SEED ORCHARDS IN SWEDEN

and

SEED ORCHARDS CLOSE TO UMEÅ
DESCRIPTION OF THE SWEDISH SEED ORCHARD PROGRAM

Reasons for seed orchards

1. Genetically improved seeds

2. Physiologically sound seeds

3. Reliable seed supply

4. Flexibility to improve gain later

5. Economically sound

6. Reproducible, well known and constant seed source

Current information for intressents mainly in Swedish is given at

http://www.genfys.slu.se/staff/dagl/Froplantager/default.htm
The first batch of seed orchards and plus tree selection
The mature seed orchards, which now supply most seed orchard seeds used for plantations, will soon be over-aged and go out of production. They have generally been established as follows:

1. Selection of plus trees. Scots pine trees were selected before 1970 in mature natural forests, while for Norway spruce in south Sweden some of the selections has been done in plantings with west-continental or Polish origin.

2. The plus trees were carefully described and compared to measured comparison trees, and they were formally approved.

3. Scions were harvested and the plus-trees were multiplied as grafts. Clonal seed orchards were established using such grafts.
4. Progeny tests were done by crossings in the seed orchards when the grafts produced flowers.

5. Progeny tests were often performed with many (5) matings per parent, large progenies (200) and replications on many sites (5).

6. The seed orchards were established foreseeing a 50% systematic thinning. Genetic thinning, which was planned for a later stage, has been implemented less often than foreseen. A typical object has 400 grafts per hectare and 40 clones in the orchard.

7. Several Norway spruce seed orchards were established to benefit from provenance cross effects, but few of these remains.

8. Today changes in the set up of many of the mature seed orchards have occurred compared to initial plans and maps. E.g. a part of the orchard may be complemented.

The program is summarized in Table 1 and 2. 

The first batch seed orchard program was completed around 1971, and few seed orchards were established in the following decade. The program has been rather successful for pine and for most areas near all plantations are with seed orchard seeds. 

The demand for pine orchard seeds in the near future seems satisfactory met, except an annoying deficit for the harshest northern areas. A surplus of improved seeds in middle Sweden may be suitable for direct seeding. The spruce program started later, the area never covered the projected need and it takes longer time to get flowering, therefore only a quarter of current plantations are made with seed orchard seeds. 

Spruce orchard seed production does not meet the need, especially in south Sweden. The lack is predicted to remain for many decades. Genetically good, physiologically sound and cheap Norway spruce seeds from the Belarus and Balticum are available; therefore the need for seed orchard may not have been felt as alarming among foresters.

The second batch

1982 a new nationally coordinated seed orchard program including a new plus tree selection was inaugurated. Principles for this were:

· Selection in young plantations (typically 20-40 years old). For spruce in southern Sweden it is often plantations of foreign origin.

· Emphasis on many selections instead of accuracy of the individual selections (no comparison trees).

· Grafting as earlier.

· Soon after selection wind pollinated seeds were harvested from individual trees and used for progeny testing.

· Seed orchards were often established foreseeing genetic thinning based on progeny test, but this was seldom realized.

Reasons for making selections in rather young plantations are: 

· It is in the right geographic environment (provenances move somewhat initially)

· It is in the right silvicultural environment (planted and not natural regenerated)

· Imperfections in the quality in the most valuable part of stem are not hidden inside the trunk.

· Heritability can be expected to be higher in a uniform plantation than a natural regeneration, which may be unevenly aged.

This option did not often exist at the early plus tree selections, plantation was less common earlier.

This program can be seen as completed around 1997. Establishment of seed orchards was supported by governmental funds 1982-1994. 

Table 1. Seed orchard areas

	Species
	Old 

(1st batch)
	New 

(2nd batch)
	Seedlings used 2004
	Seed production (after 15 years)
	Seed weight

	Scots pine
	574 ha
	350 ha
	85 %
	5 kg/ha
	6  mg

	Norway spruce
	234 ha
	230 ha
	45 %
	8 kg/ha 
	9 mg


"Approval"

Seed orchards need official approval to market the seeds (but not to use them). EU directives constitute an essential tool for the rules regulating this approval procedure. The relevant directive is  direktiv 1999/105/EG av den 22 december 1999 om saluföring av skogsodlingsmaterial (EGT L 11/2000, 15.1.2000 s. 17, Celex3 1999L0105) The national rules, based on this directive, are codified in SKSFS 2002:2 (can be reached on the net at: Startsida svo.se» Lagen» Författningar» Skogsstyrelsens föreskrifter om produktion för saluföring, saluföring samt införsel för saluföring av skogsodlingsmaterial. There are many seed orchards which soon will go into production for which no national approval has yet been issued, lets hope it is coming. 

