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INTRODUCTION

Background

Acacias are of considerable socia and industrial importance for tropical reforestation, with
about 2 million ha worldwide. The last few decades have seen a major expansion of
plantations for industrial use, especially in South-East Asia. Both native and exatic species of
Acacia are aso widely grown in the Indian sub-continent. Turnbull et al. (1998) reviewed the
status of tropical acacia plantationsin Asia.

The species which have been most widely planted so far inindustrial plantationsin South-East
Asia are Acacia mangium Willd. and A. auriculiformis Cunn. ex Benth. A. crassicarpa
Cunn. ex Benth. and A. aulacocarpa Cunn. ex Benth. provenance and species trials have been
established in many locations throughout the region to provide options for future hardwood
plantations. Commercial plantings of A. crassicarpa have recently been established in
Indonesia.

Diseases of tropical acacias

Plantations of acacias in the humid tropics have been relatively free of disease compared to
eucalyptsthat are commonly damaged by disease in such environments. Reports from several
countries in South-East Asia and northern Australia have, however, suggested that the future
productivity of acacia plantations may be affected by fungal pathogens.

During 1995-96, surveys of diseases of the four Acacia species mentioned above were carried
out in northern Australiaand several countries of South-East Asia, supported by funding from
the Australian Centre for International Agricultural Research (ACIAR) and the Center for
International Forestry Research (CIFOR). The surveys by forest pathol ogists were undertaken
in native stands, trials and industrial and socia forestry plantations of tropical acacias in
Audtrdia, India, Indonesia, Malaysia and Thailand. The objectives were to assess the
potential of fungal pathogens as limiting factors to tree growth and productivity, and to
compare the relative importance of individual fungal pathogens.

The findings were published in the proceedings of aworkshop held at Subanjeriji in Sumatra
in 1996 (Old et al. 1997), providing a benchmark of the current knowledge of the pathology
of Acacia plantationsin tropical areas of South-East Asia. The most significant diseases were
considered to be foliar spots and necrosis, powdery mildew, rusts, stem cankers, root and butt
rots and heart rot. Research managers of severa of the principal plantation, pulp and paper
companies in Indonesia attended the workshop. They suggested that an illustrated manual of
the more common diseases of the acacias grown in industrial plantations in the tropics would
be extremely useful to plantation managers, and requested that such a manual be written. The
authors of this book have responded to this request with support from their respective
organisations and financial assistance from ACIAR and CIFOR.

Scope of the manual

The importance of A. mangium, A. auriculiformis, A. crassicarpa and A. aulacocarpa and
their potential for plantation establishment has been stressed by Matheson and Harwood
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(1997). Consistent with the aims of theinitial project the focus on these speciesis maintained,
with reference to some other species where appropriate. The manual is not intended to be a
full account of all diseases recorded on acacias in the tropics. Comprehensive lists of acacia
diseases for northern Australia, India and South-East Asia are presented in the proceedings of
the Subanjeriji workshop (Old et al. 1997). Boa and Lenné (1994) provided alist of diseases
of nitrogen-fixing trees in developing countries and Gibson (1975) published a summary of
diseases of trees (including acacias) which arewidely planted in thetropics. Thismanual aims
to provide managers with short, illustrated accounts of the main diseases which they are likely
to encounter in plantations, with useful references to published reports. Each description is
accompanied by colour photographs of disease symptoms taken in the field by the authors.

The ease of identification of causal agents of tree diseases is very variable. In some cases
microscopic examination of infected tissue and culturing of pathogensis required to establish
cause. In other cases, for example heart rot, the identity of the fungi present in stem tissueis
not so critical, as control measures can be equally effective against a range of pathogens that
invade stems in a similar way. To ensure that adequate information is presented to identify
pathogens, each disease description is accompanied by detailed mycological drawings
prepared from fresh or herbarium specimens. These descriptions and drawings of the
microscopic characteristics of the pathogens should make possible the identification, to genus
or species, of pathogens associated with the diseases. A guide to basic plant pathological and
mycological techniques has been provided by Johnston and Booth (1983).

OVERVIEW OF DISEASES OF TROPICAL
ACACIASIN AUSTRALIA, SOUTH-EAST ASIA
AND INDIA

The diseases can be grouped based on the part of the tree which is infected as summarised
bel ow.

Foliar diseases

The ‘leaves’ of the acacias dealt with here, with the exception of true leaves produced by
young seedlings, are more properly referred to as phyllodes, and this term will be used
throughout. Phyllodes often show a range of fungal spots, blotches and tip necrosis
symptoms.  Associated pathogens include species of Cercospora, Colletotrichum,
Cylindrocladium, Pestalotiopsis, Phomopsis, Phaeotrichoconis, Phyllosticta and
Pseudocercospora. In some situations a significant proportion of tree crowns, especialy
foliage borne on lower branches, can be affected but the impact on growth is generally
uncertain. Inother situationsinfection of foliage and shoots clearly has serious conseguences.

Powdery mildew, caused by a species of Oidium, can be found on seedlings in most nurseries
wheretropical acacias are grown. Mildew isalso occasionally found, in humid conditions, on
phyllodes of lower branches or coppice shoots under canopies of established plantations.
Damage to young nursery seedlings can be severe and cases of up to 75% mortality have been
reported in Thailand (Tanaka and Chalermpongse 1990). Black mildew caused by species of
Meliola is also common in young plantations but has little or no effect on tree growth.



One of the more important and damaging phyllode diseases is caused by a rust fungus,
identified as Atelocauda digitata. This fungus occurs commonly in northern Australia on a
wide range of species (McAlpine 1906) and has been found infecting nursery stock and
plantation trees of A. mangium and A. auriculiformis in Java, central and southern Sumatra,
and severa locations in Kalimantan (Old 1998). Research is needed to confirm the identity
of this pathogen, to determine whether strains of the rust vary in pathogenicity and to assess
the capacity of A. digitata to reduce plantation growth. There appears to be considerable
variation between provenances in susceptibility to disease, indicating a potential for selection
of resistant genotypes. In view of the ability of rusts to spread and cause diseases of epidemic
proportions, strategies for future selection of clones for widespread planting should include
evaluation for rust resistance.

