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Provenance tests have historically played a major role in the choice of appropriate reforestation material. Modern forestry is becoming independent of seed collections from wild unimproved natural populations, posing the question whether or not mature provenance tests have outlined their usefulness.



However, there are many other potential uses of mature provenance tests. They can provide mass propagation  materials, breeding materials, historic references and help in gene conservation. They can be used for studies of genotype * environment interactions, zonation, adaptive and ecological limits, patterns of genetic variation and gene migration, identification of causes and cradles of genetic variation, taxonomy and evolutionary history, growth and yield, wood and timber properties, juvenile * mature correlations, environmental mapping, environmental change, domestication effects and current evolutionary change, introduction effects, physiological after-effects, response to environmental changes, prediction of consequences of environmental change and interaction with other species.



Internationally coordinated test plantations are of particular interest, in which the same populations are planted and managed in similar regimes on many sites over a wide range of environments. Individual  organisations, states or nations usually cover too narrow a range of environments and too few sites to identify clearly genotype * environment patterns; and administrative borders are arbitrary. Many IUFRO provenance experiments may be suitable for more analyses than intended decades ago. This needs to be seriously considered before the experiments are abandoned.
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�

	INTRODUCTION



Provenance testing has a long practical history (Langlet 1971). We harvested seeds from forests for reforestation, we needed to know where to find the best seeds. However, in a changing world researchers have repeatedly to justify what they are doing. New  and seemingly ultra-efficient methods to rapidly improve tree breeding stock have been advocated and compete strongly for resources. It appears defeatist and passive merely to claim that seeds from wild or semi-natural forests will play an important role in the future. Even neolithic man collected the best nature had to offer from random searches. Clever modern forest geneticists should do better than that! Furthermore provenance research was highly successful. We now largely know where to get seeds for the major commercial plantation species, so the marginal benefit of additional revisions of mature trials may be small. So why not abandon provenance tests? IUFRO seems to have moved in that direction by removing "provenance" from the names of its structural units (the word has been replaced by "genetic resources"). A possible reposto was suggested by Matyas (1994) "The establishment and analysis of provenance tests are probably among the most important contributions that forestry has made to the natural sciences".  Other researchers are developing the view that if the predictions of climate modellers have credence, maintaining forest productivity in temperate and boreal climates will depend more on provenance transfer than selective breeding (Rehfeldt, personal communication). This presentation discusses reasons why existing provenance tests may still constitute a valuable source of data and material. 





	POTENTIAL USES OF EXISTING PROVENANCE TESTS



Taxonomy, differentiation

The advance of molecular techniques is generating increasingly sophisticated tools for the identification of species, hybrids, subspecies and differentiation within species. Reliable and easily accessible sources of specimens for collection of eg. needles or buds are essential for such studies. An example is Lagercranz and Ryman's (1990) allozyme study of differentiation in Norway spruce making use of the IUFRO 64/68 trials.



Matching unknown samples

Often there is a practical, scientific or legal interest to identify the origin of a particular material. Such studies are difficult or impossible without samples of known origin for comparison. The conservation of well-characterised material at least allows us to make a more narrow range of hypothesis.



Gene conservation

The genetic variation of species should be conserved. Knowledge about provenance variation should help identify what to emphasise in conservation efforts. The genetic integrity of the natural provenances of many important tree species is threatened by man's use of nonindigenous seed. Provenance tests help conserve diversity, but generation shifts are problematic, in particular with wind-pollinated species.



Visual demonstration

Justification of forest genetics is more or less dependent on belief in genetic variation. The variation in a modern progeny test is often unexciting, while a provenance test may reveal dramatic variation. Even if there are scientific publications suggesting suitable provenances foresters need visual objects to believe and remember. Fresh and local results receive local attention. Even an experienced scientist can get inspiration or second thoughts when viewing the real genetic variation as a complement to computer evaluations.

Could it be the provenance?

