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Next Generation in Tree Breeding 

Program GENECAR meeting, Örenäs slott 

 

Tuesday September 15, 2009 
08.30-09.00 Registration 

 
 

09.00-09.20 Welcome and general information Øystein Johnsen  

 

09.20-12.00 

 

Long-term breeding  

 

 

 The economic challenges of tree breeding Nuno Borralho  

  

Coffee break 

 

 Plans and prospects for Finnish tree breeding Matti Haapanen 

 Swedish long-term tree breeding Bengt Andersson 

 Silver birch and black alder breeding in Latvia: 

economic evaluation 

Aris Jansons 

 Discussion  

  

Lunch 

 

 

13.00-14.00 
 

Genetic evaluation –What tools do we need in 

the future?  

 

 

 Exploiting all your knowledge and information 

for breeding value prediction – experience in 

Norway Spruce and Scots Pine 

Greg Dutkowski 

 Breeding value prediction when trials are diverse 

in age and genetic structure 

 

Karl-Anders 

Högberg 
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14.00-16.50 

 

Which traits are important in tree breeding?  
 

 

 Implementation of wood quality traits in 

Norwegian spruce breeding 

Arne Steffenrem 

 

 
 

Coffee break 

 

 

 Genetic variation in Pinus sylvestris resistance to 

natural infections of pine blister rust 

Torgny Persson 

 Genetic differences in Scots pine resistance to 

needle cast (Lophodermium seditiosum)  

Aris Jansons 

 Discussion  

 

16.50-18.45 

 

How can we use molecular techniques in tree 

breeding?  

 

 

 Conversion of production plantations to genetic 

trials by markers: does it work in practice? 

Ole K Hansen 

 The Swedish spruce genomics initiative Pär Ingvarsson 

 Can genome sequencing help counteract root rot? Jan Stenlid 

 Discussion  

 

19.00 
 

Dinner 

 

 

 

Wednesday, September 16, 2009   
08.30-18.00 Field trip  

The field trip will include: 

 Short-rotation forestry 

 Broad-leaved tree species  

 Tree species trial 

 Norway spruce clone test 

 Visit Ekebo research station and 

operational breeding activities 

 

 

19.00  

 

Dinner 
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Thursday, September 17, 2009  
 

08.30-12.30 

 

Future challenges and research needs  

 

 

 Breeding Without Breeding: Concept and 

Application 

Yousry El-Kassaby 

 Breeding and climate change Øystein Johnsen 

  

Coffee break 

 

 

 NovelTree – EU-project: Novel tree breeding 

strategies 

Bengt Andersson 

 Breeding against ash die-back in Europe. Options 

and constraints 

Erik Kjær 
 

 Discussion  

How can we use GENECAR in the future? 

Conclusions from the meeting 

Øystein Johnsen 

 

12.30 
 

Lunch 

 

  

Departure 
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The economic challenges of tree breeding 
 
Nuno Borralho 
 
Consultant

1
 and Associate Researcher for IICT (Instituto de Investigação Cientifico Tropical, Portugal

2
) 

borralhoidea@sapo.pt  

 
Abstract 
 
Tree breeding is at a cross road between complex biological and statistical information on how 
trees function and grow and the economic and societal needs for a more productive yet 
environmentally sustainable natural resource.  
 
I will first give a brief review of the general approach by which economic merit can and has 
been incorporated in breeding strategies, from the first concepts developed by animal 
breeders, to the strategies and developments made in forestry.  
 
I will then look at how breeding can have an impact on the economics of different production 
systems (namely pulpwood, roundwood and biomass) and whether there is place for 
improvements and changes in focus. In particular I will look into how current selection 
practices often fail to target some of the key economic traits. 
 
