Comments connecting to debate about seed orchards on TREEBREEDEX web
Dag Lindgren initiated a seed orchard debate (separate document) on TREEBREEDEX Activity 6 discussion on Activity No. 6 TBX TREEBREEDEX@GUAVA.EASE.LSOFT"
I make it available for a larger forum to avoid that the FORUM looks so pathetically empty and hopefully also to stimulated to a wider discussion, 
Dag Lindgren placed in on TREEBREEDEX discussion FORUM. Documentation is also on the website
http://www-genfys.slu.se/staff/dagl/TREEBREEDEX/treebreedex.htm
where it may be updated. I thought that TREEBREEDEX had the intent to present more material on its website, but as it does not seem so I tend to present some on my own side instead.
Luc Paques responded (below) and Dag Lindgren responded, partly in the discussion and partly more personal, and also valuable comments came to only Dag Lindgren, this document contains edited versions of Dag Ls responses.
Luc asked:
I understand that Sweden once established provenance hybrid seed orchards of Norway spruce based on promising results with controlled crosses as well as theoretical assumptions. However I can find no track about these seed orchards in the orchard reviews in the seed orchard proceedings neither in Sweden (Lindgren et al 2008), Finland (Nikannen 2008) or Poland (Matras

2008) or somewhere else. Perhaps Dag or someone else can explain on what happened with the idea of the provenance hybrid seed orchard in Norway spruce? Does there exist anywhere else examples of such inter-population hybridization orchards for any other species (pines ?, ?) .

I try to reply,
Provenance hybrid seed orchards of Norway spruce in Southern and Central Sweden.

Norway spruce is the most important crop in Sweden, more than half of timber harvest and plants produced are Norway spruce. Around eight of the Norway spruce seed orchards meant for southern and central Sweden existing 1990, around 140 hectares, about half of all Norway spruce seed orchards at that time, were classified or considered as “Provenance hybrid seed orchards” (Lindgren 1992). Since around 1977 Sweden does not consider establishing provenance hybrid seed orchards and even when preparing material for clonal forestry it is not an issue with wide provenance crosses. The still existing seed orchards once classified as provenance hybrid seed orchards may now have been converted to a more narrow range of origins by thinning (but I do not think there is a simple way to evaluate to what extent).

At the early days of forest tree breeding before the 50ies few controlled crosses were made, to make controlled crosses on mature trees in the forest was difficult, it was first when mature grafts at research stations became available in the 50ies crossing could start at some scale. Collection of gene resources and provenances is older than actual breeding, and when the crossing techniques become practical available it was natural to try all type of crosses. Heterosis, out-crossing and hybrids were well-known concepts already at that time and gave positive associations. There was a great optimism that crosses between trees of widely separated origin would give heterosis effects. As a personal comment I think it is not generally and automatic good with hybrids, but it could be said to widen the variation and give extra options, and the best crosses may be practically beneficial. Provenance hybrid crosses were made for Scots pine also, initially in a larger scale than Norway spruce because of its more regular flowering, and there are “provenance hybrid” seed orchards of Scots pine also, but fewer and less extreme provenance ranges. There was a breeding station in south Sweden (Ekebo) and in Central Sweden (Brunsberg); it was rather natural that many crosses were made with parents in the area of the respective stations.  Norway spruce has migrated south of latitude 60 in Sweden first around year zero, and in the south tip of Sweden around Ekebo it is an introduced species. Seeds of spruce have been imported in a large scale for almost two centuries, and little spruce planted in south Sweden has Swedish origin (Almäng 1996). The most common origin of the “foreign” provenances used in wide range provenance crosses of Norway spruce are selections in south Swedish stands with foreign more or less known origin (“continental”, often Germany). The optimism concerning provenance hybrids remained into the mid 60ies. Also the hybrid maize example was in the air. Spruce from the south (imported spruce) is generally better than local Swedish spruce in south Sweden as judged from provenance experiments; and when it cannot harm to mix the local spruce with something better (provenance hybrids). The same is not true for Scots pine where around local is best for southern Sweden. More field experiments with wide crosses were established till when, while at that time it was suggested that it would require different and specific orchard types (like two clone orchards in green houses) to make benefit of this “special combining ability”. As a preparation for foreseen clonal forestry some proven good full-sib families were replicated by new crosses in the end of the 70ies. Provenance hybrids from fresh crosses were also studied in climate chambers at that time to “dissect” the reasons for their assumed superiority. 

Generally controlled crosses seemed to grow better than open pollinated progenies harvested from the plus trees in the forest to a degree that did not seem explainable just by the superiority of plus trees over its neighbours. Today “we” (Lindgren et al. 2008) “add” two percent to the gain of seed orchards because the plus trees do not origin from the same stand and thus are “unrelated” (thus a form of heterosis or provenance hybrid effect) and an additional two percent to production over the rotation time for reasons which have with another seed formation environment to do (epigenic, after affects, physiologically better seeds etc.). But “provenance hybrids” associates to that the origin differs more (many latitudes rather than 100 km).