Although A. digitata, which principally attacks phyllodes, young shoot tips and pods appears
to be the most common rust on plantation acacias in the tropics, Uromycladium tepperianum
which occurs on both tropical and temperate acacia speciesin Australia (McAlpine 1906; Old
et al. 1997; Dick 1985) isaso of concern. Thisfungus and its close relative U. notabile have
been long recognised as major acacia pathogens. Rust galls occur on woody stems and
branches, phyllodes, inflorescences and fruit. Affected stems can be girdled and highly
susceptible individuals are sometimes killed. U. tepperianum has been introduced into South
Africain an attempt to control A. saligna, an important weed (Anon. 1987). Acaciarustswere
not recorded in the surveysin India, Thailand nor Malaysia. However, acollection resembling
A. digitata was made on acacia phyllodesin Hong Kong (reported by Cannon et al. 1997) and
there are unconfirmed reports of the pathogen elsewhere in southern China.

Stem canker diseases

Cankers are areas of necrotic bark and outer sapwood that result from the invasion of stems
by a range of fungal pathogens. Typica avenues for invasion by canker-causing fungi are
wounds, branch stubs left after pruning, incomplete occlusion of suppressed lower branches
and insect damage. Trees subjected to stress such as drought, defoliation by foliar pathogens
or insects, nutrient limitation or growth suppression are often more susceptible to canker
pathogens than are vigorous trees well matched to the site. Severe canker diseases were
reported from surveys in three separate countries, India, Indonesia and Thailand (Hadi and
Nuhamara 1997; Pongpanich 1997; Sharma and Florence 1997).

Pathogens associated with cankers and their role in canker formation are difficult to determine
with certainty, although Lasiodiplodia theobromae and a species of Phomopsis have been
isolated from cankered stem tissue (Hadi and Nuhamara 1997) in Indonesia. In India
Nattrassia mangiferae (syn. Hendersonula toruloidea) was found to cause a serious canker
disease of both A. mangium and A. auriculiformis (Sharma and Florence 1997) and in
Thailand Botryosphaeria sp. was most commonly associated with cankers (Pongpanich 1997).

Perhaps the best known canker disease associated with tropical acacia plantations is pink
disease. Thisdiseaseis caused by the basidiomycete fungus, Corticium salmonicolor, which
has a very wide host range, including rubber (Hilton 1958), eucalypts (Sharma et al. 1984),
A. mangium (Hadi and Nuhamara 1997; Zulfiyah and Gales 1997), A. crassicarpa and
A. aulacocarpa (Hadi and Nuhamara 1997) and A. auriculiformis (Florence and Balasundaran
1991). The pathogen is especially active in high-rainfall areas where many susceptible
plantation species such astropical fruit trees, cocoa, coffee and other crops are grown. Access
to stems can occur through healthy bark tissue. In the field, the disease comes to notice



through stem breakage, often high in the crown of the tree. The disease occursin patchesin
stands that are overstocked or stressed by other environmental factors. Zulfiyah and Gales
(1997) found thisto be the most prevalent disease in A. mangiumin South Sumatra and related
incidence of pink disease to stand density, with denser stands being worse affected. Pink
disease has been recorded on tropical acacias in Kalimantan (Hadi and Nuhamara 1997) and
in India (Sharma and Florence 1997), but has not been reported as a significant disease on
plantation acacias in Thailand, Malaysia or Australia.

Root rots

Treesin tropical rainforests are hosts to arange of root and butt rot pathogens, typically of the
genera Phellinus, Rigidoporus and Ganoderma (Lee 1997). In undisturbed native forests these
fungi probably exist in equilibrium with their hosts, causing the death of scattered trees but
rarely causing disease at a level threatening stand survival. The fungi have wide host ranges
and when tropical rainforests are cleared and planted to acacias, inoculum surviving on roots
and stumps of dead trees commonly invades roots of newly planted trees, causing tree death.
Asthese fungi spread underground by growth in soil, or by root contact between healthy and
diseased trees, the result is an expanding patch of dying and dead trees.

Root rot was the most widespread disease in A. mangium plantations surveyed in Peninsular
Malaysia, but has been observed less frequently in stands established on areas long cleared of
forest in South Sumatra and South Kalimantan. A. mangium is regarded as a very useful
species in these areas where it successfully suppresses growth of alang alang (Imperata
cylindrica). The low incidence of root rot probably reflects a reduction in the abundance of
fungal inoculum following earlier forest clearing, but the level of diseaseis likely to increase
in subsequent rotations.

Root rot must be regarded as a serious threat to Acacia plantations established on recently cut-
over forest. The planting of successive rotations of acacias will provide a corresponding
succession of susceptible trees. The ban on slash burning, imposed in Indonesia following
high levels of atmospheric pollution from wildfires, may result in a build-up of inoculum on
the slash of cut-over forests and residues remaining after plantation harvesting. Asthereisno
practical means of control of these pathogens on a plantation-wide basis, careful monitoring
will be needed over the next decade to establish the scope of this problem.

Heart rot

Heart rot isthe only disease of tropical acacias that has been the subject of sustained research
during the last decade (Lee et al. 1988, 1996; Lee and Maziah 1993). The condition has been
reported in Peninsular Malaysia, Sabah (Mahmud et al. 1993; Ito and Nanis 1997) and India
(Mehrotra et al. 1996). There are unpublished reports of heart rot in Thailand, Indonesia and
the Solomon Islands.

Research by Lee and associates has showed that stem defect is closely associated with branch
stub infections, singling wounds and forking (Lee et al. 1988; Ito 1991; Mahmud et al. 1993).
Although incidence of heart rot can be very high, 50%-98% of trees being affected, the
volume of wood affected can be quite small. This level of degrade is serious where wood is
used for construction and appearance grades but is of little significance where the crop is
grown for pulp and paper or composites on rotation lengths of 7-10 years.