I will finish by putting breeding in the more global context of forest business. I will be making 
the point that most critical factors behind an effective tree breeding program are not linked 
with genetic or economic information as such, but with the status and dynamics of the sector, 
with emphasis in the scale of reforestation (i.e. the rate of crop substitution), the effectiveness 
of genetic transfer (namely the time lag between selection and commercialization and 
ǎǇŜŎƛŀƭƭȅ ǘƘŜ ŎƻƴǎǳƳŜǊΩǎ ǇŜǊŎŜǇǘƛƻƴ ǘƘŀǘ ƛƳǇǊƻǾŜŘ Ǉƭŀƴǘǎ ŀǊŜ ŘƛŦŦŜǊŜƴǘύΣ ǘƘŜ ŎƘŀƴƎŜǎ ƛƴ ǘƘŜ 
value and attributes of forests (from a wood crop to a whole range of other externalities), and 
finally the rate at which new and unpredictable biological and climatic threats are likely to 
affect forest resources (i.e. the level of risk when investing in reforestation).  
 
 
 
  

 

                                                           
1
 www.borralhoidea.com 

2
 www.iict.pt  

mailto:borralhoidea@sapo.pt
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Matti Haapanen 
The Finnish Forest Research Institute 

PLANS AND PROSPECTS FOR FINNISH TREE BREEDING 
 
As a result of six decades of forest tree breeding in Finland, seed orchards provide a large 
proportion of the seed used in artificial forest regeneration, especially in Scots pine and Silver 
birch. The genetic level of commercial seed continues improving rapidly as 900 hectares of 1,5-
generation elite seed orchards reach their production age. Concurrently with the Ministry-run 
Seed Orchard Establishment Plan, The Finnish Forest Research Institute (Metla) is carrying out 
a long-term breedƛƴƎ Ǉƭŀƴ άCƻǊŜǎǘ ¢ǊŜŜ .ǊŜŜŘƛƴƎ нлрлέ ǿƘƛŎƘ ƛǎ ǎŜǘ ǘƻ ǇǊƻǾƛŘŜ ǘƘŜ ƴŜȄǘ 
generation (2nd) of seed orchards with superior selections in due time. Mass production of 
vegetatively propagated plant material seems to remain an unrealized option in the 
foreseeable future. 
Conifer breeding programs in Finland have advanced to produce second generation 
recruitment materials and screen them at intensively managed field tests. The new breeding 
plan applies two-stage phenotypic selection ς progeny testing strategy in Scots pine and less 
time consuming clonal testing in Norway spruce. If proven functional, clonal testing using 
cuttings is likely to be adopted into pine breeding, too. To improve the tolerance of breeding 
stock to climatic variations, field testing of in varying climatic conditions is pursued, preferrably 
in collaboration with neighbouring countries. Early screening of recruitment populations for 
the robustness of dormancy, taking advantage of controlled environments mimicking plausible 
scenarios of future climate, is another option currently investigated at Metla. In Silver birch, 
anticipated genome sequencing may facilitate marker-aided selection for some previously 
unaddressed important traits. 
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Swedish long-term tree breeding  
 

Gunnar Jansson & Bengt Andersson 

Skogforsk (The Forestry Research Institute of Sweden)  

Uppsala, Sweden 

 

The Swedish approach to long-term tree breeding is to integrate intensive breeding for 

general-purpose goals with gene conservation and preparedness for future climatic 

changes. The main goals are to increase the yield, adaptability and quality of the wood 

harvest. A multiple breeding-population system is applied. For our main species, Scots 

pine and Norway spruce, meta-populations of more than 1000 parent trees per species 

are divided into some 20 breeding populations, each containing around 50 individuals.  

Each breeding population has a target area defined by photoperiod and climate. Long-

term breeding is carried out in each breeding population. The selection of candidates is 

essentially on a within-family basis. In general, the genetic gain of current seed orchards 

is 10-15%, and can reach 20-25% in all new third-round seed orchards established with 

tested parents. 
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Silver birch and black alder breeding in Latvia: economic evaluation 

Aris Jansons, Janis Donis 

Latvian State Forest Research Institute „Silava” 

 

Intensive breeding of silver birch and black alder in Latvia has been carried out during 

last 2 decades. Seed orchards are established, using phenotypically selected, untested 

clones (100 for birch and 230 for black alder). Open-pollinated progeny tests of plus-

trees (c.a. 650 birch and 120 alder) are established. All the available material and time 

until the end of first (for alder) or second (for birch) breeding cycle is considered in 

economic analysis, based on comparison stands, that are regenerated naturally and those 

planted with selected material. Differential approach is used, i.e., only positions of 

incomes and expenses, which differ between stands, that are regenerated naturally and 

planted with selected materials, are considered.  