Progeny testing

The activity of progeny testing has been connected to seed orchards; either the physical crossing was done in seed orchard, or the test headed for a genetic thinning in seed orchards. Progeny testing is however also important for long-term breeding. The trend is to test more candidates less accurately.

Table 2. Year of initiation of progeny-testing in the first batch (number of seed orchards)
	
	-1969
	1970-74
	1975-79
	1980-84
	1985-90

	Scots pine
	4
	15
	17
	7
	3

	Norway spruce
	0
	1
	6
	6
	4


For Scots pine, nowadays seed orchards are often established with progeny-tested material. Nowadays it is generally believed clonal testing can be more efficient than progeny testing for Norway spruce. The breeding values are since 1993 documented in the series "Avelsvärden" from SkogForsk. It has occurred 106 numbers in the series between 1993 and 2004.

Ongoing seed orchard establishment for Sweden, the third batch
Svensk skogsnäring byter nu frökällor från den första omgången fröplantager (EttO) till den andra (TvåO). Samtidigt anlägger man i samarbete en ny tredje omgången fröplantager (TreO). TreO-plantagerna beräknas nå full produktion år 2020. en fröplantage planteras ca 25 olika vegetativt förökade plusträd (d.v.s. kloner i form av ympar eller sticklingar). Antalet kopior av varje träd beror på hur bra de är men väljs så att det effektiva antalet plusträd blir större än 15.

Tallplantager med ympar planteras typiskt i rader med 3 m avstånd i raden och 7 m körstråk mellan. Raderna beskärs regelbundet till häckar med start vid 3 m höjd.

Granplantager planteras typiskt med sticklingar i rader med t.ex. 2,5 m avstånd i raden och 7 m mellan raderna. Det täta utgångsläget ökar de tidiga fröskördarna, varefter vartannat träd gallras bort. Topparna kapas vid goda kottår och skördas från marken.

Såväl nu som tidigare drivs svenska fröplantager i samarbete. I TreO-programmet samarbetar skogsägarföreningarna, de större skogsbolagen, Sveaskog, Svenska skogsplantor och andra oberoende plantskolor. Basen för samarbetet är de geografiska fröplantagezonerna, där det planeras minst en plantage per zon.
Since governmental funding for seed orchard establishment was withdrawn 1994, the pattern for planning of new seed orchard establishment was somewhat shaky and uncertain until 2004 when a national program for a third batch of seed orchards was launched. Seed orchards need replacement, and the moment when the first commercial seeds are harvested from a seed orchard is a good time to start the detail planning for its replacement. It takes some decades between preliminary decisions about establishing a seed orchard and till the seed production starts. Predictions about the potential of new seed orchards established within the near future have been presented by Rosvall m fl (2001). The profitability of seed orchards seem so high (the cost excluding harvest and seed processing is something like 1-2 öre per seed for Scots pine). It seems acceptable for forestry to pay that "from own pocket" without governmental support. Probably seed orchard seeds are motivated just because they result in a better nursery crop (more uniform, higher and faster germination and early growth of seedlings), thus genetic gain may not be that needed to justify investments in seed orchards.

Forestry forecasts that in the long term perspective there will be an annual need of 240 million spruce seedlings and 170 million pine seedlings. Remröd et al 2003 projects 410 million in total. This projection is somewhat higher than the current Swedish plant production. The interest for direct seeding and to use seed orchard seeds for that is rising. The need of new seed orchards for the next decade (or decades) has been projected to 360-490 hectares (Remröd et al 2003). Seed orchard zones was constructed and a break down of the orchard need  to individual owners was done by Rosvall (2003).
The third batch program is presented at

http://www.skogforsk.se/templates/sf_ProjectStartPage____15218.aspx
(start at SkogForsk.se and search for fröplantager)
Skaholma

Scots pine seed orchard 1 Skaholma

Follow the way towards Obbola after the airport and turn left against river at “Sand”.

