Web-discussion about pollen contamination
I used Workbook as recommended by our University IT. 


The program asks for signing in inconveniently often and do not tell that “sign in” is needed before an effort is made. The program shows much irrelevant information and is difficult to control. There was no easy saving of the comments. It is very hard to get people to register properly. It is not recommended. The same program was used for creating a discussion about faculty strategy but only me contributed. 

The discussion effort started around May 15. The discussion ended in late October. 
Thirteen people were given users and passwords or had them already and were invited. These were people I know and I judged could have been willing to reply. It is only those who responded. But only a single one succeeded in signing in and that was not easy. Five tried but failed for a variety of reasons. 

No single successful log in to the site was done at end of May 19. But I forwarded four replies to me to the site (all from such who should be able to log in). May 20 Yousry succeeded to sign in but after much help. Some responded personally that they were too busy at the moment or would do it if I did that or that, but none of those ever made a comment. At end of May I opened the site for anonymous comments, and announced that to participants to Komi who did not knew it before. None of those responded. But five more anonymous comments came from those I had made it possible to log in for. Between Early July and late October it did not come any comments.
The instruction to the discussion looked like this:

A tool for the discussion is used; a workplace (arbetsplats), it is the first time I use it. The discussion is visíble to the word and probably it will remain so. The workplace is at the website: 
https://arbetsplats.genfys.slu.se/TreeBreedingBook/ 

To reply and comment you usually need to sign in (even if the site sometimes is open even for replies from the world) and for that you need a user, password and authorisation. Those already on our system (AD/) already got users and password. Others can get what's needed by emailing Dag Lindgren. If you sign in you can edit your own comments later. 

One reason for this is that I thought we could discuss on email before the Komi-meeting to warm ourselves up, another reason to continue an earlier email discussion in early 05. I may expand on the reason of warming up for Komi and widen that later.
Below follows the debate
Half a century ago it was thought that once the seed orchards started to produce pollen, that would dominate the pollinations. To reduce contamination, seed orchards were localised to places with no nearby pollen. Some decades ago it became evident that this did not work. In mature isolated Scots pine and Norway spruce seed orchards up to 50% contamination has to be accepted. It has been realised that the contamination is not only pollen from local sources, but a fraction can fly hundred of kilometers. To isolate the seed orchard by distance from other trees of the same species does not seem very efficient.  No radical measures has been taken, but the decision was more or less" laissez faire" - to coexist with a large contamination. As it seems from the previous topic (Lindgren, Andersson, Ruotsalainen, El-Kassaby), even seeds with 100 percent non seed orchard fathers are often acceptable and can be the best available material. Not much can be done, but maybe something.

That 50% contamination just reduces the gain 25% seems possible to live with. But if the contaminating pollen destroys the adaptation? Seed orchards are usually localised to milder areas than the origin of the clones to get physiologically improved seeds and a better seed production. Seed orchards has probably an earlier phenology than stands in the same area and northern clones have an earlier phenology than southern. The pollen contamination is likely to reduce the hardiness of Scots pine seeds. For Scots pine and for Norway spruce in north Sweden "adaptation" is mainly a question of balance between growth and survival, where moment of stop of growth in the autumn is important and mainly a function of the latitude of origin. The change in adaptation can be dealt with by changing the area of use of the seeds (e.g. Bengt Andersson). 

 

Contamination is unreliable, the percentage actual contamination and  its origin will fluctuate between years. There are too few hardy Scots pine seeds in Sweden, its not good to get the hardiness of the existing one reduced by contamination. It could be unconvenient to gradually change the recommeded area of use to the increase of the pollen production in the seed orchard. One remedy is not to move clones too far. What would be the limit? Two latitudes? As suggeste by Jan-Erik Nilsson, the seed orchards could be localised to areas close to the Baltic, where temperature raises slower in the spring, they would when not be receptive when the contaminating pollen cloud is dominated by pollen from southern warmer areas. As hardiness is much stronger influence of the latiditude of origin than the elevation, the prior method of increasing the heat should be to localise seed orchards to low elevations (in northern Sweden that is usually close to the coast) rather than at southern latitudes.