Differential gain from continuous black alder selection and establishment of second 

round seed orchards, using 3% interest rate, is positive only when material is utilized in 

the best soils for this species (yield class Ia-II). If annual planting in these areas is 400 

ha (30% of predicted clear cuts), differential gain reaches 202 EUR*ha
-1

.  

Differential gain, using 3% interest rate and current annual regeneration area, from 

investments in birch breeding and seed orchard establishment and management is from 

71 EUR*ha
-1

 (if phenotypic selection of best individuals within family is applied) to 

157 EUR*ha
-1

 (if best individuals within family are found via vegetative progeny 

testing). Increase in annual planting area to 5000 ha (50% of clear cuts) ensures an 

estimated gain of 124 and 267 EUR*ha
-1

, respectively. Investments in broadleaved tree 

breeding in Latvia are economically justifiable.  

 



10 
 

Exploiting all your knowledge and information for breeding value prediction ï experience in 
Norway Spruce and Scots Pine. 

 
1Dutkowski GW,  2Almquist C,  2Andersson B, 2Berlin M, 2Ericsson T, 2Högberg KA, 2Jansson G, 2Karlsson B, 

2Kroon J, 2Persson T, 2Rosvall O, 2Stener LG, 2Westin J,  1Kerr RJ, 1McRae TA, and 3Tier B 
 

1 PlantPlan Genetics., Mount Gambier, SA, Australia. 
2 Skogforsk, Sweden 

3 Animal Genetics and Breeding Unit, University of New England, Armidale, NSW, Australia. 
. 

Tree breeding programs are run over many years and much data is collected and knowledge derived from 

that information during that time.  The sheer amount of data and knowledge presents such a problem in 

management and processing that rarely is all of it integrated when we come to genetic evaluation.  To 

effectively exploit the hard work of many years you need both an intellectual and software framework to 

allow integration of both the data and the knowledge.  Multivariate genetic models and the use of bio-

economic models provide such an intellectual framework to allow the prediction of both breeding (BVs) 

and total genetic values (TGVs) (both generically referred to as genetic values-GVs) to guide breeding 

and deployment activities.  The TREEPLAN® system, its supporting database (DATAPLAN®) and 

allied tools provide the software framework for the analysis to take place and the results used.  Ongoing 

projects for the prediction of breeding values for Skogforsk’s Scots Pine and Norway Spruce breeding 

programs provide case studies on how integration can be done. 

Bio-economic models allow you to weight harvest age traits according to their economic importance.  

Models to weight different traits economically for the Skogforsk analyses have only so far been used to 

weight different seed orchard indices for pine according to the different proportions of site types likely to 

be present in the deployment zones for the orchards.  Otherwise subjective trait weighting has been used.  

Harvest age trait GVs can be predicted from measured trait GVs once estimates are available of the 

genetic variance of the harvest age traits, and their correlations with earlier measured traits.  Realised gain 

trials can also be used to help with such estimates.  Stand volume has been predicted for Skogforsk from 

tree health and size GVs for site types spread across 11 latitude and site harshness classes for pine, as well 

as up to 6 other form and wood quality traits for each species from early age measurements. Genetic 

values of measured traits can also be predicted using these same genetic correlations and appropriate 

models for the data in each of the trials in which the data has been collected.  The largest evaluation to 

date has analysed to 62 traits simultaneously on over 100,000 genotypes, although more genotypes have 

been analysed in other species with fewer traits.  Databases of genetic parameters (correlations and 

heritabilities) compiled for each species have allowed construction of inter-trait, -latitude, -site type, and –

age models of genetic correlations to allow the multivariate GV prediction.  These models are still under 

discussion and development as more correlation estimates are compiled.  Within site analyses have 

routinely used spatially augmented comprehensive design models to best account for within site variation.  