Grafted seed orchard of Scots pine (Pinus sylvestris L.). The seed orchard is named 1 Skaholma. The owners are Svenska Skogsplantor AB and Assi Domän. Svenska Skogplantor handles the management. It is situated in northern Sweden close to Umeå at latitude 63o50', longitude 20o15' and altitude 5m, close to Umeå airport. The area of the seed orchard is 14 ha. The initial spacing for most of the seed orchard was 4x4 m, but some minor parts used 6x6m. Within some hundred meters from the seed orchard there are only a few sparsely dispersed individuals of Scots pine among Norway spruce stands. Initially the seed orchard was established with 34 clones. Losses of grafts occurred, mainly because of vole damage, and fill in of additional grafts of additional 8 clones was done of age 13-18 years old. Now there are grafts planted 58-60; 70-71 and 86 in the orchard. The clones at Skaholma originates from plus trees selected in natural stands situated between latitudes 66o30' and 67o50' and altitudes 225m-460m. The average latitude of origin is 66.9 and altitude 360. The seed orchard has produced seed crops since 1974. Until 1994 994 kg of seeds have been collected here, on an average about 4 kg per year and hectare. That means that around 6 million planted plants per year start their life here. The seed orchard has been thinned and pruned to control size of the grafts. There is an experimental activity planting some fresh material in the mature seed orchard. Such a rolling design would give pollen supply to new progeny-tested selections before their own pollen production starts. This is the seed orchard in Sweden, which at the moment is expected to produce the most hardy Scots pine seeds, and the access to such seeds is a limiting factor for the level of allowable cut in northwest Sweden, thus the hardiness of these seeds is highly important.

Studies The isozyme analysis made indicates contamination above 50% (Wang et al 1991). The contribution to pollen cloud and cones varies widely between clones. The pollen production of the orchard is around 30kg/ha in the most productive parts, which ought to be enough. Individual female flowers were marked at flowering. The earliest developing flowers got more contamination. However it was not evident that early clones get more contamination. Thus contamination may be reduced by not picking the early clones, but in practice the difference is too small to be of practical importance (Yazdani et al 1995). Umbrellas were placed on top of some grafts in the orchard in order to understand the ways pollen fly. The umbrellas increased proportion of empty seeds and decreased filled seeds per cone. The change does not seem to be associated with the level of the cones. The umbrellas increased the contamination in the top of the grafts; it may have decreased it in the lower part of the crown. It is uncertain if the umbrella affected the average contamination. The contamination rate was measured by a new evaluation technique, which may be more "robust". The contamination estimate was 50% (Lindgren 1995). The same type of pollen dispersal experiments as at Hissjö have been made at Skaholma also.

Pollen dispersal 1990 we studied the pollen dispersal from a point source in the orchard. (Lindgren et al 1991). Pollen sediments from early spring to autumn. It seems likely that part of this pollen has spent time somewhere else than in the air. If some pollen do not fall down several times, it is difficult to understand the high background level. The background is not high enough to seriously impair pollination processes. The background is high enough to seriously disturb out of season experiments about pollen dispersal. Sedimentation is not important compared to air movements at distances up to at least 15 m and maybe considerable longer. Thus, however pollen ends at ground is much more a question of how air moves than how pollen sediments. Around 5 percent of the pollen grains dispersed at heights 1-3 m will be grounded within 15 m with little difference between pine and spruce and little dependence on wind speed or height of dispersal. Pollen can move several meters upwards or downwards during a horizontal flight of 10 m under most circumstances. Already 10 m from the source pollen trajectories are spread from ground up to around 5m. Much pollen will be able to rise from typical positions of pollen shedding structures to typical position of female flowers under seed orchard conditions. Inability of pollen to rise cannot be a major explanation of bad efficiency of seed orchard pollen. Anni Harju et al. (manuscript in preparation), are now describing the deployed diversity in plantations from Skaholma.
Östteg

Scots pine seed orchard 10-11 Östteg

Location close to Umeå airport (opposite side to the terminal) at lat 63'48 and elevation 5m. Owner is "Svenska Skogsplantor AB". Size: 15 ha. No of clones: 51 (1966). Established: 1955-64 (complemented 70-71). Part of the seed orchard was cut 2005 and a spruce seed orchard will be established on the spot (see below). The origins: average latitude is 65.1 and altitude 390. The crop has been slightly below 4 kg per ha and year. Till 1994, 976 kgs were collected.  Compared to Skaholma, the origins are less extreme, but even there the plants from this orchard will be planted, the climate is harsh enough to kill 50% of the plants.

A contractor operating from an ordinary ladder often does seed harvest. A blanket was placed below the trees and the cones thrown on that and later put into a sack. There may be standing hand-operated ladders with standing platforms and tubes to throw the cone to a sack. These are for use of unskilled labour in large numbers (kids and their parents).

Voles are a major problem in northern pine orchards. Fencing of the whole area was done, but turned out inefficient. Therefore each graft has its own protective cage, which costs as much as the graft. Additional plantings were not done; therefore the seed orchard is rather open.

