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l. INTRODUCTION
Sources of Information
A comprehensive account of Pinus merkusii was compiled by E.N.G. Cooling and published by the Commonwealth Forestry Institute (now Oxford Forestry Institute) in 1968 as number 4 in the series of Fast
Growing Timber Trees of the Lowland Tropics. The present note makes considerable use of that
publication. A valuable summary of experience in Thailand is contained in Wisopakan and Granhof
(1983), and international experience of P. merkusii introductions and provenance trials has been reported
in a number of papers submitted to the series of workshops and conferences organized by IUFRO’s
working groups on Tropical Provenance Research and Breeding Tropical Species. Far and away the greatest experience of P. merkusii lies in Indonesia.
Problems of language have prevented the present note from drawing fully on Indonesian literature, but
the Seed Centre will be glad to produce a revised version of this leaflet if and when substancial new information becomes available.

2. NOMENCLATURE
Botanical name : Pinus merkusii Jungh et de Vriese (including P. merkusiana Cooling et Gaussen)
Synonyms :     P. sumatrana Jungh.
P. finlaysoniana Wallich
P. latteri Mason
P. merkiana Gordon
Family :  
Pinaceae.
Common names: Son Song Bai, Merkus pine, Mindoro pine, Tenasserim pine.
Note :
Until 1970 the continental, Sumatran and Philippine races of “Pinus merkusii” were considered as constituting a single species. Cooling and Gaussen (1970) described the differences between the continental and
Sumatran races and considered them so well marked as to constitute two separate species. They proposed
a new name Pinus merkusiana for the continental races, while retaining P. merkusii for the races indigenous
to Sumatra and widely planted in Java; they did not determine the taxonomic status of the Philippine
races.
The present leaflet covers both the Sumatran P. merkusii Jungh. et de Vriese and the continental P. merkusiana  Cooling et Gaussen, as well as the Philippine races.
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3. THE TREE
Size and Growth Habit
P. merkusii is a typical pine with fascicles of 2 needles. It is often impressive in size and straightness of bole
in comparison with associated hardwoods and in relation to the poor site conditions under which it is
frequently found. Mature stands commonly reach a height of 30 m and diameters of 60-80 cm. Exceptional trees may reach 45 m in height and 140 cm in diameter (Cooling 1968).
Young trees usually have a pyramidal or conical crown form, with well-developed apical dominance. Later
they attain a flatter and more spreading crown.
Seedlings of Sumatran provenances start to make normal height growth from an early age, while those of
continental provenances have a more or less prolonged “grass-stage”, during which height growth is insignificant while diameter growth and root development is considerable. The “grass-stage” is thought to have
a beneficial effect an survival in areas with a severe fire hazard.
Habit of growth at a later age also varies. The continental provenances are strictly uninodal, while the
Sumatran provenances produce several branch whorls during a year; an average of about 3 whorls a year
was found in one sample count in a Sumatran plantation (Cooling 1968). The Sumatran provenances tend
to be sinuous in form during youth, becoming straight later; continental provenances usually grow straight
from the start, but are more
heavily branched.
Occasional “foxtail” trees are seen in pole stage growth and in such cases several years may pass without
the development of a whorl of normal branches. It is suggested that foxtailing is strongly correlated with physical and chemical soil properties; the more fertile soils usually have a higher incidence of foxtailing
(Hamzah and Natawiria 1974).
Annual increments recorded from dominant trees in the natural forest are 1 to 2 m in height and 0.7 to 1.0
cm in diameter, once the grass stage is passed (Cooling 1968).
The bark is usually very thick, deeply fissured in a predominantly vertical direction and ashen-grey in colour on the surface but reddish-brown beneath. On mature trees bark thickness is commonly 4-6 cm. The
Tapanuli provenance in Sumatra is an exception, being smooth, thin (0.5 - 2 cm) and pale grey in colour
(Cooling 1968).

Natural Distribution
P. merkusii is one of the few truly tropical pines in the world, occurring naturally in Southeast Asian countries: Burma, Thailand, Laos, Kampuchea, Vietnam, Indonesia (Sumatra) and the Philippine Islands of
Luzon and Mindora. It is unique in that its natural distribution just crosses the equator into the southern
hemisphere. Latitudinal range is approximately 230N to 20S (Winai Sirikul 1980). It occurs also in China, in
the island of Hainan, but is thought to have been introduced there (Critchfield and LittIe 1966).
It has a large altitudinal range from 30 m above sea level to over 1,800 m. It is found on a diversity of soils
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over many different parent materials and under climates that vary from markedly seasonal (nearly six dry
months) in dry monsoon climates to constantly humid equatorial conditions with little or no moisture
deficit (Cooling 1968). Mean annual rainfall varies from 3,800 mm in Zambales in the Philippines to only
1,000-1,200 mm in parts of continental Asia. In most of the Sumatran pine areas no month receives less
than 50 mm rainfall, while in the drier continental occurrences 6 consecutive months receive less (Cooling
1968). Mean annual temperature varies from 19°C to 28°C (Webb et al. 1980).
The type of forest in which P. merkusii occurs varies considerably. On sandstone plateaux in continental
Asia the species may occur as almost pure pine woodland over grass. In other cases it is associated with
dry dipterocarp or other hardwood forest. Its persistence against the competition of the hardwoods is
often dependent on regular burning, but may also be associated with locally poorer and drier sites such as
spurs and ridge tops. It is a common coloniser on newly exposed mineral soil such as landslips which occur in Sumatra (Cooling 1968).
The most striking characteristic about the distribution when mapped, is its discontinuity (Critchfield and
Little 1966, Winai Sirikul 1980). The biggest areas of P. merkusii forest are those in N.W. Thailand/S.E.
Burma and the Atjeh provenance in northern Sumatra. The numerous other occurrences are much smaller
and widely separated. The discontinuity suggests the likelihood of genetic variation, not only between the
continental and the insular provenances, but also within them.

Variation and Improvement
Probably as a consequence of its wide and disjunct geographic distribution, this species varies considerably in growth and other characteristics. There is strong evidence of two separate taxa, namely Sumatran
and continental groups of provenances. The marked differences between these two taxa have been presented in respect of seed weight, presence or absence of grass-stage in the seedlings, nodal habit, needle
and cone dimensions, wood density patterns, oleoresin constituents, tree size and bole form, and natural
habitat (Cooling 1968).
Within each of the two main provenance groups, there is further evidence of variation. This emphasises
the need for careful attention to source identification of all seeds. The sources should be treated quite
separately in species and provenance trials or other experiments.
The continental provenances are well adapted to withstand fire in a seasonal climate with a marked dry
season (3-6 months). The thick bark and stout crowded needles in the grass-stage provide protection
against fire, but in the absence of fire this type is liable to suppression by competing hardwoods. In contrast, the seedlings of Sumatran provenances are likely to succeed best in near-equatorial conditions with
high rainfall and humidity and a short or no dry season. They are slender, make rapid height growth continuously through most of the year and are better able to compete with hardwoods by virtue of their fast
growth. There is also variation within the continental provenances. As reported below, same lowland provenances from eastern Thailand have a much less pronounced grass stage than the provenances from N.W.
Thailand. Likewise in Vietnam a distinction is recognized between initially slower growing provenances
(Quang Ning and Lam Dang provenances) and initially faster growing provenances (Thang Hoa and Hue
provenances) (Granhof 1984).
Inter-provenance genetic differences have been confirmed by several trials. Winai Sirikul (1980) found
that, after 10 months, 100 % of seedlings originating from a West Java plantation (presumed Atjeh prov3

