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ABSTRACT
Acacia mangium Willd., Eucalyptus spp., Tectona grandis L.f. (teak), Hevea

brasiliensis (Willd. ex Adr. Juss.) Müll. Arg. (rubber), Paraserianthes falcataria (L.)
I.C.Nielsen, and Gmelina arborea Roxb. (yemane) are the main tropical hardwood
plantation species in South-east Asia. The occurrence of heart rot in acacias has
received widespread attention but root rot is the most damaging disease of acacia
plantations. Eucalypts face a different disease threat where outbreaks of leaf and
shoot blights are most destructive. Teak, on the other hand, faces few disease threats
although it has many insect pests. Since the 1980s, rubber has gained popularity as
a source of timber (rubberwood or heveawood) and timber clones have recently been
developed. The pathology of rubber is well understood and documented but the
disease susceptibility of the new timber clones is currently unknown. In P. falcataria
plantations gall rust appears to be an emerging threat. Yemane plantations in some
parts of the world have failed due to disease problems, but no serious diseases
threaten the South-east Asian plantations at present. Small plantations of other exotic
and indigenous hardwood species have also been established throughout South-east
Asia. Overall, comprehensive information on the pathology of many of the hardwood
plantation species that have been planted in South-east Asia is lacking. Further
co-operation, in particular from international agencies, needs to be continued and
strengthened to ensure the success and continued productivity of hardwood plantations
in South-east Asia for the betterment of local communities and economies.
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INTRODUCTION

World wide, tropical hardwood species are estimated to occupy 31 million ha or
approximately 57% of the tropical plantation forest area. Eucalyptus spp. are the most
common tropical forest plantation species with 10 million ha planted, more than half of
which are in Brazil and India (Brown & Ball 2000). Other popular species are acacias,
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which make up 12%, and teak, about 7%, of the world’s hardwood plantations (FAO 1999).
The main tropical hardwood plantation species planted in the countries of South-east Asia
(namely Brunei, Indonesia, Malaysia, Singapore, Thailand, Vietnam, Cambodia, Myanmar,
Laos, and the Philippines) are A. mangium and other Acacia spp., Eucalyptus spp., Tectona
grandis (teak), Hevea brasiliensis (rubber), Paraserianthes falcataria (albizia), and
Gmelina arborea (yemane). The history of tropical hardwood plantation establishment
varies from country to country in South-east Asia. Countries such as Indonesia and
Malaysia have a long history of and extensive tropical hardwood plantations, teak in the
former and rubber in both; others, such as Singapore, do not have any tropical hardwood
plantations at all. The main species planted also varies from country to country depending
on historical and political reasons, local preferences, and industrial demand.

Species-wise plantation figures are not available for many countries in South-east Asia.
Those with forest plantations exceeding 1 million ha are Indonesia and Vietnam. Indonesia
has planted 3 million ha of predominantly industrial plantations, consisting mainly of
A. mangium, teak, and Pinus merkusii Jungh. & De Vriese (Durst & Brown 2000). It has
been estimated that over 14 million ha of land in Indonesia will be converted to forest
plantations over a 10-year period (Effendy & Hardono 2000). Vietnam has established 1.05
million ha of forest plantations with a variety of species, dominated by Pinus and
Eucalyptus, and the country’s 5-million hectare reforestation programme to be carried out
by 2010 includes plans to establish 3 million ha of intensively managed industrial
plantations (Durst & Brown 2000). Smaller areas of exotic forest plantations have been
established in other South-east Asian countries, with species of Acacia and Eucalyptus
being the most popular.

Tropical regions may offer great potential for future plantation productivity gains. For
example, Eucalyptus spp. rarely yield more than 25 m3/ha per annum at present, but in
Brazil hybrids of E. grandis W.Hill ex Maiden and E. urophylla S.T.Blake have on some
sites attained growth rates of 70 m3/ha per annum (Campinhos 1994). However, the extent
to which such results can translate to other areas, and particularly whether problems such
as poor wood quality, susceptibility to disease, or windthrow, may arise from focusing on
growth and yield attributes, remain important questions (Brown & Ball 2000).

This paper discusses the pathology of the more important tropical hardwood plantation
species planted in South-east Asia and highlights some of the associated factors that
influence the development of diseases.

Acacia spp. (Family: Leguminosae, Subfamily: Mimosoideae)

Acacias are popular industrial plantation species in South-east Asia, with Acacia
mangium being the most popular and A. crassicarpa A.Cunn. ex Benth. and A. auriculiformis
Benth. popular to a lesser extent. The natural distribution of A. mangium is 10°S to 19°S
in Queensland, Australia, the western province of Papua New Guinea, the south-east
district of Merauke, Irian Jaya, and the Indonesian islands of Sula, Ceram, and Aru
(Pinyopusarerk et al. 1993). The species has a short history in plantations, having been first
introduced into Sabah, Malaysia, in 1966 from seed of a very restricted genetic base
(Pinyopusarerk et al. 1993). There are an estimated 1 million ha of A. mangium plantations
in South-east Asia with more than 600 000 ha in Indonesia alone, mainly providing raw
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materials for the pulp and paper industry (Rimbawanto 2002). Increasingly, natural hybrids
of A. auriculiformis and A. mangium are gaining popularity due to their finer branching,
better growth characteristics, and wood properties.

Recent studies have shown that acacias are susceptible to a number of potentially
destructive diseases in South-east Asia that may affect future productivity of the exotic
plantations. A comprehensive discussion of diseases of tropical acacias, in particular of
A. mangium, can be found in the CIFOR publication “A Manual of Diseases of Tropical
Acacias in Australia, South-East Asia and India” (Old et al. 2000). In this paper, the most
important diseases — namely, heart rot, root rot, pink disease, and phyllode rust — are
highlighted.

Heart rot

Although A. mangium has been widely planted in South-east Asia, most of the
information on A. mangium heart rot has come from Malaysia as few studies have been
conducted elsewhere. A study presently under way in Indonesia under a joint Indonesian-
Australian project should soon be contributing more information. Heart rot was first noted
from A. mangium thinnings in young stands in Malaysia (Gibson 1981; Lee 1985) and has
since been found in most countries where A. mangium plantations have been established
(Lee 1999). In Malaysia it was found that although heart rot incidence can be very high
ranging from about 50% to 98%, the volume of wood affected is usually rather small, not
exceeding 10% (Ivory 1988; Zakaria et al. 1994). This level of degradation is unacceptable
where the wood is used for construction and appearance grades, but it is of little significance
where the crop is grown for pulp and paper or composites on a rotation of 7–10 years
(Gregor 1993). Heart rot is also known to be present in A. auriculiformis but there is no
comprehensive information. At present no data are available on the occurrence of heart rot
in other tropical plantation acacias, such as A. aulacocarpa A.Cunn. ex Benth. and
A. crassicarpa.

