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Current Swedish long-term breeding, biological

· Combines improvement and conservation (thus reduced need of gene conservation)

· Does not loose rare alleles (BP(1000 for pine and spruce)

· Does not accumulate much inbreeding

· In principle balanced (parents rather equally represented in offspring)

· Divided in environmentally (heat and light) separately targeted subpopulations (BP=50 each). 24 for pine and 22 for spruce

· Targeted environments wider than needed by current forestry - a way to prepare for environmental change

· Some flexibility within subpopulations

· Controlled crosses (thus known fathers in BP)

· Double pair mating, usually one selection per cross (2 per parent) to replace the breeding population

· Testing of genotypes in a family before selection (often 1 per family) for breeding population

· For pine mainly progeny testing for spruce mainly clonal testing

· Sustainable 

· Elite BP thought of, but never implemented

· Much thought; good and available documentation produced continuously

Current Swedish tree improvement, organisational

· Organised in a single organisation for major forest species (SkogForsk). It does not own seed orchards and manage few. It is controlled by forestry. It has an advisory board (RGF).

· Financial backing from land-owners, the government and "föreningen". Land-owner’s (forestry) support is rather strong

· Share of resources about 40% Norway spruce; 30% Scots pine;  9%_lodgepole pine; 6% birch, 15% others. Plants produced are more dominated by Norway spruce and Scots pine.
· Seed orchard ownership under privatisation since 1990, now diverse: private forest companies 1/3; former state company under privatisation (Assi-Domän) 1/5; plant production unit (Svenska Skogsplant; earlier government) 2/5
· Several seed orchards jointly owned by several organisations, probably less joint in future as no governmental funding. Joint ownership has advantages in management, but delays establishment and reduces the genetic level.
· Certification schemes mainly EU standards, also OECD. Skogsstyrelsen approves basic materials (e.g. seed orchards). Main difficulty: a certain stiffness (e.g. selective harvesting small lots) and uncertainty (investment in seed orchard two decades before approval of seeds).
First Batch

· Plus trees were selected in the forests 1950-60 (1300 pines)

· Old trees in mature, natural forest, accurate selection

· Grafted and used in seed orchards

· Today (2000) 80% of Scots pine and 20% of Norway spruce plants come from such orchards, this share is increasing

· To continue, the clones were controlled crossed in seed orchards. Large families and many families (many mates) per crosses

Negative lessons from first batch

· Too much accuracy in the actual plus-tree selection (it is anyway not efficient)

· It takes too long time to get progeny by controlled cross in seed orchards!

· Better collect wind-pollinated progeny immediately! (than waiting for crosses in seed orchards)

· Too large families

· Too many progeny-tests on abandoned farmland

· Few unrelated forward selections from good parents possible, thus too little forward selection!

· Breeding population numbers (=number of parents) is more important than accuracy! Keep it large!

· Administrative delays took too long time (waiting for discussion, final decisions, funding, three year grants, reorganisations, complete crossings, evaluation and documented results). Make operation smooth without interruptions. 

· Too diffuse, unsystematic and few thoughts on exactly how and when to continue.

· Thus recommendation: THINK long term ahead!

· Spend much effort on discussing what happens some generations ahead!

· Many hybrid seed orchards were established (provenance hybrids of Norway spruce, species hybrids of larch), few functioned satisfactory and no has a considerable impact on forestry today.

· Genetic thinning was initially planned but not always executed (the results came too late)

· Too much influence from other types of breeding (agriculture is most different, animal somewhat different)

· Pollen contamination and “after effects” meant that seed orchard material was used too far to the north, which increased mortality and harmed reputation.

· Too much attention on pine and too little on spruce (Swedish consideration)

Positive effects from first batch

· We do have large, mature and scientifically informative progeny tests, maybe we now have more old, relevant and well documented experimental material than anywhere else. This has given and can give us and others much information of basic value for future breeding of forest trees.

· We have had a continuous program since long time and can still benefit from the old batch breeding material.

· We do have a staff of experienced and well-trained people.

· We have much experience on the management of grafted orchards.

· Seed orchard seeds are physiologically better and give more uniform nursery crops. This advantage alone would justify the program.

· Sweden got a type of secured funding by “the Association for forest tree breeding” (since 1953, now a capital exceeding 30 M$).

· Almost half of Sweden’s plantings the last decade is with seed orchard material and half with tested provenances. These actions add 5-10 % to future forest production. This benefit alone is probably worth hundred fold the investment.

Second Batch

· A new batch of seed orchards, financed by a silvicultural landvalue-based tax, was initiated 1980, governmental support ended 1992(99).

· At that time, the results of crosses from the first batch were not regarded as mature and the breeding population was regarded too small. Selecting younger trees in plantations was thought to be more effective.

· A second batch of plus tree selections 1980-1990. Selections in plantations at 1/3 of rotation time, wind-pollinated progeny, some early test for growth rhythm in the north. 

· Seed orchards established 1984-1999. Grafts were placed in archives and seed orchards. 

· Mating in archives now takes place for long-term breeding. Also the best of the old plus tree batch is reselected and mated.

· Still insignificant amounts of seeds from second batch seed orchards.

· Now Sweden is starting to plan the third stage of seed orchards (before the second has produced seeds).
Some general experiences

· Specific combining ability seldom large; 

· Additive inheritance important;

· Edaphic or management G*E interactions seldom important;

· Heritability in Sweden often rather low (0.05-0.10);

· Early test for growth unreliable;

· Pollen contamination is a large problem (up to 50% of pollen is not from orchard sources);

· Swedish forestry undergraduates have been and are uninterested in Forest Genetics.
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