Full sib forestry
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The full sib forestry concept
The concept "full sib forestry" is suggested.  Full sib forestry means that both seed-parent and pollen-parent are controlled and known for plants deployed for forestry. We do not imply the use of full sib family blocks, although we recognise that as a variant of full sib forestry. Thus the knowledge of the pedigree for each plant may not be kept out in the actual forest, but lost in the seeding for the nursery. Alternative terms would be "full pedigree forestry", "ancestry controlled forestry", "controlled ancestry forestry", ... but we do not suggest these alternative terms would be used.  Family forestry or family blocks is used in some other forest operations where maternal identity from OP-orchards is kept in forest plantations. This means a much lower level of genetic control, and another term is needed for the much stricter control imposed by full sibs. For the case where full sibs are deployed in blocks we suggest “full sib  family forestry”, with full sib as specifier to family forestry. 

An alternative to the clonal forestry option
Clonal forestry using large plantation blocks of well-known and well-tested clones is not available in any scale for any conifer in spite of intensive efforts in many programs for half a century. Clonal forestry requires that clones can be kept constant during a long test and propagation period, and this has not been convincingly demonstrated. Contrary, in practice it has failed repeatedly. Clonal deployment in large monoclonal blocks must be proceeded by testing a number of selected promising clones in repeated long term tests with large blocks, otherwise the potential genetic advantages will not be fully exploited. Such tests have hardly been initiated, and the extra gains considering costs, time, and c-effects have not been practically demonstrated and compared to competing methods to produce gain. 

Vegetative propagation is used on a large scale in NZ today, and this use includes monoclonal blocks, but the gain from the current operations is mainly derived from the high breeding value of the parents and thus not much higher than can be obtained by full sib forestry.  Scientists, breeders and foresters tend to spend their energy on futuristic visions about clonal forestry instead of optimising the already available options for the benefit in the more near future.

Full sib forestry is in many ways halfway between clonal forestry and conventional forestry. The experiences gained by full sib forestry will be valuable when and if the step to the more advanced clonal forestry can be taken.

Why full sib forestry?
In this paragraph we will shortly list the reasons for full sib forestry, some points will be discussed more in detail in later paragraphs. Carson (1986b) suggested using control-pollinated seed orchards of the best general combiners. The advantages with using controlled crosses have been reviewed e.g. by Carson & Burdon (1991), Burdon       and Carson (1986a),....  Note that these advantages usually have been listed and discussed in connection with clonal forestry, but seldom in papers discussing full sib forestry on its own merits.

No undesirable parents. Pollen is able to travel considerable distances, isolation by distance is impossible for radiata pine in New Zealand. Such pollen from unidentified forests represents a lower degree of improvement and may also comprise relatives. The only feasible way of avoiding pollen from unidentified sources is controlled pollination, and this is a major reason for full sib forestry. 

Fewer constraints on seed orchard localisation and design When controlled pollination is used, the seed orchards need not be localized with considerations of isolation from air-borne pollen. No measures expensive or low productive hedges or pollen dilution zones are needed.

No selfing. Trees produce pollen and thus the only way to effectively avoid selfing is to use controlled crosses. With full sib forestry there is no need to avoid self-fertile genotypes as parents.
No inbreeding because of related parents As long as there are at least two disconnected sublines, unrelated mates could always be found. With full sib forestry, there is no need to breed for trees that does not suffer from inbreeding.
Reduced need of sublining One reason for sublining is to keep an option of avoiding that the progeny of related genotypes come out into forests. As two sublines are sufficient to completely avoid inbreeding in the production population, the argument for more than two sublines is weakened.
Exact control of parental contributions In an open pollinated seed orchard different parents contribute differently to the crop in an uncontrolled and unchecked fashion. An additional practical problem is that clonal identity is sometimes lost in conventional seed orchards; this is more likely to be preserved in the more intensively managed, shorter lived and not randomised CP-orchards. With full sib forestry it is possible to keep exact control of deployment of each single genome!
Fast response to changing genetic demands The crosses to be made and the amplification are under control by the manager, and genetic constitution of the plant crop can be changed in a few years, drastic changes can be made within five years.

Fast response to changing plant demands. By having a flexibility to keep stool beds one year more or less it is possible to respond to large fluctuations in plant demand in one or a few years.

Small demands can be satisfied The classical seed orchard must be a big unit to produce enough pollen.  An archive or seed orchard for crosses can be a much smaller unit and thus operated by a smaller organisation or for a more limited and specialized purpose. As the investment pays off faster, it is justified to plan for meeting specialized demands of limited size.