New forest injuries and problems (and the recurrence of old ones) recieve much attention. In Sweden such phenomenoa get colloquial names like "stem bleeding", "sub-top-dying" or "the red devil". It is often hypothesised that the effects may be provenance-dependent (indeed, they often are). If there is a sufficient number of provenance tests it is likely the problem will occur in some but not all of them, and then substantial information on how to combat the problem and to what degree genetics is connected can be obtained.  E.g. a well-timed study of winter damage on needles in the Norwegian sites of the IUFRO 1964/68 Norway spruce provenance experiment gathered considerable information on provenance differences in resistance against such injuries (Skrrppa & Dietrichson 1986). As provenance recommendations and use change with time, different age classes in a country are likely to represent different provenances. It is desirable that forest genticists have access to a wide range of well-characterised materials allowing predictions of possible differences between new forests and  old plantations to be made. Such tests makes it also possible for foresters or other scientists to make observations and comments, which may lead to investigations.



Growth and yield

Growth models require data. These data can be obtained from  forests but experiments may be an alternative source of data as they are well-documented from establishment. If provenance tests are involved, genetics can be included in the model and substantially improve it. The growth history of individual trees may be accurately reconstructed in tests and that may help in the study of effects such as competition or thinning.



Wood and timber properties

One of the risks of introducing new provenances is that they may not produce the desired product (Zobel et al. 1987). Such risks may only be evaluated when the final product is available, thus mature material is required. Test sawing of logs from one locality of the 1938 IUFRO Norway spruce experiment showed considerable provenance differences (Persson & Dahll`f 1994). Studies in provenance trials in Norway and Sweden contributing to the 1964/68 IUFRO Norway spruce experiment helped to identify the reasons of stem cracking, a serious defect in saw timber (Persson 1994).



Juvenile mature relations

Forest tree improvement relies on evaluations of tests with young trees to optimize progress and to get  returns on the investment in a reasonable time. So, information on relations between early and mature performance is of high importance. Provenance tests have generally been running longer than progeny tests, they often use larger plots and they usually comprise a larger variation. That makes them well suited for analyses of  correlations between juvenile and mature performance. For example it has been shown that height times survival at age 11 give a reasonable prediction of volume at age 80 for Scots pine provenances in northern Sweden (Marklund 1981). Studies by StDhl (1986) of the trees included in the 1938 IUFRO Norway spruce experiment gave information about the lowest age at which ranking of provenances and plus trees could be recommended.



Early testing

A special use of the correlation between juvenile and mature characteristics is the development of methods for early testing. Adaptation, stress tolerance and growth capacity of mature trees may in theory be evaluated at the seedling stage, but reliable confirmation is required to make such claims. Fresh seeds which are approximately representative of the long-tested provenances can often be collected with a reasonable investment in money and time and results at the seedling stage can then be correlated to those from mature trials in retrospective testing studies.

If there are interactions between provenance and site in mature trials, it is possible to  match  materials to sites. Differences among the provenances can be tested as predictors of interactions and  can be developed as tools for predicting how a particular material will perform as a function of the  environment.

There is usually a trade-off between production (which is a rather mature trait) and characters like stress-tolerance and desease-resistance (which can be evaluated early). There is a risk that these trade-offs are not properly balanced to the disadvantage of final yield if an accurate evaluation of  mature traits and their relation to selection criteria is not made (as happens in some experiments).



