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Introduction

Deforestation is one of the most serious threats to biodiversity in developing countries. It
causes floods, soil erosion and disease (owing to the loss of organisms that help to control
vector populations), degrades watersheds and destroys wildlife habitats. Deforestation may
extirpate populations and reduce genetic diversity within populations (Kanowski 1999). In
northern Thailand, large areas in national parks and wildlife sanctuaries have been deforested.
Government and non-governmental organizations and local communities must all be involved
in the reforestation and restoration of these forests.

Thailand’s forest cover was about 53% in 1950 (Bhumibhamon 1986), but is now 22.8% or
111,010km2 (FAO 1997). These figures, however, do not distinguish between plantations and
natural forest. Thailand’s natural forest cover is unofficially estimated to be 20%
(Leungaramsri & Rajesh 1992). The rate of forest loss peaked in 1977 and fell to its lowest
level in 1989 when commercial logging was banned. National parks and wildlife sanctuaries
cover 14.2% of the country but large areas of these are deforested and fragmented (Bontawee
et al. 1995). Habitat loss affects plant species in many ways, for example by reducing
population sizes, altering the density of reproductive individuals, reducing reproductive
success, increasing isolation and reducing genetic diversity. Founder effects, genetic drift and
restricted gene flow increase inbreeding, genetic isolation and divergence (Bawa 1994;
Dayanandan et al. 1999; Rosane et al. 1999). Such processes may also influence the
evolutionary potential of populations and species, particularly if adaptive genetic variation
declines to a point where populations can no longer adapt to changing environmental
conditions (Young et al. 1993).

The Forest Restoration Research Unit (FORRU)

Forest restoration involves planting native tree species and extending forest boundaries by
artificial and natural regeneration (Bawa et al. 1990). Government and non-governmental
organizations and local communities must all be involved in restoring forests. Historically,
reforestation often meant establishing single-species plantations, mainly of pines and
eucalypts, which are of little value for wildlife conservation or watershed protection. Since
1993, Thailand has implemented various reforestation projects to celebrate the Golden Jubilee
of King Bhumibol Adulyadej. These have promoted the use of a wide range of native forest
tree species. However, the implementation of this change in planting policy has been hindered
by a lack of information on native species suited to planting in deforested areas (Elliott et al.
1997).
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The Forest Restoration Research Unit (FORRU) of Chiang Mai University was established in
November 1994 to tackle some of the technical problems of re-establishing natural forest
ecosystems on degraded sites in national parks and wildlife sanctuaries in northern Thailand
(Elliott et al. 1995). The unit is a joint initiative between the Department of Biology in the
University’s Faculty of Science and Doi Suthep-Pui National Park (under the Royal Forest
Department). FORRU is located at the headquarters of Doi Suthep-Pui National Park in
Chiang Mai province.

A framework species method, which relies on selected fast-growing tree species, has been
tested in the conservation areas of northern Thailand. FORRU aims to develop effective
methods to complement and accelerate natural regeneration on deforested sites in
conservation areas. Specific objectives include:

i) Developing tools to study the restoration of natural forest ecosystems, such as a
seedling identification handbook, seedling herbarium and database of seed, fruits and
seedling morphology;

ii) Understanding ecological processes of natural forest regeneration to determine ways in
which these processes can be accelerated;

iii) Identifying tree species that can be planted to complement natural seedling
establishment;

iv) Developing appropriate methods to propagate such tree species and test their
performance after planting in the field; and

v) Training interested groups in restoration techniques developed by the unit.

Framework species method

The framework species method (Goosem & Tucker 1995; Lamb et al. 1997) was originally
developed in Australia for forest restoration. It relies on selecting fast-growing tree species
with dense crowns, which can rapidly shade out competing weeds and attract seed-dispersing
wildlife, particularly birds and bats. Framework species should also be easy to propagate in
nurseries.

