advantages of association studies

• ease of the approach for sampling
• inherently simple approach
• no building of pedigrees necessary

– but family pedigrees can enhance the study



IV - Examples of 
association studies
in trees (overview)



Heuertz et al. 2006
Picea abies
22 loci
excess of rare and high-freq. mutations; bottleneck

Pyhäjärvi et al. 2007, Palmé et al. 2008
Pinus sylvestris
16 candidate genes / EST databases
demography / selective sweeps

Eveno et al. 2007
Pinus pinaster
11 candidate genes
„outlier“ loci

Keller et al. 2010
Populus balsamifera
412 SNPs in 474 individuals + 11 sequenced genes in 94 individuals
3 geographical clusters; massive expansion inferred (after Ice Age)

Demography



Ingvarsson et al. 2008, Luquez et al. 2008, ...
Populus tremula
77 gene fragments
excess of low-frequency mutations; bottleneck; association of 

flowering pathway genes with bud set (PHYB)

Namroud et al. 2008
Picea glauca
534 SNPs in 345 expressed genes
genes involved in local adaptation of some populations (e.g. drought, 

heat)

Holliday 2009 (dissertation)
Picea sitchensis
candidate genes from microarray studies; 768 SNPs
widespread purifying selection; some positive / diversifying selection; 

28 associations for cold hardiness and budset (explained ~ 30% of 
phenotypic variation in mapping population from 12 geographical
locations)

Local adaptation



Gonzalez-Martinez et al. 2007, 2008; Eckert et al. 2010 in press
Pinus taeda
SNPs in up to 3059 genes
wood properties; carbon isotype discrimination; abiotic stress 

response; expansion from Mexico and Florida

Eckert et al. 2009a, b
Pseudotsuga menziesii
384 SNPs in 117 candidate genes / 121 candidate genes
cold-hardiness traits – 30 associations in 12 genes; 7 markers

differentiated coast / interior; small effects of genes; selective
sweeps at 3-8 loci; bottleneck

Dillon et al. 2010 in press
Pinus radiata
149 SNPs in cell wall candidate genes
10 significant associations with wood property traits

Wood traits



Characteristics of 
first generation of studies 

• using traditional Sanger sequencing of some 
candidate genes and / or

• SNP detection panel 
– only a handful of samples

• followed by SNP assay on many individuals
• testing for deviation from neutrality

– genes or alleles that show reduced or enhanced
diversity

– „footprints of selection“
– „selective sweeps“

• testing for association with „geography“, wood
traits



Issues with
association studies

• sequences/primers not available for all 
species

• when testing many markers in many 
individuals, how to distinguish false positives 
from true association?

• association (statistical correlation) does not 
mean causal explanation

• often only a low percentage of variation 
explained by the markers/alleles/ SNPs
– few percent, even if added

• would make marker-based selection 
inefficient
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inefficient



Recent exception - Pär Ingvarsson -
P. tremula

• when considering also LD between 
markers, they explain up to 50% of 
phenotypic variation !

• approach suggested by Lewontin and 
Krakauer, 1970ies
– P. Ingvarsson, @ EVOLTREE conference El 

Escorial, Spain, June 2010



Conclusions
• genome-wide („genomic“) studies will hopefully

reveal genetic control of traits in many species
soon

• technology advances make it possible to study
many genes / whole genomes

• experimental networks are an ideal basis for
such studies

• both provenance and progeny trials can be
used
– mix of unrelated material and crosses for plants
– Myles et al. 2009

• basic research into gene function is necessary
before gene markers can be used for selection
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many genes / whole genomes

• experimental networks are an ideal basis for
such studies

• both provenance and progeny trials can be
used
– mix of unrelated material and crosses for plants
– Myles et al. 2009

• basic research into gene function is necessary
before gene markers can be used for selection



Phenotyping
(measuring, observing, 

assessing, testing, counting ...)
= „phenomics“

will become more and more
important for genetic studies

as genotyping becomes easier



Some of the studies are based on 
pedigrees, but ...



... does this mark the return of the 
provenance trials?



The return of the son 
of the provenance trial: 

genetic association studies in trees



The return of the son 
of the provenance trial: 

genetic association studies in trees
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„Characteristics of genetic diversity 

and differentiation of progeny and 

mother stands of European Beech in 

Poland”
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Present genetic structure of European
beech (Fagus sylvatica L.) populations was
formed within last few thousand years
influenced many different factors not only
environmental (glacial epoch) and genetic
(selection) but also anthropogenic. Beech is
very important forest tree species in Poland
and it ocupies 5,1% of forest area in Poland.

In Poland, beech attains its north-eastern
limit of natural range, which is limited by:
continental climate, soil conditions, winter
temperatures and air humidity.

Sekocin 2010



Methods

Sekocin 2010

The investigated beech populations represent Beech Trial in
Bystrzyca Klodzka. The were classified according to
phytosociogical characteristics as the following plant
associations: Galio-odorati-Fagetum (Gryfino and Kwidzyn),
Dentario glandulosae-Fagetum (Bieszczadzki National Park),
Luzulo-luzuloides-Fagetum (Suchedniów, Tomaszów), Dentario
enneaphyllidis-Fagetum (Zdroje). The genetic structure of these
populations was analyzed. Thirty individuals per one generation
(mother, progeny stands) in every provenance were investigated.



Methods
The genetic variation and differentiation of mother

stands and their open-pollinated progeny were
characterized on the basis of isoenzyme and DNA
microsatellite chloroplast markers.

There were calculated following genetic parameters
for both markers: average number of alleles per
locus, percentage of polymorphic loci and
heterozygosity observed and expected (on the of
isoenzyme markers).

Parameters of genetic diversity (Hs and Ht) and
differentiation (Gst and Gcs) were counted and
compared between mother and progeny generation.

Dendrogrammes based on Nei (1972) genetic
distances were constructed.

Sekocin 2010



Methods

Following enzyme systems were analysed:
glutamate-oxaloacetate transaminase
(GOT – EC 2.6.1.1 – Got-2), leucine
aminopeptidase (LAP – EC 3.4.11.1 –
Lap-1), malate dehydrogenase (MDH –
EC 1.1.1.37 – Mdh-1, Mdh-2, Mdh-3),
menadione reductase (MNR – EC
1.6.99.2), phosphoglucomutase (PGM –
EC 2.7.5.1), phosphoglucose isomerase
(PGI - EC 5.3.1.9 – Pgi-2), shikimate
dehydrogenase (SKDH – EC 1.1.1.25).

MDH

LAP

Sekocin 2010



DNA microsatellite chloroplast markers: ccmp4,
ccmp7 and ccmp10 were analysed in 8 %
acrylamide gel using automatic sequencer
ALFexpress II (Amersham Pharmacia Biotech).
The obtained results were elaborated with ALFwin
Fragment Analyser™ 1.0 software.

B.  

 

300 pz 

 

 

 

ccmp10 

 
 

100 pz 
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Estimation of genetic differentiation of beech in 

Poland on the basis of isoenzyme analysis

•There is slight decrease of genetic

variation of beech populations towards the

north of Poland, which can be explain the

migration paths and selection after glacial

period.

Sułkowska, M. 2002: Analiza izoenzymatyczna wybranych proweniencji buka zwyczajnego (Fagus

sylvatica L.) na powierzchni doświadczalnej w Bystrzycy Kłodzkiej. Sylwan 146 (2): 129-137.

Gömöry, D., Paule, L., Schvadchak, M., Popescu, F., Sułkowska, M., Hynek, V. & Longauer, R. 2003:

Spatial patterns of the genetic differentiaton in European beech (Fagus sylvatica L.) at allozyme loci in

the Carpathians and adjacent regions. Silvae Genetica 52(2): 78–83.

•The genetic differentiation of beech in

Poland do not allowed to distinguish

provenance regions

•The data showed mosaic character of

species differentiation and its ecotype

variation.



ccmp4 ccmp7 ccmp10bp

2176

1230

1033

653

234

154

Familienstrukturen in Buchenbeständen (Fagus sylvatica)

Dissertation zur Erlangung des Doktorgrades,  der Fakultät für Forstwissenschaften und 

Waldökologie

der Georg-August-Universität Göttingen

vorgelegt von, Aikaterini Dounavi, geboren in Athen (Griechenland), Göttingen 2000



Geographical distribution of 
(a) chloroplast haplotypes detected using 

polymerase chain reaction–restriction 
fragment length polymorphism (PCR-
RFLP),

(b) microsatellites (data for the Italian 
Peninsula were taken from Vettori et al., 
2004)

In: MAGRI, D., VENDRAMIN, G.G., COMPS, 
B., DUPANLOUP, I., GEBUREK, TH., 
GÖMÖRY, D., LATAŁOWA, M., THOMAS 
LITT, PAULE, L., ROURE, J.M., TANTAU, 
I., VAN DER KNAAP, W. O., PETIT, R.J., 
DE BEAULIEU, J-L 2006: A new scenario 
for the Quaternary history of European 
beech populations: palaeobotanical 
evidence and genetic consequences . New 
Phytologist 171 (1): 199-221



Average number of alleles per locus 2,0 2,11,9 2,31,81,7

Mother stands

Kwidzyn

Gryfino

Suchedniów

Tomaszów

Bieszczadzki PN

Zdroje

Progeny stands

Kwidzyn

Gryfino

Suchedniów

Tomaszów

Bieszczadzki PN

Zdroje

Isoenzyme markers – Average number of alleles per locus
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Isoenzyme markers – heterozygosity

Sekocin 2010



ccmp4

116 117 118 119 120

1 2 3 4 5

ccmp7

116 117 118 119 120

1 2 3 54

ccmp10

144 145 147 148 149 150 151 152

1 2 3 4 5 6 7 8

Chloroplast DNA Markers – Gene percentage of alleles 

Mother stands Mother stands
Mother stands

Progeny stands Progeny stands
Progeny stands



Average of alleles per locus 3 421 5

Sekocin 2010

Chloroplast DNA Markers – Average number of alleles per locus
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Gryfino

Kwidzyn

Suchedniów

Tomaszów

Zdroje

Bieszczadzki PN

Gryfino

Kwidzyn

Suchedniów

Tomaszów

Zdroje

Bieszczadzki PN

Mother stands Progeny stands

Sekocin 2010

DNA markers



================================
Locus Ht Hs Gst
================================
ccmp4 0.5053 0.3058 0.3947
ccmp7 0.3228 0.2667 0.1738
ccmp10 0.6468 0.5092 0.2128
Mean 0.4916 0.3606 0.2666
St. Dev 0.0264 0.0169
================================

Mother stands Progeny stands

================================
Locus Ht Hs Gst
================================
ccmp4 0.3957 0.3042 0.2313
ccmp7 0.4650 0.2767 0.4050
ccmp10 0.5193 0.4317 0.1688
Mean 0.4600 0.3375 0.2663
St. Dev 0.0038 0.0068
================================

===========================
Locus Hc Gcs
===========================
ccmp4 0.3050 0.3230
ccmp7 0.2717 0.3103
ccmp10 0.4704 0.1932
Mean 0.3490 0.2665
St. Dev 0.0113
===========================

Summary statistics

Nei's Analysis of Gene Diversity

Ht – total heterozygosity within population
Hc – total heterozygosity within group
Hs – total heterozygosity among populations
Gst – total genetic differentiation among populations      
Gcs – total genetic differentiation in groups of populations 

Sekocin 2010



•The very high inter-population diversity was

shown.

•The investigations reviled the importance of

using local European beech ecotypes, taking into

account its plasticity, which is the best advice to

obtain success in forest management and for

protection of genetic resources of the species.

Conclusions

Sekocin 2010



Thank You very much 

for Your attention!

And also to our colleague:

Jolanta Bieniek for her technical assistance

Sekocin 2010



Microsatellites and genetic diversity 
in seed orchard and provenance test

Magdalena Trojankiewicz



Microsatellites



Seed orchard Provenance test
Pinus silvestris Quercus robur



Provenance test 
in Oleszyce Forestry

Seed orchard in Gniewkowo Forestry



Seed orchard in Gniewkowo forestry

The aim of this study was to investigate reproductive 
processes in seed orchard

 Genetic diversity of parental and progeny population 

 Mating system and pollen dispersal

 Effective population size of male paterns
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1972-73      3.3 ha     

32 clones    1122 ramets

29 clones 187 ramets 



Location of clones 
in seed orchard

 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

1  211 221 216   233  221  234 220 233  221  234 

2 229    223 220  214  214 228  229 225  231 223 

3     228  213  225  235  211    228 

4     235 217 232  231 212   240 230  237 235 

5 227          223    236  238 

6 233 219   230  233  221 218 230  233  221   

7 229 214  218  220     223  229  225   

8   224 217   239   220  236   225 215  

9 220    235  240  212  234  232    232 

10   236 225  232  236 219 223   218  236   

11 233  221    233  239  230  233  221  230 

12 229  233  223  219 236 213 213 228 231  217 238  223 

13     228  231  225  235  234   220  

14 212 220   235 216 236  231  225  240  212  219 

15 233  236  234  215  240  232 220   234   

16 233 225   230  233 230 235 230 230  233   239 230 

17 229  233    229  229  223    238  228 

18 234 232 224  219  234 231  217 228  234   223 235 

19 220      240  212  237  232  212   

20 218  236  237 220  224 235 239 240  220 224  240 214 

21 233  226  229  233  226    233  226  233 

22  219 238 216 217   230   217 223  225 238  217 

 



 
Locus  Sequence  5’ – 3’ 

PtTx3025 (CAA)10 
F: TTC TAT ATT CGC TTT TAG TTT C 

R: CTA TTT GAG TTA AGA AGG GAG TC 

PtTx3107 (CAT)14 
F: AAA CAA GCC CAC ATC GTC AAT C 

R: TCC CCT GGA TCT GAG GA 

PtTx 3116 (TTG)7(TTG)5 
F: CCT CCC AAA GCC TAA AGA AT 

R: CAT ACA AGG CCT TAT CTT ACA GAA 

PtTx4001 (GT)15 
F: CTA TTT GAG TTA AGA AGG GAG TC 

R: CTG TGG GTA GCA TCA TC 

Spag7.14 (AT)5(GT)19 
F: TCA CAA AAC ACG TGA TTC ACA 

R: GAA AAT AGC CCT GTG TGA GAC A 

Spac12.5 (GT)20(GA)10 
F: CTT CCT CAC TAG TTT CCT TTG G 

R: TTG GTT ATA GGC ATA GAT TGC 

 

Characteristics of nuclear microsatellites 
(Pinus sylvestris, seed orchard)



 

 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

1  211 221 214   233  221  234 220 233  221  234 

2 236    223 220  214  214 228  310 225  231 223 

3     228  213  221  235  211    228 

4     235 220 213  301 212   240 230  237 235 

5 227          223    236  213 

6 233 219   230  232  302 218 230  233  221   

7 309 214  218  220     223  229  225   

8   224 217   221   307  236   225 215  

9 229    235  240  212  234  232    232 

10   236 225  220  315 219 223   218  236   

11 233  221    240  221  230  233  221  230 

12 235  233  223  306 236 233 213 228 231  305 238  223 

13     228  238  225  235  234   220  

14 219 220   235 216 236  301  225  240  212  219 

15 219  236  234  303  240  232 220   234   

16 313 225   230  312 230 235 236 230  233   216 230 

17 304  233    229  229  230    238  228 

18 234 232 224  219  233 232  217 228  234   308 235 

19 302      234  212  237  231  212   

20 218  236  237 220  224 235 314 240  220 224  216 211 

21 233  226  219  240  226    233  226  233 

22  212 236 216 229   224   217 223  225 238  234 

 

Localtion of clones 
in seed orchard
after corrections



Genetic diversity



Locus A Ae He Ho PE(1) HW Null  F 

PtTx3025 8 2.38 0.581 0.619 0.187 NS -0.07 -0.07 

PtTx3107 10 6.41 0.844 0.667 0.501 NS 0.12 0.21 

PtTx3116 9 4.18 0.761 0.810 0.350 NS -0.05 -0.06 

PtTx4001 9 3.67 0.728 0.762 0.318 NS -0.04 -0.05 

Spag7.14 26 23.8 0.958 0.905 0.805 NS 0.02 0.06 

Spac12.5 24 19.23 0.948 0.952 0.772 NS -0.01 0.00 

average 14.33 9.94 0.803 0.785 0.992  0.005 0.015 

*  
A – number of allels. Ae – effectiv number of allels.  Ho He – observed and expected heterozygosity.  

PE(1) - exclusion probability. F = 1 – (Ho/He) 

 

Genetic diversity  of parental population



Genetic diversity of offspring population

Locus A Ae He Ho PE(1) HW Null  F 

PtTx3025 11 2.56 0.609 0.736 0.204 ** -0.109 -0.21 

PtTx3107 10 3.23 0.690 0.829 0.284 ** -0.111 -0.20 

PtTx3116 14 4.18 0.761 0.915 0.366 ** -0.099 -0.20 

PtTx4001 11 3.26 0.693 0.797 0.291 ** -0.081 -0.15 

Spag7.14 32 8.85 0.887 0.855 0.633 NS 0.0169 0.04 

Spac12.5 33 11.49 0.913 0.952 0.703 NS -0.022 -0.04 

average 19.33 5.9 0.759 0.847 0.972  -0.068 -0.127 

 
A – number of allels. Ae – effectiv number of allels.  Ho He – observed and expected heterozygosity.  

PE(1) - exclusion probability. F = 1 – (Ho/He) 
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Effective population size



Effective population size of male parents

calculated based on different methods

 

Methods used to calculate effective population size Ne 

Variance of allele frequencies – Ne(v) 

Wariancja częstości alleli  
24.80 

Correlation of paternity analysis – Ne(r) 

Analiza korelacji ojcostwa  
21.74 

Genetic structure of pollen pool 

TWOGENER  -  Ne(p) 
52.57 

Paternity analysis – reproductive success Ne(f) 

Analiza ojcostwa – sukces kojarzenia -  
17.14 
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Locus Ne(v) 

PtTx3025 10.96 

PtTx3107 8.02 

PtTx3116 20.07 

PtTx4001 28.25 

Spag7.14 54.58 

Spac12.5 77.00 

 24.80 

 
Roberds et al. 1991, Burczyk 1996,
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Determinants of male reproductive success



 

Determinants of miting success 

Model 
Imigration 

(m) Distance 

(β) 

Fecundity 

(γ) 

Diameter 

(δ) 

Ne(s) 

(%Ne(s)/N) 

m β 
0.6034 

(0.0326) 

-0.0408 

(0.0137) 
- - 124.2 (66.4%) 

m γ 
0.6118  

(0.0329) 
- 

0.2885  

(0.0960) 
- 139.9 (74.7%) 

m δ 
0.5966 

(0.0326) 
- - 

0.1868 

(0.0564) 
150.9 (80.7%) 

m β γ δ 
0.5899 

(0.0323) 

-0.0302 

(0.0114) 

0.2785 

(0.0762) 

0.1643 

(0.0594) 
92.7 (49.6%) 

 

Ne(s) – effective number of ramets.  

%Ne(s)/N – percet effevtive number of ramets to number of ramets 

Determinants of male reproductive success
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Results 

1. Genetic diversity and genetic structure :

 Genetic diversity of offspring population is similar to genetic 
diversity paternal population. 

 Inbreding level is similar in both ppulation.

2. Mating system and level of pollen imigration:

 Level of self-fertilization is low (close to 0)

 Level of pollen immigration is large (60%)



3. Effective number of male paterns:

 Effective population size of male patrens is extensive 

(17 – 52, pollen pool imigration 22-79) 

and comparable among different methods

4. Male mating success of individual ramets depends 
on:

 Distance to sampled mothers

 Flowering intensity and tree diameter



Provenance test
in Oleszyce Forestry



Provenence test in Oleszyce forestry

Provienience
Number of 

half-sibs

Młynary II 8

Młynary I 19

Milicz 9

Krotoszyn 8

Opole 8

Sieniawa 8

total 60



Locus
Average size

(Bp)
Sequence

ssrQrZAG 7 (TC)n 150
5’-gca att aca ggc tag gct gg -3’

5’-gtc tgg acc tag ccc tca tg -3’

ssrQrZAG 20 (TC)n 178
5’-cca tta aaa gaa gca gta ttt tgt -3’

5’-gca aca ctc agc cta tat cta gaa -3’

ssrQpZAG 9 (AG)n 196
5’-gca att aca ggc tag gct gg -3’

5’-gtc tgg acc tag ccc tca tg -3’

ssrQpZAG 110 (AG)n 234
5’-gga ggc ttc ctt caa cct act -3’

5’-gat ctc ttg tgt gct gta ttt -3’

MSQ 4 (GA)n 219
5’-tct cct ctc ccc ata aac agg -3’

5’-gtt cct cta tcc aat cag tag tga g -3’

Microsatellites



Aims of the study

1. To verify the composition of individual half-sibs 
(identify individuals that do not belong to particular 
half-sibs due to contamination at the time of trial 
establishment).

Such contamination may inflate the variance of 
quantitative traits within ‘half-sibs’

2. To investigate effective number of males 
contributing to each half-sib.

Low effective number of males may narrow the 
variance of quantitative traits within ‘half-sibs’



Aims of the study

1. Quantitative genetic analyses will be done based on 
initial (original) and corrected data to see the 
differences.

2. We will test if genetic markers can be efficiently 
used for verification of family trials.



Work done so far…

 Phenotypic traits are measured (tree diameter and 
height)

 All individuals are sampled and DNA is being isolated 

 SSR analyses started…
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Summary  

Efficient breeding implies optimum allocation recourses between high and low input breeding and 

optimal combination of genetic gain, gene diversity, costs and time. This combination strongly 

depends on the long-term breeding plans and the input in breeding. The experience is gained, but 

not equally among the European countries, where breeding is driven by variable ownership types 

and interests.  To maximise the efficiency of breeding at the pan-European perspective, it is 

beneficial to gain from experience of scientifically-sound strategies. The objective of this 

questionnaire is to prepare a review on how breeding programs of forest trees are designed and 

what testing strategies are used in European countries. The ultimate goal is to improve efficiency 

of breeding by taking advantage of the efficient practice. The questionnaire consists of 3 parts: (I) 

breeding strategies and testing/selection methods used for each species,(II) tools available to 

optimise the testing strategies and (III) literature list on optimization of breeding strategies of 

forest trees. In total, answers on 115 breeding programs from 28 forest tree species were obtained 

from 19 Treebreedex institutions (representing 19 countries). The main forest countries responded. 

No breeding programmes were reported for such wide-spread conifers as Juniperus and Taxus 

bocata. Most breeding efforts are focused 3 coniferous species (Pinus sylvestris, Picea abies and 

Larix sp.) and on 4 broadleaved species (Populus sp., Betula sp., Fraximus sp. and Prunus avium). 

The general statistics on breeding is as follows: 60% of all are long-term programmes; 52% high 

input; 30% do not subdivide the breeding stock into breeding populations and as much as 40% use 

the site type and natural species distribution as the main criterion for subdividing into breeding 

populations (meaning not eco-climatic zones or adaptive environments); only 10% maintain 

nucleolus breeding population for generating high gain;  47 % uses closed breeding populations 

with no infusion of genetic material from outside; only 33% use controlled mating among 

breeding populations members; 87% use the same testing strategy for different traits; 48% 

breeding and multiplication populations are not separated; 69 % use among and within family 

selection; 50% uses two-stage phenotype-progeny testing strategy; 8 % use molecular markers in 

breeding and 5% use simulations to optimise breeding (most were willing to use simulations). In 

the analyses of the answers, the breeding strategies were subdivided into 4 categories based on 

terms and input: "long-term high-input"; "long-term-low-input"; "short-term high-input” and 

“short-term low-input” and methods of breeding with each of these 4 strategies were analysed.  
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1. Introduction  

Efficient breeding implies optimum allocation recourses between high and low input breeding and 

choice of efficient testing strategies. It may not be easy to optimally combine genetic, gene 

diversity costs and time depending on the economic and ecological importance of a series of 

species (Fig. 1.1.1). Allocation of the recourses may reach its optimum when the input is 

associated with the economical importance of the species. Efficiency of breeding mainly depends 

on appropriate testing strategy to control the relatedness and to provide maximum genetic gain per 

unit of time and the genetic diversity lost. The experience is gained, but not equally among the 

European countries, where breeding is driven by variable ownership types and interests.  To 

maximise the efficiency of breeding at the pan European perspective, it is beneficial to gain from 

experience of scientifically-based strategies. A first step to achieve this goal is to prepare analysis 

of the present situation with breeding and testing strategies in Europe. 

 

Fig. 1.1.1. When drafting breeding programmes, decisions need to be made on allocation of 

recourses (inputs) for a number of species, terms of breeding and all subsequent methods, such as 

mating, testing, selection. This makes a complex task, which if not properly solved could lead to 

inefficient breeding.  

 

The objective of this questionnaire is to prepare a review on how breeding programs of forest trees 

are designed and what testing strategies are used in European countries. The ultimate goal is to 
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improve efficiency of breeding by taking advantage of efficient experiences and excluding 

repetition of common mistakes, in this way raising efficiency and compatibility of European forest 

sector. It will also allow establishing “testing tools shelf” in the Virtual Breeding center containing 

the tools and demonstrations to be used as guidelines when searching for the optimum testing 

method for a given situation in tree breeding. 

 

This questionnaire consists of 3 parts. Part 1: What breeding strategies and testing/selection 

methods are used for certain species?  Part 2: What tools are available to optimise the testing 

strategies? Part 3: Literature list on optimization of breeding strategies of forest trees.  
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2. Material and methods 

2.1. Terminology. 

For the sake of common understanding of what is addressed in the questionnaire the following 

terms were suggested and distributed with the questionnaire.  

 

Long-term breeding: breeding planned for long-term with specific plans to maintain sufficient 

level of gene diversity in breeding population for many breeding cycles. 

 

Short-term breeding: breeding aimed for rapid generation of genetic gain with no specific plans to 

maintain required level of gene diversity inbreeding population for more than a few breeding 

cycles. 

 

High-input breeding: high intensity genetic improvement system aimed at generation of high and 

reliable benefit at the cost of comparable large investment. 

 

Low-input breeding: a low intensity genetic improvement activity, which does not require large 

investment (e.g. seed collection stands). 

 

Multiple population breeding system: the breeding population is subdivided in several smaller 

populations that are bred for different objectives. 

 

Breeding population: the group of individuals that will carry the advancement of breeding into 

future generations. 

 

Candidate (testing) population: group of individuals that carry the recombined genes of the 

breeding population members and are tested to qualify as breeding population members for the 

next breeding cycle. 

 

Multiplication (propagule) population: the group of individuals primarily aimed for sexual or 

vegetative multiplication of the genetically advanced material for commercial purposes (seed 

orchard, hedges for cloning).  
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Nucleus breeding: breeding scheme where populations in breeding cycle are divided into 

intensively managed nucleus with top-ranking genotypes and less intensively managed genetically 

less advanced main population. 

 

Breeding cycle: the successive alternation of recruitment, candidate and breeding populations in 

one breeding generation. 

 

Testing/selection strategy in recurrent breeding (cycling strategy): the testing/selection method 

used repeatedly over a series of identical breeding cycles (long term breeding)  

 

Single-pair mating (SPM): each BP member mated to another BP member only once (need to 

select 2 best within each family to maintain constant BP size) 

 

Double pair mating (DPM): each BP member mated to two other BP members (need to select 1 

best within each family to maintain constant BP size) 

 

Single-stage selection strategy: selection of the candidates carried out at one occasion within 

breeding cycle (nursery pre-screening may be ignored).  

 

Two-stage selection strategy: selection made at 2 stages within one breeding cycle: a pre-selection 

of certain number of candidates at stage one followed by further testing of the pre-selected 

candidates and selection of the new BP members at the second stage (testing methods may differ 

between the stages). 

 

Phenotype testing: testing and selection is based on the individual’s phenotype and phenotypes of 

its relatives (if available).  

 

Clone testing: individuals are tested and selected based on performance of their clonal copies. 

(alternative definition: individual’s breeding value is predicted based on performance of its clonal 

copies) 

 

Progeny testing: individuals are progeny tested and selected based on the performance of their 

progeny. (alternative definition: individual’s breeding value is predicted based on performance of 

its progeny  copies) 
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Open nucleus breeding is a method to maintain gene diversity in the breeding populations by 

recurrent infusion of genetic material from outside (e.g. from natural stands). 

 

Closed nucleus breeding is a method to maintain gene diversity in the breeding populations by 

using certain selection strategies but no infusion of material from outside. 

 

Deterministic simulator performs simulations based solely on algorithms and formulas. 

 

Stochastic simulator performs simulations allowing random factors in addition to algorithms and 

formulas. 

2.2. The questionnaire explained. 

Table 2.1. Explanation of the questions, the possible answers and their aim.  

Question  Possible answers 
Comment to the question Aim of the question 

1. Are there specific plans to 

maintain sufficient level of 

gene diversity in breeding 

populations for many 

breeding cycles?  

1. Yes (long term breeding) Long-term breeding is breeding 
planned for long-term with 

specific plans to maintain 

sufficient level of gene 
diversity in breeding population 

for many breeding cycles. 
 

Short-term breeding is breeding 

aimed for rapid generation of 
genetic gain with NO specific 

plans to maintain required level 

of gene diversity in breeding 
population for more than a few 

breeding cycles. 

This question is essential 

and shall be addressed 

before starting any 

breeding programme, 

because main design and 

strategy depends on the 

long-term aims of the 

programme and shall be 

chosen to provide 

optimum balance genetic 

gain and diversity.   

2. No (short term breeding) 

  

2. Are you aiming at high 

intensity breeding to obtain 

high benefit at the cost of 

large investments? 

1. Yes (high input breeding)  It connects to the 

question above, because 

usually if a program is 

long term, it consumes 

large resources and is 

high input. However, 

there could be short term 

strategies with high input 

efforts, for instance 

plantation forests for fast 

timber or biomass 

production in a 50-100 

year perspective and 

perspective.  

 

If answer is high input 

and long term then it can 

be ignored as it givens no 

sense.  

 

2. No (low input breeding) High-input breeding is high 

intensity genetic improvement 

system aimed at generation of 
high and reliable benefit at the 

cost of comparable large 

investment. 
 

Low-input breeding is a low 

intensity genetic improvement 
activity, which does not require 

large investment (e.g. seed 

collection stands). 

3. How among-population 

gene diversity is captured by 

the breeding program? 

1. Multiple breeding 

populations, one in each 

breeding zone 

Multiple population breeding 
system: the breeding population 

is subdivided in several smaller 

populations that are breed for 

different objectives (e.g. 

different adaptive zones). 

It is important not to 

make mistake with 

adaptedness and in each 

adaptive environment to 

start with the most 

adapted material   Failure 

2. Multiple breeding 

populations, established by 

administrative districts 
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3. Multiple breeding pops. 

based on site type or natural 

species range 

to consider adaptedness 

may lead low breeding 

efficiency and low return 

from the investments.   4. Other, state which 

5. No attention is paid: all 

range is one breeding zone 

4. Do you divide breeding 

population into intensively 

managed nucleus with top-

ranking genotypes and less 

intensively managed main 

population 

1. Yes Nucleus breeding: separation of 
a smaller group of genetically 

advanced trees within the 

breeding population. 

In case of long term 

breeding, where the need 

to carry gene diversity 

load slows dawn the 

genetic gain, such 

division allows to 

achieve higher gains for 

the near future and 

satisfy the stakeholders 

in faster returns.   

0. No 

5. How is gene diversity 

maintained in  (or planned) in 

the breeding population 

(BP)?  

1. Open population, recurrent 

infusion of genetic material. 

Open breeding population 

(nucleus) breeding is a method 
to maintain gene diversity in the 

breeding populations by 

recurrent infusion of genetic 
material from outside (e.g. from 

natural stands)  

 
Closed breeding population 

(nucleus) is a method to 

maintain gene diversity in the 
breeding populations by using 

certain selection strategies (e.g. 

within-family selection) but no 
infusion of material from 

outside. 

There alternatives to 

maintain gene diversity, 

having own advantages 

at specific cases. Is the 

most appropriate chosen? 

 

If one is planning for 

long term breeding and 

makes no thinking on 

how to maintain gene 

diversity in long run, he 

is seriously mistaken … 

2. Closed population, no 

infusion of new material. 

3. Other method (state which) 

4. No long-term plans,  

6. Which mating system 

among breeding population 

members is used (or planned) 

to create the candidate 

population?  

1. Controlled pollination 

(SPM, DPM, diallel, 

factorials, polycross, other) 

Single-pair mating (SPM): each 

BP member mated to another 
BP member only once (need to 

select 2 best within each family 
to maintain constant BP size) 

 

Double pair mating (DPM): 
each BP member mated to two 

other BP members (need to 

select 1 best within each family 
to maintain constant BP size) 

 

Breeding population (BP): the 
group of individuals that will 

carry the advancement of 

breeding into future 
generations. 

 

Candidate (testing) population: 
group of individuals that carry 

the recombined genes of the 

breeding population members 
and are tested to qualify as 

breeding population members 

for the next breeding cycle. 

It is simple but important 

decision, where OP 

suppose to lead because 

it is cheap. However, loss 

of the genetic gain by 

using OP in certain cases 

may not be tolerated.  

 

How one will control 

relatedness and prevent 

inbreeding depression in 

an OP population? 

0. Open pollination  

  

7. Are different testing 

strategies used for different 

traits 

1. Yes, different strategies 

(indicate which for which) 

An example of different:  
progeny testing for wood yield 

(low heritability) and phenotype 

testing for growth rhythm (high 
heritability). 

 Is such complex 

approach really efficient? 

0. No, the same strategies 

8. Is breeding population and 

multiplication population 

separated from each other as 

regards location and genetic 

composition?  

1. Yes, separated 

geographically 

Breeding population (BP): the 

group of individuals that will 
carry the advancement of 

breeding into future 

generations. 
Multiplication (propagule) 

population: the group of 

individuals primarily aimed for 

This question is 

important as regards 

optimum deployment of 

the genetic gain (keeping 

all BP as MP in one seed 

orchard is very 

2. Yes, separated genetically 

3. Yes, separated 

geographically and 

genetically 
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4. No, not separated  sexual or vegetative 
multiplication of the genetically 

advanced material for 

commercial purposes (seed 
orchard, hedges for cloning).  

 

Example of geographic 
separation is when set of 

genotypes located in a crossing 

archive (breeding population) 
close to institute and the same 

set of their copies in a "milder" 

location to get more seeds.  
 

Example of genetic separation 

is family seed orchard thinned 
based on own performace or 

clonal orchard thinned on based 

on progeny test.    

 

Example of genetic and 

geographic separation is when 
certain number of the best 

genotypes located in a crossing 

archive (breeding population) is 
deployed in a seed orchard, 

established at another site. 

 
Example NO separation is a 

clonal seed orchard with 

progeny of the clones under test 
but no thinning is planned. Or 

2nd generation seed orchard 

with backwards selected clones. 

inefficient) 

9. Level of selection  1. Within families Breeding cycle the successive 

alternation of recruitment, 

candidate and breeding 

populations in one breeding 

generation. 

 
Note, when establishing BP, 

selection may be made among 

families, but later for each new 
breeding cycle, it is made 

within fmailies. In such case the 

answer is "within families". 