Nilsson (1957) presented results from progenies at age 3 grown at Central Sweden where provenance hybrids (Germany*Central Sweden) was much superior to the Swedish varieties in growth and almost equal in hardiness. This was probably one contributing reason for the rather large number of provenance hybrids. Nilsson (1974) presented also a result from a revision of the experiments at age 20, and the hybrid advantages remained, but a larger set of other hybrids created later did not show the same degree of advantage. Provenance hybrids seemed able to combine the faster growth of continental provenances with the growth rhythm and hardiness of the Central Swedish provenances. It seemed likely it would be possible to pick the winners by nursery selection  After 20 years provenance hybrids outgrow their parent populations in central Sweden, while in southern Sweden the Central Europens was better. My comment is that there was no “within provenance material” with an origin corresponding to the average of the parent provenances in the hybrids, and it seems likely such a provenance would have behaved similar as the hybrids.
Since the middle of the 60ies most results pointed at that most of the variation among controlled crosses could be ascribed to additive effects and that specific effects (“dominance”) were less important for Norway spruce (e.g. Kaya and Lindgren 1992). Mothers were often more important than fathers (“maternal effects”, like the spooky effects we add to the seed orchard) which could lead to misinterpretation as provenance hybrid effects in some cases. Norway spruce provenance variation in Sweden was better understood since the evaluation of the IUFRO 64/68 series (Persson and Persson 1992). Norway spruce seems widely adapted over rather large ranges while Scots pines adaptation range is less and a mistake in provenance more costly. For Norway spruce the eastern provenances (Belarus and neighboring Baltic States and the northeast corner of Poland) were found preferable, and the western provenances are not so attractive any more, and thus neither their hybrids. A Nordic experiment was established in the end of the 80ies (Skröppa et al 199?) with provenance hybrids with the more modern eastern provenances which may appear more interesting. The important characters are usually inherited intermediary and the hybrid tends to place themselves between the parents (Eriksson et al 1978). Even if the expectations of the provenance hybrids were not met, individual parents from widely different provenances may give a very good progeny (Eriksson and Ilstedt 1986). The provenance hybrid experiments are often subject to experimental limitations and unbalances like small number of parents and females and males recruited from different population types and unbalances between the materials classified as hybrids and non-hybrids making fair comparison difficult. The results are often not consistent among sites (e.g. Nilsson 1974). The hybrid effect may often be interpreted as a provenance effect, thus if more southern provenances grow better the pure continental are better in the south but inferior if moved to far to the north in Sweden, and in an interval the hybrids may appear best. But to me it seems possible that when the hybrids seem superior among those in the individual test, the best could have been crosses among trees originating within a limited range of Norway spruce within Sweden or abroad with suitable provenance, which was never tested. Even if provenances hybrids work and difference in phenology or flowering among clones does not seem a major obstacle to hybrid formation, the output from a provenance seed orchard will usually be a mixture of provenance hybrids and the different provenance components (Eriksson et al 1973). “Provenance hybrid seed orchards” will give a more variable and uncertain seed crop than seed orchards with a smaller range of origins.

A provenance hybrid multi-clonal seed orchard is expected to produce seeds of pure provenances as well as hybrids. An idea of how to get rid of these (or at least the slow-growing Swedish pure provenance component) was to apply plant sorting. This has been applied in hybrid larch seed orchards. This idea may have seemed more attractive 1960 than now, because earlier plants were grown on free land and become rather differently sized and they were lifted manually and labor was cheaper and more available, thus nursery grading was more common and seemed realistic. Nowadays plant are often containerized, the cultivation techniques aims at getting them more similar and losses by grading or else seems less acceptable.

In my speech at the TREEBREEDEX conference in Madrid I showed a model for the tolerable variation of adaptations within a seed orchard and seed orchard use at Swedish latitudes (Lindgren 2008), for Scots pine it seemed tolerable to use the same crop over a range of two latitudes and the range of adaptations among the clones should probably not exceed three latitudes. Norway spruce is more flexible but the same model can be used and would probably not tolerate origin differences among clones in a seed orchards corresponding to more than five latitudes, thus the provenance hybrid seed orchards deployed four decades ago are too variable.