The causal agents of heart rot are basidiomycete fungi, and until recently there was little
published information as to their identity. Phellinus noxius was reported from Peninsular
Maaysia by Lee and Maziah (1993), and Ivory (1996) has reviewed diseases of forest trees
caused by thisfungus. Several other fungi have since been reported from Peninsular Malaysia
and Kalimantan (Lee and Noraini Sikin 1999) and India (Mehrotra et al.1996).

The extent of heart rot in existing plantations may in part reflect the generally poor genotypes
which were planted in the first wide-scale establishment of tropical acacia plantations in
Malaysia and Indonesia, and the less than adequate silviculture. As provenances and clones
with better form are established on second-rotation sites or new plantation areas, and
silviculture improves, it can be expected that there will be fewer multi-stemmed trees
requiring singling and pruning of heavy limbs. Fewer singling wounds and smaller branch
stubs on trees of improved form will lead to reduced invasion by heart rot fungi. Wound
treatment is not generally feasible, evidence for efficacy of treatment is lacking and such
measures are time consuming and labour intensive.

Summary

Plantation forestry based on tropical acacias will need to consider diseases as mgjor factorsin
management of stands for sustained productivity. The surveys in northern Australia and
South-East Asia (Old et al. 1997) have established a current benchmark of the main pathogens
present and an indication of which diseases may have a potential to impact on productivity.
This manual provides a means by which plantation managers and forest health speciadistsin
the region and elsewhere in the tropics can make preliminary identifications of fungal diseases
affecting acacia plantations. Experience with plantation forestry in many parts of the world
has shown that diseases can be managed to reduce impacts to an acceptable level. To achieve
this, forest pathologists need to contribute to many aspects of plantation management
including nursery hygiene, silviculture and site management, and tree improvement to
minimise disease impacts during successive rotations.
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Key to diseases and pathogens described in this manual

Page number
Foliage diseases
A Infection resulting in blister-like swellings or galls
A1l Causing blister-like swellings of phyllodes Atelocauda digitata 13
A2 Causing orange or brown-coloured galls Uromycladium spp. 21
B Growth superficial on phyllodes
B1 Hyphae white, powdery appearance Oidium sp. 26
B2 Hyphae black, perithecia may be present Meliola spp. 31
B3 Algal filaments, orange on blackened Cephaleuros virescens 35
tissue
C Causing necrotic spots on phyllodes, spores borne
freely on phyllode surfaces
C1 Cylindrical, septate conidia Cylindrocladium sp. 39
C2 Slender, tapered, septate conidia Cercospora and
Pseudocercospora spp. 44
C3 Thick walled, pigmented, septate conidia,
each with an apical appendage Phaeotrichoconis crotalariae 49
D Causing necrotic spots on phyllodes, spores formed
within flask or saucer-shaped fruiting bodies and
extruded when moistened
D1 Spores hyaline, setae present on conidiomata Colletotrichum sp. 53
D2 Spores with 3 central pigmented cells and
hyaline terminal cells bearing appendages Pestalotiopsis sp. 57
D3 Two conidial types produced, a (ellipsoidal)
and B (filiform) Phomopsis sp. 61
D4 Conidia hyaline with gelatinous sheath Phyllosticta sp. 65
Stem cankers
A White to pink mycelium superficial on bark Corticium salmonicolor 69

B Mycelium not superficial, fruiting bodies embedded in the bark
B1 Black fruiting structures, some containing ovoid
ascospores, several contrasting conidial types
e.g. Dothiorella, Lasiodiplodia Botryosphaeria spp. 75
B2 Black fruiting structures some containing
sausage-shaped ascospores, others small

curved conidia (Cytospora) Valsa sp. 75
B3 Large, black, dome-shaped fruiting bodies,
septate, pigmented, striated ascospores Macrovalsaria megal ospora 75

Rots and decays of woody stems and roots
A Causing heart rots, a range of basidiomycete species;

e.g. Phellinus, Rigidoporus, Trametes spp. 84
B Causing root and butt rots, a range of basidiomycete species,

e.g. Ganoderma, Phellinus, Rigidoporus spp. 88
Nursery diseases
A Pre-emergence and post emergence damping-off e.g. Pythium, Fusarium spp. 97
B Web blight Rhizoctonia solani 99
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PHYLLODE RUST
Disease

Phyllode rust, penyakit karat (Bahasa Malaysia), karat (Bahasa Indonesia)

Causal organism

Atelocauda digitata (G. Wint.) Cummins and Y. Hiratsuka syn. Uromyces digitatus Winter,
Uromyces phyllodiorum (Berk. and Br.) McAlp.

Host range

A wide range of tropical and sub-tropical acacias including:

Acacia aulacocarpa, A. auriculiformis, A. crassicarpa, A. koa, A. leptocarpa, A. mearnsii,
A. mangium, A. polystachya.

K nown distribution

Australia (northern, eastern, south eastern and western), Papua New Guinea, China, Hawaii,
Indonesia (including Java, Sumatra and Kalimantan), New Zealand. Although records have
not been found for other countries the current distribution of this fungusis likely to include
southern Sarawak as it was found in 1998 near Pontianak in West Kalimantan.

Symptoms

Infected phyllodes bear a range of symptoms based on the stage of the life cycle of the
pathogen that is present. Rusts have complex life cycles with up to five spore types being
produced, namely urediniospores, teliospores, basidiospores (which are produced on
germination of the teliospores), pycniospores and aeciospores. A rust producing al spore
types is designated ‘macrocyclic’. Rust taxonomy is a difficult area as these fungi cannot
usually be cultured except on host plants, and field pathol ogists often collect only one or two
stages of the life cycle on infected plants. Also rusts may, during the course of evolution, lose
one or more spore stages. This appearsto be the case for A. digitata, in Hawaii. Hodges and
Gardner (1984) and Gardner and Hodges (1985) have studied five endemic rusts, al infecting
A. koa and including A. digitata. The other four species found in Hawaii may have evolved
from A. digitata (Gardner 1994) and it seems possible that the form of A. digitata found most
commonly associated with epidemic disease in Indonesia may have undergone similar
evolutionary changes (Don Gardner, personal communication).

