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BIODIVERSITY CONSERVATION IS THE ULTIMATE AIM

OF FOREST RESTORATION

Unlike other forms of reforestation, forest restoration focuses on conserving as many of the species that formerly lived in the
original forest ecosystem as possible. Northern Thailand’s forests support at least 3,450 vascular plant species (including
1,116 trees) (CMU Herbarium Database); 383 bird species (Round, 1988) and 150 mammal species (Lekagul and McNeely,
1988), as well as many endangered species such as the Crocodile Salmander (bottom left). The number of insect species is
so high (probably tens of thousands), it has yet to be properly counted, but it includes at least 500 butterflies. Forest
destruction is the main threat to these species; forest restoration could be their salvation.

Evergreen forest at 1,300 m elevation in Doi
Suthep-Pui National Park, part of northern

Thailand’s natural heritage

Sambar Deer -
many large

mammals are
becoming rare
due to hunting.

Indian Pied Hornbill
- an important

disperser of large
tree seeds.

One of Thailand’s
many butterfly

species - insects are
by far the largest

component of
biodiversity.

Crocodile Sala-
mander - one of

many endangered
species that benefit
from forest restora-

tion.



HOW TO PLANT A FOREST 179

Accelerated (assisted) natural regeneration
ANR: management actions to enhance the
natural processes of forest succession.

Achene: a small, dry, indehiscent, one-seeded
fruit with thin pericarp.

Acorn: fruit of  oaks; a nut with a cupule.

Acuminate: apex with concave sides, tapering
to an extended point

Alternate: placed singly along a stem or axis
(not opposite or whorled).

Angiosperms: one of  the main divisions of
flowering plants, containing plants that have
ovules enclosed in an ovary.

ANOVA: analysis of  variance. A statistical test
to determine significant differences among
experimental treatments or species etc.

Anther: the part of the stamen which produces
pollen.

Apex: the tip, e.g. of  a leaf.

Aril: a fleshy, usually brightly coloured extra
cover of a seed (arising from the hilum), which
is free from the seed.

Axillary: postioned in the angle formed by the
upper side of a leaf and the stem.

Axis: the central line of symmetry of a plant
or plant part.

Bark: tough outer covering of woody stems
or roots.

Berry: a simple  fruit, developing from a single
pistil, usually small, with several seeds within a
juicy mesocarp.

Biodiversity: the variety of life encompass-
ing genes, species and ecosystems.

Bimorphic: having two forms.

Bivalved: with two valves.

Blade: the expanded part of a leaf or petal.

Bole: stem or trunk of a tree.

GLOSSARY

Leaf  Types
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Bud: an undeveloped (or dormant) leaf, flower
or shoot protected by scales (bracts).

Buttress: a vertical projection at the base of a
tree trunk, originating from a lateral root.

Calyx: united sepals of  a flower.

Capsule: a one- to many-seeded, dry fruit,
which splits into valves when ripe.

Carpel: the ovary, stigma and style.

Climax forest: undisturbed, stable, forest at
maximum development in terms of  structure
and species composition, determined by soil
and climatic conditions.

Community forest: a forest that is managed
collectively by local people.

Compound: with more than one similar parts
in one organ e.g. leaves.

Coppicing: with many shoots growing out
from tree stumps.

Corolla: united petals of  a flower.

Cotyledon: seed leaf; part of the embryo of a
seed plant.

Cupule: enclosing structure, originating from
the base of  nuts formed of  dry, enlarged bracts
e.g. around nuts of  Quercus and Lithocarpus
species.

Cyme (adjective cymose): a type of branching
inflorescence, in which the central and terminal
flower opens first.

Damping-off: various fungal diseases, which
attack young seedlings, causing stem collapse
and death.

Deciduous: shedding leaves annually or
periodically; not evergreen.

Dehiscent: splitting open (see capsule)

Dicotyledon: one of the two great divisions
of  Angiosperms, having embryos with two
seed leaves or cotyledons.

Dormancy: the period between seed disper-
sal and germination, during which germination
is delayed, despite suitable conditions prevailing.

Leaf  Form
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DNP: The Thailand Government’s Depart-
ment of National Parks, Wildlife and Plant
Conservation.

Drupe: a fleshy fruit, in which one or more
seeds are enclosed within a stony inner layer
(endocarp).

Ecology: the scientific study of the factors de-
termining the distribution and abundance of
plants and animals.

Ecosystem: any area or space, within which
living organisms and the non-living environ-
ment interact to bring about an exchange of
materials between the living and non-living parts
of the system.

Elliptic: refers to a shape (usually a leaf) that is
widest in the middle and tapers towards both
ends.

Embryo: rudimentary shoot and root within
the seed.

Emergent: arising above the soil, becoming
visible; or describing a tree with a crown rising
above the main forest canopy.