Varieties can be fine-tuned for sites, mananagement and end products. Families are distinct units, which are different from each other. Schemes can be designed to use different families for different purposes. Families can be designed (by choice of the parents) for different purposes. Thus, full sib forestry is more diversified and flexible than OP-orchards.

A more uniform crop The trees within a full sib family are less variable than those originating from an OP-orchard. Forestry is likely to regard this as an advantage and make use of it by deploying full sibs in full sib blocks.

Short time-lag between collecting performance data and plant production In classical seed orchards progeny are produced from genotypes several decades after they were selected, and it takes long time till new and better selections can contribute to forest plantations. It takes long time till harvest can commence in an OP-orchard, as seed harvest must await sufficient rich internal pollen production. The production of radiata pine increases by a magnitude not far from one per cent per year due to genetic improvement (Charles Sorensson, 1995, pers. comm.) It seems likely that CP-orchards will suffer from a time lag between measurements in the breeding population and deployment into the forest of more than five years compared to OP-orchards, and this shorter time loss may correspond to a gain of around 5%.  

Investments pay off after a short time Open pollination seed orchard uses the land inefficient, as seed production per hectare is low. As it takes long time from the initial investment till seed production commences and pollen production is high, the capital cost becomes high. Controlled crosses follow soon after investment in CP-orchards and the land area used is small. Thus at least some of the components of the capital cost of CP-orchards may be lower than for OP-orchards.  Some of these costs (like land-rent) may not have been accurately accounted for in earlier calculations.

Improved seeds without seed orchards Improvements in techniques of vegetative amplification may mean that sufficient seeds of a controlled cross can be made direct in the field tests. If so, no investments in grafts, seed orchard establishment or seed orchard management would be needed. No investment would be needed until a few years before planting, which would reduce capital costs.

Parents need not be in the same place at the same moment With open pollination only parents which were planned to mate long ago can get progeny together, while in a controlled cross any pollen producing genotype may be chosen as pollinator. For full sib forestry the sources of pollen and the sources of seeds should be seen as separate matters.
Specific combining ability can be exploited One cause of differences between full sib families is that the genes of the parents may fit more or less well together. This is called specific combining ability. The only operative way to exploit these differences is to use progeny by parents, which match well to each other. The magnitude of this specific combining ability may be smaller than that of the general combining ability, but it has never been in doubt that the effect exists and could give an extra bonus to breeding

Maternal effects and after-effects may be exploited It may matter what parent in a cross which is the father and which is the mother (reciprocal effects) and the environment of the parents may also matter (after-effects). Full sib forestry has the potential to exploit these effects.

Suitable for future single gene breeding With increasing use of gene mapping, QTLs and genetic engineering single genes may be more important in forest tree breeding. Full sib forestry is a way to utilize the results of such techniques for actual plantations.

Breeding strategy for full sib forestry
Almost any breeding program can be effectively creamed off by full sib forestry, and full sib forestry can be implemented, even if it was never considered in the history of a breeding program. As full sib forestry offers more options than a strategy heading for OP-orchards, it is probably worthwhile to invest more in thinking about how breeding strategies may be fine-tuned to make full use of the full sib forestry option.

Note that there are different variants of family forestry. E.g. controlled crosses may be made without isolation to reduce costs, and thus some of the advantages listed may not be fully realised. A further downgrading is supplementary pollination. Only little of the discussion in the paper is not applicable to these options.

Known families or known parents?
The goal of full sib forestry can be formulated as to produce full sibs with a high predicted performance.  The performance of a full sib family may be predicted based on the performance of the family itself and/or on the performance of its parents in crosses with other genotypes. Till now only the later method has been used in NZ radiata pine improvement. Full sibs have been produced by mating parents with high predicted breeding values (high GCA genotypes) for desirable traits. There are strong arguments for using this method:

· The high GCA-genotypes can be utilized independent on if they have been mated with other high GCA-genotypes or not.

· It is impossible to test more than a small fraction of all possible crosses. The parents which turns up to have the highest breeding value after tests will seldom have been mated before the test results become available.

· Parents can be matched considering practical circumstances at the time of crossing (accessibility, flowering etc).

· If the specific combining ability is low (as it seems to be) the main source of gain is to deploy the progeny of the best general combiners independent of the mates.

There are also some objections to trust predictions of family performance obtained in an indirect way:

· It seems principally a bit risky to completely trust predictions from sophisticated black box computations of breeding values from tests the user have little control or knowledge about.