Figures 1-12 portray the most commonly found disease symptoms and illustrate spore types

associated with phyllode rust on tropical acacias in northern Australia and South-East Asia
The spore type most diagnostic of A. digitata is the teliospore (Figs 12A, C, D) which bears
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fingerlike apical protrusions, giving the fungus its name. The other common spore types are
urediniospores (Figs 12B, E) and aeciospores. Unfortunately these spore types are
morphologically similar (both being uredinioid) and can be distinguished from each other only
by specialists.

Infected phyllodes, shoot tips, petioles and even fruits of infected trees may suffer gross
malformation (Figs 1-2), or more orderly cell proliferation in the form of galls or bullate
(blister-like) swellings (Figs 3-5). These blisters are cinnamon brown in colour, covered with
spores and smooth to the touch when young but darkening to become almost black when ol der
(Fig. 6). Pycniospores, aeciospores and teliospores have been found on these structures. The
surface of the blister is often colonised by fungal parasites (Fig. 7), which may reduce their
infectivity.

The rust aso produces reddish brown pustules bearing urediniospores on the surface of
otherwise normal phyllodes (Figs 8-9). When the growing points of young trees are infected,
the rust causes extreme swelling (hypertrophy) of the apical meristem and death of leading
shoots with consequent loss of stem form (Fig. 10).

Pathology

With the exception of the detailed studies by Hodges and Gardner on A. digitata and other rust
specieson A. koa in Hawaii (Hodges and Gardner 1984), thereis relatively little known of the
pathology of this disease. Although the fungus was listed by McAlpine as Uromyces
phyllodiorum in 1906, widely present on acacias in Austraia, A. digitata has come to
prominence as a potentially important pathogen on plantation-grown acacias only over the last
few years (Old et al. 1997; Old 1998). The disease has been known on native acacia species
in many parts of eastern Australia and has been previously recorded on A. auriculiformisin
Java, Sumatra and South Kalimantan. The current interest has arisen from the widespread
occurrence of the pathogen in the mgjor plantation-growing areas of Sumatra and Kalimantan,
especially on A. mangium, the most widely grown species. Reports of the rust on A. mangium
are available from southern, central and northern Sumatra, East and South Kalimantan and
most recently in West Kalimantan. The rust is able to complete its life cycle on a single host
species. Thereis a need however for detailed studies to determine which spore and pustule
types occur most commonly on different acacias, whether one or more rust species are
implicated and to establish the relationship between symptom expression and the impact of
rust infection on tree growth.

The disease occurs in nurseries (Fig. 11) where all stock can be affected and has to be
destroyed. Failure to destroy seedlings results in the pathogen being introduced into newly
planted areas. Once established in field locations, foliage of older trees bears many rust
pustules that may have little effect on growth but act as sources of inoculum for young
plantations. New infections appear late in the rainy season in summer rainfall areas such as
northern Queensland and become more evident over the following few months as infected
phyllodes become distorted and bear masses of pustules. Accounts of the progress of
epidemics in young plantations in South Kalimantan indicate that severely infected foliage is
shed prematurely.

In northern Australia, in native stands where different acacia species may occur together,

A. digitata can be found on several species, but thereis some evidence of specialisation of rust
populations on particular hosts. For example in northern Queensland, where A. mangium and
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A. auriculiformis were planted in 1996 in alternate rows to encourage natural hybridisation,
during severe epidemics of rust caused by A. digitata in 1997 and 1998 only A. mangium was
infected (Old et al. 1999). Accounts from local foresters and pathologists in Indonesia have
suggested that in Java (Santoso and Suharti 1984), Sumatra and Kalimantan, A. auriculiformis
has shown symptoms of rust disease for many years. The epidemics on A. mangium appear
to have been relatively recent.

| mpacts

The major impacts of the disease have been, so far, in nurseries and newly planted stands of
A. mangium. The disease has led to the loss of several hundreds of thousands of seedlingsin
some nurseries in Kalimantan, but the impact after out-planting has not been assessed.
Mortality from this disease after plantation establishment seems unlikely. The loss of foliage
from potentially fast-growing trees must, however, be regarded with concern. Future
resources for industrial processing will depend on predictable supplies from short rotation
crops, and crown retention is essential for fast growth.

Control and management

Control of the pathogen in nurseries will be readily achieved using appropriate fungicide
sprays. Thereisno published information as yet on suitable chemicals and spraying schedules
specifically for phyllode rusts on acacias but systemic fungicides such as Baycor (bitertanol)
and Plantvax (oxycarboxin), effective against other rust fungi, are likely to be useful.

Seedlings or cuttings raised in nurseries where the disease is known to be present should not
be transported long distances to new plantation establishment sites. There is a strong
possihility that even in the absence of symptomatic plants the pathogen will beintroduced into
new areas on infected planting stock.

Control of the disease in plantations is more problematical. Due to the vast number of spores
produced on each lesion and the efficiency of dissemination of the spores by wind, hygiene
measures such as the removal and burning of infected branches or trees are unlikely to have
any effect on the level of disease in young plantations.

Spraying is unlikely to be economical in plantations except for small special-purpose stands,
e.g. clone banks or hybridisation trials. Provenance or clonal trials or seed production stands
should not be sprayed as the presence of highly variable germ plasm in such stands, in the
event of arust outbreak, gives an opportunity to select disease resistant trees.