enance) and from a natural Philippine (Mindora) provenance had emerged from (or never had) a
grass stage. The corresponding figure for low altitude continental provenances was 48 % and for high
altitude continental provenances 7 %. A comprehensive trial of 8 Thai and 6 non-Thai provenances conducted in Thailand showed that early height growth of a Bulolo (Papua New Guinea) land race of
Atjeh (Sumatra) origin was greatly superior to all other provenances. However, by age 9 two low altitude
provenances from eastern Thailand (Sangkha and Huey Ta) had overtaken the Papua New Guinea/Atjeh
provenance. Two provenances from Mindora (Philippines) were next, followed by a Zambian land
race of Vietnamese origin. High altitude Thailand provenances, with one provenance from near sea level
in S.W. Thailand, and two Zambales (Philippines) provenances gave the slowest height growth (Hubertz
and Winai Sirikul 1983). The two eastern Thailand provenances also exhibited the best stem form, followed by one of the Mindora (Philippines) provenances. The Atjeh provenance was one of the poorer
ones in stem form, with much dieback and forking, due to stem barers, and frequent bends.
Somewhat similar results were obtained in trials at Buhindi in Tanzania (Madoffe et al. 1984). At 10 years
a plantation land race from Pekalongan (Java) of presumed Atjeh origin had grown fastest (mean height
14.6 m, mean DBH 19.8 cm), but was the poorest in stem form; it also produced the greatest number of
cones. An eastern Thailand (Surin) provenance was the second fastest growing, substantially superior to
upland Thai provenances; its form was superior to the Indonesian provenances but inferior to the slowergrowing Thai provenances.
Somewhat different results were obtained in Zambia (Mubita 1984). At nine years a local land race of Burmese origin, which no longer exhibits a grass stage under Zambian conditions, had made the fastest height
growth (9.2 m in 9 years), followed by two low altitude eastern Thailand provenances. A Java plantation
provenance was ranked fourth for height growth but first for diameter growth and, surprisingly, first for
stem form. Since the seed had come from a different locality than that used in the Tanzanian trial, it is
possible that the origin of the Java plantation was Tapanuli, which is reputed to be slower but considerable
straighter than the Atjeh provenance. Once again the low altitude eastern Thailand provenances demonstrated their capacity for good growth.
Considerable scope also exists for selection and breeding within provenances. Between 1963 and 1968
Zambia planted 26.9 ha of seed orchards, covering four different origins (Mubita 1984). Thailand has
two seedling seed orchards which include three different seed sources (Granhof 1983), while Papua New
Guinea has a small clonal seed orchard planted between 1967 and 1976 (Howcroft 1978). The biggest area
of seed orchards is in Indonesia, where the Directorate General of Reforestation and Land Rehabilitation
is reported to have established 36 ha of clonal and 288 ha of seedling seed orchards by 1985 (Hendi Suhaendi 1985). An additional five clonal seed orchards are owned by the Forest Research and Development
Centre, Bogor.
Inter-racial hybridization by controlled pollination and reciprocal crosses between Sumatran and mainland
provenances have been tried over several years through co-operation between the Thai-Danish Pine Improvement Center and the Department of Forests in Papua New Guinea. These crossings involved northern Thai parents of continental provenance and parents in Papua New Guinea of the Sumatran (Atjeh)
provenance. Hybrids grown in Thailand expressed characters intermediate between the two parent provenances and, most important, showed almost complete abseoce (less than 10 %) of the grass stage after
10 months in the nursery (Granhof 1983). Hybrids also showed promise in Papua New Guinea (Howcroft
1978).
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Importance for Plantation and Uses
Large areas of plantations have been established in only one country, Indonesia, where well over 100,000
ha of the Sumatran provenances have been established, mainly in Java. The greatest part is of Atjeh provenance. Elsewhere the slow start, due to grass stage, of many continental provenances and the poor form
of the insular provenances have caused foresters to prefer Pinus caribaea for the tropical lowlands and
P. oocarpa for the middle altitudes. Zambia has 860 ha of plantation. Many other countries have trials or
small pilot plantations.
P. merkusii produces a general-purpose softwood timber, useful for construction and joinery. The sapwood
is white or pale yellow, heartwood reddish brown. Wood density varies between 0.44 and 0.59 g/cc (Webb
et al. 1980). Information on pulping properties is sparse; one test of 5 11-year old trees grown in Malaysia suggested that the pulp was somewhat weaker than that of comparable P. caribaea grown in the same
country (Peh and Palmer 1969). The species is a high resin-yielder and commercial tapping has been practised in several countries (Cooling 1968). Lasschuit (1978) reported that old trees could yield 30-60 kg of
crude gum per tree, producing 20-40 kg of pure resin and 7-14 kg of turpentine, each year when tapped
to exhaustion.

4. REPRODUCTIVE BIOLOGY
Flowering and Fruit/Seed Development
P. merkusii is monoecious. Male flowers are borne in clusters or spikes, mainly in the lower part of the
crown, 6-10 cm from the tips of the branchlets. Both male and female strobili may occur on the same
shoot, the male flowers being a few centimeters below the female. Observations in N.W. Thailand showed
that flower buds become visible around the middle of January. Male catkins are 2-4 cm long, with an average of 2.5 cm, by 0.5 cm wide and carry two bilocular microsporangia bearing numerous pollen grains,
which are rendered buoyant in the air by having two lateral air sacs. The pollen grains are slightly smaller
than those of P. kesiya. The period between the appearance of male flower buds and pollen shed is about
six weeks, i.e. in Thailand from the middle of February to early March, the peak being at the end of February. The individual tree flowers shed pollen for approximately 2 weeks (Kingmuangkow 1983). In Indonesia, pollen shed has been observed at all times of the year, but the main period was March-June (Buys et
al. 1928, quoted in Cooling 1968) Sumatran provenances planted in Papua New Guinea also produce flowers throughout the year (Howcroft 1974).
Female strobili are most frequent in the upper third of the crown towards the ends of exposed laterals
and on the leader itself. In Thailand the buds appear in late January, and the ovuliferous scales open between the middle of February and early March. The receptive period judged by appearance is 5-7 days.
The period of flowering does not provide protection against self-pollination, receptive female strobili being present at the period when male strobili on the same tree are shedding pollen (Kingmuangkow 1983).
Although female flowers may appear at any time of the year in the Sumatran provenances, their rate of
development is comparable with the Thai observations. Howcroft (1974) in Papua New Guinea found
that the period from the first appearance of the flower bud to the end of the receptive period varied from
27 to 39 days according to clone.
In the continental provenances, female strobili are borne in ones, twos at threes high in the crown, but in
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the Sumatran provenances they may be borne in dense clusters of twenty or more, although two to seven
is more usual. Ripe cones are found much further back from the branch tips in Sumatran than in
continental provenances (Cooling 1968).
In N.W. Thailand it was found that cones develop from pollination to maturity in about 12 ½ months.
During the first 4 months the conelets were 0.7-2 cm lang. During the following 4-month period the conelets grew rapidly, increasing in length by approximately 20 mm monthly. By the end of November, they
reached full size (10-12 cm). In the period of December to March, the cones gradually changed colour
from green to brown and became fully matured and ready for colleetion at the end of March or the beginning of April (Kingmuangkow 1983).
Period of cone maturation varies considerably according to provenance. In eastern Thailand the period
from pollination to seed maturity is longer than in N.W. Thailand, i.e. 14-15 months (Granhof 1975). In a
grafted clone bank of Atjeh provenance growing in Papua New Guinea, Howcroft (1974) found that the
period from pollination to cone maturity averaged on1y about 9 ½ months, with extremes between ramets
and years of 241 and 318 days. In Indonesia Harahap and Mukti (1976), working an local provenances,
found that the average interval between pollination and cone ripening was 336 days. There is considerable
variation between trees as well as between provenances.