It concerns how efficient 

one may control the 

coancestry in BP 
2. Among families 

3. Among and within families 

4. Other, free comment 

10. What testing strategy is 

used/planned to select the BP 

members (pre-screening in 

nursery for growth rhythm or 

vitality may be considered as 

single-stage): 

1. Single-stage: phenotype 

testing  

Single-stage selection strategy: 
selection of the candidates 

carried out at one occasion 

within breeding cycle (nursery 
pre-screening may be ignored).  

 
Two-stage selection strategy: 

selection made at 2 stages 

within one breeding cycle: a 

pre-selection of certain number 

of candidates at stage one 

This addresses the testing 

efficiency and many are 

forgetting that it is not 

the only genetic gain but 

also time and cost are 

equally important factors. 

Are they considered? 

2. Single-stage: clone testing  

3. Single-stage: progeny 

testing  

4. Two-stage: 

phenotype/progeny testing 

5. Two-stage: 

phenotype/clone testing 
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6. Other, free comment followed by further testing of 
the pre-selected candidates and 

selection of the new BP 

members at the second stage 
(testing methods may differ 

between the stages). 

 
Phenotype testing: testing and 

selection is based on the 

individual’s phenotype and 
phenotypes of its relatives (if 

available).  

 
Clone testing: individuals are 

tested and selected based on 

performance of their clonal 
copies. (alternative definition: 

individual’s breeding value is 

predicted based on performance 

of its clonal copies) 

 

Progeny testing: individuals are 
progeny tested and selected 

based on the performance of 

their progeny. (alternative 
definition: individual’s 

breeding value is predicted 

based on performance of its 
progeny copies). 

11. Is information on 

molecular markers used to 

aid the selection? 

1. Yes (list the traits)  What is use of markers in 

practice? 

Main perspective SNPs 

in major genes. 

2. No 

12. Have you used 

simulations? 

1. Yes  What are the tools 

available to help breeders 

  2. No 
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3. Results 

3.1 General  

In total, answers on 114 breeding programs of 28 forest tree species from 23 Treebreedex 

institutions (representing 19 countries) were obtained. The main forest countries responded.  

 

No breeding programmes were reported for such wide-spread conifers as Juniperus and Taxus 

bocata.  

 

Most of the breeding efforts are focused on 3 coniferous species (Pinus sylvestris, Picea abies and 

Larix sp.) and on 4 broadleaved species (Populus sp., Betula sp., Fraxinus sp. and Prunus avium) 

(Fig. 2.1.1). Pseudotsuga menziesii is among the leading in breeding effort among the exotic 

species and ranks as forth as regards numbed of breeding programmes.   

Fig. 3.1.1.  Number of breeding programmes for each tree species sorted by coniferous (left) and 

broadleved (right). 
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Fig. 3.1.2. Number of breeding programmes per Treebreedex institution. Abbreviation explained 

“LT-LFRI-15” means “country code - institution’s abbreviation – Treebreedex number”.   

 

As regards number of breeding programmes per country, central European countries with 

landscapes suitable for forestry are leading, starting from the absolute leader Germany with 21 

breeding programme (Fig. 3.1.2). There is no strong connection between the county’s woodenness 

and number of species included in breeding (Fig. 3.1.2).  

 

For the reference when interpreting the later results, all answers are summarised by species in 

Table 3.1. The general statistics on breeding is as follows: 60% of all are long-term programmes; 

52% high input; 30% do not subdivide the breeding stock into breeding populations and as much 

as 40% use the site type and natural species distribution as the main criterion for subdividing into 

breeding populations (meaning not eco-climatic zones or adaptive environments); only 10% 

maintain nucleolus breeding population for generating high gain;  47 % uses closed breeding 

populations with no infusion of genetic material from outside; only 33% use controlled mating 

among breeding populations members; 87% use the same testing strategy for different traits; 48% 

breeding and multiplication populations are not separated; 69 % use among and within family 

selection; 50% uses two-stage phenotype-progeny testing strategy; 8 % use molecular markers in 

breeding and 5% use simulations to optimise breeding. 
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Table 3.1. Summary of the questionnaire by presenting the number of answers counted for each 

species. Hints of the questions and the answers are given in the heading (full questions see Table 

2.1). 

 

Species Species 

code 

Long term? High input? Multiple breeding populations? 

Q1 Q2 Q3 

0 1 0 1 1 2 3 4 5 

no yes no yes by 

zones 

by 

district 

site type 

or spec. 

distrib. 

other no 

attentio

n 

Pinus sylvestris 1 3 9 5 7 3 1 4 0 4 

Picea abies 2 3 9 3 9 3 1 7 0 1 

Pinus contorta 3 1 2 3 0 1 0 0 1 1 

Larix sp 6 5 6 3 8 2 1 4 0 4 

Quercus sp 7 2 5 5 2 2 1 3 0 1 

Fraxinus sp 8 5 4 5 4 2 1 4 0 1 

Betula sp 9 3 5 5 3 3 1 3 0 1 

Betula pendula var. 

carelica 

9.1 1 0 1 0 0 0 0 0 1 

Fagus sp 10 1 3 2 2 1 1 2 0 0 

Populus sp 11 5 6 3 8 0 1 3 1 6 

Prunus avium 13 6 3 3 6 1 0 4 0 3 

Robinia sp. 14 1 0 1 0 1 0 0 0 0 

Pseudotsuga  menz. 15 3 5 4 4 3 0 3 1 1 

Picea sitchensis 16 0 3 1 2 0 0 1 0 2 

Alnus glutinosum 18 0 2 2 0 2 0 0 0 0 

Acer pseudoplatanus 19 3 0 2 1 0 0 1 0 2 

Pinus cembra 20 0 1 0 1 0 0 1 0 0 

Pinus nigra 21 1 0 1 0 0 0 0 0 1 

Pinus radiata 22 1 0 1 0 0 0 0 0 1 

Castanea sp. 23 0 1 1 0 1 0 0 0 0 

Ulmus sp. 24 1 0 0 1 0 0 0 1 0 

Sorbus aucuparia 25 0 1 1 0 0 0 1 0 0 

Juglans regia 26 0 1 0 1 0 0 1 0 0 

Abies alba 27 0 1 1 0 0 0 1 0 0 

Pinus halepensis 28 1 1 2 0 0 0 2 0 0 

 Total 46 68 55 59 25 8 45 4 30 

 Percent 40 60 48 52 22 7 40 4 27 
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Table 3.1 continued. Number of certain answers given by species. Hints of questions and answers 

are given in the heading (full questions see Table 2.1). 

 

Species Species 

code 

Nucleus breeding 

population? 

How keep gene diversity in long-

term? 

Mating type? 

Q4 Q5 Q6 

0 1 1 2 3 4 1 2 

no yes open BP closed other no long 

term 

plan 

CP OP 

Pinus sylvestris 1 11 1 5 4 1 2 5 7 

Picea abies 2 9 3 2 7 0 3 5 7 

Pinus contorta 3 3 0 0 2 0 1 1 2 

Larix sp 6 11 0 1 6 1 3 5 6 

Quercus sp 7 7 0 2 4 0 1 0 7 

Fraxinus sp 8 9 0 1 5 0 3 0 9 

Betula sp 9 8 0 2 4 0 2 3 5 

Betula pendula var. 

carelica 

9.1 0 1 0 1 0 0 1 0 

Fagus sp 10 4 0 2 2 0 0 0 4 

Populus sp 11 9 2 6 2 3 0 9 2 

Prunus avium 13 9 0 3 4 0 2 1 8 

Robinia sp. 14 1 0 0 1 0 0 0 1 

Pseudotsuga  menz. 15 7 1 1 5 1 1 3 5 

Picea sitchensis 16 2 1 1 2 0 0 2 1 

Alnus glutinosum 18 2 0 0 2 0 0 1 1 

Acer pseudoplatanus 19 3 0 0 1 0 2 0 3 

Pinus cembra 20 0 1 0 1 0 0 1 0 

Pinus nigra 21 1 0 0 1 0 0 0 1 

Pinus radiata 22 0 1 1 0 0 0 0 1 

Castanea sp. 23 1 0 0 0 0 1 0 1 

Ulmus sp. 24 1 0 0 0 1 0 1 0 

Sorbus aucuparia 25 1 0 1 0 0 0 0 1 

Juglans regia 26 1 0 1 0 0 0 0 1 

Abies alba 27 1 0 1 0 0 0 0 1 

Pinus halepensis 28 2 0 1 0 1 0 0 2 

 Total 103 11 31 54 8 21 38 76 

 Percent 90 10 27 47 7 18 33 67 
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Table 3.1 continued. Number of certain answers given by species. Hints of questions and answers 

are given in the heading (full questions see Table 2.1). 

 

Species Species 

code 

Different testing 

for different 

traits  

Is MP and BP separated? Level of selection 

Q7 Q8 Q9 

0 1 1 2 3 4 1 2 3 4 

no yes yes 

geograp

hy 

yes 

genetica

lly 

yes 1+2 no within among within+

among 

other 

Pinus sylvestris 1 11 1 2 0 4 6 2 3 6 1 

Picea abies 2 11 1 2 0 4 6 2 1 7 2 

Pinus contorta 3 2 1 0 0 1 2 1 1 1 0 

Larix sp 6 10 1 4 0 4 3 1 4 5 1 

Quercus sp 7 6 1 2 0 1 4 0 1 4 2 

Fraxinus sp 8 8 1 3 0 1 5 1 1 4 3 

Betula sp 9 7 1 1 0 2 5 2 1 4 1 

Betula pendula 

var. carelica 

9.1 1 0 0 0 1 0 0 0 1 0 

Fagus sp 10 3 1 1 0 1 2 0 0 3 1 

Populus sp 11 8 3 3 1 1 6 0 1 7 3 

Prunus avium 13 8 1 3 1 1 4 0 1 5 3 

Robinia sp. 14 1 0 0 0 0 1 0 0 0 1 

Pseudotsuga 

menziesii 

15 8 0 3 0 0 5 0 2 4 2 

Piceaw 

sitchensis 

16 3 0 0 0 1 2 1 0 1 1 

Alnus 

glutinosum 

18 2 0 1 0 1 0 1 0 1 0 

Acer 

pseudoplatanus 

19 3 0 1 0 0 2 0 1 1 1 

Pinus cembra 20 1 0 1 0 0 0 0 0 1 0 

Pinus nigra 21 1 0 0 0 1 0 0 1 0 0 

Pinus radiata 22 0 1 0 0 1 0 0 0 1 0 

Castanea sp. 23 0 1 0 1 0 0 0 0 1 0 

Ulmus sp. 24 0 1 0 1 0 0 0 0 1 0 

Sorbus aucuparia 25 1 0 0 1 0 0 1 0 0 0 

Juglans regia 26 1 0 0 1 0 0 0 1 0 0 

Abies alba 27 1 0 0 1 0 0 0 1 0 0 

Pinus halepensis 28 2 0 0 0 0 2 0 1 1 0 

 Total 99 15 27 7 25 55 12 21 59 22 

 Percent 87 13 24 6 22 48 11 18 52 19 
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Table 3.1 continued. Number of certain answers given by species. Hints of questions and answers 

are given in the heading (full questions see Table 2.1). 

 

Species Species 

code 

Testing strategy MAS Simulations Total 

no of 

prog.s 
Q10 Q11 Q12 

1 2 3 4 5 6 0 1 0 1 

1stage

PH 

1stage 

CLO 

1stage 

PRO 

2stage

PH/PR 

2stage 

PH/CL 

pther no yes no yes  

Pinus sylvestris 1 1 0 3 8 0 0 11 1 11 1 12 

Picea abies 2 0 3 1 6 0 2 12 0 10 2 12 

Pinus contorta 3 1 0 2 0 0 0 3 0 3 0 3 

Larix sp 6 2 0 3 6 0 0 10 1 11 0 11 

Quercus sp 7 1 0 1 4 0 1 7 0 7 0 7 

Fraxinus sp 8 3 0 1 4 0 1 9 0 9 0 9 

Betula sp 9 2 1 0 3 1 1 8 0 8 0 8 

Betula pendula 

var. carelica 

9.1 0 0 0 1 0 0 1 0 1 0 1 

Fagus sp 10 1 0 0 3 0 0 4 0 4 0 4 

Populus sp 11 0 3 0 5 3 0 9 2 11 0 11 

Prunus avium 13 0 1 0 5 1 2 7 2 9 0 9 

Robinia sp. 14 0 0 0 1 0 0 1 0 1 0 1 

Pseudotsuga 

menziesii 

15 0 0 2 5 0 1 8 0 6 2 8 

Piceaw 

sitchensis 

16 0 0 1 1 0 1 3 0 3 0 3 

Alnus 

glutinosum 

18 1 0 0 0 1 0 2 0 2 0 2 

Acer 

pseudoplatanus 

19 1 0 1 1 0 0 3 0 3 0 3 

Pinus cembra 20 0 0 0 1 0 0 1 0 1 0 1 

Pinus nigra 21 0 0 1 0 0 0 1 0 1 0 1 

Pinus radiata 22 0 0 0 1 0 0 1 0 0 1 1 

Castanea sp. 23 0 0 0 0 1 0 0 1 1 0 1 

Ulmus sp. 24 0 0 0 0 0 1 1 0 1 0 1 

Sorbus aucuparia 25 0 1 0 0 0 0 0 1 1 0 1 

Juglans regia 26 1 0 0 0 0 0 0 1 1 0 1 

Abies alba 27 1 0 0 0 0 0 1 0 1 0 1 

Pinus halepensis 28 0 0 0 2 0 0 2 0 2 0 2 

 Total 15 9 16 57 7 10 105 9 108 6 114 

 Percent 13 8 14 50 6 9 92 8 95 5  
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3.2. Choice of the breeding strategy: duration and input. 

Aim of this question and the interpretation of the results. 

When preparing breeding strategy, the first decision is on the durability (meaning long terms such 

a uncertain future) and the financial input into the breeding programme. Most of the subsequent 

components of the breeding programme depend on the long-term durability of the programme, i.e. 

finding optimum balance between the two opposite factors – the genetic gain and gene diversity. If 

the species possess a high capacity for long-term commercial interest, it deserves to receive a long 

term breeding effort. Usually in the respect “long-term” is meant “uncertain future”- that is gene 

diversity reserve should be sufficient for centuries of breeding. This means that such programme 

may also serve for gene conservation.  Long-term breeding is breeding planned for long-term with 

specific plans to maintain sufficient level of gene diversity in breeding population for many 

breeding cycles. Long-term breeding means commitment for a long-term investment, which 

requires significant amount of resources. Such investment is profitable for commercially important 

species or from gene conservation point of view. Whereas, short-term breeding is breeding aimed 

for rapid generation of genetic gain with no specific plans to maintain required level of gene 

diversity inbreeding population for more than a few breeding cycles. The answers may allow 

analysing the efficiency of the methods used for certain cost and durability scenario as compared 

with the scientific evidence form simulations studies and practice.  

This chapter summarises answers of the following two questions:  

1. Are there specific plans to maintain sufficient level of gene diversity in breeding 

populations for many breeding cycles? (answers: yes, no). 

2. Are you aiming at high intensity breeding to obtain high benefit at the cost of large 

investments? (answers: yes, no). 

 

The review of the answers showed that long-term breeding plans are intended for 60% of the 

breeding programs and intentions to invest much in intensive breeding are foreseen in 58% of the 

breeding programs. Among the top leading with 6 to 9 long tem breeding programmes are Czech 

Republic, Poland and Lithuania. As regards the inputs, the top three leaders with 8 to 9 breeding 

programmes are the Netherlands, Göttingen (Germany) and the Czech Republic. 

 

As regards the duration and the financial input (cost) and the following types of breeding strategies 

were emerging (Fig. 3.2.1): 
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1. Long-term and high-input breeding strategy here defined to as “commercial 

forestry” breeding strategy, where the motivation is obtain maximum benefit at a high 

cost (input) and the investments are intended to maintain the gene diversity reserve for 

uncertain future. This strategy is optimal for a widespread dominant species of high 

commercial value.  

2. Short-term and high input breeding strategy here defined as “plantation forestry 

breeding strategy”, where the main aim is to produce high gain at a short time without 

long-term plans. It seems to suite immediate demands for fast gain, without caring much 

for the diversity reserve such as for short rotation plantations. 

3. Long-term- low input here defined as “conservation forestry breeding strategy”. Here 

the emphasis is on preserving the gene diversity and other ecological functions, where 

economical gains are less important than gene diversity for conservation but if possible 

efforts for improving forests are also foreseen. State-driven companies and countries with 

less importance of forest sector or some of the exotic species earlier thought as important 

and now conserved for uncertain needs. Also it may be considered as an upper grade of 

low-input strategy with thought to do more than minimum but no complex and costly 

strategies. This strategy emerged in the countries were breeding activities were initiated 

and later abandoned or left al a low priority but the intentions are to conserve what was 

earlier achieved (e.g. DK).  

4. Short-term and low-input, here defined as “classical low input breeding”, where the 

aim is to conserve or improve as minimum cost (good to do something when we can). This 

category mainly includes economically less important species.  

 

The detailed results are presented by species groups below. The species were divided into groups:   

widespread native conifers (Picea abies, Pinus sylvestris, Larix sp.), exotic conifers (Pinus 

contorta, Picea sitchensis, Pseudotsuga menziesi), southern conifers (Pinus halepensis, Pinus 

nigra, Pinus radiata, Pinus cembra, Abies alba), fast-growing broadleaves (Populus sp., Alnus 

glutinosum, Betula sp.), slow growing broadleaves (Quercus sp., Fraxinus sp., Prunus avium, 

Fagus sp.) and scattered broadleaves (Acer pseudoplatanus, Robinia sp., Sorbus aucuparia, Ulmus 

sp., Juglans regia, Betula pendula var. carelica, Castanea sp.) 
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Fig. 3.2.1. Number of long-term and high-input breeding programmes for each. Numbers at the 

bars show the total number of breeding programmes for each species.  

 

 

Widespread native conifers  

Pinus sylvestris  

As regards the most widespread and native European conifer Pinus sylvestris, most of the 

programmes use commercial or conservation forestry strategies (Fig. 3.2.1, 3.2.2). The 

conservation forestry strategy is used more than the commercial forestry strategy (Fig. 3.2.2). As a 

widespread conifer Pinus sylvestris is know for its ecological function. LT, PL, DE, SK, IE prefer 

to put more emphasis on the conservation than to commercial goals, whereas CZ, FI, UK, SE vice 

versa. The reasons of this conservational approach in breeding could be relatively lower forest 

cover and industrial importance (DE, IE) or environmental policy and availability of better 

candidates under constrained financial resources (LT, PL, SK). Commercial interest in such 

widespread commercial species as Pinus sylvestris is important in forest industry countries (FI, 

SE). By choosing long-term commitment for high input, UK and CZ may indicate their strategic 

interest to strengthen benefits from forestry. DE and NL chose breeding at high cost without long-

term commitment. This hardly is an efficiently approach, because of long-rotations of Pinus 

sylvestris and availability of better candidates. Probably, owing to limited distribution and 

commercial importance, ES indents for low-input breeding.  
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Fig. 2.2.2. Number of long-term and high-input breeding programmes for each participant of 

Treebreedex. The plot is summarising the answers to the questions 1 and 2. Numbers at the top of 

the bars show that total number of breeding programmes for each species.  

 

 

 

 

Picea abies  

In comparison to Pinus sylvestris, more breeding strategies of Picea abies are aimed at commercial 

forestry breeding- 7 out of 12 and these were the main EU forest countries: CZ, DE, FI, LT, NL, 

RO, SE (Fig. 2.2.3). As for Pinus sylvestris, plantation forestry breeding of Picea abies is planned 

by NL and DE (less afforested countries). Picea abies has a potential for short rotation plantations 

especially in the countries with surplus of agricultural land. It could be recommended for such 

countries to consider such short-term high-input breeding of Picea abies with full sib breeding and 

clonal deployment of the best performing clones directly to the commercial plantations. 

Conservation forestry breeding is intended by DK and PL and could be logical in the regions were 

Picea abies in threatened as it is at the marginal areas of its natural distribution (e.g. southern PL). 

In SK Picea abies breeding is downgraded to low-input by setting the priorities on gene 

conservation.. 
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Fig. 2.2.3. Species comparison based on the 4 strategies regarding the balance of economic versus 

conservation goals. “Low input breeding” means low cost and short term programs; “Conservation 

forestry breeding” means long-term and low-input programs; “Commercial forestry breeding” 

means long-term and high-input programs and “Plantation forestry breeding” means short-term 

and high-input programs. The numbers at the bars show number of breeding programs. The 

outlined groups on the X axis are as follows (left to right): widespread native conifers, exotic 

conifers, southern conifers, fast-growing broadleaves, slow-growing broadleaves, exotic and 

scattered broadleaves. Southern conifers include: Pinus halepensis, Pinus nigra, Pinus radiata, 

Pinus cembra, Abies alba. Scattered broadleaves include: Acer pseudoplatanus, Robinia sp., 

Sorbus aucuparia, Ulmus sp., Juglans regia, Betula pendula var. carelica, Castanea sp. 

 

Larix sp. 

Larix sp. provide fast growing resinous timber. Its future needs are uncertain, may be therefore, it 

has relatively more high input short term breeding strategies (2 DE, NL). There are 5 serious long-

term undertakings (FR, FI, DE, RO, CZ). Only PL intends for conservation forestry breeding. LT 

and UK uses low input breeding (LT to conserve what was achieved earlier). If there will be 

market, Larix sp. could be suitable for fast growing plantations and together with Picea abies, 

sitchensis form the coniferous part in plantation forestry programmes. 

 

Exotic conifers 
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From the three exotic conifers only Pseudotsuga menzisii received more attention with 8 breeding 

programmes versus 3 for Pinus contorta and 3 for Picea sitchensis. With Pseudotsuga menzisii FR 

and DE intend for serious investment into high-input and long-term breeding (defined here as 

commercial forestry breeding); DK, IT, ES aim at conservation forestry breeding; NL and DE 

(NW_FVA) – at plantation forestry breeding and BE at low input breeding. For Pinus contorta, 

CZ, SE intends for long-term low-input breeding (perhaps, to retain what was achieved earlier) 

and LT aims for short-term low input breeding to preserved current achievements until a decision 

is made.  As regards Picea sitchensis, UK and IE intends for commercial forestry breeding, 

whereas, DK – short rotation forestry breeding.   

 

Southern conifers 

Low-input breeding is intended for Pinus halapenis (ES), Pinus nigra (UK), Pinus radiata (ES). 

Commercial forestry breeding is indented for Pinus cembra in RO. Abies alba is breed by PL and 

IT towards short-rotation forestry breeding.  

 

Fast growing broadleaves 

Populus sp. has achieved most of attention with 11 breeding programs, of which 5 are high-input 

long –term strategies (NL, LT, DE(2), CZ), 3 high-input short-term (FI, DE (2)), 2 low-input 

short-term (SK, ES),  1-  long-term and low input  conservation approach (AT). Alnus glutinosum 

is bred by LI and FI both with long-term low-input strategy here defined as conservation approach. 

For Betula sp., there are 2 long-term high – input programs (FI, CZ), 3 long-term low input 

strategies (SE, PL, LT), 1 short-term high input (DE) and 2 short –term low input strategies (DE, 

UK). 

 

Slow growing broadleaves 

For Fraxinus sp., there are 2 commercial forestry breeding strategies (CZ, RO), 2 conservation 

forestry breeding (LT, DK), 2 short rotation forestry breeding (DE, NL) and 3 low-input (FR, DE, 

UK) breeding strategies. For Quercus sp., there are 2 conservation forestry breeding (RO, CZ), 3 

short rotation forestry breeding (DK, LT, PL) and 2 low-input (UK, BE) breeding strategies. For 

Prunus avium, there are 2 commercial forestry breeding (BE, IT), 1 conservation forestry breeding 

(DK), 4 short rotation forestry breeding (ES, NL, DE (2), FR) and 2 low-input (DE, BE) breeding 

strategies. For Fagus sp., there are 2 commercial forestry breeding (DE, CZ), 1 conservation 

forestry breeding (PL), and 1 low-input (BE) breeding strategies. 

 

Exotic and scattered broadleaves  
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4 of 9 programmes are intended for short-term low-input breeding (Robinia sp., Acer 

pseudoplatanus, Betula pendula var. carelica), 2- short-term high-input (Ulmus sp., Acer 

pseudoplatanus), 1- long-term low-input (Castanea sp.), 2- long-term and high-input (Juglans 

regia). 
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3.3. Principles of delineating breeding zones and establishing breeding 

populations. 

Aim of this question and the interpretation of the results. 

It is important not to make mistake with adaptedness and in each adaptive environment to start 

with the most adapted material   Failure to consider adaptedness may lead low breeding 

efficiency and low return from the investments. 

This chapter summarises answers of the question number 3:  

How among-population gene diversity is captured by the breeding program? 

Possible answers: 

1. Multiple breeding populations, one in each breeding zone 

2. Multiple breeding populations, established by administrative districts 

3. Multiple breeding pops. based on site type or natural species range 

4. Other, state which 

5. No attention is paid: all range is one breeding zone. 

For detailed answers by species see Table 3.1. 

 

 

Fig. 3.3.1. Summary on how species gene diversity is captured by a breeding program overall all 

breeding programs in this survey. 
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Fig. 3.3.3. Summary of answers to the question “How species gene diversity is captured by a 

breeding program?” by species groups. 

 

The statistics of the answers is given in Fig.s 3.3.1 and 3.3.2. Multiple breeding populations 

based on site type or natural species range are dominating. What surprising is the high number 

of cases where the zones are not considered at all or are based on site type or species distribution. 

As regards species groups, for the widespread native conifers such as Pinus sylvestris, it would be 

a disadvantage to disregard the eco-climatic variation (breeding zone) in the range, nevertheless 8 

programs of 35 does so and there are as much as 9 programmes where no attention is paid (Fig. 

3.3.3).  

 

Establishment of one breeding population in each adaptive environment is an efficient approach 

for all the high-input breeding strategies. It is not worth the risk to face the consequences of 

reduced adaptedness because of failure to consider the climatic variation, when investing much in 

breeding. However, this seems to be not the case as shown in Fig. 3.3.4. For, high-input programs 

only 9 out of 58 programs are using climatic data to delineate zones within which their breeding 

populations will be breed.  
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Fig. 3.3.4. Summary of answers to the question “How species gene diversity is captured by a 

breeding program?” by type of input into breeding program. 
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3.4. Dividing breeding population into intensively managed nucleus with top-

ranking genotypes and less intensively managed main population. 

Aim of this question and the interpretation of the results. 

In case of long-term breeding, where the need to carry gene diversity load slows dawn the 

progress in genetic gain, such division allows to achieve higher gains for the near future and 

satisfy the stakeholders in faster returns.   

This chapter summarises answers of the question number 4:  

Do you divide breeding population into intensively managed nucleus with top-ranking 

genotypes and less intensively managed main population? 

Possible answers: 

1. Yes.  

0. No.  

For detailed answers by species see Table 3.1. 

Fig. 3.4.1. The answers grouped by the breeding strategies as regards their terms and input.  

 

In general , separation of incisively managed nucleus is not widespread – 10% of the programs 

only. As discussed in the box above, it is most relevant for long-term high input breeding. 

However, it exists only in 13% of such programs (Fig. 3.4.1). It is mostly used for low input 

breeding, and it is rather surprising. We assume that the respondents treated the nucleus breeding 

Do you divide breeding population into intensively managed 

nucleus with top-ranking genotypes and less intensively 

managed main population? 1- yes; 0- no.

0.13

0.06

0.00

0.16

0.00

0.02

0.04

0.06

0.08

0.10

0.12

0.14

0.16

0.18

Long-term high-

input

Long-term low-input Short-term high-

input

Short-term low

input

Breeding strategy

 P
ro

p
o

rt
io

n
 o

f 
p

ro
g

ra
m

s
 w

it
h

 

n
u

c
le

u
s

 b
re

e
d

in
g

 p
o

p
u

la
ti

o
n



 30 

as a smaller group with the aims are to do something more intensive with a better part of a larger 

material.  

 

3.5. Strategy for maintenance of gene diversity within breeding population. 

 

Aim of this question and the interpretation of the results. 

There alternatives to maintain gene diversity within a breeding population, each having own 

advantages under specific cases. Are these methods appropriate for certain type of breeding? If 

one is planning for long-term breeding and makes no thinking on how to maintain gene 

diversity in long run, he is seriously mistaken.  

 

This chapter summarises answers of the question number 5:  

How is gene diversity maintained in (or planned) in the breeding population? 

Possible answers: 

1. Open population, recurrent infusion of genetic material. 

2. Closed population, no infusion of new material. 

3. Other method (state which). 

4. No long-term plans.  

For detailed answers by species see Table 3.1. 

 

In the breeding populations, the gene diversity reserve could be provided by two main methods: 

(a) recurrent infusion of fresh genetic material presumably from the wild and therefore usually 

referred to as “open breeding population” or (b) using of a balanced selection and keeping track of 

the relatedness to prevent inbreeding, usually called “closed breeding population”. The results of 

the theoretical studies showed, that if high investment is given, closed population strategy with 

balanced selection” is superior over the open population strategy, because in advanced breeding 

cycles, the material from the wild will have too low breeding value to be included into breeding 

population and the closed nucleus with balanced selection can provide higher gains.  
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Fig. 3.5.1. How gene diversity is maintained within breeding populations for each breeding 

strategy.  
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the commercial values (which still could be exploited given no harm for ecology is made). Here, 

maintenance of high gene diversity is one of the major tasks. Therefore, open populations with 

recurrent infusion of fresh genetic material form the natural populations could be more 

economically beneficial than investing a lot in controlled matings and track of relatives. Our 

review showed that there still is 15 out of 31 long-term low-input strategies aiming at closed 

populations (Fig. 3.5.1). 

 

For the short-term strategies, especially with low-input, gene diversity should not be a major 

concern and the reserves should be mainly directed to provide high gains as fast as possible.    
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3.6. Mating systems to create the candidates. 

 

Aim of this question and the interpretation of the results. 

Controlled pollination offers better control. In a situation with a pollen cloud from the forest 

CP has an important function to isolate the bred material from unimproved or less improved 

forests. CP is expensive, administrative demanding and may cause time delay for organising 

the crosses. Open pollination is simple and cheap. OP requires good pollen production of 

fathers and that may mean longer waiting times for recombination than CP. OP offers no 

control of the father and that may mean that parents will be inoptimally distributed in the 

breeding population with some fathers over represented and that inbreeding may occur in not 

foreseeable patterns. OP may introduce new genetic material in the breeding stock at early 

generations of breeding 

 

This chapter summarises answers of the question number 6:  

Which mating system among breeding population members is used to create the candidate 

population?  

Possible answers: 

1- Controlled pollination (CP).  

0- Open pollination (OP). 

For detailed answers by species see Table 3.1. 

 

Note that here the candidate population is defined as the group of individuals that carry the 

recombined genes of the breeding population members and are considered as breeding population 

members for the next breeding cycle. Open pollination may be used for progeny testing, but the 

candidate population may still be created by controlled crosses and if so controlled crosses is the 

right answer. 

 

The enquiry did not ask about development in time of the breeding population, it may be common 

to make selections in open pollinated progenies from selected plus trees pollinated in the forest, 

but in later stages of the breeding program switch to controlled pollination, thus the responses may 

overestimate the actual use of wind-pollination in advanced generation breeding. But it can be 

predicted to be more common to clear out pedigrees by molecular markers in open pollinated 

progenies and thus capture some of the advantages of CP, and thus the need of CP in advanced 

generation breeding may decrease in the future. 
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Fig. 3.6.1. Proportion of breeding programs using controlled pollination to create the candidate 

population given by breeding strategies.  

 

Only 33 % of all strategies use controlled matings. The percentage was not higher for long term 

breeding, and even in high input long term it was only 50%. That includes native important wind-

pollinated species, where OP can be expected to contaminate the breeding population by genes 

from unimproved forests. Controlled mating requires large investment (grafting archives, 

experienced staff) and the arrangements for crosses may mean a long unproductive timelag, but 

CP is efficient for the high-input strategies especially to those aimed for long-term, where 

appropriate control of relatedness and gain progress is important. But open pollination has the 

advantages that it carries on more combinations with parents than controlled crosses and within 

the same budget more mothers can be used.  OP is used in 67% o the short-term high-input 

strategies, which seems high for well funded programs (Fig  2.6.1). For conifers CP is used more 

often that for broadleaves (especially slow growing broadleaves), but it is remarkable that Poplars 

is the major breeding object, which uses CP to the highest extent. An explanation maybe that it is 

the only species considered which has progressed most in advanced generations (Mertens enquiry 

Table 11). 
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OP in a closed long-term program will generate more problems with relatedness and coancestry 

will tend to raise faster in a rather uncontrolled way compared to CP. This can partly be 

compensated by using large breeding populations and intensifies the need for predictions what is 

likely to happen after five generations. The limited use of simulators is a bit surprising from that 

point of view. Simulators should probably give more attention to OP strategies. 

 

In Finland, METLA for Scots pine uses SPM as the main method and 2PM and 3PM are used with 

the highest ranked BP trees. This also creates among family selection component and generates 

additional genetic gain. 

 

 

Fig. 3.6.2. Proportion of breeding programs using controlled pollination to create the candidate 

population given by species.  
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3.7. Are different testing strategies used for different traits? 

 

Aim of this question and the interpretation of the results. 

This question concerns testing strategy. There may exist sub-tests for specific important 

properties relevant to certain species. Aim was to investigate existence of such cases. Is such 

complex approach really efficient? An example of different:  progeny testing for wood yield (low 

heritability) and phenotype testing for growth rhythm (high heritability).   

 

This chapter summarises answers of the question number 7:  

Are different testing strategies used for different traits?  

Possible answers: 

1. Yes, different strategies. 

0. No, the same strategies. 

For detailed answers by species see Table 3.1. 

 

Minority of the programs (14 out of 115 programs surveyed) use different testing strategies for 

different traits, (Table 3.7.1). Such approach is mostly used for Populus sp. (3 programs) and 

mainly by the breeders in Czech Republic (VUHLM): 10 of the 14 programs using different 

strategies from different traits were form VUHLM (Table 3.7.1). 

 

 

Table 3.7.1. Breeding programs using different testing strategies for different traits. 

No.  Species Institution Treebreedex 

institution code  

1 Betula sp VULHM 5 

2 Castanea sp. XG-CIFAL 24 

3 Fagus sp VULHM 5 

4 Fraxinus sp VULHM 5 

5 Larix sp VULHM 5 

6 Picea abies VULHM 5 

7 Pinus contorta VULHM 5 

8 Pinus sylvestris VULHM 5 

9 Populus sp BFH 6 

10 Populus sp VULHM 5 

11 Populus sp BFW 2 

12 Prunus avium INRA 1 

13 Quercus sp VULHM 5 

14 Ulmus sp. VULHM 5 
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3.8 Separation of breeding population and multiplication populations. 

 

Aim of this question and the interpretation of the results. 