At this stage of our knowledge of the disease in acacia plantations it is not clear whether
A. digitata will have sufficient impact on stem growth to warrant a major effort in breeding
for resistance. Experience with other rust diseases of major plantation species (e.g. poplar
rusts) suggests that clonal forestry, in the absence of selection for resistant clones, could result
in highly susceptible populations of trees. Preliminary data suggest that large differences in
susceptibility to rust occur at the species, provenance and family level (Old et al. 1999) and
inclusion of resistant traits in acacia improvement programs will be useful.
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Fig. 3

Fig. 1 Petiole and lamina of Acacia mangium phyllode, malformed by Atelocauda digitata infection
(West Kalimantan)

Fig. 2 Malformation of seed pods resulting from rust infection (Sumatra)

Fig. 3 Bullate swellings bearing rust spores on A. mangium phyllodes (north Queensland, Australia)
Fig. 4 Crown of sapling A. mangium heavily infected by rust (South Kalimantan)
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Fig. 7

Fig. 5 Newly infected Acacia mangium seedlings with immature lesions (South Kalimantan)
Fig. 6 Mature, bullate lesions on A. mangium, teliospores are present on surfaces

(north Queendand, Australia)

Fig. 7 Old lesions colonised by hyperparasitic fungi (South Kalimantan)
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Fig. 10 Fig. 11

Figs 8-9 Phyllodes of Acacia auriculiformis (Fig. 8) and A. crassicarpa (Fig. 9) from native standsin
north Queensland. Dark brown bullate |esions bear teliospores of Atelocauda digitata; orange lesions
bear urediniospores of the rust

Fig. 10 Grossly malformed apical meristem of A. mangium sapling (South Kalimantan)

Fig. 11 Seedlings heavily infected by A. digitata (South Kalimantan)

19



Fig. 12 Atelocauda digitata

A, B. Teliospores and urediniospores on Acacia aulacocarpa

C. Teliospores on A. auriculiformis (Ieft) and A. mangium (right)
D. Teliospores on A. auriculiformis

E. Urediniospores on A. crassicarpa

(Bar =20 um for A-E)
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GALL RUSTS
Disease

Gall rust, karat puru (Bahasa Malaysia)

Causal organisms

Uromycladium tepperianum (Sacc.) McAlpine, Uromycladium notabile (Ludw.) McAlpine

Host range

In Australia these rusts occur on avery wide range of Acacia spp. (Figs 13, 15). A survey of
publications showed 57 species of acacias being recorded as hosts of U. tepperianum across
Australia (M cAlpine 1906; Warcup and Talbot 1981). A survey of the host range of the fungus
in the south-west of Western Australiayielded afurther 50 records on new hosts (Gathe 1971).
The fungus a so infects Paraserianthes |ophantha ssp. lophantha (Willd.) Nielson in Australia
and P. lophantha ssp. montana (Junghuhn.) Nielsen in Java (Fig. 14). U. notabileis extremely
common in southern Australia on a wide range of hosts in native forests and woodlands, and
can be found in plantations of bipinnate acacias such as A. mearnsii and A. dealbata. Morris
(1987) showed that native African Acacia and Paraserianthes spp. are not susceptible to
U. tepperianum. Due to the similarity of galls produced by these fungi, some collections
identified as U. tepperianum have been found to be U. notabile. For example, Morris et al.
(1988) indicated that all collections of gall rusts on A. mearnsii have been U. notabile.

K nown distribution

Both of these rust fungi are widely distributed in Australia on a great number of Acacia spp.
and have spread to New Zealand. In that country establishment of U. notabile on A. mearnsii
(referred to in reports as A. decurrens) led to the abandonment and the felling of a 1800 ha
plantation resource planned as the basis for atannin industry (Dick 1985). U. tepperianum has
been reported from only the North Island of New Zealand on A. paradoxa, A. ulicifolia and
A. verticillata. Galls typical of Uromycladium infections were observed on A. auriculiformis
in Vanuatu (Old, unpublished information) although the species was not determined.
U. tepperianum occurs in Java on P. lophantha ssp. montana (McAlpine 1906) and in Papua
New Guinea on Albizia (Paraserianthes) spp. (Shaw 1984). Undetermined species of
Uromycladium have also been reported on Paraserianthes falcataria in Sabah (Anon. 1993)
and the Philippines (de Guzman et al. 1991). In 1987, the South African government
approved the release of inoculum of U. tepperianum in an attempt to achieve biological
control of A. saligna, an introduced Australian species that has become amajor weed problem.
The pathogen is now well established in South Africa
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Symptoms

A range of symptoms is produced by infection with Uromycladium spp. of which the most
characteristic is the formation of reddish-brown, globose galls several centimetresin diameter
which occur on stems and shoots of the trees (Figs 13, 15). The surfaces of mature galls
become covered with cinnamon-coloured spores. Inflorescences, phyllodes, fruits and shoot
tips can also be infected with smaller galls causing gross maformation (Gathe 1971). When
fresh, the galls are covered with powdery masses of spores. Older galls become reddish
brown and eventually blackened and are commonly invaded by tunneling insects, sometimes
resulting in misidentification as insect-induced galls. Susceptible trees may bear thousands of
branch galls (Fig. 15) which affect the form of the tree due to repeated branching. Foliage
terminal to the infections dies due to girdling of the shoot and severely infected trees may die.

Pathology

Spores are formed on the surface of the galls of both Uromycladium spp. U. notabile produces
orange urediniospores on fresh gals (Fig. 13) followed by darker chocolate-brown
teliospores. U. tepperianum, however, formsteliosporesonly. The rusts can be distinguished
by the surface ornamentation of their teliospores (McAlpine 1906). Teliospores of
U. tepperianum bear converging striations (Fig. 16), but these are absent from teliospores of
U. notabile. Infective spores are wind blown from one host plant to the next and can infect
virtually any plant part except older stems with thick bark. The host reacts to the presence of
the pathogen by producing the characteristic gall tissue. The rust completes the whole life
cycle on a single tree, and during the growing season a gall of moderate size will produce
many millions of spores that can infect neighbouring trees or disperse the fungus over long
distances.

| mpacts

Impacts of these two pathogens on susceptible hosts can be severe, with stem and shoot
malformation and, in extreme cases, tree death. The selection of U. tepperianum as a
biocontrol for A. saligna in South Africa reflects its capacity to severely damage tree health
(De Selincourt 1992). Both pathogens can be readily found on trees in native stands in
Australia and individual trees can be severely affected (Fig. 15). Reported impacts on
plantation-grown acacias are limited to temperate species, e.g. A. mearnsii and A. dealbata,
rather than the four tropical plantation species that are the focus of this manual. The surveys
that produced the main body of information for this manual produced only one report, from
northern Queendland, of U. tepperianum on A. flavescens (Old et al. 1997). Despite the ease
with which gall rust caused by Uromycladium is detected, surveys in Indonesia, Thailand,
India and Malaysia during 1995 did not record this disease.

