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NOTES ON THE HISTORY AND ORGANISATION OF FOREST GENETICS AND FOREST TREE BREEDING IN SWEDEN

Dag Lindgren, Institutionen för skoglig genetik och växtfysiologi,  Sveriges lantbruksuniversitet, SE-901 83 UMEÅ, Sweden.

Early history
There are some examples of early interest and good work in forest genetics. Much of it has not been recognised because of language barriers, e.g. work by the Japanese as early as 1300 primarily done on the genus Cryptomeria (Toda 1980). In later history Swedes were among the pioneers, but work by many others, e.g. in Australia, Germany and southern US, deserves to attention.

The early emphasis was usually on provenance variation. The interest then moved to use of genetics in forest management – the Swedes were primarily in this development. The work by Andersson and others in Sweden led to the applied programs, which inspired large applied programs in e.g. Southern United States, coordinated from Texas, North Carolina and Florida.

The provenance question has been discussed for several hundred years (Langlet 1971). One example of this is that the use of foreign seeds of pine and spruce was banned on crown land in 1882, based on bad experience with Scots pine seed imported from Germany. In the same time a tax was introduced on imported seeds, thus Sweden now has a reliable historic statistics on seed import for more than a century.

In the end of the 19th century Örtenblad proved the existence of races of Scots pine with different origins. He warned against the practice of getting seed from wherever it was easiest (coastal areas, around communities) and argued for collection of seed from well-growing healthy trees to get positive selection. He pointed out that it would be surprising if the same pine seeds were the best for swampland and for extremely dry sites. He emphasised the need for a research organisation and a professorship for investigating the laws of heredity in forest trees. Thus the need for research in Forest Genetics was one of the reasons for establishing "Statens skogsforskningsinstitut" in 1902. However, a professor was not appointed until 1948. Before that, the genetic research was carried out at Skogsbotaniska avdelningen.

During the decades following 1902 (note that the rediscovery of Mendel's laws 1901 may play a role here) there was considerable activity in forest genetics including its utilization in forest management and discussions about plus tree selection, plus stands, seed collection areas, artificial crosses and the relationship between heredity and the environment. Besides Örtenblad; Gunnar Andersson, Maas, Hesselman and Sylvén could be mentioned. "Types" of trees under strict genetic control were identified. Sylvén made self-pollinated crosses of pine and spruce in 1908. The spruce experiment was planted at Åkersberga, and has demonstrated the disastrous effects of selfing in regard to production in mature stands. One of the first documented suggestions to use clonal forestry as a general system for conifer propagation was made by Gunnar Andersson in 1906.

Shotte and Wibeck made seed collections of Scots pine in 1909 with the aim of investigating how far south it was possible to collect seeds for use in northern Sweden. These provenance trials, which still are followed, gave the basic ideas for the transfer rule of today - the survival of southern Scots pine seed sources is unacceptably low, and one of the main causes of death is infection with Phasidium infestans.

The provenance research continued without interruption until 2000 (by Eneroth, Langlet, Eiche, Kiellander and Persson) but the other more genetic activities declined until 1935, when interest was suddenly reawakened. With the death of Anders Persson 1999, the provenance research period in the Swedish Forestry can be said to be brought to and end.

Langlet (1936) studied dry weight in Pinus sylvestris seedlings from 580 origins. He found that it was closely correlated with the length of the growing season at the place of origin and varied continuously. There was a hot debate with Turesson, who had coined the ecotype concept. Related to this Langlet and Jonathan Wright carried on a long polemic in Silvae Genetica about clinal variation in Scotch Pine, with a certain amount of humor. One of the missives was titled "A cline or not a cline, that is the question".  Despite the objections, Langlet's study still constitutes one of the most thorough and convincing demonstrations of genetically controlled continuous variation in plants.

The Swedish role in forest genetics on the international arena before the war is evident. In a table about some of the early forest geneticists presented by Zobel and Talbert (1984 p3), 6 out of 26 references are to Swedish work. However, there was pioneering work in many countries. The first Institute of Forest Tree Breeding was founded in the US; "Eddy Tree Breeding Station" was created in 1925 and located at Placerville in California. It focused mainly on hybridisation.