 

Seed orchards are often at "forest generation centers" close to nurseries and other forest trials and objects. It could sometimes be thought of if the pollen environment is the best.

 

For Norway spruce in southern Sweden the problem with contaminating pollen  may be that local spruce has an early spring phenology. Planted spruce is sensitive to spring frosts and that can be reduced by late flushing. Eastern provenances (Belarus, Balticum) flushes later, but the pollen contamination reduces that advantage.

 

It could be discussed if plantations with other species 50 m around the seed orchard would help to reduce the inflow of pollen. It helps to make seed orchards large (>10 ha) and compact. It helps to establish new seed orchards as neighbours to old or have a continous regeneration of grafts.

 

To manage for pollen production should probably not conflict too much with seed production.

 

Is whats written above a fair description? Is it possible to learn to live better with pollen contamination?

The first harvest in a seed orchard when 100% of the pollen is from outside the orchard could - for seed orchards with phenotypically selected trees - be superior to harvests from a mature seed orchard. The contamination may not be a curse, but a blessing.

There are two advantages with 100 % contamination: No selfing and enlargened gene diversity. This seems to more than compensate the loss of genetic gain with the non-improved fathers. Two other advantages of seed orchard seeds “physiological” and “no related parents” ought to work as well with contamination.

The calculations are in the document “Early Pollen” attached. But of course there are assumptions...

 

Dag

From Darius
One precondition- If orchard clones will originate from another adaptive environment, the flowering time between the orchard clones and surrounding stands may not overlap. Thus, orchards should be established in the zone of origin of the clones.

From Bengt
No objections from me to early seed collection.
I agree about the benefits you mention and can add one more - cost! To harvest a young orchard without climbing etc. is usually much cheaper than an old one (not to mention a wild stand), at least if the seed production is fairly good.
Then of course the alternatives can make a difference. If unimproved seed is the alternative then collecting a young orchard is beneficial. However, it is important to estimate the hardiness of the crop since pollen from outside the orchard, depending of the location, may decrease hardiness - orchard location at clonal origin is not always possible or even wise. If improved seed from an old orchard is the alternative you may calculate and compare both genetic gain (hardiness included) and cost for harvest and make a wise decision. Further, orchard seed (even with small genetic gain) is an excellent alternative to unimproved seed for direct seeding (as you say the physiological effects are there).
I guess this is rather common knowledge and also what we recommend orchard owners to do (also young seed orchards are listed in the "Valskog-program" at our web).
Bengt

Even 10-15 years after grafting Scots pine in Umeå produce very little pollen. So close to 100 % pollen contamination is a realistic situation for seed orchard crops for the first years after the seed production in orchards has reached levels that make it worthwhile to collect the seeds.
For seed orchards aimed for northern latitudes, especially when located south of the clone origin, the origin of outside pollen should have a large influence on utilization of the harvested crop. Wind, rain and other weather conditions may vary considerably among years, not only on the locality of the seed orchard but over hundreds of kilometres in various directions. This means that the effect of pollen contamination on seed orchard crops may vary considerably from one year to another.
Although decreased hardiness is probably the normal effect of pollen contamination in northern seed orchards the opposite may also occur under specific weather conditions.
Location of seed orchards in coastal environments may delay female receptivity for a week or more (cooling effect from the sea in spring and early summer) compared to more interior location at the same or even more northern latitudes. This makes it possible in some years for hardy pollen from more northern non-coastal localities to invade the coastal seed orchard if the conditions are the right and increase the hardiness of the seed crop.
Of course the origin of the contaminating pollen is most critical before the internal pollen production has started.

I have no objections for the collection of seed from young not male 
flowering seed orchards. In fact, I think that it is a common 
practice in Finland, although I recognise the presented 20 kg/ha 
pollen production requirement very familiar...