Control and management

There is no control known for gall rust of acacias and no selection programs for resistance
have so far been warranted. It seems likely that increasing interest in bipinnate temperate
species in southern Australia will result in tree improvement programs developing over the
next decade. Experience with rust diseases of other tree genera indicates that major
differences in resistance will exist at the species, provenance and family levels.
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Fig. 14

Fig. 13

Lt
Fig. 15

Fig. 13 Gall on Acacia mearnsii caused by Uromycladium notabile (New South Wales, Australia)

Fig. 14 Shoots of Paraserianthes falcataria, much distorted from infection by U. tepperianum

(Malaysia)

Fig. 15 Acacia pycnantha with a heavy crop of U. notabile galls (New South Wales, Australia)
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Fig. 16 Uromycladium spp.

A. Teliospores of U. tepperianum on Acacia sp.
B. Teliospores of U. notabile on A. mearnsii
(Bar = 20 um for A and B)
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POWDERY MILDEW
Disease

Powdery mildew, kulapuk debu (Bahasa Malaysia), penyakit tepung (Bahasa Indonesia)

Causal organism

Oidium spp. are mitosporic fungi (the species of Oidium on these four tropical acacias and its
perfect state have not yet been identified), indeed it is possible that more than one speciesis
involved. A teleomorph, Erysiphe acaciae S. Blumer, has been observed on Acacia catechu
in India (Bakshi 1976).

Host range

Oidium spp. are obligate parasites which attack many hosts. On acacias, powdery mildew is
found on the phyllodes, mainly of plants in the nursery and also in the lower crown of young
trees in the field. Species of Oidium have been found on A. aulacocarpa (Boa and Lenné
1994), A. auriculiformis (Tanaka and Chalermpongse 1990), A. crassicarpa (Old et al. 1997),
and A. mangium (Anonymous 1983; Maziah 1990; Tanaka and Chalermpongse 1990; Boa and
Lenné 1994) and on many other acacia species grown in nurseries.

Known distribution

The disease has been reported on acacias in Australia, parts of Africa, China, Hawaii, India,
Indonesia, the Philippines, Malaysia and Thailand. Gibson (1975) reported four powdery
mildews of acacias but these did not include those on A. aulacocarpa, A. auriculiformis,
A. crassicarpa and A. mangium.

Symptoms

Early symptoms appear as discrete, cobweb-like to powdery white patches of hyphae and
spores on the primary, juvenile, pinnate leaves (Fig. 17). As infection progresses, these
patchesincrease in size and coal esce to form bigger patches, spreading to the secondary leaves
or phyllodes (Fig. 18), sometimes resulting in defoliation. The upper surfaces of heavily
infected foliage become coated with a mat of superficial hyphae and spores, with the foliage
looking as though dusted with powder, hence the name ‘ powdery mildew’. The symptoms can
sometimes be mistaken for road dust, especially on trees planted near dirt roads. Theinfection
leaves yellow blotches on the surface of the foliage.

Pathology

Spores of the fungus germinate on the surfaces of the phyllodes, producing germ tubes which
penetrate the walls of the leaf epidermal cells. The fungus forms absorbing structures known

26



as haustoria through which it obtains nourishment from the host cells. The fungus proliferates
over the phyllode surfaces, producing abundant conidia (Fig. 19). The spores, which are
produced successively on specialised hyphae arising from the superficial mycelium (Fig. 20),
are dispersed by wind to other susceptible hosts, initiating new infections. The perfect stage
of the fungus causing powdery mildew of acacias has not been conclusively identified.

| mpacts

In well-managed nurseries with good hygiene, this disease is generally not considered of great
importance. However, under conducive conditions heavy infestation may result in premature
loss of both the juvenile leaves and phyllodes, thus inhibiting photosynthesis and retarding
subsequent growth. Plants are rarely killed by the disease but in one instance in Thailand
where 90%-100% infection of A. auriculiformis seedlings was recorded, about 75% of the
seedlings perished (Tanaka and Chalermpongse 1990). Trees appear to develop resistance
with age as the disease is seldom observed in the field on trees more than two years old.

Control and management

Intensively cultivated plants and those growing under shady conditions are usually more
susceptible to the disease. Early recognition and prompt removal of infected plants are
important in preventing disease spread, and falen leaves should be destroyed to reduce
inoculum potential.

Chemical treatments are seldom necessary unless damage is severe. Sulphur dusting with a
powder duster or application of fungicides such as benomyl, chlorothalonil, triademefon,
maneb and zineb gives effective control.

Josiah and Allen-Reid (1991) indicated that the disease can be controlled by placing diseased
seedlings in direct sunlight for an extended period.
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Fig. 17

Fig. 18

Fig. 17 Powdery mildew on Acacia mangium seedlings (Malaysia)
Fig. 18 Powdery mildew on A. mangium saplings (South Sumatra)
Fig. 19 A. auriculiformis seedling affected by powdery mildew (Kerala, India)
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Fig. 20

D. Habit of mycelium and conidiophores on leaf surface

A. Conidiophore and conidiain chains
(Bar

B. Detail of conidiophore

Oidium sp. on Acacia mangium
C. Conidia

Fig. 20

50 um for D)

20 umfor A-C; =
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BLACK MILDEW
Disease

Black mildew, penyakit tepung gelap (Bahasa Indonesia)

Causal organisms

The fungi causing black mildew, Meliola spp., belong to the family Meliolaceae, order
Meliolales of the Ascomycota. The black mildews are often confused with the common sooty
moulds which are superficial epiphytic saprophytes. The Meliolales, however, are obligate
parasites which produce a variety of structures that penetrate host cells.

Host range and distribution

Species of Meliola are found on leaves and stems of awide range of hostsin thetropics. Black
mildew is common on acacias but there has been little study of the causal organisms.
M. brisbanensis has been reported on Acacia auriculiformis and A. mangium in Queensland
(Old et al. 1997) and on A. dealbata in Malaysia (Singh 1980). Ivory (1988) listed
M. adenanphererae Cit. & Hansf. on A. auriculiformis in Java (unpublished report). Other
species of Méeliola found on acacias have yet to be identified.