· NZ uses a progeny-test with common female testers. If the same female testers are used for long time the testers will become genetically outdated and not be as high-ranking as the actual production population mates, which may slightly reduce the value of the predictions.

· It seems intuitively inefficient to produce a lot of controlled crosses in expensive progeny-testing programs without keeping an option to deploy these crosses in forestry.

· Parental ranking is made most efficient with seedlings, but full sib forestry is likely to use vegetative amplification. Thus, progeny testing results may be less applicable as they are obtained by seedlings and not by cuttings.

There are also arguments for replicating families that have been field-tested

· The tested material and the practically deployed material would be similar. This ought to minimize the risk that the predicted and the true value of the deployed material deviate.

· If foresters and decision makers actually can see test plots with the material they have the option to use, this contributes to safety, to a positive attitude towards breeding and inspirits to new ideas of characters to evaluate.

· Full sib forestry may capture not only GCA but also SCA, epistasis, maternal effects and after-effects. That "after-effects" may be important in pines is supported by experiences from Scots pine (Lindgren and Wei 1994)

· Crosses between high general combiners are routinely produced for practical forestry. The added cost of arranging this as tests and including more mating between high GCA genotypes may be small if integrated with practical full sib forestry operations. The added cost of testing vegetatively amplified families and thus making the test more relevant will be small if integrated with forestry.

· If full sibs are deployed in blocks, it contributes to accuracy and reliability, if they are tested in reasonable big family plots.

The alternatives may be compared in terms of genetic gain, but this depends on mating design, progeny size, operational timing and other components of the breeding strategy. If the mating design is single pair mating it seems clear that replication of the best families can not be inferior to using the parents with the highest predicted breeding values, while if on the other hand common testers is used there is no realistic alternative to using the best parents for creating new families for deployment. 

The best strategy is probably to use both alternatives, thus use a breeding strategy including field testing of full sibs and replicate tested families when both parents are high-ranking and accessible, and use other high-ranking and accessible parents to produce and deploy untested full sibs.
Elite population, the speedy breedy poppy 
In long term breeding it is important to maintain genetic diversity, to offer rare alleles a chance for survival, to preserve ability to respond to selection in new directions, and to sustain a wide breeding population for future breeders generations. To achieve these compromises in immediate gain has to be made. To maximize gain in the short-term perspective a small selected share of the breeding population may be intensively managed. Many crossings between genotypes likely to have high breeding value with few restrictions on coancestry resulting in a low number of outstanding genotypes of crosses seems to fit both the elite concept and the full sib forestry concept. Both concepts aim at getting a few genotypes able to produce sufficient progeny with a maximal gain for a certain goal without considering sustainable long-term-breeding. This short-time breeding need not be a very large investment, and the planning horizon can be a decade rather than half a century. Crosses can be viewed as end products rather than steps in a cyclic process. (We suggest calling that population "speedy-breedy-poppy".) Individual companies can manage these elite populations; a joint coordinated effort is not required. Full sib forestry strengthens the motivation for elites, the elites can be many and small and handled by operators, which were too small to manage OP-seed orchards.
Short time lag between breeding and forests
Selection based on evaluation of field experiments is the basis for improved forests. There are, however, a series of events in between causing a long time lag. The data are evaluated, decisions are taken, scions are collected, grafts are produced and cultivated, pollen is collected, flowers are pollinated, cones are harvested, seeds are extracted and stored, seeds are amplified by vegetative propagation and plants are raised. The current increase in genetic gain in the NZ long-term breeding population is close to one percent per year for volume production, thus the time lag between breeding operations and forest plantation is an important consideration, and large gains can be achieved by shortening the time lag. Evaluations and decisions may take less than a year provided measurements and later activities are coordinated, but may take a half a decade without coordination, thus coordination of field measurements and subsequent decisions is important. To get flowering grafts may take five years (management for flowering is important), cone maturation takes two years, and vegetative amplification may take four years. Many selection decisions can be modified at a later stage by using fresher information. The envisaged standard procedure is to select a plus tree candidate in the forest at age seven. At selection the candidate is harvested for pollen (which is applied on female flowers on grafts for testing) and scions (which go to archive or direct to an CP orchard). At a later stage selections may be modified based on fresh test-results, but constraints created by earlier decisions will remain. Fully using the genetic potential of full sib forestry requires a careful fine-tuning of field experiments and deployment.
Multiplication
Multiplication takes time (and thus reduces the gain progress) and draw resources.  Families and genotypes can be multiplied at a different extent. This depends on a number of factors. Genetic factors of the parents matter, some genotypes are easier to multiply sexually or vegetative than others. When trees get older they get more sexually mature and may be able to produce more progeny. A clone can produce more progeny than a seed, so if testing of clones is made it is easier to propagate sexually.