This question is important for an efficient deployment of the genetic gain. In case of long-term 

breeding, the breeding population must carry the load of preserving the gene diversity for the 

future. This diversity load slows dawn the progress in genetic gain. Because of this gene diversity 

load, it is a rather inefficient to keep whole breeding population in multiplication population, e.g. 

in one seed orchard. If breeding and multiplication populations are kept separate, it is possible to 

boost the genetic gain by deploying the very best into multiplication populations, which do not 

need such large gene diversity reserve as long-term breeding populations. The separation is also 

convenient for controlled matings when doing it in a top-grafted achieve. On the other hand, the 

separation requires greater and long-term investment. Therefore, this issue is especially relevant to 

log-term high-input breeding, where long-term funding commitment is possible. Breeding 

population is defined as the group of individuals that will carry the advancement of breeding into 

future generations. Multiplication (propagule) population is the group of individuals primarily 

aimed for sexual or vegetative multiplication of the genetically advanced material for commercial 

purposes (seed orchard, hedges for cloning). Example of geographic separation is when set of 

genotypes located in a crossing archive (breeding population) close to institute and the same set of 

their copies in a "milder" location to get more seeds. Example of genetic separation is family seed 

orchard thinned based on own performance or clonal orchard thinned on based on progeny test. 

Example of genetic and geographic separation is when certain number of the best genotypes 

located in a crossing archive (breeding population) is deployed in a seed orchard, established at 

another site. An example of not separated breeding and multiple populations is a clonal seed 

orchard with progeny of the clones under test but no thinning is planned. Or second generation 

seed orchard with backwards selected clones. 

 

This chapter summarises answers of the question number 8:  

Is breeding population and multiplication pop. separated from each other as regards location and 

genetic composition? 

1. Yes, separated geographically. 

2. Yes, separated genetically. 

3. Yes, separated geographically and genetically. 

4. No, not separated. 

For detailed answers by species see Table 3.1. 
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Fig. 3.8.1. Proportion of breeding programs with separate breeding and multiplication populations 

by the type of breeding. 

 

Breeding and multiplication populations are separated in 51% of the surveyed programmes. As 

expected, this separation is used mainly in long-term high-input breeding programs, where it is 

motivated (possibility to generate higher gain) and financially feasible (high-input is provided) 

(Fig. 3.8.1). It is surprising, however, that in 42% and 36% of low-input breeding, where the idea 

is breeding at minimum cost, these populations are kept separate. Separation by species groups 

and species is given in Fig. 3.8.2, where a note is that species with the value of 0 or 1 are those 

having just 1 breeding program included in this survey. Separation of breeding and multiplication 

populations is a common practise for most of the species, except Pinus cembra and Robinia 

species and there is no clear leader among species groups nor among species. As regards the type 

of separation, the most common was the geographic separation (the same material in a milder for 

seed production environment) and least common genetic separation (thinning of seed orchards 

after testing). The simultaneous geographical and genetic separation, which is most efficient 

method for high-input breeding, is used in few programs only (Fig. 3.8.3).   
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Fig. 3.8.2. Proportion of breeding programs with separate breeding and multiplication populations 

given by species groups (top) and species (bottom). 
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Fig. 3.8.3. Answers to the question are breeding and multiplication populations kept separated 

with specifying the type of separation. 
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3.9. Genetic level at which the breeding population members are selected. 

Aim of this question and the interpretation of the results. 

This question is important for finding optimum balance between the genetic gain and gene 

diversity in the breeding population and for controlling the coancestry in the breeding 

population. Within-family selection allows to efficiently preserve the gene diversity for the 

future breeding and is a necessity for long-term breeding with no infusion of genetic material 

from outside (closed breeding populations). However, within family selection does not allow 

generating such high genetic gain as among-family selection. If the there are no clear long 

term commitments then among-family selection could be more appropriate.  

 

Breeding cycle the successive alternation of recruitment, candidate and breeding populations 

in one breeding generation. Note, when establishing breeding populations, the selection may 

be made among families, but later for each new breeding cycle, it could continue as within 

family selection. In such case the answer is "within families". In our survey, the cases of 

among-family selection and combined among- and- within-family selection were separated 

because by the among family selection alone we assume of the selection of whole families in 

breeding seed orchards and family bulk seeds are used for second breeding generation. 

Otherwise, if mating of individuals is made then among family selection automatically implies 

within family selection as well.  

 

This chapter summarises answers of the question number 9: At which level is the selection of 

the new breeding population members made in each breeding cycle? 

1. Within families 

2. Among families 

3. Among and within families 

4. Other, free comment 

For detailed answers by species see Table 3.1. 

 

The most common method of selection is “among-and-within-family” selection (Fig. 3.9.1). It is 

the oldest method where the best individuals from the best families are selected. Note, that this 

refers to the breeding populations not to seed orchards, except for the programs where breeding 

population and seed orchard is combined into one plantation. There are only 12 breeding programs 

using within-family selection alone. Selection of family bulks (among family selection) is used in 

21 breeding programs. 22 programs use other than family selection. The other methods than 
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among or within family selection were the selection at the provenance or stand level and use of 

their bulk seeds. Also in several cases clonal testing and clonal deployment were used. 

 

If comparing the types of breeding, within-family selection alone is mostly used in long-term 

breeding programmes (Fig. 3.9.1). The family bulk selection and selection of populations are 

mainly used in the short-term breeding programmes. Surprisingly little within-family selection is 

used in long-term breeding programmes. We have amplified the case where the long-term 

breeding populations are closed (means no infusion of material for outside) to see how many of 

these use within-family selection (Fig. 3.9.2). The result was astonishing: 5 out of 20 long-term 

breeding programs with closed breeding populations are using within family selection. How then 

they are going to maintain the gene diversity of uncertain future? Even with low intensity 

selection, among family will accumulate the coancestry fast and pending inbreeding depression 

will require infusion of less advanced material which is an inefficient approach in case of high 

input breeding. One exception of this case is in Finland, where a specific combination of among 

family and within family selection is used for Scots pine: selection occurs among the families of 

the top-ranking trees, which are mated more often than ordinary trees in the breeding population. 

Similarly, a possibility of balancing grandparents instead of parents is an efficient approach to 

generate the among family selection component while maintaining a balanced breeding strategy 

(Lindgren et al. 2008, Danusevicius and Lindgren 2010).  

 

Fig. 3.9.1. The genetic level of the selection of the new breeding population members is made in 

each breeding cycle, given by the type of the breeding programmes. 
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Fig. 3.9.2. The genetic level at which the selection of the new breeding population members is 

made in each breeding cycle, given only for these programmes where breeding populations are 

kept closed (see question 3).  

 

Fig. 3.9.3. The genetic level at which the selection of the new breeding population members is 

made in each breeding cycle, given by species groups.  
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3.10. Choice of the testing strategy. 

Aim of this question and the interpretation of the results. 

This question is aimed to survey the existing testing strategies and to discuss their efficiency 

given certain breeding strategy as regards its terms and input. Note, that choice of of the 

testing strategy depend snot only on gain generating efficiency but also on its time (duration) 

and costs. Only the index combining the genetic gain, costs and time could provide the 

complete estimate of the efficiency. For instance, waiting until selected candidates reach the 

sexual maturity rather inefficient when having possibility to clone them at an earlier age.  

 

This chapter summarises answers of the question number 10:  

What testing strategy is used/planned to select the BP members (pre-screening in nursery for 

growth rhythm or vitality may be considered as single-stage)? 

1. Single-stage: phenotype testing . 

2. Single-stage: clone testing . 

3. Single-stage: progeny testing.  

4. Two-stage: phenotype/progeny testing. 

5. Two-stage: phenotype/clone testing. 

6. Other, free comment. 

For detailed answers by species see Table 3.1. 

 

Single-stage strategies are less precise in predicting the breeding values but are less time 

consuming and cheaper. Two-stage-strategies provide a better prediction of breeding values but 

are longer and require greater input. How to find the optimum? A short summary of up-to-date 

computer simulations indicates the following solutions. In case of long-term high input breeding, 

clonal testing is by far the most efficient approach combing both genetic gain, cost and time 

(Danusevičius and Lindgren 2002a). If cloning not possible the two-stage phenotype-progeny 

testing or single-stage phenotype testing (especially for the tait with higher heritability such as 

wood basic density) could be more appropriate (Danusevicius and Lindgren 2002b). Two-stage 

phenotype-clonal strategy does not add a significant improvement to the single-stage clonal testing 

(Danusevicius and Lindgren 2002b). The phenotype testing strategy was further amplified for the 

possibility to generate extra gain from an among family selection component, where the balance is 

made by the grandparents but not by the parents (Lindgren et al. 2009; Danusevicius and Lindgren 

2010). As regards, low input breeding phenotype testing is the cheapest and could give optimum 

results given the inputs; a good overview is presented by Lindgren and Wei (2007) and also at 

http://www-genfys.slu.se/staff/dagl/Meetings/Antalya06/Antalya06.htm. 

http://www-genfys.slu.se/staff/dagl/Meetings/Antalya06/Antalya06.htm
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Fig. 3.10.1. Number of testing strategies used in each type of breeding.  

 

Our survey indicates that two-stage phenotype/progeny testing is the most common testing 

strategy. It is also most common in each type of breeding, but most frequently used in long-term 

high-input breeding programs (Fig. 3.10.1). Even for low-input breeding majority of the programs 

use this testing method. Even though we have assumed that the nursery pre-screening does not 

qualify to be called the first stage of a two-stage strategy, there still is a possibility that it was 

understood so by the respondents (see the definition for the two-stage testing above). By the two-

stage testing we assumed that the phenotypes are tested and pre-selected, then they are cloned or 

their seed are collected to establish a new test to be used for the second stage. In long-term high-

input breeding, single stage progeny testing is the second ranking strategy. Surprising little of 

phenotype testing is used in the low-input breeding strategies. Also, noteworthy is that clonal 

testing is not used in any of the 21 short-term high-input breeding programs (Fig. 3.10.1). As 

mentioned above, the two-stage phenotype/clonal testing is not efficient, but still used in 7 

programs.  

 

Survey of testing type by species groups shows that two stage phenotype/progeny testing is 
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progeny testing- for native and exotic conifers; two stage phenotype/clonal testing for fast growing 

broadleaves (Fig. 3.10.2).  

 

 

 

Fig. 3.10.2. Number of testing strategies used in each species group.  
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the most common conifer in Europe is mainly tested as by two-stage phenotype progeny testing 
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Picea sitchensis and Populus sp. Phenotype testing is most common for Fraxinus and Betula 

species.  
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Fig. 3.10.3. Number of testing strategies used in each species group.  
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3. 11. Is information on molecular markers used to aid breeding?  

Aim of this question and the interpretation of the results. 

This question is aimed to survey what benefit the recent advance in forest genomics brought to 

practical tree breeding  

 

This chapter summarises answers of the question number 11:  

Is information on molecular markers used to aid breeding?  

1. Yes. 

2. No.  

For detailed answers by species see Table 3.1. 

 

Only 4 out of 114 breeding programmes use molecular markers to aid practical breeding. The 

users of MAS are listed in Table 3.11.1. 

 

Table 3.11.1. Breeding programmes using MAS. 

Institution  Treebreedex 

code 

Species 

SkogForsk 21 Picea abies 

INRA 1 Pseudotsuga 

menziesii 

University of Copenhagen 9 Pseudotsuga 

menziesii 

XG-CIFAL 24 Pinus radiata 
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4. Simulations 

 

Simulations are not much used to aid practical breeding- only 6 out of 28 partners use simulations. 

These were SLU & SkogForsk (Sweden), INTRA (Grance), LFRI (Lithuania), METLA (Finland), 

University of Copenhagen and TUZVO in Slovakia (Table 4.1). Most of the respondents stated 

that they are willing to use simulations.  

 

The users and developers as well as the information on the simulators for forest tree breeding are 

summarised in Table 4.2. These manly are deterministic simulators. Most of the simulations were 

produced by the group of prof. Dag Lindgren in SLU, Sweden and are available free of charge at 

his WEB page http://www-genfys.slu.se/staff/dagl/Index.htm. The WEB side also contains 

literature list, presentations, and information important to tree breeding. This information is useful 

and worth preserving for the future.  

 

Table 4.1. Short list of instituons using simulatiors to aid practivla breeding.  

Use simulations Species 

INRA Pseudotsuga menziesii 

LFRI Picea abies 

LFRI Pinus sylvestris 

SkogForsk Picea abies 

University of Copenhagen Pseudotsuga menziesii 

TUZVO Pinus sylvestris 

XG-CIFAL Pinus radiata 

 

4.2. Short description of users of simulators and the simulation software available to optimise 

breeding.  

TreeBr
eedex 

No. 

Short 
name 

Country Tree 
species (for 

which the 

respondent 
is giving 

the 

answers) 

Software name user ( or person 
who provided 

answer) 

Author of the 
software 

Author
's TBX 

No 

Type of 
simulator 

Remarks 
(write who 

made the 

remark, 
Darius or 

someone 

else 

1 INRA France Fraxinus Yes , we are 

using a 
simulator, 

which we have 

bought or 
dawnloaded for 

free 

dufour@orleans.inr

a.fr 

   They did not 

specify 
which 

simulator is 

in use , we 
may contact 

them 

1 INRA France Pseudotsug
a menziesii 

Yes, I have 
created a 

software 

“Allele 
dropping” 

leopoldo.sanchez@
orleans.inra.fr and 

jean-

charles.bastien@orl
eans.inra.fr 

leopoldo.sanc
hez@orleans.

inra.fr and 

jean-
charles.bastie

n@orleans.in

ra.fr 

1 Both 
stochastic 

and 

determinist
ic 

Platform 
where 

stochastic 

and 
deterministic 

models are 

combined 
depending 

on needs 

http://www-genfys.slu.se/staff/dagl/Index.htm
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9 UoC Denmar
k 

 Simulation 
programs are 

developed in 

SAS and 
ASReml - but 

not as 

standardised 
programs as 

e.g. POPSIM. 

Made simply 
for "home" use.  

Jon K Hansen jkh@life.ku.dk 
 

 Stochastic Simulation 
programs 

are 

developed in 
SAS and 

ASReml - 

but not as 
standardised 

programs as 

e.g. 
POPSIM. 

Made 

simply for 
"home" use.  

10 METLA Finland Sc. pine, 

Norway 
sprice, 

birch sp. 

Yes , we are 

using a 
simulator, 

which we have 

bought or 

dawnloaded for 

free 

matti.haapanen@m

etla.fi 

Dag Lindgren 

et al.  

25 Determinis

itic; there 
are several 

versions to 

fit 

particular 

scenarios 

"Seed 

Orchard 
Deployer  by 

Dag 

Lindgren et 

al.)  , we 

may contact 

Matti  
15 LFRI Lithuan

ia 

Simulator 

can be used 

for all 
species 

Breeding 

Cycler 

darius.danusevicius

@akas.lt 

Dag Lindgren 

in 

cooperation 
with Darius 

25 & 

15 

Determinis

itic; there 

are several 
versions to 

fit 
particular 

scenarios 

Can be 

dawlnloaded 

for free at 
http://www-

genfys.slu.se
/staff/dagl/B

reed_Home_

Page/ 
15 LFRI Lithuan

ia 

Simulator 

can be used 

for all 
species 

Seed Orchard 

Deployer 

darius.danusevicius

@akas.lt 

Dag Lindgren 

in 

cooperation 
with Darius 

25 & 

15 

Determinis

itic 

Can be 

dawlnloaded 

for free at 
http://www-

genfys.slu.se

/staff/dagl/B
reed_Home_

Page/ 

17 NFLI Norway Picea abies Yes , we are 
using a 

simulator, 

which we have 
bought or 

downloaded for 

free 

oystein.johnsen@skogoglandskap.no  They did not 
specify 

which 

simulator is 
in use , we 

may contact 

them 
19 IBL Poland Picea abies, 

Pinus 

sylvestris, 
Abies alba, 

Larix 

europea, 
Quercus 

spp., Betula 

spp., Fagus 
spp.,  

Yes , we are 

using a 

simulator, 
which we have 

bought or 

downloaded for 
free 

j.kowalczyk@ibles.waw.pl  They did not 

specify 

which 
simulator is 

in use , we 

may contact 
them 

21 SKOGF

ORSK 

Sweden  Pinus 

sylvestris, 
Picea abies, 

Betula sp. 

and Pinus 
contorta. 

Popsim gunnar.jansson@sk

ogforsk.se 

Tim Mullin 21 Stochastic Can be 

purchased 
from Tim 

Mullin in 

NZ; Ola 
Rosvall is 

the person in 

Skogforsk 
who has 

used the 

software 
24 XG - 

CIFAL 

Spain Pinus spp. , 

Prunus 

avium, 
Pseudotsug

a, Castania 

SYNCHRO.SA

S 

vcodesido.cifal@si

am-cma.org 

vcodesido.cif

al@siam-

cma.org and 
dr. Rafael 

Zas 

24 Determinis

itic; there 

are several 
versions to 

fit 

particular 
scenarios 

For seed 

orchards , 

flowering 
phenology 

25 SLU Sweden Simulator 

can be used 
for all 

Breeding 

Cycler 

Dag.Lindgren@gen

fys.slu.se 

Dag Lindgren 

in 
cooperation 

25 & 

15 

Determinis

itic; there 
are several 

Can be 

dawlnloaded 
for free at 

mailto:jkh@life.ku.dk
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species with Darius versions to 
fit 

particular 

scenarios 

http://www-
genfys.slu.se

/staff/dagl/B

reed_Home_
Page/ 

 

25 SLU Sweden Simulator 
can be used 

for all 

species 

Seed Orchard 
Deployer 

Dag.Lindgren@gen
fys.slu.se 

Dag Lindgren 
in 

cooperation 

with Darius 

25 & 
15 

Determinis
itic 

Can be 
dawlnloaded 

for free at 

http://www-
genfys.slu.se

/staff/dagl/B

reed_Home_
Page/ 

 

25 SLU Sweden Simulator 
can be used 

for all 

species 

GainPred Dag.Lindgren@gen
fys.slu.se 

Dag Lindgren  25 Determinis
itic 

Can be 
dawlnloaded 

for free at 

http://www-

genfys.slu.se

/staff/dagl/B

reed_Home_
Page/ 

 

25 SLU Sweden Simulator 
can be used 

for all 
species 

LinearDeploym
ent 

Dag.Lindgren@gen
fys.slu.se 

Dag Lindgren 25 Determinis
itic 

Can be 
dawlnloaded 

for free at 
http://www-

genfys.slu.se

/staff/dagl/B
reed_Home_

Page/ 

 
25 SLU Sweden Simulator 

can be used 

for all 
species 

OrchardManan

ger 

Dag.Lindgren@gen

fys.slu.se 

Dag.Lindgren

@genfys.slu.

se and Kyu-
Suk Kang 

25 Determinis

itic 

Can be 

dawlnloaded 

for free at 
http://www-

genfys.slu.se

/staff/dagl/B
reed_Home_

Page/ 

 
25 SLU Sweden Simulator 

can be used 

for all 
species 

A number of 

small programs 

based on DOS 
and Excell (day 

lenght and 

temperature 
prediction from 

lat. long; status 

number 
calculation, 

conacestry 

calculation; 
finding 

optimum 

number of 
testing sitres; 

selelction 

intesity 
calculator) 

 

 

Dag.Lindgren@gen

fys.slu.se 

Dag.Lindgren

@genfys.slu.

se (main 
author and a 

number of 

co-authors- 
see the web 

site ) 

25 Determinis

itic 

Can be 

dawlnloaded 

for free at 
http://www-

genfys.slu.se

/staff/dagl/B
reed_Home_

Page/ 

 

25 SLU Sweden Simulator 

can be used 

for all 
species 

Popsim Dag.Lindgren@gen

fys.slu.se 

Tim.Mullin@

biosylve.com 

and 
lstiburek@fle

.czu.cz 

25 Stochastic Can be 

purchased 

from Tim 
Mullin in 

USA; there 

is a free 
demo 

version 

25 SLU Sweden Simulator 
can be used 

for all 

species 

StatusNumberC
alculator 

Dag.Lindgren@gen
fys.slu.se 

lstiburek@fle
.czu.cz 

25 Determinis
itic 

Free 
dawnload 

from 

http://fle.czu
.cz/~lstibure
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5. Summarising remarks  

 

The most common drawbacks of the existing breeding programmes are as follows: 

Long term and high input breeding 

1. Reduced breeding value because of the need to refresh gene diversity by introducing less 

genetically advanced breeding stock. We have amplified the case where the long-term 

breeding populations are closed (means no infusion of material for outside) to see how 

many of these use within-family selection. The result was astonishing: 15 out of 20 long-

term breeding programs with closed breeding populations use among-family selection. 

How then they are going to maintain the gene diversity of uncertain future? 

2. Open pollinating is used to often. This causes failure to control relatedness and reduces 

breeding efficiency. Even if the programme is referred as long term breeding programme it 

is clear that it does not allow to control relatedness among breeding population members in 

the future generations. If so such programme will be ineffective as at certain point there 

will be a need to enrich the diversity in BP by introducing less advanced genetic material 

and in the way waist of recourses by reducing the genetic gain. Or it will be necessary to 

redesign it or even start form the beginning if inbreeding depression will be expressed.  

3. Not considering time component in breeding to target not just generic gain but genetic gain 

per unit of time. In this time-infective way, there are many programmes based on progeny 

testing and selection backwards where no thinking seems to be for the cases when the 

selections backwards will be made for the following cycles.    

4. Ineffective deployment. In most of the programmes breeding and multiplication 

populations are merged. Merging breeding and production populations will (a) reduce gain 

generating capacity of production populations, because they will need to carry the genetic 

diversity necessary for future breeding. By serving only for deployment needs. 

5. Inefficient testing strategies. Most of the long-term and high-input breeding programmes 

still relay on progeny testing and selection backward or forward, however, phenotype 
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testing and clonal testing is less considered as options. Surprising little clonal testing is 

used for the species which are could easily be cloned by rooting, e.g. Picea abies, Picea 

sitchensis and Populus sp.  

6. Simulations are used little to aid practical breeding, which result sin the inefficiencies 

listed above. There is a strong need to promote their use.  

 

 

 

5. Acknowledgments 

Comments by Patrik are appreciated.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 54 

 

6. References related to optimisation of testing strategies. 

 

 

01 Ackzell L & Lindgren D 1992. Seed-Tree stand: - Threat or protection for artificial regeneration? In 

Hagner M (editor) Silvicultural alternatives. Swedish University of Agricultural Sciences. Department 

of Silviculture. Reports, 35:86-103. 

02 Ackzell L, & Lindgren D. 1994. Some genetic aspects on human intervention in forest regeneration: 

Considerations based on examples form an experiment in northern Sweden. Forestry  67(2): 134-148.  

03 Ackzell L, Elfving B & Lindgren D 1994. Occurence of naturally regenerated and planted main crop 

plants in plantations in boreal Sweden. Forest Ecology and Management. 65:105-113. 

04 Andersson EW, Lindgren D,  Spanos KA, & MullinTJ 1998. Genetic diversity after one round of 

selection. Forest Tree Improvement 26:47-55. 

05 Andersson EW, Spanos KA, MullinTJ & Lindgren D 1998, Phenotypic selection can be better than 

selection for breeding value. Scand. J. For. Res. 13:7-11.  

06 Andersson EW, Spanos KA, MullinTJ & Lindgren D Phenotypic selection compared to restricted 

combined index selection for many generations. Silva Fennica, 32:111-120. 

07 Andersson, E.W., Sanchez-Rodriguez , L. &  Andersson, B. 1999. Group coancestry-controlled 

selection in Pinus sylvestris L. breeding program. Theor. Appl. Genet. 99: 73-80 

08 Benedíková, M. – Buriánek, V. – Kyseláková, J.: Výsledky hodnocení druhové čistoty uznaných porostů 

dubu fenotypové třídy A. [Evaluation results on species purity of certified oak stands for the seed 

material collection, phenotype class A.] [In Czech]. Zprávy lesnického výzkumu, 51, 2006, č. 1, s. 20-

25, 5 obr., 3 tab., abstr. angl., lit. 7 

09 Beran, F., Šindelář, J.: Perspektivy vybraných cizokrajných dřevin v lesním hospodářství České 

republiky (Prospects of seected introduced species in the Czech Republic fores management) [In Czech]. 

Lesnictví-Forestry, 42, 1996, s. 337-355. 

10 Beran, F.: Některé poznatky z hodnocení mezinárodního provenienčního pokusu s jedlí obrovskou – 

Abies grandis (Douglas) Lindl. [Some experiences from assessment of international provenance 

experiment with grand fir - Abies grandis (Douglas) Lindl. ] [In Czech]. In: Douglaska a jedle obrovská 

– opomíjení giganti, 2006, s. 17-27, 2 obr., 8 tab., abstr. čes. a angl., lit. 10 

11 Besnard, G., Acheré, V., Jeandroz, S., Johnsen, Ø., Faivre Rampant, P., Baumann, R., Müller-Starck, G., 

Skrøppa, T. & Favre, J.-M. 2008. Does maternal environmental condition during reproductive 

development induce genotypic selection in Picea abies? Annals of Forest Science 65: 109-114. 

12 Bila AD & Lindgren D 1998  Fertility variation in Milletia sthulimannii, Brachystegia speciformis, 

Brachystegia bohemi and Leucaena leucocephala  and its effects on relatedness in seeds. Forest 

Genetics, 5:119-129.  

13 Bila AD & Lindgren D.  1999 Fertility differences between trees can be expressed as a power function 

which facilitates the genetic analyses. In Skrøppa T (editor)  Proceedings from the 1998 meeting of the 

Nordic Group for the Management of Genetic Resources of Trees. p 29. 

14 Bila AD, Kang K-S, Harju AM & Lindgren D. 2001. Fertility variation in forest tree populations. 

Manuscript. printed in Kang (2001). PhD dissertation. 

15 Bila AD, Lindgren D & Mullin TJ 1999. Fertility variation and its effect on diversity over generations in 

teak plantation (Tectona grandis L.f.). Silvae Genetica 48:109-114.  

16 Bila, A.D. 2000. Fertility variation and its effects on gene diversity in forest tree populations.  Acta 

Universitatis Agriculturae Sueciae. Silvestria 166. 31pp+4 chapters 

17 Bilir N, Kang KS & Lindgren D  2005 "Fertility variation in six populations of Brutian pine (Pinus 

brutia Ten.) over altitudinal ranges", Euphytica 141:163-168. 

18 Bilir N, Kang KS & Lindgren D 2007. Fertility variation and gene diversity in a clonal seed orchard of 

Pinus sylvestris In Proceedings of the IUFRO Division 2 Joint Conference: Low Input Breeding and 



 55 

Conservation of Forest Genetic Resources: Antalya, Turkey, 9-13 October 2006. Edited by Fikret Isik. p 

21-27   

19 Bilir N, Kang KS & Lindgren D 2007. Fertility variation and gene diversity in a clonal seed orchard of 

Pinus sylvestris In Proceedings of the IUFRO Division 2 Joint Conference: Low Input Breeding and 

Conservation of Forest Genetic Resources: Antalya, Turkey, 9-13 October 2006. Edited by Fikret Isik. p 

21-27 

20 Bilir N, Kang K-S and Lindgren D 2003. Fertility variation and effective number in the seed production 

areas of Pinus radiata and Pinus pinaster. Silvae Genetica 52:75-77. 

21 Bilir N, Kang KS, Zang D &Lindgren D. 2004.  Fertility variation and status number between a base 

population and a seed orchard of Pinus brutia Ten. Silvae Genetica 53:161-163. 

22 Bilir N, Prescher F, Ayan S & Lindgren D 2006. Growth characters and number of strobili in clonal seed 

orchards of Pinus sylvestris. Euphytica 152:293-301.  

23 Bilir N, Prescher F, Lindgren D & Kroon J 2008.Variation in cone and seed characters in clonal seed 

orchards of Pinus sylvestris .  New Forests 36:187-199.  

24 Blödner, C., Skrøppa, T., Johnsen, Ø. & Polle, A. 2005. Freezing tolerance in two Norway spruce (Picea 

abies (L.) Karst.) progenies is physiologically correlated with drought tolerance. Journal of Plant 

Physiology 162: 549-558 

25 Bondesson F L & Lindgren D 1993. Optimal utilization of clones and genetic thinning of seed orchards. 

Silvae Genetica, 42:157-163. 

26 Bondesson FL & Lindgren D 1991. Optimal utilization of clones and genetic thinning of seed orchards. 

Swedish University of Agricultural Sciences, Section of Forest Biometry, Arbetsrapport 2. 15 pp. 

27 Čáp, J. – Novotný, P.: Přehled dosavadních výsledků hodnocení výzkumných provenienčních ploch 

s jedlí bělokorou (Abies alba Mill.) série 1973 – 1977. [Survey of evaluation results of research 

provenance plots with silver fir (Abies alba Mill.) series 1973 – 1977.] [In Czech]. In: Šlechtění lesních 

dřevin v České republice a Polsku, 2006, s. 69-83, 1 tab., abstr. angl., lit. 63 

28 Carson MJ & Lindgren  D. 1995. Full-sib forestry in plantation conifers. Abstract. In Lavereau J 

(Editor): Proceedings of the 25th meeting of the Canadian tree improvement association. p84. 

29 Čížková, L. - Čížek, V.: Pěstování rychlerostoucích dřevin v České republice. [Breeding of fast-growing 

tree species in the Czech Republic.] [In Czech]. In: Pěstování sadebního materiálu a zakládání porostů 

rychlerostoucích dřevin. 2006, s. 5-23 

30 Čížková, L., Čížek, V., Slováček, M.: Výsledky hodnocení růstu hybridní osiky v Krušných horách 

(Evaluation of hybrid aspen in the Ore mountains). [In Czech] . Zprávy lesnického výzkumu, 51, 2006, 

č. 1, s. 11-19. 

31 Cvikrová, M. – Malá, J. – Hrubcová, M. – Eder, J.: Soluable and cell wall- bound phenolics and lignin 

in Ascocalyx abietina infected Norway spruces. Plant Science, 170, 2006, s. 563-570, 3 obr., lit. 3 

32 Dag Lindgren made a welcome address Korea Forest Research Institute (editor) 2009. Seed orchards 

and the link to long-term breeding in response to climate change. Abstracts from a meeting of IUFRO 

WP 2.09.01 at Jeju, Korea, 8-11 September 2009  pp vi-vii 

33 Danusevičius D & Lindgren D 2002. Clonal testing may be the best approach to long-term breeding of 

Eucalyptus.  In Proceedings from Symposium on Eucalyptus plantations, Sept 1-6, 2002, Guangdong, 

China. Pp 88-107. 

34 Danusevicius D & Lindgren D 2002. Efficiency of Selection Based on Phenotype, Clone and Progeny 

Testing in Long-term Breeding. Silvae Genetica 51:19-26; and  Danusevicius D & Lindgren D 2002. 

Two-stage selection strategies in tree breeding considering gain, diversity, time and cost. Forest 

Genetics. 9:145-157.  

35 Danusevičius D & Lindgren D 2002. The clonal testing strategy – the highway for long-term breeding of 

Norway spruce? In Haapanen M & Mikola J (Eds): Integrating Tree Breeding and Forestry - 

Proceedings from a meeting of the Nordic Group for Management of Genetic Resources of Trees. The 

Finnish Forest Research Institute Research Papers 842, p 104. 

36 Danusevicius D & Lindgren D 2002. Two-stage selection strategies in tree breeding considering gain, 

diversity, time and cost. Forest Genetics. 9:145-157.  



 56 

37 Danusevicius D & Lindgren D 2008 "Strategies for optimal deployment of related clones into seed 

orchards" Silvae Genetica 57:119-127 

38 Danusevičius D & Lindgren D. 2006. Optimization of long term breeding strategies for cyclic within 

family selection IUFRO 2.04.02 Breeding theory and progeny testing Newsletters 1:26. 

39 Danusevičius, D. and Lindgren, D. 2002a. Comparison of phenotypic, clonal and progeny supported 

selection in long-term tree breeding. Silvae Genetica 51 (1): 19-26.  

40 Danusevičius, D. and Lindgren, D. 2002b. Two stage selection strategies in tree breeding considering 

gain, diversity, time and cost. Forest Genetics 9 (2): 145-157. 

41 Danusevičius, D. and Lindgren, D. 2003. Clonal testing may be the best approach to long-term breeding 

of Eucalyptus. In: Eucalyptus Plantations – Research, Management and Development, R.-P. Wei and D. 

Xu (eds), World Scientific, Singapore, 192-210. 

42 Danusevičius, D. and Lindgren, D. 2004. Progeny testing preceded by phenotypic pre-selection - timing 

considerations. Silvae Genetica 53:20-26. 

43 Danusevičius, D. and Lindgren, D. 2004. Progeny testing preceded by phenotypic pre-selection - timing 

considerations. Silvae Genetica 53: 20-26. 

44 Danusevičius,
 
D. and Lindgren, D. 2005. Optimisation of breeding population size for long-term 

breeding. Scandinavian Journal Forest Research (20) 1: 18-25. 

45 Danusevičius, D. and Lindgren, D. 2005. Optimisation of breeding population size for long-term 

breeding. Scandinavian Journal Forest Research (20) 1: 18-25. 

46 Danusevicius, D. and Lindgren, D. 2008. Deployment of related clones to seed orchards Silvae Genetica 

57 (3): 119-127. 

47 Danusevicius, D. and Lindgren, D. 2010. Efficiency of breeding strategy where grandparents - but not 

parents - contribute equally to the breeding population. Annuals of Forest Science 67 (2): (in print). 

48 El-Kassaby YA & Lindgren D 2008. Increasing the Efficiency of Breeding Without Breeding through 

Phenotypic Pre-selection in Open Pollinated Progenies. In: Byram ED (editor) Proceeding 29th 

STFIC/WFGA meeting in Galveston Texas June 19-22, 2007. p15-19. 

http://www.fsl.orst.edu/wfga/index_files/WFGA%20proceedings%202007.pdf 

49 El-Kassaby YA, Prescher F & Lindgren D 2007. Advanced generation seed orchards’ turnover as 

affected by breeding advance, time to sexual maturity, and costs, with special reference to Pinus 

sylvestris in Sweden.  Scandinavian Journal of Forest Research 22:88-98. 

50 Fedorkov A, Lindgren D, and David A. 2003. Генетическое разнообразие и генетическое улучшение 

при изреживании культур сосны, заложенных полусибсами. (Genetic diversity and genetic gain 

following thinning in a half-sib plantation, in Russian). Notes of Institute of Biology, Komi Science 

Center, 10 (72): 13-15. 

51 Fedorkov A, Lindgren D, and David A. 2005. Genetic gain and gene diversity following thinning in a 

half-sib plantation. Silvae Genetica 54:185-189. 

52 Fries A,  Ruotsalainen S & Lindgren D 1998 Effect of temperature on the site productivity of Pinus 

sylvestris and lodgepole pine in Finland and Sweden. Scand J For Res. 13:128-140. 

53 Fries A, Lindgren D & Andersson B 2008. The Swedish Scots Pine Seed Orchard Västerhus. In 

Lindgren D (editor) Proceedings of a Seed Orchard Conference, Umeå, Sweden, 26-28 September 2007. 

p 70-77. 

54 Fries A, Lindgren D & Löfmark S 1992. Contorta- och tallsticklingar. Sveriges Lantbruksuniversitet. 

Institutionen för skoglig genetik och växtfysiologi. Arbetsrapport 47. 12 sidor. 