This stem defect is closely associated with fungal invasion of wounds. On A. mangium
trees, branch stubs left after self-pruning or through singling (removal of multiple stems to
leave a single leader) and artificial pruning operations and forking injuries, act as infection
centres (Ivory 1988; Lee et al. 1988; Mahmud et al. 1993; Ito & Nanis 1997). It has been
suggested that the self-pruning ability of A. mangium is reduced in parts of South-east Asia
where a prolonged dry season is absent, thereby favouring the development of entry points
(dying branches) for the decay fungi causing heart rot (Lee & Arentz 1997). Moreover, the
wound response in A. mangium is reported to be slow (Schmitt et al. 1995).

A white fibrous rot is the most common type of rot found in A. mangium heartwood (Lee
& Maziah 1993). The rot may occur as small pockets or throughout the length of the
heartwood but is evident only when the tree is felled. Phellinus noxius (Corner) G.Cunn.,
Tinctoporellus epimiltinus (Berk. & Broome) Ryvarden, and Rigidoporus hypobrunneus
(Petch.) Corner were found to be associated with A. mangium heart rot in Peninsular
Malaysia and East Kalimantan, Indonesia (Lee & Noraini Sikin 1999). Oxyporus cf.
latemarginatus (Durieu & Mont.) Donk was also found in samples from Peninsular
Malaysia (Lee & Noraini Sikin 1999).

A comprehensive review of heart rot in Acacia was presented at a workshop held at
CIFOR, Bogor, in 2001 (Lee 2002).
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Root rot
This disease has been recognised as one of the most significant in tropical acacia

plantations, especially in plantations established on logged-over forest sites (Arentz 1990,
1996; Lee 2000). Occurrence and spread of the disease are closely related to the presence
of root disease inocula at the site, and mortality of trees generally increases with time in
areas where the disease is already present before planting (Lee 2000). In a long-term root
disease survey of A. mangium plantations carried out in Peninsular Malaysia, more than
40% mortality of trees aged between 10 and 14 years old was reported in severely infected
areas (Lee 2000). Root rot is reported to be widespread and serious in A. mangium and
A. crassicarpa plantations in Sumatra, Indonesia (Y.K.Chan pers. comm.). The disease is
particularly serious in second-rotation A. mangium plantations in Sumatra, where trees as
young as 6 months old have been killed by root disease (Old et al. 2000).

At least three, as yet unidentified, Ganoderma spp. are believed to be associated with
the disease in Sumatra, Indonesia (Y.K.Chan pers. comm.). In Peninsular Malaysia
Ganoderma philippii (Bres. & Henn. ex Sacc.) Bres. (= G. pseudoferreum (Wakef.) Overeem
& B.A.Steinm.) and Phellinus noxius are known to be associated with root rot in
A. mangium plantations (Lee 2000). Ganoderma philippii is rather common and is
distributed from Burma (Myanmar) to the Solomon Islands, being found on dead stumps
in the forest and in the open, and parasitic on roots of trees, especially rubber (Corner 1983).
Similarly, P. noxius is widely distributed in tropical regions, causing a brown root-rot and
decline of numerous orchard and forest tree species (Pegler & Waterston 1968; Singh et al.
1980; Hodges & Tenorio 1984; Neil 1986; Nandris et al. 1987). Root rot caused by
Fusarium spp. is also reported to be problematical in acacia hedge orchards in Sumatra,
Indonesia, (Y.K.Chan pers. comm.) but has not been observed elsewhere.

The basidiomycete root-rot fungi normally exist as endemic saprophytes in the natural
forest. When land is cleared for plantation establishment, these fungi can survive in root
remnants, tree stumps, and other woody debris in the soil. They depend on large food bases
for their pathogenic activities and once established on dead wood they can become active
and virulent parasites, infecting trees through their roots. The high disease incidence in
acacia plantations in South-east Asia is most probably due to a combination of the large
amount of woody debris left after harvest, the presence of root-rot pathogens in the natural
forest or in the first-rotation planting, and the susceptibility of the tree species. Open
burning for land conversion and replanting has been prohibited in both Malaysia and
Indonesia in the aftermath of the 1997 regional haze. The resulting large amounts of woody
residues after harvesting or forest conversion are likely to act as potential reservoirs and
food resources for the facultative root-rot fungi which live in the soil. Control of root
diseases is difficult and prevention would be preferable. This could be achieved through
good cultural practices — in particular, proper land clearing, and removal of stumps and
other woody debris. Much more study is needed in acacia plantations to review the
incidence of root-rot diseases in relation to replanting method, factors promoting the
occurrence and spread of the disease, and methods for prevention, management, and control
of the disease.

Pink disease
This stem canker disease takes its name from the pink incrustation which develops on

the stem of the tree and is caused by the fungus Erythricium salmonicolor (Berk. & Broome)
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Burds. (Corticium salmonicolor Berk. & Broome). The pathogen infects and kills living
bark tissue and is prevalent in areas of high rainfall and during the wet season. The disease
is wind dispersed and spread by both basidiospores and conidia of the necator stage.
Infected trees develop sunken stem and branch cankers, show wilting and dieback
symptoms and, in severe cases, death may occur. Erythricium salmonicolor is widely
distributed in the tropics, subtropics, and warmer parts of the temperate region and is a
parasite of a wide range of woody plants. Although the disease is generally considered of
little consequence in South-east Asian acacia plantations, recent surveys show that
mortality rates can vary, probably depending on host susceptibility and local environmental
conditions (Old et al. 1997).

The disease can be controlled with fungicides such as Bordeaux mixture and Calixin,
but the cost of regular treatments would be economically prohibitive in forest plantations.
Removal and disposal of infected branches would prevent inoculum build-up, and tree
improvement programmes could be developed for selection of disease-resistant clones.