However, I am a little bit hesitating on some  of the presented 
factors in the document "Early pollen".  Especially I think that the 
effect of selfing is not as great as presented, because the selfed 
progeny will hardly  reach the mature tree stage: it will die at 
embyonal phase or it will be rogued in the nursery or in young stand. 
The effect of milder degrees of inbreeding can be more harmful.

From Dag

The first harvest in a seed orchard when 100% of the pollen is from outside the orchard could - for seed orchards with phenotypically selected trees - be superior to harvests from a mature seed orchard. The contamination may not be a curse, but a blessing.

There are two advantages with 100 % contamination: No selfing and enlargened gene diversity. This seems to more than compensate the loss of genetic gain with the non-improved fathers. Two other advantages of seed orchard seeds “physiological” and “no related parents” ought to work as well with contamination.

The calculations are in the document “Early Pollen” attached. But of course there are assumptions...

 Dag

From Jan-Erik

Even 10-15 years after grafting Scots pine in Umeå produce very little pollen. So close to 100 % pollen contamination is a realistic situation for seed orchard crops for the first years after the seed production in orchards has reached levels that make it worthwhile to collect the seeds.
For seed orchards aimed for northern latitudes, especially when located south of the clone origin, the origin of outside pollen should have a large influence on utilization of the harvested crop. Wind, rain and other weather conditions may vary considerably among years, not only on the locality of the seed orchard but over hundreds of kilometres in various directions. This means that the effect of pollen contamination on seed orchard crops may vary considerably from one year to another.
Although decreased hardiness is probably the normal effect of pollen contamination in northern seed orchards the opposite may also occur under specific weather conditions.
Location of seed orchards in coastal environments may delay female receptivity for a week or more (cooling effect from the sea in spring and early summer) compared to more interior location at the same or even more northern latitudes. This makes it possible in some years for hardy pollen from more northern non-coastal localities to invade the coastal seed orchard if the conditions are the right and increase the hardiness of the seed crop.
Of course the origin of the contaminating pollen is most critical before the internal pollen production has started
Reply from Matti
Jan-Erik's suggestion to establish seed orchards in coastal areas to improve hardiness is interesting. Could it work? Just the opposite was feared in Finland in the 1960's and 1970's when this option was considered - but dismissed. The early breeders acknowledged with concern that pollen can travel long distances by sea winds and estimated that coastal seed orchards would be more prone to be contaminated by pollen from unacceptably unhardy sources (e.g. central Europe) than orchards located in the inner part othe country. This is one reason explaining why most of the Finnish first generation seed orchards are now located in central Finland. 
best wishes 
Matti Haapanen 

Comment from Dag to Seppo
Seppo suggests that the estimate used on the loss of production in forests because of selfing (1.6 per cent of production) for estimating the effect of contamination is too high.  One advantage with seeds from a seed orchard where pollen production has not started yet is that this cause of production loss is circumvented.

 

The loss may be 0 or 3 %, it depends on the circumstances at pollination, seed formation, forest regeneration and forest management. The estimate was derived as a part of an effort to discuss suitable number of clones in an orchard, and when some caution is taken, a value should not be severely critisised for being unrealistic low underestimating the impact of between ramet selfing in seed orchards. In the current case perhaps we should be cautious in the opposite direction, not to overestimate the positive sides of contamination.

 

We have to live with an uncertainty of what the best estimate is, it does not seem to be worth it to spend a lot of research efforts of finding out if it is 0.5 or 2%, and honestly I believe that no amount of research can give a general usable and accurate estimate, as conditions vary. Seed orchard seeds will give us 20% more production and it seems more profitable to use our research efforts to boost that figure.

 

The estimate is not something simple measurable but depends on a long array of subestimates, and each step is debatable and has many aspects. It would be interesting if someone could focus the attention to other recent estimates.

The last estimate for just self-fertilization rate which came across my eyes for Scots pine follows

 

Patterns of pollen dispersal in a small population of
Pinus sylvestris L. revealed by total-exclusion
paternity analysis JJ Robledo-Arnuncio and L Gil.


Self-fertilization rate was very high (0.25). 