Cone and Seed Characteristics
The mature cones of Sumatran provenances are usually cylindrical, tapering to a blunt point, while the
cones of continental provenances usually taper more strongly; their widest point befare they open is at
about ane third of their length. Open cones of both main provenances are more or less ovoid-conic in
shape.
Cone length varies from provenance to provenance. Continental provenances appear to average somewhat larger than Sumatran. Kingmuangkow (1983) reported an average of 9-11 cm for N.W. Thailand and
Nguyen Kha (1965) 8-13 cm in Vietnam, while Howcroft (1974) reported an average of 7-9 cm for Atjeh
provenance in Papua New Guinea and Cooling (1968) 5-8 cm for Atjeh and 6-10 cm for Tapanuli. In the
Philippines cones are 4-9 cm lang (Turnbull 1972). Mature cones are 2-4 cm wide before they open and
may be up to 10 cm after opening.
The scales are woody with a prominent apophysis and a central lozenge-shaped, slightly glossy umbo with
a more or less persistent and slightly reflexed point.
In one study the number of cone scales per cone in a sample collected in Thailand varied from cone to
cone, ranging from 121 to 132 cone scales. This implies a potential maximum seed production of about
250 per cone, since each cone scale may carry up to two ovules. But in fact the average number of developed seeds per cone was 72 or about 29 % of the potential capacity. The highest number of developed
seeds was located in the middle part of the cone.
A Sumatran provenance was found to have smaller cone size, with an average of 88 cone scales (Bhumibhamon et al. 1980). Turnbull (1972) reported that the average cone weight of mature cones in
the Mindoro provenance of Philippines was 10.4 g per cone (range 4. 7 ~ 12.5 g), substantially smaller
than the Zambales provenance of average 14.0 g (range 10.2 - 19.6 g). Still bigger differences between
the Sumatran and the continental provenances were recorded by Cooling (1968). Sumatran provenances
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varied from 3.2 to 11.7 g and continental from 14.0 to 48.7 g; cones were fully open in this case and were
weighed after nine months’ air dry storage under laboratory conditions, so fresh weight of unopened mature cones would have been significantly greater.
Two winged seeds are borne at the base of each well-developed cone scale. The wings are unequal-sided
and vary from 22 to 30 mm in length by 5-8 mm in width. They are attached to the seed by basal hooks
connected to hygro-scopic tissue in the base of the wings, with the result that the seed is firmly held while
in a dry condition, favouring wind dispersal, but is quickly released when moist conditions suitable for germination are encountered.
Seeds are usually mottled fawn and black but some are uniform in colour, others are a pale reddish-brown.
Seed size varies from 7 to 8 mm in length and 4 to 5 mm in width. Seeds are flattened in cross section,
2-2.5 mm thick.
Cones are shed soon after releasing the last of t.he ripe seed and are not persistent on the tree as is the
case with P. kesiya. only occasionally does one see empty cones of the previous crop among the current
ripe ones (Cooling 1968).

Seed Dispersal and Germination
Seed is dislodged and dispersed from the open cone by wind. Seed dispersal of most continental provenances is from March to June. Sumatran provenances may shed seed at any time of the year but the period of maximum seed fall in natural stands was reported by Buys et al. (1928, quoted in Cooling 1968) to
be July-November. In plantations growing in W. Java, S. Sumatra and S. Kalimantan, Martini and Semadi
(1980) found that May to July was the best time to harvest ripe cones. In the Philippines, mature cones
may be found from January to August, with a peak in March/April (Turnbull 1972).
Germination is epigeal. In favourable conditions, as in a nursery, germination is rapid, starting after 8 days.
Cotyledons may vary from 5 to 12, most commonly 7 or 8, and are about 3 cm long x l mm wide (Nguyen
Kha 1965, Burley and Cooling 1972). Cotyledons are followed by primary or juvenile needles and later by
secondary or adult needles, but development varies greatly according to whether a grass stage is formed or
not.

Seed and Cone Pests and Diseases
In Thailand two species of moth, Dioryctria abietella and D. sylvestrella, can cause severe cone losses by laying eggs on young cones; the larvae burrow into the tissues and destroy cones and seeds (Chaiklom 1975).
Similar damage by Dioryctria larvae has been reported from the Philippines (Gordon et al. 1972). Sown
seed, as well as newly germinated seedlings, may be attacked by a variety of insects including crickets, mole
crickets, grasshoppers, cut-worms and ants (Cooling 1968).
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5. SEED AND FRUIT PRODUCTION AND
COLLECTION
Choice and Management of Trees and Stands.
Wherever possible, seed should be collected from stands which are better than average in both form
and vigour. Natural stands should be of sufficient age to produce substantial crops of seeds. Nguyen
Kha (1965) reports P. merkusii as bearing heavy crops at 20 years of age in natural forest in Vietnam. He
reported isolated trees, with ample space for crown development, as producing crops by about age 10.
However, seed should not be collected from isolated trees because of the risk of selfing. Sumatran provenances, which have no grass stage, may be expected to produce seed earlier than continental provenances
and managed plantations earlier than natural stands. In a provenance trial in Tanzania it was found that
after 10 years 85 % of the trees of four Thai provenances had no cones, whereas in the Pekalongan Java
(ex Atjeh Sumatra) provenance 86 % had one or more cones and 4 % bore 250 cones or more (Madoffe
et al. 1984) In all cases it is advisable to defer collection until at least age 10 in order that the stand can develop characteristics which are likely to be maintained for the remainder of the rotation.
Within an unimproved stand, it is desirable to restrict collection to “seed trees”, which are phenotypically
superior to the rest of the stand. Trees showing basal sweep, sinuous or forked stems and heavy or highangled branching should be avoided. In this way phenotypic superiority can be ensured in the mother
trees, although there is no control over the quality of the trees providing the pollen. In order to maintain
variability within a bulk seed collection, it is desirable to collect from a minimum of 25-50 mother trees
per stand, separated from each other by a distance not less than seed fall (FAO 1969). When large quantities of seed are needed from stands of limited area, collectors may be forced to relax the above recommendations, but such relaxation should be regarded as only a temporary expedient.
Within a stand selected for seed production, early action should be taken to remove the poorest phenotypes; this will improve the phenotypic quality of the male, as well as the female, parents; at the same time
the greater crown room increases the seed crop on each of the remaining trees. More than one thinning
may be needed. P. merkusii, like other pines, is a strong light demander and responds well to early thinning. In young planted stands, a thinning regime has been proposed for the commonly planted pines,
which would reduce stocking, after four thinnings, to about 140 stems per ha at dominant height 17 m,
equivalent to an age of around 12-15 years on average sites (Willan 1984). Although information specific
to P. merkusii is not available, it is likely that this general prescription should be applicable.