Symptoms

The fungus forms black, radiate, velvety colonies on the surface of the phyllodes
(Figs 21-22). In cases of heavy infestation, the entire phyllode surface may be covered by
the fungus. The infection is usually more frequent on the upper than on the lower phyllode
surface. Sometimes young stems and twigs can also be infected. Minute spherical fruiting
bodies develop on the funga thallus (Fig. 23). In M. brisbanensis these ascocarps have
pigmented walls bearing setae and contain sac-shaped asci containing four pigmented
ascospores (Fig. 24).

Pathology

No in-depth studies have been carried out on the black mildew of acacias. Ascospores of
M. mangiferae have frequently been observed to germinate on mango leaves but no success
has been achieved with artificial inoculation. The close association of Meliola spp. with scale
insects and mealybugs suggests that the honeydew excreted by these insects provides arich
food source for fungal growth and establishment on mango (Lim and Khoo 1985). Water
splash and crawling insects may be the main dispersal agents. Infestation appears to be more
frequent on foliage in the lower crown where conditions are more humid.
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De Guzman (1977) indicated that heavily infected phyllodes turned yellow and abscissed
prematurely with repeated infection, leading to stunting of seedlings. However, on older trees
the black mildew does not cause any serious damage although it may be common on the
foliage and sometimes on young stems.

Control and management
Control of the disease is seldom necessary as it has little impact on the host. However, if

infestation is heavy, black mildew can be controlled by spraying fungicides and insecticides
to eliminate scal e insects and mealybugs.
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Fig. 21 Black mildew on Acacia auriculiformis (India)
Fig. 22 Mycelium of Meliola brisbanensis on A. mangium (north Queensland, Australia)
Fig. 23 Perithecia of Meliola sp. on A. mangium (Malaysia)
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Fig. 24

Fig. 24 Meliola brisbanensis on Acacia aulacocarpa

A. Perithecium surrounded by sterile hyphae (setae)

B. Habit of peritheciaon leaf surface

C, D. Detail of setae

E. Hyphae with swollen lateral cells

F. Pigmented septate ascospores

G. Detail of ascus containing four ascospores

(Bar =125 pmfor A; = 65 um for C; = 35 um for E; = 25 um for D, F and G; not to scale for B)
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ALGAL LEAF SPOT
Disease

Algal leaf spot, red rust

Causal organism

Cephaleuros virescens Kunze, a green alga of the family Trentepohliaceae, order
Trentepohliaes, division Chlorophyta.

Host range

This plant parasitic alga is found on an extremely wide range of hosts extending from
dicotyledonous trees and shrubs to pams. It can infest both twigs and |eaves.

K nown distribution

Algal leaf spot has been reported worldwide between latitudes 32°N and 32°S on many hosts
(Chase and Broschat 1992) including ornamental palms, perennial crops such as cocog, citrus,
cloves, tea, pepper, rubber, mango and other fruit trees. It has also been reported on forest
trees such as mahogany and teak (Browne 1968) and is known to occur on the phyllodes of
acacias.

Symptoms

Young lesions first appear on the phyllodes as yellow pinpoint spots, usually on the upper
surface. These spots expand into velvety gray-green patches that become purplish-black with
a central orange to rust-coloured tuft. Severely infected twigs become enlarged and stunted
with sparse, withered leaves (Browne 1968). As the alga can flourish only in humid
conditions and on slow-growing tissues, the symptoms are usualy most severe on old or
suppressed trees.

Pathology

The orange tufts seen on the phyllode surface (Figs 25-26) constitute the thallus of the alga.
The hiflagellate zoospores, borne in the sporangia of the alga (Figs 27-29), are disseminated
by water-splash and by wind. Initial infection usually occurs towards the end of the humid,
rainy seasons. A wet and humid environment in the tree canopy is conducive to the
establishment and spread of the disease. The algal thalli penetrate leaf surfaces by mechanical
force and grow mainly along the horizontal plane between the leaf cuticle and the epidermal
cell layers. Vegetative growth continues until rain or high humidity triggers a reproductive
phase. The orange colour of the sporangiospores (Figs 25-26), the reproductive phase of the
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alga, isdueto the development of the red pigment, haematochrome. Thelesionsremain fertile
throughout the life of the leaf and for several months after leaf abscission.
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The disease may be serious when plants are of low vigour or when planted in high-humidity
sites with poor air circulation. Overcrowding and poor soil conditions can also indirectly
increase host susceptibility to the disease. The diseaseisalso more severe where the host trees
are serioudly affected by insect attack or by fungal diseases.

Presently there are few reports of serious outbreaks of algal leaf spot on acacias. InIndia, very
high incidence of an unidentified algal spot was reported in combination with sooty mould
where severely infected phyllodes turned yellow and were shed prematurely (Sharma and
Florence 1997). On some crops the pathogen is known to invade the stems and fruits, and in
the palm, Elaeis, high incidence of this disease causes up to 20% premature senescence of
entire leaves (Chase and Broschat 1992). In cases of severe infection on mango, the disease
debilitates the tree through reduction of the photosynthetic area (Lim and Khoo 1985).

Control and management

Since the disease is most severe when plants are stressed by poor soil and by environmental
conditions, the most effective means of control and management of the disease is through
proper cultural practices. Plant vigour can be ensured by good nutrient applications. Selective
pruning and thinning can be carried out to improve air circulation and penetration of sunlight,
thereby reducing disease incidence. On some food crops the disease has been controlled by
the application of copper fungicides and slaked lime, timed to coincide with the end of the
rainy season.
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Fig. 25

Fig. 28

Figs 25-26 Acacia mangium affected by Cephaleuros virescens (Thailand, Vietham)
Figs 27-28 Sporangiophores of C. virescens bearing sporangia (Thailand)
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Fig. 29

Fig. 29 Cephaleuros virescens on Acacia mangium
A. Sporangiospores

B. Habit of thallus, sterile cells and sporangia

C. Detalils of sporangia

(Bar =40 umfor A and C; = 160 um for B)
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CYLINDROCLADIUM FOLIAR SPOT AND
FOLIAR BLIGHT

Disease

Cylindrocladium foliar blight

Causal organisms

Cylindrocladium spp. are widespread and damaging pathogens of a very wide range of plant
hosts including acacias. Many Cylindrocladium spp. are known to have perfect stages in the
genus Calonectria de Not. Those species of Cylindrocladium known to be associated with
foliar infections of Acacia spp. include C. crotalariae (Loos) Bell & Sobers, C. ilicicola
(Hawley) Boedijn & Reitsma, C. quingqueseptatum Boedijn & Reitsma (Calonectria
guingqueseptata Figueiredo & Namekata), C. scoparium Morgan and C. theae (Petch)
Subramanian (Calonectria theae Loos).