Final models for each site have used the modelled genetic correlations and heritability limits from the 

genetic parameter database to estimate all other significant fixed effects, variances and correlations for 

use in the combined model, as well as to eliminate data that does not fit the population genetic 

parameters.  The estimated additive genetic variance for each trait in each trial is used to standardise the 

data and, by allowing a separate error variance for each trait on each site, weight the data by its 

heritability.  A comprehensive probabilistic pedigree has allowed use of all families of the trial species in 

each trial, including bulks of various sorts, as well as the normal single pair, polymix and open pollinated 

families.  Clonally propagated genotypes of Norway Spruce have also been successfully integrated into 

the BV prediction. The BVs have been partially validated and used for grafting for future seed orchard 

establishment across both species. 

The project will enable integration of most of the knowledge and data in the species under study as it is 

processed.  Integrated analysis however requires a substantial commitment in resources to ensure that all 

of the data and meta-data is gathered, validated and analysed in a consistent way.  Once a critical mass of 

information is compiled and processed, routine breeding value evaluation can proceed smoothly, rapidly 

and incrementally as new data is collected and processed.  Major revision of the systems are only needed 

as the knowledge of the genetic architecture improves or new trait types are collected, requiring period 

revisions of the definitions of the measured and harvest age traits for which to predict genetic values.  

Integration of all data and GVs into a single database however also facilitates the easy implementation of 

management decisions, as well as the development of further tools to exploit the value in the 

comprehensive analyses that are carried out.  Modules for selection, mating and seed orchard design are 

currently under development and have been tested in a variety of situations. 
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Abstract 
 

Breeding value prediction when trials are diverse in age and genetic structure 
 

Dutkowski, GW1, Högberg, KA2, Stener, LG2, and Karlsson, B2 

 
1 PlantPlan Genetics, c/- School of Plant Science, University of Tasmania, Locked Bag 55, Hobart 

7001, Australia 
E-mail:  Greg.Dutkowski@plantplan.com  

2 Skogforsk (The Forestry Research Institute of Sweden), Ekebo 2250 
S-268 90 Svalöv, Sweden 

 
Breeding programs often have trials with genetic material of different pedigree type, parents 
with different selection histories, and sometimes clonal replication.  Integrated analysis to 
select superior genotypes within such diverse genetic material is possible if the additive 
relationship matrix is used to link genotypes by their pedigree, selection history is taken into 
account, different ages of measurement are accounted for, and repeated measures for cloned 
genotypes are used. A seed orchard established in southern Sweden with phenotypic plus tree 
selections of Norway Spruce (Picea abies L. (Karst)) from stands of western European origin 
was used for ten test experiments. Initial tests used seedlings from open-pollinated (OP) 
families from the orchard and random control-pollinated (CP) crosses between the parents. 
Based on early age growth and form measurements new crosses were made between elite 
parents and the resulting offspring cloned.  Early growth data from the clonal trials was 
combined with the early data and later growth measurements from the seedling trials. The 
data were adjusted using spatial analysis and standardised by an estimate of the additive 
standard deviation for each trait on each site, but the combined model allowed for different 
heritabilities on each site. Predictions of harvest age traits were based on an age:age 
correlation model for growth based on the Lambeth equation and a slight adverse correlation 
between growth and straightness. Of the best 100 genotypes on the index, two thirds came 
from the cloned genotypes, reflecting their selected parentage and higher breeding value 
accuracy, despite the lack of form and later age growth data.  Only one selection came from 
the open-pollinated material, and the rest came from the control-pollinated, uncloned 
material. The accuracy of the breeding values was highest for the parents, closely followed by 
the cloned CP offspring. The uncloned CP genotypes were less accurate, but still well ahead of 
the uncloned OP offspring.  
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Implementing wood quality traits in the Norwegian spruce breeding 
 

Arne Steffenrem 

Norwegian Forest and Landscape Institute 

 

 

Norway spruce (Picea abies L. Karst) is a tree species that produce high volumes of 

straight stems with beneficial wood properties suitable for structural wood. This makes 

it the most important commercial tree species in Norway. When presented for the 

possibilities of improving growth and biomass production further by breeding, many 

question the future quality of wood from the species. This is particularly important if 

rotations are shortened and regeneration costs are reduced by planting fewer trees per 

unit area. Wood strength and dimensional stability of sawn products might therefore 

limiting factors for the usefulness of the wood in the future.  