Cone yield
In the 1972 collections of P. merkusii made in Thailand, it was found that the average yield of cones per
tree was 6 kg (Granhof 1975). Keiding (1973) reported an average yield of 124 cones per tree (range 80180) in a 1970 collection in the Atjeh provenance of Sumatra. In plantations of Atjeh origin growing in S.
Sumatra and S. Kalimantan, average yields from 400 - 600 cones per tree were recorded at ages of 15 to
25 (Martini and Semadi (1980)).
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Crop Estimation
A count of developing cones can give a useful indication of the coming crop. Estimates of the potential
seed crop by counting femaie strobili may be misleading, if there are subsequent severe losses e.g. from
insects, wind or poor pollination. In Thailand normal practice is to survey potential collection stands
about three weeks before expected picking time to assess the size and maturity of the crop (Wisopakan
and Granhof 1983). A pair of 7 x 50 binoculars is a useful aid. The normal method is to make counts
on a representative sample of seed trees dispersed throughout the whole seed source.
Trees may be classified subjectively in three classes as “poor” , “average” and “qood” , as described for
other species of conifers (e.g. Dobbs et al. 1976, Robbins 1983 a). If necessary, the yield of seeds from
cones may be estimated by cutting longitudinal sections of a sample of cones, using a cone cutter or machete (Dobbs et al. 1976, Robbins 1983 a). The ratio of full seeds per cone to full seeds exposed on a cut
surface in P. merkusii has not been reported in the literature and may vary according to provenance. For
other tropical pines, P. caribaea and P. oocarpa/tecunumanii, a ratio of from 10:1 to 20:1 applies (Robbins
1983 a, 1983b. Only full seeds should be counted; undeveloped seeds occurring near the tip or base of the
cone should be ignored.

Maturity Indices
Since the seeding season is concentrated within about four weeks in the continental provenances and the
collector’s objective is to collect as much of the crop as possible within this short period, the correct use
of maturity indices is essential. Recognition of ripe cones is still more important in the Indonesian provenances, where ripe and unripe cones may be present at the same time in the same stand and even on the
same tree.
The simplest method of estimating cone maturity is by colour changes, which are usually accompanied
by hardening of the cone scales. In Thailand the optimum time of collection for P. merkusii is reached
when the majority of cones have changed colour from green to brownish and some have started to
open (Granhof 1975).
Maturity may be confirmed by cutting test. The gametophytic tissue (“endo-sperm”) in pines passes
through a “milky” and then a “dough” stage; at maturity it should be firm and the embryo well developed.
Specific gravity has been successfully used to estimate cone maturity in a number of temperate pines.
Cones (and seeds) lose moisture as they mature, therefore mature cones have a lower specific gravity than
immature cones.
Flotation tests in water or in various oils can be effective in differentiating between mature cones which
float and immature ones which sink. This test does not appear to be commonly used in P. merkusii. In
another tropical pine, P. caribaea, it was found that, if ¾ of a cone sample floats in water (SG = 1.0), collection can start in the area sampled; any cone with SG of over 1.14 is too immature to be worth collecting (Hughes 1981, cited in Robbins 1983 a).
Deliberate collection of unripe cones has sometimes given acceptable results with other pine species and
may be dictated by local conditions e.g. the need to fit in with annual sowing dates in the nursery. It is not
suitable for P. merkusii. In trials with the Zambales (Philippines) provenance, it was found that the percentage of green cones which opened fully after sun-, oven-, or kiln-drying, varied from less than one half
11

to less than one twelfth of the percentage of ripe brown cones (Gordon et al. 1972). Cycles of 80 hours’
drying, alternating with 48 hours’ soaking and repeated 5 or 6 times over a four-week period, succeeded
in raising the percentage of opened green cones to approximately the same as that of the brown cones
after a single drying operation, but would be far too expensive for large-scale use. Germination of seeds
extracted from green cones was slightly inferior (about 10 %) to that from brown cones and their storage
capacity was also inferior.
These conclusions have been clearly confirmed by recent research carried out on cones of Indonesian
race collected from three plantation sites in Java (Arisman 1984, Arisman and Powell 1986). Cones were
collected in June and July 1983 and were classified in three categories according to colour, (a) Brown, (b)
Green/brown and (c) Green. Seeds were extracted by various cone treatments. Brown and, to a slightly
lesser degree, green/brown cones were consistently superior to green cones. They (l) had higher percentages of cones fully opened during sun-drying; (2) produced larger weights and numbers of seeds; (3) produced higher percentages of full seeds; (4) produced higher percentages of full seeds with well-developed
megagametophyte tissue; (5) produced seeds with higher germination percentages and values; and (6) produced greater proportions of germinants in the higher seedling vigour classes. Seed yield varied from 8.3
seeds per green cone to 13.6 seeds per brown cone. Although the germination percent (af ter 22 days) of
seeds from green cones was over 80 % in every case, it was consistently lower than that of brown or
green/brown cones. The speed of germination was also slower, so that the germination value of green
cones was significantly lower than either brown or green/brown cones. Green/brown cones gave intermediate results between brown and green cones. Every effort should therefore be made to collect only ripe
cones in this species.

Collection Methods
The normal method of seed collection is by climbing standing trees and picking the ripe cones before they
open to disperse the seeds. A major problem in collecting in natural stands is access. P. merkusii is sometimes found in mountainous country, only to be reached by foot with some hours’ walking from roadside.
Thus the climbing method should avoid the use of heavy equipment. Use of iron climbing spurs fitted
to leather boots, with safety belt and supporting line of terylene, helmet of glassfibre and heavy leather
gloves is the technique presently in use in Thailand (Wisopakan and Granhof 1983). The total weight of
this equipment is 3 kg making it particularly suitable for use in inaccessible stands in roadless country.
When the collector reaehes the crown, he uses two canvas bags attached to his belt and a specially designed collection hook. This is sharpened on both sides and can be used either for pulling or pushing off
the cones, whilst the collector is within the crown thus avoiding the breakage of twigs. The hooks are
mounted on light iron pipes, which can be extended to a length of about 3 m.
In stands of medium-size trees a climber can in a day colleet from 6 trees with an average of 25-30 kg of
cones.
Plantations and seed stands are usually more accessible than natural stands, but they may also be in steep
terrain unsuitable for mechanized collecting methods. In seed stands in Thailand vertical steel pipe ladders are used, secured to the bole by nylon straps. By attaching a number of different sections one above
another, a height of 18 m can be reached (Wisopakan and Granhof 1983). The use of ladders avoids the
damage to bark and sapwood which would result from climbing the same trees every year by means of
spurs.
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Seed orehards are normally planted on gentIe topography. In these conditions and if the orehards are
large in size, a mobile eolleeting platform may be an effieient method of eolleetion. In Thailand the Afron
450 skylift is used. The picking platform ean be raised to 5 m and the pieker himself can control the operation (Wisopakan and Granhof 1983). Control of the lifting may be done by the hands or by the feet; in
the latter case the operator has his hands free to pick cones or to carry out controlled pollination in the
seed orchard.