From initial work on more than 350 native tree species in Doi Suthep-Pui National Park,
FORRU identified a number of potential framework species (Table 1). Thirty-one framework
species were selected and planted to catalyse the recovery of plant and animal diversity in
degraded forest areas. The selected tree species were grown in a nursery and planted out in
experimental plots to determine whether the framework species method is applicable in
northern Thailand. Important groups of framework species include fig trees (Ficus spp.,
Moraceae), legumes (Leguminosae) and oaks and chestnuts (Fagaceae).
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 Table 1. List of some potential framework tree species

Family Species
Leguminosae, Mimosoideae Albizia chinensis
Leguminosae, Mimosoideae Albizia odoratissima
Euphorbiaceae Balakata baccata
Betulaceae Betula alnoides
Euphorbiaceae Bischofia javanica
Verbenaceae Callicarpa arborea var. arborea
Fagaceae Castanopsis acuminatissima
Fagaceae Castanopsis tribuloides
Lauraceae Cinnamomum iners
Leguminosae, Papilionoideae Dalbergia cultrata
Urticaceae Debregeasia longifolia
Ebenaceae Diospyros glandulosa
Elaeocarpaceae Elaeocarpus braceanus
Juglandaceae Engelhardtia spicata
Leguminosae, Papilionoideae Erythrina stricta
Leguminosae, Papilionoideae Erythrina subumbrans
Theaceae Eurya acuminata  var. wallichiana
Moraceae Ficus altissima
Moraceae Ficus benjamina var. benjamina
Moraceae Ficus microcarpa var. microcarpa
Moraceae Ficus subulata var. subulata
Verbenaceae Gmelina arborea
Proteaceae Helicia nilagirica
Meliaceae Heynea trijuga
Myristicaceae Horsfieldia amygdalina var. amygdalina
Myristicaceae Horsfieldia thorelii
Rhamnaceae Hovenia dulcis
Lauraceae Litsea cubeba
Euphorbiaceae Macaranga denticulata
Magnoliaceae Manglietia garrettii
Bignoniaceae Markhamia stipulata var. kerrii
Meliaceae Melia toosendan
Moraceae Morus macroura
Nyssaceae Nyssa javanica
Euphorbiaceae Ostodes paniculata
Lauraceae Phoebe lanceolata
Euphorbiaceae Phyllanthus emblica
Rosaceae Prunus cerasoides
Leguminosae, Papilionoideae Pterocarpus macrocarpus
Fagaceae Quercus semiserrata
Anacardiaceae Rhus rhetsoides
Sapindaceae Sapindus rarak
Theaceae Schima wallichii
Anacardiaceae Spondias axillaris
Polygalaceae Xanthophyllum flavescens

Fig trees

Fig trees produce an edible inflorescence known as a syconium (fig), which looks like a fruit
and consists of a fleshy cup with a small orifice at one end closed by interlocking scales.
Enclosed within the fig are hundreds of minute flowers which, after pollination by specialized
fig wasps, develop into tiny fruits. Birds are attracted to feed in fig trees, where they
simultaneously disperse seeds of other tree species, thus adding to tree species diversity in
rehabilitated forest areas. About 20% of planted seedlings should be fig species in the
framework species method (Elliott et al. 1998). At least 47 fig species are indigenous to
northern Thailand (CMU Herbarium Database 2000). Ficus subulata var. subulata is one of
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the framework species. It is a small evergreen tree, which branches densely and produces figs
two years after germination. It grows in disturbed areas and mixed deciduous forests at
elevations of 800–1600m. Seeds germinate within 20–60 days of sowing.

Legumes

Legumes are fast-growing species with wide crowns. Many have nodules on their roots that
fix nitrogen. These enable them to grow well on degraded sites with low nutrient levels. Sixty-
one leguminous tree species are indigenous to northern Thailand (CMU Herbarium Database
2000). For example, Erythrina subumbrans is a fast-growing deciduous tree with a wide-
spreading crown. Its thorny stem protects young trees from herbivores. Seeds are dispersed by
wind and birds. The species grows in evergreen and mixed evergreen-deciduous forests at
elevations of 350–1700m, especially along stream valleys at lower elevations. It is one of the
fastest-growing tree species investigated by FORRU.