In 1935 the plant breeder Herman Nilsson-Ehle detected that a giant aspen with big leaves was a triploid. This convincingly demonstrated that genetic factors could have an impressive effect on yield of forest trees. The original triploid aspen itself still exists as well as several copies on different places. Although there are triploids among selected and tested aspen or hybrid aspen clones, the use of artificial triploid material has not become economically awarding or practical used.

At the initiative of Nilsson-Ehle and Sylvén "Föreningen för förädling av skogsträd" was founded in 1936 and an Institute was built at Ekebo (1939). Nilsson-Ehle was a remarkable entrepreneur in institution building in Swedish Science; more about this can be read in Bengt-Olle Bengtsson (1999) "Genetik och Politik". 

Another organisation "Sällskapet för praktisk skogsträdsförädling" was organized in 1941 by some forestry companies in Northern and Central Sweden with first Lindqvist and later Arnborg as the head. Emphasis was on the classification of stands as seed sources and later plus tree selection. In 1949 a seed supply plan for Gävleborg county was presented. Kratte Masugn became an important place of activity. “Sällskapet” seems to have had a more direct influence on forest genetics as it looks today than the first “föreningen”.
The idea of grafted seed orchards was being pushed in other countries, like Syrach Larsen in Denmark and in Australia, and was advocated (first official mentioning 1943) and used on a pilot scale by Holger Jensen (Ramlösa plantskola). Plus tree selection and establishment of seed orchards began on a small scale, the first real seed orchard was established 1947 in Värmland.

In 1946 the parliament agreed to the founding of a "Department of Forest Genetics", and 1948 (half a century after the suggestion by Örtenblad), Åke Gustafsson was installed as a professor. Olof Langlet continued the work on provenance research in this department. Seed Research was an important area of research in the Department (Milan Simak) but at the end of 60's it was transferred to the Department of Regeneration and later to Department of Silviculture.

To co-ordinate activities, "Samarbetsnämnden för skoglig växtförädling och genetik" was organized in 1949:. Enar Andersson was employed by that committee, in co-operation with the National Board of Forestry, to lead plus tree selection and seed orchard establishment, and got an influential position from this platform. This body was important till 1959, but when faded away after the formation of "föreningen för skogsträdsförädling".

Sweden at the forest genetics frontier 1936- 1960
Bertil Lindqvist (the first director of “Sällskapet”) wrote the first real text-book on Forest Genetics in 1946, which received considerable attention abroad. It was translated into English, German, Japanese, Czech and many other languages. For example, forest managers in industry in the southern US read Lindqvist’s book. He pointed out that the previous practice of cutting the best trees had led to a genetic degeneration. He favoured inventory of the forest to identify areas with genetically good trees suitable for seed collection. He suggested plus tree selection and seed orchards.

In the decades following World War II Swedes were in the forefront of Forest Genetics (the leading names were Åke Gustafsson, Helge Johnsson and Enar Andersson). Even if there had been some interest before 1940 in other countries, like Germany and southern US, this was disorganized by the war in many places. In 1950 Sweden was almost the only place with a well-organised program, which also become known because of Lindquist’s book. That played an important role as an example and inspiration for others. There was a literal explosion of activities in the early 1950s in a number of countries, including both applied and fundamental aspects. As an example of the importance of the "Swedish Model" a passage from the still more than two decades after its publication may be the most used tree improvement text book by Zobel and Talbert (1984 p 5) is cited (in a slightly modified way following personal communication with Zobel): "It is of interest how three different incidents triggered the establishment of large, well-organised, and adequately financed tree improvement programs in the south-eastern United States over 30 years ago. The first was the publication in 1948 of a book on forest genetics by Bertil Lindquist of the Göteborg Botanical Garden in Sweden. The book was translated into English and was circulated widely among foresters in the southern United States. It was written in a manner that caught the interest of foresters, and from it many obtained their first insights into the use of genetics in forest trees. Another major influence was a series of lectures on crop breeding given in Texas by Åke Gustafsson of the Royal College of Forestry in Stockholm. In one lecture on forest genetics he predicted that trees would respond to genetic manipulation and urged that tree breeding be incorporated into silviculture. The head of Texas A&M University, the governor of Texas and the head of Texas Forest Service attended. Direct from this the Texas Tree Improvement program under Bruce Zobel was initiated. The third influence was a series of articles on tree breeding that were published in newspapers in Texas as a result of Gustafsson's lectures. The articles resulted in a government and industry campaign to raise money for a program of applied tree improvement."