Rare disasters

Single infrequent events may sometimes cause drastic rank changes. Such events may be extreme frosts at extreme times, cold summers, wind connected with wet snow, extreme winds, drought and epidemics of pests or pathogens. It may be more important for regeneration  material to be able to withstand infrequent "bottle necks years" than to be a wood performer for decades of average years. Continuation of some experiments over long periods and the use of experimental material over a range of ages helps clarify the significance of rare but important conditions. Observations in provenance trials for instance helped clarify reasons for the heavy attacks of the fungus Gremmeniella abietina on Pinus contorta in northern Sweden during 1988. It occured after rare weather conditions; four years with severely cold winters and cold rainy summers, followed by a mild winter with extremely deep snow cover. The pines had not hardened sufficiently in the autumn of 1987 when frost came, making them susceptible to the fungus (Karlman 1993). As a further example: extensive snow-brake in a Scots pine provenance trial revealed that a previously successful provenance suffered unacceptably heavy damage (Persson et al. 1979). Following tests for long periods helps in evaluating the effects of extreme and rare events and can have major effects on final conclusions and recommendations .



Mature characters

Some characteristics can not be determined in young tests. Final branch characteristics in the lower trunk for example can evidently not be evaluated until branches have stopped growing. Trees may also grow well and look pretty but have severe damage hidden in the bottom trunks, which may only be revealed  when sawn. A forest geneticist needs to know not only about variation in characters themselves, but also the genetic and phenotypic correlation between characters, including mature characters. Mature characters do not need to be evaluated in all experiments, but if some studies are made it is reasonable to include mature provenance trials as they may be the first available source of information linking features of the mature phenotype with genetic data.



Reproductive characters

Reproductive traits are important for Darwinian fitness, but they develop late. Spreading of genes from non-indigenous sources may be seen as contamination of the indigenous stock with alien provenances and species through hybridization or seed dispersal. Phenological patterns in provenance tests may help predict gene migration patterns and pollination patterns in future seed sources  (Nilsson 1981) and their reproductive traits may also help in identifying the most suitable places for seed production. The use of natural generation is increasing at the moment, and knowledge of reproductive traits is highly desirable for forecasting whether or not foresters can rely on stands of non-local provenance or species to naturally generate.



To what degree does the parental environment control provenance performance? 

Forest geneticists have long trusted that provenance performance is inherited, i. e., that seed orchards composed of random selections from natural stands give rise to similar forest regeneration material as do seeds collected from the stand (apart from effects caused by lack of control of the pollen parent and some rather trivial and fast decaying seed effects). However, this axiom may need to be modified (Johnsen 1989, Lindgren and Wei 1994). There seems to be a complementary mechanism to gene transmission by which parents prepare their progeny for the environment they may expect. The effect may be genetic or non genetic. These effects are often called "after-effects". To understand these processes and to evaluate its implications, existing provenance tests and their progeny are likely to be useful.



Species comparisons

It is always desirable to know what species are the most appropriate or commercially valuable for a particulat site, and there are a number of trials established for comparing species. However, as there are variations within species, species comparisons should not be made without using information from provenance tests. The best species comparisons are based on tests using a reasonable range of provenances of the species concerned. Provenance tests can also be used to demonstrate the species' limits - if no provenance performs well compared to possible alternatives at a given site, conditions there are beyond the commercial limits of the species.



New experiments

Provenance research may be regarded as a mature discipline for many major commercial species, for which the need for new experiments may not justify the expense. However, the geographic expansion of modern commercial forestry and the demand for diversity justifies a widening of the number of species tested and of the geographic area of testing and therefore new tests. Keeping experience and expertise gained from previous testing alive should help to establish good new test series. Variable decision points occur as experiments proceed, like when and how to thin in experiments with small plots. Experience gained by managing old provenance tests may be invaluable in the sound foundation of new trials.



Is local  best?

There exists a deeply rooted idea that the local population is best adapted to the local circumstances since its ancestors have lived, survived and reproduced there. One possible mechanism is that the locals are better adapted to local rare events (like epidemics) and thus more endurable even if the non-locals grow better for the first decades (Millar and Libby 1989). That the local is not always the best is stated by e.g. Larsen (1986) with respect to Abies alba in Europe. Other parts of the ecosystem (other species) may also be adapted to a local provenance of the key species (the trees). Forest geneticists ought to be able to meet the comments on the relative performances of the local vs non-local populations based on provenance test results (like Mangold and Libby 1978). Note that to be able to generalize it is desirable to have a number of test provenances compared at sites where different provenances are local. Actually, we are aware of only one experiment where seeds from the old generation were replanted on the exact site (Ackzell 1993) and this was on a single site, so really good test materials may not exist.