55 Fries A, Lindgren D & Löfmark S 1992. Sticklingar av tall och contorta - viktiga redskap för forskning. 

Skogsfakta Nr 12. 4 sidor. 

56 Fries A, Lindgren D, Ying CC, Ruotsalainen S, Lindgren K, Elfving B & Karlmats U. 2000.  The effect 

of temperature on site index in western Canada and Scandinavia estimated from IUFRO Pinus contorta 

provenance experiments. Canadian Journal of Forest Research 30: (6) 921-929. 

57 Fries A, Torimaru T, Wang X, Andersson B & Lindgren D. 2009. Pollination patterns in Scots pine seed 

orchards.  Korea Forest Research Institute (editor) 2009. Seed orchards and the link to long-term 



 57 

breeding in response to climate change. Abstracts from a meeting of IUFRO WP 2.09.01 at Jeju, Korea, 

8-11 September 2009 pp 8-9. 

58 Frýdl, J. – Šindelář, J.: Historie a současný stav šlechtění lesních dřevin v České republice. [History and 

present state in forest tree species breeding in the Czech Republic.] [In Czech]. In: Šlechtění lesních 

dřevin v České republice a Polsku, 2006, s. 36-48, abstr. angl., lit. 51 

59 Frýdl, J. – Šindelář, J.: K problematice ověřování semenných sadů – metodické principy. [Problem of 

seed orchard certification – methodological principles.] [In Czech]. In: Semenné sady jako zdroj 

kvalifikovaného reprodukčního materiálu – minulost, současnost a budoucnost 2006, s. 15-22, abstr. 

čes., lit. 29 

60 Frýdl, J., Šindelář, J.: Provenance plots with European larch (Larix decidua Mill.) of the IUFRO series 

1958/59 at the age of 38 years in the Czech Republic (CR). Communicationes Instituti Forestalis 

Bohemicae, 20, 2003, s. 5-36. 

61 Frýdl, J., Šindelář, J.: Study of selection criteria – long-term and early tests of European larch seed 

orchards. Communicationes Instituti Forestalis Bohemicae, 22, 2005, s. 26-44. 

62 Gea LD, Jefferson PA, Lindgren D,  Mullin TM & Shelbourne CJA 1995. Optimizing subline size for 

breeding populations. Abstract.  In Lavereau J (Editor): Proceedings of the 25th meeting of the Canadian 

tree improvement association. p86. 

63 Gea LD, Lindgren D, Shelbourne CJA & Mullin TJ 1997. Complementing inbreeding coefficient 

information with status number: implications for structuring breeding populations. New Zealand Journal 

of Forestry Science 27(3):255-271 (as it become known too late, it still keeps the 98 number) 

64 Gea LD, Low C & Lindgren D 1995. Proc inbred: The shadow of forgotten ancestors. Paper presented at 

the 13th annual conference of SAS users of New Zealand, Wellington 18-19 September 1995, 10 pages. 

65 Gömöry, D., Bruchánik, R., Longauer, R., 2003: Fertility variation and flowering asynchrony in Pinus 

sylvestris: consequences for the genetic structure of progeny in seed orchards. Forest Ecology & 

Management 174(1–3): 117-126. 

66 Gömöry, D., Bruchánik, R., Paule, L., 2003: Effective population number estimation of three Scots pine 

(Pinus sylvestris) seed orchards based on integrated assessment of flowering, floral phenology and seed 

orchard design.Forest Genetics 7(1):65-75 

67 Gref R, Moritz T, Lindgren D & Gohil S 1993. Variation and inheritance of manoxyl oxid acid in Pinus 

sylvestris (L.). Silvae Genetica, 42:275-278. 

68 Hannrup, B., Jansson, G. & Danell, Ö. 2007. Comparing gain and optimum test size from progeny 

testing and phenotypic selection in Pinus sylvestris. Can. J. For. Res. 37: 1227-1235. 

69 Ivanek, O., Procházková, J.: Identifikace roubovanců a klonů ve dvou semenných sadech modřínu 

opadavého /Larix decidua Mill./ (Identification of graftings and clones in two European larch sed 

orchards) [In Czech]. . Zprávy lesnického výzkumu, 51, 2006, č. 1, s. 38-43. 

70 Ivanek, O.: Porovnání genetické diverzity vybraných porostů smrku ztepilého. [Comparison of genetic 

diversity of chosen Norway spruce stands.] [In Czech]. In: Šlechtění lesních dřevin v České republice a 

Polsku, 2006, s. 49-55, 1 tab., 4 gr., abstr. angl., lit. 15 

71 Ivanek, O.: Výsledky izoenzymových analýz populací smrku ztepilého na plochách s různými 

stanovištními podmínkami. [Results of isozyme analyses of Norway spruce populations on the plots 

with various site conditions] [In Czech]. Zprávy lesnického výzkumu, 51, 2006, č. 1, s. 32-37, 4 obr., 1 

tab., abstr. angl., lit. 23 

72 Johnsen Ø. & Apeland I. 1988. Screening early autumn frost hardiness among progenies from Norway 

spruce seeed orchards. Silva Fennica 22: 203-212 

73 Johnsen Ø. 1989. Freeze-testing young Picea abies plants. A methodological study. Scand. J. For Res. 4: 

351-367 

74 Johnsen, Ø. & Skrøppa, T. 1999. Early testing of frost hardiness: do not generalise from Norway spruce 

provenances to families. Aktuelt fra skogforskningen 3/99: 25. 

75 Johnsen, Ø. & Skrøppa, T. 2000. Provenances and families show different patterns of relationship 

between bud set and frost hardiness in Picea abies . Canadian Journal of Forest Research 30: 1858-1866. 



 58 

76 Johnsen, Ø., Dæhlen O.G., Østreng, G. & Skrøppa, T. 2005. Daylength and temperature during seed 

production interactively affect adaptive performance of Picea abies progenies. New Phytologist 168: 

589-596. 

77 Johnsen, Ø., Fossdal, C.G., Nagy, N.E., Mølmann J., Dæhlen O.G. & Skrøppa, T. 2005. Climatic 

adaptation in Picea abies progenies is affected by the temperature during zygotic embryogenesis and 

seed maturation. Plant, Cell and Environment 28: 1090-1102. 

78 Kamalakannan R, Varghese M & Lindgren D 2007. Fertility variation and its implications on 

relatedness in seed crops in seedling seed orchards of Eucalyptus camaldulensis and E. tereticornis.  

Silvae Genetica: 56:253-259. 

79 Kamalakannan R, Varghese M, Bilir N & Lindgren D 2007. Conversion of a Progeny Trial of 

Eucalyptus tereticornis to a Seedling Seed Orchard Considering Gain and Fertility. In Proceedings of the 

IUFRO Division 2 Joint Conference: Low Input Breeding and Conservation of Forest Genetic 

Resources: Antalya, Turkey, 9-13 October 2006. Edited by Fikret Isik. p 93-99.  

80 Kamalakannan R, Varghese M, Bilir N & Lindgren D 2007. Conversion of a Progeny Trial of 

Eucalyptus tereticornis to a Seedling Seed Orchard Considering Gain and Fertility. In Proceedings of the 

IUFRO Division 2 Joint Conference: Low Input Breeding and Conservation of Forest Genetic 

Resources: Antalya, Turkey, 9-13 October 2006. Edited by Fikret Isik. p 93-99. 

81 Kamalakannan, R, Varghese, M, Chezhian, P, Ghosh, M. & Lindgren, D. Fertility variation and gene 

diversity in seed crops of Eucalyptus and Casuarina seedling seed orchards in southern India Korea 

Forest Research Institute (editor) 2009. Seed orchards and the link to long-term breeding in response to 

climate change. Abstracts from a meeting of IUFRO WP 2.09.01 at Jeju, Korea, 8-11 September 2009 p 

35   

82 Kaňák, J.: Problematika zachování genofondu borovice blatky. [Preservation problem of Swiss 

mountain pine gene resource.] [In Czech]. In: Vzácné a ohrožené druhy lesních dřevin 2006, s. 16-20, 1 

tab., abstr. čes., lit. 17 

83 Kang KS and Lindgren, D 1998. Fertility variation and its effect on the relatedness of seeds in Pinus 

densiflora, Pinus thunbergii and Pinus koraiensis clonal seed orchards. Silvae Genetica:47:196-201.  

84 Kang KS and Lindgren, D 1999. Fertility variation  among clones of korean pine (Pinus koraiensis s. et 

z.) and its implications on seed orchard management. Forest Genetics 6:191-200. 

85 Kang K-S, Bila AD, Harju AM & Lindgren D. 2003. Estimation of Fertility variation in forest tree 

populations. Forestry: 76:330-344. 

86 Kang KS, Harju AM, Lindgren D, Nikkanen T, Almkvist C & Suh GU 2001. Variation of ramet number 

and effective number of clones in seed orchards. New Forests, 21(1): 17-33.  

87 Kang K-S, Lindgren D & Bila AD 2000. Fertility variation and its effect on genetic diversity over 

generations in finite populations. In (Edited by Baskaran Krishnapillay et al.) Forests and society : the 

role of research : XXI IUFRO World Congress. Vol. 2. Sub-plenary sessions, abstracts. p 50. ISBN 983-

2181-09-7 

88 Kang KS, Lindgren D, Mullin TJ 2004. Fertility variations, genetic relatedness and their impact on gene 

diversity of seeds from a seed orchard of Pinus thunbergii. Silvae Genetica 53: 202-206. 

89 Kang KS, Lindgren D, Mullin TJ, Choi WY and Han SU 2005. Genetic gain and diversity of orchard 

crops under alternative management options. In; Forests in the Balance: Linking Tradition and 

Technology. Published in the International Forestry Review (edited by J.I. Innes, I.K. Edewards and D.J. 

Wilford): Proc. of the XXII IUFRO World Congress. Session 105 - Genomics and tree breeding for 

sustainable forestry. p .63. 8-13, August 205, Brisbane, Australia (poster presentation) 

90 Kang KS, Lindgren D, Mullin TJ, Choi WY and Han SU 2005. Genetic gain and diversity of orchard 

crops under alternative management options in a clonal seed orchard of Pinus thunbergii. Silvae 

Genetica 54:93-104. 

91 Kang, K.S. & Lindgren, D. 2001. Relatedness, flowering and their effects on gene diversity of seeds in a 

Pinus thunbergii clonal seed orchard in Korea. Manuscript printed in Kang (2001). PhD dissertation. 

92 Kang, K.S. 2001. Genetic gain and gene diversity of seed orchard crops.  Acta Universitatis 

Agriculturae Sueciae. Silvestria 187 75pp+ 11 chapters.  



 59 

93 Kang, K.S., Bila, A.D., Lindgren, D. & Choi, W.Y. 2001. Predicted drop in gene diversity over 

generations in the population where the fertility varies among individuals. Silvae Genetica 50: 200-205. 

94 Kang, K.S., Kjær E.D. & Lindgren D. 2001. Balancing gene diversity (status number) and seed 

production in Corylus avelana L. collections from native Danish populations. Manuscript printed in 

Kang (2001). PhD dissertation. 

95 Kang, K.S., Kjær E.D. & Lindgren D. 2003. Balancing gene diversity and nut production in Corylus 

avellana L. collections. Scan. J. For. Res. 18: 118-126.  

96 Kang, K.S., Kjær E.D.& Lindgren D. 2002. Balancing gene diversity (status number) and seed 

production. In Haapanen M & Mikola J (Eds): Integrating Tree Breeding and Forestry - Proceedings 

from a meeting of the Nordic Group for Management of Genetic Resources of Trees. The Finnish Forest 

Research Institute Research Papers 842, p 106. 

97 Kang, K.S., Lai, H.-L. & Lindgren, D. 2001. Using single family in reforestation: gene diversity 

concerns. Manuscript printed in Kang (2001). PhD dissertation. 

98 Kang, K.S., Lai, H.-L. & Lindgren, D. 2002. Using single family in reforestation: gene diversity 

concerns. Silvae Genetica 51: 65-72. 

99 Kang, K.S., Lindgren D, Mullin TJ, Choi WY, Han SU and Kim CS. 2005. Genetic gain and diversity of 

seed crops under alternative management options in a clonal seed orchard of Pinus thunbergii. Proc. of 

the 28th SFTIC meeting, Raleigh, North Carolina, June 20-23, USA (poster presentation). 

100 Kang, KS, Lindgren.D & T.J. Mullin. 2001. Prediction of genetic gain and gene diversity in seed 

orchard crops under alternative management strategies. TAG 103;1099-1107. 

101 Kaya Z & Lindgren D 1992. The genetic variation of inter-provenance hybrids of Picea abies and 

possible breeding consequences. Scand J For Res 7:15-26. 

102 Kormutak A & Lindgren D. 1996. Mating system and empty seed in silver fir (Abies alba Mill.)  Forest 

genetics, 3:231-235. 

103 Kormutak A, Matdsova R, Szmidt AE & Lindgren D. 1993. Karyological, anatomical and restriction 

fragment length polymorphism  characteristics of interspecific hybrid Pinus banksiana * P contorta. 

Biologia, 48:95-100. 

104 Kowalczyk J., Filipovics  M. 2007. The impact of different selection methods on genetic diversity and 

genetic gain of the Scots pine breeding population. Org. title: Wpływ różnych wariantów selekcji 

indeksowej na zmienność genetyczną i zysk genetyczny populacji hodowlanej sosny zwyczajnej. Leśne 

Prace Badawcze, 4, 107-123. 

105 Kowalczyk J., Gout R. 2005. The influence of subsampling on estimation accuracy of half sib families 

breeding value in progeny tests. Org. title Wpływ wielkości próby na dokładność oceny wartości 

hodowlanej rodów z wolnego zapylenia w doświadczeniach testujących. Leśne Prace Badawcze, 3, 39-

50. 

106 Kroon J, Wennström U, Prescher F, Lindgren D and Mullin TJ 2009. Estimation of clonal variation in 

seed cone production over time in a Scots pine (Pinus sylvestris L.) seed orchard Silvae Genetica:  58(1-

2):53-62 

107 Kvaalen, H. & Johnsen, Ø. 2008. Timing of bud set in Picea abies is regulated by a memory of 

temperature during zygotic and somatic embryogenesis. New Phytologist 177: 49-59 

108 Lee, SJ (2001) Selection of parents for th eSitka spruce breeding population in Britain, and the strategy 

for the next breeding cycle. Forestry, Vol. 74, No.2, p129-143 

109 Lee, SJ (2001) Selection of parents for th eSitka spruce breeding population in Britain, and the strategy 

for the next breeding cycle. Forestry, Vol. 74, No.2, p129-143 

110 Lee, SJ (2003) Breeding hybris larch in Britain. Forestry Commission Information Note 52, Edinburgh, 

Scotland pp 4 

111 Lee, SJ (2004) Selection of parents for the Corsican pine breeding population in Britain. Forestry, Vol. 

77, No. 3, 206 - 212. 

112 Leopoldo Sanchez & John A. Woolliams. Impact of Nonrandom Mating on Genetic Variance and Gene 

Flow inPopulations With Mass Selection. Genetics 166: 527–535 ( January 2004)" 



 60 

113 Leopoldo Sanchez, Alvin A. Yanchuk & John N. King. Gametic models for multitrait selection schemes 

to study variance of response and drift under adverse genetic correlations. Tree Genetics & Genomes 

(2008) 4:201–212 

114 Leopoldo Sanchez, Armando Caballero & Enrique Santiago. Palliating the impact of fixation of a major 

geneon the genetic variation of artificially selected polygenes. Genetical Research, Camb. (2006), 87, 

pp. 1–14." 

115 Leopoldo Sanchez, Piter Bijma & John A. Woolliams. Minimizing Inbreeding by Managing Genetic 

Contributions Across Generations. Genetics 164: 1589–1595 (August 2003) 

116 Li H & Lindgren D. 2006. Comparison of phenotype and combined index selection at optimal breeding 

population size considering gain and gene diversity. Silvae Genetica:13-19. 

117 Li H, Lindgren D, Danusevicius D & Cui J. 2002. Theoretical analyses of selection efficiency based on 

phenotype, clone and progeny testing in long-term poplar breeding. In proceedings from International 

poplar symposium III, Uppsala, Sweden, August 2002. Pp 104-106. 

118 Li H, Lindgren D, Danusevicius D, Cui J 2005.  Theoretical analyses of testing efficiency in long-term 

breeding of poplar. Journal of Forestry Research 16:275-280. 

119 Lindgren  D, Wei R-P & Lee S. 1997. How to calculate optimum family number when starting a 

breeding program. For. Sci. 43(2): 206-212. 

120 Lindgren  D. 1995. Radiatatallen pD Nya Zeeland. In Swedish. F`reningen Skogstr@dsf`r@dling. 

Crsbok 1994, pp 6-24. 

121 Lindgren D & Andersson E W 1997. Conservation and utilization of forest genetic resources-can we 

both eat and keep the cake? Proceedings of the XI World Forestry Congress 2:227. 

122 Lindgren D & Danusevičius D 2008 Deployment of clones to seed orchards when candidates are related  

In Lindgren D (editor) Proceedings of a Seed Orchard Conference, Umeå, Sweden, 26-28 September 

2007: 135-141. 

123 Lindgren D & Kang KS. 1997. Status number - a useful tool for tree breeding Research Report of the 

Forest Genetic Research Institute of Korea 33:154-165. 

124 Lindgren D & Karlsson B 1993. Cheaper improved Norway spruce seeds for Sweden. In  Rone V 

(editor). Norway spruce provenances and breeding.  Proceedings of  IUFRO (S2.2-11)  Symposium  in 

Latvia, 14-18 September, 1993. Latvian Forestry Research Institute, Riga. Pp 224- 230. 

125 Lindgren D & Lindgren K. 1997. Long distance pollen transfer may make gene conservation difficult. 

In: Kurm M and Tamm Y (editors), Conservation of Forest Genetic resources. Nordic Group for Forest 

Genetics and Tree Breeding Meeting in Estonia June 3-7, 1996. Estonian Agricultural University, Tartu. 

SBN 9985-830-11-3. Forestry studies 28:51-62. 

126 Lindgren D & Mullin TJ 1997. Genetic variance within a full sib family. Swedish University of 

Agricultural Sciences. Department of Forest Genetics and Plant Physiology. Arbetsrapport 55:1-4. 

127 Lindgren D & MullinTJ 1997. Balancing gain and relatedness in selection. Silvae Genetica. 46:124-129. 

128 Lindgren D & MullinTJ 1998. Relatedness and status number in seed orchard crops. Canadian Journal 

of Forest Research, 28:276-283. 

129 Lindgren D & Persson A. 1995. Vitalization of results from provenance tests.  Abstracts of invited 

papers IUFRO XX world congress. Gummerus, J@veskyle, Finland. S2.02.00 meeting. p144. 

130 Lindgren D & Persson A. 1997. Vitalization of results from provenance tests. In: Mátyás C (ed). 

Perspectives of Forest Genetics and Tree Breeding in a Changing World. IUFRO World Series; Vol 6: 

73-85.  ISBN 3-901347-07-0.  

131 Lindgren D & Rosvall O 1998 Genetiska aspekter på föryngringsmaterial. (In Swedish), One of five 

chapters in the 1998  version of course text printed for one hundred forest students at Umeå. 

132 Lindgren D & Wang X. Advanced generations “breeding without breeding” with only forests and 

combined seed orchards/breeding populations.  Korea Forest Research Institute (editor) 2009. Seed 

orchards and the link to long-term breeding in response to climate change. Abstracts from a meeting of 

IUFRO WP 2.09.01 at Jeju, Korea, 8-11 September 2009 pp 4-5 



 61 

133 Lindgren D & Wei R-P 1994. Effects of maternal environment on mortality and growth in young Pinus 

sylvestris field trials. Tree Physiology 14:323-327. 

134 Lindgren D & Ying CC 2000. A model integrating seed source adaptation and seed use. New Forest 20: 

(1) 87-104  

135 Lindgren D (editor) 1991. Pollen Contamination in Seed Orchards. Proceedings of the Meeting of the 

Nordic Group for Tree Breeding 1991. Swedish University of Agricultural Sciences. Department of 

Forest Genetics and Plant Physiology. Report 10, 120pp. 

Lindgren D 1991. Can shields stop aliens from upper space? Pollen Contamination in Seed Orchards. 

Swedish University of Agricultural Sciences. Department of Forest Genetics and Plant Physiology. 

Report 10:34-42. 

136 Lindgren D (editor) 1993. Pinus contorta - from untamed forest to domesticated crop. Swedish 

University of Agricultural Sciences. Department of Forest Genetics and Plant Physiology. Report 11:1-

416. 

137 Lindgren D (editor) Proceedings of a Seed Orchard Conference, Umeå, Sweden, 26-28 September 2007. 

ISBN:978-91-85911-28-8. 256 pages. 

138 Lindgren D 1991. Optimal utilization of genetic resources. Forest Tree Improvement 23:49-67. 

139 Lindgren D 1991. Progeny testing. Chapter 15 in "Genetics of Scots pine". Editors: M. Giertych & C. 

Mathyas. Elsevier. pp 191-203. 

140 Lindgren D 1992. Produktion av förädlat granfrö. Översyn av genetiskt material lämpligt för produktion 

av förädlat granfrö. Production of improved Norway spruce seeds for Sweden. Sveriges 

Lantbruksuniversitet. Institutionen för skoglig genetik och växtfysiologi. Arbetsrapport 40. 98 pages. 

141 Lindgren D 1993. Accelerated adaptation of trees at tree limits by selective breeding. In: Alden J, 

Mastrantonio, J L & qdum S (editors) “Forest development in cold climates”. Plenum Press, New York. 

pp 299-320. ISBN 0-306-44480-1. 

142 Lindgren D 1993. Breeding Pinus contorta in different countries.  Swedish University of Agricultural 

Sciences. Department of Forest Genetics and Plant Physiology. Report 11:264-270. 

143 Lindgren D 1993. Quantitative comparison between truncation selection and a better procedure. 

Hereditas 118:289-292. 

144 Lindgren D 1993. The population biology of clonal deployment. In Ahuja MR and Libby WJ (editors) 

Clonal Forestry I. Genetics and Biotechnology. Springer-Verlag. Berlin Heidelberg. pp. 34-49. 

145 Lindgren D 1998 Skogligt genbevarande (In Swedish), One of five chapters in the 1998 version of 

course text for one hundred forest students at Umeå. 

146 Lindgren D 1999 Long term forest tree improvement while maintaining diversity. Goal and methods. In 

Skrøppa T (editor)  Proceedings from the 1998 meeting of the Nordic Group for the Management of 

Genetic Resources of Trees. p 13. 

147 Lindgren D 2002. Advantages of clonal propagation. In Welander M & Zhu L H. Proceedings of 

Workshop on high quality birch – clonal propagation and wood properties. August 27-28, 2001. Pp 98-

109. ISBN 91-576-6250-9. Distribution: SLU, SE 230 53 Alnarp. 

148 Lindgren D 2004. Optimal number of tested clones in seed orchards. In Eysteinsson T (Ed.) “Forest 

Genetic resources – their use and conservation” Abstracts of a conference by the Nordic Group for the 

Management of Genetic Resources of Trees. Rit Mogilsar Rannsoknastödvar Skograktar 21:21-22.  

149 Lindgren D 2005. Unbalances in tree breeding.  In Fedorkov A (editor) Status, monitoring and targets 

for breeding programs. Proceedings of the meeting of Nordic forest tree breeders and forest geneticists, 

Syktyvkar 2005, ISBN 5-89606-249-4: 45-56.  

150 Lindgren D 2007 Norway spruce breeding in Sweden is based on clone testing. Long abstract to IUFRO 

WP Norway spruce breeding in Poland, September 2007. 

151 Lindgren D 2009.  Polymix breeding with selection forwards. Skogforsk. Arbetsrapport nr 687  14pp 

152 Lindgren D 2009. A way to utilise the advantages of clonal forestry for Norway spruce? Working Papers 

of the Finnish Forest Research Institute 114: 08–15. 09-06  



 62 

153 Lindgren D 2009. Number of pollen in polycross mixtures and mating partners for full sibs for breeding 

value estimation. Skogforsk., Arbetsrapport 672:1-15. 

154 Lindgren D 2009. Picea abies breeding in Sweden is based on clone testing. Dendrobiology Vol 61 

supplement: 79-82. 

155 Lindgren D 2009. Tankar på far och morföräldrar påverkar skogsproduktionen. Södra kontakt 1:28. 

156 Lindgren D and Prescher F 2005. Optimal clone number for seed orchards with tested clones. Silvae 

Genetica 54: 80-92. 

157 Lindgren D and Wei R-P 1992. Reduction of effective population number by selection for gain. In: 

"Mass production technology for genetically improved fast growing forest tree species." 

IUFRO/AFOCEL, Bordeaux, Sept. 1992, Vol 2, pp. 449-450. 

158 Lindgren D, Cui J, Son S-G and Sonesson J 2004. Balancing seed yield and breeding value in clonal 

seed orchards. New Forests. 28: 11-22. 

159 Lindgren D, Danusevičius D & Rosvall O 2008. Balanced forest tree improvement can be enhanced by 

selecting among many parents but keeping balance among grandparents. Canadian Journal of Forest 

Research  38(11): 2797–2803. 

160 Lindgren D, Fries A, Lindgren K & Löfmark S 1992. Lodgepole pine cuttings. In: "Massproduction 

technology for genetically improved fast growing forest tree species." AFOCEL/IUFRO. Bordeaux, 

France, 14-18 September 1992. Vol 1, pp. 105-111. 

161 Lindgren D, Gea LD, & Jefferson PA 1996. Loss of genetic diversity monitored by status number.  

Silvae Genetica, 45:52-59. 

162 Lindgren D, Gea LD, & Jefferson PA 1997. Status number for measuring genetic diversity. Forest 

Genetics 4(2) 69-76 

163 Lindgren D, Gea LD, & Jefferson PA. 1995. Effective number and coancestry in breeding populations 

following within family selection. Swedish University of Agricultural Sciences. Department of Forest 

Genetics and Plant Physiology. Arbetsrapport 53:1-30. 

164 Lindgren D, Jefferson PA & Gea LD.  1995. Status number - a measure of genetic diversity.  Ed. 

Bastien C-J.  Proceedings of   Evolution of Breeding Strategies for Conifers from the Pacific North 

West. Joint Meeting of the IUFRO Working Parties S2.02.05; .06; .12 and .14. Limoges, France 28 July 

- 4th August 1995. 

165 Lindgren D, Karlsson B, Andersson B & Prescher F, 2008. The Swedish seed orchard program for Scots 

pine and Norway spruce. In Lindgren D (editor) Proceedings of a Seed Orchard Conference, Umeå, 

Sweden, 26-28 September 2007. pp 142-154. 

166 Lindgren D, Lindgren K & Krutzsch P. 1993. Use of lodgepole pine and its provenances in Sweden. 

Swedish University of Agricultural Sciences. Department of Forest Genetics and Plant Physiology. 

Report 11:238-263. 

167 Lindgren D, Mullin T. J. & Zheng Y.Q. 1999. Combining high gain and little relatedness in breeding. In 

Skrøppa T (editor)  Proceedings from the 1998 meeting of the Nordic Group for the Management of 

Genetic Resources of Trees. p 29. 

168 Lindgren D, Paule L, Shen X, Yazdani R, Segerstr`m U, Wallin J-E & Lejdebro M-L. 1995. Can viable 

pollen carry Scots pine genes over long distances? Grana 34:64-69. 

169 Lindgren D, Prescher F, El-Kassaby YA, Almqvist C & Wennström U 2005. Considerations of timing 

and graft density of future Scots pine seed orchards.  In Fedorkov A (editor) Status, monitoring and 

targets for breeding programs. Proceedings of the meeting of Nordic forest tree breeders and forest 

geneticists, Syktyvkar 2005, ISBN 5-89606-249-4: 81-84.  

170 Lindgren D, Ruotsalainen S & Haapanen M 2004. Stratified sublining. In Li B & McKeand S Eds Forest 

Genetics and Tree Breeding in the Age of Genomics: Progress and Future. Conference Proceedings, pp 

405-407. 

171 Lindgren D, Tellalov Y & Prescher F 2007. Seed set for Scots pine grafts is difficult to predict In 

Proceedings of the IUFRO Division 2 Joint Conference: Low Input Breeding and Conservation of Forest 

Genetic Resources: Antalya, Turkey, 9-13 October 2006. Edited by Fikret Isik. p 139-141.    



 63 

172 Lindgren D, Tellalov Y & Prescher F 2007. Seed set for Scots pine grafts is difficult to predict In 

Proceedings of the IUFRO Division 2 Joint Conference: Low Input Breeding and Conservation of Forest 

Genetic Resources: Antalya, Turkey, 9-13 October 2006. Edited by Fikret Isik. p 139-141. 

173 Lindgren D, Wei RP and Bondesson FL. 1993. Optimal selection from families. Heredity 70:619-621. 

174 Lindgren D, Wei R-P and Lee S. (1997). Optimum family number in the first cycle of a breeding 

program. For. Sci. 43(2): 206-212;  

175 Lindgren D, Yazdani R, Lejdebro M-L & Lejdebro L-G 1991. The spread of conifer pollen from a point 

source. Swedish University of Agricultural Sciences. Department of Forest Genetics and Plant 

Physiology. Report 10:86-99. 

176 Lindgren D, Ying CC, Elfving B & Lindgren K. 1994 Site index variation with latitude and altitude in 

IUFRO Pinus contorta provenance experiments in western Canada and northern Sweden. Scand J  For 

Res 9:270-274.  

177 Lindgren D.  1994. Intensity of rogueing in young seed orchards. In: Lee, S J (editor) Nordic Group for  

Tree Breeding, Edinburgh 6-10 October 1993. 14-22. 

178 Lindgren D.  1995. Provenance tests as site indicators.  Ed. Bastien C-J.  Proceedings of Evolution of 

Breeding Strategies for Conifers from the Pacific North West. Joint Meeting of the IUFRO Working 

Parties S2.02.05; .06; .12 and .14. Limoges, France 28 July - 4th August 1995. 

179 Lindgren D. & Wei R-P. 1994. Gain versus effective number. Ed. Lee S. Proceedings -  Nordic Group 

for  Tree Breeding, Edinburgh 6-10 October 1993. 164-177. Note that the document is available in Wei, 

R-P (1995) PhD thesis. 

180 Lindgren D. 1994.  Notes on the history and organisation of forest genetics and forest tree breeding in 

Sweden. Swedish University of Agricultural Sciences. Department of Forest Genetics and Plant 

Physiology. Progress Report 50:1-8. 

181 Lindgren D. 1994. When do temperature events take place in Sweden and Finland? Swedish University 

of Agricultural Sciences. Department of Forest Genetics and Plant Physiology. Progress Report 51:1-38. 

182 Lindgren D. 1996. Forest tree breeding and genetics in Belarus. (In English, partly translated to Russian) 

Report following a visit in May and June, 1996.  26 pp. 

183 Lindgren D. 1998. Balansen mellan produktion och genetisk mångfald. (In Swedish) Skogsfakta, 7 

1998. 

184 Lindgren D. 1999. Forest tree breeding tools. In Skrøppa T (editor)  Proceedings from the 1998 meeting 

of the Nordic Group for the Management of Genetic Resources of Trees. p 30. 

185 Lindgren D. 2000 Low-intensity tree breeding. In Lundkvist K (editor). Rapid generation turnover in the 

breeding population and low-intensity breeding. Department of Forest Genetics, Uppsala, SLU, Sweden. 

ISSN =0348-565X. Research Notes 55: 37-48. 

186 Lindgren D. 2000. Variations in fertility in tree populations and their genetic implications In 78 years in 

the world of forest genetics. Symposium in Forest Genetics in honour of the retirement of docent Inger 

Ekberg and Professor Gösta Eriksson. Department of Forest Genetics, Uppsala, SLU, Sweden. Booklet, 

Abstract: 16. 

187 Lindgren D. 2006. Färre kloner i framtida fröplantager. PlantAktuellt 2006 (4) sid 8. 

188 Lindgren D. 2006. Forest Seed orchards and gene diversity.  Nordic GENEresources. Nordic Council of 

Ministers  5: 18-19.  

189 Lindgren D. 2008. Frötäkt och frötäktsområden av gran och tall i Sverige. Skogsstyrelsen. Rapport 8-

2008. pp 38. 

190 Lindgren D. 2008. Immediate Genetic Changes In Tree Deployment And Breeding Because Of Global 

Warming. Conference book on adaptation, Umeå August 2008 p 146.  

191 Lindgren D. 2008. Seed orchard conference. Mangfold Issued by Nordgen. June 2008 

192 Lindgren D. Global warming and seed orchards with special reference to Sweden Korea Forest Research 

Institute (editor) 2009. Seed orchards and the link to long-term breeding in response to climate change. 

Abstracts from a meeting of IUFRO WP 2.09.01 at Jeju, Korea, 8-11 September 2009 pp 30-31 . 



 64 

193 Lindgren K & Lindgren D. 1996. Germinability of conifer pollen exposed to open air.  Silva Fennica, 

30:3-9 

194 Lindgren, D & Wei RP 2007. Low-input tree breeding strategies. In Proceedings of the IUFRO Division 

2 Joint Conference: Low Input Breeding and Conservation of Forest Genetic Resources: Antalya, 

Turkey, 9-13 October 2006. Edited by Fikret Isik. p 124-138.   

195 Lindgren, D & Wei RP 2007. Low-input tree breeding strategies. In Proceedings of the IUFRO Division 

2 Joint Conference: Low Input Breeding and Conservation of Forest Genetic Resources: Antalya, 

Turkey, 9-13 October 2006. Edited by Fikret Isik. p 124-138. 

196 Lindgren, D 2001. Genmodifierade träd är avlägset för praktiskt skogsbruk. Skog & Forskning 2001 

(2):16-18. 

197 Lindgren, D 2002. Low input tree breeding strategies. In Proceedings from Symposium on Eucalyptus 

plantations, Sept 1-6, 2002, Guangdong, China: pp 31-44. 

198 Lindgren, D 2002. Tree Breeding Tools (TBT). Proceeding at Nordic Group for Management of Genetic 

Resources of Trees Meeting in Finland 2001. In Haapanen M & Mikola J (Eds): Integrating Tree 

Breeding and Forestry - Proceedings from a meeting of the Nordic Group for Management of Genetic 

Resources of Trees. The Finnish Forest Research Institute Research Papers 842, p 59-70. 

199 Lindgren, D 2003. Low-input tree breeding strategies. In  Eucalyptus Plantations – Research, 

Management and Development, R.-P. Wei and D. Xu (eds), World Scientific, Singapore, 149-166. 

200 Lindgren, D 2003. Tree Breeding Tools - Arker assisted selection. In Frýdl J (editor) International 

workshop "Breeding and improvement of forest tree species both in Sweden and the Czech Republic" - 

Forestry and Game Management Research Institute Jiloviste - Strnady , Czechia April 30th, 2001: 11-

24. 

201 Lindgren, D. 1993. Waving the diversity flag in genetic improvement. Lecture presented at The 5th 

Symposium on Biometrical Problems in Agricultural, Forestry and Animal investigations. August 1993, 

Garpenberg, Sweden. Abstract in Biometric Bulletin 10(4) p 16. 