EMR: East Malling Research, U.K., FORRU’s
Darwin Project Partner (formerly HRI).

Endemic: indigenous to and confined to a
particular area.

Endocarp: the inner layer of the pericarp or
fruit wall.

Endosperm: tissue formed from the embryo
sac, which stores nutritive material in seeds.

Entire: of leaf margins - not toothed or
divided in any way.

Flower Parts

Leaf Shapes - Quick Definitions
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Epicotyl: the part of a seedling above the coty-
ledons that gives rise to the stem and leaves.

Epiphyte: (adjective epiphytic): a plant
growing upon, but not nourished by, another
plant.

Epilithic: growing on rocks.

Evergreen: a plant that retains green foliage
throughout the year.

Exocarp: the outer layer of the pericarp or
fruit wall.

Exotic: of species - introduced, not native.

Extirpation: the disappearance of a species
from a local area.

Extinction: the complete loss of a species glo-
bally; when no more individuals of a species
exist.

Fire break: a strip of land cleared of vegeta-
tion, to prevent the spread of  wild fires.

Fissure: longitudinal splits or cracks.

Flower: the structure for sexual reproduction
in the Angiosperms, usually consisting of  male
organs (comprising the stamens) and female
organs (comprising the pistils).

Forest landscape restoration (FLR): inte-
grated management of all landscape functions
in deforested or degraded areas to regain eco-
logical integrity and enhance human well-being;
usually including some forest restoration.

Forest restoration: any activity aimed at re-
establishing the forest ecosystem originally pre-
sent on a deforested site before deforestation
occurred; one particular kind of reforestation.

Framework species method: planting indig-
enous forest tree species, which can rapidly re-
establish canopy cover and attract seed-
dispersing wildlife, to accelerate forest regener-
ation and biodiversity recovery.

Fruit: the ripened ovary bearing the seeds.

Funicle: the connection between an ovule and
its placenta.

GBH = girth at breast height: the circum-
ference of a tree trunk measured 1.3 m above
the ground.

Dry Fruit Types
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Genus: a group of  closely related species.

Glabrous: not hairy.

Gland: a secreting organ, often dot or wart-
like, either on the surface of or embedded in
tissue.

Glaucous: with a waxy, greyish-blue bloom.

Globose: spherical, round.

Glomerule (adjective glomerulate): a dense
cluster of  short-stalked flowers.

GP = germination percent: the number of
seeds which germinate divided by the number
sown, multiplied by 100.

ha (Hectare): an area of land equal to 10,000
square metres.

Habit: the characteristic growth form of  a
plant species e.g. as a tree, shrub, herb etc.

Hardening-off: the process of gradually accli-
matizing seedlings in the nursery to the conditions
they will be subject to after planting out.

Herbarium: a collect of dried plant specimens
for scientific study.

Hemiparasitic: partially parasitic; plants that
absorb nutriment from other plants, but retain
green tissues that carry out photosynthesis.

Hilum: a scar left on a seed where it was pre-
viously attached to the funicle.

HRI: Horticulture Research International; the
former name of  EMR.

Hypocotyl: the axis of an embryo below the
cotyledons, which, on germination, produces
the radicle.

Imparipinnate: odd-pinnate; with an unequal
number of  leaflets.

Indehiscent: not splitting open (e.g. of fruits).

Indigenous: native to an area, not introduced:
the opposite of exotic.

Inflorescence: the arrangement of  flowers
along a floral axis; a cluster of  flowers.

Fleshy Fruit Types
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Infructescence: a cluster of fruits derived from
an inflorescence.

Internode: a length of  stem between two
adjacent  nodes.

Lanceolate: shaped like the head of a spear
or lance, with the widest part at the middle.

Lateral: on or at the side.

Leaf-exchanging: young leaves flushing more
or less at the same time as senescent leaves are
shed.

Leaflet: lateral axis of  a compound leaf.

Legume: a dry fruit of one carpel, often split-
ting along one or both sides.

Lenticel: a pore in a stem, often surrounded
by a raised corky margin, for gaseous exchange.

Lenticellate: bearing lenticels.

Lignified: becoming woody, due to thickening
of cell walls by deposition of lignin.

Lobe: any curved or rounded part or segment
of any organ; specifically a part of a petal; calyx
or leaf blade.

Locule: ovary chamber, containing the ovules
or anther chamber containing the pollen.

Longitudinal: along the vertical axis of an
organ.

Margin: the outer edge of e.g. a leaf blade or
petal.

Masting: mass fruiting erratically, once every
several years, a common fruiting pattern
amongst species of the family Fagaceae.

Mesocarp: the middle layer of the fruit wall
or pericarp.

Midrib/mid-vein: the primary vein of e.g. of
a leaf blade.