"Shens tree" at Östteg Scots pine seed orchard, Xiao-Ru Wang, Umeå Univ.
25 years ago, an investigation on the pollination pattern in Östteg Scots pine seed orchard was performed employing allozyme markers. The study was carefully planned by combining genotype analysis with phenological data to estimate the gametic contribution of a marker clone to the progenies of its surrounding trees. A significant difference in the frequency of seeds derived from the fertilization by the marker clone was found among the surrounding trees, and among the sections of a tree crown. Flowering time, physical distance and wind direction all played a role in the observed mating pattern. When all conditions were favourable, a neighbouring tree received 31% of the fertilizing pollen from the marker clone. The average rate of selfed seeds was 6% (3 - 9%) with the lowest rate at the top of the crown.

This study is among the first that employed genetic markers in mating system analysis of conifer seed orchards. It stands as a classical work in forest genetics and breeding. The scientists who conducted this study are with us in this visit.

Shen HH, Rudin D and Lidgren D, 1981, Study of the pollination pattern in a Scots pine seed orchard by means of isozyme analysis. Silvae Genetica 30 (1):7-15.
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The observed contribution of the marker tree AC1065C in the open pollinated seeds of neighbouring trees. The relative time of the flowering is indicated as early, medium and late.


A Sibirian Larch (Larix sibirica) seed orchard is situated behind the Scots pine orchard at Östteg. 14 Östteg Owner Svenska Skogsplantor. 30 clones chosen in stands and trials in Sweden situated between lat 61-65 originating from Archangelsk and Raivola. 45 kgs of seed were harvested 1985-1989. 
G2 Östteg
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Granplantage för zon G2 är planerad att anläggas med start våren 2006 med totalt 12570 sticklingar i förbandet 7,0 x 2,5 m.

Plantageareal: 22,0 ha netto (13 ha 2006 och 9 ha 2008)

Belägenhet: Östteg syd Umeå flygplats, delar av fd. tallplantage 10 Östteg + ny mark utnyttjas.
Lat. 63,8° N; Long. 20,3°; Altitud 5 möh 
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Skötselansvarig: Svenska skogsplantor (SSP)

Ägare: Sveaskog 36 %, SCA 18 %, Holmen 14 %, Norra Skogsägarna 14 %, SSP 9 %, Norrskog 9 %

Användninngsområde: 64°-66° N, se bild.

Antal kloner: 29 st. Genetisk vinst: 25 % i ökad arealproduktion
New spruce orchards, Johan Westin, Skogforsk 2008
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Alvik

Road: Continue east from Östteg

Scots pine seed orchard at Alvik (Umeå airport, opposite side to the terminal, the orchard is visible from the runway). The seed orchard is managed by Svenska Skogsplantor, although different operators own a share in this seed orchard. Actually it is two seed orchards for similar areas. T1 & T2, for the harshest areas, selections from harsh sites in northern Finland and Sweden. It is situated at lat 63 47', elevation 5m. 1500 selections from young stands were freezing tested and 160 selected clones were grafted and planted in the orchard. The combined seed orchard covers 62 ha in total.  

The planting is in rows with the intention to apply genetic thinning when results from progeny-test in field become available. Note the mulching. A lot of money has been dig down in this place. For experimental reasons some of the most visible rows are made with ramets of the same clone in a long row. Commercial cone collection has started (2003), although the pollen production is pretty bad and the seed use has to be adapted to that.

Access roads to the area “behind” the airport are described, but needs updating because the runway is extended. From East: From terminal follow the “old” road close to the fence around the airport eastwards, (or, if approaching from Skaholma, consider taking the “forbidden” road following the run-way) pass by the minicar field, continue the bad way to the orchard (the gate seem to be permanently open, but if wet it may be muddy. From west: the trick is to pass the major road from E4 to airport... Road: Can be approached from Teg close to E4, the new road can be crossed from below.

Jan-Erik Nilsson has made experiments studying the quality of the contaminating pollen cloud by open isolated flowers on individual days. 2004 he is running experiments with grafts from T1 (left down towards airport) which are moved to different locations around flowering (to expose them to different pollen clouds on different places respectively to green house warming).