Evolution and land races

The most successful trees survive and transmit their genes. In that way the genetic characteristics of populations may change with time. Seeds from a natural population may have different characteristics compared to seeds from a planted forest, especially if the population has been introduced into a new environment. Man moves populations - sometimes even between continents - and man uses seeds and plants quite differently from nature; seeding in containers aiming at a maximum plant yield, propagating plants in nurseries to get commercial crops at minimal cost, and planting them on clear-cuttings, where competition is relaxed and exposure amplified. As man is an important factor for gene migration and genetic structure, predictions of fresh seed collections based on historic tests are likely to become increasingly unreliable, and to judge the size of these effects. Aliens become naturalized and it seems likely their progeny are selected to be more adapted to the local circumstances (Griffith 1992). Some investigators suggest that "land races" are superior to "original provenances" (Zobel and Talbert 1984, Zobel et al. 1987) while others come to the opposite conclusion (Eldridge 1995). Mature provenance test trees generally constitute the first introduced generation, and have the potential to play a role in the evaluation of these points. Their progeny may also be of importance for such an evaluation. As an example, progenies of selected trees from East-European provenances included in the IUFRO 1938 Norway spruce trial at UmeD (northern Sweden) did not retain the growth rhytm of their original provenance (Skrrppa et al. 1996). Provenance and species trials may provide the oppertunity for new combinations to establish by spontanenous hybridization, which may turn out valuable after spending a time as unintentional wildlings.



How strong effects can selection have?

It is somewhat difficult for us to believe the drastic clinal variation by altitude found for many conifers (Rehfeldt 1990), since it seems likely that gene migration by pollen is possible over rather large distances (Lindgren et al 1995). That should limit and counterbalance adaptation to specific altitudes. Thus, either single generation selection effects are extremely strong, or "after-effects" are powerful. It should be possible to assess the validity of these possibilitis using results from provenance tests. If selection is strong, the same seed population would result in very different tree populations at different places. In fact, the provenance tests of P. contorta in British Columbia are now suggesting that the steep clines in native populations of this species and perhaps other species inhabiting the mountains of western North America result as much from density-dependent selection as from adaptation to heterogeneous environments (Rehfeldt and Ying, personal communication).



Source of breeding material

Provenance tests can be used for selections as they often constitute old plantations of known origin and history with desirable provenances in the right environment. The option to use provenance tests for selections is strengthened if they are arranged as combined provenance-progeny tests and if seeds are collected from a large number of spatially separated mother-trees. There have been a number of experiments designed to identify especially good provenance hybrids. If such efforts are successful they may increase the interest in widening the gene pool to some non top-ranking provenances which are good mating partners. On the other hand, provenance tests may be a way of backing out from  provenance hybridization going on in breeding work. Late conclusions from provenance tests may lead to revised provenance recommendations - and that may imply that breeding has to restart from scratch with new selections. These could then be made in the same provenance tests. For situations where there is little risk of contamination by foreign pollen (like in plantations of exotics with limited use), provenance tests may be converted to commercial seed sources. One example is the provenance test with the exotic Gliricidia sepium in eastern Zambia (Kwesiga 1994). After retaining the best provenances, the experimental area will serve as a seed source for suitibality in local conditions (Freddie Kwesiga, personal communication 1995). The need for a large base population originating from many populations as a source for breeding has been emphasised (Eldridge 1995). In the domestication history of animals and major crops, most of the initial gene mass has been lost, and there are warnings against making the same mistake in forestry. Natural populations do not remain for ever and one way to prolong the option to make more use of the original gene pool is not to cut down provenance tests until they are impossible to sustain. Gene resources of preserved provenances may be a source for resistance to new diseases or pests that may reappear, they  may extend site tolerance, they may meet new selection criteria based on changing technical requirements and they may prove to be the last line of defence against accumulation of inbreeding and coancestry.