Phyllode rust

A phyllode rust caused by Atelocauda digitata (G.Winter) Cummins & Y.Hirats. has
been widely found in A. mangium plantations in Sumatra and Kalimantan, Indonesia (Hadi
& Nuhamara 1997; Lee 1998; Old 1998). This phyllode rust is also present on A. aulacocarpa,
A. auriculiformis, A. crassicarpa, and A. mangium in their indigenous habitat in northern
Queensland. Heavy infestation results in foliage deformation, defoliation, stunted form,
and reduced growth. The impact of the disease on tree productivity has not yet been
assessed. There appear to be large differences in susceptibility to the rust at species,
provenance, and family levels suggesting that the inclusion of resistant traits in acacia
improvement programmes would be an achievable aim for control of the disease (Old &
Ivory 1999).

Other diseases
A range of fungal leaf spots, blotches, and tip necrosis occur on the phyllodes of tropical

acacias. Associated pathogens include species of Cercospora, Colletotrichum,
Cylindrocladium, Pestalotiopsis, Phomopsis, Phaeotrichoconis, Phyllosticta, and
Pseudocercospora (Old et al. 2000). Their impact on tree growth is generally uncertain.
Powdery mildew caused by species of Oidium can be found in most nurseries where tropical
acacias are grown and this sometimes causes serious losses — for example, 75% mortality
of A. auriculiformis seedlings was reported in Thailand (Tanaka & Chalermpongse 1990).
In well-managed nurseries with good hygiene, the disease is generally not considered of
great importance. Under humid conditions, powdery mildew can occasionally be found on
phyllodes of lower branches or coppice shoots under canopies of established plantations.

Eucalyptus spp. (Myrtaceae)
Eucalyptus spp. are the most widely planted exotics in the tropics. Most of the more than

600 species of eucalypts are indigenous to Australia but a few are native to the tropics
outside Australia. For example, E. pellita F.Muell. occurs in Australia, Papua New Guinea,
and Irian Jaya (Indonesia); E. deglupta Blume in Papua New Guinea, eastern Indonesia
(Sulawesi, Moluccas, and Irian Jaya), and Mindanao in the Philippines; and E. urophylla
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is limited to Timor and some nearby islands (CABI 2000). Species of eucalypts which are
widely planted in the tropics outside Australia are E. camaldulensis Dehnh. which has the
widest geographical range of any eucalypt, and E. tereticornis Sm., which has the most
extensive latitudinal range (9°S to 38°S) of any species in the genus. There are an estimated
1.6 million ha of eucalypts in South-east Asia, mostly of E. camaldulensis, E. tereticornis,
and E. urophylla planted mainly in Vietnam, Thailand, and Indonesia, ranging from
woodlots of a few hectares to industrial plantations of several hundred hectares (Old &
Ivory 1999). The popularity of these three species in South-east Asia can be attributed to
their versatility, adaptability, tolerance of harsh conditions, fast growth, and variety of uses.
In addition, they are generally relatively free from disease problems when well adapted to
the site. However, diseases become common when they are planted off-site or when
inappropriate provenances are used. In areas of high rainfall and humidity, stem cankers
and shoot blights are serious disease problems causing heavy losses. The main diseases
affecting plantation eucalypts in South-east Asia are foliar diseases and stem cankers.

Foliar disease
In Vietnam, the leaf pathogens Cylindrocladium quinqueseptatum Boedijn & Reitsma,

Cryptosporiopsis eucalypti Sankaran & B.Sutton, and a fungus tentatively identified as
Pseudocercospora eucalyptorum Crous, M.J.Wingfield & Marasas have caused severe
defoliation of E. camaldulensis (Old & Ivory 1999). In Thailand where climatic conditions
generally do not favour epidemics of Cylindrocladium quinqueseptatum, Cryptosporiopsis
eucalypti is the more damaging leaf and shoot blight pathogen (Pongpanich, cited by Old
& Ivory 1999). A hazard mapping programme based on climate modelling, and on
temperature and rainfall patterns conducive for epidemic leaf blight of E. camaldulensis
caused by Cylindrocladium quinqueseptatum, has been developed for regions of Vietnam,
Cambodia, Laos, and Thailand (Booth et al. 1999). In Sumatra, Indonesia, the pathogens
Cylindrocladium colhounii Peerally var. colhounii, C. quinqueseptatum, C. intermedium
Matsush., and Phaeophleospora (Kirramyces) destructans (M.J.Wingf. & Crous.) Crous.,
F.A.Ferreira & B.Sutton are reported to cause serious leaf and shoot blight on vigorously
growing E. grandis, E. urophylla, and E. grandis x E. urophylla hybrids (Y.K.Chan pers.
comm.). An outbreak of Cylindrocladium leaf and shoot blight occurred in late 1996 but
there has been no widespread recurrence of the disease since and P. destructans is currently
more dominant (Y.K.Chan pers. comm.). In 2000 P. destructans was reported as a new
pathogen causing severe defoliation of E. camaldulensis in eastern Thailand and it has
since been reported from various parts of Vietnam on E. camaldulensis, E. urophylla, and
hybrid clones (K.M.Old pers. comm.). This pathogen is viewed as a serious threat to
eucalypts in South-east Asia. Selection of Cylindrocladium-tolerant clones is being
conducted in both Vietnam and Indonesia.

Stem cankers
Cryphonectria cubensis (Bruner) Hodges, the stem canker pathogen, is a widespread

and important pathogen of plantation eucalypts in the tropics and subtropics. In Sumatra,
Indonesia, it is reported to occur on trees over 3 years old but its occurrence is not extensive
(Y.K.Chan pers. comm.). In Vietnam, stem cankers associated with a related Cryphonectria
species, C. gyrosa (Berk. & Broome) Sacc., have been recorded but are of relatively minor
importance (Old et al. 1999). Stem cankers associated with Erythricium salmonicolor
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cause what is more familiarly known as pink disease, one of the most important diseases
of eucalypts (Ciesla et al. 1996). It is known to occur in areas of high rainfall in Vietnam
(Old et al. 1999) and on stressed trees in Sumatra, Indonesia (Y.K.Chan pers. comm.). The
disease is reported to be serious in eucalypt plantations in India (Seth et al. 1978) but has
not caused serious losses in South-east Asian plantations. Other minor stem canker
pathogens are Cytospora eucalypti J.K.Sharma, C.N.Mohanan & Florence and
Botryosphaeria sp. in Vietnam (Old et al. 1999) and B. rhodina (Berk. & M.A.Curtis) Arx
in Indonesia (Y.K.Chan pers. comm.).