The same story is repeated by van Buijtenen (2002) opening a description of the Texas tree improvement program at its 50th anniversary: “The crucial event in the origin of the Texas Forest Service Tree Improvement program was a visit to Texas by the famous Swedish geneticist Åke Gustafsson in 1950. He gave an inspirational talk on crop and tree breeding in Houston, which was attended by a number of industry leaders, the director of the Texas Forest Service, and the governor of the state. As a result of this presentation, the decision was made that the state would undertake such a program through the auspices of the Texas Forest Service.”

Trees grow slowly in Sweden, and many other countries have found investments in Forest Genetics and Tree Breeding profitable. Thus, Sweden is no longer one of a few examples, but only one among many. Still, mature field trials may have the potential to constitute a competitive advantage for Sweden in the science of Forest Genetics. Even if rotation time in forestry is much lower in other countries, the difference is less dramatic and less important when long-term breeding is considered.

International seed exchange
Unlike agriculture, and despite early initiatives, foresters a century ago paid little attention to the importance of provenance. The lack became obvious when forest practitioners increasingly required vigorous plants and trees well adapted to site. The 1926 World Forestry Congress in Rome suggested that forest experiment stations include forest genetics in their work programmes and carry out further experiments on different provenances of tree species. The idea was well received, and at the IUFRO Congress in Stockholm in 1929, the first steps towards an international seed exchange programme were taken. The seeds would be collected and handled in the respective countries in accordance with standardised rules, and the results of experiments should be comparable.

Another suggestion of the 1926 World Forestry Congress was also accepted, i.e. to establish a centre for forest seed exchange. The task was assigned to the Secretariat in Stockholm. The exchange was lively, even during the Second World War when international contacts were cut and IUFRO was reduced to just its Secretariat in Sweden. Petrini, in the annual report for 1943, states that the collection of seeds for international larch provenance trials in Germany, Switzerland, Italy, Denmark, Finland, Poland, Czechoslovakia, Sweden and Scotland had been completed and that interested members "had already been asked in May to submit their orders".

Nordic cooperation

Annual Nordic forest geneticists/tree breeders meetings have been a tradition since the 50ies, starting with provenance research and seed procurement and later organized as “management of genetic resources of Trees.” The last meetings were in Finland (2001), Scotland (2002), Iceland (2003), Denmark (2004) and Russia (2005). The Nordic group has now reorganized as GeneCAR (http://www.nordicgenecar.org/).

Reorganisations, continued expansion and moving around 1970 - 1995
The private organizations were amalgamated in 1959 to "Föreningen för Skogsträdsförädling" and later (1967) transformed into "Institutet för Skogsförbättring". Andren (1992) descibes:
År 1959 genomfördes en omorganisation av skogsträdsförädlingen. Föreningen för växtförädling av Skogsträd med huvudkontor och försöksstation i Skåne (Ekebo) och med försöksstationer i Brunsberg (Värmland) och i Sundmo (Ångermanland) sammanslogs med Sällskapet för Praktisk Skogsträdsförädling. Den nya föreningen, Föreningen för Skogsträdsförädling, erhöll av Kungl Maj:t från skogsvårdsfonden 10 milj kr, varav 8 milj kor skulle vara ett grundkapital, vars avkastning skulle disponeras för bestridande av de med den nya föreningens verksamhet förenade kostnaderna. Återstående 2 milj kr skulle disponeras för avkommeprövning av plantagefrö och frö från plantagemoderträd....

