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Boreal forests in the Nordics

• Sweden has about 28 Million ha of forest land, of 
which 25% is set aside for conservation purposes.

• A large part is private family forestry (Sweden 
50%).

• The managed forest is semi-natural with mainly 
domestic tree species.

• Regeneration is done mainly by planting, 
complemented with natural seeding. Rotation is 
60-120 years.

• Total annual growth is 120 Million m3 

(approximately 5 m3/ha).
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Boreal forests in the Nordics
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Through efficient forest techniques standing 

volume of wood in Sweden has doubled over the 

last 100 years.



Eucalyptus plantations in the South
Veracel

• Veracel owns 213 500 hectares of land 

− 50% is used for eucalyptus plantations and  

50% for conservation. Restores some 400 ha of 

local rainforest every year.

• Tree farmer’s program. Approximately 74 FSC and 

PEFC certified tree farmers, plantation area 

approximately 20 000 ha.

• Growth of eucalyptus clones is about 40 

m3ub/ha/year (7-year rotation).

• Harvesting is 3.7 million m3/year.
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Eucalyptus plantations in the South 
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Through efficient forest techniques mean 

annual increment of wood in eucalyptus 

plantations has doubled over the last  50 years.



Sustainable intensification
is driven by innovations

• Genetics
− Increased yield per ha through big data and 

biotechnology tools in breeding and optimised
cloning strategies.

• Silviculture and harvesting
− Increased yield and biodiversity per ha through 

digitalisation and big data (e.g. high resolution 
landscape information and precision forestry, 
automatisation).

• Wood and fibre-based materials
− Decreased carbon footprint through innovative 

products leading to substitution effects (replace 
fossil-based materials with renewable materials) 
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• The business model

- The forest industry benefits 

from a high availability of 

wood to secure wood supply. 

- Therefore the general 

business model of forest 

industry is to transfer 

technologies (in different kind 

of structures) to smallholders 

to promote wood production. 



Breeding is a key technology to supply our planet 
with food and feedstock

• Through controlled crossings of selected

parents, and selection of superior

progeny, genetic gain can be achieved

over time.

• The speed of tree breeding is suffering

from long generation times
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Genomic selection will speed up  traditional 
breeding
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Measure property of interest in 

progeny trial

DNA fingerprint of each individual 

progeny

Prediction modell for

the property of interest

Genomic Selection based

on DNA fingerprinting and

the prediction model

Nature Biotechnology 2011, 29: 138-139 (modified)



Cloning – picking the raisins from the cake
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Best individuals from a seed lot

• Clonal forestry requires a method for efficient and cheap propagation to produce millions of plants

• Eucalyptus is relatively easy

• Nordic conifers are more difficult

Clones

Seedling deployment Clonal deployment



Mutations in the DNA during breeding can give
gain in big steps
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Much of our staplefood is a result of mutations during breeding.

https://www.google.se/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCO2Vjsicq8cCFUWRcgodJBsMxQ&url=https://sites.google.com/site/selectivebreedingofplants/&ei=iULPVa2tEsWiygOktrCoDA&bvm=bv.99804247,d.bGQ&psig=AFQjCNFIPhk6zFLeCCmCw2X45-ZiFlFwIA&ust=1439732703135326


Mutation breeding  through chemicals or 
irradiation 
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... results in properties not found in nature



Breeding through Genetic Engineering– GMOs

• Mutations based on knowledge rather than by chance

• Genes with known function are added to the plant DNA using biotechnology tools (GMO)

• Any property can be engineered, and new properties can be introduced, if the gene is 
known
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BT-technology

Bacillus Thuringensis produce proteins with 

high specific toxicity to certain insects. BT 

protein is commonly used as a  natural 

insecticide by spraying.

The  gene producing the protein have been 

identified, introduced to crops to make them  

resistance against specific insects. Use of 

chemical insecticides is reduced



CRISPR-Cas  - a breakthrough technology that 
opens up additional dimensions

• New breeding technology that enables high precision editing of the DNA.

• Can mimic natural mutations, and in many cases engineered plant can not be 
differed from “natural” plants. 

• Gene editing is not considered as a GMO in, for example, US and Brazil, but 
it is in Europe.

• Applications using CRISP-Cas are developing fast in all biology related fields.
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Clone 
development

Clonal forestry – Use only best individuals, 

increase gain per breeding cycle.

Genetic 
engineering

Genetic engineering –potential gain in big 

steps, and gain different from traditional 

breeding. Could be critical to mitigate 

adverse climate effects and secure wood 

supply for future needs.
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Traditional breeding – increase gain over time. 
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Genomic selection – very early selection of 

best parents and best clones. Increase speed 

of traditional breeding.

Genomic
selection

Breeding tools are complementary



Breeding in Nordic forests – where are we?

• Traditional breeding programs for spruce and pine in Sweden 
and Finland are well developed and well organised, and have 
advanced several  generation despite long generation times

• The breeding is executed by research institutes on a National 
level, co-financed by state and industries. 

• Genomic selection is being developed in Sweden in a 
collaboration between academy and institutes.

• Clonal forestry is not practiced, but being developed through 
innovations in  Somatic Embryogenesis in collaboration 
between SME, industries and institutes. 

• Tools and know-how for genetic engineering is mainly being 
developed in the academy  
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Sweden has 22 breeding populations to 

cover for different climatic conditions



Breeding of eucalyptus– where are we?

• Tree improvement programs are normally run within 
companies, but national and international co-op programs does 
also exist.

• Modern breeding including biotechnology tools has a lot of 
potential. Much of the focus up to now has been on clone 
selection, much less on breeding.

• Genomic selection tools have been developed in research 
institutes and is currently implemented and evaluated within 
some companies.

• Genetic engineering in Eucalyptus for deployment has been 
pioneered by few forest companies. A lot of know how is 
created in the public sector using “easy to work with” model 
species, such as Populus sp. 
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Breeding trial in Stora Enso 

Guangxi



Summary

1. Digitalisation and “Big Data” will provide opportunities in all 
aspects of sustainable intensification in forestry, from breeding 
technologies, to silviculture and planning /harvesting 
technologies.

2. An increased awareness about benefits with renewable and 
sustainable materials will increase wood demand. It is therefore 
within the interest of the industry to transfer all kind of forest 
technologies to smallholders, both in the Nordics and in the 
South.

3. Full use of biotechnology tools in breeding programs will become 
increasingly critical over time to produce more per land unit, and  
to meet adverse consequences of rapid climate change.
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Key question…

… is it wise to ban a technology as 
such, or would it be wiser to risk 
evaluate each of the products that 
emerge from the technology?

• Traditional breeding

− Relies on recombination and random mutations. 

− Do not require knowledge about gene function, or what genetic
modifications that has occurred. 

− Not regulated. 

• Mutation breeding

− Relies on enhanced random mutations.

− Do not require knowledge about gene function, or what genetic
modifications that has occurred. 

− Not regulated

• Genetic engineering

− Relies on knowledge about genes and genome function.  

− Regulated. 
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Thank You