Our recent studies show that there are significant genetic variation in the 

microfibril angle (MfA), wood density, spiral grain, stem straightness and branch 

characteristics. We found strong indications of a positive genetic correlation between 

diameter growth and MfA. Further, the correlations between growth traits and branch 

diameter are positive and strong. Hence, MfA and branch diameter, together with wood 

density, falls into the group of traits that might be adversely affected if breeding efforts 

are made solely for higher biomass production. 

As a part of the strategic planning of tree breeding, a group of representatives 

from the forestry sector in Norway were recently invited to, among other issues; discuss 

the target traits in the breeding program. The major conclusions were that wood density 

and branch diameter already are at critical level for structural wood from the more 

fertile sites. This seems to be the case both in the lowland, at higher elevations and 

further north. It is therefore desirable to improve biomass production further, but not to 

such extent that wood density and branch diameter change significantly in a negative 

way. The genetic variation found for MfA, or the potential correlated response from 

selection for growth traits, does not justify implementation of this trait in the breeding 

program now. Wood density and branch diameter can potentially be controlled by closer 

spacing in the regenerations. However, the major impression is that the forest owners 

need regeneration materials that give them the option to choose silvicultural regimes 

independently of genetic materials used. 
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Genetic variation in Pinus sylvestris  resistance to natural infections of 
pine blister rust 
 
Torgny Persson 
Skogforsk 
SE-918 21 Sävar 
 
Scots pine has a genetic variation in resistance to pine blister rust (Cronartium 
flaccidum & Peridermium pini). There is currently widespread infection of the 
fungus in young pine stands in northern Sweden. An inventory in a progeny trial 
revealed large genetic differences: the progeny from the most resistant plus 
trees exhibited no damage at all, whereas 75ï100% of the progeny from the 
most susceptible plus trees were found to be infected. The estimated narrow-
sense heritability in pine blister resistance was 0.4 (±0.05) and the genetic 
correlation between pine blister rust and field survival/tree height was found to 
be weak and non-significant. 
Some of the plus trees in the trial were bred in the Klocke and Alvik pine seed 
orchards. To reduce the risk of future infection by the fungus, selective 
harvesting of cones from the most resistant plus trees in these orchards could 
be carried out. The genetic differences can also be used for long-term breeding 
for resistance to the fungus. 
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Genetic differences in Scots pine resistance to needle cast  

(Lophodermium seditiosum Minter, Staley & Millar) 

Aris Jansons, Una Neimane, Liga Jansone, Raitis Rieksts-Riekstins 

Forest Tree Breeding Project group, Latvian State Forest Research Institute „Silava” 

 

Needlecast may in future become a more frequent and severe problem in young forest 

plantations due to changes in climate and forest regeneration practice. Fungicides are 

prohibited in forest plantations; therefore other solutions must be assessed.  

Data from 3-5 year old open-pollinated progenies of Scots pine plus trees suggest, that 

degree of needlecast damages has a significant (α=0.001) effect on annual height 

increment and survival. 

Degree of resistance has a genetic component (h
2
=0.13-0.24), that is relative stable over 

two vegetation periods (family mean correlation rfam=0.77). Needle cast strengthen 

correlation between the family average three height in the beginning of vegetation 

period and height increment (first season rfam=0.49, second – rfam=0.89) suggesting a 

cumulative effect, when susceptible families fall behind in height growth.  

Genotype x environment interaction influences the resistance to the same extent as 

height growth: family mean correlation between two sites for tree height and for needle 

cast damage score rfam=0.43 

Families belonging to particular populations have significantly (α=0.05) less needlecast 

damages then families belonging to other. Degree of needlecast damage has no 

significant effect on survival and height increment of trees from more resistant 

populations, suggesting that population differences are not only related to susceptibility 

of this disease, but also to recovery rate after the damages. 
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Breeding trees for the future: needs for research and collaboration 
 
Katri Kärkkäinen 
Metla, Muhos Research Unit 
Kirkkosaarentie 7, 91500 Muhos Finland 
 
 
Research in traditional breeding objectives and practical tree breeding have so far produced 
detailed information on the heritable variation in tree height and diameter and branch angle, 
and fruitful results on the growth and quality of trees of artificially regenerated forests. 
However, tree breeders and forest geneticists are facing new demands: how to cope with 
changing needs of forest industry ς and with changing climate. To solve these questions, 
collaboration both in research and practical tree breeding will be needed. In my talk I will 
present some examples where future collaboration would be very fruitful and discuss the 
possibilities to fund such collaboration.   
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Conversion of production plantings to genetic trials by markers  
- does it work in practice? 
 