Other diseases
In areas of high rainfall in Vietnam, bacterial wilt caused by Ralstonia solanacearum

(Smith 1896) Yabuuchi et al. 1996 (=Pseudomonas solanacearum) is viewed as a potential
disease threat (Old et al. 1999). This soil-borne pathogen causes the wilt and death of young
eucalypt trees and is known to occur in several countries in Africa, in China, Australia, and
Brazil. At present there is no known treatment for the disease.

Tectona grandis (Verbenaceae)
Tectona grandis, commonly known as teak, is the most important timber tree of

peninsular India, Indonesia, Thailand, and Myanmar. It is naturally distributed between
9°N and 25°30'N latitude, and 73°E and 104°E longitude, in most of peninsular India, large
areas of Myanmar, and parts of Laos and Thailand (White 1991). Teak has been widely
planted both within and beyond its natural range; it can be found in Africa, and is
widespread in Central and South America and in the Pacific. It is estimated that there are
about 2.25 million ha of teak worldwide, of which 94% are in the Asian tropics with
1 million ha in Indonesia (Ball et al. cited by Nair 2001). Other countries in South-east Asia
where teak has been planted as an exotic are Cambodia, Laos, Malaysia, the Philippines,
and Vietnam. Teak is a well-known multi-purpose timber and there is great demand for
teakwood, particularly for furniture. As a timber for ship-building, it is in a class by itself
(CABI 2000).

Teak is known to have many insect pests, several of which are very damaging. In
contrast, diseases are generally not recognised as major problems in teak although there are
some pathogens of importance. In nurseries, bacterial wilt, leaf spots, and leaf rust can
sometimes cause serious problems.

Bacterial wilt
Ralstonia solanacearum causes typical vascular wilt in Indonesia, Malaysia, and

Myanmar, and Pseudomonas tectonae Roldan & Andres is prominent in the Philippines
(Gibson 1975; Sharma et al. 1985). Lack of or poor soil drainage, and root injury, are
predisposing factors of bacterial wilt. The disease is usually more severe in young seedlings
than in older ones. It has also been reported from young plantations in Malaysia and
Indonesia (Maziah & Lee 1999; Nair & Sumardi 2000).

Foliar diseases
Apart from the leaf rust caused by Olivea tectonae (T.S.Ramakr. & K.Ramakr.) Thirum,

there are few reports of foliar diseases on teak in South-east Asia. Leaf spots caused by
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Phomopsis tectonae D.P.Tiwari, R.C.Rajak & Nikhra and Colletotrichum gloeosporioides
(Penz.) Penz. & Saccardo have been reported from Malaysia (Maziah & Lee 1999) and
when occurring in combination they have been reported to result in defoliation and death
of teak seedlings in India (Sharma et al. 1985). Teak rust is a widespread obligate parasite
in teak-growing areas in Asia and, as in teak nurseries and plantations elsewhere, it has been
reported to cause premature defoliation in Malaysia, Myanmar, Indonesia, Thailand, and
the Philippines (Gibson 1975; De Guzman et al. 1990; Maziah & Lee 1999). In nurseries,
the rust can be controlled by foliar sprays of sulphur-based fungicides and in young
plantations by reducing crown humidity through pruning and thinning.

Other diseases
Pink disease has been reported to cause stem canker and the death of terminal shoots of

young trees in Indonesia (Gibson 1975; Sumardi & Widyastuti 2000) but the disease is not
widespread and has not been reported from elsewhere in South-east Asia.

Root rot has also been observed in several small teak plantations in Peninsular Malaysia
and in Thailand (Maziah & Lee 1999) but its impact has not been particularly serious.
Several fungi have been reported to cause root rot and decay of standing teak trees in India,
Tanzania, Dahomey, Nigeria, and Papua New Guinea, but they are of local and minor
importance (CABI 2000). However, it would not be surprising to see increased tree
mortality rates and concomitant decreased productivity in subsequent rotations of teak in
South-east Asia in view of the short rotation lengths (15 years) and the ban on open burning
by regional governments.

Heart rot has been reported from teak plantations in India (Harsh & Tewari 1996) but
it is not known how serious or widespread this defect is in other teak-growing countries of
South-east Asia.

Hevea brasiliensis (Euphorbiaceae)
The rubber tree, Hevea brasiliensis, is indigenous to South America and occurs between

latitudes 12°N and 35°S (CABI 2000). Since the early 1900s, rubber has been planted as
an exotic in large-scale commercial plantations in South-east Asia for the production of
latex and it has long been an important commercial agricultural crop. However, since the
late 1980s, it has become an important source of timber in South-east Asia, especially in
Malaysia, Indonesia, and Thailand. In 2000 rubberwood was second of the top five species
of sawlogs consumed by the sawmill, plywood, and veneer industries in Peninsular
Malaysia (Forestry Department Peninsular Malaysia 2000). The wood is used mainly for
furniture; it is also suitable for the manufacture of composite boards and plywood. The
importance of rubberwood has led to the development of clones aimed at production of
timber instead of latex. Currently, it is estimated that there are 9 million ha of rubber
plantations worldwide, with 80% located in South-east Asia (CABI 2000).

With its long history of cultivation as an exotic, the pests and diseases of rubber have
been well studied and many articles, publications, and manuals have been produced (e.g.,
Sharples 1936; Hilton 1959; Abu Bakar & Samsudin 1985). Methods for management and
control of the various diseases of rubber are well known and have been successfully
practised in South-east Asian plantations for many decades. The challenge facing rubber
plantation managers at present is how to harmonise plant protection with the environment
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using integrated pest management techniques while keeping costs and manpower
requirements low. However, it is worthwhile here to highlight a few important diseases that
are still prevalent in rubber plantations and which also have an impact on plantations of
other hardwood species. The susceptibility of the new “timber clones” to these diseases is
as yet unknown.

Root diseases

Rubber trees suffer from three main root diseases, namely white root, red root, and
brown root diseases caused by Rigidoporus lignosus (Klotzsch) Imazeki, Ganoderma
philippii, and Phellinus noxius, respectively. These facultative parasites spread mainly by
root contact, and methods for their control are well established and documented (Abu Bakar
& Samsudin 1985).