202 Lindgren, D. 1994.  Effect of tree cover on Scots pine pollination and seeds. Forest Genetics 1:73-80. 

203 Lindgren, D., Danusevicius, D. and Rosval, O. 2008. Balanced forest tree improvement can be enhanced 

by selecting among many parents but keeping balance among grandparents. Canadian Journal Forest 

Research 38: 2797-2803. 

204 Lindgren, D., Danusevičius, D. and Rosval, O. 2009. Unequal deployment of clones to a seed orchard 

by considering genetic gain, relatedness and gene diversity. Forestry 82 (1): 17-28. 

205 Lstibùrek M, Mullin T, Lindgren D, Rosvall O. 2004. Open-nucleus breeding strategies compared to 

population-wide positive assortative mating.  I. Equal  distribution of testing effort. TAG 109: 1196-

1203. 

206 Lstibùrek M, Mullin T, Lindgren D, Rosvall O. 2004. Open-nucleus breeding strategies compared to 

population-wide positive assortative mating.  II. Unequal distribution of testing effort. TAG 109:1169-

1177. 

207 Lstibůrek, M. et al.: Positive assortative mating with family size as a function of parental predicted 

breeding values. Genetics, 171, 2005, s. 1311-1320. 

208 Lstiburek, M., Mullin, T.J., Lindgren, D. & Rosvall, O. 2004. Open-nucleus breeding strategies 

compared with population-wide positive assortative mating. II Unequal distribution of testing effort. 

Theor. Appl. Genet. 109: 1169-1177. 

209 Máchová, P. – Cvrčková, H. – Čížková, L. – Malá, J.: Effective micropropagation of mature aspen: use 

in breeding. In: 27th International Horticulture Congress and Exhibition 2006, s. 350-351, abstr. angl. 

210 Máchová, P.: Transformace hybridní osiky Populus tremula x P. tremuloides a somatických embryí 

dubu zimního pomocí Agrobacterium tumefaciens. [Transformation of hybrid aspen Populus tremula x 

P. tremuloides and somatic embryos of sessile oak by means of Agrobacterium tumefaciens.] [In 

Czech]. In: Šlechtění lesních dřevin v České republice a Polsku, 2006, s. 9-20, 1 tab., abstr. angl., lit. 64 

211 Malá, J. – Máchová, P. – Cvrčková, H. – Čížková, L.: Aspen micropropagation: use for 

phytoremediation of soils. [Mikropropagace topolu osiky: využití pro fytoremediace půd.] Journal of 

Forest Science, 52, 2006, č. 3, s. 101-107, 4 fot., 2 tab., res. čes., lit. 



 65 

212 Malá, J. et al.: Aspen micropropagation: use for phytoremediation of soils. Journal of Forest Science, 52, 

2006, s. 101-107. 

213 Malá, J., Cvikrová, M., Chalupa, V.: Micropropagation of mature trees of Ulmus glabra, U. minor and 

U. laevis. In: Protocols for Micropropagation of Woody Trees and Fruits. Dordrecht, Springer 2007, s. 

237-246. 

214 Michael Stoehr, Alvin Yanchuk, Chang-Yi Xie & Leopoldo Sanchez. Gain and diversity in advanced 

generation coastal Douglas-fir selections for seed production populations. Tree Genetics & Genomes 

(2008) 4:193–200 

215 Moriguchi Y, Prescher F & Lindgren D 2008.  Optimum lifetime for Swedish Picea abies seed orchards. 

New Forests 35:147-157. 

216 Mullin TJ Lstiburek M Rosvall O & Lindgren D 2005. Korsa utvalda träd i rangordning och låt 

dessutom de bästa få fler avkommor. Föreningen Skogsträdsförädling Årsbok 2004, pp 8-18. (In 

Swedish). 

217 Mullin, T.J., & Lindgren, D.  1997. Maximizing a breeding goal that considers both gain and diversity.  

Proc. Can. Tree Improve. Assoc. 26th Meeting Part 2. p 96 

218 Mullin, T.J., & Lindgren, D.  1998. Maximizing a breeding goal that considers both gain and diversity.  

Proc. Can. Tree Improve. Assoc. 26th Meeting Edited by JD Simpson. Canada Forest Service - Atlantic, 

Fredricton. Part 2. p 96 

219 Mullin, T.J., Rosvall, O., and Lindgren, D.  1996.  Using POPSIM to evaluate gain and diversity in 

Sweden’s tree breeding programmes.  Forest Management Impacts on Ecosystem Processes: 14th North 

American Forest Biology Workshop, 16 - 20 June 1996, Université Laval, Québec City: 84. 

220 Nicodemus A, Varghese M, Nagarajan B and Lindgren D 2008.  Fertility Variation across Years in Two 

Clonal Seed Orchards of Teak and its Impact on Seed Crop. Proceedings of a Seed Orchard Conference, 

Umeå, Sweden, 26-28 September 2007:189-194 

221 Nicodemus A, Varghese M, Nagarajan B and Lindgren D 2009.  Annual Fertility Variation in Clonal 

Seed Orchards of Teak (Tectona grandis L.f.) and its Impact on Seed Crop.  Silvae Genetica 58(1-2):85-

93 

222 Nilsson J-E & Lindgren D 2005. Using seed orchard seeds with unknown fathers. In Fedorkov A 

(editor) Status, monitoring and targets for breeding programs. Proceedings of the meeting of Nordic 

forest tree breeders and forest geneticists, Syktyvkar 2005, ISBN 5-89606-249-4: 57-64.  

223 Novotná, M. – Novotný, P. – Buriánek, V. – Frýdl, J. – Šindečlář, J.: Výsledky hodnocení provenienční 

výsadby s olší lepkavou (Alnus glutinosa /L./ Gaertn.) č. 43 – Lužná, Senec ve věku 36 let. [Results of 

evaluation of black alder (Alnus glutinosa /L./ Gaertn.) provenance planting no. 43 – Lužná Senec at the 

age of 36 years.] [In Czech]. Zprávy lesnického výzkumu, 51, 2006, č. 3, s. 172-183, 3 fot., 2 gr., 4 tab., 

abstr. a souhr. angl., lit. 18 

224 Novotný, P. (ed.): Šlechtění lesních dřevin v České republice a Polsku. [Forest tree species breeding in 

the Czech Republic and Poland.] [In Czech]. In: Seminář s mezinárodní účastí, konaný 8. 9. 2005 pod 

záštitou ředitele doc. Ing. Petra Zahradníka, CSc. Jíloviště-Strnady, VÚLHM 2006, 99 s. gr. a tab. v 

textu, abstr. angl. 

225 Novotný, P., Čáp, J., Frýdl, J., Chládek, J., Šindelář, J., Tomec, J.: Výsledky hodnocení série 

experimentálních provenienčních ploch s bukem lesním (Fagus sylvatica L.) ve věku 25 let. Zprávy les. 

výzkumu, 52, 2007, č. 4, s. 281-292. 

226 Novotný, P.: Literární přehled dosavadních výzkumných aktivit souvisejících s ověřováním dílčích 

populací buku lesního (Fagus sylvatica L.) v ČR. [Literary survey of hitherto research activities related 

to certification of partial European beech populations (Fagus sylvatica L.).] [In Czech]. In: Šlechtění 

lesních dřevin v České republice a Polsku, 2006, s. 84-99, 1 tab., abstr. angl., lit. 64 

227 Olsson T, Lindgren D & Li B 1999. Maximize Seed Orchard Gain by Balancing Breeding Value and 

Relatedness of Selected Clones. 25th Southern Forest Tree Improvement Conference Abstracts C39.  

228 Olsson T. Lindgren D. & Ericsson T. 2000. Group merit selection and restricted selection among full-sib 

progenies of Scots pine. Forest Genetics 7(2):137-144. 

229 Olsson, T. 2001. Parameters, relationship and selections in pines.  Acta Universitatis Agriculturae 

Sueciae. Silvestria. 192 27pp+4 chapters.  



 66 

230 Olsson, T., Lindgren, D. & Li, B. 2001. Balancing Genetic Gain and Relatedness in Seed Orchards. 

Silvae Genetica: 50:222-227. 

231 Paganová, Viera, 1996: Biologické prejavy reprodukčných procesov, rast a testovanie potomstiev brezy 

svalcovitej. [Reproduction biology processes, growth and progeny testing of the curly birch]. Doctoral 

Thesis, Technická univerzita vo Zvolene, 179 pp.  

232 Paule L, Lindgren D & Yazdani R 1991. Pollen contamination in Norway spruce seed orchards 

investigated by allozymes. Swedish University of Agricultural Sciences. Department of Forest Genetics 

and Plant Physiology. Report 10:52 

233 Paule L, Lindgren D. & Yazdani R. 1993. Allozyme frequencies, outcrossing rate and pollen 

contamination in Norway Spruce seed orchards. Scand. J. For. Res. 8:8-17. 

234 Persson, T. 2001. Genetic characterization of growth and survival in northern Scots pine. Licentiate 

thesis. Department of Forest Genetics and Plant Physiology. Swedish University of Agricultural 

Sciences. Report 14 

235 Prescher  F, Lindgren  D, Wennström U, Almqvist C, Ruotsalainen S, Kroon J 2005. Seed production in 

Scots pine seed orchards. In Fedorkov A (editor) Status, monitoring and targets for breeding programs. 

Proceedings of the meeting of Nordic forest tree breeders and forest geneticists, Syktyvkar 2005, ISBN 

5-89606-249-4: 65-72.  

236 Prescher F, Lindgren D & El-Kassaby Y 2006. "Is linear deployment of clones optimal under different 

clonal outcrossing contributions in seed orchards?" Tree Genetics and Genomes 2:25-29. 

237 Prescher F, Lindgren D & Karlsson B 2008. Genetic Thinning of Clonal Seed Orchards using Linear 

deployment may improve both gain and diversity. Forest Ecology and Management 254: 188-192. 

238 Prescher F, Lindgren D & Varghese M. 2004. Genetic Thinning of Clonal Seed Orchards using Linear 

Deployment. In Li B & McKeand S Eds Forest Genetics and Tree Breeding in the Age of Genomics: 

Progress and Future. Conference Proceedings, pp 232-240.  www.ncsu.edu/feop/iufro_genetics2004/.  

239 Prescher F, Lindgren D, Almqvist C, Kroon J, Lestander TA & Mullin TJ 2007.  Female fertility 

variation in mature Pinus sylvestris clonal seed orchards. Scandinavian Journal of Forest Research, 

22:280-289. 

240 Procházková, Z. – Beran, F.: Výsledky inventarizace a hodnocení fruktifikace v semenných sadech 

modřínu opadavého v roce 2004 a 2005. [Results of inventory and assessment of fructification in 

European larch seed orchards in years 2004 and 2005.] [In Czech]. In: Semenné sady jako zdroj 

kvalifikovaného reprodukčního materiálu – minulost, současnost a budoucnost 2006, s. 43-48, 4 gr., 2 

tab., abstr. čes. 

241 Procházková, Z. – Bezděčková, L.: Kvalita semene jedle bělokoré a modřínu opadavého v letech 1995 - 

2006. [Seed quality of silver fir and European larch in 1995 – 2006.] [In Czech]. In: Sarvaš, M,. 

Sušková, M (eds.).: Aktuálne problémy lesného školkarstva, semenárstva a umelej obnovy lesa. Zborník 

referátov z medzinárodného seminára. Liptovský Mikuláš 22.-23. 3. 2006, s. 63-68, 6 gr., 3 tab., abstr. 

čes. 

242 Procházková, Z. – Bezděčková, L.: Kvalita semene modřínu opadavého v letech 1995 - 2005. [Quality 

of Europen larch seeds in 1995 – 2005.] [In Czech]. In: Neuhöferová, P. (ed.): Modřín- strom roku 2006. 

Sborník recenzovaných referátů. Kostelec nad Černými lesy 26. - 27. 10. 2006, s. 127-137, 3 tab., 13 gr., 

abstr. čes.a angl, lit. 3 

243 Procházková, Z. - Kotrla, P. (eds.): Semenné sady jako zdroj kvalifikovaného reprodukčního materiálu - 

minulost, současnost a budoucnost. [Seed orchards like the source of certified reproduction material - 

past, presence and future.] [In Czech]. In: Sborník referátů z mezinárodního semináře, který se konal ve 

dnech 20. - 21. 6. 2006 v Bzenci. Uherské Hradiště, VÚLHM-VS 2006, 123 s., fot., gr., tab. v textu 

244 Rosvall O, Lindgren D & Ruotsalainen S 1999. Högre vinst utan diversitetsförlust. (In Swedish). 

Föreningen skogsträdsförädling Årsbok 1998, pp 9-16. 

245 Rosvall O, Mullin TJ & Lindgren D 2003. Controlling parent contributions during positive assortative 

mating and selection increases gain in long-term forest tree breeding. Forest Genetics 10: 35-54. 

246 Rosvall O, T. J. Mullin and Dag Lindgren 1999 Controlling parent contributions during positive 

assortative mating and selection increases gain in long-term forest tree breeding A manuscript in the 

PhD thesis by Ola Rosvall (presented for public defence 99-09-03. 



 67 

247 Rosvall, O, Lindgren, D and Mullin, T.J.. 1998. Sustainability, robustness and efficiency of a multi-

generation breeding strategy based on within-family clonal selection. Silvae Genetica, 47:307-321. 

248 Rosvall, O. & Andersson, E. 1999. Group-merit selection compared to conventional restricted selection 

for trade-off between genetic gain and diversity. Forest Genetics 6: 11-24. 

249 Rosvall, O. & Mullin, T. 2003. Positive assortative mating with selection restrictions on group 

coancestry enhanced gain while conserving genetic diversity in long-term forest tree breeding. Theor. 

Appl. Genet. 107: 629-642. 

250 Rosvall, O. 1999. Enhancing gain from long-term forest tree breeding while conserving genetic 

diversity. Acta Universitatis Agriculturae Sueciae. Silvestria 109. Doctoral disseration. Uppsala 1999, 

65 p. 

251 Rosvall, O., Lindgren, D. & Mullin, T. 1998. Sustainability robustness and efficiency of a 

multigeneration breeding strategy based on within-family clonal selection. Silvae Genetica 47: 307-321. 

252 Ruotsalainen S & Lindgren D 1998. Predicting genetic gain of backward and forward selection in forest 

tree breeding Silvae Genetica. 47: 42-50. 

253 Ruotsalainen S & Lindgren D 2000 Stratified sublining: a new option for structuring breeding 

populations Canadian Journal of Forest Research. 30: (4) 596-604 

254 Ruotsalainen S & Lindgren D 2001 Number of founders for a breeding population using variable 

parental contribution.  Forest Genetics 8:59-68. 

255 Ruotsalainen, S. 2002. Managing breeding stock in the initiation of a long-term tree breeding program. 

Finnish Forest Research Institute, Research Papers 875., 95 + 61 p. 

256 Ruotsalainen, S. Lindgren, D. & Mullin, T.J. 2000 Some formulas concerned with pollen contamination 

have constrained use in Lindgren, D. and Mullin, T.J. 1998.  Relatedness and status number in seed 

orchard crops.  Canadian Journal of Forest Research. 30:333 

257 Savill, P.S., Spencer, R., Roberts, J.E., Hubert, J.D., (1999); Sixth year results from four Ash (Fraxinus 

excelsior) breeding seeding orchards. Silvae Genetica, 48(2), 92-100. 

258 SCHNECK, V.; LANGNER, W.: A long term breeding program of hybrid larch (Larix x eurolepis 

Henry). In: DUNGEY,H.S.; DIETERS, M.J. and NIKLES,D.G. (compilers): hybrid breeding  and 

genetics of foret tress. Proceedings of QFRI/CRC-SPF Symposium, 9-14 April 2000, Noosa, 

Queensland, Australia; 75-80. 

259 SCHNECK, V.; SCHNECK, D.; GROTEHUSMANN, H.; PAQUES, L.E.: Testing of hybrid larch over 

a broad range of site conditions. In: Improvement of larch (Larix sp.) for better growth, stem form and 

wood quality. (Ed. L. PAQUES). Proceedings of an International Symposium. INRA, Olivet Cedex 

(France), 2002. 119-126 

260 Sigurgeirsson A, Szmidt AE, Ennos RA & Lindgren D 1992. Chloroplast DNA diversity and 

differentiation in Norway spruce. Manuscript published in PhD thesis by Sigurgeirsson 1992, ISBN 91-

576-4617-1. 

261 Šindelář, J. – Beran, F. – Frýdl, J. – Novotný, P. – Chládek, J.: Towards possibilities of some exotic 

Abies species use in the Czech Republic forestry practice on the base of evaluation of their progenies 

growth on the locality Jíloviště-Cukrák in Central Bohemia at the age of 30 years. In: Low input 

breeding and genetic conservation of forest tree species 2006, s. 69, abstr. angl. 

262 Šindelář, J. –– Frýdl, - J. Novotný, P.: Výsledky hodnocení provenienčních ploch se smrkem ztepilým a 

jedlí bělokorou s ohledem na problematiku místních populací těchto dřevin. [Results of Norway spruce 

and silver fir provenance plots evaluation with the special attention to these tree species local 

populations.] [In Czech]. Zprávy lesnického výzkumu, 51, 2006, č. 2, s. 75-83, 6 obr., 6 tab., abstr. a 

souhr. angl., lit. 16 

263 Šindelář, J. – Frýdl, J. – Novotný, P.: Význam modřínu opadavého pro lesní hospodářství ČR. 

[Significance of European larch for forestry in CR.] [In Czech]. Lesnická práce, 85, 2006, č. 12, s. 7-9, 1 

mp., 4 fot. 

264 Šindelář, J. – Frýdl, J.: Towards breeding programs oriented to testing of seed orchards in the Czech 

Republic. In: 2006 IEG 40 Incorporating Genetic Advances into Forest Productivity Systems: Value for 

All Landowners 2006, s. 28, abstr. angl. 



 68 

265 Šindelář, J. – Novotný, P. – Frýdl, J.: Hodnocení provenienční výzkumné plochy č. 77 – Nové Hrady, 

Konratice s potomstvy jedle bělokoré (Abies alba Mill.) ve věku 27 let. [Evaluation of provenance 

research plot no. 77 (Nové Hrady, Konratice) with silver fir (Abies alba Mill.) progenies at the age of 27 

years]. [In Czech]. Zprávy lesnického výzkumu, 51, 2006, č. 1, s. 1-10, 2 fot., 2 gr., 2 tab., abstr. angl., 

lit. 32 

266 Šindelář, J. et al: K možnostem využití některých cizokrajných druhů rodu Abies na základě hodnocení 

jejich růstu na lokalitě ve středních Čechách ve věku 30 let (Towards possibilities of utilization of some 

Abies exotic species on the base of their growth evaluation at the age of 30 years in Middle Bohemia 

locality) [In Czech].. Zprávy lesnického výzkumu, 51, 2006, č. 4, s. 235-242. 

267 Šindelář, J., Beran, F.: K některým aktuálním problémům pěstování douglasky tisolisté /orientační 

studie/ (Towards some actual problems of Douglas fir forest management) [In Czech].. Lesnický 

průvodce3/2004. Jíloviště-Strnady, VÚLHM 2004. 34 s. 

268 Šindelář, J.: Genové zdroje buku lesního (Fagus sylvatica L.) v České republice – opatření k záchraně a 

reprodukci. [Gene resources of European beech (Fagus sylvatica L.) in the Czech Republic – treatments 

for their preservation and reproduction. In Czech]. Lesnictví-Forestry, 42, 1996, 4, p. 161-167. 

269 Šindelář, J.: Koncepce dalšího šlechtění buku lesního pro potřeby lesního hospodářství ČR. [Conception 

of another breeding and improvement of European beech for the Czech Republic forest management 

needs. In Czech]. Zprávy les. výzkumu, 37, 1992, 1, p. 1-6. 

270 Šindelář, J.: Náměty na úpravy druhové skladby lesů v České republice [Themes to adaptations of 

species structure in the Czech Republic] [In Czech]. Lesnictví-Forestry, 41, 1995, č. 7, s. 305-315. 

271 Šindelář, J.: Představa žádoucích znaků a vlastností porostů buku lesního (Fagus sylvatica L.) uznaných 

ke sklizni osiva a výběrových stromů. [Conception of desirable traits and characteristics of European 

beech (Fagus sylvatica L.) forest stands certified for seed collection and selection of elite trees. In 

Czech]. Zprávy les. výzkumu, 35, 1990, 1, p. 1-8. 

272 Šindelář, J.: Stručný přehled výsledků provenienčního výzkumu buku lesního a některá doporučení pro 

lesnickou praxi. [Brief survey of results of European beech provenance research and some 

recommendation for forest management. In Czech]. TEI – bulletin technicko-ekonomických informací, 

řada Pěstování, 2004, 2, 6 p. 

273 Šindelář, J.: Výzkumné provenienční a jiné šlechtitelské plochy v lesním hospodářství ČR (Research 

provenanace and other breeding plots in the Czech Republic forest management). [In Czech]. Metodické 

principy zakládání a hodnocení. Lesnický průvodce 2/2004. Jíloviště-Strnady, VÚLHM 2004. 90 s. 

274 Skrøppa, T. 2001. Genetic variation in Norway spruce populations. In: OECD Environment, Health and 

Safety Publications. Series on Harmoization of Regulatory Oversight in Biotechnology No. 19: 40." 

275 Skrøppa, T. 2003. EUFORGEN Technical Guidelines for genetic conservation and use of Norway 

spruce (Picea abies). International Plant Genetic Resources Institute, Rome, Italy. 6 s. 

276 Skrøppa, T. 2005. Ex situ conservation methods. In: Geburek, Th. & Turok, J. (eds.): Conservation and 

management of forest genetic resources in Europe, pp. 567-583. Arbora Publishers, Zvolen." 

277 Skrøppa, T., Hylen, G. & Dietrichson J. 1999. Relationships between wood density components and 

juvenile height growth rhythm traits for Norway spruce provenances and families. Silvae Genetica 48: 

235-239. 

278 Skrøppa, T., Kohmann, K., Johnsen, Ø., Steffenrem, A. & Edvardsen, Ø.M. 2007. Field performance 

and early test results of offspring from two Norway spruce seed orchards containing clones transferred 

to warmer climates. Canadian Journal of Forest Research 37: 1-8. 

279 Skrrppa T  & Lindgren  D. 1994.  Male fertility variation and non-random segregation in pollen mix 

crosses of Picea abies.  Forest Genetics 1:13-22. 

280 Solheim, H. & Skrøppa, T. 1999. Genetic variation among families and clones of Norway spruce in 

resistance to hetero-basidion annosum and Ceratosystis polonica and its relationship to other traits. 

Aktuelt fra skogforskningen 3/99: 23. 

281 Son S-G, Kang K-S & Lindgren D 2002. Clonal selection and deployment in seed orchards considering 

both seed production and breeding value. In Haapanen M & Mikola J (Eds): Integrating Tree Breeding 

and Forestry - Proceedings from a meeting of the Nordic Group for Management of Genetic Resources 

of Trees. The Finnish Forest Research Institute Research Papers 842, p 86-92. 



 69 

282 Son S-G, Kang K-S & Lindgren D. 2002. Seed orchard deployment algorithm (SODA) for the 

maximized benefit. Proceedings of Korea Forestry Society on 27th-28th of June p 96-98.  

283 Son S-G, Kang K-S, Lindgren D. & Hyun J-O. 2002. Qualification for the value of seed orchard 

considering breeding value and seed productivity. Journal of Korean Forest Society 91(5): 601-608. 

284 Son S-G, Varghese M. & Lindgren D. 2002. A program for seedling seed orchards considering breeding 

value, fertility variation and gene diversity. Proceedings of Korea Forestry Society on 27th-28th of June 

p 99-101. 

285 Sonesson J, Bradshaw R, Lindgren D, & Ståhl P, 2002. Ekologisk utvärdering av klonskogsbruk med 

gransticklingar. SkogForsk. Arbetsrapport 504. ISSN 1404-305X. 

286 Sonesson, J, Bradshaw, R, Lindgren D & Ståhl P 2001 Ecological evaluation of clonal forestry with 

cutting-propagated Norway spruce.  SkogForsk Report 1: 59 pages. 

287 Spanos K, Andersson EW & Lindgren D,  1997. Multigenerational comparison between restricted 

phenotypic and restricted combined index selection for gain and diversity. In: Kurm M and Tamm Y 

(editors), Conservation of Forest Genetic Resources. Nordic Group for Forest Genetics and Tree 

Breeding Meeting in Estonia June 3-7, 1996. Estonian Agricultural University, Tartu. SBN 9985-830-

11-3. Forestry studies 28:86-100. 

288 Steffenrem, A., Saranpää, P., Lundqvist, S.-O. & Skrøppa, T. 2007. Variation in wood properties among 

five full-sib families of Norway spruce (Picea abies). Annals of Forest Science 64: 799-806. 

289 Tigabu M, Oden P-C and Lindgren D 2004. Identification of Seed source and Parents of Pinus sylvestris 

L. using Visible–Near Infrared Reflectance Spectra and Multivariate Analysis.  Printed in the Ph-thesis: 

Tigabu M 2003.  Characterization of forest tree seed quality with near infrared spectroscopy and 

multivariate analysis. Doctoral diss. Dept. of Silviculture, SLU. Acta Universitatis agriculturae Sueciae. 

Silvestria vol. 274. http://diss-epsilon.slu.se/archive/00000262/ 

290 Tigabu M, Oden P-C and Lindgren D 2005. Identification of seed source and parents of Pinus sylvestris 

L. using visible–near infrared reflectance spectra and multivariate analysis. Trees 19:468-476. 

http://www.springerlink.com/index/10.1007/s00468-005-0408-5 

291 Torimaru  T, Wang X-R, Fries A, Andersson B, Lindgren D. 2009. Evaluation of pollen contamination 

in an advanced Scots pine seed orchard in Sweden. Silvae Genetica 58:262-269. 

292 Varghese M, Kamalakannan R, Harwood CE, Lindgren D & McDonald MW 2009. Changes in growth 

performance and fecundity of Eucalyptus camaldulensis and E. tereticornis during domestication in 

southern India. Tree Genetics & Genomes 5:629–640 

293 Varghese M, Kamalakannan R, Lindgren, D & Harwood CE 2007.  Gene diversity and genetic gain in 

seedling seed orchards of Eucalyptus camaldulensis and E. tereticornis. In proceedings Durban 2007 

294 Varghese M, Lindgren D & Kamalakannan R 2006. Gene diversity consideration while creating south 

Indian forests. Poster presented at workshop on “Policies in Tropical Rural Development – Swedish 

contributions, influences and research needs” at Umeå 061120-21  

295 Varghese M, Lindgren D & Ravi N 2006.  Linear thinning in a clonal test of Eucalyptus camaldulensis 

for conversion to a clonal seed orchard. Journal of Tropical Forest Science 18(2): 102-108. 

296 Varghese M, Lindgren D and Nicodemus A. 2004.    Fertility and effective population size in seedling 

seed orchards of Casuarina equisetifolia and C. junghuhniana  Silvae genetica 53:164-168. 

297 Varghese M, Nicodemus A, Nagarajan B & Lindgren D. 2006. Impact of fertility variation on gene 

diversity and drift in two clonal seed orchards of teak (Tectona grandis Linn f). New Forests 31: 497-

512 

298 Varghese M., Ravi N., Son S-G & Lindgren D. 2002. Variation in fertility and its impact on gene 

diversity in a seedling seed orchard of Eucalyptus tereticornis In Proceedings from Symposium on 

Eucalyptus plantations, Sept 1-6, 2002, Guangdong, China. Pp 46-60. 

299 Varghese, M., R. Kamalakannan., A. Nicodemus., and D. Lindgren. 2008. Fertility variation and its 

impact on seed crops in seed production areas in a natural stand of teak in southern India. Euphytica 

160: 131-141. 

300 Varghese, M., Ravi, N., Son, S.-G. & Lindgren, D. 2003 Variation in fertility and its impact on gene 

diversity in a seedling seed orchard of Eucalyptus tereticornis. In: Eucalyptus Plantations – Research, 

Management and Development, R.-P. Wei and D. Xu (eds), World Scientific, Singapore, 111-127. 



 70 

301 Varghese, M., Ravi, N., Son, SG & Lindgren, D. 2002. Optimising selection in an open pollinated 

progeny trial of Eucalyptus tereticornis. Conference Posters, International Conference on Eucalypt 

Productivity (EucProd 2002), 10-15 November, 2002, Hobart, Tasmania, pp 26-29. 

302 Wang X-R, Lindgren D, Szmidt AE & Yazdani R 1991. Pollen migration into a seed orchard of Pinus 

sylvestris and the methods of its estimation using allozyme markers.  Scand Journal of Forest Research. 

6:379-386. 

303 Wang X-R, Szmidt AE & Lindgren D 1991. Allozyme differentiation among populations of Pinus 

sylvestris from Sweden and China. Hereditas. 114:219-226. 

304 Wang X-R, Torimaru T, Lindgren D. and Fries A. 2009. Marker-based parentage analysis facilitates low 

input “breeding without breeding” strategies for forest trees.  Tree Genetics and Genomes Published on 

line DOI 10.1007/s11295-009-0243-8.  

305 Wei R-P & Lindgren D 1991. Selection effects on diversity and genetic gain. Silva Fennica 25:229-234. 

306 Wei R-P & Lindgren D 1993. Phenotypic selection was more efficient than combined index selection 

when applied on full sibs of lodgepole and Scots pine. Swedish University of Agricultural Sciences. 

Department of Forest Genetics and Plant Physiology. Report 11:289-292. 

307 Wei R-P & Lindgren D 1995.  Optimal family contributions and a linear approximation.  Theor Pop 

Biol. 48(3) 318-332. 

308 Wei R-P & Lindgren D 1996. Effective family number following selection with restrictions. Biometrics, 

52:198-208. 

309 Wei R-P & Lindgren D 2000 Optimum Breeding Generation Interval Considering  Build-up of 

Relatedness. In (Edited by Baskaran Krishnapillay et al.) Forests and society : the role of research : XXI 

IUFRO World Congress. Vol. 2. Sub-plenary sessions, abstracts. p 43. ISBN 983-2181-09-7 

310 Wei R-P & Lindgren D 2006. Stepwise Penalty Index Selection from populations with a hierarchical 

study. Silvae Genetica 55:62-70. 

311 Wei R-P & Lindgren D. 1994.  Gain and Effective population size following selection based on an 

index.  Forest Genetics 1:147-155. 

312 Wei R-P, Lindgren D & Yeh FC. 1997. Expected gain and status number following restricted individual 

and combined- index selection.  Genome, 40:1-8. 

313 Wei, R.-P. & Lindgren, D 2001 Optimum breeding generation interval considering build-up of 

relatedness. Canadian Journal of Forest Research. 31:  722-729). 

314 Wei, R.-P. & Lindgren, D 2001. Optimum breeding generation interval considering build-up of 

relatedness. Canadian Journal of Forest Research 31:722-729 

315 Wei, R.-P., Lindgren K. & Lindgren, D. 2001. Maternal environment effects on cold hardiness and 

height indicated in lodgepole pine seedlings. Silvae Genetica 50:252-257. 

316 Yazdani R & Lindgren D 1991. The impact of self-pollination on production of sound selfed seeds. In: 

Fineshi S, Malvolti ME, Cannata F and Hattemer HH: Biochemical markers in the population genetics 

of forest trees. pp 143-147. SPB Academic publishing bv, The Hague, The Netherlands. 

317 Yazdani R & Lindgren D 1991. Variation in pollen contamination in a seed orchard of Scots pine. Silvae 

Genetica. 40:243-246. 

318 Yazdani R & Lindgren D 1992. Gene dispersion after natural regeneration under a widely-spaced seed 

tree stand in Pinus sylvestris (L.). Silvae Genetica. 41(1):1-5. 

319 Yazdani R, Lindgren D, Seyedyazdani F, Pascual, L & Eriksson U 1995. Flowering, phenology, empty 

seeds and pollen contamination in a clonal seed orchard of Pinus sylvestris in northern Sweden. In: 

Baradat Ph, Adams WT & Muller-Starck G (Eds) Population genetics and genetic conservation of forest 

trees. SPB Academic Publishing, Amsterdam, pp 309-319. 

320 Zheng YQ & Lindgren D 1998.  Maximizing sustainability while utilizing genetic resources. IUFRO 

conf Contribution of genetics to the sustained management of global forest resources, p 53 in Beijing 

abstracts booklet 

321 Zheng YQ & Lindgren D. 1997. A user guide for SELETOOL Manual for a computer program. 97-10-

24. 



 71 

322 Zheng YQ,  Andersson EW  & Lindgren D 1998. A model for infusion of unrelated material into a 

breeding population. Silvae Genetica: 47:94-101 

323 Zheng YQ, Lindgren D, Rosvall O & Westin J. 1997. Combining genetic gain and diversity by 

considering average coancestry in clonal selection of Norway spruce. Theor Appl Genet 95:1312-19. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 





 73 

 

Appendix 1. The answers summarised by each of the four breeding strategies. 

Appendix 1. Answers summarised by each of the four breeding strategies: the top most low input breeding (answers form the 1st two questions are 0,0), 

plantation forestry breeding (short term, high input breeding), conservation forestry breeding (long-term, low-input breeding) and commercial forestry 

breeding (long-term and high-input breeding). For answer codes are explained in the first row (expent for Q10 the code are as follws: 1- Single-stage: 

phenotype testing; 2- Single-stage: clone testing ; 3- Single-stage: progeny testing ; 4- Two-stage: phenotype/progeny testing. 

Country  Country  

Participant 

name 

Participant 

short 

name and 

number 

Species 

code  
Species name 

1. Are 

there 

specific 

plans to 

maintain 

sufficient 

level of 

gene 

diversity in 

breeding 

populations 

for many 

breeding 

cycles? 1-

yes, 0- no 

2. Are you 

aiming at 

high 

intensity 

breeding to 

obtain high 

benefit at the 

cost of large 

investments? 

1-yes, 0- no 

3. How is 

among-

pop gene 

diversity 

captured 

by the 

breeding 

program? 

1- MPBS 

by 

breeding 

zone, 2-3 

other 

MPBS, 4- 

other, 5- 

do not 

care 

4. Do you 

divide 

breeding 

population 

into 

intensively 

managed 

nucleus 

with top-

ranking 

genotypes 

and less 

intensively 

managed 

main 

population 

1- yes, 2 

no  

5. How is 

gene 

diversity 

maintained 

(or 

planned) in 

the main 

breeding 

population?

1- open 

pop.s, 2-

closed 

pop.s, 3-

other, 4- no 

plans  

6. Which 

mating 

system 

among 

breeding 

population 

members is 

used to 

create the 

candidate 

population? 

1- 

controlled, 

2- open.  

 

7. Are 

different 

testing 

strategies 

used for 

different 

traits? 1- 

yes, 2- 

no. 

8. Is breeding 

population 

and 

multiplication 

pop. 

separated 

from each 

other as 

regards 

location and 

genetic 

composition? 

1-3- yes, 4- 

no.  

9. At which 

level is the 

selection of 

the new 

breeding 

population 

members 

made in each 

breeding 

cycle? 

1- within 

fams, 2-among 

fams, 3-both, 

4-other 

10. What 

testing 

strategy is 

used/planned 

to select the 

BP 

members? 