Ole K. Hansen, Forest & landscape, University of Copenhagen 
 
 

Traditional tree breeding has some drawbacks which include risk due to long time spans and in 

particular the very elaborate process of establishing field trials. Recently the idea of using DNA 

markers to make quasi field trials (QFT) has been introduced. The presentation is about this 

idea, why it could be a good idea, and it go though the practical steps in making QFT. As a case 

study, results will be presented from a study in a production stand of Abies nordmanniana 

Christmas trees, where the planting material originates from a clonal seed orchard (CSO) 

comprising 99 clones. A total of 660 offspring from the CSO were genotyped with 12 

microsatellites. Parentage analysis gave a success rate of 93% in assignment of parentage with 

95% confidence. The distribution of parentage to the offspring among the CSO clones was 

highly skewed, and only 92 of the 119 potential parental genotypes were assigned parentage. 

The obtained pedigree was used to estimate breeding values for the CSO clones for five 

characters which are relevant for Christmas tree breeding. For high heritability traits like 

flushing accurate breeding values could be estimated for a considerable fraction of the clones. 

Low heritability traits like Christmas tree quality score will require more genotyped offspring. 

The largest drawback of the method seems to be the highly skewed distribution of parentage 

among the parents in the seed orchards, making it difficult to get breeding values for all 

clones. The approach seems well suited for altered ways to conduct tree breeding and some of 

these will be discussed. 

 



17 
 

The Swedish spruce genomics initiative 

Pär Ingvarsson 

Umeå Plant Science Centre 

 

In this talk I will outline ongoing and planned activities in conifer genomics at Umeå 

Plant Science Centre (UPSC), primarily directed at establishing Norway spruce (Picea 

abies) as a third model system at UPSC and within the Umeå Centre for Forest 

Biotechnology. I will briefly outline the current technology platforms that are available 

and our plan for sequencing the Norway spruce genome in collaboration with 

researchers at KTH and KI. 
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Can genome sequencing help counteract root rot? 

J. STENLID  

Swedish University of Agricultural Sciences, Uppsala, SWEDEN 

Presenter’s E-mail: jan.stenlid@mykopat.slu.se  

Annosum root rot is one of the most devastating diseases in conifer forests. It is caused by the 
necrotrophic basidiomycete Heterobasidion annosum s.l. consisting of a species complex with 
partly overlapping geographic distributions and host ranges. Recently, the genome of H. 
annosum has been sequenced and annotated. The analysis of the gene content showed 
presence of the basic gene sets necessary for wood decomposition but revealed also several 
protein domain families with significant expansion in H. annosum in comparison with other 
basidiomycetes and plant pathogens that include candidates responsible for the specific life 
style of the fungus. We have constructed a genetic linkage map, recently transferred to the 
physical gene map, and identified several QTLs that are associated with e.g. pathogenicity, 
growth rate and fungal interactions, these also give candidate genes for host interactions. 
Transcriptome analysis indicate that coping with oxidative stress, producing secondary 
metabolites, degrading wood components and detoxifying host defence reactions are part of 
the arsenal activated in contact with living host tissue. Studies are on the way to silence or 
knock out candidate genes in the fungus to verify the importance of several of the indicated 
candidate genes. Transcriptome analysis of the host tree Pinus sylvestris indicate that response 
to pathogen presence is building up with time and includes cell death, induction of 
phenolpropanoid pathway and induction of antimicrobial proteins. 
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BREEDING WITHOUT BREEDING: CONCEPT AND APPLICATIONS 

 
 

Yousry A. El-Kassaby 
Faculty of Forestry, University of British Columbia, Vancouver, BC, Canada 

 
 