Environmental influence

To evaluate the effect environment has on forests, the same forest must be grown in different environments. As provenance tests usually cover a number of sites they are suitable for evaluation of environmental effects.



Retrospective environmental studies 

Tree rings carry  a great deal of information about annual patterns of variation in characters like growth, fibres, early and late wood composition, isotope relations. This can give information about past environments and responses to environmental changes. Retroperspective studies on growth in provenance experimental series may for instance reveal possible patterns and causes of what seems to be a general increase of site indices in Europe (nitrogen fall-out may be a main cause). 



Genotype * environment interaction

The relationships between different genetic materials may differ in different environments and there may be a pattern in this variation. There must be a sufficient number of both provenances and sites to get results which are reasonably accurate, and the range of sites and provenances must not be too small to justify generalizations. There are two types of interactions. The variance between provenances may vary  between sites and the provenances may change rank. To distinguish between these  differences requires large experiments. It is difficult to identify a pattern among sites with less than ten sites, and to see a pattern among provenances requires a rather large number from a rather large range. The assessment of the effects of interactions between genotype and environment  on mature characters of course requires mature experiments.



Variation in resolution power of sites

On some sites the genetic variation is larger than on others. If the site types with large variation could be identified and if the ranking on these sites is typical such sites could be specifically used for genetic testing. Provenance trials covering a large number of sites in the same breeding zone could be a good method for researching characteristics of these site types.



Biological mapping

Sites and site differences can be classified according to the results of provenance experiments.

Similarities in relationships between the performance of different genetic materials can be used to measure site similarities (Burdon 1977, Lindgren 1993a) and in that way zones with similar provenance demands can be identified. 

The performance of a  local provenance on a site can be derived using multiple regression techniques, and the value can be used to classify local performances. In that way Eriksson et al (1980) developed "severity index", which is the predicted mortality of the local provenance at age 20.

Environmental differences between site of provenance origin and the test site can be calculated by an expression combining the most relevant site description parameters found by principal component analyses (Matyas 1994).

Such zonation can be based on criteria like edaphic factors, site index, bioclimatic zones identified by others in literature, climatic variables, or latitude and longitude. Biological mapping can identify which criteria are most effective for zonation, as well as defining the actual zonation. However, many test sites are required. 



New land uses

The reasons to plant trees changes, for example carbon sequestration, has appeared as a relevant reason during the last decade. Some land uses become uneconomic also and this can make new land types available for forestry. Furthermore wild life populations vary, and when also the consequent effects on the forest. Forest geneticists have always to be prepared to answer new questions in a variable and unpredictable world.



Site index

Site index is the predicted top height at some standard age (e.g. 100 years for Scots pine in Sweden, 20 years for radiata pine in New Zealand). This can be evaluated from observations in provenance experiments (Lindgren et al 1994). This has the advantages that the material is uniform, has a known history and  it is well-characterized genetically. If provenance tests are used, the site index can be based on the same genetic materials or it can be used with genetic materials which are known to be reasonably well-adapted for the site. The relationship with site index and different factors can be analysed with less interacting effects than in less uniform survey materials. Another aspect, which can be evaluated by provenance tests, is that part of site index variation in a material may have a genetic cause.



Predictions of effects of environmental change like global warming

In provenance tests, the same forest material grows in different environments, thus the effect of environmental change, like global warming, can be predicted from results of provenance tests. Losses if the same provenance was used there it is local and in a warmer climate can be calculated (Schmidtling 1994) . Old Finnish provenance experiments were utilized in that spirit by Beuker (1994). Within the same project a study is being made using the experiments 10, 11 and 12 of the so called Eiche provenance series with Scots pine (Eiche 1966). With the same provenances growning at three localities with approximately the same latitude but different altitude, the effects of temperature climate can be studied without complicatioms arising from different daylength patterns (Veikko Koski, personal communication 1995). 