A considerable amount of seeds used in southern Sweden today are more or less unknown provenance hybrids. Imported or transferred Norway spruce has since two centuries played an important part in reforestation in southern Sweden, and some stand seeds origins from these stands to a lesser or higher degree, and inflow of pollen make part of the material provenance hybrids. There is no really good record or way to control from where a stand used as seed source really origins, at least not which is compatible with what is practical or cost-effective. Just for south Sweden I think it does not matter so much from a gene conservation point of view as Norway spruce is anyway a recent immigrant. It is a good thing that we have rather much experience with provenance hybrids in tests, because even if we do not believe it is an advantage to use them in a seed orchard, we also know that the provenance hybrids which occur in some amounts will not be a severe problem, but perform rather well. We have had problems (at least PR-problems) with too southern Norway spruce provenances (e.g. Rumanians), but such large problems will not occur with the more intermediary hybrids.

Any seed orchard of non-local origin will produce 50% provenance-hybrids because the immigration of pollen from other sources than the seed orchard is 50%. And we do have seed orchards in southern Sweden where all clones are assumed to have an alien origin. In younger seed orchards the fraction of provenance-hybrids will be still higher. Still I think early seed orchard harvests are good forest generation material, what is lost in higher contamination is more than returned in the higher gain of the orchard with tested materials we establish today.

Even if Sweden thinks that the advantages of provenance hybrid crosses can be mainly explained in alternative ways, it has not been shown that they can not offer some advantages. If Sweden was able to handle vegetative propagation for forestry at any scale, some of the material used may be provenance hybrids. But the possible advantages use provenance hybrids does not seem large enough to justify a vegetative propagation program. Rather many “provenance hybrids” are already in the Swedish breeding populations, and are likely to stay there till next glaciations or the extermination of the Swedish spruce by other reasons like global warming.
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Luc Paques responded with comments on other sections of my seed orchard letter
About replacement of seed orchards. At the conference where was a dissertation and there were two papers about the optimal life time of a seed orchard from the seed orchard managers point of view. Moriguchi Y, Prescher F & Lindgren D 2008.  Optimum lifetime for Swedish Picea abies seed orchards. New Forests 35:147-157. El-Kassaby YA, Prescher F & Lindgren D 2007. Advanced generation seed orchards’ turnover as affected by breeding advance, time to sexual maturity, and costs, with special reference to Pinus sylvestris in Sweden.  Scandinavian Journal of Forest Research 22:88-98. The manager get an income from seed sales and the income depends on the genetic quality of the seeds and it was assumed that plant buyers pay one tenth as much for genetic quality as is required to justify vegetative propagation, which is realistic. The genetic quality increased with progress in long term breeding. The optimum life time of Scots pine seed orchards is 30 years and for Norway spruce seed orchards 40 years in Sweden, Applying these models to the warmer conditions in France would give slightly lower rotation times. Looking backwards Sweden has not build enough seed orchards to meet this standard, and much of the harvests are in seed orchards older than that. A seed orchard replacing another should be established after half of the rotation time. That seems to be much in line with what Luc suggests below. Thus seed orchards replacing those established 1970 should have been established around 1985, not start to be thought about 2010. Or phrased in another way - it is high time now to think about the replacements for the orchards established 1990 to 1995...
If there is overproduction of seeds and over-sized seed orchards that mean that some of the orchard could be removed and replaced by fresher ones. Seed orchards could be of the rolling front type with different parts renewed at different times, say three cohorts at the same place. From that point of view over-production is a good thing, because a seed orchard manager does not like to remove part of a seed orchard if it produces valuable seeds. Several cohorts of seed orchards side by side would support each other with pollen.

Maybe you paint a too pessimistic picture of seed orchards in France. Raffin (2005-12-06) claims concerning French maritime pine: “In 2003, 70% of reforested areas in Aquitaine were planted, from which 100% are made with this second generation improved seed source. The third generation seed orchards are now being planted over 180 ha, and they should enter in production by 2010-2015” http://iufro.uncronopio.org/node/22
Genetic thinning is rather inefficient, but selective harvest could be used for the old seed orchards when maximal seed production is not required any more. Thus the new seed orchard with raising seed production can be phased in with an increasing selection intensity of the harvests of the old. The old seed orchards can be a spare to the new one, a replacement seed orchard need not be overdimensioned as the moment the old seed orchard is taken out of production can be delayed compared to initial plans.

Mature seed orchards should pay their own management costs by seed sales, if where are very large problems with the State having large expenses for existing mature seed orchards, I think someone need to look into the problem. For France I pointed out indications that there may be some lack of creative interest in seed orchards, if there were problems it would be natural to get views from other countries and the input participation in a conference and international discussions and to utilize what TREEBREEDEX can give. Seed orchards are long term so some mistakes in predicted needs resulting of over-sizing of part of the program are unavoidable and has to be accepted in retro respect and should not be seen as an argument against new establishments, but of course we have to try to "learn from the history" to limit the magnitude of the mistakes we certainly will do even now, that is partly what TREEBREEDEX is for, I thought. To wait and see the value of an investment made 30 years ago before making a new is neither a creative attitude by the State.