MLD median length of  dormancy: the
number of days between sowing seeds and

germination of  half  the seeds that eventually
germinate.

Monocarpic:  flowering and fruting once only,
followed by death.

Monocotyledon: one of the two great divis-
ions of  angiosperms; embryos with one coty-
ledon.

Monopodial: with a simple main stem, grow-
ing from the apex and having lateral branches.

Mychorrhiza: a mutualistic association bet-
ween vascular plant roots and fungi.

Nectar: a sugary solution, secreted by many
flowers, which attracts animal pollinators.

Node: the point on an axis where leaves,
flowers etc. are borne.

Nut: a simple, dry, one-seeded fruit with a hard
pericarp.

Oblong: longer than broad, widest in the
middle.

Obovate: the inverse of ovate, with the broad-
est part towards the top.

Obovoid: of  e.g. a fruit, egg-shaped, with the
base as the narrower end.

Opposite: leaf arrangement, in which the leaves
arise opposite to each other at a node.

Ovary: the part of  the flower containing the
ovules and later the seeds, usually with one or
more styles and stigmas.

Ovate: with an oval outline, broader towards
the base than the apex and round-ended.

Ovoid: ovate in 3 dimensions, egg-shaped,
attached at the broad end.

Panicle: a type of inflorescence with the main
axis divided into branches, each bearing several
flowers.

Paniculate: arranged in a panicle.
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Paripinnate: a compound leaf divided into
pairs of  leaflets, with no terminal leaflet, i.e. an
even number.

Pectinate: having tooth-like projections, like
those of  a comb.

Pedicel: the stalk of  a single flower.

Peduncle: the stalk of an inflorescence.

Peltate: (of leaves) circular with petiole
attached to the centre of the under-surface.

Perianth: collective term for the outer, non-
reproductive parts of flowers (often differ-
entiated into corolla and calyx).

Pericarp: the wall of a fruit, developed from
the ovary wall, usually with three layers: exocarp,
mesocarp and endocarp.

Petal: free parts of the second whorl of a
flower.

Petiolate: having a petiole.

Petiole: stalk of a leaf.

Petiolule: stalk of a leaflet.

Phenology: the study of seasonal cycles of
biological phenomena e.g. the periodic flowering
and fruiting of  trees.

Pinnate: compound leaf with leaflets along
each side of  a primary axis.

Pistil: the female parts of a flower, comprised
of ovary; style and stigma.

Pod: the fruit of legumes, often splitting open
along one valve.

Pollen: minute grains, containing the male
reproductive cells of  flowering plants.

Pricking-out: lifting seedlings from germina-
tion trays and potting them into containers.

Primary forest: undisturbed forest at maxi-
mum development in terms of  structure and
species composition (=climax forest).

Pyrene: a structure including the hard endocarp
of a drupe and the seed(s) enclosed within.

Raceme (adjective racemose): an inflore-
scence with stalked flowers that are borne along
an unbranched axis.

Rai: the standard unit of land area measurement
in Thailand; equal to 1,600 square metres.

Receptacle: the enlarged extremity of an axis,
bearing the flower. The walls of  figs are recep-
tacles.

Reforestation: planting trees to re-establish tree
cover of  any kind; includes plantation forestry,
agroforestry, community forestry and forest
restoration.

RCD = root collar diameter: the diameter
of the root collar, usually measured with
callipers, using a Vernier scale. The root collar
is the point at which the above-ground parts
of a plant meet the tap-root.

RFD: the Royal Thai Forest Department.

RGR = relative growth rate: Incremental
growth, proportional to the average size of the
plant during the measurement period. Allows
growth to be compared amongst plants of
different sizes.

Root trainers: containers with vertical ridges
to direct root growth downwards and prevent
root spiralling.

Sapling: a young tree, larger than a seedling,
but not yet mature,

Saponins: a group of toxic soapy chemicals
(glucosides).

Saprophytic: obtaining carbon and energy
from the decomposition of  organic matter.

Sarcotesta: a fleshy outer seed coat.

Scarious: membranous, dry parts that are not
green.

Seed: the unit of sexual reproduction developed
from a fertilised ovule, consisting of an embryo
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enclosed within a testa, potentially capable of
germination.

Seed coat: outer, protective covering of seed
(testa).

Seed predator: any animal, which destroys seeds
without successfully dispersing them.

Seedling: a very young plant, just after germin-
ation, which is still dependent on food reserves
from the seed.

Sepal: free part of the outer envelope of a
flower.

Septum (plural septa): wall between locules of
an ovary.

Septicidal: dehiscence longitudinally through
septa so that carpels are separated.

Serrate: toothed, like a saw, with teeth point-
ing forwards.

Sheath: the base of a leaf or leaf stalk that
embraces the stem.

