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Alternative strategies for Scots pine breeding in Sweden
Description of strategies for Scots pine breeding that should be considered in the revision of the Swedish breeding programme
Background

Swedish tree breeding has followed its current long term breeding program since it was first introduced in the early 1990’s (Danell et al. 1995). It has been very successful in increasing efficiency, both to improve organisation of the operational breeding and to increase genetic gain in the breeding populations and the seed orchards. Over the years, breeders have gained experience both from the operational breeding activities and from analysing new data, improving their practical and theoretical knowledge. Questions as well as suggestions have been raised on how to improve the breeding program to handle both experienced problems and new options. At the same time, tree breeding and forest genetics have developed all over the world. Swedish forestry also faces new challenges from climate change, increased demand for bio energy, etc., as well as increased competition in global markets.
The alternative strategies to be considered have been developed in cooperation between Curt Almqvist and Ola Rosvall at Skogforsk and Dag Lindgren at SLU. The strategies where presented for the rest of the breeders at Skogforsk at a meeting in Ekebo 2007-03-20, and the comments we got has been considered in the description of the strategies.

Alternative strategies

Activity schemes for each strategy are described in the excel file " Time-Activity-Material-Schemes_Pine.xls".

Suggestions - Assumptions
Some considered suggestions and basic assumptions that we have used when developing the schedules for each strategy are here summarised in points.
· Controlled crosses should be performed at a breeding station. Therefore it's in many cases needed to transfer material from field trials to the breeding station to be able to perform crossing activities. 

· A top grafting archive is planned for and used when scions are transferred to a breeding station for crossing activities. Top grafting is a faster way to get scions to flower than normal grafting on root stock seedlings. On each inter-stock graft it's possible to put 10 top-grafts. Interstocks are planted at 6 by 5 m spacing (333 trees per ha). Interstocks should be intensively managed and their height controlled so the grafting and subsequent crosses can be made from ground or from small ladders.
· Generally "mother trees" are selected at an earlier age than "father trees" to synchronize graft development in the archive and potential for pollen production in the field test and efficiently use test time.

· A mass propagation archive for i.e. potential seed orchard trees is planned for. Grafting is done on root stock seedlings. Selected trees are replicaded by 5 ramets. Trees are planted at 6 by 3 m spacing (555 trees/ha)

· It takes longer time for a seedling, a top graft etc. to reach flowering in northern than in southern Sweden. We have assumed this time lag to be 2 years longer in northern than in southern Sweden.
· We assume that we on average need to perform a crossing at two successive years for sufficient success rate.

· The time when pollen becomes available on selected trees in field trials are determining the time schedule for the breeding plans.  We assume that this occurs at age 16 in central Sweden. The time lag compared to female flowering has been assumed to be 3 years, but all these ages needs to be further investigated, and models with thinning in trials to stimulate flowering may be considered.

· Longer time is needed for field testing the harsher the climate in the actual area are. We divide Sweden into four different areas with different time needs: South, central, north costal and north inland. Compared to south Sweden field testing takes 1 year longer in central, 2 year longer in north costal and 4 years longer in north inland Sweden.
· In the time schedules presented numbers for e.g. number of candidates per family, number offspring per candidate, length of field testing etc. are examples. All specific numbers and times are to be optimized and considered. Other factors like available budget and allocation to breeding populations may matter.
· We suggest the total size of test trees to be 28 000 trees, 50 crosses etc. as a basis for comparing programs. The test size can be compromised considering additional expenses for crosses, grafts etc. and changes in generation time in other programmes to make alternatives comparable. In principle the best bases for comparison is group merit progress at a fixed annual cost, but that principle may be compromised to get it simpler and more transparent when loss in precision is regarded neglectable.
Comments to the strategies

For each programme a time schedule for a central Swedish breeding population are indicated. We also calculated the number of interstock ramets needed in a breeding archive to facilitate topgrafting of scions collected from selected genotypes in field tests that should be crossed. Number of archive trees, grafts grafted on rootstocks, needed for creation of a base material for mass propagation purposes is also indicated.

Generation cycle time is defined as the time between two occasions of controlled crossings conducted in the population.
Progeny test cycle time is defined as the time between two occasions when parental breeding values can be obtained. Generation cycle time and progeny test cycle time only differs in programme 4. Phenotypic pre selection followed by progeny testing and backward selection.
1. Current programme, basic – Progeny testing with polymix of untested candidates
Breeding population with 50 Parents, crossed with DPM-PAM, 10 Seedling Candidates/Fam selected in nursery and later tested by polycross (PX) in progeny trials with 40 Offspring/Candidate (totally 500 candidates). This adds up to a total test size of 20 000 trees as compared to Norway spruce with 28 000 trees. To be comparable in test size 14 progeny can be tested (50 x 14 x 40 =28 000). This is more optimal than adding additional offspring. (Number of Seedling Candidates/Fam and Offspring/Candidate are examples).
The main current strategy for Scots pine is a two-step testing and selection strategy with a total cycle length of more than 30 years. In the first step, performance of a few seedling candidates are selected in the nursery and grown up in an archive is assessed by progeny testing their offspring by means of a polycross. In the second step, based on the progeny test results the top-ranking candidates are selected and crossed (a second time) to generate the new generation of candidates to be tested for future selection. 
The time to flowering for PX testing of seedling candidates growing in archive is unproductive and its length is an uncertain factor. It allows few trees to be tested, limiting selection intensity and the progeny test is a dead end. The advantage is the high accuracy. These are the main reasons for finding alternative strategies.

This is the programme at present used for most of our pine breeding populations in northern Sweden. 