(pre-

screening in 

nursery for 

growth 

rhythm or 

vitality may 

be 

considered 

as single-

stage) 

11. Is 

information 

on 

molecular 

markers 

used to aid 

breeding? 

1-yes, 0- no 

12. Have 

you used 

simulations 

to optimise 

breeding? 

(If "Yes" 

then go to 

part 2 in 

the next 

worksheet) 

1-yes, 0- 

no 

            Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 

ES Spain 

Centro de 

investigacion y 

Tecnologia 

Agroalimentari

a de Aragon 

(CITA) 27 1 Pinus sylvestris 0 0 3 2 3 2 2 4 2 1 0 0 
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DE DE NW-FVA 7 1 Pinus sylvestris 0 1 3 2 2 2 2 4 2 4 0 0 

NL Holand Alterra 16 1 Pinus sylvestris 0 1 5 2 4 2 2 4 4 4 0 0 

DE DE BFH 6 1 Pinus sylvestris 1 0 5 2 1 1 2 1 3 4 0 0 

IE Irland 

Coillte 

Teoranta- The 

Irish Forestry 

Board 

13 1 

Pinus sylvestris 

1 0 5 2 1 1 2 1 3 4 0 0 

PL PL IBL 19 1 Pinus sylvestris 1 0 3 2 1 2 2 4 3 4 0 0 

SK Slovakia NCL 22 1 Pinus sylvestris 1 0 3 1 1 2 2 3 3 4 1 0 

LT LT LFRI 15 1 Pinus sylvestris 1 0 1 2 4 2 2 4 3 3 0 1 

CZ Czech VULHM 5 1 Pinus sylvestris 1 1 2 2 1 2 1 3 3 4 0 0 

FI FI Metla 10 1 Pinus sylvestris 1 1 1 2 2 1 2 3 1 4 0 0 

UK UK (FR)FC 11 1 Pinus sylvestris 1 1 5 2 2 1 2 3 2 3 0 0 

SE SE SkogForsk 21 1 Pinus sylvestris 1 1 1 2 2 1 2 4 1 3 0 0 

           0.75 0.50                 0.08 0.08 

SK Slovakia NCL 22 2 Picea abies 0 0 3 1 4 2 2 3 3 4 0 0 

DE DE NW-FVA 7 2 Picea abies 0 1 3 2 2 1 2 4 2 6 0 0 

NL Holand Alterra 16 2 Picea abies 0 1 5 2 4 2 2 4 4 4 0 0 

DK DK 

University of 

Copenhagen 9 2 Picea abies 1 0 3 1 2 2 2 4 4 6 0 0 

PL PL IBL 19 2 Picea abies 1 0 3 2 1 2 2 4 3 4 0 0 

CZ Czech VULHM 5 2 Picea abies 1 1 2 2 2 1 1 3 3 4 0 0 

DE DE SBS 8 2 Picea abies 1 1 3 2 2 2 2 1 3 2 0 0 

FI FI Metla 10 2 Picea abies 1 1 1 2 2 1 2 3 1 2 0 0 

LT LT LFRI 15 2 Picea abies 1 1 1 2 4 2 2 4 3 3 0 1 

NL Norway 

Norwegian 

Forest and 
17 2 

Picea abies 
1 1 3 1 1 1 2 3 3 4 0 0 
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Landscape 

Institute 

RO RO ICAS 20 20 2 Picea abies 1 1 3 2 2 2 2 1 3 4 0 0 

SE SE SkogForsk 21 2 Picea abies 1 1 1 2 2 1 2 4 1 2 0 1 

       0.75 0.75                 0.00 0.17 

UK UK (FR)FC 11 6 Larix sp 0 0 5 2 2 1 2 3 2 3 0 0 

LT LT LFRI 15 6 Larix sp 0 0 5 2 4 2 2 4 2 1 0 0 

DE DE BFH 6 6 Larix sp 0 1 5 2 4 1 2 1 2 3 0 0 

DE DE NW-FVA 7 6 Larix sp 0 1 3 2 2 2 2 4 2 4 0 0 

NL Holand Alterra 16 6 Larix sp 0 1 5 2 4 1 2 3 4 4 0 0 

PL PL IBL 19 6 Larix sp 1 0 3 2 1 2 2 4 3 4 0 0 

FR FR INRA 1 6 Larix sp 1 1 3 2 2 1 2 1 3 4 0 0 

CZ Czech VULHM 5 6 Larix sp 1 1 2 2 2 1 1 3 3 4 0 0 

DE DE SBS 8 6 Larix sp 1 1 1 2 3 2 2 1 3 3 0 0 

FI FI Metla 10 6 Larix sp 1 1 1 2 2 2 2 3 1 1 1 0 

RO RO ICAS 20 20 6 Larix sp 1 1 3 2 2 2 2 1 3 4 0 0 

Exotic conifers         0.55 0.73                 0.09 0 

CZ Czech VULHM 5 3 Pinus contorta 1 0 4 2 2 2 1 3 3 3 0 0 

SE SE SkogForsk 21 3 Pinus contorta 1 0 1 2 2 1 2 4 1 3 0 0 

LT LT LFRI 15 3 Pinus contorta 0 0 5 2 4 2 2 4 2 1 0 0 

                  

DK DK 

University of 

Copenhagen 9 16 Picea sitchensis 1 0 3 2 2 2 2 4 4 6 0 0 

UK UK (FR)FC 11 16 Picea sitchensis 1 1 5 2 2 1 2 3 3 3 0 0 

IE Irland 

Coillte 

Teoranta- The 

Irish Forestry 

13 16 

Picea sitchensis 

1 1 5 1 1 1 2 4 1 4 0 0 
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Board 

                  

BE Belgium 

CRNFB 3 15 
Pseudotsuga 

menziesii 
0 0 1 2 2 2 2 4 4 4 0 0 

DE DE 

NW-FVA 7 15 
Pseudotsuga 

menziesii 
0 1 3 2 2 2 2 4 2 4 0 0 

NL Holand 

Alterra 16 15 
Pseudotsuga 

menziesii 
0 1 5 2 4 2 2 4 4 4 0 0 

DK DK 

University of 

Copenhagen 9 15 

Pseudotsuga 

menziesii 1 0 3 2 2 2 2 4 3 6 0 1 

IT IT 

CRA SEL 12 15 
Pseudotsuga 

menziesii 
1 0 1 2 2 2 2 4 2 4 0 0 

ES Spain 

XG-CIFAL 24 15 
Pseudotsuga 

menziesii 
1 0 1 2 1 1 2 1 3 4 0 0 

FR FR 

INRA 1 15 
Pseudotsuga 

menziesii 
1 1 4 1 3 1 2 1 3 3 0 1 

DE DE 

SBS 8 15 
Pseudotsuga 

menziesii 
1 1 3 2 2 1 2 1 3 3 0 0 

      0.63 0.5         0 0.25 

Southern conifers                               

ES Spain 

Centro de 

investigacion y 

Tecnologia 

Agroalimentari

a de Aragon 

(CITA) 27 28 Pinus halepensis 0 0 3 2 3 2 2 4 2 4 0 0 

UK UK (FR)FC 11 21 Pinus nigra 0 0 5 2 2 2 2 3 2 3 0 0 
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ES Spain XG-CIFAL 24 22 Pinus radiata 0 0 5 1 1 2 1 3 3 4 0 1 

RO RO ICAS 20 20 20 Pinus cembra 1 1 3 1 2 1 2 1 3 4 0 0 

PL PL IBL 19 27 Abies alba 1 0 3 2 1 2 2 4 3 4 0 0 

IT IT CRA SEL 12 27 Abies alba 1 0 3 2 1 2 2 2 2 1 0 0 

Fast growing 

deciduous 
                                

SK Slovakia NCL 22 11 Populus sp 0 0 5 1 2 1 2 4 3 4 0 0 

ES Spain 

Centro de 

investigacion y 

Tecnologia 

Agroalimentari

a de Aragon 

(CITA) 27 11 Populus sp 0 0 5 2 3 1 2 2 4 2 0 0 

DE DE NW-FVA 7 11 Populus sp 0 1 3 2 3 2 2 1 2 4 0 0 

DE DE NW-FVA 7 11 Populus sp 0 1 3 2 1 1 2 1 3 4 0 0 

FI FI Metla 10 11 Populus sp 0 1 4 2 1 1 2 4 4 5 0 0 

AT AT BFW 2 11 Populus sp 1 0 5 2 1 1 1 4 3 2 1 0 

CZ Czech VULHM 5 11 Populus sp 1 1 2 2 1 2 1 3 3 4 0 0 

DE DE BFH 6 11 Populus sp 1 1 5 2 1 1 1 1 3 5 0 0 

DE DE SBS 8 11 Populus sp 1 1 3 1 2 1 2 4 3 4 0 0 

LT LT LFRI 15 11 Populus sp 1 1 5 2 1 1 2 4 3 2 1 0 

NL Holand Alterra 16 11 Populus sp 1 1 5 2 3 1 2 4 4 5 0 0 

       0.55 0.73         0.18 0.00 

FI FI Metla 10 18 Alnus glutinosum 1 0 1 2 2 1 2 3 1 5 0 0 

LT LT LFRI 15 18 Alnus glutinosum 1 0 1 2 2 2 2 1 3 1 0 0 

                    

DE DE BFH 6 9 Betula sp 0 0 5 2 4 1 2 4 1 5 0 0 
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UK UK (FR)FC 11 9 Betula sp 0 0 3 2 4 2 2 4 4 1 0 0 

DE DE NW-FVA 7 9 Betula sp 0 1 3 2 2 2 2 4 2 6 0 0 

LT LT LFRI 15 9 Betula sp 1 0 1 2 2 2 2 1 3 1 0 0 

PL PL IBL 19 9 Betula sp 1 0 3 2 1 2 2 4 3 4 0 0 

SE SE SkogForsk 21 9 Betula sp 1 0 1 2 2 1 2 4 1 2 0 0 

CZ Czech VULHM 5 9 Betula sp 1 1 2 2 1 2 1 3 3 4 0 0 

FI FI Metla 10 9 Betula sp 1 1 1 2 2 1 2 3 3 4 0 0 

      0.63 0.38         0.00 0.00 

Slow growing deciduous                               

FR FR INRA 1 8 Fraxinus sp 0 0   2 4 2 2 4 4 3 0 0 

DE DE SBS 8 8 Fraxinus sp 0 0 3 2 2 2 2 1 1 1 0 0 

UK UK (FR)FC 11 8 Fraxinus sp 0 0 1 2 4 2 2 4 3 1 0 0 

DE DE NW-FVA 7 8 Fraxinus sp 0 1 3 2 2 2 2 4 2 4 0 0 

NL Holand Alterra 16 8 Fraxinus sp 0 1 5 2 4 2 2 4 4 4 0 0 

DK DK 

University of 

Copenhagen 9 8 Fraxinus sp 1 0 3 2 2 2 2 4 4 6 0 0 

LT LT LFRI 15 8 Fraxinus sp 1 0 1 2 2 2 2 1 3 1 0 0 

CZ Czech VULHM 5 8 Fraxinus sp 1 1 2 2 1 2 1 3 3 4 0 0 

RO RO ICAS 20 20 8 Fraxinus sp 1 1 3 2 2 2 2 1 3 4 0 0 

      0.44 0.44           

BE Belgium CRNFB 3 7 Quercus sp 0 0 1 2 2 2 2 4 4 4 0 0 

UK UK (FR)FC 11 7 Quercus sp 0 0 5 2 4 2 2 4 2 3 0 0 

DK DK 

University of 

Copenhagen 9 7 Quercus sp 1 0 3 2 2 2 2 4 4 6 0 0 

LT LT LFRI 15 7 Quercus sp 1 0 1 2 2 2 2 1 3 1 0 0 

PL PL IBL 19 7 Quercus sp 1 0 3 2 1 2 2 4 3 4 0 0 
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CZ Czech VULHM 5 7 Quercus sp 1 1 2 2 1 2 1 3 3 4 0 0 

RO RO ICAS 20 20 7 Quercus sp 1 1 3 2 2 2 2 1 3 4 0 0 

      0.71 0.29           

BE Belgium CRNFB 3 13 Prunus avium 0 0 1 2 2 2 2 4 4 4 0 0 

DE DE SBS 8 13 Prunus avium 0 0 3 2 2 2 2 1 3 6 0 0 

FR FR INRA 1 13 Prunus avium 0 1 5 2 2 1 1 3 3 5 0 0 

DE DE NW-FVA 7 13 Prunus avium 0 1 3 2 1 2 2 1 3 4 0 0 

NL Holand Alterra 16 13 Prunus avium 0 1 5 2 4 2 2 4 4 4 0 0 

ES Spain XG-CIFAL 24 13 Prunus avium 0 1   2 4 2 2 4 3 4 0 0 

DK DK 

University of 

Copenhagen 9 13 Prunus avium 1 0 3 2 2 2 2 4 4 6 0 0 

BE Belgium 

Research 

Institute for 

Nature and 

Forest 4 13 Prunus avium 1 1 5 2 1 2 2 1 3 4 1 0 

IT IT CRA SEL 12 13 Prunus avium 1 1 3 2 1 2 2 2 2 2 1 0 

      0.33 0.67           

BE Belgium CRNFB 3 10 Fagus sp 0 0 1 2 2 2 2 4 4 4 0 0 

CZ Czech VULHM 5 10 Fagus sp 1 1 2 2 1 2 1 3 3 4 0 0 

DE DE SBS 8 10 Fagus sp 1 1 3 2 2 2 2 1 3 1 0 0 

PL PL IBL 19 10 Fagus sp 1 0 3 2 1 2 2 4 3 4 0 0 

      0.75 0.5           

Decidous of limited distribution               

NL Holand 

Alterra 16 19 
Acer 

pseudoplatanus 
0 1 5 2 4 2 2 4 4 4 0 0 

DE DE SBS 8 19 Acer 0 0 3 2 2 2 2 1 2 1 0 0 
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pseudoplatanus 

UK UK 

(FR)FC 11 19 
Acer 

pseudoplatanus 
0 0 5 2 4 2 2 4 3 3 0 0 

                  

BE Belgium CRNFB 3 14 Robinia sp. 0 0 1 2 2 2 2 4 4 4 0 0 

SK Slovakia 

TUZVO 28 9.1 
Betula pendula 

var. carelica 
0 0 5 1 2 1 2 3 3 4 0 0 

CZ Czech VULHM 5 24 Ulmus sp. 0 1 4 2 3 1 1 2 3 6 0 0 

IT IT CRA SEL 12 25 Sorbus aucuparia 1 0 3 2 1 2 2 2 1 2 1 0 

ES Spain XG-CIFAL 24 23 Castanea sp. 1 0 1 2 4 2 1 2 3 5 1 0 

IT IT CRA SEL 12 26 Juglans regia 1 1 3 2 1 2 2 2 2 1 1 0 
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Appendix 2. Raw table of answers at the individual level. 

(answer codes are explained in the table below). 

Participant name Participant 

short name 

and number 

E-mail to contact you Tree species:  1. Are 

there 

specific 

plans to 

maintain 

sufficient 

level of 

gene 

diversity in 

breeding 

populations 

for many 

breeding 

cycles? 1= 

yes, 2=No 

2. Are you 

aiming at 

high 

intensity 

breeding to 

obtain high 

benefit at the 

cost of large 

investments? 

3. How is 

among-

population 

gene 

diversity 

captured 

by the 

breeding 

program? 

4. Do you 

divide 

breeding 

population 

into 

intensively 

managed 

nucleus 

with top-

ranking 

genotypes 

and less 

intensively 

managed 

main 

population  

5. How is 

gene 

diversity 

maintained 

(or 

planned) in 

the main 

breeding 

population?  

6. Which 

mating 

system 

among 

breeding 

population 

members is 

used to 

create the 

candidate 

population?  

7. Are 

different 

testing 

strategies 

used for 

different 

traits? 

8. Is breeding 

population 

and 

multiplication 

pop. 

separated 

from each 

other as 

regards 

location and 

genetic 

composition?  

9. At 

which 

level is the 

selection 

of the new 

breeding 

population 

members 

made in 

each 

breeding 

cycle? 

10. What 

testing 

strategy is 

used/planned 

to select the 

BP 

members? 

(pre-

screening in 

nursery for 

growth 

rhythm or 

vitality may 

be 

considered 

as single-

stage) 

11. Is 

information 

on 

molecular 

markers 

used to aid 

breeding? 

12. Have 

you used 

simulations 

to optimise 

breeding? 

(If "Yes" 

then go to 

part 2 in 

the next 

worksheet) 

Research Center 

on Nature, Forests 

and Wood 

CRNFB 

(n°3) 

p.mertens@mrw.

wallonie.be 12 2 2 1 2 2 2 2 4 4 4 2 

2 

Research Center 

on Nature, Forests 

and Wood 

CRNFB 

(n°3) 

p.mertens@mrw.

wallonie.be 8 2 2 1 2 2 2 2 4 4 4 2 

2 

Research Center 

on Nature, Forests 

and Wood 

CRNFB 

(n°3) 

p.mertens@mrw.

wallonie.be 7 2 2 1 2 2 2 2 4 4 4 2 

2 

Research Center CRNFB p.mertens@mrw. 12 2 2 1 2 2 2 2 4 4 4 2 2 
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on Nature, Forests 

and Wood 

(n°3) wallonie.be 

Research Center 

on Nature, Forests 

and Wood 

CRNFB 

(n°3) 

p.mertens@mrw.

wallonie.be 12 2 2 1 2 2 2 2 4 4 4 2 

2 

Matti Haapanen ?  1 1 1 1 2 2 1 2 3 1 4 2 2 

Matti Haapanen ? matti.haapanen@

metla.fi 
11 2 1 4 2 1 1 2 4 4 5 2 

2 

Matti Haapanen ? matti.haapanen@

metla.fi 
9 1 1 1 2 2 1 2 3 3 4 2 

2 

Matti Haapanen ? matti.haapanen@

metla.fi 
2 1 1 1 2 2 1 2 3 1 2 2 

2 

Matti Haapanen ? matti.haapanen@

metla.fi 
12 1 2 1 2 2 1 2 3 1 5 2 

2 

Matti Haapanen ? matti.haapanen@

metla.fi 
6 1 1 1 2 2 2 2 3 1 1 1 

2 

INRA 1 paques@orleans.i

nra.fr 
6 1 1 3 2 2 1 2 1 3 4 2 

2 

inra 1 dufour@orleans.i

nra.fr, 

santi@orleans.inr

a.fr 

12 2 1 5 2 2 1 1 3 3 5 2 

2 

inra 1 dufour@orleans.i

nra.fr 
8 2 2   2 4 2 2 4 4 3 2 

2 

Alterra 16 sven.devries@wu

r.nl 
6 2 1 5 2 4 1 2 3 4 4 2 

2 

mailto:matti.haapanen@metla.fi
mailto:matti.haapanen@metla.fi
mailto:matti.haapanen@metla.fi
mailto:matti.haapanen@metla.fi
mailto:matti.haapanen@metla.fi
mailto:matti.haapanen@metla.fi
mailto:matti.haapanen@metla.fi
mailto:matti.haapanen@metla.fi
mailto:matti.haapanen@metla.fi
mailto:matti.haapanen@metla.fi
mailto:paques@orleans.inra.fr
mailto:paques@orleans.inra.fr
mailto:dufour@orleans.inra.fr
mailto:dufour@orleans.inra.fr
mailto:dufour@orleans.inra.fr
mailto:dufour@orleans.inra.fr
mailto:dufour@orleans.inra.fr
mailto:dufour@orleans.inra.fr
mailto:sven.devries@wur.nl
mailto:sven.devries@wur.nl
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Alterra 16 sven.devries@wu

r.nl 
2 2 1 5 2 4 2 2 4 4 4 2 

2 

Alterra 16 sven.devries@wu

r.nl 
11 1 1 5 2 3 1 2 4 4 5 2 

2 

Alterra 16 sven.devries@wu

r.nl 
12 2 1 5 2 4 2 2 4 4 4 2 

2 

Alterra 16 sven.devries@wu

r.nl 
8 2 1 5 2 4 2 2 4 4 4 2 

2 

Alterra 16 sven.devries@wu

r.nl 
12 2 1 5 2 4 2 2 4 4 4 2 

2 

Alterra 16 sven.devries@wu

r.nl 
12 2 1 5 2 4 2 2 4 4 4 2 

2 

Alterra 16 sven.devries@wu

r.nl 
1 2 1 5 2 4 2 2 4 4 4 2 

2 

Norwegian Forest 

and Landscape 

Institute 

NFLI, 

P17 

oystein.johnsen@

skogoglandskap.n

o 

2 1 1 3 1 1 1 2 3 3 4 2 

2 

Instytut 

Badawczy 

Leśnictwa 

IBL j.kowalczyk@ible

s.waw.pl 1 1 2 3 2 1 2 2 4 3 4 2 

2 

Instytut 

Badawczy 

Leśnictwa 

IBL j.kowalczyk@ible

s.waw.pl 2 1 2 3 2 1 2 2 4 3 4 2 

2 

Instytut 

Badawczy 

Leśnictwa 

IBL j.kowalczyk@ible

s.waw.pl 6 1 2 3 2 1 2 2 4 3 4 2 

2 

mailto:sven.devries@wur.nl
mailto:sven.devries@wur.nl
mailto:sven.devries@wur.nl
mailto:sven.devries@wur.nl
mailto:sven.devries@wur.nl
mailto:sven.devries@wur.nl
mailto:sven.devries@wur.nl
mailto:sven.devries@wur.nl
mailto:sven.devries@wur.nl
mailto:sven.devries@wur.nl
mailto:sven.devries@wur.nl
mailto:sven.devries@wur.nl
mailto:sven.devries@wur.nl
mailto:sven.devries@wur.nl
mailto:oystein.johnsen@skogoglandskap.no
mailto:oystein.johnsen@skogoglandskap.no
mailto:oystein.johnsen@skogoglandskap.no
mailto:j.kowalczyk@ibles.waw.pl
mailto:j.kowalczyk@ibles.waw.pl
mailto:j.kowalczyk@ibles.waw.pl
mailto:j.kowalczyk@ibles.waw.pl
mailto:j.kowalczyk@ibles.waw.pl
mailto:j.kowalczyk@ibles.waw.pl
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Instytut 

Badawczy 

Leśnictwa 

IBL j.kowalczyk@ible

s.waw.pl 7 1 2 3 2 1 2 2 4 3 4 2 

2 

Instytut 

Badawczy 

Leśnictwa 

IBL j.kowalczyk@ible

s.waw.pl 9 1 2 3 2 1 2 2 4 3 4 2 

2 

Instytut 

Badawczy 

Leśnictwa 

IBL j.kowalczyk@ible

s.waw.pl 10 1 2 3 2 1 2 2 4 3 4 2 

2 

Instytut 

Badawczy 

Leśnictwa 

IBL j.kowalczyk@ible

s.waw.pl 12 1 2 3 2 1 2 2 4 3 4 2 

2 

National Forest 

Centre & 

Technical 

University Zvolen 

NLC 22 

and 

TUZVO 

28 

bruchanik@lesy.s

k 
1 1 2 3 1 1 2 2 3 3 4 1 

2 

Technical 

University Zvolen 

TUZVO 

28 

paule@vsld.tuzvo

.sk 
12 2 2 5 1 2 1 2 3 3 4 2 

2 

National Forest 

Centre & 

Technical 

University Zvolen 

NLC 22 roman.longauer@

nlcsk.org 
2 2 2 3 1 4 2 2 3 3 4 2 

2 

National Forest 

Centre  

NLC 22  roman.longauer@

nlcsk.org 
11 2 2 5 1 2 1 2 4 3 4 2 

2 

Gunnar Jansson Partner 21 

Skogforsk 

gunnar.jansson@s

kogforsk.se 
9 1 2 1 2 2 1 2 4 1 2 2 

2 

mailto:j.kowalczyk@ibles.waw.pl
mailto:j.kowalczyk@ibles.waw.pl
mailto:j.kowalczyk@ibles.waw.pl
mailto:j.kowalczyk@ibles.waw.pl
mailto:j.kowalczyk@ibles.waw.pl
mailto:j.kowalczyk@ibles.waw.pl
mailto:j.kowalczyk@ibles.waw.pl
mailto:j.kowalczyk@ibles.waw.pl
mailto:bruchanik@lesy.sk
mailto:bruchanik@lesy.sk
mailto:paule@vsld.tuzvo.sk
mailto:paule@vsld.tuzvo.sk
mailto:roman.longauer@nlcsk.org
mailto:roman.longauer@nlcsk.org
mailto:roman.longauer@nlcsk.org
mailto:roman.longauer@nlcsk.org
mailto:gunnar.jansson@skogforsk.se
mailto:gunnar.jansson@skogforsk.se
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Gunnar Jansson Partner 21 

Skogforsk 

gunnar.jansson@s

kogforsk.se 
3 1 2 1 2 2 1 2 4 1 3 2 

2 

Gunnar Jansson Partner 21 

Skogforsk 

gunnar.jansson@s

kogforsk.se 
2 1 1 1 2 2 1 2 4 1 2 2 

1 

Gunnar Jansson Partner 21 

Skogforsk 

gunnar.jansson@s

kogforsk.se 
1 1 1 1 2 2 1 2 4 1 3 2 

2 

Coillte Teoranta- 

The Irish Forestry 

Board 

Coillte 

Partner 

No. 13 

david.thompson@

coillte .ie 12 1 1 5 1 1 1 2 4 1 4 2 

2 

Coillte Teoranta- 

The Irish Forestry 

Board 

Coillte 

Partner 

No. 13 

david.thompson@

coillte .ie 1 1 2 5 2 1 1 2 1 3 4 2 

2 

Johann Heinrich 

von Thuenen-

Institute, Federal 

Research Institute 

for Rural areas, 

Forestry and 

Fisheries, Institute 

of Forest Genetics 

vTI 

(former 

BFH), P 6 

volker.schneck@

vti.bund.de 

1 1 2 5 2 1 1 2 1 3 4 2 

2 

Johann Heinrich 

von Thuenen-

Institute, Federal 

Research Institute 

for Rural areas, 

Forestry and 

vTI 

(former 

BFH), P 6 

volker.schneck@

vti.bund.de 

6 2 1 5 2 4 1 2 1 2 3 2 

2 

mailto:gunnar.jansson@skogforsk.se
mailto:gunnar.jansson@skogforsk.se
mailto:gunnar.jansson@skogforsk.se
mailto:gunnar.jansson@skogforsk.se
mailto:gunnar.jansson@skogforsk.se
mailto:gunnar.jansson@skogforsk.se
mailto:david.thompson@coillte%20.ie
mailto:david.thompson@coillte%20.ie
mailto:david.thompson@coillte%20.ie
mailto:david.thompson@coillte%20.ie
mailto:volker.schneck@vti.bund.de
mailto:volker.schneck@vti.bund.de
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Fisheries, Institute 

of Forest Genetics 

Johann Heinrich 

von Thuenen-

Institute, Federal 

Research Institute 

for Rural areas, 

Forestry and 

Fisheries, Institute 

of Forest Genetics 

vTI 

(former 

BFH), P 6 

volker.schneck@

vti.bund.de 

9 2 2 5 2 4 1 2 4 1 5 2 

2 

Johann Heinrich 

von Thuenen-

Institute, Federal 

Research Institute 

for Rural areas, 

Forestry and 

Fisheries, Institute 

of Forest Genetics 

vTI 

(former 

BFH), P 6 

volker.schneck@

vti.bund.de 

11 1 1 5 2 1 1 1 1 3 5 2 

2 

Nordwestdeutsche 

Forstliche 

Versuchsanstalt 

NW-FVA 

(07) 

helmut.grotehusm

ann@nw-fva.de 11 2 1 3 2 3 2 2 1 2 4 2 

2 

Nordwestdeutsche 

Forstliche 

Versuchsanstalt 

NW-FVA 

(07) 

helmut.grotehusm

ann@nw-fva.de 1 2 1 3 2 2 2 2 4 2 4 2 

2 

Nordwestdeutsche 

Forstliche 

NW-FVA 

(07) 

helmut.grotehusm

ann@nw-fva.de 
2 2 1 3 2 2 1 2 4 2 6 2 

2 

mailto:volker.schneck@vti.bund.de
mailto:volker.schneck@vti.bund.de
mailto:helmut.grotehusmann@nw-fva.de
mailto:helmut.grotehusmann@nw-fva.de
mailto:helmut.grotehusmann@nw-fva.de
mailto:helmut.grotehusmann@nw-fva.de
mailto:helmut.grotehusmann@nw-fva.de
mailto:helmut.grotehusmann@nw-fva.de
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Versuchsanstalt 

Nordwestdeutsche 

Forstliche 

Versuchsanstalt 

NW-FVA 

(07) 

helmut.grotehusm

ann@nw-fva.de 6 2 1 3 2 2 2 2 4 2 4 2 

2 

Nordwestdeutsche 

Forstliche 

Versuchsanstalt 

NW-FVA 

(07) 

helmut.grotehusm

ann@nw-fva.de 8 2 1 3 2 2 2 2 4 2 4 2 

2 

Nordwestdeutsche 

Forstliche 

Versuchsanstalt 

NW-FVA 

(07) 

helmut.grotehusm

ann@nw-fva.de 9 2 1 3 2 2 2 2 4 2 6 2 

2 

Nordwestdeutsche 

Forstliche 

Versuchsanstalt 

NW-FVA 

(07) 

helmut.grotehusm

ann@nw-fva.de 11 2 1 3 2 1 1 2 1 3 4 2 

2 

Nordwestdeutsche 

Forstliche 

Versuchsanstalt 

NW-FVA 

(07) 

helmut.grotehusm

ann@nw-fva.de 12 2 1 3 2 1 2 2 1 3 4 2 

2 

Nordwestdeutsche 

Forstliche 

Versuchsanstalt 

NW-FVA 

(07) 

helmut.grotehusm

ann@nw-fva.de 12 2 1 3 2 2 2 2 4 2 4 2 

2 

Staatsbetrieb 

Sachsenforst 

SBS; 8 doris.krabel@smu

l.sachsen.de 
12 2 2 3 2 2 2 2 1 3 6 2 

2 

Staatsbetrieb 

Sachsenforst 

SBS; 8 doris.krabel@smu

l.sachsen.de 
12 1 1 3 2 2 1 2 1 3 3 2 

2 

Staatsbetrieb 

Sachsenforst 

SBS; 8 doris.krabel@smu

l.sachsen.de 
10 1 1 3 2 2 2 2 1 3 1 2 

2 

Staatsbetrieb SBS; 8 doris.krabel@smu 8 2 2 3 2 2 2 2 1 1 1 2 2 

mailto:helmut.grotehusmann@nw-fva.de
mailto:helmut.grotehusmann@nw-fva.de
mailto:helmut.grotehusmann@nw-fva.de
mailto:helmut.grotehusmann@nw-fva.de
mailto:helmut.grotehusmann@nw-fva.de
mailto:helmut.grotehusmann@nw-fva.de
mailto:helmut.grotehusmann@nw-fva.de
mailto:helmut.grotehusmann@nw-fva.de
mailto:helmut.grotehusmann@nw-fva.de
mailto:helmut.grotehusmann@nw-fva.de
mailto:helmut.grotehusmann@nw-fva.de
mailto:helmut.grotehusmann@nw-fva.de
mailto:doris.krabel@smul.sachsen.de
mailto:doris.krabel@smul.sachsen.de
mailto:doris.krabel@smul.sachsen.de
mailto:doris.krabel@smul.sachsen.de
mailto:doris.krabel@smul.sachsen.de
mailto:doris.krabel@smul.sachsen.de
mailto:doris.krabel@smul.sachsen.de
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Sachsenforst l.sachsen.de 

Staatsbetrieb 

Sachsenforst 

SBS; 8 doris.krabel@smu

l.sachsen.de 
6 1 1 1 2 3 2 2 1 3 3 2 

2 

Staatsbetrieb 

Sachsenforst 

SBS; 8 doris.krabel@smu

l.sachsen.de 
2 1 1 3 2 2 2 2 1 3 2 2 

2 

Staatsbetrieb 

Sachsenforst 

SBS; 8 doris.krabel@smu

l.sachsen.de 
11 1 1 3 1 2 1 2 4 3 4 2 

2 

Staatsbetrieb 

Sachsenforst 

SBS; 8 doris.krabel@smu

l.sachsen.de 
12 2 2 3 2 2 2 2 1 2 1 2 

2 

Austria BFW 2 Berthold 11 1 2 5 2 1 1 1 4 3 2 1 2 

Forest Research 

and Management 

Institute 

ICAS 20 gh_parnuta@icas.

ro 2 1 1 3 2 2 2 2 1 3 4 2 

2 

Forest Research 

and Management 

Institute 

ICAS 20 gh_parnuta@icas.

ro 6 1 1 3 2 2 2 2 1 3 4 2 

2 

Forest Research 

and Management 

Institute 

ICAS 20 gh_parnuta@icas.

ro 7 1 1 3 2 2 2 2 1 3 4 2 

2 

Forest Research 

and Management 

Institute 

ICAS 20 gh_parnuta@icas.

ro 8 1 1 3 2 2 2 2 1 3 4 2 

2 

Forest Research 

and Management 

Institute 

ICAS 20 gh_parnuta@icas.

ro 12 1 1 3 1 2 1 2 1 3 4 2 

2 

INRA INRA 1 leopoldo.sanchez 12 1 1 4 1 3 1 2 1 3 3 2 1 

mailto:doris.krabel@smul.sachsen.de
mailto:doris.krabel@smul.sachsen.de
mailto:doris.krabel@smul.sachsen.de
mailto:doris.krabel@smul.sachsen.de
mailto:doris.krabel@smul.sachsen.de
mailto:doris.krabel@smul.sachsen.de
mailto:doris.krabel@smul.sachsen.de
mailto:doris.krabel@smul.sachsen.de
mailto:gh_parnuta@icas.ro
mailto:gh_parnuta@icas.ro
mailto:gh_parnuta@icas.ro
mailto:gh_parnuta@icas.ro
mailto:gh_parnuta@icas.ro
mailto:gh_parnuta@icas.ro
mailto:gh_parnuta@icas.ro
mailto:gh_parnuta@icas.ro
mailto:gh_parnuta@icas.ro
mailto:gh_parnuta@icas.ro
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@orleans.inra.fr 

and jean-

charles.bastien@o

rleans.inra.fr 

Jason Hubert  jason.hubert@for

estry.gsi.gov.uk 
9 2 2 3 2 4 2 2 4 4 1 2 

2 

Jason Hubert  jason.hubert@for

estry.gsi.gov.uk 
12 2 2 5 2 4 2 2 4 3 3 2 

2 

Jason Hubert  jason.hubert@for

estry.gsi.gov.uk 
7 2 2 5 2 4 2 2 4 2 3 2 

2 

Jason Hubert  jason.hubert@for

estry.gsi.gov.uk 
8 2 2 1 2 4 2 2 4 3 1 2 

2 

Forest Research FR 11 steve.lee@forestr

y.gsi.gov.uk 
1 1 1 5 2 2 1 2 3 2 3 2 

2 

Forest Research FR 11 steve.lee@forestr

y.gsi.gov.uk 
12 2 2 5 2 2 2 2 3 2 3 2 

2 

Forest Research FR 11 steve.lee@forestr

y.gsi.gov.uk 
6 2 2 5 2 2 1 2 3 2 3 2 

2 

Forest Research FR 11 steve.lee@forestr

y.gsi.gov.uk 
12 1 1 5 2 2 1 2 3 3 3 2 

2 

Centro de 

Información 

Ambiental de 

Lourizán 

XG-

CIFAL, 

Partner 24 

ffina.cifal@siam-

cma.org 

12 2 2 5 1 1 2 1 3 3 4 2 1 

Centro de 

Información 

XG-

CIFAL, 

ffina.cifal@siam-

cma.org 12 2 1  2 4 2 2 4 3 4 2 2 

mailto:ffina.cifal@siam-cma.org
mailto:ffina.cifal@siam-cma.org
mailto:ffina.cifal@siam-cma.org
mailto:ffina.cifal@siam-cma.org
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Ambiental de 

Lourizán 

Partner 24 

Centro de 

Información 

Ambiental de 

Lourizán 

XG-

CIFAL, 

Partner 24 

ffina.cifal@siam-

cma.org 

12 1 2 1 2 1 1 2 1 3 4 2 2 

Centro de 

Información 

Ambiental de 

Lourizán 

XG-

CIFAL, 

Partner 24 

ffina.cifal@siam-

cma.org 
12 1 2 1 2 4 2 1 2 3 5 1 

2 

  

Decoding of the answer codes  

 

Species 1. Pinus sylvestris 

  2. Picea abies 

  3. Pinus contorta 

  4. Juniperus sp. 

  5. Taxus bocata 

  6. Larix sp. 

  7. Quercus sp. 

  8. Fraxinus sp. 

  9. Betula sp. 

  10. Fagus sp. 

  11. Populus sp. 

mailto:ffina.cifal@siam-cma.org
mailto:ffina.cifal@siam-cma.org
mailto:ffina.cifal@siam-cma.org
mailto:ffina.cifal@siam-cma.org
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  12. Other species (fill the cell to the right) 

  

1. What type of breeding program is used/planned as regards 

gene diversity  

1. Yes (long term breeding) 

2. No (short term breeding) 

  

2. What type of breeding program is used/planned as regards 

costs 

1. Yes (high input breeding) 

2. No (low input breeding) 

3. How among-population gene diversity is captured by the 

breeding program? 