Simple: a leaf with one blade.

Sinuous/sinuate: (of  margins) wavy.

Spicate: spike-like.

Spike: a simple unbranched inflorescence,
bearing stalk-less flowers.

Spiral: with parts arranged in spirals.

Stalk: the ‘stem’ of any organ e.g. petiole,
peduncle; pedicel; filament.

Stamen: the male reproductive organ of a
flower, composed of a filament and anther,
the latter producing pollen.

Stem: the main axis of a plant; leaf bearing
and flower bearing, as distinguished from the
root-bearing axis.

Stigma: the receptive part of the female repro-
ductive organs, at the top of  the ovary, on which
pollen grains germinate.

Stipule: a leaf-like or scale-like outgrowth at
the base of a petiole.

Striations: parallel longitudinal lines or grooves,
e.g. on bark.

Style: the elongated apical part of a carpel or
ovary, bearing the stigma at its tip.

Subglobose: nearly globose.

Subopposite: nearly opposite.

Suborbicular: nearly orbicular.

Sympodial: growth pattern, in which shoots
cease to grow and one or more lateral buds,
next to the apical bud, grow repeating the
pattern.

Syconium: a type of fleshy multiple fruit,
enclosed by a receptacle (i.e. a fig).

Tannins: a group of  astringent chemicals in
the bark and leaves of  some tree species.

Tepal: a flower segment that is not clearly dif-
ferentiated into a sepal or petal.

Terminal: at the tip or apex of  an axis.

Testa: outer coat of  a seed (developed from
the integument).

Thyrse (adjective thyrsoid): densely branched
inflorescence, broadest in the middle and in
which the mode of branching is cymose.

Toothed: bearing small projections around the
edge, as in the margin of  some leaf  blades.

TNT = total nursery time: the number of
months required to grow saplings from seed
sowing until optimal planting time (not inclu-
ding seed storage time).

Treelet: a small tree <5 m tall at maturity.

Trifoliate: a compound leaf  having three
leaflets.

Tubercle: small rounded protuberance.
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Page numbers in bold indicate main species fact sheets in Part 9.

Bauhinia variegata  21
Betula alnoides  40
Bidens pilosa  46
biodiversity  6, 13, 16, 19, 29, 60,  61, 66
biodiversity conservation  105
biodiversity recovery  65, 67, 108,  110,  118
bird perches  57, 60, 61
bird watching  134,  136
birds  37, 38,  57,  60,  65, 105, 108
birds of prey  59
Bischofia javanica  67,  150
Black-crested Bulbul  61
Black-headed  Bulbul 61
Boehmeria chiangmaiensis  46
Boesenbergia longiflora  21
bracken fern  42,  47, 56, 114
Brassiopsis ficifolia  67
Breynia fruticosa  26
browsing  34,  55
Buchanania lanzan  26
buffalo  48
buffer zones  107
Bulbophyllum bittnerianum  17
Bulbophyllum congestum  20
Bulbophyllum suavissimum  18
bulbuls  38,  41,  61,  67

C

Callicarpa arborea  67
callipers  131
canopy closure  67
Captan  88
cardboard mulch mats  121, 124
Casearia grewiifolia  16
Cassia fistula  23, 82
Castanopsis acuminatissima  40, 83, 128, 151
Castanopsis argyrophylla  12, 18,  26
Castanopsis diversifolia  26
Castanopsis spp  82
Castanopsis tribuloides  67,  128,  152
casual labour  135
cattle 6, 27, 48, 53, 54, 56, 111
charcoal making  29
Chestnut Rat  41
chestnuts  26, 79
Chionanthus sutepensis  16
chopping  55
Chukrasia tabularis  23

A

accelerated natural regeneration  6,  53, 65
Acer 82
achenes  46
acid treatment (seeds)  86
Acrocarpus fraxinifolius 16, 19, 40, 128, 144, 146
Aeginetia indica  21, 27
Aeginetia pendunculata  22
Aeschynanthus hosseusii  12,  17
Afzelia xylocarpa  21, 23, 62, 144, 147
Ageratum conyzoides  46
aggregate fruits  79
agro-forestry  10
air pruning  89, 100
Albizia odoratissima  43, 50, 83
Alseodaphne andersonii  67
Alstonia scholaris  50, 83
Amorphophallus macrorhizus  24
animal-dispersed seeds  35,  66,  105
Anneslea fragrans  18, 26, 83
ANR  6,  53, 65
Antidesma acidum  50
ants  39, 40, 58
Aphanamixis polystachya  83
aphids  98
Aporosa dioica  50
Aporosa villosa  50
Aporosa wallichii  50
Aquilaria crassna  62
Archidendron clypearia  83, 128, 148
Arctonyx collaris  41
Artemisia indica  46
Artocarpus lanceolata  16
Arundina graminifolia  22
auxins  92