Foliar diseases

The main fungal leaf diseases of rubber in South-east Asia are caused by Glomerella
cingulata (Stoneman) Spauld. & H.Schrenk, Corynespora spp., and Phytophthora spp.
These leaf diseases generally cause leaf spots and may result in premature and/or heavy
defoliation, thereby affecting the growth and yield of the trees. Various chemical control
methods have been effectively applied for the management of these diseases (Abu Bakar
& Samsudin 1985). South American leaf blight (Microcyclus ulei (Henn.) Arx) is a major
disease problem of rubber trees in South and Central America but has so far not been
recorded in South-east Asia. Stringent quarantine measures are in place in South-east Asian
rubber-growing countries to prevent the entry of this very destructive pathogen.

Pink disease

Certain rubber clones such as RRIM 527, 600, 612, 628, 701, 703, and PB217 are very
susceptible to pink disease which affects the bark and stem of the trees. However, the
disease can be effectively controlled through fungicide treatments (see above) and by the
use of resistant clones such as GT1, PB5/51, PR107, PR255, or PR261.

Paraserianthus falcataria (Leguminosae, Mimosoideae)

Paraserianthes falcataria was previously known as Adenanthera falcataria, Albizia
falcata, A. falcataria, and A. moluccana. The currently preferred name is Falcataria
moluccana (Miq.) Barneby & J.W.Grimes but the widely used P. falcataria is used here for
familiarity. This fast-growing tree is a native of the Moluccas, Papua New Guinea, the
Bismarck archipelago, and the Solomon Islands from 10°S to 30°S but has been widely
planted in the humid tropics (CABI 2000). In South-east Asia, P. falcataria plantations are
found in Indonesia, Malaysia, and the Philippines. It is planted for reforestation and
afforestation of denuded and eroded lands, fuelwood, charcoal, paper pulp, manufacture of
viscose rayon, general utility purposes such as construction and furniture components,
lightweight veneer and plywood, composite products, and as an ornamental tree (Rojo
1997; CABI 2000). It is also commonly used in agroforestry systems throughout its range.

Seedlings in nurseries are prone to damping-off caused by Sclerotium, Rhizoctonia,
Fusarium, Phytophthora, and Pythium spp. and to root disease caused by Botryodiplodia
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sp. but these diseases can be easily controlled by soil sterilisation and application of
fungicides to the seeds and soil. The more serious diseases in the plantations are pink
disease, root rot, and gall rust.

Pink disease

Erythricium salmonicolor, the causal pathogen of pink disease, has seriously damaged
plantations in the Philippines (Eusebio et al. 1980). As on other tree species, the disease
causes wilting, dieback, and death of trees when severe. There are currently no reports of
pink disease from P. falcataria plantations elsewhere.

Root rot

Red root disease caused by G. philippii is known to occur in P. falcataria plantations
(Soerianegara & Lemmens 1993). Botryodiplodia sp. has also been reported causing root
disease in plantations in Kalimantan, Indonesia (Anggraeni & Suharti 1997) but this may
not be the primary pathogen. There are, however, no data on the impact and severity of root
disease in P. falcataria plantations.

Gall rust

In 1988 and 1989, gall rust caused by Uromycladium tepperianum (Sacc.) McAlpine
produced heavy damage in P. falcataria plantations in Bukidnon province, Mindanao, the
Philippines, resulting in a Government ban on the transport of logs in and out of the
province, and a suspension of planting (Eusebio et al. 1990). More recent information is
unavailable. In late 1992, an outbreak of gall rust was reported from plantations in Sipitang,
on the west coast of Sabah, Malaysia. The disease spread through the entire plantation of
450 ha within 1 year, causing wilting of gall-bearing branches, severe dieback, stunting,
and, in severe cases, death of trees (Anonymous 1993). This disease was caused by an
unidentified species of Uromycladium (Lee unpubl. data). Plantings after 1993 were also
affected and the plantations did not recover, nor was the disease eradicated (E.Gan pers.
comm.). At that time the disease was not reported from another large plantation on the east
coast of Sabah but 6 years later, in 1999, it was found to be widespread on 3- to 4-year-old
trees (Lee unpubl. data). The disease is controlled in the nursery by application of
oxycarboxin, but control in the field has not been possible and the disease is reported to be
spreading (Mohd. Hatta Jaafar pers. comm.). More recently, an outbreak of Uromycladium
gall rust was observed on P. falcataria planted as shade trees over coffee in East Timor (Ken
Old pers. comm.).

At present there is no control known for gall rust. To ensure the success of P. falcataria
plantations, it is important that a tree improvement programme be developed for resistance
to the disease. From experience with rust diseases of other tree genera elsewhere, there are
indications that there may be major differences in resistance at the species, provenance, and
family levels.

Gmelina arborea (Labiateae)
Gmelina arborea, commonly known as yemane, is native from Pakistan south to Sri

Lanka and east to Myanmar (Soerianegara & Lemmens 1993). It is a fairly fast-growing tree
producing a light-weight hardwood suitable for general utility purposes, general carpentry,
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packaging, carving, furniture, decorative veneers, musical instruments, particleboard, and
good quality pulp. It has been widely planted in South-east Asia, tropical Africa, and Brazil.
In South-east Asia, it has been planted in Brunei, Cambodia, Indonesia, Malaysia,
Myanmar, the Philippines, and Vietnam with large-scale plantations in Sumatra, Kalimantan,
and the Moluccas in Indonesia.

Severe pest and disease problems are frequent in plantations within the natural
distribution of yemane and in some places have led to the failure of plantations — for
example, the JARI project in Brazil. In Africa and South America, serious losses have been
reported due to root diseases caused by Armillaria mellea (Vahl) P.Kumm., Ganoderma
colossus (Fr.) C.F.Baker, and Poria rhizomorpha Bagchee, and a wilt caused by Ceratocystis
fimbriata (Ellis & Halst.) Sacc.(Soerianegara & Lemmens 1993; CABI 2000). Thus far, no
serious losses of yemane due to diseases have yet been reported from South-east Asia. In
Indonesia and Malaysia, damping-off caused by Pythium, Phytophthora, and Rhizoctonia
spp. is common in nurseries (Maziah & Noraini 1998; Nair & Sumardi 2000) while
anthracnose caused by Colletotrichum gloeosporioides is common on seedlings (Kobayashi
& Zinno 1984; Lee & Goh 1989). Botryodiplodia sp. has been reported causing root rot in
young plantations in Indonesia (Anggraeni & Suharti 1997). However, there is no
information about its impact or severity.