1. Multiple breeding populations, one in each breeding 

zone 

2. Multiple breeding populations, established by 

administrative districts 

3. Multiple breeding pops. based on sitetype or natural 

species range 

4. Other, state which 

5. No attention is paid: all range is one breeding zone 

4. Is nucleus breeding system used? (separation of a smaller 

group of genetically advanced trees within the breeding 

population)?  

1. Yes 

2. No 

5. How is gene diversity maintained in  (or planned) in the 

breeding population (BP)?  

1. Open population, recurrent infusion of genetic material. 

2. Closed population, no infusion of new material. 

3. Other method (state which) 

4. No long-term plans,  
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6. Which mating system among breeding population 

members is used (or planned) to create the candidate 

population?  

1. Controlled pollination (SPM, DPM, diallel, factorials, 

polycross, other) 

2. Open pollination  

  

7. Are different testing strategies used for different traits 1. Yes, different strategies (indicate which for which) 

2. No, the same strategies 

8. Is breeding population and multiplication population 

separated from each other as regards location and genetic 

composition?  

1. Yes, separated geographically 

2. Yes, separated genetically 

3. Yes, separated geographically and genetically 

4. No, not separated  

9. Level of selection  1. Within families 

2. Among families 

3. Among and within families 

4. Other, free comment 

10. What testing strategy is used/planned to select the BP 

members (pre-screening in nursery for growth rhythm or 

vitality may be considered as single-stage): 

1. Single-stage: phenotype testing  

2. Single-stage: clone testing  

3. Single-stage: progeny testing  

4. Two-stage: phenotype/progeny testing 

5. Two-stage: phenotype/clone testing 

6. Other, free comment 

11. Is information on molecular markers used to aid the 

selection? 

1. Yes (list the traits) 

2. No 
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12. Have you used simulations? 1. Yes 

  2. No 

 



Impact of the results of large 
genetic field experimental

networks to practical forestry 
supporting industry.

Dag Lindgren
Presentation 100622 at 

TREEBREEDEX Activity 5 seminar
What do large genetic field experimental networks
across Europe bring to the scientific community?

June 22 – 24, 2010, Sękocin Stary (Poland)



Some expected impacts for Industry

• More reliable and applicable breeding values
• Better forest regeneration materials now and in the future
• Better known and documented forest regeneration materials
• Reduced risk of failures with FRM
• Better forecasts of forest growth
• More discussion and attention focusing on the forest in the 

field
• Better contacts among those dealing with similar forests in 

different organizations (countries)
• More focus of scientists (like forest geneticists), education and 

administrators of what happens with industrial plantations
• Easier to claim that Industry knows something about what they 

are doing and tries to get it better known (e.g. diversity)!



One organization

One organization can 
afford a few test sites

http://maps.google.com/maps?ll=41.705729,13.974609&spn=45.600416,52.734375&z=4&key=ABQIAAAAWQFGJAjZoaH4Zif4gBI5CBQv40QQqa2V9-3SrxXSEU7uTJHGbxS5Yl900tjQSSIGdyifKbcQ21b-Xw&mapclient=jsapi&oi=map_misc&ct=api_logo
http://www.geographicguide.net/europe/maps-europe/maps/europe-map.gif


Several networking 
organizations can afford 
more test sites

Net work of field trials increase the resources 
and thus accuracy of results

http://www.geographicguide.net/europe/maps-europe/maps/europe-map.gif
http://maps.google.com/maps?ll=41.705729,13.974609&spn=45.600416,52.734375&z=4&key=ABQIAAAAWQFGJAjZoaH4Zif4gBI5CBQv40QQqa2V9-3SrxXSEU7uTJHGbxS5Yl900tjQSSIGdyifKbcQ21b-Xw&mapclient=jsapi&oi=map_misc&ct=api_logo


• Performances estimated are not as general as 
desirable. Many sites and replication in time 
and experimental technique will improve 
generality. Networks may help with that.



P. sylvestris – h2 for tree height at age 10-20 yrs,

>200 trials, 6.000 families, 1.000.000 trees

Modified from Andersson 
2009, TREEBREEDEX 
presentation Orleans

Sites are very different 
genetically!
Many sites desirable for 
reasonable general and 
reliable BVs!
Still more to describe 
the variation among 
sites!



Norway spruce provenance 
performance at four Finnish trial sites

At the X-axis is transfer distance, 0 is local and the higher values is 
transfers from a location with higher heat sum

from Koski 1989 extracted from  Ruotsalainen 2008 TREEBREEDEX 
presentation Pirna

Norway spruce Volume production (m3/ha) 40 to 50 yrs age

Stands  seeds vary 
among what is typical 
for the “provenance 
origin” in an usually 
unpredictable way.

Large trials required 

to know these 

residuals better



Sites are genetically different. 
More sites improves possibilities 
to describe how different.

http://www.geographicguide.net/europe/maps-europe/maps/europe-map.gif
http://maps.google.com/maps?ll=41.705729,13.974609&spn=45.600416,52.734375&z=4&key=ABQIAAAAWQFGJAjZoaH4Zif4gBI5CBQv40QQqa2V9-3SrxXSEU7uTJHGbxS5Yl900tjQSSIGdyifKbcQ21b-Xw&mapclient=jsapi&oi=map_misc&ct=api_logo


Genotype-Environment Interaction

If there is a pattern  so some material types are relatively better on some site 
types, this can be utilized to improve gain!

Useful such grouping requires generally many sites! 
Networking improves possibilities!



Seeds produced by one 
organization may be used by 
another if materials are 
relevantly tested.

http://www.geographicguide.net/europe/maps-europe/maps/europe-map.gif
http://maps.google.com/maps?ll=41.705729,13.974609&spn=45.600416,52.734375&z=4&key=ABQIAAAAWQFGJAjZoaH4Zif4gBI5CBQv40QQqa2V9-3SrxXSEU7uTJHGbxS5Yl900tjQSSIGdyifKbcQ21b-Xw&mapclient=jsapi&oi=map_misc&ct=api_logo


Organisation  a

Organisation b

Organisation c

66°

68°

64°

62°

60°

58°

56°

Joint analyses can be made if materials overlap:

- Improved BV accuracy

- Predictions on untested sites

Modified from Andersson 2009 TREEBREEDEX presentation Orleans

Field tests



Calculated inoptimality loss for Scots pine as a 
function of zone size and origin range at the 

same altitude
Zone size

(Latitudes)

Range of origins

(Latitudes)

Loss (%)

4 0 5.3

2 0 1.3

2 2 2.0

2 4 4.0

Conclusions: 

• Zone size ranging over 2-3 latitudes for a seed orchard is OK

• Avoid larger range of origin for clones than 3 latitudes in seed orchards

Modified from Lindgren 2009 TREEBREEDEX presentation Hann Münden



The message is that areas served by genetic materials 
extends over organizational (national) borders.
For Swedish Scots pine it is somewhat less than two 
latitudes, thus almost two latitudes south or north of 
Sweden.
The example is an underestimate as Scots pine is sensitive to 
latitudinal transfer and sensitivity to latitude transfer is less 
south of Sweden.



Imports of Scots pine FRM
into Germany

Extracted from Liesebach et al 2008 TREEBREEDEX presentation Pirna



Norway spruce transfers in Sweden
Extends national borders!

Modified from Westin 2008 TREEBREEDEX presentation Pirna



Exploitation of the genetic resources of a species requires 
samples from its range tested over its potential use. 

Networking is required

From Pâques 2009 TREEBREEDEX presentation Hann-Münden, 2009



Countries or organization are just not 
large enough to handle the relevant 

range of sites or origins



When environments changes, the test 
sites established by one organization 
may not be the relevant ones.

http://www.geographicguide.net/europe/maps-europe/maps/europe-map.gif
http://maps.google.com/maps?ll=41.705729,13.974609&spn=45.600416,52.734375&z=4&key=ABQIAAAAWQFGJAjZoaH4Zif4gBI5CBQv40QQqa2V9-3SrxXSEU7uTJHGbxS5Yl900tjQSSIGdyifKbcQ21b-Xw&mapclient=jsapi&oi=map_misc&ct=api_logo


Networks is a preparation and part of the 
solution to environmental change (Global 

warming)



Environment or demands of 
organization may change! 

The most suitable test environments for use of test results may 
be found outside the organization 
• since the environments have changed 
• or the predictions of genetic materials performance has 
changed 
• or requirements of production have changed!

This is easier to handle if organizations are 
networking



Message: 
test some common materials together with neighbors and 
over time, 

preferable well-defined reproducible “standard 
materials”, 

to connect test sites and to improve the value of the 
network for industry.



Global warming is here!!!
Networks help to quantify!

• Immediately: implement temperature raise half a degree 
compared to history, but no other climate change, when 
interpreting test results for choosing FRM!

• Immediate action with little risk of overreaction (be a bit 
conservative)

Recommendation Lindgren 2009 TREEBREEDEX presentation Hann-Münden, 2009



Thus, there are reasons to assume net-
working should be good…but

Networking over organizational borders is desired, but does networking 
requires ready networks? Are not the benefits rather independent of pre-
organized networks? There are lots of interfaces today, is that not enough?

E.g. certainly Sweden has benefitted greatly on European spruce provenances 
over centuries, (recently mainly from Belarus), but was it really networking 
of mutual benefit? Does Sweden have a network with Belarus? What was 
the benefit for Belarus?

Now Swedish companies market FRMs in Finland, but is it really thanks to 
organized networks?

Better FRM-directed networks are for the same or similar materials so is it a 
benefit in networking with countries with different climates and species? 
E.g. Sweden may need near Russia contacts more than interaction with 
Spain and Italy.

Can not networks complicate matters if they are rigid, timeconsuming and 
incomplete?



Table . Some international provenance trials with conifers.

Species Establishment Year 

(may vary within 

series)

Reference (example)

Scotch pine 1907-1908 Giertych and Oleksyn (1992)

1938 - " -

Norway spruce 1938 Giertych (1976), Krutzsch (1992)

1964/68 Dietrichson et al (1976). Skröppa et al (1993), Persson 

and Persson (1992), Krutzsch (1992)

Larch 1944 Weisgerber and Sindelar (1992)

1958/59 Schober (1985)

Pinus contorta 1971 Fletcher and Barner (1978): Lindgren (1993b).

Douglas fir 1971 Brunet and Roman-Amat (1987)

Sitka spruce 1975 Ying and McKnight (1993) 

At IUFRO World congress 1995 (Finland) I reviewed “provenance trials revisited” 
and made the following table

Since 1995 rather little (but something) appeared based on these trial series. 
Where something appeared the networking character is seldom evident.
When something appeared it is seldom focused on the use for practical forestry.
Provenance research should still be very relevant for industry. I guess that about half FRM of 
practical forestry today are more or less stand seeds. In spite of its importance little of the 
research efforts is on provenance research and still less linked to the IUFRO networks.



I looked into the IUFRO structure, which is expected to 
be the basic instrument for international networking.  
Once the species working parties were mainly for the 
international IUFRO trials

• 2.00.00 – Physiology and Genetics - a single proceedings with 
very little genetics

• 2.02.00 – Conifer breeding and genetic resources  - nothing

• 2.02.11 – Norway spruce breeding and genetic resources –
one conference (in Poland!! Prof Szabor) three years ago with 
about six papers referring to IUFRO trials with limited 
international coverage.

• 2.02.18 – Scots pine breeding and genetic resources - nothing

My impression is that IUFRO does not fill the role of networking 
around large networks of genetic field trials well or enough any 
more. It is a pity as I think IUFRO is the only organization, which 
can do this networking in a general sense. 



• Networking connected to field tests should be 
open (more like IUFRO) and flexible and not 
closed and fixed (like TREEBREEDEX). In the later 
case important elements will usually be missing.

• Often it is easier to network with people from 
other organizations than the own organization!!! 
(a reason for networks!)

• Long term field trials have not been winners in 
University pecking orders or ways to get Scientific 
Fame.



There are other things networks could 
be good for, I mentioned some in the 

first slide.
• More discussion and attention focusing on the forest in 

the field. Wider discussions and more experiences.
• Better contacts among those dealing with similar forests 

in different organizations (countries)
• Discussions Industry-Science.
• More focus of scientists (like forest geneticists), education 

and administrators of what happens with industrial 
plantations

• Easier to claim that Industry knows something about what 
they are doing and tries to get it better known

So much attention on Industrial plantations would not occur if 
networks do not have large genetic field experiments in focus.



Large genetic field experiments are one of the 
keys to survival of the human race and 

civilization!

• Without them we do not know what we should do or have 
done when managing forest land.

• Gives a sustainable support for an increasing world population 
with a reasonable standard of living!

• Emphasize on sustainability and basic environment 
friendliness. The forest creates raw material from air, water 
and sun-shine.

• Demonstration that we care for the future and plan long term.
• Basis for predicting the impact of the present and future 

forest.

Networks or not!



Thank you - end

Photo Ola Rosvall 2009 
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provenances of the 

International Beech 

Provenance Experiment of 

1993/95 growing in Central 

Europe

Mirko Liesebach (P6)

Silvio Schüler (P2)

Heino Wolf (P8)

Climate-growth-relations of Fagus sylvatica
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International Beech Provenance Experiment 1993/95

23 trial sites

126 provenances
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International Beech Provenance Experiment 1993/95

Schädtbek (Schleswig-Holstein)

40 m asl

100 (49) provenances 

before acre

Malter (Saxony)

360 m asl

100 (47) provenances 

before acre

Gablitz (Lower Austria)

350 m asl

49 provenances 

before spruce forest
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47 common provenances

 

2 ES

1 (+1) FR

3 DK

33 DE: 6 NI

2 BB

1 NW

5 HE

3 TH

2 SN

6 RP

3 BW

5 BY

(1 AT)

2 CZ

5 SK

1 RO
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Climatic characteristics of the trial sites (1)

Schädtbek Malter Gablitz

annual temperature 8,3 °C 7,8 °C 8,9 °C

temperature (V-IX) 14,6 °C 14,7 °C 16,6 °C 

temperature (Jan.) 0,1 °C -1,4 °C -2,2 °C

temperature (July) 16,8 °C 16,8 °C 19,0 °C

temperature-range 16,7 °C 18,2 °C 21,2 °C

annual precipitation 729 mm 787 mm 729 mm

precipitation (V-IX) 354 mm 397 mm 395 mm
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Schädtbek Malter Gablitz

Aridity-index 40 44 39

Continental I. 0,05 0,46 0,48

Climate-factor 360 337 306

Ellenberg-q. 23 21 26

Aridity-index

annual precipitation / [annual temperature + 10]

Continental index

altitude / annual precipitation

Climate-factor by Amann

annual precipitation * annual temperature / temp.-range

Ellenberg-quotient

temperature(July) *1000 / annual precipitation

Climatic characteristics of the trial sites (2)
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Survival

Schädbek (SH) and 

Gablitz (AT) 
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Survival, age 10 (47 provenances)
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range 61% - 89% (28) 77% - 99% (22) 55% - 95% (40)

highest surv. 77 TH; 146 RO 77 TH; 101 BY 58 NW

lowest surv. 111 CZ 36 NI 25 DK

„local“ prov. Farchau (91 %) 83 Heinzebank (89%) 42.; 

84 Tharandt (93%) 31.

109 Neuberg-M. (86%) 
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Trend in height growth
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Height growth (1)

Schädtbek (1993/95) - height (age 10) 
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Height growth (2)

Malter (1993/95) - height (age 10)
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Height growth (3)

Gablitz,  AT (1993/95) - height (age 10)
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Height growth (4) – analysis of variance

                              Sum of 

Source             DF        Squares    Mean Square   F Value   Pr > F 

Model             140    2266176.344      16186.974      9.53   <.0001 

 

HK                 46     202680.793       4406.104      2.59   <.0001 

vers                2    1932502.765     966251.383    568.83   <.0001 

HK*vers            92     130992.786       1423.835      0.84   0.8397 

 

Error             282     479025.517       1698.672 

Corrected Total   422    2745201.861 

Significant differences (α =0.05) between 

provenances (HK) and 

sites (vers)
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Height growth (4)

Significant differences (α=0.05) in the multiple t-test 

BY 101 (poor) to NW 58, BW 97, BY 103, SK 124 

BY 103 (well) to ES 2, DK 25, NI 36, NI 40, NI 43, 

SN 83, SN 84, BY 101, BY 104, CZ 110
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unresponsive – sensitive provenances

height growth [%] - age 10
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Results (height, age 10, Schädtbek) – stepwise selection

1) all trees

4 variables: temp. (July), temp. (May-Sept.), Climate-factor, altitude  

R²= 0,1461

2) 20 highest trees / plot

5 variables: temp. (July), temp. (May-Sept.), Climate-factor, Aridity-

index, precipitation (May-Sept.)  

R²= 0,1875

3) 5 highest trees / plot

5 variables: temp. (July), temp. (May-Sept.), Climate-factor, Aridity-

index, precipitation (May-Sept.) 

R²= 0,2188
                      Summary of Stepwise Selection 

     Variable  Variable  Number  Partial   Model 

Step Entered   Removed   Vars In R-Square R-Square  C(p)   F Value Pr > F 

  1  Temp. (Juli)            1    0.0560   0.0560   8.4843    5.22 0.0247 

  2  Temp. (Veg.)            2    0.0327   0.0888   7.2073    3.13 0.0806 

  3  Klimafaktor             3    0.0686   0.1573   2.3446    7.00 0.0097 

  4  Ariditätsindex          4    0.0328   0.1902   1.0572    3.45 0.0668 

  5  Nieders. (Veg.)         5    0.0286   0.2188   0.1911    3.08 0.0830 
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Results (height, age 10 + 15, Malter) – stepwise selection

1) all trees

2) 20 highest trees / plot            no variable

3) 5 highest trees / plot

1) all trees

3 variables: temp. (July), temp. (May-Sept.), temp. (January)  

R²= 0,1336

2) 20 highest trees / plot

3 variables: temp. (July), temp. (May-Sept.), temp. (January)  

R²= 0,1412

3) 5 highest trees / plot

3 variables: temp. (July), temp. (May-Sept.), longitude 

R²= 0,1470

Age 15:

Age 10:
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Results (height, age 10, Gablitz) – stepwise selection

1) all trees

1 variable: Climate-factor   

R²= 0,0722

2) 20 highest trees / plot

1 variable: Climate-factor   

R²= 0,0602

3) 5 highest trees / plot

1 variable: Climate-factor 

R²= 0,0612
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Conclusions

• Differences between sites with different environmental conditions

• Variation between provenances

• In height growth (age 10) a tendency indicates between 
geographical regions of 
(1) only unresponsive provenances, and 
(2) unresponsive and sensitive provenances, respectively. 

• On the site Schädbek height growth is explained by up to 5 
climate variables (22 %). 
This result could not be confirmed on other sites, and when 
changing the number of provenances. 

• There might be significant difference in an higher age, because 
growth of beech is culminating later than in other tree species. 
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General conclusions

• Even knowledge on common species is incomplete 

• Knowledge on rare species is missing or under-represented

• New problems (increasing demand on wood, “climate change”)

• Therefore, large and long-term experiments are necessary  
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Thank you!

to my co-authors,

technical assistance, 

nursery
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Euro-Asiatic  transcontinental provenance 

experiment on Scots pine 

(Pinus sylvestris L.)

Władysław Chałupka

Polish Academy of Sciences, 

Institute of Dendrology, Kórnik

Partner 18

• TBX Seminar                                                                                                                  Sękocin, June 22-25, 2010
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• TBX Seminar                                                                                                                  Sękocin, June 22-25, 2010

 

 

BASIC INFORMATION ON THE EXPERIMENT 
 

Initiative:   All-Union Forest Research Institute  

      at Pushkino near Moscow 

 

Author of program:    Ye. P. Prokazin 

 

Establishment of experiment:  1976   

 

Number of provenances:       113 

 

Number of planting sites:       33 
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• TBX Seminar                                                                                                                  Sękocin, June 22-25, 2010
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• TBX Seminar                                                                                                                  Sękocin, June 22-25, 2010

 

CURRENT STATUS OF THE EXPERIMENT 
 

Countries with the experimental sites on their territories: 

  

   Azerbaijan     1    

   Belarus     1 

   Estonia     1 

   Kazakhstan     2 

   Lithuania     1 

   Russian Federation 23 

   Ukraine     4 
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Thank you for your attention!

• TBX Seminar                                                                                                                  Sękocin, June 22-25, 2010



A joined European network 
of progeny trials of 

Larix decidua ‘polonica’

First results (continued)

Pâques Luc E.

INRA-Orléans

Unité AGPF

What does large genetic field experimental network across Europe bring to the 

scientific community? TREEBREEDEX seminar, 22-24 June 2010, Sekocin (PL)



Objectives

• to broaden the geographic origin of provenances (Grojec),

• to confirm the interest of polish larch in terms of adaptation, stem 

straightness, wood quality, 

• to examine seed transfer possibilities from East to West,

• to get a better picture on how genetic variability is structured.

• to broaden the breeding population,

• to take benefits of polish larch properties in 

interspecific hybridization.

Larix ‘polonica’ has shown interest in IUFRO provenance trials



Material & Methods

• Joined cone collection by 
INRA & IBL in Mont Gory 
Swietokezyski in Dec.1987, 

• 157 open-pollinated 
progenies, randomly chosen 
(except distances and level of 
fructification),

• in 4 autochtonous ‘stands’ 
(mainly old natural reserves).

• material shared with IBL and 
SRFGx



Site Country Region Longitude Latitude Altitude 

(m) 

Année 

 semis 

Area 

(ha) 

Ecartements 

(m) 

Nber of  

progenies 

Design 

FC.Arcey (25) F Jura 6°35’ E 47°30’ N 410 1989 5.84 2.5x2.5 157 IRBD, 1 tree plot 

FD.Plachet (52) F Lorraine 4°59’ E 48°15’ N 320 1989 7.14 3x3 157 IRBD, 1 tree plot 

Crozet (23) F Plateau de 

Millevaches 

2°11’ E 45°48’ N 750 1990 5.06 3x3 157 IRBD, 1 tree plot 

Bort (87) F Ouest Massif 

Central 

1°20’ E 45°56’ N 350 1990 4.48 3x3 157 IRBD, 1 tree plot 

FD. Apremont (55) F Plateau Meuse 5°37’ E 48°52’ N 350 1989 5.00 3x3 -  

FD. Eu (76) F Normandie 1°37’ E 49°53’ N 190 1990 1.51 3x3 -  

           

Kutno PL  19°19’ E 52°16’ N  1996 1.9 2x2 157 1 tree plot 

Zwierzyniec PL  23°02’ E 50°46’ N  1998 2.2 2x2 85 1 tree plot 

           

Rance B Fagne 4°15’E 50°10’ N 250  1.2 3x2 93 CRBD, 8 trees raw  

plot 

Villance B Ardennes 5°14’E 50°00’ N 425  1.4 3x2  93 CRBD, 8 trees raw  

plot 

 

1994

1994

Field trials

8 progeny trials + 2 conservation plots



Monthly precipitation
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Ecologically contrasting sites

 From less than 150 m up to 750 m asl.

 Constrated soils: 
• shallow (Arcey, Bort) to deep (Croze)

• very low (Bort, Croze) up to high pH soils (Arcey, Plachet)

 Climatically different
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High mortality

Drought sensitive

Wind weakness

Results: 1) Adaptive traits

Meria laricina

sensitivity

Drought (growth) 

cracks

Drought sensitive

Top-dieback

?



Results 

2) Growth and stem form



Arcey Plachet Bort Croze Eu Rance Villance Kutno Zwierzyniec

HT 1 x

HT 2 x x x x x x x

HT 3 x x

HT 4 x x x x

HT 5 x x x x x x

HT 6 x x x x x x

HT 7 x x x x

HT 8 x x x x

HT 9 x x x x

HT 10 x x x

HT 11 x

HT 12 x (x) (x)

HT 13

HT 14 (x) (x)

HT 15

G 6 x x

G 7 x x

G 8

G 9 x x x

G 10 x x x

G 11

G 12 x x x

G 13

G 14 x x

G 15 x x x

SS 4 x

SS 5

SS 6

SS 7 x x x x

SS 8

SS 9 x

SS 10 x x

SS 11

SS 12 x x x

SS 13

SS 14 x x

SS 15 x x x

Field trial networks

and difficulties

• Experimental design

• Site preparation

• Spacing

• Thinning

• Traits assessed and 

timing

thinned

thinned

thinned



Site ‘fertility’

Total basal area MAI (m²/ha/yr)
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Correction for spacing/ mortality/ thinning/ age assessment

 Polish sites more vigorous than FR/BE sites:

up to 4x more BA MAI !!  In France, ratio of 1 to 3 among sites. 



Relative performance of polonica vs 

sudetica and other larch taxa

Relative performance of polonica  (Height)
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 Even in less fertile sites in France, polonica grows better than 

or as well as other larch controls

But stem form is worse in all sites

Relative performance of polonica  (Stem straightness)
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5 sites 146 progenies

Arcey Plachet Croze Bort Kutno Overall

h² ah 0.109 0.140 0.255 0.248 0.325 0.099

ac 0.136 0.190 0.262 0.380 0.225 0.139

fl 0.296 0.300 0.384 0.343 0.109 0.254

CVA ah 13.7 16.6 24.4 15.5 31.1 13.6

ac 17.2 20.4 29.9 23.3 26.3 18.9

fl 28.6 31.8 33.7 32.8 16.3 27.6

6 sites 70 progenies

Arcey Plachet Croze Bort Kutno zwierz Overall

h² ah 0.071 0.114 0.265 0.275 0.290 0.143 0.062

ac 0.095 0.168 0.247 0.410 0.238 0.316 0.113

fl 0.378 0.350 0.570 0.405 0.142 0.365 0.309

CVA ah 11.0 15.2 25.1 16.2 28.9 19.9 12.0

ac 14.1 19.5 29.4 24.1 27.2 28.1 16.3

fl 31.9 34.6 39.9 35.3 16.7 30.9 29.1

 CVA, h² : ah < ac < fl
 h² >> in good sites compared to poorest sites

8 sites 47 progenies

Arcey Plachet Croze Bort Kutno zwierz Rance Villance Overall

h² ah 0.084 0.104 0.302 0.277 0.300 0.263 0.154 0.523 0.087

ac 0.071 0.135 0.282 0.342 0.215 0.298 0.127 0.304 0.090

fl 0.339 0.366 0.560 0.462 0.121 0.393 0.587 0.660 0.318

CVA ah 12.1 14.6 27.1 16.3 29.3 20.1 17.4 38.7 13.0

ac 12.2 17.5 31.6 21.8 25.5 26.9 18.0 26.6 14.9

fl 29.6 35.7 40.6 37.7 15.5 32.1 41.3 43.2 29.4



Arcey
Plachet

Croze

Kutno

Bort

Zwierz

Kutno
5 sites 6 sites

Height

Girth

Stem form



8 sites 

Rance

Villance

Height

Girth

Stem form

PL (B) sites more interactive than F sites for growth but not for 

stem form

Low pH-soil sites in FR more interactive than high pH-soil sites



From Jan Kowalczyk (for index value), Bucharest meeting
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High interactivity too among Polish sites



 No or negative link between 

ecovalence and performance

Height

Stem form

8 sites



Selection possibilities

fa eff index1 fa eff index2 fa eff index3 fa eff index4 fa eff index5

723 43 34.88 718 16 49.532 764 38 36.86 804 41 33.336 712 20 127.98

712 43 34.5 815 34 49.042 715 35 36.743 813 39 32.651 789 31 122.41

761 46 34.461 844 32 48.472 732 28 36.688 712 35 32.546 732 44 122.11

815 45 34.454 763 35 48.247 828 26 36.615 811 36 32.304 752 13 121.98

765 42 34.305 788 18 48.04 773 22 36.583 701 37 32.244 844 11 121.58

707 34 34.106 843 26 47.876 721 38 36.451 815 41 31.973 804 21 121.14

715 47 34.009 789 34 47.861 699 31 36.303 694 30 31.907 715 75 120.69

828 48 33.869 721 35 47.798 821 16 36.218 816 43 31.86 719 18 120.58

708 33 33.714 776 29 47.623 765 36 36.055 803 31 31.856 791 45 119.97

740 42 33.662 715 35 47.604 756 37 36.019 775 27 31.762 806 34 119.59

787 39 33.622 813 31 47.525 839 18 35.985 778 37 31.758 776 25 119

722 42 33.503 755 35 47.479 772 39 35.925 810 38 31.576 701 13 118.52

805 39 33.417 828 32 47.312 708 19 35.869 837 34 31.555 812 34 118.37

700 49 33.394 765 34 47.216 841 35 35.747 740 38 31.452 793 33 118.14

776 28 33.387 821 24 47.136 843 21 35.716 792 40 31.409 813 18 118.02

718 41 33.289 722 34 47.132 838 38 35.693 806 37 31.393 826 18 117.93

782 43 33.23 743 21 47.087 815 29 35.634 820 34 31.304 834 56 117.54

806 43 33.221 784 30 47.038 726 39 35.562 695 37 31.153 718 85 117.44

831 43 33.146 732 34 47.023 780 40 35.327 805 40 31.072 829 50 117.41

824 37 33.132 739 25 46.982 722 34 35.277 831 37 30.941 843 21 117.39

773 48 33.118 831 35 46.916 819 38 35.215 832 38 30.882 729 18 117.25

756 40 33.094 712 34 46.843 792 21 35.203 812 38 30.88 778 23 117.11

845 41 33.07 823 32 46.784 763 25 35.132 785 32 30.87 810 26 117.06

696 42 33.012 692 30 46.777 836 28 35.025 782 31 30.803 808 33 116.97

721 45 32.942 804 33 46.746 696 22 35.008 723 34 30.798 704 30 116.82

804 43 32.931 702 24 46.679 711 40 35.006 716 35 30.741 781 25 116.75

839 39 32.921 719 25 46.628 720 36 34.973 839 33 30.732 705 52 116.68

711 45 32.892 824 33 46.608 695 21 34.962 722 32 30.732 816 60 116.55

786 44 32.887 834 33 46.602 768 22 34.954 826 51 30.715 779 31 116.43

836 41 32.856 720 33 46.524 831 39 34.924 715 34 30.691 721 143 116.29

Among the 20 best out of 146 selected in Kutno, 60% common with French sites

 more common ones at the low elevation sites (Bort)

index Height-stem form



Some conclusions

• Polish larch has an interest in FR but improvement requested 
for stem straightness

• High GxE interaction (but most common in larch)

• GxE interaction looks not less important within PL than within 
FR

• A reasonable rate of clones selected in PL may be valuable in 
FR but some are poor

• Should help to identify limiting ecological factors (drought in 
Bort, humid soil in BE? Etc) and thereby the possible range of 
deployment

 Would need information on pedo-climatic parameters of all sites



• IBL (PL)

• INRA (FR)

• CRNFB (BE)

Partners



Last Evaluation of the Provenace Plot Podbanské, 

Slovakia (IUFRO I. Larch Series 1944)
Sękocin Stary / Warsaw, Poland, June 22.-24., 2010

Last Evaluation of the Provenace Plot 
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Exp.no. Locality Lat. N Long. Alt. In m

2 Vilppula, Finland 62°00´ 24°30´E 110

4 Arboretum d.l. Sivr. Nancy, France 48°45´ 6°09´E 375

5 Bremervörde, Germany 55°30´ 9°00´E 50

7 Drummond Hill, Perthshire, U.K. 56°34´ 4°06´W 275-330

8 Savernake, Wiltshire, U.K 51°24´ 1°38´W 145

9 Haugh Forest, Herfordshire, U.K. 52°01´ 2°36´W 125

10 Mortimer Forest, Herfordshire, U.K. 52°19´ 2°53´W 243

11 Walcot Forest, Shropshire, U.K. 52°25´ 3°01´W 260

12 Wyre Forest, Worcestershire, U.K. 52°25´ 2°22´W 90

13 Acguerino Forest, Pistoia, Italy 44°01´ 11°05´E 950

14 Hjulenberg, Holand, Sweden 56°56´ 12°44´E 175

15 Hönggerberg, Zürich, Switzerland 47°25´ 8°30´E 535

16 Hillsboro, N.H., USA 43°10´ 71°55´W 260

18 Podbanské, Slovakia 49°08´ 19°55´E 950

19 Kolanów, Poland 49°55´ 20°31´E 330

Locality of planting sites of the IUFRO 1944 European larch provenance experiment
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Basic data on the provenance plot Podbanské

Altitude: 1020 m

Latitude: 49°08´25´´

Longitude: 19°56´00´´

Inclination: 10°

N. of provenances: 42

Established: 1946

Destroyed: November 2004
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Last Evaluation of the Provenace Plot Podbanské, 

Slovakia (IUFRO I. Larch Series 1944)
Sękocin Stary / Warsaw, Poland, June 22.-24., 2010

Provenance State N Altitude Latitude Longitude Provenance State N Altitude Latitude Longitude