Heredity (2005) 94, 13–22.

 

but there is much to add...

Seppo

I have no objections for the collection of seed from young not male 
flowering seed orchards. In fact, I think that it is a common 
practice in Finland, although I recognise the presented 20 kg/ha 
pollen production requirement very familiar...

However, I am a little bit hesitating on some  of the presented 
factors in the document "Early pollen".  Especially I think that the 
effect of selfing is not as great as presented, because the selfed 
progeny will hardly  reach the mature tree stage: it will die at 
embyonal phase or it will be rogued in the nursery or in young stand. 
The effect of milder degrees of inbreeding can be more harmful.


Yousry
The common practice with young orchards that are vulnerable to pollen contamination is to delay cone harvest until the within orchard pollen cloud is dense enough to liquidate the undesirable background pollen.  While it is a good practice, I think we are making a big mistake by missing out on the 50% gain that could be obtained from the mothers even under 100% contamination.  To put this into perspective, let us consider the alternative which is natural stand seed collections.  Most if not all mating system studies that have been conducted in natural stands indicated the presence of: 1) minor selfing component, 2) mating among relatives (a weaker form of inbreeding that is not sever enough to affect seed development and thus seedlings could be produced specifically under the non-competitive nursery environment), and 3) correlated matings (seed from one tree that is sired by one father) that is caused by multiple pollination from the same pollen source or by the lack of other pollen sources when reproductive phenology differences are present.  Also, we know from many studies that natural stands consist of multiple sets of related individuals.  Then, we could conclude that early seed crops from seed orchards even under 100% could be better than natural stands for the following reasons.  No family structure (parents are originated from different locations), some correlated matings (that can only take place during the pollen production phase of the orchard and not during early crops), capturing the maternal gain (50%).  However, one issue must be addressed in this case which is the adaptive relevance of the background pollen.  If it is similar to the seed production target zone of the orchard, then we could assume it is neutral and it would not be detrimental otherwise it could be a problem.

comment concerning the type of seed wanted by nurseries. 
I agree, that in most cases the nurseries are mainly interested in the physiological quality of the seeds - not the genetic gain. And the same is true for most of the forest owners if we replace seeds by plants. But quite recently I heard that some (at least one) man had been worried how much there will be loss in growth if there is only stand seed of Norway spruce available, when the seed orchard crops have failed in many successive years. Perhaps the genetic gain is like the health: you pay attention to it only when you have lost it. 
Good midsummer! 
Seppo 

Matti

can also find no objections to using seed from juvenile seed orchards if the hardiness of the crop is not of problem (BTW, this issue is probably ignored too often as studies indicate the hardiness of seed orchard crops varies substantially from year to year due to pollination conditions). 
Dag rightly argues that fully contaminated seed is fine because of the lack of selfing and enlargened gene diversity. However, the actual users of seed orchard crops do not seem to pay much (if any) attention to such arguments. Private forest nurseries (at least those in Finland) do love seed orchard seed but that is not because of its gene diversity - it is purely the outstanding physiological quality compared to the stand seed which matters. And nothing much else. It does not matter whether the seed collected from an orchard is contaminated or not (assuming no effect on hardiness), the nursery is equally happy to sow it. My point is thus, that the genetic qualities of the seed orchard crop play a rather small role regarding the decisions of its use in practical forestry (except for those qualities related to hardiness). 
Matti
Kyu-Sukl

Well, theoretically I'd like to use the seed even though there is 100% pollen contamination, because we can get 50% gain by female parents. The problem issued here is how much inferior contamination pollen is? Contaminating pollen is of course inferior to seed orchard pollen.  As know, on the other hand, pollen contamination increase genetic diversity.

 

Practically, nurserymen will not use the early seed orchard seeds without any internal pollen production. From many experiences, early seeds from immature young seed orchards show many physiological problems such as low germination and they are not storaged long (after 2-3 years, the germination drops dramatically). Also seedlings are not healthy enough.

 

When seeds are moved to long distance or high elevation, then adaptation will be a problem resulted from the pollen contamination. 