There are different methods of vegetative propagation starting from seeds, which differ in price, speed and fraction of genotypes that can be multiplied. The simplest procedure is to sow stool beds and harvest for cuttings. Around 50 copies from each seed over a period of five years are realistic with this method before maturation becomes a constraint. A first cycle of cutting propagation could be made in green house, fascicle cuttings can be taken and stool beds with many ramets per clone could be established. 1000 copies per initial seed seem realistic. By tissue culture at least some clones can be blown up in still bigger numbers. Generally very few clones can be blown up to be planted in 10 hectare blocks while it is easy to arrange 10 hectare blocks with the same full sib.  The projected plant need of NZ is roughly 108 plants/year. 2*106 seeds multiplied by conventional cuttings or 105 seeds with reasonable improved techniques can meet that. It is realistic to get 50 seeds per cone, thus 40000 cones would be sufficient with conventional cutting technique. Pollen for pollinating 40000 cones could be harvested from a few 100 trees in the breeding population. 

A typical tree in a field test can be harvested for pollen for some 10000 seeds and produce some 1000 cross-pollinated seeds. If testing were by clones, a magnitude of 10 higher harvests would be possible. The per plant costs of the crossing operations in field trials are small compared to the costs of amplification. Thus it seems feasible to use trees in field tests for the crosses used in the production population, and particularly so as pollen parents. As part of breeding operations a few (3-6) grafts may be put in archives under conditions favouring early and prolific flowering, if this was done further multiplication is possible.

Some of the selections will probably not produce reproductive structures and will have to be discarded. It could be an advantage to identify these before too much is invested in their multiplication and testing. To start with pollen collection in the forest is a way of assuring that the candidate trees get some sort of reproductive output.

To graft selected trees and later use them as parents in "meadow seed orchards" means an added expense and added time lag before evaluation of field tests are changed into genetic gain. This investment is evaluated as profitable today, but in the future more direct links than orchards between evaluation of the field trials and forest plantations may be used for an increasing share of the plants. If vegetative amplification of a factor 10000 could be made in a short time, trees in test or archives would be enough, just a few cones would be needed, no delay for seed orchard and almost any cost would be marginal if shared on plants. The meadow seed orchards may not be a permanent feature.

Larger number of trees is required for producing cones than pollen for a certain number of seeds. Thus, multiplication takes longer time for cone-parents than for pollen-parents. For full-sib forestry it is worthwhile to use schemes that are closer to the breeding population for the pollen parent than for the seed parent. 
Methods for fast multiplication of pollen sources, seed sources and vegetative amplification strengthens the advantages for full sib forestry.
Besides the logistic, use of female parents, which are already grafted makes more accurate prediction of performance as it is more similar to what is deployed. There are arguments to use female parents, which have already been preselected and grafted.
Utilizing the variance between families
The following table may be helpful (Lindgren 197?)

Variance between and within families
Type of material


Variance between entries
Variance within entry

Unstructured



0



VA + VD
Half sib families


0.25VA 


0.75VA+ VD
Full sib families


0.5VA + 0.25VD

0.5VA + 0.75VD
Full sib families with selfed parents
0.75VA + 0.56VD

0.25VA + 0.44VD
Line cross



VA + VD


0


Clones



VA + VD


0

The table consider only additive and dominance variance. The variance between entries is reproducible and accessible for deployment in the production population, while within entry variance appears as a scatter in the production population, but may be used in long-term breeding. What makes clonal forestry attractive is that all variance is accessible and no variance is uncontrolled. Note however that full sib forestry using sibs with selfed parents is similar to clonal forestry.

Conventional seed orchards capture gain from GCA. When controlled crosses are not used, that is all that can be captured. Some of the variance between families depends on SCA, and in a situation where controlled pollination are used it can be meaningful to discuss if that can be captured. There are several good arguments against. SCA does not seem to be very big, and may decline by age. This has been found in a number of investigations in conifers including P radiata on NZ (Carson 1986). Still results are not consistent and SCA-effects do exist. In family mixes SCA-effects cancel out, but if full sib family is intended, lack of knowledge of SCA will make the behaviour of families less predictable than that of family mixes.  Maternal effects may have a role, thus it may matter who is the father and who is the mother (   ). Another type of spooky effects (Lindgren & Wei 1994) is that the conditions during seed maturation seem to matter for the performance of the resulting plants. 