B

Balakata baccata  62,  67, 101,  149
Balanophora  spp 17
Balanophora laxiflora  20
bamboo shoots  25
bamboo-deciduous forest (BB-DF)  20
bamboos  16,  20, 23, 25
Ban Mae Sa Mai  2, 9, 109, 123, 134, 135,

136, 137, 138
Barking Deer  38, 67
bat boxes  57
bats  37, 38, 57, 61  65, 105, 108
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Cinnamomum iners  67
citizenship  136,  137
civets  38,  41,  67
Clerodendrum fragrans  46
climax forest  54, 61, 69
climax forest tree species  33,  34,  66,  108
Clitoria mariana  46
CMU Herbarium Database  145
collaboration  138
Colon flagrocarpa  92
Combretum latifolium  23
community  participation 135, 136,  139
community forestry  10,  56,  135-136
community regulations to protect forests  137
community size  140
community tree nurseries  75,  137
competition  42
compost  90, 142
Congea tomentosa  23
consensus building  138
conservation value  104
containers  89,  91, 142
Conyza sumatrensis  46
coppicing  36, 55
Corypha umbraculifera  35
costs  139
cotyledons  79, 82
Craibiodendron stellatum  18,  26
Crassocephalum crepidioides  42
Cratoxylum formosum ssp. prunifolim  83
crown structure  69,  130
cultural considerations  134-136
Curcuma parviflora  24
cuttings  92
cycads  47
Cymbidium ensifolium  27
Cynopterus spp  67
Cynopterus sphinx  61
Cyornis banyumas  60
Cyperaceae  27, 46
Cyperus cyperoides  46

D

Dalbergia cultrata  23, 50
Dalbergia stipulacea  50
dammar  28
damping-off disease  88
Darwin Initiative  2, 10
data analysis  132
DBH  145, See diameter at breast height
DDT  115
Debregeasia longifolia  40,  50, 92
deciduous dipterocarp-oak forest  20,  22, 26

deciduous forest types  20
deer  38
deforestation  3,  4
Dendrocalamus membranaceus  23
Dendrobium heterocarpum  18
diameter at breast height  145
Didymocarpus kerrii  18
Didymocarpus wattianus  17
Dillenia parviflora  50
Diospyros glandulosa  16
Diospyros marlabarica  16
dipterocarp-oak forest  40,  49,  50,  92
Dipterocarpaceae  20, 26,  28,  35,  47
Dipterocarpus costatus  20,  21
Dipterocarpus obtusifolius  26, 28
Dipterocarpus turbinatus  28
Dipterocarpus tuberculatus  22, 26,  28
direct seeding  59-62
Dischidia major  22, 27
Dischidia nummularia  22
diseases  47, 98
Doi Inthanon  16
Doi Suthep-Pui National Park  27,  29,

30, 35, 40, 43, 44, 47, 49,  50, 137
domestic cattle  48
dormancy (seeds)  36, 43,  86, 102, 144
dragonflies  104, 107
drought resistance  47
Drynaria bonii  23
Drynaria propinqua  18
Drynaria rigidula  27
Duabanga grandiflora 67

E

East Malling Research  10
ecological services  4
economic benefits 59, 72,  135, 145
ecotourism  109, 135, 136
ecto-mycorrhizae  47
ecto-zoochorous (seed) dispersal  37
Eden Project  134
edge effects  110
education  27, 137
Elaeocarpus bracteanus  43
Elaeocarpus lanceifolius 40,  153
Elaeocarpus prunifolius  16, 40
elephants  37,  38,   41, 58, 117
enclaves  107
endangered species  30, 66
Engelhardia serrata  20
Engelhardia spicata  40, 50
enrichment planting  27, 52
environmental awareness  134
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epiphytes  12,  17,  20,  27
erosion  107,  135
Erythrina subumbrans  19,  40, 43, 67, 82,

101, 144, 154
ethnobotany  68,  69
Eugenia albiflora  20, 50,  67
Eugenia fruticosa  62, 155
Eugenia grata  67
Eupatorium adenophorum  42, 46,  47
Eupatorium odoratum  42, 46
Eurya acuminata  40
evergreen forest  12,  15,  16, 62,  144
exotic weeds  42
experimental plots  70
extinction  3
extirpation  105, 107

F

Fagaceae  16, 18, 26, 35, 47, 79, 82
ferns  23, 27
fertilizer  8, 27,  65, 93,  97, 102,  111,