Other Species

Many hardwood species, both indigenous and exotic, have been planted in South-east
Asia, mostly in small plantations or in small-holdings. Among the more popular species are
Azadirachta excelsa (Jack) Jacobs (Meliaceae), several members of the Dipterocarpaceae,
Maesopsis eminii Engl. (Rhamnaceae), Neolamarckia cadamba (Roxb.) J.Bosser (=
Anthocephalus cadamba Miq., Rubiaceae), Octomeles sumatrana Miq. (Datiscaceae),
Peronema canescens Jack (Verbenaceae), and Swietenia macrophylla King (Meliaceae).
Some information on the pathology of these species is available but overall there is a lack
of comprehensive data.

CONCLUSION

There has been much debate over the merits of plantations of exotics versus plantations
of indigenous species. On the one hand, it is noted that there are many documented instances
of insects and disease causing extensive damage to natural forests, as well as an increasing
number of examples of plantations that have been grown over many cutting cycles with few
problems. An example of the latter is the more than 100-year history of exotic rubber
plantations in Malaysia. On the other hand, a strong case is presented to support the
contention that plantations, and particularly single species plantations, are at a much greater
risk of catastrophic insect and disease losses than are natural forests (e.g., Perry &
Maghembe 1989; Schultz 1999). In a recent study seeking to answer the question  “Is there
a greater risk of pest outbreaks in exotic forest plantations?”, Nair (2001) concluded that
case studies vindicated both views as some are at greater risk while others at lesser risk. His
overall conclusion from the study was that, while plantations are at greater risk of pest
outbreaks than natural forests, plantations of exotics are at no greater risk than plantations
of indigenous tree species.
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However, it is still widely recognised that there is very limited information available on
the pathology of the various hardwood plantation species in South-east Asia. This lack of
information is often not an indication of the absence of any disease but more often because
little or no research has been conducted. The problem is due largely to the low number of
suitably trained personnel, reduced emphasis on such basic science topics in the curricula
of local universities, lack of funding for fundamental research, and, to some extent, the
restricted flow of information from some of the large privately owned plantations. Despite
this, forest pathologists in South-east Asia have obtained some very significant results,
showing that some of the exotic hardwood plantation species are susceptible to indigenous
fungal pathogens whereas some pathogens appear to have extended their range or
significance. It is important that plantation managers and administrators recognise the
importance of forest pathology studies and that forest pathologists need to be involved in
the many stages of plantation development, from species-site matching and tree improvement
studies to the choice of land preparation techniques, nursery hygiene, and silvicultural
operations.

The commitment and high level of international co-operation which have been a feature
of forest pathology research in South-east Asia over the last decade, should also be
acknowledged. This commitment and co-operation need to be continued and strengthened
to ensure the success and continued productivity of hardwood plantations in South-east
Asia for the betterment of local communities and economies.

REFERENCES
ABU BAKAR, HJ. A.; SAMSUDIN, T. 1985: “Teknologi Getah Asli” [Natural Rubber Technology].

Institut Penyelidikan Getah Malaysia, Kuala Lumpur.

ANGGRAENI, I.; SUHARTI, M. 1997: Identifikasi beberapa cendawan penyebab penyakit busuk
akar pada tanaman hutan [Identification of some pathogens as causal agents of root rot diseases
on forest trees]. Bulletin Penelitian Hutan 610:  17–35.

ANONYMOUS 1993: “SFI/JTF Annual Report 1993”. Sabah Forest Industries, Mimeo.

–––––1998: Records of the Hawaii Biological Survey for 1997. Part 2: Notes. Bishop Museum
Occasional Papers 56. 70 p.

ARENTZ, F. 1990: Diseases of forest plantation trees in Papua New Guinea. Pp. 151–155 in Volume
IV, Proceedings of the 3rd International Conference on “Plant Protection in the Tropics”, 20–
23 March, Genting Highlands. Malaysian Plant Protection Society.

–––––1996: Root rot in plantations of Acacia auriculiformis and A. mangium. Pp. 98–104 in Nair,
K.S.S.; Sharma, J.K.; Varma, R.V. (Ed.) “Impact of Diseases and Insect Pests in Tropical
Forests”, Proceedings of the IUFRO Symposium, 23–26 November 1993, Peechi, India. Kerala
Forest Research Institute and FAO/FORSPA.

BOOTH, T.H.; JAVANOVIC, T.; OLD, K.M.; DUDZINSKI, M.J. 1999: Climatic mapping to
identify high-risk areas for Cylindrocladium quinqueseptatum leaf blight on eucalypts in
mainland South East Asia and around the world. Environmental Pollution 107:  1–8.

BROWN, C.; BALL, J. 2000: World view of plantation grown wood. Pp. 377–389 in Baskaran, K.;
Soepadmo, E.; Najib Lotfy Arshad; Wong, A.H.H.; Appanah, S.; Suhaimi Wan Chik;
Manokaran, N.; Hong, L.T.; Khoo, K.C. (Ed.)“Forests and Society: The Role of Research”.
Sub-plenary sessions Vol. 1. XXI IUFRO World Congress, 7–12 August, Kuala Lumpur.

CABI 2000: “The Forestry Compendium – A Silvicultural Reference. Module 1”. Commonwealth
Agricultural Bureau International, Wallingford, U.K. (CD-ROM version).



Lee—Hardwood plantations in South-east Asia 333

CAMPINHOS, E. 1994: Sustainable management of plantation forest in the tropics and subtropics.
In “Readings in Sustainable Forest Management”. FAO, Rome, Forestry Paper No. 122.

CIESLA, W.M.; DIEKMANN, M.; PUTTER, C.A.J. (Ed.) 1996: Eucalyptus spp. Food and
Agriculture Organization of the United Nations, Rome/International Plant Genetic Resources
Institute, Rome, FAO/IPGRO Technical Guidelines for the Safe Movement of Germplasm
No. 17.

CORNER, E.J.H. 1983: Ad Polyporaceas I. Amauroderma and Ganoderma. Nova Hedwigia Heft 75.
Vaduz: J. Cramer. 182 p.

DE GUZMAN, E.D.; MILITANTE, E.P.; LUCERO, R. 1990: Forest nursery diseases and insects in
the Philippines. Pp. 101–104 in Sutherland, J.R.; Glover, S.G. (Ed.) “Diseases and Insects in
Forest Nurseries”, Proceedings of the First Meeting of IUFRO Working Party S2.07.09,
Victoria, British Columbia.