Cone Storage in the Forest
When collections take place over a long period, storage of cones in the forest may become necessary.
Freshly collected cones have a fairly high moisture content, 20-25 % in ripe cones, 40-50 % in green cones
(Gordon et al. 1972). Bulk quantities of fresh cones, if stored at high temperature and humidity for a long
period, are very susceptible to deterioration through the action of moulds and other fungi and through
overheating due to a high rate of respiration. Well ventilated shelter is needed against rain and direct
sunlight, and cones stored in gunny bags must be well spaced on racks. Careful storage of this type for a
limited period has been shown to have no detrimental effects on P. merkusii in Thailand. In fact, gunnybag storage for 7-8 days seemed to induce a quicker maturing of the cones, without any reduction of germination capacity, in comparison
with immediate
exposure to sun drying, which resulted in the extraction
GV = ΣDGS
GP
x
10 and Granhof 1983). On the other hand, three weeks’ sack
of less seed with reduced viabilityN(Wisopakan
storage of Zambales (Philippines) seed appeared to cause a high loss of seed quality, mainly through the
attacks of Dioryctria seed borers (Gordon et al. 1972).

6. SEED PROCESSING
Precuring
Cones of P. merkusii require precuring before seed extraction. As already mentioned, immediate sun-drying of freshly collected cones sometimes causes reduced seed yields due to “case-hardening”. The casehardening condition can result from the outer tissues drying too quickly, before the inner tissues can lose
moisture; the cone scales then fail to open properly.
The simple practice for precuring P. merkusii cones at the Thai-Danish Pine Improvement Center is to
place them in well-spaced cone bags on racks about 50 cm off the ground under shelter, to allow free air
circulation, and to leave them until all cones have turned completely brown. This will take from 7-14 days
(Wisopakan and Granhof 1983). Indonesian research experience on precur ing/cone extraction is similar
and is described below under “Cone drying and seed extraction”.

Cone Drying and Seed Extraction
Mature and precured cones of P. merkusii open relatively easily. Trials in Thailand showed that, provided
there is clear sun, exposure of P. merkusii cones to sun drying may be discontinued after 3 days with a loss
of only 6 % of the seed total retained in the cones, compared with 6 days for P. kesiya (Wisopakan and
Granhof 1983). On the other hand, P. merkusii cones ripen later than P. kesiya in Thailand and in some
provenances extraction may coincide with the start of the rains, with overcast skies, reduced temperature
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and increased humidity, which render extraction more difficult.
In Zambia, in contrast, cones of P. merkusii are reported to open much later than other pines planted and
present fewer problems in extraction (Mubita 1984).
In Thailand cones are spread on trays l x l m square, with 10 cm high wooden sides, a bottom of l sq.cm.
wire mesh and a cover of polythene sheeting (Bryndum 1975, Wisopakan and Granhof 1983). After the
cones open, the seeds fall through the wire netting into a canvas suspended under the trays, from which
they are collected. In the case of small sampIes which must be kept separate, e.g. for provenance trials,
smaller trays are used, from which the seeds fall through a metal funnel into a bag attached to the outlet. The trays are mounted on wooden scaffolding at a convenient height. The polythene sheeting serves
to trap the sun’s heat and raise cone temperature, as well as excluding rain.
The research of Arisman and Powell (1986) on collection of brown and green cones has already been described under “Maturity indices”. The same authors also investigated the effects of different methods of
seed extraction. The extraction treatments, which were applied to brown (B), green/brown (G/B)
and green (G) cones were:
(l)

Longitudinal splitting of cones into four sections with a knife, followed by manual picking out of
seeds (SC). This was the technique used in current practice.

(2)

Immediate sun-drying of cones for up to two weeks (without previous storage), with daily removal
of seeds and cone-stirring four times a day (NS).

(3)

Sun-drying of cones, preceded by two weeks of storage in suspended half-filled gunny bags under a
wooden roof, with complete shade and free air circulation (S2).

(4)

Sun-drying of cones, preceded by four weeks of storage (S4).

The authors found that immediate drying of brown cones gave a slightly lower yield of seeds than the
pre-drying storage treatments and this effect was more marked in green/brown and especially in green
cones. Storage also improved the germination speed and germination value. In practical terms, it was concluded that immediate drying was an acceptable treatment for brown cones, but that both green-brown
and green cones benefited significantly from pre-drying storage.
The split-cone seed extraction method yielded weights of seeds from cones of all colours equivalent to
that of brown (fully mature) cones extracted by sun-drying. Numbers of seeds produced by this means
from green (immature) cones were also greater than those from sun-drying treatment of green cones.
It seems that sudden exposure of green/brown and green cones, with their relatively high moisture content, to sun-drying resulted in case hardening of cone seales. However, Arisman and Powell (1986) conclude that the split-cone method has too many disadvantages. “The main problem is that cones at various
stages of maturity are treated at the same time and this leads to extreme variability in seed lot quality. It
is natural that unsupervised cone pickers, who also do the extraction and sell the seeds by weight, will
include green cones. Green cones are easier to cut and yield fewer seeds, but the seeds weigh as much
as greater numbers of seeds from more mature cones. Thus, less work is needed to produce equivalent
weight of seeds. Unfortunately, the seeds from immature cones have a high moisture content (hence the
equivalence in weight with greater numbers of seeds from more mature cones), frequently, still-milky tissues, soft seed coats and seed wings that are hard to detach. During extraction these immature seeds are
easily injured. They are also easily injured during rubbing on bamboo trays, which is the method used to
detach the wings”.
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The following figures, extracted from the much fuller data recorded by Arisman and PawelI (1986), indicate the range of results obtained from this research:

Cone

Number of seeds extracted
per cone

Germination value *)

Cone colour Class

Cone colour Class

B

G/B

G

Mean

B

SC

13.1

12.7

11.5

12.4

66

NS

12.1

9.4

4.6

8.7

S2

13.2

10.5

7.5

S4

16.1

13.5

MEAN

13.6

11.5

G/B

G

Mean

58

43

56

76

55

50

60

10.4

87

61

58

69

9.5

13.0

92

69

57

73

8.3

11.1

80

61

52

64

*) Using the formula of Djavanshir and Pourbeik (1976):

where GV = germination value
GP = germination percent at the end of the test
DGS = mean daily germination speed, obtained by dividing the cumulative germination percent
by the number of days since sowing
ΣDGS = the total obtained by adding every DGS figure obtained from the daily counts
N = the number of daily counts, starting from the first day of germination
It is concluded that storage for up to 4 weeks before sun-drying is beneficial for brown cones and essential
for green/brown and green cones, in cases where shortage of mature brown cones makes it necessary to
use the immature cones.
A further aid to fuller extraction is to incorporate frequent manual cone stirring in the trays or to tumble
the dry cones in a rotating drum covered by l sq.cm. wire mesh. The standard practice now is to leave the
cones five days in the trays under polythene and then tumble them for several minutes in the drum. In
one trial it was found that the tumbling operation extracted at least as many seeds as a further three days’
exposure in the trays, with no loss in germination capacity. Extracted seeds should be removed frequently
from the canvas under the trays, to prevent overheating.