In provenance test series, the same populations are grown in different environments but still better information of environmental change could be obtained if the same populations were grown at different times. At least some old provenance tests are reproducible, and could be replanted for comparisons between the present and the past forest environments or as standards in new genetic experiments. When provenance variation is clinal, a series of natural provenances may serve the same purpose with less strict requirement that it contains identical populations to those used in the old tests.



Genetic flexibility and the range of commersial use of an individual material

It is convenient to use the same genetic regeneration material over a wide range of environments and circumstances, but there is a price to pay for using material which is not best tailored for specific purposes. Data on the interaction between genotype and environment are required assessing which material is best for a given site. These data can be obtained from provenance experiments. Examples of such analyses were made using a Scots pine series in Sweden (Raymond & Lindgren 1990, Roberds and Namkoong 1989). Individual provenances may be more or less stable over a wide range of environments; information about this could help construct more stable reforestation materials.



Natural cradles for superior well-adapted provenances

Certain parts of the world have special importance as origins of successful exotics. "Donor countries", from which a large number of valuable exotics originate, are Mexico and Central America (mainly for pines), western North America (for various conifers) and Australia (for eucalypts) (Zobel et al. 1987). It also seems that some provenances within species are more flexible than others (eg. Pinus contorta "Carmacks" in northern Sweden, Lindgren et al 1993 and "Raivola larch"). Provenance tests covering a wide range of origins and test sites make it possible to identify geographic areas where successful and widely adapted provenances are formed (if they exist) and to reveal the causes. If these cradle areas are similar for several species, wide generalizations may be possible. Understanding the natural mechanisms behind widely-adapted populations may give useful hints to breeders and may improve the understanding of evolutionary mechanisms.



Patterns of provenance variation

Since Langlet (1936) presented a convincing demonstration of clinal variation of hardening of Scots pine plants from different Swedish locations we have believed clinal variation to be of prime importance. However, the disclosure of "after-effects" raises some doubts about its pre-eminence.Furthermore, since sufficient early hardening-off is the most critical character for survival in northern Sweden a clinal pattern in that character would rapidly develop even if it was not there from the beginning, while variation may be less clinal in other characters.

Clines may be steep or shallow and patchy or smooth. They may be elevational or latitudinal. Edaphic factors may or may not be important in the variation. The causes may also lie in migration history. Genecological relationships may be involved. The provenance pattern of variation may be important in the strategic decision concerning the degree to which natural provenances can be used as seed sources.

The development of molecular genetics is likely to create claims that provenance behaviour can be controlled by one or a few genes. The existence of mature trials means that such ideas can be checked. 



New provenance recommendations

This paper focuses on uses of provenance tests other than those for which they were initially established, since interest of using them for their original purpose has declined. Nevertheless, transferred provenances still play a vital role in forestry. Most historic prognoses seem to have failed and have been far too optimistic about when forestry could abandon the "neolithic" provenances.  We predict that overoptimistic prognoses will also be frequent in the future. Provenance recommendations and transfer rules need revision as experiments develop, requirements change and the accumulated knowledge increases, necessitating the continuation of many provenance tests.



Can other experimental types serve the same purposes?

Decisions about which trees to plant at given sites can be obtained using other sets of materials than those offered by provenance trials (Stettler and Bradshaw 1994). Provenances may be less powerful for resolving patterns than clones or species, it is uncertain to what degree provenance trials are subject to selection and after-effects, some mature provenance trials do not cover the relevant species range, some have few sites or few provenances or few replications, and few mother trees may have been sampled. But it may be technically difficult and very expensive to set up new, better tests. The old mature tests are available at no investment cost and no time delay, and there is often a lot of genetic variation in them. Provenance tests typically cover a wider range of sites and genetic materials, they "stretch" the response surface, they comprise a large number of sites which is necessary for complex analysis, and are thus likely to yield significant and informative results for many of the questions concerned. Other types of genetic evaluations are generally more narrow in target area, adaptational range of tested materials, and assumed commercial relevance.