DURST, P.B.; BROWN, C. 2000: Current trends and development of plantation forestry in Asia
Pacific countries. Pp. 43–58 in Proceedings of the International Conference on Timber
Plantation Development, 7–9 November, Manila. Dept. of Environment and Natural Resources,
Republic of the Philippines, International Tropical Timber Organization, Food and Agriculture
Organization.

EFFENDY, A.; HARDONO, D.S. 2000: The large scale private investment of timber plantation
development in Indonesia. Pp. 203–204 in Proceedings of the International Conference on
Timber Plantation Development, 7–9 November, Manila. Dept. of Environment and Natural
Resources, Republic of the Philippines, International Tropical Timber Organization, Food and
Agriculture Organization.

EUSEBIO, M.A.; ILAGAN, F.P.; QUIMIO, M.J. 1980: Infection trend and control of canker of
moluccan sau (Albizia falcataria(L.) Beck) in Bislig, Surigao del Sur. Sylvatrop 5:  99–122.

EUSEBIO, M.A.; SINOHIN, V.O.; DAYAN, M.P. 1990: Gall rust disease of Albizia falcataria (L.)
Beck. Research Information Series on Ecosystems, Special Issue.

FAO 1999: “State of the World’s Forests 1999”. Food and Agriculture Organization of the United
Nations. Rome. 154 p.

FORESTRY DEPARTMENT PENINSULAR MALAYSIA 2000: Forest Sector Review Peninsular
Malaysia. Jan-Dec 2000. Volume 16 No. 2. Kuala Lumpur.

GIBSON, I.A.S. 1975: “Diseases of Forest Trees Widely Planted as Exotics in the Tropics and
Southern Hemisphere. Part 1. Important Members of the Myrtaceae, Leguminosae, Verbenaceae
and Meliaceae”. Department of Forestry, Oxford University and Commonwealth Mycological
Institute, Kew, Surrey, England.

–––––1981: Seed source establishment and tree improvement – Sabah, Malaysia. Forest Mycology
Consultant’s Report No. 3. FAO/UNDP-MAL/78/009, Rome.

GREGOR, E.W. 1993: Products and market potential for acacia and other plantation species. Pp. 44–
55 in Proceedings of the Seminar on the Potential of Acacia and Other Plantation Species.
Malaysian Timber Industry Board, Asian Development Bank, Kuala Lumpur.

HADI, S.; NUHAMARA, S.T. 1997: Diseases of species and provenances of acacias in West and
South Kalimantan, Indonesia. Pp. 23–26 in Old, K.M.; Lee, S.S.; Sharma, J.K. (Ed.) “Diseases
of Tropical Acacias”. Proceedings of an International Symposium, Subanjeriji, South Sumatra.
CIFOR Special Publication, Bogor

HARSH, N.S.K.; TEWARI, C.K. 1996: Assessment of damage caused by heart rot in teak in Madhya
Pradesh. Pp. 61–65 in Nair, K.S.S.; Sharma, J.K.; Varma, R.V. (Ed.) “Impact of Diseases and
Pests in Tropical Forests”. Proceedings of the IUFRO Symposium, Peechi, India. Kerala Forest
Research Institute and FAO/ FORSPA.

HILTON, R. 1959: “Maladies of Hevea”. Rubber Research Institute of Malaya, Kuala Lumpur.

HODGES, C.S.; TENORIO, J.A. 1984: Root disease of Delonix regia and associated tree species in
the Mariana Islands caused by Phellinus noxius. Plant Disease 68:  334–336.



334 New Zealand Journal of Forestry Science 33(3)

ITO, S.; NANIS, L.H. 1997: Survey of heart rot on Acacia mangium in Sabah, Malaysia. Japan
Agricultural Research Quarterly 31(1):  35–71.

IVORY, M.H. 1988: Forest Pathology Consultancy Final Report. Silviconsult Ltd./CPU, Federal
Forestry Department, Peninsular Malaysia.

KOBAYASHI, T.; ZINNO, Y. 1984: Anthracnose of legume tree seedlings in the Philippines and
Indonesia. Journal of the Japanese Forestry Society 66:  113–116.

LEE, S.S. 1985: Tree diseases and wood deterioration problems in Peninsular Malaysia. Universiti
Pertanian Malaysia, Serdang, Faculty of Forestry, Occasional Paper No. 5.

–––––1998: Diseases of Acacia spp. in the plantations of PT Finnantara Intiga, West Kalimantan,
Indonesia. Consultant’s report.

–––––1999: Forest health in plantation forests in South-East Asia. Australasian Plant Pathology 28:
283–291.

–––––2000: The current status of root diseases of Acacia mangium Willd. Pp. 71–79 in Flood, J.;
Bridge, P.D.; Holderness, M. (Ed.) “Ganoderma Diseases of Perennial Crops”. CABI Publishing,
Wallingford.

–––––2002: Overview of the heart rot problem in Acacia – gap analysis and research opportunites.
Pp. 26–34 in Barry K. (Ed.) “Heartrots in Plantation Hardwoods in Indonesia and Australia”,
28–29 August. ACIAR Tchnical Reports 51e, Canberra.

LEE, S.S.; ARENTZ, F. 1997: A possible link between rainfall and heart rot incidence in Acacia
mangium? Journal of Tropical Forest Science 9:  441–448.

LEE, S.S.; GOH, L.K. 1989: Seedling diseases of Acacia mangium Willd. and Gmelina arborea
Roxb. in a forest nursery. Malaysian Forester 52:  1–7.

LEE, S.S.; MAZIAH, Z. 1993: Fungi associated with heart rot of Acacia mangium Willd. in
Peninsular Malaysia. Journal of Tropical Forest Science 5:  479–484.

LEE, S.S.; NORAINI SIKIN, Y. 1999: Fungi associated with heart rot of Acacia mangium trees in
Peninsular Malaysia and East Kalimantan. Journal of Tropical Forest Science 11:  240–254.

LEE, S.S.; TENG, S.Y.; LIM, M.T.; RAZALI ABDUL KADER 1988: Discoloration and heart rot
of Acacia mangium Willd. — some preliminary results. Journal of Tropical Forest Science 1:
170–177.

MAHMUD, S.; LEE, S.S.; AHMAD HJ. HARUN 1993: A survey of heart rot in some plantations
of Acacia mangium Willd. in Sabah. Journal of Tropical Forest Science 6:  37–47.