Oaks and chestnuts

Oaks and chestnuts (Fagaceae) also produce densely spreading crowns, and their nuts attract
seed-dispersing wildlife into reforested areas (Elliott et al. 1998). There are 40 species in the
Fagaceae family in northern Thailand (CMU Herbarium Database 2000). For example,
Quercus semiserrata is a large evergreen tree with a straight bole and dense crown. It is one
of the fastest-growing species of Fagaceae. It grows in evergreen forests, pine forests and
mixed evergreen-deciduous forests at elevations of 800–1700m (Elliott et al. 1998).

Other framework species

Many other tree species from other families can also be used as framework species if they
have a high growth rate and produce fruits that attract seed-dispersers. For example, Bischofia
javanica (Euphorbiaceae) has a very dense crown and produces good construction timber. It
produces small fleshy fruits (drupes), which are especially attractive to birds. Gmelina
arborea (Verbenaceae) is a fast-growing deciduous tree, which also produces drupes two to
three years after planting. This species is widely used for pulp, floors, ceilings, furniture,
carving, boats and tools. Prunus cerasoides (Rosaceae) is a medium-sized, fast-growing
deciduous tree that produces edible red fruits attractive to birds. It is also popular because of
its attractive flowers. Melia toosendan (Meliaceae) is another fast-growing, deciduous
framework species.

Framework species plots

The first plots of framework species were planted in 1998, and the trees are now three-years
old. Saplings of 30 species were 50–60cm tall when planted at a density of 500 saplings per
rai (3125 per hectare). Various post-planting treatments have been tested, including fertilizer,
mulching and weeding treatments. The data from these experiments are still being analysed.
In general, however, we have observed that canopy closure begins by the end of the second
growing season, and is nearly complete by the third growing season. Weeds are effectively
shaded out and a rich leaf litter begins to accumulate. The planted trees catalyse an increase in
species richness by enhancing natural regeneration and ground flora and bird communities
(Table 2).
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 Table 2. Trees more than one metre tall in plots planted in June 1998

Pre-planting
survey

May 1998

End of 1st
growing season

1998

End of 2nd
growing season

1999

End of 3rd
growing season

2000
Control Planted Control Planted Control Planted Control Planted

Naturally Established Trees
Mean density (per ha) 265 138 509 276 562 371 722 626
Species 12 11 20 22 23 26 25 30
Planted Trees
Mean density (per ha) 0 0 0 361 0 1,527 0 1,984
Species 0 0 0 7 0 24 0 28
Total
Mean density (per ha) 265 138 509 637 562 1,898 722 2,610
Speciesa) 12 11 20 26a) 23 45a) 25 52a)

a) The total number of species is less than the sum of natural and planted species because some of the
planted species also grew naturally in the planted plots.

Selecting superior mother trees

Seedling performance has been variable in the field. The seedlings produced by FORRU are
usually propagated from seeds of only one or two mother trees. Clearly, this practice will
narrow the genetic base of the restored forests. The ideal characteristics of superior planting
material include high rates of germination, fast growth in the nursery and fast growth in
degraded areas. In theory, large seeds should yield larger, more competitive seedlings with
better performance. Most studies have demonstrated that large seeds have many advantages
over small seeds. For example, large seeds usually have higher germination rates (Black 1959;
Cideciyan & Malloch 1982; Wise 1982; Nizam & Hossain 1999), greater or more rapid
emergence from deeper sowing depths and less stringent requirements for litter and
herbaceous cover (Winn 1985). Large seeds also have lower mortality rates (Schaal 1980;
Tripathi & Khan 1990; Bonfil 1998) and higher seedling growth rates (Seiwa 2000). As a
result, large seeds may give rise to better competitors (Anderson 1971; Wulff 1986).

Small seeds, however, have a competitive advantage over large seeds because they germinate
earlier and are dispersed over greater distances (Jackson 1981; Howe & Richter 1982). This
increases the probability that seeds will reach a favourable microsite for germination. Seed
weight, therefore, seems to play an important role in the process of dispersal and population
recruitment. Nizam and Hossain (1999) and Sawaminathan and Sivagnanm (1999) reported
that seed germination and seedling growth increased with greater seed mass. Seedlings of
heavy-seeded species tend to survive longer when grown in the absence of any mineral
nutrients, and are able to emerge from greater depths in the soil than seedlings of light-seeded
species. Other studies, however, have not found any relationship between seed size and
seedling performance (Cipollini & Stiles 1991; Rice et al. 1993), seed germination (Vaughton
& Ramsey 1998; Eriksson 1999), seedling survival (Hendrix & Trapp 1992) or seedling
growth (Dalan 1984; Marshall 1986).