The origin of the 82 plus tree clones planted 90-96 in T1 is 67 30' elevation 360 m spread on 39 ha. Av dessa kommer 46 plusträd från förädlingspopulation Tpop 1 (1981 års insamling), 26 plusträd från fyra äldre plantagetestserier (5 träd från 1 Skaholma, 2 träd från 4 Skatan, 16 träd från 123 Klocke och 3 träd från 401 Hortlax) samt 10 plusträd från Eiches proveniensserie (SLU).Vid anläggningen 1990 ingick 80 plusträd som blev utvalda med avseende på avelsvärden för härdighet efter avkommprövning i frystest. Brist på ympris medförde att endast knappt halva plantagearealen blev planterad. Kvarlämnade tomma rader planterades 1996 med 11 elitkloner (varav 9 redan ingick i plantagen samt 2 helt nya elitträd) utvalda baserat på avelsvärden för överlevnad, höjdtillväxt och sprötförekomst i fält. Vid anläggningen 1990 planterades 8 568 ympar avsedda för genetisk gallring med förbandet 8 x 2.2 m medan 1996 års plantering utfördes med 3 286 ympar i produktionsförbandet 8 x 6.6 m. Därutöver är en mindre hjälpplantering genomförd 1999 med 433 ympar (varierande planteringsförband). 

The origin of the 139 plus tree clones planted 89 in T2 is 67 30' elevation 220 m spread on 23 ha. 
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Figure. Seeds (kg) for pine zone T2 (harsh northern) which "the next harshest" Alvik and Skaholma are expected to serve. The forecasted need is a straight line, the prognosticated production for Alvik T2 is given. In the box information about current Alvik (area, establishment year, production factor (1 = average), (genetic) gain (10%). The lines starting to raise 2023 is planned replacement seed orchard for 2009, which is foreseen to give 25-35% gain.

Pine orchards for harsh areas, Torgny Persson, Skogforsk 2007
Background

During the 1980’s and 1990's six Scots pine (Pinus sylvestris L.) seed orchards were established that were intended to produce material for reforestation in harsh regions of northern Sweden. The selection of clones for the orchards was mainly based on the results of artificial freezing tests of juvenile progenies in climate chambers. The rationale for adopting this selection strategy was that progeny field trials were lacking or too young to evaluate, and strong correlations had been found between injuries in artificial autumn freezing tests on first-year seedlings and field mortality assessments of related half- or full-sib families at ages of 10–18 years. The six seed orchards may serve around 50 percent of the productive forestland in these regions with reforestation material.
Scots pine seed orchard "T1 Alvik"

Area 39 hectares, 82 clones, spacing 8x2,2 and 8x6,6 m, latitude origin 67°30' N, 1990 start of establishment. Due to lack of scions only half of the area was initially planted. 1996 the rest of the area was planted with 11 elite clones. The selection of clones was initially based on freezing tests of juvenile progenies of 470 clones, whereas the latter elite clones was selected out of 305 clones ranked on BLUP breeding values of field survival, height and stem quality
Scots pine seed orchard "T2 Alvik"

Area 23 hectares, 139 clones, spacing 8x2,2, latitude origin 67°50' N, established 1989. The selection of clones was based on freezing tests of juvenile progenies from 1412 clones.

Both T1 and T2 Alvik are designed for genetic thinning. In T1 the genetic gain in per hectare production will increase from 15 to 18 percent if one third of the ramets are thinned out. In addition, part of the seed orchards are planted as monoclonal rows with 20 ramets (mass pollination).
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Hissjö

Norway spruce seed orchard "13 Hissjö". Grafted seed orchard of Norway spruce. Owners are Svenska Skogsplantor AB and Assi Domän.  It is situated close to Umeå, south of the village Hissjö on the way between Hissjö and Backen at lat 63 56' and elevation 85 m. The seed orchard was established 1963-73. The spacing is 5*5m. The area of the seed orchard i 11 ha. Each second tree can be removed without changing the clone frequencies. There are 50 clones with average origin latitude 64.1 and altitude 350 m. The intended area of use extends from the seed orchard environment upwards and northwards. The total seed harvest till 1994 was 329 kg.

Biochemical genetic study   

The “minimum level of contamination” was estimated to 17 %, respectively. Estimation of multilocus outcrossing rate was 0.95. The gene pool of the fertilizing pollen of the very similar seed orchard Björkebo was different (Paule et al 1993)

Literature of possible relevance for the seed orchards described or the general program

Hannerz M Eriksson U Wennström U & Wilhelmsson L 2000. Tall och granfröplantager i Sverige. SkogForsk redogörelse 1, 2000.

El-Kassaby YA, Askew GR 1998. Seed orchards and their genetics. In Mandal AK and Gibson GL Forest genetics and tree breeding. pp 103-112.

Lindgren D (editor) 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.

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.

Lindgren, D. 1994.  Effect of tree cover on Scots pine pollination and seeds. Forest Genetics 1:73-80.

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.
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