Utilizing specific combining ability
GCA can be estimated by testing a number of full sib families or polycross. The increase in accuracy of  the GCA-prediction is not high if polycross is used compared to if two or more mates are used (Burdon and Buijtenen 199  ). This finding strongly favours the case for carrying out progeny tests with controlled crosses with several mates for combining the functions parental ranking and creating new generations for long term breeding. But it also makes it more justified to try to use SCA by identifying good families. If rather few, but variable crosses are made, probably the very top-ranking genotypes would not be mated with each other. Thus, the average GCA of the best-tested full sib families would be lower than the average of the best parents. Unless SCA is very high it might be better to use the best GCAs in CP-orchards than the parents of the very best families. But one could be flexible and use the best field tested families, and find other ways to take advantage of the best clones, which are not among the parents to the best families. The very best clones could be crossed again for creating families for testing. If GCA were not perfectly estimated by the first round of crosses, a gain from selecting the very best families would be made by the increased accuracy of the estimates-estimates and not just from utilizing the SCA.

It is a good question if it is worthwhile to retest selected genotypes. While the genotypes are retested, long-term breeding will identify new and better genotypes in the next generation. However, these better genotypes would exist only as a single tree in a field test, while the preliminary selection could exist as grafts in archives/orchards. A reselection can be made based on the same experiments at higher age. But it could also be made based on new crosses. If schemes with repeated progeny-tests of the same selections are foreseen it could be worth to invest very little in the, to make the early selections wider, and to be able to make additional gain by the reselections. 

Traits may differ in specific combining ability. Relative more weight should be given to traits with high SCA in the final selection of families to deploy to forestry and relative less weight in long-term breeding (which anyway can not improve SCA).

Even if there is little SCA in individual traits, SCA may be higher in combination of traits, thus an index or an economical value may have more SCA than for a single character. Thus different families may combine parental traits to a different degree.

A full sib cross may often be the best way to exploit a good species or provenance cross. Such wide crosses have not been found promising for radiata pine Give expamles, rigitaeda, larix deciua * larix japonica etc  , but the use of full sib forestry could justify additional efforts for valuable wide crosses.Commonly SCA is not very high
.

Inbreeding-outcrossing.
There is a way to amplify the variance between families, and that is selfing. Lindgren (1975) suggested to create families by using intentionally inbred parents and choose the best of these for productive forests. Others have made similar, but less elaborate, suggestions, e g Wilcox (1972). The genetic variance between ordinary families is 0.5VA +0.25VD, while that for families where the parents are inbred by selfing is 0.75VA + 0.5625VD. The additive variance (corresponding to GCA) is amplified by 50% and the dominance part (corresponding to SCA) is more than doubled. By repeated inbreeding (or diploidization of gametes) it is theoretically possible to obtain families which are equivalent to clones (see line cross in the comparison above), but produced sexually and not vegetative, and thus without any trouble with c-effects. Selfing is a theoretically appealing method of preserving diversity in a breeding population and of reshuffling good gene package without loosing or diluting them. A scheme is suggested where the clones in CP-orchards are selfed and selections from these families out-crossed (This is in accordance with Lindgren 1986, who suggested selfing the very best clones as a part in a general breeding strategy). The clones in CP-orchards will be the very top-ranking GCA, thus those which genes are most important to utilize efficiently in breeding operations. That the genotypes are grafted in operative CP-orchards means that selfing will be comparatively cheap and easy to do.  The selfed progeny is placed in blocks for within family selection. Replications are not required, as strong between family selection is not recommended. Still some more selections could be made from the best families than the intermediary or bad, that is expected to raise gains considerable compared to if only within-family selection is applied. The phenotypic within family selection is expected to produce less gain than a phenotypic selection within an out-crossed progeny. Fertility is expected to be reduced, thus it seems a good idea to make certain that there are some sign that the selections will work reproductively. We suggest two alternative patterns: 1) wind pollinated cones and scions can be collected and a fast and dirty parental evaluation can be made using the performance of OP-progeny followed by controlled crosses of promising genotypes; or 2) as fast as male flowers emerge, plus tree selection is made (even in poorly performing blocks) and pollen and grafts are collected, and processed as selections from the breeding population. When choosing mates for inbred genotypes it is a good idea to choose among clones with which the parent produced good crosses or the progeny (preferable inbred) of such clones. In that way a "recurrent reciprocal selection" scheme can be established.