Even if new seed orchards is favorable and even necessary also from an "intelligent seed orchard managers point of view" that is not the way he sees it. If you are responsible of something economic you are expected to show a benefit the next year, and investments in seed orchards get a positive balance first after some decades. It may be favorable to invest in a seed orchard, but if we are talking about bank loans at 10% interest with my house as safety I would probably invest in something else. It has to get blessing and preferable some funding from somewhere else (like higher echolons in a company or forest owner associations). Here a link to the State can be a great help and make it much easier, but the State is a difficult thing.

Bismarck is said to have said something like "If you are not a socialist when you are young, you have no heart, if you remain a socialist when mature, you have not brain". I also feel as a socialist and think the State is for using some of the resources from the people and the companies to use it for a purposes that are very good for them but they are too stupid or too unorganized to realize that and seed orchard is here a major priority. And so did the Swedish state do at the time we were socialists. But nowadays the State does not invest a penny on establishment or maintenance of seed orchards and after some initial hesitation the "brutal market forces" saw to that we have one of the best national seed orchards programs I think. And the driving force can be seen as a production cooperative rather than state and I think I see that is more cost-efficient than state subsidies. However, still some comments: 1) the seeds Sweden is harvesting now are from seed orchards established in the socialistic era and some of them are pretty good; 2) that State investments stopped means that we have to few seed orchards started up a decade ago; 3) much is in the history and Sweden happens to have created a rather good environment for National Cooperative solutions without the state in the lead for just this aspect; 4) it is much a question about that right persons takes right initiatives at the right times; 5) it is an undeniable important share of pure luck or chance, unpredictable factors; 6) I still think the State could have made more and should make more in the future; 7) The State Research (SLU and former Skogshögskolan) has had a strong supportative role for seed orchards from 1948 to 2010, but I predict that sector will be much less supportative after I retire, University research prefers more fancy matters, and SLU waived its flag already when Gösta Eriksson in Uppsala retired.

For Sweden the timber harvest 2007 was the highest on record ever and for the first time in three decades it is uncertain that the harvest is on a sustainable level. The plant sales were the highest for decades. Our minister has recently said (and paid a small amount for) some nice things about enlightening the public about their blessings of seed orchards (according to personal communications from my recent seed orchard doctorand it was after handing over his PhD thesis at an incidental meeting at an airport at a strategic point in time, but let us assume that it still was a part of a global trend)  We are more aware than ever before about the role of forests in a World where humans destroy the atmosphere. Is this trend not global? When must it not be something severely wrong in countries, which do not support establishment of seed orchards now, (like France????) irrespective of lack of support a decade ago.

________________________________________

From: Activity No. 6 TBX [TREEBREEDEX@GUAVA.EASE.LSOFT.COM] On Behalf Of Luc Paques [Luc.Paques@ORLEANS.INRA.FR]

Sent: 08 August 2008 10:28

To: TREEBREEDEX@GUAVA.EASE.LSOFT.COM

Subject: seed orchard

Do you think your country needs new or more seed orchards?

We as researchers, we think that there is a need for new seed orchards in France to progressively replace old ones by new populations and or improved populations for a set of different species (traditional ones like Douglas-fir, larches,  but also new ones like chestnut, Robinia, etc).

Except for maritime pine, old SO trace back to the sixties/seventies; most of them are first-generation clonal orchards based on phenotypic selection in the forest. Grading of these orchards by genetic thinning has been completed or is still underway for some orchards. Meanwhile we have progressed in the improvement of these species and have material ready.

BUT

Establishment of new seed orchards is a public matter here in France with no or very limited private initiatives. The State has largely invested in these first generation orchards and wants some financial return out of them before engaging new funds in new seed orchards! It still engages quite a lot of money to maintain existing seed orchards. In fact, most of these 'old' orchards have been over-sized at a time when heavy planting was underway. Nowadays, since several decades now, plantation has dramatically dropped down because of natural regeneration fashion, lack of planting sites, etc.. but all these stands planted 50 years ago -when plantation was booming - will have to be renewed ... In addition, shift in species (Douglas fir instead on Norway spruce) has left tens of  SO ha useless!

Do you think your country needs better seed orchards?

Yes both in terms of genetic quality but also in terms of dynamics.

Following our breeding programmes, we could provide much better improved material for creation of new orchards (higher genetic gains for a larger sets of traits).  But that is the whole dynamics of variety release on the market and deployment that has to be reviewed:

- it scares me sometimes to think that for several species, the source of reforestation for all France is coming from a unique orchard used years after years...,

- a better dimensioning of seed orchards (with heavier management) is certainly needed. They should be smaller and their turn-over should be much shorter to better integrate genetic progress ! Big size, unique/or few SO lasting for 40-50-60? years look to me unadapted with genetic progress, new requirements, etc.