114, 119, 121,  122, 126, 142
fertilizer application  56,  93, 142
Ficus  spp.  87,  40,  156
Ficus altissima  16, 128
Ficus auriculata  83
Ficus glaberima  67
Ficus hirta  50, 92
Ficus hispida  50,  67,  128
Ficus microcarpa  23
Ficus racemosa  128
Ficus semicordata  67
Ficus species  40,  156
Ficus subincisa  67,  71
Ficus superba  17, 92
field capacity  15
figs  144,  156
fire  6,  18,  25-26, 34,  46-47,  49, 53-56, 66,

69-70, 105,  111, 117, 123,  144
fire breaks  25,  123, 127, 142
fire prevention  25, 27, 123, 127,  128, 134,

135, 139, 140, 141
firewood  27,  29, 135
Fishing Cat  104
Flavescent Bulbul  41, 61
flooding  108, 136
floods  4, 107
flowerpeckers  38
FLR See Forest Landscape Restoration
flycatcher  60
forest fragmentation  105-107
Forest Landscape Restoration  109, 110,  134
forest products  135, 136, 139

forest regeneration  32,   33,   35, 39, 47,
49,  53, 112,  113

forest restoration  3,  5,  135
forest succession  33
forest types  13
FORRU-CMU 7, 10, 43, 44, 135, 141, 145
foster ecosystem  59
fragmentation  105-107
framework forestry  65
framework species criteria  70
framework species method  59, 62-72, 117
framework tree species  19, 60, 68, 104, 105,

108, 118, 135, 137, 144,  145
fruit bats  38,  57, 61,  67
fruit types  83
fruiting season  80
fruiting trees  35
fungicides  88,  92

G

Garcinia mckeaniana  16
Garcinia speciosa  20
Gardenia obtusifolia  26
gaur  61
genetic diversity  58, 79
genetic isolation  105
genetic variability  81
germination  43, 66,  82,  86,  87
germination experiments  69
germination percentage  145
Gesneriaceae  18
gingers  17,  23,  27
global warming  4
Globba kerrii  17
Globba nuda  23
Glochidion kerrii  16,  67,  128,  159
Glochidion sphaerogynum  50
Gluta usitata  26
glyphosate  25, 115, 142
Gmelina arborea 19, 40, 62, 101, 128, 160
Gomphostemma strobilinum  21
GPS  111, 113
grading  94,  9,  101, 118
Gramineae  25,  27,  46
grasses  25, 27, 42, 46, 47, 49, 56
Grewia abutilifolia  26
growth rates  144
gulley erosion  108
gurjun  28

H

hardening-off  102,  118
Helicia nilagirica  18, 40, 67
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herbicide  25, 115
Heynea trijuga  67, 83, 128, 161
Hill Blue Flycatcher  60, 61
Hmong hill tribe  9,  135 - 137,
Hog Badger  38, 41, 67
holy tree  134
hornbill  38
Hovenia dulcis  16, 19, 40, 67,  128, 162
hunting 37, 41, 49, 58, 59, 61, 67, 107, 137
Hylobates lar  41

I

Impatiens violaeflora  12, 17
Imperata cylindrica  46, 47,  56
inbreeding  105, 107
income generation 136
Indian Pied Hornbill  41
insects  67
Irvingia malayana  20, 40

J

jays  38

L

labeling planted trees  129, 130
labour  59, 117,  135, 139 - 142
labour costs  117
Lagerstroemia cochinchinensis  20, 23
Lagerstroemia speciosa  40
land rights  111,  136,  139
land tenure issues  136,  139
landslides  4, 104, 105, 108
Large Indian Civet  41
laughing thrushes  38
Lauraceae  16
leaf litter  108
Leguminosae  82, 97
lightning  49
lignin  47
Lindera caudata  16
Lithocarpus craibianus  18
Lithocarpus elegans  26, 40, 83, 163
Lithocarpus fenestratus  128
Litsea cubeba  16, 50
Litsea zeylanica  16
livestock  49
local people  9
logging  23,  34,  117
Lonchura striata  60
Loranthaceae  18, 23
lychee  109, 137

M

Macaranga denticulata  67, 101, 164
Macaranga kurzii  92
Machilus bombycina  67
Machilus kurzii  128, 165
Magnolia baillonii  16, 101,  128,  166
Magnoliaceae  16, 17
magpies  38
Mangifera caloneura  20
Manglietia garrettii  12,  16, 17,  83, 167
Markhamia stipulata  50
masting  35, 40, 85
maximum diversity method  65
measuring trees  131
media  91, 142
median length of  dormancy  43, 145
medicines  135
Melastoma malabathricum  60
Melia toosendan  16,  19, 62, 70, 82,