Early culling
It takes time to amplify a full sib family be vegetative propagation. Some selection could be made at that stage. Some full sibs or clones may be unpractical to amplify and can be culled for that reason. It is much cheaper and faster to test in nursery than in the field, so families which are predicted to be good based on the GCA of the parents may be culled based on nursery performance, e.g. it may turn out indications that the family did not combine desirable characters as predicted.  Early screening of individual seedlings can be the basis for a within family selection before vegetative amplification. There are no operative tools for this type of upgrading, but possibilities to upgrade gain by early culling could be researched.

Breeding for single gene characters
Forest tree breeding has almost completely focused on improving quantitative traits, which have been assumed to be under control of many genes, each with a small influence. In the future this may change, improvement by taking advantage of individual genes may be more common. Earlier the action of individual genes was very difficult to identify in forest trees, but with the use of genetic markers it will be easier to track traits down to single genes in single loci. Technologies of gene mapping, marker aided selection and gene transfer meaning that single important genes will be considered.

To utilize single genes in an OP-seed orchard seems a difficult task. To introduce a gene from a single source in different genotypes would make them related and cause inbreeding in the production population. Segregations would occur in different patterns. If epistasis is important, the many different gene combinations occurring would make the orchard crop unpredictable. Full sib is an efficient tool for breeding for single genes. It may not be impossible to identity a pair of mates so every offspring will have the desirable trait. If the gene is dominant a homozygote carrier can be identified and be used as one of the parents. In a classical seed orchard the only way to assure that all seeds inherited the trait would be to identify a large number of unrelated clones, which either had the trait or were homozygous carriers of the trait and put them together in an orchard, and still pollen contamination would create a fraction of genotypes with the undesirable trait. It is rather easy to breed for desirable characters by the techniques of selfing or backcrossing, and such clones fit well for CP-orchards. 

Single genes may be of particular importance for radiata pine on NZ, because the species is grown as a monoculture in a way making it susceptible to pests and pathogens. The genetic defence strategy is to identify a resistance gene and deploy it very fast, and full sib forestry would be excellent for that purpose.

Deployment to plantation blocks
There is no need to deploy full sibs in full sib family blocks. Most part of the full sibs produced by radiata on NZ are deployed in family mixtures. It is technically possible to use full sib blocks at a large scale within a few years, and it seems likely some forests will be arranged in that way. Family blocks are used in a large scale in some circumstances e.g. in the southeast US, but these families are usually open pollinated half sibs. Thus we prefer to use the term full sib forestry rather than family forestry.

The pros and cons of keeping full sibs together are similar to the pros and cons with monoclonal blocks, which have been discussed extensively in the literature, (e.g. Lindgren 1993,  ,   ). However there is a considerable genetic variance between members of a full sib, but no genetic variance within a clone, thus both pros and cons are considerable less. A major reason for full sib forestry is that large-scale experience will become available before launching clonal forestry on a large commercial scale. We suggest that full sib forestry is closer to clonal forestry for most pros than for most cons. Within a single clone trees are genetically identical, while in a family there is a lot of variation, thus a family ought to be more similar to a natural forest than to a clone for disadvantages connected to lack of diversity. On an average a family can be almost as predictable as a clone.

We recommend that big operators deploy full sibs both as pure full sib blocks and as mixed blocks in a fashion (randomised replicates) so comparisons can be made and experience accumulated.

A full sib block would constitute a poor seed source because of inbreeding. There are risks that at some point in future the techniques of vegetative amplification or controlled pollination would be abandoned for economical or biological reasons. We recommend that at least a minor fraction of family forests would comprise family mixes to constitute a back-up seed source.
Use of full sib family forestry
Radiata pine (Pinus radiata D. Don) plants from controlled pollinations can now be produced at a large scale, which (amplified by vegetative propagation) can cover the plant need of New Zealand within a few years. NZ companies are word leading in the use of fully pedigreed conifer plants. The 1994-1995 almost 100000c grafts per year have been produced as potential crossing parents. These will be planted in seed orchards designed for controlled pollination (CP-orchards). Fully pedigreed plants are likely to dominate New Zealand plantations the next decades.

59 % of the loblolly is being deployed as OP families 0.4% of loblolly are planted as full sib families. McKeand et al 2003.
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