Tree planting is one of many steps in forest restoration. One of its first requirements is that
seedlings are of high quality. Such seedlings must have the ability to produce new roots
rapidly, resume photosynthesis and continue growth (Burdett 1983). Seed quality usually
refers to genetic, physical and physiological quality. Seeds with good physiological quality
have high vigour and germination rates. Physical quality refers to seed size and infestation by
pathogens. The advantages of good physical and physiological seed quality are improved
storage characteristics, minimal seed wastage and uniform seedlings in the nursery. Genetic
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quality refers to the inherent capacity of seeds to produce trees adapted to a given
environmental condition (Turnbull 1995).

Factors that affect seedling production in nurseries include incomplete release of seeds from
dormancy, pre-treatment methods, age, ripeness at collection and seed processing (Poulsen
1993). Patterns of genetic variation should be apparent in patterns of phenotypic variation
(Bawa et al. 1990). Studies of flowering and fruiting phenology, morphology of adult trees,
seed germination and early seedling performance in the nursery can indicate superior mother
trees. Seeds for nursery propagation are usually collected from a limited number of mother
trees, a practice that may narrow the genetic base and reduce allele frequencies.

Molecular markers in genetic studies

Molecular markers are being used increasingly to analyse the genetic structure of populations,
gene flow, population viability and, ultimately, to quantify the effects of habitat fragmentation
and guide conservation strategies. Microsatellites, or simple sequence repeats, have a strong
discriminatory power (Chase et al. 1996; Dayanandan et al. 1997). Microsatellites consist of
tandem repeats of short nucleotide sequences (Zhao & Kochert 1993). They are widely
dispersed in eukaryotic genomes and are often highly polymorphic owing to variations in the
number of repeated units (Bruford & Wayne 1993).

Microsatellites were first developed for mapping the human genome (Waber & May 1989;
Brunel 1994; White & Powell 1997). Subsequently they were found to be applicable to plant
genomes (Morgante & Olivieri 1993). In recent years, microsatellites have become a popular
tool for genetic mapping and analysing mating systems, paternity and patterns of gene flow
within and between plant populations. They may also prove to be useful for quality control in
tree-breeding programmes, and for certifying genetically improved seed and planting stock.

In trees, the first microsatellites were developed for radiata pine (Pinus radiata) (Smith &
Devey 1994). They have since been developed for many other species, including Quercus spp.
(Dow et al. 1995; Barrett et al. 1997; Isagi & Suhandono 1997; Lexer et al. 2000), Eucalyptus
spp. (Byrne et al. 1996), other Pinus spp. (Echt et al. 1996; Thomas et al. 1999), Norway
spruce (Picea abies) (Pfeiffer et al. 1997) and Larix spp. (Khasa et al. 2000).

Microsatellites for tropical trees were first developed for Pithecellobium elegans
(Mimosoideae) (Chase et al. 1996). Subsequently they have been developed for Swietenia
humilis (White & Powell 1997; White et al. 2000), Gliricidia sepium (Dawson et al. 1997),
Shorea curtisii and other dipterocarp species (Tokuko et al. 1998), Symphonia globulifera
(Aldrich et al. 1998), Carapa guianensis (Dayanandan et al. 1999), Caryocar brasiliense
(Rosane et al. 1999) and Melaleuca alternifolia (Rossetto et al. 1999). The application of
microsatellites to population and conservation genetics of tropical forest trees is limited by a
lack of DNA sequence information for many tropical tree species. However, microsatellite
primers developed for one species can sometimes be used to detect polymorphisms in related
species, thus minimizing the need for laborious cloning and screening procedures
(Dayanandan et al. 1997).