101, 128, 144, 168
Mexican Sunflower  42
Michelia baillonii see Magnolia baillonii
micro-climate  59
Microstegium vagans  25, 46
migration  107
Millettia cinerea  23
Millettia pachycarpa  46
mistletoes  18
mixed evergreen-deciduous forest  20
Miyawaki method  65
monitoring  118, 120, 129-131
monocarpy  35, 40
Moraceae  16
Morus macroura  40
mosses  96
motivation for forest restoration  136 - 137
Mucuna macrocarpa  17
mulch mats  27,  56,  121-125, 142
multiple fruits  79
Mus pahari  39
mushrooms  49
mycorrhizae  47, 56,  87,  97
mycorrhizal fungi  46, 59,  100,  117
mynahs  38
Myrica esculenta  50

N

natural forest regeneration  53,  111
Nepal  56
nesting sites  144
NGO's  136,  138
nurse crop  59
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nurseries  75 - 76
nursery costs  142
nursery design  76 - 77
nursery management  100
nursery records  102
nursery research  69
nursery work  135
nuts  79, 82
Nyssa javanica  169

O

oaks  26,  79
orchids  20, 23,  24, 27
organic matter  107
Oriental Pied Hornbill  38
Oroxylum indicum  23
orthodox seeds  85
Oryza meyeriana   25
Osmocote  93
Ostodes paniculata  16

P

Pandanus penetrans  17
Panicum notatum  25, 46
Peltophorum dasyrhachis  170
Pennisetum polystachyon  42
perches  67
performance standards  70, 71
pests  94, 98,  100
phenology  80
Philippines  56
Phlogacanthus curviflorus  17
Phoebe lanceolata  16, 50, 67, 83
Phoenix loureiri  26
phoenix palms  47
Phogaruna Brand (organic fertilizer)  122
Phragmites vallatoria  42,  46, 47
Phyllanthus emblica  23, 50, 128
pigs  38
Pinaceae  47
pines  12, 18,  19,  27,  47
Pinus carribea  19
Pinus kesiya  18,  19
Pinus merkusii  18, 19
pioneer trees  33,  54,  66
Pirimicarb  98
plagio-climax  34
planning forest restoration  135, 139
plant specimens  81
plantations  5, 10,  19
plantations as catalysts  59
planting area (size)  139
planting area and nursery size  77

planting density  67, 117
planting event  120
planting site  104,  113, 139
plastic bags  101
Platostoma coloratum  22
Platycerium wallichii  23
plumule  79, 82
political gain  135, 136,  139
pollination  79
polymer gel  27,  125
Polypodium argutum  18
Polypodium subauriculatum  20
ponds  57, 61
potting  84,  89
potting medium  84, 90, 95
poverty  108
pricking-out  89,  91,  95
primary forest  54
production schedules  94,  102
project objectives  139
project plans  110,  139
PROSEA  68, 69
protected areas  136
pruning  8, 101
Prunus cerasoides  40, 62, 67, 70, 80, 82,

101,  123, 128,  144,  171
Pteridium aquilinum  42, 46, 47
Pterocarpus macrocarpus  23, 50
Pterospermum grandiflorum  67
public relations  27
Pycnonotus flavescens  41
Pyrenaria garrettiana  16
pyrenes  79
Pyrethrin  98

Q

Quercus brandisiana  18
Quercus kerrii  22, 26
Quercus lanata  43
Quercus semiserrata  67, 79, 87, 172
Quercus spp  82
Quercus vestita  16

R

radicle  79, 82
rainfall  14
rats  38
Rattan Palms  17
Rattus bukit  39, 41
RCD  See root collar diameter
recalcitrant seeds  85
RECOFT. See Regional Community Forestry

Training Centre
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records  102
recruits  65
Red-whiskered Bulbul  61
Reevesia pubescens  40
reforestation  5
Regional Community Forestry Training Centre

135
remnant trees  57
resin  19, 28
REX trays  89
Rhamnaceae  16
rhinos  38,  41, 58
Rhododendron vietchianum  17
Rhus rhetsoides  67, 128, 173
Rhynchospora rubra  46
riparian habitats  107
robins  38
rodents  40, 58, 59
root branching  101
root collar diameter  131
root curling  89
root growth  100
root pruning  93,  95,  99,  101
root system  100
root trainers  89
roots  100
rotting logs  46
Round-up  25, 115
Royal Forest Department  5, 128