Pinus merkusii seeds may also be extracted by artificial heat. Satisfactory results were obtained by 80
hours’ drying at temperatures which were graduall y increased from initial 30°C to final 50°C. Higher temperatures for shorter periods have also been used: 50°C for 6 hours plus 60°C for two hours plus 70°C for
two hours (Gordon et al. 1972).
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Dewinging
P. merkusii seed, like other pine seeds, has a wing 3-4 times the length of the seed. In order to make seed
processing and nursery sowing easier, the wing is usually removed. For small quantities of seed for experimental purposes, e.g. species, provenance and progeny trials, dewinging may be done gently by hand,
either by rubbing seed between the hands or against a screen or roughened surface, or by hand rubbing in
a cloth bag.
For large quantities of seed, mechanical dewinging may be used. A vertical cylinder dewinger (Damas)
is used in Thailand. The capacity is 0.15 cu.m. or 150 liters. It can handle 11 kg of seeds with wings per
hour, with no damage observed to the seed (Wisopakan and Granhof 1983). This machine dewings the
seed through the rotation of a conical snail which rubs the seeds against each other as well as against the
wall of the cylinder and then presses them through the narrow cylinder outlet. Rotation of the snail an be
adjusted to different speeds.
Other types of mechanical dewinger have been used successfully for pine seeds and would probably work
well with P. merkusii. Drums or cement mixers are commonly used, rotated manually or by motor. Water
is sometimes added to reduce mechanical damage. Thus, in Honduras, seeds with wings are first tumbled
for 15 minutes, water is then sprinkled on the seeds at a rate of about one litre of water for 50 litres of
seed, and tumbling is continued for a further 45 minutes. This method works well with the two tropical
pines, P. oocarpa and P. caribaea var. hondurensis (Robbins 1983a, 1983b).

Cleaning
Sound seeds of P. merkusii may be distinguished from inert matter and sterile and empty seeds by size,
shape and specific gravity. Screening and sieving methods separate seeds and other particles by size, while
liquid flotation, blowing and winnowing methods separate by specific gravity.
Cleaning of small research sampIes of pine seed by “South Dakota” seed blower is a practical method
used with success at the Thai-Danish Pine Improvement Center. Through air flow of varying speed, seed
lots can be separated into pure seed and inert matter. Likewise full seed may be separated from immature,
empty or damaged seed (Wisopakan and Granhof 1983).
For large quantities of seed in Thailand and the Philippines, hand winnowing by means of flat baskets or
bamboo trays as used for winnowing rice, is an effective cleaning method (Cooling 1967, Bryndum 1975,
Wisopakan and Granhof 1983). It avoids the use of expensive, imported equipment. In Thailand the
initial winnowing is followed by a second winnowing of the discarded fraction. This results not only in the
removal of extraneous matter but in an improvement in the percentage of full seeds in the retained fraction. One operator takes about 8 minutes to winnow l kg.
Winnowing or blowing may be preceded by a sieving or screening operation to separate material which
differs appreciably from the seed in size. Sieving may be manual or mechanical. Two mesh sizes should be
used; the larger should allow the seed to pass while retaining bigger material, while the smaller retains the
seed but allows smaller fragments to pass.
Seed moisture content must be tested between processing and storage. If extraction is done in the dry
season by sun-drying and dewinging is done dry, seeds normally have a moisture content less than 8 %
16

(fresh weight basis) and are suitable for storage. For a number of P. merkusii provenances, collection and
extraction take place after the start of the rainy period, when air humidity is rising, and further drying of
the seeds will be necessary.
The same applies if moist dewinging has been done. If spells of sunshine occur, seed drying can be done
easily by spreading the seeds on a sheet in the sun, about two seeds thick, and raking frequently (Robbins
1983a, 1983b). If sun-drying is not possible, an electric drying oven with forced draft ventilation may be
used (Wisopakan and Granhof 1983, Robbins 1983a, 1983b).

Seed Yield
The 1972 collection of P. merkusii seed in Tailand produced 9 g of seed per kg of cones or 54 g of seed
per tree on average (Granhof 1975). Other figures quoted are about 1200 g of seed per l00 litres of cones
in Thailand (Wisopakan and Granhof 1983) and about 650 g of seed per l00 litres of cones from the
Zambales provenance in the Philippines (Gordon et al. 1972).
Within the species there is much variation according to provenance and year. Keiding (1973) reported that
30 full seeds per cone could be expected in a normal year in the Sumatran Atjeh provenance. In 1970, in
a poor seed season, the yield of seeds in Atjeh was only 7 g per tree. More recently Martini and Semadi
(1980) reported the average yield of seeds per cone from plantations aged 15-40 years growing on lowland
sites in S. Sumatra, S. Kalimantan and W. Java as 5 seeds per cone, compared with 20 seeds per cone from
highland sites in Sumatra. In the Philippines the 1968 crop yield averaged 11 seeds per cone (Wormald
1970).