MAZIAH, Z.; LEE, S.S. 1999: Diseases and disorders of teak (Tectona grandis) in Peninsular
Malaysia. Pp. 158–163 in “Tropical Plant Protection in the Information Age”, Proceedings of
the 5th International Conference on Plant Protection in the Tropics, 15–18 March, Kuala
Lumpur.

MAZIAH, Z.; NORAINI, A. 1998: Diseases of Gmelina arborea. Kepong, FRIM Technical
Information No. 6.

NAIR, K.S.S. 2001: “Pest Outbreaks in Tropical Forest Plantations: Is there a greater risk for exotic
tree species?” CIFOR, Bogor.

NAIR, K.S.S.; SUMARDI 2000: Insect pests and diseases of major plantation species. Pp. 15–38 in
Nair, K.S.S. (Ed.) “Insect Pests and Diseases in Indonesian Forests. An Assessment of the
Major Threats, Research Efforts and Literature”. CIFOR, Bogor.

NANDRIS, D.; NICOLE, M.; GEIGER, J.P. 1987: Root rot diseases of rubber trees. Plant Disease
71:  298–306.

NEIL, P.E. 1986: A preliminary note on Phellinus noxius root rot of Cordia alliodora plantings in
Vanuatu. European Journal of Forest Pathology 16:  274–280.

OLD, K.M. 1998: Diseases of tropical acacias. Pp. 224–233 in Turnbull, J.W.; Crompton, H.R.;
Pinyopusarerk, K. (Ed.) “Recent Developments in Acacia Planting. Proceedings of an
international workshop”. Hanoi, Vietnam. ACIAR, Canberra.



Lee—Hardwood plantations in South-east Asia 335

OLD, K.M.; IVORY, M.H. 1999: Pathogen threats to short rotation forest plantations in South East
Asia and options for management. Pp. 153–157 in “Tropical Plant Protection in the Information
Age”, Proceedings of the Fifth International Conference, Malaysian Plant Protection Society,
Kuala Lumpur.

OLD, K.M.; LEE, S.S.; SHARMA, J.K. 1997: “Diseases of Tropical Acacias”. Proceedings of an
International Symposium held at Subanjeriji, South Sumatra. CIFOR Special Publication.

OLD, K.M.; LEE, S.S.; SHARMA, J.K.; YUAN, Z.Q. 2000: “A Manual of Diseases of Tropical
Acacias in Australia, South-East Asia and India”. CIFOR, Indonesia.

OLD, K.M.; THU, P.Q.; DUDZINSKI, M.J.; GIBBS, R.J. 1999: Eucalyptus pathology in Vietnam.
Paper presented at Workshop on Eucalypt Diseases, Minimising Disease impacts on Eucalypts
in South East Asia. 8–10 November, Ho Chi Minh City, Vietnam.

PEGLER, D.N.; WATERSTON, J.M. 1968: Phellinus noxius. No. 195 in “Descriptions of Pathogenic
Fungi and Bacteria”. Commonwealth Mycological Institute, Kew, England.

PERRY, D.; MAGHEMBE, J. 1989: Ecosystem concepts and current trends in forest management:
time for reappraisal. Forest Ecology and Management 26:  123–140.

PINYOPUSARERK, K.; SIM, B.L.; GUNN, B.V. 1993: Taxonomy, distribution, biology and use as
an exotic. Pp. 1–19 in Awang, Kamis; Taylor, D. (Ed.) “Acacia mangium – Growing and
Utilization”. Winrock International and FAO, Bangkok, MPTS Monograph Series No. 3.

RIMBAWANTO, A. 2002: Plantation and tree improvement trends in Indonesia. Pp. 3–7 in Barry, K.
(Ed.) “Heartrots in Plantation Hardwoods in Indonesia and Australia”. ACIAR Technical
Reports 51e, Canberra.

ROJO, J.P. 1997: Paraserianthes falcataria (L.) Nielsen. Pp. 203–207 in Hanum, Faridah; van der
Maesen, L.J.G. (Ed.) “Plant Resources of South-East Asia No. 11. Auxillary Plants”. Backhuys
Publishers, The Netherlands.

SCHMITT, U.; LIESE, W.; HONG, L.T.; KILLMANN, W. 1995: The mechanisms of wound
response in Acacia mangium. IAWA Journal 16:  425–432.

SCHULTZ, R. 1999: Loblolly – the pine for the twenty-first century. New Forests 17:  71–88.

SETH, S.K.; BAKSHI, B.K.; REDDY, M.A.R.; SUJAN SINGH 1978: Pink disease of Eucalyptus
in India. European Journal of Forest Pathology 8:  200–216.

SHARMA, J.K.; MOHANAN, C.; MARIA FLORENCE, E.J. 1985: Disease survey in nurseries and
plantations of forest tree species grown in Kerala. Kerala Forest Research Institute, KFRI
Research Report No. 36.

SHARPLES, A. 1936: “Diseases and Pests of Rubber Trees”. MacMillan and Co. Ltd, London.

SINGH, S.; BOLA, L.; KUMAR, J. 1980: Diseases of plantation trees in Fiji Islands I. Brown root
rot of mahogany (Swietenia macrophylla King.). Indian Forester 106:  526–532.

SOERIANEGARA, I.; LEMMENS, R.H.M.J. (Ed.) 1993: “Plant Resources of South-East Asia
No. 5(1) Timber Trees: Major Commercial Timbers”. Pudoc Scientific Publishers, Wageningen.

SUMARDI; WIDYASTUTI, S.M. 2000: Hama dan penyakit tanaman jati kultur jaringan di daerah
Kendal, Jawa Tengah [The incidence of pest and disease in teak plantation from tissue culture
in Kendal, Central Java]. Yogyakarta Buletin Kehutanan UGM No. 42.

TANAKA, K.; CHALERMPONGSE, A. 1990: Notes on forest nursery diseases in Thailand. Pp.
161–163 in Volume IV, Proceedings of the 3rd International Conference on “Plant Protection
in the Tropics”, 20–23 March. Malaysian Plant Protection Society, Genting Highlands.

WHITE K.J. 1991: Teak: some aspects of research and development. RAPA Publication No. 17.

ZAKARIA, I.; WAN RAZALI, W.M.; HASHIM, M.N.; LEE, S.S. 1994: The incidence of heart rot
in Acacia mangium plantations in Peninsular Malaysia. FRIM Research Pamphlet No.114:
1–15.