About pollen contamination in old (mature) seed orchards

The common practice with young orchards that are vulnerable to pollen contamination is to delay cone harvest until the within orchard pollen cloud is dense enough to liquidate the undesirable background pollen.  While it is a good practice, I think we are making a big mistake by missing out on the 50% gain that could be obtained from the mothers even under 100% contamination.  To put this into perspective, let us consider the alternative which is natural stand seed collections.  Most if not all mating system studies that have been conducted in natural stands indicated the presence of: 1) minor selfing component, 2) mating among relatives (a weaker form of inbreeding that is not sever enough to affect seed development and thus seedlings could be produced specifically under the non-competitive nursery environment), and 3) correlated matings (seed from one tree that is sired by one father) that is caused by multiple pollination from the same pollen source or by the lack of other pollen sources when reproductive phenology differences are present.  Also, we know from many studies that natural stands consist of multiple sets of related individuals.  Then, we could conclude that early seed crops from seed orchards even under 100% could be better than natural stands for the following reasons.  No family structure (parents are originated from different locations), some correlated matings (that can only take place during the pollen production phase of the orchard and not during early crops), capturing the maternal gain (50%).  However, one issue must be addressed in this case which is the adaptive relevance of the background pollen.  If it is similar to the seed production target zone of the orchard, then we could assume it is neutral and it would not be detrimental otherwise it could be a problem.

Half a century ago it was thought that once the seed orchards started to produce pollen, that would dominate the pollinations. To reduce contamination, seed orchards were localised to places with no pollen sources within the nearest km or so. Some decades ago it became evident that this did not work. In mature Scots pine and Norway spruce seed orchards up to 50% contamination has to be accepted. It has been realised that the contamination is not only pollen from local nearby sources, but a fraction may fly hundreds of kilometers. To isolate the seed orchards by distance from other trees of the same species does not seem very efficient.  No radical measures has been taken, but the decision was more or less" laissez faire" - to coexist with a large contamination. As it seems from the previous topic (Lindgren, Andersson, Ruotsalainen, El-Kassaby), even seeds with 100 percent non seed orchard fathers are often acceptable and can be the best available material and are actually utilized rather often. Not much can be done, but maybe something.

That 50% contamination just reduces the gain 25% seems possible to live with. But if the contaminating pollen destroys the adaptation? Seed orchards are usually localised to milder areas than the origin of the clones to get physiologically good seeds and an improved seed production. Seed orchards has probably an earlier phenology than stands in the same area and northern clones have an earlier phenology than southern. The pollen contamination is likely to reduce the hardiness of Scots pine seeds. For Scots pine and for Norway spruce in north Sweden "adaptation" is mainly a question of balance between growth and survival, where moment of stop of growth in the autumn is important and mainly a function of the latitude of origin. The change in adaptation can be dealt with by changing the area of use of the seeds (e.g. Bengt Andersson). 

 

Contamination is unreliable, the percentage actual contamination and its origin will fluctuate between years. There are too few hardy Scots pine seeds in Sweden, its not good to get the hardiness of the existing one reduced by contamination. It could be unconvenient to gradually change the recommeded area of use to the increase of the pollen production in the seed orchard. One remedy is not to move clones too far. What would be the limit for new seed orchards? Two latitudes? As suggested by Jan-Erik Nilsson, the seed orchards could be localised to areas close to the Baltic, where temperature raises slower in the spring, they would when not be receptive when the contaminating pollen cloud is dominated by pollen from southern warmer areas. As hardiness is much stronger influence of the latiditude of origin than the elevation, the prior method of increasing the heat should be to localise seed orchards to low elevations (in northern Sweden that is usually close to the coast) rather than at southern latitudes.

 

Seed orchards are often at "forest generation centers" close to nurseries and other forest trials and objects. It could sometimes be thought of if the pollen environment is the best.