7. SEED STORAGE AND TREATMENT
P. merkusii seed is classified as orthodox. In the past it has had the reputation of quickly losing viability
during transport and storage (Cooling 1968, Burley and Cooling 1972). This may be due to the fact that
the collection season often coincides with a period of relatively wet weather, so that the moisture content
of freshly collected seed is high. An added factor in the case of Sumatran provenances is the habit of
some cones ripening throughout the year, so that any cone crop harvested may inadvertently include a
proportion of immature cones. Provided that only mature cones are collected and that meticulous care is
taken in transport, extraction and drying, P. merkusii seed should store as well as any other tropical pine.
Loss of viability in orthodox seeds is largely governed by the rate of respiration. For storage over several
years, therefore, any measures which reduce the rate of respiration without otherwise damaging the seed
are likely to be effective in extending longevity. These measures include lowering of moisture content,
lowering of temperature and exclusion of oxygen.
At the seed section of the Pine Improvement Center in Chiang Mai, Thailand, routine storage practice
is to dry the seed to less than 8 % moisture content (fresh weight basis), pack in two sealed polythene
bags (thickness 5 mil or 125 microns), label both inside and outside the bag and store in a cool room at +
4_5°C (Wisopakan and Granhof 1983). Different sizes of polythene bag are used, varying from 100 g to 2
kg capacity, in accordance with expected needs, allowing retrieval of any desired quantity from the store
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without opening the packets and exposing the seed. The storage rooms are cooled by a Sabroe/Atlas aircooled condensing unit for two rooms, with one evaporator and independent controls for each room. The
rooms incorporate 20 cm insulation in the roof and 10 cm in the walls. From research on different factors
affecting seed longevity it was found that, over the 4-year period of the trial, there was no advantage in
storing P. merkusii seed at sub-zero temperatures, compared with the standard + 4 or 5°C. P. merkusii
appeared more sensitive to moisture content than P. kesiya, for example P. kesiya stored well for up to one
year at room temperature (20° - 30° C) regardless of the type of container used, which included cloth
bags, whereas equally good results with P. merkusii at room temperature were obtained only when the
seeds, after drying, were stored in sealed bottles with silica gel.
Storage for at least four years, with retention of high germinability, should present no problem as long as
cones are mature and properly handled during transport and extraction, and seeds are dried to below 8 %  
moisture content (fresh weight basis), placed in sealed containers and stored at 4 - 5° C.
Experiments with seeds of local Philippine provenances clearly demonstrated the value of storage at low
temperature (+ 2°C). Seeds placed in cold storage two months after collection had retained full germinability after 12 months’ storage, in the case of mature seeds germination was actually improved from 59
% to 73 % (Wormald 1970). When stored at room temperature , hovever, germination of mature seeds
dropped from 59 % to 13 % after 6 months and to l % after 8 months, while germination of seeds from
green cones had dropped to l % in 6 months, The experiment showed that seeds from green cones would
give satisfactory germination if properly stored but would deteriorate more rapidly than seeds from mature brown cones if given less than the optimum storage conditions.
Dormancy has not been observed in P. merkusii and no special treatment is needed to initiate germination. Tests of prechilling on seeds of Zambales (Philippines) provenance did not increase germination,
on the contrary the prechill tests almost invariably produced germination figures below those of the untreated controls (Gordon et al. 1972).
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8. SEED TESTING
Sampling
Standard sampling methods should be used to ensure that the samples tested are, as far as possible, representative of each seed lot.
In Thailand, when a seed lot has been extracted and cleaned, it is thoroughly mixed before drawing samples
by “Boerner” sampler for testing. This device consists of a cylinder with a funnel at the top. Opening of a
valve at the bottom of the funnel releases the seed which flows down the funnel and strikes a cone which
is directly under the centre of the opening. Around the base of the cone are 30 outlets. When the seed
falls, it is separated into 30 individual streams, merging again into two streams emptying into 2 pans. By
repeating this procedure several times, each time using the amount emptied into one of the pans only, the
sample size is gradually reduced by repeated halving, while being thoroughly mixed all the time (Wisopakan and Granhof 1983).

Purity and Pure Seed Weight
Purity and pure seed weight may be assessed using normal ISTA procedures (ISTA 1985) and applying the
appropriate definitions for pure seed and impurities. Data for P. merkusii are not available, but an average
purity of over 95 %, which is applicable to other tropical pines (Wisopakan and Granhof 1983, Robbins
1983a, 1983b), may be assumed.
Figures for seed weight are available from several countries. They demonstrate differences associated with
provenance; same Indonesian provenances have twice as many seeds per kg as same of the continental
provenances.
									

No.of seeds per kg

									

Average

Range

Thailand - two eastern provenances l)
		
(Surin and Sri Saket)

42,000

40,200 - 44,000

Thailand - 19 other provenances l)

29,400

24,300 - 38,500

The Philippines - two Zambales provenances 2)

45,000

43,700 - 46,300

The Philippines - two Mindora provenances 2)

39,100

37,500 - 40,700

Java (plantations of Sumatran origin) l)

50,000

Sumatra - Atjeh provenance 3)

58,900

Vietnam 4)

32,500

Kampuchea 4)

30,400

Sources:
l) Wisopakan and Granhof 1983
2) Turnbull 1972 			
3) Cooling 1968 			
4) Whitmore and Geary 1972.
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Moisture Content
Pinus merkusii is suitable for the standard method of testing maisture content prescribed by ISTA, i.e.
weighing of two replicate sample s of about 5 g each, drying in an oven at a constant temperature of
103°C ± 2° for 17 ± l hours, cooling in a desiccator for 30-45 minutes and the reweighing in an atmosphere with less than 70 % relative humidity. Loss of weight is then expressed as a percentage of the fresh
weight of the sample s to give the maisture content of the seeds, viz.:

Moisture content weight before drying less weight after drying x 100
weight before drying
More rapid but slightly less precise measurements of moisture content can be made by an electric moisture meter. In the Pine Improvement Center in Thailand an automatic moisture tester “Super Beha” has
been used successfully. The device is based an the measurement of the dielectric constant at a very high
radio frequency, to ensure a fine accuracy of measurement. The daily checking of the calibration against
a quantity of glass beads of a known dielectric constant ensures a uniform and accurate determination of
the moisture content in homogeneaus seed. A feature of the “Super Beha” is the inclusion of ample insulation between the condenser plates and the samples under test. Satisfactory results have been obtained in
measuring moisture contents up to 29 % (Wisopakan and Granhof 1983).

Germination Tests
The most recent publication from ISTA (1985) prescribes suitable conditions for germination testing of
P. merkusii. These conditions are: seeds placed an top of paper substrate, exposed to alternating temperatures and light conditions (8 hours 30°C with light/16 hours 20°C without light); first, germination count
7 days after sowing, final count after 21 days. Relative humidity should be maintained at 90-95 % around
the seeds. Germination tests should be performed on the “pure seed” fraction of the seed sample.
In the Pine Improvement Center in Thailand, the “Jacobsen” apparatus (Copenhagen tank) has been
used successfully for germination testing of P. merkusii (Wisopakan and Granhof 1983). The apparatus
provides standardized germination conditions with automatic control of alternating temperatures in the
waterbath into which the ends of the filter-paper substrate dip. A total of 400 seeds are used, divided into
replicates of 25 or 50 seeds each, placed an the filter-paper and covered by a bell jar. Overhead artificial
illumination of 750-1250 lux is supplied by fluorescent light.
An alternative method of testing P. merkusii, which is also used for routine sowing for nursery plant
production, is to use moist blotting paper 56 x 22 cm (Winai Sirikul 1975). The paper is folded with 9 furrows, each of which is 1.5 to 2,cm deep, leaving about half of the paper unfolded. Seed is sown in the furrows, except for the middle one, at 35 seeds per furrow or 280 per pack. To suck the water into the pack ,
a wick is placed in the middle furrow. After sowing, the paper is folded up, the unfolded part wrapped
round it and secured with rubber bands, and seed registration number, experiment number and sowing
date are marked an the pack with waterproof colour. The seed packs are placed an a germination tray, with
wick ends dipping into a water bath but without the packs being soaked by direct contact with the water.
The trays are finally stacked indoors an shelves.
This method works well but gives germination estimates about 10 % lower than those obtained from the
Jacobsen apparatus (Wisopakan and Granhof 1983). It occupies much less space than the Jacobsen method. The use of plastic boxes with tight-fitting lids, to retain the moisture in the substrate, as described by
Robbins (1984) would be suitable for P. merkusii.
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Germination starts 8-10 days after sowing. Several authors report poor germination for P. merkusii seeds,
often less than 40 %, sometimes less than 20 % (Cooling 1968, Turnbull 1972, Burley and Cooling 1972,
Keiding 1973). In some cases the poor germination can be explicitly linked to the collection of unripe
cones, in others deterioration may have been associated with poor control of moisture and temperature
conditions during transit. With good handling of seed from ripe cones, germination of over 70 % should
be possible. In tests of Zambales (Philippines) seed, germination varied between 66 and 84 % (Gordon et
al. 1972). Martini and Semadi (1980) found that seeds from three lowland plantations in Indonesia which
averaged only 5 seeds per cone had a low germination of average 27.1 % (range 22.3-33.5 %), while seeds
from four highland sites which averaged 20 seeds per cone had a germination of average 66.2 % (range
49.3-75.6 %). As often occurs with other species, low seed yield was associated with poor seed viability.