	INTERNATIONAL COOPERATION



Cross-organization experimentation

Individual national organisations cover geographically narrow ranges of sites. Even Sweden, which covers not less than 14E of latitude, is a bit small to analyse the latitudinal pattern of genetic flexibility in national experiments as shown for example for Scots pine (Raymond and Lindgren 1990 and for lodgepole pine (Lindgren et al 1993). The institutional borders are not biological. An advantage with provenance tests is that the value of international cooperation was early and widely recognized, which gave rise to a potential gold mine of international trials, if we could just learn the mining techniques required to dig out the results.



The reasons for provenance trials a century ago

The need for provenance-testing was one of the reasons for the creation of IUFRO. The main questions to be addressed were (according to documentation at IUFRO centennial, IUFRO 1992): a) whether a tree species at the limits of its natural range will adapt to extreme climatic conditions, e.g. will it be frost-resistant or susceptible to frost damage; b) whether a tree species is able to adapt itself to the climate outside its natural range; c) whether and to what extent such adaptation, if it occurs, will be inherited by the tree's progeny; d) whether a tree species will transmit favourable or unfavourable traits gained as a result of new conditions, or through treatment and, if so, whether such transmittal will take place in the first generation or later.

A century later we have some answers to some of the questions, progress is being made towards a solution to other problems, but many of the original questions have not yet been satisfactorily answered. However, the experiments to get the answers are existing or easily feasible, so why not pursue these century-old intentions?



�Cooperative efforts

      	International provenance tests have been set up for many species, some cooperative efforts are compiled in the table below



Table . Some international provenance trials with conifers.����

Species�

Establishment Year 

(may vary within series)�

Reference (example)��

Scotch pine�

1907-1908�

Giertych and Oleksyn (1992)��

�

1938�

- " -��

Norway spruce�

1938�

Giertych (1976), Krutzsch (1992)��

�

1964/68�

Dietrichson et al (1976). Skrrppa et al (1993), Persson and Persson (1992), Krutzsch (1992)��

Larch�

1944�

Weisgerber and Sindelar (1992)��

�

1958/59�

Schober (1985)��

Pinus contorta�

1971�

Fletcher and Barner (1978): Lindgren (1993b).��

Douglas fir�

1971�

Brunet and Roman-Amat (1987)��

Sitka spruce�

1975�

Ying and McKnight (1993) ��

To make joint use of them for purposes discussed in this study it is necessary to compile the data, which is not simple. One example of such a compilation is a joint data base created for the 1964/68 trials (Skrrppa et al 1993) built on an earlier base (Dietrichson et al 1976).



However, in reviewing reported results from international provenance trials our opinion is that  genetic data resources offered by international trials have not been fully utilized, even if there are a few good compilations. In spite of IUFRO, international funding and multitudes of international meetings and guest research activity, there has generally been little more than lip service to international cooperation concerning merging common experimental series. Almost all reports on international series have been based on trials concluded by a single organisation, limited in scope, not published in the more wide-spread journals but rather in proceedings distributed only to conference participants or in internal reports, and often not documented well enough for others to utilize the results for joint analyses. Our impression is that the situation has been improving in the last few years. The main reason is the advance of the PC and the electronic webs, which make it easy to transfer and utilize large amounts of data without consulting others and without time-consuming repunching. Other reasons are that publishing for the scientific community and global analysis has become more important and reporting to local forestry about their best options has become less important.  The maturation of the trials makes differencies in measurement ages unimportant, data measured at several times can be made comparable by growth curves or interpolation.
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