When “Institutet” was organized 1967 “föreningen” was expected to pay 20 % of the costs. The breeders should work in close cooperation with Skogshögskolan.
The Department of Forest Genetics in Stockholm grew rapidly. In 1950 an experimental area of 525 hectares in Bogesund (Röskär) 30 km north-east of STOCKHOLM became available. A situation had occurred that allowed Forest Research to take over the estate. The land had lain waste, and was expropriated by the government according to a law specially made for this situation (lex Bogesund). However, no one knew how to use this land after expropriation, and a request to use it for Forest Research was granted. Today there are a considerable number of experiments and clonal archives in that area, although the location has lost its status as "försökspark". A new institutional building was inaugurated in 1956 and enlarged in 1970. To facilitate cooperation a considerable part of "Skogsförbättring" was also accommodated in the extension, having moved from their earlier offices in Uppsala. (Some months later they had to start planning their return to Uppsala.) A large controlled climate installation, a so-called phytotron, was ready for use in 1964 (this installation was replaced by an installation in Uppsala in the 90s).

In 1970, "Delegationen för lokalisering av statlig verksamhet" suggested moving the Royal College of Forestry from Stockholm to Umeå. What actually happened was that a Faculty of Forestry was created, which got three major campuses in different parts of the country. The installations in Stockholm have been completely abandoned. The consequences of these moves have had a considerable impact of the organisation of Forest Genetics Research, it multiplied by division during a decade. The staff was spread out geographically to Umeå, Garpenberg, Uppsala and Stockholm and the organisation was split into three departments within the faculty of forestry.  "Institutet för skogsförbättring" moved its staff from Stockholm back to Uppsala. The former "Royal College of Forestry" had an organisational transfer (1978) to a "Faculty of Forestry" within the "Swedish University of Agricultural Sciences". One advantage of moving was that new buildings and equipment were generously supplied. 

The state and forest interests together developed the Institute for Forest Improvement in 1967, which then took over the earlier activities of the private organisations with the addition of forest fertilisation.  This organisation was 1992 amalgamated with another organisation (Skogsarbeten) into "The Forest Research Institute of Sweden" (SkogForsk).

Shrinking, 1995 - 2006
Since 1995, forest genetic research at the University (SLU) has been drastically reduced. Before 1995 SLU had a group at Garpenberg (deceased Anders Persson, Erik G Ståhl and collaborators) working with provenance research, wood quality aspects and the interface genetics- silviculture. The professor in provenance research and the adjacent group has not been replaced.
Gösta Eriksson (professor in progeny testing) retired 2000, and was not replaced. Thus, the number of professors has been reduced from three to one (Dag Lindgren, professor in forest genetics). The molecular population genetics lab at Umeå was closed down 2001 (the story is currently available in another file at my web), but rebuilding started 2004. Other vacancies created by retirements were not filled, senior scientists were fired. Three PhDs in forest genetics was fired 2005. Scientists left the departments because they did not feel sufficiently supported or the possibilities for future employment slim, the external funding to forest genetics was drastically reduced. A "research school for forest genetics and breeding" (http://resschool.slu.se/) started operations 2004. Forest Genetics and Plant Physiology got two new assistant professors. This was however not sufficient to break the decreasing trend  The decrease in staff since 1995 to 2005 is somewhat more than 60%.

In the same time a type of “forest genetic” research, which is done by plant physiologists and studies genetic control mechanisms and can be described as biotechnology or molecular biology was widely expanded on the cost of genetics mainly concerned with genetic variation which is what those who identify themselves as geneticists usually have in focus. 
SkogForsk’s activities 2001-2004 was evaluated by an international expert panel appointed by FORMAS (Swedish Research Council, the evaluation is part of material collected for a new Framework funding 2005-2008). I cite: "The expert panel is very clear that the objectives of the current Framework Program are being met to a high standard and that this area of the work is organized well with the appropriate collaborations".... "The research area is to be congratulated on a very significant achievement... The expert panel considers the work of this area to be of the highest international quality, comparable with the best of North American tree breeding programs (where investment is considerable), making a significant difference to the forestry sector of Sweden." "The breeding programs are an outstanding feature..."
SkogForsk closed down the research station at Brunsberg (mid west Sweden) 2004. Swedish Forestry will reduce their basic funding to forest breeding in the new Framework program 2005-2009 by 12%, in spite of the SkogForsk as a whole get increased funding. The basic funding to SkogForsk has not raised much in monetary units (not to be compensated for inflation) since it was formed. It seems possible this, in combination with reductions of other types of grants for the genetic activities of SkogForsk, is forcing a shrinkage in forest genetic activities at SkogForsk.
There is PhD training at the University, which produced around 3 PhDs in forest genetics annually 1995-2002. This rate has been dramatically reduced, for the period 2004-2008 only one PhD/year is foreseen. Breeders at SkogForsk nowadays supervise as many PhD students in forest genetics as SLU does.
A positive factor outside SLU is that a new group with some connection to Forest Genetics has been established in Jämtland at Bispgården under leadership of Owe Martinsson.