2. Current programme, intensive

Breeding population with 50 Parents, crossed with DPM-PAM, 10 Candidates/Fam tested in progeny trials with 40 Offspring/Candidate. (Number of Candidates/Fam and Offspring/Candidate are examples).
This is the programme that at present most of our pine breeding populations in southern and central Sweden are following. The candidates are grown in pots. An alternative would be top grafting of the seedling candidates to enhance early flowering. The system with candidates growing in pots have been found to be problematic to manage, so therefore it should not to be an option in the current review of breeding strategies. The time to flowering for candidates growing as top grafts is an uncertain factor.
The difference between this programme and the basic are that the total cycle length is estimated to be seven years shorter.

3. Phenotypic selection

Breeding population with 50 Parents, crossed with DPM-PAM, 
200 Candidates/Fam (totally 10 000 candidates). This adds up to a total test size of 10 000 trees. (Number of Candidates/Fam are examples).

There is no idea to increase this size up to 28 000. The alternative of decreasing the other strategies down to 10 000 trees will limit their value. When comparing alternative strategies phenotypic selection has to be seen as cheaper alternative. It is very efficient at a low investment level but the gain produced has an upper limit. Other alternatives are assumed to be less efficient at low input levels but can produce much higher gain and still be more profitable at the current cost level. The best way is to do comparisons at three levels of investment.
The problems with a long lag time waiting for candidates to start flower in the two-step strategy were foreseen while designing the Swedish breeding program and a second selection strategy for Scots pine was suggested as backup. In this case a larger number with up to 100 new seedling descendants (Fn+1) per parent are planted in field experiments. After about 15 years the best tree of 100 in the tests is selected (forward selection). In this case the accuracy of forward selection of an individual based on its own performance in the test is less than for backward selection of an individual based on its test progeny, but the selection intensity is considerably higher (1 of 100). This strategy is applied as a complement in many of the Swedish breeding populations. Therefore both options are available at the same time and can be combined.

A straight forward phenotypic selection strategy.  We don't think it's possible to shorten the field test period. The time to start of pollen production in the field trial is the bottle neck.
The grafting to archive in year 14 and year 17 is to prepare a basis for building seed orchards.

4. Phenotypic pre selection followed by progeny testing and backward selection

Breeding population with 50 Parents, crossed with DPM-PAM, 100 Candidates/Fam in phenotypic field trial (totally 5 000 candidates) , 5 Candidates/Fam in progeny trial (totally 250 candidates) with 40 progeny/Candidate (totally 10 000 OP progenies). (Number of Candidates/Fam is examples).
In this strategy phenotypic selection of a number of candidates is carried out in a field experiment, phenotypic pre-selection, followed by open pollinated progeny testing (Lindgren and Danusevicius 2004; Danusevicius and Lindgren 2002; 2003).
A two step strategy. The field trials with the candidates needs to be maintained until the result from the progeny tests are available, candidates that will act as mothers are top grafted, and pollen are collected from candidates that will act as fathers. 

This strategy is less suitable for breeding populations for North Sweden inland, due to the harsh climate that makes it unreliable to depend on open pollinated seeds collected in the field trials. Here selections has to be top-grafted and Polymix crossed instead.
The grafting to archive in year 31 and year 34 is to prepare a basis for building seed orchards.

5. Phenotypic pre selection followed by progeny testing and forward selection

Initial breeding population with 50 Parents, crossed with DPM-PAM, 100 Candidates/Fam in phenotypic field trial (totally 5 000), Future breeding population with up to 6 Candidates/Fam selected (totally 300 candidates) and crossed with SPM/DPM-PAM, 100 offspring/DPM families in progeny trial (totally 30 000). Total test size is 30 000 (should not be more than 28 000) being candidates for pre selection. (Number of Candidates/Fam and Offspring/Candidate are examples). 
In this strategy phenotypic selection is carried out in a field experiment of a number of candidates, phenotypic pre-selection, followed by pair vice crossing of these candidates. The new generation field experiment is used for both backward selection among the original candidates and forward selection of new candidates to be crossed. Thus there is no dead end. In its simplest form it can be carried out totally balanced, when selection only is within families. It can also be looked upon as an increase in breeding population size to say 300  without increasing population effective size (many full sibs are pre selected and breed) but with high selection restrictions to keeping effective population size high (keep contribution from original P-trees fairly equal by avoiding selecting too many full-sibs).  It is a schedule that fits TREEPLAN.  

One complication with this strategy is the limited combinations of two desirable parents for forward selection in the progeny test.

The grafting to archive in year 34 and year 37 to prepare a basis for building seed orchards.

6 & 7. Clone testing

Breeding population with 50 Parents, crossed with DPM-PAM, 40 Candidates/Fam (totally 2000 or more candidates) with 14 Cuttings/Candidate. Total test size is 28 000 trees. (Number of Candidates/Fam and Cuttings/Candidate are examples).
This strategy is used for Norway spruce in Sweden. The ultimate one-step solution would be to use vegetative propagation to replicate foward-selection candidates in clonal field tests. Copies of each clone may be kept in a parallel breeding archive. That archived trees is used as the breeding parent for generating the new recruitment population without time delay, once the best genotypes have been identified by the clonal field test, and as a basis for building seed orchards.

Probably it is not possible to keep all 2000 candidates in a breeding archive. 

The largest bottle neck in the clone testing strategy is the number of cuttings possible to get from each genotype. Most probably is the number we used in the schedules, 14 cuttings per genotype, very optimistic. An associated problem is that the number of cuttings will vary wildly among clones. This should be considered in the optimization. The ongoing propagation research objective is 10 cuttings per seedling.
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