S

Saccharum arundinaceum  42
sacred trees  136
salary payments  135
salt licks  61
samaras  82
Sapindus rarak  40, 71, 174
Sapria himalayana  12, 17
Sarcosperma arboreum  16, 62, 83, 128, 175
Saurauia roxburghii  40
scarification (of seeds)  86,  144
Schima wallichii  34, 40, 50
Schleichera oleosa  23, 62
Scleria levis  46
Scleropyrum pentandrum  20
Scrophulariaceae  27
Scurrula atropurpurea  23
secateurs  101
secondary forest  54
sedges  27, 46
seed bank  36
seed coat  82
seed collection  80, 81, 135

seed-dispersing animals  35, 54, 58, 67, 144
seed-dispersing birds  60
seed dipsersal  19,  34,  37,  38,  41,  48,  67
seed dormancy  44,  59, 86
seed drying  85
seed germination  66, 86 - 87
seed leaves  79,  82
seed morphology  79
seed predation  34,  38,  39,  40,  58,  59
seed rain  37, 52, 57,  61
seed shadow  38
seed size  39
seed source  34, 67
seed storage  85
seed structure  79,  82
seed traps  37
seed treatments  79
seed viability  85
seedling establishment  46
seedling  growth  34
seedling monitoring.  69
seedling recruitment  54
Selaginella ostenfeldii  24
Setaria palmifolia  46
shade  96, 117
shade netting  96
shoot pruning  101
Shorea obtusa  26, 40
Shorea siamensis  26,  83
Shuteria involucrata  46
siltation  136
site assessment  53,  113
site description  139
site preparation  67
site survey  139
slan  96
soil amelioration  27
soil analysis  111
soil compaction  48
soil conditions  113
soil erosion

4, 104, 105, 108, 113, 115, 117
soil micro-organisms  115
soil moisture  14
soil organic matter  15
soil seed bank  52
Sooty-headed Bulbul  61
sowing seeds  87
spacing between planted trees  117
Spatholobus parviflorus  26
species re-introductions  58
spirits  136
Spondias axillaris  16, 19, 40, 62, 67, 70,
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79, 144,  176
Spondias pinnata  20
spraying herbicide  115
stakeholders  111, 138, 139
standing-down.  93
Sterculia pexa  23
Sterculia villosa  50
Stereospermum colais  50
Striga masuria  27
Strychnos nuxvomica  26
stumps  117
Styrax benzoides  40, 50
succession  33
Sumatran Rhino  41
swidden (slash and burn) agriculture  68

T

Tainia hookeriana  20
Teak  20 -  24
Terminalia bellirica  40
Terminalia chebula  23, 40
Terminalia muconata  40
termites  34
testa  82
Tetradium glabrifolium  40
Tetrastigma  17
Theaceae  16
thinning  117
Thiram  88
thrushes  38
Thysanolaena latifolia  46
Tithonia diversifolia  42
TNT = total nursery time  145
traditions  136
transpiration  14, 107
transportation costs  142
transporting saplings  114,  116
tree establishment  47
tree health  132
tree nurseries  75
tree planting  52 - 54, 60, 67, 107,

108, 112, 114,  139
tree planting equipment  119
tree poduction costs  142
tree stumps  36, 52, 53
Trema orientalis  40, 50, 60, 92
Trewia nudiflora  62
Tristaniopsis burmanica  26
Triumfetta pilosa  46

U

urban development  105

V

Vaccinium sprengelii  18, 40
Vanda brunnea  27
vegetative propagation  28,  92
Vernier scale  131
vesicular-arbuscular mycorrhizae  47
Viburnum inopinatum  18
vines  46
Vitaceae  17
Vitex canescens  23
Viverra zibetha  41
voucher specimen  81

W

water  139
water buffalo  48
water quality  109
water supplies  135
water uptake  47
water-holding capacity of soil  107
watering  93, 96
watering after tree planting  121
watersheds  107, 136 - 137
weed canopy  55
weed community structure  47
weed cover  111
weeding  25,  27, 55, 56, 65, 67, 112, 116,

117, 124,  126, 135,  139, 142
weeds  34, 42,  46, 47, 53, 54, 58, 94, 97,

101, 113, 144
White-browed Scimitar Babbler  61
white-eyes  38
White-Handed Gibbon  41
White-rumped Shama  60
White-winged Wood-duck  104
wild cattle  38, 58, 61
Wild Pig  38, 67
wildlife conservation  109
wildlife corridor  107
wildlife corridors  104 - 105
wildlings  28,  90
wind-dispersed seeds  35 - 37
wood pigeons  38
work schedule  139 - 140

X

Xylia xylocarpa  23

Z

Zingiberaceae  17, 23, 24, 27
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The Forest Restoration Research Unit
c/o Dr. Stephen Elliott or
Dr. Sutthathorn Suwannaratana
Biology Department
Faculty of  Science
Chiang Mai University
Chiang Mai
Thailand 50200

Phone: (+66) - (0)53-943346
or 943348 ext. 1134 or 1135
Fax: (+66) (0)53-892259
Email: forru@science.cmu.ac.th
or   stephen_elliott1@yahoo.com

HOW TO CONTACT FORRU-CMU

For latest information, please logon to:- www.forru.org

Above - Forest restoration is no longer a fantasy but a realistically achievable goal.

Back Cover - Children of Ban Mae Sa Mai proudly hold saplings of framework tree
species, which they have helped to grow in their community tree nursery.