Present organisation (2006)

At the Swedish University of Agricultural Sciences, there are two departments involved in forest genetics, both are historically linked to the previous department (1960-1978) of Forest Genetics at the Royal College of Forestry in Stockholm:
· Department of Plant biology and Forest Genetics at Ultuna outside Uppsala (Gösta Eriksson, retired late 2000 but is still active (but not replaced) and collaborators). Organised under the Faculty of Natural Resources. Genecology is one of the research areas in this department. In the genecology branch, there are projects in gene conservation, progeny testing and adaptation to abiotic factors. The unit was merged to form “Department of Plant Biology and Forest Genetics” at the end of 2002. However, the Uppsala group has been declining since 2000 and may not be worth mentioning in the 2007 issue of these writings. Vegetative propagation, GMOs and a Salix group remains. Web: ...vbiol.slu.se
· Department of Forest Genetics and Plant Physiology at Umeå (Professor: Dag Lindgren). Organised under the Faculty of Forest Sciences. The genetic branch works with quantitative genetics studies; optimisation procedures for tree breeding and seed orchards (breeding theory); gene migration by pollen; Adaptation of forest trees in northern latitudes; Genetic influence on wood traits in Scots pine and manages a centre for prediction of genetic change; marker aided selection, Bayesian methods in genetic analysis. Web: ...genfys.slu.se.

The Forest Genetics has been out-competed by the more futuristic molecular biology, which forestry and politicians believe more in.

The University gets a considerable, but shrinking, part of its funding directly from the government, but "soft" money, given for limited periods, often after application in tough competition, or as part of different non-permanent "programmes", has successively become more important. Even the University money is to a high degree channelled to untenured positions.  Much less than half of the forest genetic activities are secured for more than a few years ahead.

Most of the undergraduates at the forest faculty get almost one-week training in forest genetics. Very few choose to continue. However, more forestry students starting 2002 will get more forest genetic training in the more basic training. Foreign undergraduates form a substantial part of the receivers of undergraduate training above the most basic level.
The headquarters of SkogForsk is in Uppsala; chief breeders: Bengt Andersson (northern Sweden) and Bo Karlsson (southern Sweden). Executive officer is Jan Fryk. There are two regional stations: Sävar (northern, close to Umeå, station manager Ola Rosvall) and Ekebo (southern, close to Svalöv, station manager Martin Werner). The idea is that breeding should be more amalgamated into other SkogForsk responsibilities. Web: ...skogforsk.se.

At present (2006) the state and the forests interests contribute equal amounts to the basic funding (framework) of SkogForsk (almost 30 M SEK each).  Most of the forest interests are paid by a levy on wood sales. There are grants from funds as well as income from service work. The state interests are channelled through FORMAS. The total annual budget of SkogForsk is around 100 M SEK. The basic funding finances the budget for long-term breeding, where State and the Forestry sector contribute half. The annual budget is somewhat above 9 million SEK. Besides this “föreningen” supports the tree improvement at SkogForsk with 5 million annually. SkogForsk employs around 120 persons, 70 of them can be considered scientists.