Rapid Tests of Viability
Cutting test. The simplest viability testing method is visual inspection of seeds which have been cut open
with a knife or scalpel; the seed should be soaked for 24 hours to facilitate sectioning. Seeds with milky,
unfirm, mouldy, decayed, shrivelled or rancid-smelling embryo and aborted seeds that have no embryo can
be judged as non-viable without much difficulty (Bonner 1974). Full seeds with fresh white tissues and a
well-developed embryo are likely to be viable. It is not always possible to distinguish moribund, recently
dead or recently injured seeds which still appear the same as sound ones. The cutting test is particularly  
useful for quick estimates of viability during collection and processing.
In Thailand the Tetrazolium test is used in conjunction with the Foss Electric “Vitascope 11100” machine.
This uses a vacuum at a temperature of 45°C and the absorption process is therefore greatly accelerated;
seed staining is usually complete within half an hour (Wisopakan and Granhof 1983, Knudsen 1982).
The test depends on the ability of the emzymes in living tissue to reduce the colourless tetrazolium salt
to the red chemical formazan. Fully stained embryos can safely be assumed to be capable of germination
and unstained embryos to be dead. Problems arise in the intermediate cases where embryos are partially
stained. In such cases the seed analyst needs considerable experience in order to interpret the degree of
staining in terms of germination capacity.
Radiographic tests of viability have been used successfully for a number of pine species. The X-ray
method permits the detection of empty seeds, machanical damage and abnormally developed internal seed
structures, measurement of the thickness of the seedcoat and, when combined with a contrast agent, assessment of seed viability. The development of soft X-ray equipment has greatly simplified the operation
and a processed X-ray print may be obtained in a few minutes (Belcher 1973).
The X-ray method is a useful one and is likely to play an increasing role in seed testing. Earlier models of
X-ray machines were expensive, but recent models , particularly from Japan, are much cheaper. Improvements in photographic films and paper have speeded up the process and simplified the interpretation. Besides, there are now possibilities for using non-toxic water, instead of toxic chemicals as a contrast agent
for testing seed viability (Simak 1982).
Kamra (1984) compared estimates of germinability by the X-ray contrast method with actual germination in a Jacobsen apparatus, using P. kesiya and P. merkusii. The method used was: 16 hours’ soaking in
water, superficial drying by filter paper, l hour’ s soaking in 40 % aquous solution of sodium iodide in the
dark, washing in running water for 1-5 minutes, drying in an oven at 70°C for 90 minutes, X-ray photog21

raphy. Details of photography were: KV 14, mA 5, focus-film distance 50 cm, exposure time 10 seconds,
film Agfa Gevaert “Structurix D 7”, developed in Structurix Developer G-127, fixed in Universal Fixative
G-321.
In 4 sampIes of P. merkusii, which showed germination between 73 and 87 % on the Jacobsen apparatus,
the estimates by X-ray ranged between -2 and + 5 percentage points of germination. In two samples with
lower germination (48 and 59 % the estimates by X-ray were 9 and 10 percentage points higher. The shape
of the germination curves suggests that there might have been a closer correlation if germination counts
had been continued beyond the 21 days of the test. Whereas P. kesiya samples in this series of experiments
had all completed germination in 12-16 days, in P. merkusii some seeds were still germinating at the end of
the 21-day test period.

9. REGENERATION PRACTICES
Nursery Propagation
Nursery practice for P. merkusii follows general practice for tropical pines summarized by Napier and
Willan (1983). P. merkusii is one of the  species covered by the accounts of Thailand nursery practice
contained in Winai Sirikul (1975) and Lloyd, Havmøller and Granhof (1980). References to P. merkusii
nursery practice are also made in Cooling (1968) and Paul (1972).
Nursery stock is normally raised in individual containers, often polythene tubes, sometimes in beds for
“ball-planting” (i.e. with a cube or cylinder of soil attached to the roots). P. merkusii is slower-growing
in the nursery than most other tropical pines. For provenances without a grass stage, 8-9 months should
be sufficient to raise plants 20-25 cm in height (Cooling 1968). For grass stage provenances, a period of
about 12 months is necessary (Paul 1972, Lloyd et al. 1983); for higher and cooler altitudes in Zambia 15
months was found to be appropriate (Whitmore and Geary 1972). Even then the plants will probably not
exceed 10 cm in height. These provenances have to be planted out while still in the grass stage; any attempt
to keep the plants in the nursery until they have grown out of the grass stage would be excessively extravagant in container size, time and cost.
Experience in Thailand showed that P. merkusii responded less to fertilizers in the nursery than did P. caribaea, P. oocarpa or P. kesiya. It also proved the most sensitive to fertilizer burn. Normal practice here has
been to grow P. merkusii in larger pots (10 x 15 cm layflat) for a longer period (12 months) than the other
pines and to apply between 1/3 and ½ the amount of fertilizer recommended for them.

Direct Sowing
This method, which usually incorporates the pelleting of the seeds with insecticide and rodent/bird
repellent, has been used on a considerable scale for pines in the Southern USA. It does not appear to
have been used for P. merkusii.
Direct sowing requires much greater quantities of seed than use of nursery plants. Even if seed is available in large quantities and at low cost, afforestation by planting is usually preferred, because it is more
reliable, producing higher initial growth rates and far greater uniformity in both stocking and growth.
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Natural Regeneration
Natural regeneration in several countries has been described by Cooling (1968). Seedlings occur in greatest
numbers where mineral soil is exposed, as for example along old extraction paths, eroded slopes, road verges,
land slips or recent volcanic detritus. These types of site provide an ideal combination of full overhead light,
freedom from competition from hardwoods and grass and freedom from fire. High soil fertility is not necessary; one excellent example of regeneration was seen on subsoil exposed after all top-soil had been removed
by bulldozer. Soil fertility often has a negative effect on pines because it favours the more nutrient-demanding hardwoods.
In the drier continental areas P. merkusii grows in mixture with dry dipterocarp species such as Dipterocarpus obtusifolius. In moister areas it cannot compete with closed hardwood forest and occurs only in
patches or groups on land previously cleared by cultivation or fire. Because conditions for successful regeneration tend to be local and of short duration, pine groups are often more or less even-aged.

P. merkusii can compete with grass, bracken etc. provided that it is not subject to an excessive degree of
fire. Successful regeneration among grass may be seen, for example, in small enclaves protected from
fire by surrounding closed forest or roads. The Sumatran provenances, with no grass stage, appear to
compete more successfully than the grass-stage continental provenances. Natural regeneration of the
latter provenances often takes 3-5 years before it begins to make rapid height growth (Cooling 1968).
No cases are known in which managed natural regeneration is used as a system for regenerating P.
merkusii forests.
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