FORRU’s studies on forest genetics

We are carrying out an assessment of the usefulness of microsatellites in contributing to the
selection of seed trees for our forest restoration programme. This work has initially focused on
P. cerasoides (Rosaceae). We are studying the genetic diversity of this species in three
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national parks in northern Thailand: Doi Suthep-Pui, Doi Intanon and Doi Angkang. At the
same time, we are also studying the nursery and field performance of seeds from selected
parent seed trees. Primer pairs of microsatellites that display a high degree of polymorphism
have been used in the amplification reaction, including primers isolated from peach (Prunus
persica) (Cipriani et al. 1999), sour cherry (Prunus cerasus) (Suzanne et al. 2000) and sweet
cherry (Prunus avium) (Downey & Iezzoni 2000).

Concluding remarks

Preliminary results suggest that primers developed for peach, sweet cherry and sour cherry
can be used for genetic studies in P. cerasoides. On the basis of results from microsatellite
studies, nursery studies (e.g. seed germination, growth rate, health of seedlings) and studies in
experimental plots, we hypothesize that a group of superior mother trees of P. cerasoides
could be selected while still maintaining genetic diversity.

Acknowledgements

We would like to thank Jake Clake and Emily Buck for their advice on the use of
microsatellites, and the East Malling Trust for Horticultural Research for supporting the
molecular studies at Horticulture Research International. The Kanchanapisak Program of the
Thailand Research Fund provided financial support to the first-named author.

References

Aldrich, P. R., Hamrick, J. L., Chavarriaga, P. & Kochert, G. (1998) Microsatellite analysis of
demographic genetic structure in fragmented populations of the tropical tree Symphonia
globulifera. Molecular Ecology 7: 933–944.

Anderson, L. B. (1971) A study of some seedling characters and the effect of competition on
seedlings in diploid and tetraploid red clover (Trifolium pratense L.) N. N. Journal of
Agricultural Research 14: 563–571.

Barrett, C., Lefort, F. & Douglas, G. C. (1997) Genetic characterization of oak seedlings,
epicormic, crown and micropropagated shoots from mature trees by RAPD and
microsatellite PCR. Scientia Horticulturae 70: 319–330.

Bawa, K. (1994) Effects of deforestation and forest fragmentation on genetic diversity in
tropical tree populations. In Drysdale, R. M., John, S. E. T. & Yapa, A. C. (eds.),
Proceedings of International Symposium on Genetic Conservation and Production of
Tropical Forest Tree Seed, 14–16 June 1993, Chiang Mai, Thailand. ASEAN-Canada
Forest Tree Seed Centre, Muak Lek.

Bawa, K., Ashton, P. & Mohd, S. (1990) Reproductive ecology of tropical forest plants:
Management issues. In Bawa, K. & Hadley, M. (eds.), Reproductive ecology of tropical
forest plants. The Parthenon Publishing Group, Paris.

Bhumibhamon, S. (1986) The environmental and socio-economic aspects of tropical
deforestation: a case study of Thailand. Department of Silviculture, Faculty of Forestry,
Kasetsart University, Bangkok.

Black, J. N. (1959) Seed size in herbage legumes. Herbage Abstracts 29: 235–241.



150                                                                                                       Forest restoration planting in northern Thailand

Bonfil, C. (1998) The effects of seed size, cotyledon reserves, and herbivory on seedling
survival and growth in Quercus rugosa and Q. laurina (Fagaceae). American Journal of
Botany 85: 79–87.

Boontawee, B., Plengklai, C. & Kao-sa-ad, A. (1995) Monitoring and measuring forest
biodiversity in Thailand. In Boyle, T. J. B. & Boontawee, B. (eds.), Proceedings of a
Symposium on Measuring and Monitoring Biodiversity in Tropical and Temperate
Forests, Chiang Mai, Thailand. Centre for International Forestry Research, Bogor.

Bruford, M. & Wayne, R. (1993) Microsatellites and their application to population genetic
studies. Genomes and Evolution 3: 939–943.

Brunel, D. (1994) A microsatellite marker in Helianthus annuus L. Plant Molecular Biology
24: 397–400.

Burdett, A. N. (1983) Quality control in the production of forest planting stock. Forestry
Chronicle 59: 132–138.