A foundation, "Föreningen Skogsträdsförädling" (director Bo Nilsson; chair Jan Remröd), owns a considerable capital in assets (( 200M SEK) and supports tree breeding, mainly by donations to SkogForsk (6M SEK annually in unspecified support) and by grants after application. Membership is open for interested individuals and organisations. Föreningen tracks back to 1959, at that time they organised the practical breeding and a ground capital (8 MSEK)from funds generated by deposits from forest interests organised by the government to support silviculture.

In practice, the Silvicultural Act and the prescriptions and recommendations issued by the National Board of Forestry have been important for getting results of genetic research into the field. There are also political instructions, which may be still more important. Directives and other rules originating from bodies like the European Union and OECD have importance. The currently prescriptions, which govern seed sources, is based on an EU-directive (Skogsstyrelsens föreskrifter om produktion för saluföring, saluföring samt införsel för saluföring av skogsodlingsmaterial). Centrala Frö- och Plantrådet (secretary Jonas Bergqvist), which is an advisory group for the Forest agency, has had a role in discussing these matters, but it is uncertain if it ever will meet again. Web: svo.se.

Many forestry companies spend considerable amounts on activities, which are closely related to Forest Tree Breeding. SkogForsk is, however, the only organisation employing forest tree breeders, although some breeding of woody plants (like Salix) is made also at the Department of Plant Biology and Forest Genetics.

The seed orchards are owned by companies or "Svenska skogsplantor AB", which was formed to privatise earlier state owned property, which would not receive any subsidies (but it is still under governmental control). It has recently been reorganised as a part of "SveaSkog" where the seed manager (Finnvid Prescher) is most relevant for forest genetics. SkogForsk can, as a consultant, carry out e.g. selections and grafting. During 1982-1994 the Government, as a part of a national co-ordinated seed orchard program, funded the establishment of most seed orchards. The aim was to produce orchard seed for all planting stock before 2010. But in spite of that, there are still far from enough Norway spruce seed orchards for southern Sweden to reach that goal. Now a new third batch seed orchard establishment program has been launched to increase the availability of seed orchard seeds and to replace genetically outdated and overaged seed orchards http://www.skogforsk.se/templates/sf_ProjectStartPage____15218.aspx?sm=2&cri=2261&lipm=1.

The progress in Swedish Tree Breeding has been formulated by Tore Ericsson. Here this stuff is presented in a slightly modified form:
A "diagram of progress" for Swedish Forest Tree Breeding
 [image: image1.png]25% genetic gain

4970 1930 1990 2000 2010 2020




GENETIC GAIN IN SWEDISH FOREST TREE BREEDING
An approximate time series of landmarks:

1970 The first series of genetic test plantations where new, improved establishment technique was employed;
1975 It became an established fact that grafted seed orchards did indeed function in practice for sustainable seed production;
1980 Results start to become available from numerous progeny test of plus trees selected from “wild” forests during the 1950s and 1960s – and it is verified that breeding works; An extended plus-tree selection operation in even-aged young plantations in order to expand the genetic base for long-term breeding; A second batch of seed orchard establishment in order to secure future seed supplies;
1985 The use of sophisticated genetic evaluation techniques, mainly developed for animal breeding and adapted for tree breeding;
1990 The formulation of long-term breeding programmes for the Swedish tree species;
1995 The verification of breeding progress so far through mass-comparisons of currently available grown-up forests with standard vs. bred Scots pine. The verification of further progress when parent trees are selected by way of progeny testing 

2000 Prediction of genetic gain in future improved seed orchards; Proper comparisons of standard vs. bred Scots pine in north Sweden is carried out and verified by re-measurements in old progeny trials from the 1970s; The planning of the third batch of seed orchard (this is now implemented and launched).
Acknowledgement, early versions and more information:  A great number of persons have helped me with information and other aspects of this text under a long time. I have continuously updated this document during a quarter of a century. Earlier versions are in "Arbetsrapport 17";  "Arbetsrapport 50" och "Intern rapport nr 43". I run a web: ...genfys.slu.se/staff/dagl/, there e.g. this document is available. The latest version is on a file HistoryOrg_06.DOC, last edited April, 2006. Comments by Jan-Erik Nilsson and Martin Werner and the permission to use material from Tore Eriksson are acknowledged for the latest edition.
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