Traditional tree improvement programs start with deliberate phenotypic selection of 
candidate trees followed by rounds of recurrent selection characterized by cumulative 
incremental gain advancements.  While effective, the process is elaborate, quantitatively 
oriented, and follows sophisticated breeding theories.  Breeding and testing start with the 
selection of pre-determined mating designs, requiring years to complete and often is not error 
free, followed by experimentally elaborate, large scale, multiple sites field testing.  This 
process is costly, takes long time to complete, and most of all, requires sustained 
organizational commitments for its continuation.  Here I present an innovative approach that 
allows the capture of the genetic gain attained through conventional tree improvement 
programs without conducting any crosses and with simplified or possibly without the 
ŜǎǘŀōƭƛǎƘƳŜƴǘ ƻŦ ǇǊƻƎŜƴȅ ǘŜǎǘ ǘǊƛŀƭǎΦ  ¢ƘŜ ƳŜǘƘƻŘ ƛǎ ŎŀƭƭŜŘ άBreeding Without BǊŜŜŘƛƴƎέ ŀƴŘ ƛǎ 
based on combining the use of phenotypic pre-selection of better individuals, spatial statistics, 
informative DNA markers for pedigree reconstruction to assemble full- and half-sib families 
after wind pollination, and quantitative genetics analyses to identify elite genotypes for seed 
ƻǊŎƘŀǊŘǎ ŜǎǘŀōƭƛǎƘƳŜƴǘΦ  .².Ωǎ ǇƻǘŜƴǘƛŀƭ ŀƴŘ ŀǇǇƭƛŎŀōƛƭƛǘȅ ƛǎ ƛƭƭǳǎǘǊŀǘŜŘ ǘƘǊƻǳƎƘ ŀ 
retrospeŎǘƛǾŜ ǎǘǳŘȅ ƻŦ ŀ άŎƻƴǾŜƴǘƛƻƴŀƭέ 5ƻǳƎƭŀǎ-fir breeding program as well as two 
experimental trials on yellow-ŎŜŘŀǊ ŀƴŘ ǿŜǎǘŜǊƴ ƭŀǊŎƘΦ  wŜǎǳƭǘǎ ŘŜƳƻƴǎǘǊŀǘŜŘ ǘƘŜ ƳŜǘƘƻŘΩǎ 
effectiveness in capturing substantial amount of the genetic gain with relatively minimal 
efforts and allowed the development of a framework for its utility as an alternative to 
conventional breeding programs.  Finally, theoretical consideration pertaining to maximizing 
the method effectiveness without compromising the derived parameters accuracy and 
precision will be discussed. 
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There is growing concern that climate change will have negative impacts on forest productivity 

and forestry. In a meeting in Island, the Council of Nordic Ministers recently (2008) formulated 

statements in the so-called Selfoss-declaration, emphasizing tree breeding as an important 

management activity to counteract possible mal-adaptation in forest regeneration material (e.g. 

the changed climate may favour tree pathogens, or may cause frost injury in autumn, winter and 

spring). Moreover, to mitigate CO2 emissions from fossil fuels, the Norwegian government 

intends to increase forest biomass production, and it points out that forest tree breeding is a 

policy instrument to increase biomass in future forests (St.meld.nr.39). The use of current seed 

orchard seeds can surely increase forest growth and biomass. So, how could we optimize long 

term breeding to reduce risk of mal-adaptation and increase forest productivity even more in the 

future?  

 

Bud phenology, especially the late start of growth in the spring, is one of the most important 

traits to breed for, and probably the easiest to handle, due to the high heritability found for 

timing of bud break. Late growth starters tend lack a second flush, and exhibit less exterior stem 

defects. Delayed bud break reduces the risk of injury from late spring frosts, especially if 

warmer spells during winter and early spring will advance the growth start in future climates. 

The genetic testing for forward selection must include field trials, where the sites are placed 

over a wider gradient than we deploy today, and each family member should be cloned by 

vegetative propagation to reduce error of estimated breeding values. We need to identify and 

use those clones that perform generally well over sites (select for high phenotypic stability). 