Byrne, M., Garcia, M., Uren, T., Smith, D. S. & Moran, G. F. (1996) Conservation and
genetic diversity of microsatellite loci in the genus Eucalyptus. Australian Journal of
Botany 44: 331–341.

Chase, M., Kesseli, R. & Bawa, K. S. (1996) Microsatellite markers for population and
conservation genetics of tropical trees. American Journal of Botany 83 (1): 51–57.

Cideciyan, M. A. & Malloch, A. J. C. (1982) Effect of seed size on the germination, growth
and competitive ability of Rumex crispus and Rumex obtusifolius. Journal of Ecology 70:
227–232.

Cipollini, M. L. & Stiles, E. W. (1991) Seed predation by bean weevil Acanthoscelides
obtectus on Phaseolus species: consequences for seed size, early growth and
reproduction. Oikos 60: 205–214.

Cipriani, G., Lot, G. & Huang, W. G. (1999) AC/GT and AG/CT microsatellite repeats in
peach [Prunus persica (L) Batsch]: isolation, characterization and cross-species
amplification in Prunus. Theoretical and Applied Genetics 99: 65–72.

CMU Herbarium Database (2000) The Trees of Doi Suthep-Pui National Park. Unpublished
output from Chiang Mai University Herbarium Database.

Dalan, R. W. (1984) The effect of seed size and maternal source on individual size in a
population of Ludwigia leptocarpa (Onagraceae). American Journal of Botany 71: 1302–
1307.

Dawson, I. K., Waugh, R., Simon, A. J. & Powell, W. (1997) Simple Sequence Repeats
provide a direct estimate of pollen-mediated gene dispersal in the tropical tree Gliricidia
sepium. Molecular Ecology 6: 179–183.

Dayanandan, S., Bawa, K. & Kesseli, R. (1997) Conservation of microsatellites among
tropical trees (Leguminosae). American Journal of Botany 84 (12): 1658–1663.



Forest restoration planting in northern Thailand                                                                                                       151

Dayanandan, S., Dole, J., Bawa, K. & Kesseli, R. (1999) Population structure delineated with
microsatellite markers in fragmented populations of a tropical tree, Carapa guianensis
(Meliaceae). Molecular Ecology 8: 1585–1592.

Dow, B. D., Ashley, M. V. & Howe, H. F. (1995) Characterization of highly variably
(GA/CT)n microsatellites in the bur oak, Quercus macrocarpa. Theoretical and Applied
Genetics 91: 137–141.

Downey, S. L. & Iezzoni, A. F. (2000) Polymorphic DNA markers in black cherry (Prunus
serotina) are identified using sequences from sweet cherry, peach and sour cherry.
Journal of the American Society for Horticultural Science 125 (1): 76–80.

Echt, C. S., Maymarquardt, P., Hseih, M. & Zahorchak, R. (1996) Characterization of
microsatellite markers in eastern white pine. Genome 39: 1102–1108.

Elliott, S., Anusarnsunthorn, V. & Blakesley, D. (1998) Forests for the future: Growing and
Planting Native Trees for Restoring Forest Ecosystems. Within Design Co. Ltd, Chiang
Mai.

Elliott, S., Anusarnsunthorn, V., Garwood, N. & Blakesley, D. (1995) Research needs for
restoring the forests of Thailand. Natural History Bulletin of the Siam Society 43 (2):
179–184.

Elliott, S., Blakesley, D., Anusarnsunthorn, V., Maxwell, J. F., Pakkad, G. &
Navakitbumrung, P. (1997) Selecting tree species for restoring degraded forests in
northern Thailand. Paper presented at the Workshop on Rehabilitation of Degraded
Tropical Forest Lands, 3–7 February 1997, Kuranda, Australia.

Eriksson, O. (1999) Seed size variation and its effect on germination and seedling
performance in the clonal herb Convallaria majalis. Acta Oecologica 20 (1): 61–66.

FAO (1997) State of the World’s Forests 1997. Food and Agriculture Organization of the
United Nations, Rome.

Goosem, S. & Tucker, N. I. J. (1995) Repairing the Rainforest: theory and practice of
rainforest re-establishment. Wet Tropics Management Authority, Cairns.