01 Blünbach Austria 67 600 47°29´ 13°10´ 27 Graubünden U. Switzerland 33 550 46°57´ 9°32´

01a Blünbach Austria 74 600 46°33´ 14°18´ 28 Meilgaard Denmark 88 50 56°31´ 10°37´

03 Hollenburg Austria 49 900 46°33´ 14°18´ 29 Harbke Germany 39 70 52°12´ 11°03´

04 Insbruck Austria 45 900 47°14´ 11°23´ 30 Neckargemund Germany 30 335 49°23´ 8°49´

05 Krumbach Austria 42 600 47°31´ 16°12´ 31 Neumunster Germany 43 50 54°05´ 10°00´

06 Lammerau Austria 48 700 48°05´ 16°10´ 32 Pruszkow S. Poland 31 200 50°34´ 17°48´

06a Lammerau Austria 4 700 48°05´ 16°10´ 34 Slobity Poland 30 65 54°08´ 19°47´

07 Landeck Austria 25 750 47°08´ 10°37´ 35 Sobowidz Poland 29 80 54°09´ 18°36´

08 Murau-M. Austria 33 950 47°08´ 14°10´ 36 Slups Poland 25 30 54°28´ 17°06´

09 Obervellach Austria 35 1100 46°55´ 13°13´ 37 Punkaharju Finland 3 85 61°48´ 29°20´

10 Pitztal Austria 9 1100 47°05´ 10°50´ 45 Hrotovice Bohemia 31 410 49°16´ 16°07´

11 Ried-Tösens Austria 33 1050 47°00´ 10°37´ 46 Hubertovo Bohemia 10 700 50°04´ 17°18´

12 Schottwien-W. Austria 35 800 47°40´ 15°55´ 47 Hubertovo Bohemia 23 700 50°04´ 17°18´

13 Steinach-M. Austria 42 900 47°06´ 11°28´ 49 Paršovice Bohemia 35 375 49°30´ 17°42´

14 Waldstein Austria 30 550 47°14´ 15°15´ 51 Čierny Váh Slovakia 24 825 49°02´ 19°40´

15 St. Michael Austria 33 1700 47°05´ 13°39´ 52 Muráň Slovakia 40 1000 49°02´ 19°40´

16 Murau-P. Austria 21 1700 47°04 14°06´ 53 Aldroughty Scotland 63 50 57°39´ 3°23´

18 Steinach-G. Austria 40 1900 47°02´ 11°30´ 55 Visingsö Sweden 56 100 58°02´ 14°20´

23 Lago Italy 19 925 46°17´ 11°23´ 56 Wolfgang Sweden 68 500 48°15´ 12°10´

24 Fendo Italy 22 1400 46°20´ 11°27´ standard Slovakia 680 950 48°59´ 20°20´

25 Val Venosta Italy 14 1100 46°35´ 10°40´

26 Lötschenthal Switzerland 28 1500 46°23´ 7°47´ Total 2129

European larch provenances from the IUFRO 1944 experiment  used in plot Podbanské
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Average tree diameter 

in the IUFRO 1944 European larch provenance experiment on the Podbanské
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Provenance Mean A B C D E F G H I J K L M N

07 Landeck 41,000 █

34 Slobity 40,067 █ █

35 Sobowidz 40,000 █ █

14 Waldstein 39,833 █ █

30 Neckargemund 39,567 █ █

46 Hubertovo 39,200 █ █ █

51 Čierny Váh 39,167 █ █ █

10 Pitztal 39,000 █ █ █ █

36 Slups 38,400 █ █ █ █ █

12 Schottwien-W. 38,314 █ █ █ █ █ █

32 Pruszkow S. 38,129 █ █ █ █ █ █ █

18 Steinach-G. 38,125 █ █ █ █ █ █ █

29 Harbke 37,462 █ █ █ █ █ █ █ █

45 Hrotovice 37,419 █ █ █ █ █ █ █ █

31 Neumunster 37,302 █ █ █ █ █ █ █ █ █

16 Murau-P. 37,000 █ █ █ █ █ █ █ █ █

49 Paršovice 36,086 █ █ █ █ █ █ █ █ █ █

24 Fendo 35,727 █ █ █ █ █ █ █ █ █ █ █

52 Muráň 35,675 █ █ █ █ █ █ █ █ █ █ █

13 Steinach-M. 35,643 █ █ █ █ █ █ █ █ █ █ █

09 Obervellach 35,371 █ █ █ █ █ █ █ █ █ █ █

05 Krumbach 35,310 █ █ █ █ █ █ █ █ █ █ █

08 Murau-M. 35,303 █ █ █ █ █ █ █ █ █ █ █

11 Ried-Tösens 35,273 █ █ █ █ █ █ █ █ █ █ █

23 Lago 34,789 █ █ █ █ █ █ █ █ █ █ █

15 St. Michael 34,576 █ █ █ █ █ █ █ █ █ █ █ █

25 Val Venosta 34,357 █ █ █ █ █ █ █ █ █ █ █ █

standard 33,679 █ █ █ █ █ █ █ █ █ █ █

03 Hollenburg 33,367 █ █ █ █ █ █ █ █ █ █

55 Visingsö 32,857 █ █ █ █ █ █ █ █ █

06 Lammerau 32,625 █ █ █ █ █ █ █ █

47 Hubertovo 32,435 █ █ █ █ █ █ █

27 Graubünden U. 32,303 █ █ █ █ █ █

06a Lammerau 31,750 █ █ █ █ █ █

04 Insbruck 31,644 █ █ █ █ █

53 Aldroughty 30,810 █ █ █ █

28 Meilgaard 30,625 █ █ █ █

26 Lötschenthal 30,036 █ █ █

56 Wolfgang 29,632 █ █

01 Blünbach 29,448 █ █

01a Blünbach 29,014 █

37 Punkaharju 17,667 █

Analysis of variance and Duncan test for variable diameter 

alpha = 0,05; mean = 34,16 cm

Effect N SS MS F p

Provenance 41 19033,183 464,224 7,825 0,000

Error 2087 123809,288 59,324

Total 2128 142842,471
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Average tree heights 

in the IUFRO 1944 European larch provenance experiment on the Podbanské
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Provenance Mean A B C D E F G H I J K

52 Muráň 28,725 █

32 Pruszkow S. 28,723 █

47 Hubertovo 28,522 █ █

49 Paršovice 28,420 █ █ █

07 Landeck 28,236 █ █ █ █

55 Visingsö 28,209 █ █ █ █

45 Hrotovice 28,058 █ █ █ █ █

51 Čierny Váh 27,817 █ █ █ █ █ █

16 Murau-P. 27,686 █ █ █ █ █ █ █

01 Blünbach 27,672 █ █ █ █ █ █ █

09 Obervellach 27,634 █ █ █ █ █ █ █

29 Harbke 27,497 █ █ █ █ █ █ █

14 Waldstein 27,480 █ █ █ █ █ █ █

05 Krumbach 27,462 █ █ █ █ █ █ █

12 Schottwien-W. 27,177 █ █ █ █ █ █ █ █

06a Lammerau 27,175 █ █ █ █ █ █ █ █

31 Neumunster 27,044 █ █ █ █ █ █ █ █ █

46 Hubertovo 27,000 █ █ █ █ █ █ █ █ █

03 Hollenburg 26,957 █ █ █ █ █ █ █ █ █

10 Pitztal 26,900 █ █ █ █ █ █ █ █ █

35 Sobowidz 26,786 █ █ █ █ █ █ █ █ █

06 Lammerau 26,756 █ █ █ █ █ █ █ █ █

01a Blünbach 26,745 █ █ █ █ █ █ █ █ █

24 Fendo 26,577 █ █ █ █ █ █ █ █

36 Slups 26,376 █ █ █ █ █ █ █

34 Slobity 26,370 █ █ █ █ █ █ █

standard 26,329 █ █ █ █ █ █

15 St. Michael 26,264 █ █ █ █ █ █

56 Wolfgang 26,226 █ █ █ █ █ █

04 Insbruck 26,073 █ █ █ █ █

13 Steinach-M. 25,836 █ █ █ █

23 Lago 25,805 █ █ █ █

18 Steinach-G. 25,788 █ █ █ █

08 Murau-M. 25,764 █ █ █ █

53 Aldroughty 25,665 █ █ █

11 Ried-Tösens 25,579 █ █ █

27 Graubünden U. 25,264 █ █

30 Neckargemund 25,240 █ █

28 Meilgaard 25,005 █

26 Lötschenthal 23,293 █

25 Val Venosta 22,686 █

37 Punkaharju 17,500 █

Analysis of variance and Duncan test for variable height 

alpha = 0,05; mean = 26,56 m

Effect N SS MS F p

Provenance 41 2452,097 59,807 7,688 0,000

Error 2087 16236,387 7,780

Total 2128 18688,484
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Average volume of stem without bark 

in the IUFRO 1944 European larch provenance experiment on the Podbanské
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Provenance Mean A B C D E F G H I J K L

07 Landeck 1,285 █

32 Pruszkow S. 1,196 █ █

35 Sobowidz 1,195 █ █ █

14 Waldstein 1,178 █ █ █ █

46 Hubertovo 1,170 █ █ █ █

34 Slobity 1,159 █ █ █ █

51 Čierny Váh 1,157 █ █ █ █

10 Pitztal 1,154 █ █ █ █

45 Hrotovice 1,140 █ █ █ █

30 Neckargemund 1,114 █ █ █ █ █

12 Schottwien-W. 1,091 █ █ █ █ █ █

36 Slups 1,084 █ █ █ █ █ █ █

31 Neumunster 1,065 █ █ █ █ █ █ █

29 Harbke 1,054 █ █ █ █ █ █ █ █

52 Muráň 1,054 █ █ █ █ █ █ █ █

49 Paršovice 1,052 █ █ █ █ █ █ █ █

16 Murau-P. 1,045 █ █ █ █ █ █ █ █

18 Steinach-G. 1,034 █ █ █ █ █ █ █ █

05 Krumbach 0,978 █ █ █ █ █ █ █ █

09 Obervellach 0,969 █ █ █ █ █ █ █ █ █

24 Fendo 0,964 █ █ █ █ █ █ █ █ █

15 St. Michael 0,921 █ █ █ █ █ █ █ █ █

11 Ried-Tösens 0,907 █ █ █ █ █ █ █ █ █ █

55 Visingsö 0,907 █ █ █ █ █ █ █ █ █ █

13 Steinach-M. 0,906 █ █ █ █ █ █ █ █ █ █

08 Murau-M. 0,906 █ █ █ █ █ █ █ █ █ █

47 Hubertovo 0,891 █ █ █ █ █ █ █ █ █ █

standard 0,888 █ █ █ █ █ █ █ █ █ █

03 Hollenburg 0,887 █ █ █ █ █ █ █ █ █ █

23 Lago 0,887 █ █ █ █ █ █ █ █ █ █

06 Lammerau 0,869 █ █ █ █ █ █ █ █

06a Lammerau 0,832 █ █ █ █ █ █ █

25 Val Venosta 0,791 █ █ █ █ █ █

04 Insbruck 0,781 █ █ █ █ █

27 Graubünden U. 0,755 █ █ █ █

01 Blünbach 0,716 █ █ █

53 Aldroughty 0,711 █ █ █

56 Wolfgang 0,684 █ █ █

01a Blünbach 0,676 █ █ █

28 Meilgaard 0,666 █ █

26 Lötschenthal 0,615 █

37 Punkaharju 0,162 █

Analysis of variance and Duncan test for variable volume 

alpha = 0,05; mean = 0,906 m3

Effect N SS MS F p

Provenance 41 48,698 1,188 7,091 0,000

Error 2087 349,588 0,168

Total 2128 398,286
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Group Provenance N Altitude Group Provenance N Altitude Group Provenance N Altitude

G01 26 Lötschenthal 28 1500 G04b 03 Hollenburg 49 900 G09 31 Neumunster 43 50

08 Murau-M. 33 950

G02a 27 Graubünden U. 33 550 09 Obervellach 35 1100 G10 29 Harbke 39 70

AVG 117 973 30 Neckargemund 30 335

G02b 04 Insbruck 45 900 AVG 69 185

07 Landeck 25 750 G05 05 Krumbach 42 600

10 Pitztal 9 1100 06 Lammerau 48 700 G11 28 Meilgaard 88 50

11 Ried-Tösens 33 1050 06a Lammerau 4 700

13 Steinach-M. 42 900 12 Schottwien-W. 35 800 G12 37 Punkaharju 3 85

AVG 154 919 14 Waldstein 30 550

AVG 159 667 G13 55 Visingsö 56 100

G02c 18 Steinach-G. 40 1900

G06 45 Hrotovice 31 410 G14 53 Aldroughty 63 50

G03a 23 Lago 19 925 49 Paršovice 35 375

AVG 66 391 G15 56 Wolfgang 68 500

G03b 24 Fendo 22 1400

25 Val Venosta 14 1100 G07a 32 Pruszkow S. 31 200 G16 51 Čierny Váh 24 825

AVG 36 1283 52 Muráň 40 1000

G07b 46 Hubertovo 10 700 standard 680 950

G04a 01 Blünbach 67 600 47 Hubertovo 23 700 AVG 744 949

01a Blünbach 74 600 AVG 33 700

AVG 141 600

G08 34 Slobity 30 65

G04c 15 St. Michael 33 1700 35 Sobowidz 29 80

16 Murau-P. 21 1700 36 Slups 25 30

AVG 54 1700 AVG 84 60
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Average tree diameter 

in the IUFRO 1944 European larch provenance experiment on the Podbanské
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Slovakia (IUFRO I. Larch Series 1944)
Sękocin Stary / Warsaw, Poland, June 22.-24., 2010

Group Mean A B C D E F G H I J

G08 39,548 █

G10 38,377 █ █

G07a 38,129 █ █

G02c 38,125 █ █

G09 37,302 █ █ █

G06 36,712 █ █ █ █

G05 35,925 █ █ █ █

G04c 35,519 █ █ █ █ █

G02b 35,461 █ █ █ █ █

G03b 35,194 █ █ █ █ █ █

G03a 34,789 █ █ █ █ █

G04b 34,513 █ █ █ █ █ █

G07b 34,485 █ █ █ █ █ █

G16 33,964 █ █ █ █ █ █ █

G13 32,857 █ █ █ █ █ █ █

G02a 32,303 █ █ █ █ █ █

G14 30,810 █ █ █ █ █

G11 30,625 █ █ █ █

G01 30,036 █ █ █

G15 29,632 █ █

G04a 29,220 █

G12 17,667 █

Effect N SS MS F p

Group 21 14728,077 701,337 11,534 0,000

Error 2107 128114,394 60,804

Total 2128 142842,471

Analysis of variance and Duncan test for variable diameter 

alpha = 0,05; mean = 34,16 cm
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Average tree heights 

in the IUFRO 1944 European larch provenance experiment on the Podbanské
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Analysis of variance and Duncan test for variable height 

alpha = 0,05; mean = 26,56 m

Group Mean A B C D E F G H I

G07a 28,723 █

G06 28,250 █ █

G13 28,209 █ █ █

G07b 28,061 █ █ █ █

G04a 27,185 █ █ █ █ █

G05 27,182 █ █ █ █ █

G09 27,044 █ █ █ █

G04b 26,823 █ █ █ █ █

G04c 26,817 █ █ █ █ █

G10 26,516 █ █ █ █ █

G08 26,515 █ █ █ █ █

G16 26,506 █ █ █ █ █

G02b 26,302 █ █ █

G15 26,226 █ █ █

G03a 25,805 █ █ █

G02c 25,788 █ █ █

G14 25,665 █ █ █

G02a 25,264 █ █

G03b 25,064 █

G11 25,005 █

G01 23,293 █

G12 17,500 █

Effect N SS MS F p

Group 21 1697,934 80,854 10,027 0,000

Error 2107 16990,550 8,064

Total 2128 18688,484



Last Evaluation of the Provenace Plot Podbanské, 

Slovakia (IUFRO I. Larch Series 1944)
Sękocin Stary / Warsaw, Poland, June 22.-24., 2010

Average volume of stem without bark 

in the IUFRO 1944 European larch provenance experiment on the Podbanské
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Last Evaluation of the Provenace Plot Podbanské, 

Slovakia (IUFRO I. Larch Series 1944)
Sękocin Stary / Warsaw, Poland, June 22.-24., 2010

Group Mean A B C D E F G H I

G07a 1,196 █

G08 1,149 █ █

G06 1,093 █ █ █

G10 1,080 █ █ █

G09 1,065 █ █ █

G02c 1,034 █ █ █

G05 1,004 █ █ █ █

G07b 0,976 █ █ █ █

G04c 0,969 █ █ █ █

G02b 0,946 █ █ █ █

G04b 0,917 █ █ █ █ █

G13 0,907 █ █ █ █ █ █

G16 0,905 █ █ █ █ █ █

G03b 0,897 █ █ █ █ █ █

G03a 0,887 █ █ █ █ █

G02a 0,755 █ █ █ █ █

G14 0,711 █ █ █ █

G04a 0,695 █ █ █

G15 0,684 █ █ █

G11 0,666 █ █

G01 0,615 █

G12 0,162 █

Analysis of variance and Duncan test for variable volume 

alpha = 0,05; mean = 0,906 m3

Effect N SS MS F p

Group 21 37,736 1,797 10,501 0,000

Error 2107 360,550 0,171

Total 2128 398,286



Last Evaluation of the Provenace Plot Podbanské, 

Slovakia (IUFRO I. Larch Series 1944)
Sękocin Stary / Warsaw, Poland, June 22.-24., 2010



Last Evaluation of the Provenace Plot Podbanské, 

Slovakia (IUFRO I. Larch Series 1944)
Sękocin Stary / Warsaw, Poland, June 22.-24., 2010

Summary:

• the height and diameter of all trees on the plot was measured

• differences in number of survived trees per provenance 

- high survival of the Larix kaempferi and L. x eurolepis

- extremelly low  of the L. sibirica)

• local standard provenance Kravany from Low Tatra – average value

• good growth (height, diameter):  

- sudetan provenances (including Czech allochthone populations)

- allochthone provenances from the North Poland (low altitudes!)

- carpathian provenances from the Low Tatra region

• not suitable provenances:  

- Larix sibirica

- Central (Western Alps), high Alpine altitudes 



Last Evaluation of the Provenace Plot Podbanské, 

Slovakia (IUFRO I. Larch Series 1944)
Sękocin Stary / Warsaw, Poland, June 22.-24., 2010



Last Evaluation of the Provenace Plot Podbanské, 

Slovakia (IUFRO I. Larch Series 1944)
Sękocin Stary / Warsaw, Poland, June 22.-24., 2010Thank you for your attention



Seminar "WHAT DO LARGE GENETIC FIELD EXPERIMENTAL NETWORKS ACROSS EUROPE BRING

TO THE SCIENTIFIC COMMUNITY?” Sękocin Stary, Poland, 22-24 June 2010
1

Eurasian provenance experiment 

of Scots Pine - trial at Sambor in 

Ukraine

Roman Gout,

Ukrainian National Forestry University, (UNFU), Ukraine

Jan Kowalczyk

Forest Research Institute, (IBL), Poland
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Aims:

• Describe current status of the trial

• Presenting the latest results

• Comparing results with local Lvov 

population performance 

• Looking for the growth and survival  

patterns
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Description of the series

• In the years 1973 to 1976 Rusian Scots Pine 
was established with 113 provenances and 33 
planting sites

• One of them is trial in Sambor near Lviv (East 
Roztocze region)

• Result of the series was published by Shutayev 
and Giertych

• In summarizing they using published results 
from Sambor trial after 11 years of growth

• Now we presenting data after 33 years from 
planting
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Studied populations

Range 10° 42’ N 58° 20’E

No P. No Prowenance Name Latitude N Longitude E No P. No Prowenance Name Latitude N Longitude E

1 29 Гомельська Gomyel 520 14’ 310 40’ 18 55 Воронежська Voronyezh 1 510 38’ 390 28’

2 33 Рівненська Rovno 510 32’ 260 36’ 19 56 Воронежська Voronyezh 2 51008’ 40015’

3 34 Львівська ( Лопатин ) Lopatyn 500 30’ 240 45’ 20 57 Пензенська Pyenza 530 50’ 460 00’

4 35 Житомирська Zhitomir 510 14’ 270 40’ 21 59 Улянівська Ulyanovsk 540 14’ 490 35’

5 36 Ів. Франківська Iv. Frankowsk 480 07’ 240 03’ 22 60 Ростовська Rostov 490  36’ 410  48’

6 37 Київська Kiyev 500 21’ 310 00’ 23 62 Волгоградська Volgograd 500 10’ 450 24’

7 38 Сумська Sumy 520 01’ 340 00’ 24 64 Саратовська Saratov 520 05’ 470 21’

8 39 Черкаська Chyerkassy 490 37’ 320 05’ 25 65 Татарська Tatarstan 550 40’ 510 26’

9 40 Донецька Donyetsk 480 50’ 370 36’ 26 66 Кіровська Kirov 580 49’ 500 06’

10 41 Смоленська Smoliensk 540 00’ 330 00’ 27 69 Башкирська Bashkortostan 1550 30’ 540 40’

11 43 Московська Moskva 550 32’ 380 57’ 28 72 Башкирська Bashkortostan 2520 24’ 580 40’

12 46 Горківська Nizhyegorod 540 56’ 430 50’ 29 83 Оренбургська Oryenburg 520 47’ 520 15’

13 49 Калузька Kaluga 540 25’ 360 16’ 30 86 Новосибірська Novosibirsk 530 50’ 820 20’

14 50 Рязанська Ryazan 540 40’ 390 45’ 31 91 Алтайська Altaiski Kral 510 32’ 810 10’

15 51 Брянська Bryansk 530 30’ 340 15’ 32 123 Кустанайська Kustanal 520 80’ 630 50’

16 52 Орловська Oryel 540 50’ 360 00’ 33 125 СемипалатинськаSyemipalatinsk 500 40’ 800 38’

17 54 Тамбовська Tambov 530 12’ 410 20’ 34 34а Львівська Lvov 500 05’ 240 00’
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Studied populations

58.20 °
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Experimental site description

Year of planting:1975

Spacing: 2.0 x 0.75 m

Area: 13,25 ha

Area per provenance: 0.2 , 0.3 or 0.45 ha

No of block: 3



Trial 

scheme
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Methods

– Survival was calculated

– DBH and Height – measured

– Result are presented also on the map in 

standard deviation units
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Survival after 33 years.
%

P
ro

v
e
n
a
n
c
e
s

125 - Семипалатинська, Syemipalatinsk 

38 -Сумська, Sumy 



Survival

10



11

Growth after 33 years.

Provenances
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y = 1,6505x + 12,255
R² = 0,4089
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Growth after 33 years.

Provenances
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Heritability

19

$variances:

Prov Residuals 

116.9974  2089.656

$sd.variances:

Prov Residuals 

0  9602.431

$BS.heritability:

BS.herit sd.herit 

0.2120811 0.922888

$variances:

Prov Residuals 

116.9974  2089.656

$sd.variances:

Prov Residuals 

0  9602.431

$Genotypic.heritability:

Genotypic.herit    sd.herit 

0.7132209 0.004474393

DBH
$variances:

Prov Residuals 

0.0008270825 0.01146277

$sd.variances:

Prov Residuals 

1.059522e-012 6.498451e-011

$Genotypic.heritability:

Genotypic.herit  sd.herit 

0.9780172 0.2008099

Volume



Discusion

• Missing data about quality traits

• In Ukraine parallel plots exist from this 

series,  to make some common conclusion 

common evaluation is needed

• The correction of the data is needed in 

some cases because of different spacing 

caused by mortality

20
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Summary

• Longitude - strong influence on 
growth

• Local provenance is the best in terms 
of growth

• Based on the results from the series 
transfer from East to West is not 
recommended
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Thank you for your attention



Adaptability of oak 
(Quercus robur L.) ecotypes in condition of 

climate change 

Ihor Neyko

Vinnitsya National Agrarian University,

Vinnitsya, Ukraine  

1
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Scheme of Quercus robur provenance tests 
(Vinnitsya, Ukraine)

13 50 8 20 К5 31 27

25 54 32 33 49 26 7

29 К2 37 12 45 35 24

46 14 64 38 51 9 62

11 22 60 - - - -

К1 52 47 43 - - -

44 34 4 65 58 55 К7

59 3 К3 5 17 63 28

51 41 6 21 30 68 39

61 1 67 56 40 15 69

36 10 53 42 16 23 19

Northeast populationNorthwest population

Central - western 

population

Central population

Southern population

Southern - east population
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Survival rate of  oak trees
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Changes of heights ranks
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The data analysis of 1964-2010 specifies essential ecological and

geographical influence of seeds origin, phenological forms on the

growth and productivity of climatic ecotypes as well as on selection and

quality indicators.

The worst seed germination intensity was characteristic for the

most remote northern and north-east ecotypes: Moscow, Volgograd,

St.-Petersburg, Chuvash, Estonian, Bashkir, Latvian, and Pskov. But it

is necessary to note that some remote ecotypes had tendencies for the

improvement of adaptability and decrease of tree dying intensity (some

populations from Estonian, Bryansk, Brest, Latvian and Minsk

ecotypes).



CONCLUSION:

 Progeny of the ecotypes of the most remote northern, northeast and east

regions (Moscow, Tambov, St.-Petersburg, Bashkiria, Estonian, Chuvashia

ecotypes) are marked by the slowest growth in height and diameter.

 Analysis of the results on the growth dynamics of oak ecotypes testifies that

the greatest differentiation in height was marked at the initial stages of growth.

 Up to 10-year age the difference of growth intensity in height was more than

60 %. At the age of 25 - 40 there was a tendency towards activization of growth

intensity of the northern and north-east ecotypes (Estonian, Tula, Tatarstan

ecotypes).

 Intensity increase of the growth processes specifies the increase of

adaptability of the remote ecotypes. Acclimatization of the remote geographical oak

ecotypes makes up about 20-30 years.



Thank you!





� « Comparative trials » : genetic experiments which are implanted in diverse 

ecological conditions and make it possible to compare several genetic units

� First  trials of the French network installed 40 years ago by genetic breeders

Introduction to PlantaCompIntroduction to PlantaComp
DefinitionDefinition and and historyhistory

� Initial aims :

� To analyse expression of genetic variability

� To study  genetic parameters

Selection of 

improved

varieties



ExperimentsExperiments iinvolvednvolved

ORLEANS NANCY

� The network collates trials enabling

comparisons between :

� Species

� Provenances

� Progenies

Clones

Introduction to PlantaCompIntroduction to PlantaComp

AVIGNON

BORDEAUX

~1000 trials

~2000 ha

Many species tested to 

differing degrees :

Larix, Quercus, Populus, 

Pseudotsuga, Picea, Pinus, Abies, 

Cedrus, …

� Clones



Main Main strengthstrength

� Inter and intra specific diversity  � natural variability representation

� Unique spatio-temporal dimension

� Long-term follow-up

� Identical genetic units installed

in various environments or clines

Introduction to PlantaCompIntroduction to PlantaComp

Analysis of 

genotype * environment

interactions

� Repeated and statistically rigourous experimentations

� Many traits studied by

� Standardised observation

� Sampling



� Lack of organisation of network data between the different

managing units

� Insufficient financing to assure a permanent follow-up of 

Main Main difficultiesdifficulties

Introduction to PlantaCompIntroduction to PlantaComp

� Insufficient financing to assure a permanent follow-up of 

the whole network

Ex : Only ten permanent people to manage trials

� Difficulties in qualifying correctly the ecology of 

experimental stations (in particular for soil characteristics )



Objectives of Objectives of PlantaComp’sPlantaComp’s actionaction

� 1 post created in October 2009

� Missions : coordination, animation, valorisation of the network

� Collaboration with all network teamsCollaboration with all network teams

� Main objectives :

� Improvement of the management of the network

� Valorisation of these experimentas by new collaborations and 

new projects



ImprovementImprovement

� Improvement of data management

� Inventory of all the experiments and their status

� Evaluation of data

Objectives of Objectives of PlantaComp’sPlantaComp’s actionaction

� Definition of standart data organization

� Implementation of an information system collating all information on 

the network

� Interoperability with other databases : opening-up to partners

� Insertion of ecological databases and geographical referencing tools



Inter-specific 

diversity

ValorisationValorisation

Intra-specific 

diversity

Spatial 

iterations
Long-term 

follow-up

Conservation of 

genetic diversity

Auto-ecology

of species

Adaptation to 

environmental strains

Long-term impact 

of climat

Objectives of Objectives of PlantaComp’sPlantaComp’s actionaction

P L A N T A C O M P  N E T W O R KP L A N T A C O M P  N E T W O R K

genetic diversity

Search for new 

forestry material

of species environmental strains

Other thematics : forestry pest invasion, 

interactions with biogeophysical cycles, etc.

of climat

Adaptation to Adaptation to environmentalenvironmental changeschanges
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� Emphasis on the necessity of communication

� With scientists to highlight the potential of the network 

and encourage the setup of new projects;

CommunicationCommunication
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� With the whole forestry community to inform of the

results of our studies.
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1. History of provenance research

• Since middle age deforestation, exploitation and 

devastation of forests in Central Europe

• Development of sustainable forestry and reforestation

• Large scale seed transfer with no consideration of the 

origin of seed esp. Norway spruce, Scots pine

Decrease of yield, poor quality, high susceptibility to pest 

and diseases

Ban on different species

Consideration of local seed sources

Increasing interest in provenance research



History of provenance research

• 18th century:
– Observations on correlations between provenance and site or 

provenance and quality respectively (Duhamel du Monceau)

• 19th century :
– 1821: First provenance trials established in France (A. de 

Vilmorin) 

– 1893: IUFRO-congress in Vienna „Importance of seed origin in 
silviculture"

• 20th century :
– 1906: Conference of German Forest Association in Dansk 

„Significance and obtaining of good forest seeds and plants"

– 1907: Establishment of the first international provenance trial 
with Scots pine



2. Examples: IUFRO-Provenance experiments 

Species Year Number of 

seed-lots

Number of 

trial plots

Participating 

countries

Pinus sylvestris
(Giertych, Oleksin 1992)

1907 13 20 7

1938 55 25 12

1939 23 2 2

1982 20 11 5

Picea abies
(Krutzsch 1992)

1938/39 36 26 14

1964/1968 1.100 20 13

1972 20 43 10



age 28

(Schneck & 

Liesebach 2010)

IUFRO-Scots pine provenance experiment 1982

(Schneck & 

Liesebach 2010)
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Two IUFRO-Norway spruce provenance tests 

(Krutzsch 1992)



IUFRO-Provenance experiments 

Species Year Number of 

seed-lots

Number of 

trial plots

Participating 

countries

Larix decidua
(Weisgerber, Sindelar 1992)

1944 48 23 12

1957/58 63 75 15

Pseudotsuga 

menziesii
(Kleinschmit, Bastien 1992)

1973/78 182 60 36



3. Research in IUFRO-provenance tests

European larch

Traits:

• Growth

• Stem straightness

• Larch cancer

• Cultivation value

Stem shape of provenance 

samples of European larch 

(Weisgerber, Sindelar 1992)



EU-Provenance/progeny experiments

Species Year Number of 

seed-lots

Number of 

trial plots

Participating 

countries

Fagus sylvatica 1993/95 126 23 18

1996/98 61 26 17

Larix eurolepis,

Larix lepteuropea,

Larix sp.

1999 25 18 7

…



International Beech Provenance Experiment 1993/95

23 trial sites

126 provenances

(26) 36-49 or 100 

provenances per 

site



Research in IUFRO-provenance tests

• Scots pine
– Evaluation of provenances` growth

– Relations to climate of origin

– Correlation with geographic coordinates

• Norway spruce
– Genecological studies

– Time of flushing and bud cessation

– Growth capacity

• Douglas fir
– Cone and seed morphology

– Phenology

– Frost sensitivity

– Growth capacity and quality



Research in EU-provenance tests

• European beech

– Survival

– Growth and quality

– Morphological and anatomical traits

– Physiological traits

• Larch-hybrids

– Survival

– Growth and quality

– Wood quality
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Research in EU-progeny tests
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Research results - credit

• Main conifer species and broadleaved species covered 

by provenance tests

• Assessment of cultivation value with main emphasis on 

growth, quality and resistance

• More or less sound knowledge on the variation of 

provenances of species investigated under existing 

climate conditions

• Systematic screening of material approved as tested on 

European level just started with Hybrid-larch 



Research results - debit

• Rare and/or valuable tree species under-represented

• Related to participation still regional gaps where no 

direct results are available 

• Assessment of morphological, anatomical or 

physiological traits related to adaptability to climate 

change done more or less accidentally

• Material approved as tested on regional level can be 

traded on European level without constraints

• General approach for systematic screening of material 

on the European level e. g. Poplar still to be developed



4. Advantages and limitations

• Practical approach to study the variation of provenances 

as well as genecological and clinal correlations

– Survival

– Morphological, phenological, physiological traits

– Growth, quality, resistance traits

• Scientific base for the delineation of regions of 

provenance 

• Practical approach to develop recommendations for the 

use and the planting of provenances 

• Scientific base for the delineation of deployment and 

breeding zones



Advantages and limitations

• Representivity of experiments depends on 

– Selection of provenances in relation to natural distribution area 

– Balancing dissimilarities in flowering and fruiting among regions

– Set of standard provenances

– Number of participating countries

– Distribution of trial plots in relation to soil and climate

• Reliability of experiments depends on

– Comparable seed collection procedures (intensity of flowering 

and fruiting, number of trees, distances among mother trees, 

amount of seeds collected per tree)

– Comparable spacing, planting, tending and thinning procedures

– Comparable assessment methods      



Advantages and limitations

• Continuity of experiments depends on 

– Stability of institutional infrastructure

– Availability of labour and finances

– Long term accessibility of trial plots

• Analysis of experiments depends on

– Reliable data collection

– Completeness of data

– Long term data storage

– Data accessibility

– Ability to cope with missing values



5. Importance for future experiments

• Research on the response of species and their 

provenances to changing climate

– Growth response of provenances 

– Change of productivity of provenances

– Suitability of emerging species and provenances

• Advanced breeding work

– Systematic testing of improved and approved material in 

different environments as the test environment

– Development of breeding zones

– Selection of trees and their vegetative propagation by TC

– Provenance and species crossing



Importance for future experiments:

Example “Growth response to changing climate”

Pinus contorta Dougl. ex Loud. provenances (Wang et al. 2006)



Importance for future experiments:

Example “Growth response to changing climate”

Pinus contorta Dougl. ex Loud. 

provenances 

(Wang et al. 2006)



6. Conclusions

• Large forest tree provenance experimental networks

– Source for basic and general knowledge on the variation as well 

as on the cultivation value of provenances of species 

investigated in existing climate conditions

– Base for on-going research on the adaptability of the material in 

question under climate change

– Important tool for the assessment of cultivation value of 

emerging species and their provenances under existing climate 

conditions as well as under future climate conditions

• Tools for the assessment of cultivation value of material 

in question in climate change to be improved and made 

suitable for systematic screening



Conclusions

• Large forest tree provenance experimental networks

– Difficult to manage in the long term

– Time and labour consuming

– Full of problems related to every step of the experiment as well 

as related to the involvement of different institutions with different 

mentalities, different background, different budgets

• However, it is the only and practical way to explore the 

possibilities and limitations of genetic resources until 

something better is developed. 

Thank you for your attention!