Growth is expected to increase due to the elevated temperature and increased nitrogen 

depositions. The most productive sites, 50 - 100 years from now, could be located at higher 

elevation and farther north than today. The environmental influence on volume (increased 

temperature and rainfall), will probably force us to priorities acceptable to good wood quality 

before high volume production in breeding. Because of the negative genetic correlation between 

wood density and volume growth, we need to increase the number of candidate parents to select 

from, to put together the founders, which combine genetically improved wood density and good 

growth in future breeding populations. Alternatively, we could plant improved material at closer 

spacing to counteract the genetic propensity of fast growers to yield lower wood density. This 

will, however, increase the need for more thinning, and thereby inflate costs. If we also want to 

increase resistance to pathogens, like the devastating white-rot root fungus (Heterobasidion 

parviporum), we need to screen quite a number of genotypes to identify those parents that 

combine all the important traits we want to breed for. If we, however; join forces in northern 

Europe, to create a common founder generation, from old and new screening of the numerous 

putative parents that have been, or are being achieved, we could better fulfil the goal to combine 

more traits in future breeding. By placing seed orchard at warmer sites than is currently present 

in the intended plantation zones, we could in addition, actively and deliberately, use the 

epigenetic memory that influences the timing of bud phenology and frost hardiness in a 

beneficial way.  A warmer seed orchard site delays especially the timing of bud burst in the 

spring among progenies, and our test data indicate that this practise is beneficial for growth, 

stem quality and survival.        
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NOVELTREE: Novel Tree Breeding Strategies 
FP7- KBBE-211868 

Bengt Andersson 
Skogforsk 

NOVELTREE is a large collaborative project on novel and improved forest tree breeding 
strategies (2008-2011) which involved 14 partners from Belgium, Finland, France, Italy, Spain, 
Sweden and United Kingdom. 

NovelTree is designed to enable significant genetic improvement of tree characteristics and 
forest products properties to satisfy the needs (quality, quantity, sustainability, vulnerability) 
of the forest-based sector and consumers. The challenges facing forest geneticists and tree 
breeders include recognition of changing demands on forests for a wider range of high value 
forest products and sustainability of forest ecosystems under climate change. 

NovelTree will provide a list of morphological and physiological traits relevant as selection 
criteria for pest tolerance, sustainable biomass production, wood properties for present and 
future use and plastic response to climate change. Efforts will be put on identification of 
functional allelic polymorphisms for a suite of traits of interest thanks to a post-genomics 
approach. Concomitantly, the project will participate to the development of high throughput 
phenotyping and genotyping tools in collaboration with EVOLTREE NoE and other FP7 projects. 
These new tools will allow earlier genetic evaluation, higher selection intensity, increased 
accuracy in genetic prediction and better monitoring of genetic diversity along generations. 
Novel and improved breeding strategies integrating phenotypic and genotypic information will 
be proposed. Demonstration of their efficiency will focus on model tree species of high 
economic importance in different European regions: Maritime Pine, Scots Pine, Spruce, and 
Poplar. Support decision tools will be made accessible to tree breeders and forest owners for 
optimal deployment of improved genetic stocks in both prevailing and future climate, and 
under risk of pest and disease attacks. NovelTree project will also provide training in emerging 
technologies in connection with on-going European projects, disseminate the results to 
different publics and transfer technology to the Forest-based sector. 

First results obtained during the first year of the project are available on noveltree website : 
www.noveltree.eu 

http://www.noveltree.eu/
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Can we breed against Ash die-back? Options and limitations. 
Erik Dahl Kjær, Lene Rostgaard Nielsen, Lea Vig McKinney, Iben Thomsen and Jon Kehlet 
Hansen 
  
The health of Fraxinus excelsior L. has decreased seriously in Scandinavia and several European 
countries during the last few years. Evidence points toward the fungus Chalara fraxinea as the 
causing agent, spreading across the forests and landscapes. We present results regarding the 
presence of genetic resistance in natural ash populations based on assessments of clonal and 
progeny trials in Denmark. The data originates from a clonal trial (40 clones tested at two sites) 
studied 2007-2009, and a progeny trials (101 half sib families tested at two sites) studied 2005-
2009. We find high frequency of genotypes exhibiting sever symptoms, but also a low 
frequency genotypes that exhibit significantly less symptoms. Based on these very early 
findings in Denmark, we quantify likely levels of genetic variation in resistance and its 
interaction with environmental factors. Finally, we discuss the implications and limitations for 
operational breeding against the novel disease.  
 