Hendrix, S. D. & Trapp, E. J. (1992) Population demography of Pastinaca sativa (Apiaceae):
Effects of seed mass on emergence, survival, and recruitment. American Journal of
Botany 79: 365–375.

Howe, H. F. & Richter, W. M. (1982) Effects of seed size on seedling size in Virola
surinamensis: a within and between tree analysis. Oecologia 53: 347–351.

Isagi, Y. & Suhandono, S. (1997) PCR primers amplifying microsatellite loci of Quercus
myrsinifolia Blume and their conservation between oak species. Molecular Ecology 6:
897–899.

Jackson, J. F. (1981) Seed size as a correlate of temporal and spatial patterns of seed fall in a
neotropical forest. Biotropica 13 (2): 121–130.



152                                                                                                       Forest restoration planting in northern Thailand

Kanowski, P. (1999) Forest and Biological Diversity. Paper presented at the Training Course
on In Situ Conservation of Forest Genetic Resources and Rehabilitation of Biodiversity,
23 August–September 1999, Bangkok, Thailand.

Khasa, P. D., Newton, C. H., Rahman, M. H., Jaquish, B. & Dancik, B. P. (2000) Isolation,
characterization, and inheritance of microsatellite loci in alpine larch and western larch.
Genome 43 (3): 439–448.

Lamb, D., Parrotta, J., Keenan, R. & Tucker, N. (1997) Rejoining habitat fragments: restoring
degraded rainforest lands. In Laurance, W. F. & Bierregaard, R. O. (eds.), Tropical
Forest Remnants: Ecology, Management and Conservation of Fragmented Communities.
The University of Chicago Press, Chicago.

Leungaramsri, P. & Rajesh, N. (1992) The future of people and forests in Thailand after the
logging ban. Project for Ecological Recovery, Bangkok.

Lexer, C., Heinze, B., Gerber, S., Kampfer, S. M., Steinkellner, H., Kremer, A. & Glossl, J.
(2000) Microsatellite analysis of maternal half-sib families of Quercus robur,
pedunculate oak: II. Inferring the number of pollen donors from the offspring. Theoretical
and Applied Genetics 100: 858–865.

Marshall, D. L. (1986) Effects of seed size on seedling success in three species of Sesbania
(Fabaceae). American Journal of Botany 73: 457–464.

Morgante, M. & Olivieri, A. M. (1993) PCR-amplified microsatellites as markers in plant
genetics. The Plant Journal 3: 175–182.

Nizam, M. Z. U. & Hossain, M. K. (1999) Effect of seed weight on germination and initial
seedling growth in Albizia saman (Jacq.) F. Muell. Indian Forester 125 (6): 613–617.

Pfeiffer, A., Olivieri, A. M. & Morgante, M. (1997) Identification and characterization of
microsatellites in Norway spruce (Picea abies K.). Genome 40: 411–419.

Poulsen, K. (1993) Seed quality–concept, measurement and measurement to increase quality.
Lecture Note C-14, Danida Forest Seed Centre, Humlebaek.

Rice, K. J., Gordon, D. R., Hardison, L. & Welker, J. M. (1993) Phenotypic variation in
seedlings of a keystone tree species (Quercus douglasii): the interactive effects on acorn
source and competitive environment. Oecologia 96: 537–547.

Rosane, G. C., Brondani, V. & Grattapaglia, D. (1999) Development and characterization of
microsatellite markers for genetic analysis of a Brazilian endangered tree species
Caryocar brasiliense. Heredity 83: 748–756.

Rossetto, M., Slade, R., Baverstock, P., Henry, R. & Lee, L. (1999) Microsatellites variation
and assessment of genetic structure in tea tree (Melaleuca alternifolia-Myrtaceae).
Molecular Ecology 8: 633–643.

Sawaminathan, C. & Sivagnanm, K. (1999) Influence of locations on seed germination in
Acacia leucophloea Willd. Range Management & Agroforestry 20 (1): 112–114.

Schaal, B. (1980) Reproductive capacity and seed size in Lupinus texensis. American Journal
of Botany 67: 703–709.