 

For Norway spruce in southern Sweden the problem with contaminating pollen may be that local spruce has an early spring phenology. Planted spruce is sensitive to spring frosts and that is reduced by the use of late flushing provenances. Eastern provenances (Belarus, Balticum) flushes later, but the pollen contamination reduces that advantage.

 

It could be discussed if plantations with other species 50 m around the seed orchard like a hedge would help to reduce the inflow of pollen. It helps to make seed orchards large (>10 ha) and compact. It helps to establish new seed orchards as neighbours to old or have a continous regeneration of grafts.

 

To manage for pollen production should probably in most cases not be done in a way so it conflicts too much with seed production.

 

Is what is written above a fair description? Is it possible to learn to live better with pollen contamination? Can seed orchards be established to make the pollen contamination still less destructive?

From Kyu-Suk

My answer is Yes, we should try to establish seed orchards with isolation from pollen contamination. When you avoid 10 or 20% of pollen contamination, you can get 5-10% gain just because of avoidance.

 

Otherwise, one can use many options for the production of orchard pollen fast, and for synchronization, such as water gun, ground spray, artificial mass pollination and so on.

 

Here is one example to avoid pollen contamination, seed the attached pdf file from Korean seed orchards. We set a spray system on each single tree. The main purpose was to control cone-insects for spraying insecticide, but it could be used for avoiding pollen contamination with spraying (shower) water in spring.
Kyu-Suk

	A poster about this subject is planned to be presented at the Komi-meeting. Documentation is available at:
http://www.genfys.slu.se/staff/dagl/Komi/DagActivityKomi.htm
 
To avoid that it leads too far, let’s restrict the discussion to what could be relevant for Scots pine seed orchards in Europe north of latitude 57.
 
A seed orchard model was developed and applied to Scots pine in Sweden. It suggests that it can be advantaguous to run pine seed orchards shorter than what is projected in Sweden today (40 years), given that there will be genetically updated material from the breeding population at that moment.  Could not 35 years be a standard target rather than 40?

The younger the seed orchard is, the shorter time distance to the breeding population, and the higher genetic quality of the seeds.  The younger a seed orchard is, the lower the cones is situated and the cheaper the harvest.  
 
In Sweden it is suggested that seed orchards should be established each 20 year because a breeding cycle is 20 years. I believe the breeding cycle varies and we have very little statistics on that, because few Swedish breeding populations have yet made a full cycle. I also believe that for pine it could be optimal with breeding cycles above 30 years (it seems optimal to do pine breeding with several steps within a breeding cycle and to use open pollination for progeny testing, which means that it takes long time till flowering). A breeding population is often divided into different asynchronously run compartments. And a Swedish seed orchard will not be drawn from a single Swedish breeding population but may be also partly from four adjacent breeding population.
 
The results focus attention on that maybe it is a good idea to replace some existing seed orchards by genetically more updated once earlier than currently planned.

 

The experimental seed orchards at Drögsnäs (lat 60) and Sävar (lat 64) have (besides operational experience) learnt us that many and conveniently low cones can be produced in rather young ages and that increasing graft density is an option to increase early cone production as well as gaining other advantages (like faster raise of pollen production). However, the current modell did not indicate substantial advantages with 600 grafts/ha over 400.

 

A faster turn over of clones could be more efficiently done in a rolling front seed orchard there individual grafts are culled when genetically outdated and replaced by fresh selections with higher breeding value.


We found it worth-while to cycle orchards often because the genetic quality improved over time. The assumptions we made may be too optimistic. E.g. we assummed the genetic progress in the Swedish breeding population of Scots pine to be 0.35% per year, thus 33% till year 2100. This may be too optimistic? The calculations by Danusevicius and Lindgren hint on somewhat lower value. And we assumed that the value of the seeds increased with the genetic gain, 10% additional gain would justify to double seed values (but remember that seed value is a small share of plant price). Some contributions to this debate has indicated that some plant producers do not agree. Finally we assumed a contineously supply of better genotypes, but the wait time till improved genotypes become available may often be a limiting factor. That emphasises the need of tailoring the timing of seed orchard programmes with that of long term breeding.
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