Forest restoration planting in northern Thailand                                                                                                       153

Seiwa, K. (2000) Effects of seed size and emergence time on tree seedling establishment:
importance of developmental constraints. Oecologia 123 (2): 208–215.

Smith, D. N. & Devey, M. E. (1994) Occurrence and inheritance of microsatellites in Pinus
radiata. Genome 37: 977–983.

Thomas, B., Macdonald, S., Hicks, M., Adams, D. & Hodgetts, R. (1999) Effects of
reforestation methods on genetic diversity of lodgepole pine: an assessment using
microsatellite and randomly amplified polymorphic DNA markers. Theoretical and
Applied Genetics 98: 793–801.

Tokuko, U., Kawahara, T., Tsumura, Y., Nagamitsu, T., Yoshimaru, H. & Ratnam, W. (1998)
Development and polymorphism of simple sequence repeat DNA markers for Shorea
curtisii and other Dipterocarpaceae species. Heredity 81: 422–428.

Tripathi, R. & Khan, M. (1990) Effect of seed mass and microsite characteristics on
germination and seedling fitness in two species of Quercus in a subtropical wet hill forest.
Oikos 57: 289–296.

Turnbull, J. W. (1995) Influence of collection activities on forest tree seed quality. Paper
presented at International Symposium on Recent Advances in Tropical Tree Seed
Technology and Planting Stock Production, 12–14 June 1995, Had Yai, Thailand.

Vaughton, G. & Ramsey, M. (1998) Sources and consequences of seed mass variation in
Banksia marginata (Proteaceae). Journal of Ecology 86: 563–573.

Weber, J. L. & May, P. E. (1989) Abundant class of human DNA polymorphisms which can
be typed using the polymerase chain reaction. American Journal of Human Genetics 44:
388–396.

White, G. & Powell, W. (1997) Isolation and characterization of microsatellite loci in
Swietenia humilis (Meliaceae); an endangered tropical hardwood species. Molecular
Ecology 6: 851–860.

White, G., Boshier, D. & Powell, W. (2000) Genetic variation within a fragmented population
of Swietenia humilis Zucc. Molecular Ecology 8 (11): 1899–1909.

Winn, A. (1985) Effects of seed size and microsite on seedling emergence of Prunella
vulgaris in four habitats. Journal of Ecology 73: 831–840.

Wise, I. M. (1982) The effects of propagule size on germination and seedling growth in
Mirabilis hirsuta. Canadian Journal of Science 60: 1868–1874.

Wulff, R. D. (1986) Seed size variation in Desmodium paniculatum. II. Effects on seedling
growth and physiological performance. Journal of Ecology 74: 99–114.

Young, A., Merriam, H. G. & Warwick, S. I. (1993) The effects of forest fragmentation on
genetic variation in Acer saccharum Marsh. (Sugar maple) populations. Heredity 71:
277–289.

Zhao, X. & Kochert, G. (1993) Phylogenetic distribution and genetic mapping of a (GGC)n
microsatellite from rice (Oryza sativa L.). Plant Molecular Biology 21 (4): 607–614.


	TABLE OF CONTENTS
	PREFACE
	ACKNOWLEDGEMENTS
	ACRONYMS AND ABBREVIATIONS
	PART 1: COUNTRY REPORTS
	Cambodia
	Indonesia
	Lao PDR
	Malaysia
	Myanmar
	The Philippines
	Thailand
	Vietnam

	PART 2: INVITED PAPERS
	Ex situ conservation efforts for Neobalanocarpus heimii
	Major governmental bodies in Thailand
	Forest restoration planting in northern Thailand
	Conservation and use of Aquilaria crassna in Vietnam
	Conservation of forest genetic resources in Vietnam
	Regional workshops on conservation and use of forest genetic resources
	People's participation in forest conservation
	Conservation of tropical forest genetic resources
	Tree domestication: The Australian experience
	Access issues in forest genetic resources
	Conservation of trees through use by local people

	GROUP WORKING OUTPUTS
	CONCLUDING REMARKS
	APPENDIX 1: List of Participants
	APPENDIX 2: Group Photograph
	APPENDIX 3: Workshop Programme