Host range

C. scoparium causes foliar infection, and stem and root rot of Acacia spp. in Australia (Bertus
1976), foliar spots of A. longifolia in South Africa (Hagemann and Rose 1988) and foliar
infection of naturally regenerated seedlings and lower branches of A. auriculiformisin Kerala,
India (Sharma and Florence 1997). C. quinqueseptatum causes severe foliar spots of
A. mangium and A. auriculiformis (Mohanan and Sharma 1988). C. ilicicola also has been
reported to cause leaf blight of A. auriculiformis in India (Abraham et al. 1996).
C. crotalariae is pathogenic on phyllodes and roots of Acacia spp. and Eucalyptus spp.
(Peeraly 1974a). Another foliar pathogen of Acacia spp. and Eucalyptus spp. in Sri Lanka
and the USA is C. theae (Peerally 1974b). This fungus causes foliar spots, blights, collar rot
and root rot in various Acacia species.

Known distribution

Aslisted above, tropical acacias are subject to attack by several Cylindrocladium spp. in many
parts of the world, notably C. quinqueseptatum on A. mangium and A. auriculiformis
(Abraham et al. 1996; Mohanan and Sharma 1988; Sharma and Florence 1997). Damage

occurs mainly in nurseries, and members of this genus do not appear to have caused
significant disease in either native forests or plantations of acacias in the tropics.

Symptoms

On young phyllodes, symptoms include greyish water-soaked spots which coalesce and
develop into extensive necrotic areas, usualy along the margins and tips. At this time large
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numbers of white spores (Fig. 30) can be seen on the surface of the phyllodes. Under
favourable conditions of high humidity and frequent rainfall, the spots further spread to cover
the entire area of the phyllode inducing leaf blight symptoms (Fig. 31). Affected phyllodes
turn reddish brown (Fig. 32) and are prematurely shed.

Conidia of Cylindrocladium are typically cylindrical in shape with one or more cross walls
(septa). Fig. 33 shows fruiting structures produced by C. quinqueseptatum, including
six-celled macroconidia, two-celled microconidia, vesicles at the tips of sterile hyphae, barrel-
shaped phialides which give rise to the conidia, and pigmented chlamydospores. The latter
are swollen hyphal cellsthat develop pigmentation and are resistant to biodegradation, thereby
aiding survival in soil.

Pathology

Cylindrocladium spp. cause different types of diseases on acaciasincluding root rot, collar rot,
twig blight, leaf blight, foliar spots and die-back. Severe foliar infections develop during
conditions of high rainfall and humidity. The spread of the disease is by means of conidia
(Figs 30, 33) which are borne in vast numbers on the leaf surface and spread to cause new
infections on individual phyllodes. During heavy rain these spores are splashed into the air
and infect nearby trees. Infections usually appear on the foliage of lower branches and
proceed upwards consistent with the soil-borne nature of the pathogen. Severe infection of
phyllodes usually results in premature and extensive defoliation.
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Cylindrocladium foliar blight has not been a major problem on tropical acacias, unlike its
impact on eucalypts grown in the humid tropics. In certain areas, e.g. in southern Indiawhere
conducive microclimatic conditions commonly occur, C. guinqueseptatum can cause
significant damage (Fig. 31). The most common circumstances are in nurseries, where young
plants are grown in moist conditions, or among naturally regenerated seedlings under forest
canopies where high humidity, high density of seedlings and poor light conditions combine to
create environments conducive to disease.

Control

In nurseries, Cylindrocladium infection can be effectively controlled by carbendazim applied
as a foliar spray or soil drench (Sharma et al. 1985). However, in plantations it is not
economically feasible to control the disease by fungicidal treatment. The disease on acacias,
unlike that on eucalypts, has not been severe enough to warrant selection of resistant
genotypes for plantations.
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Fig. 32

Fig. 30 Conidiophores and conidia of Cylindrocladium quinqueseptatum on a eucalypt leaf midrib
(Thailand)

Fig. 31 Leaf and shoot blight of Acacia auriculiformis caused by C. quinqueseptatum (India)

Fig. 32 Foliar blight caused by C. quinqueseptatum (India)
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Fig. 33 Cylindrocladium quingqueseptatum

A. Conidiophore terminating in avesicle

B. Typical branched conidiophores and conidia

C. Vesicles

D. Phialides, cells which bear conidia

E. Conidiophores on agar culture can be more densely branched
F. Two-celled microconidia produced on agar culture

G. Chlamydospores produced on agar cultures

(Bar = 30 um for A—C, E-G; = 15 pm for D)
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CERCOSPORA AND PSEUDOCERCOSPORA
FOLIAR DISEASE

Disease

Cercospora and Pseudocercospora foliar disease

Causal organisms

Two as yet un-named foliar pathogens in the genera Cercospora and Pseudocercospora.

Host range

Cercospora sp. infected seedlings of Acacia mangium and A. auriculiformis raised in a
nursery at Ingham, Queensland in 1990 and subsequently planted out at severa locations in
northern Queensland (Old et al. 1996). The pathogenicity of this fungus to other tropical
acacias has not been tested. During surveys to determine the extent and occurrence of
Cercospora sp. on acacias in plantations and native acacias in northern Australia, a similar
fungus was found on A. crassicarpa. At first it was thought that this was the same species as
that implicated in the outbreak, but the fungus on A. crassicarpa has been tentatively
identified as a Pseudocercospora sp. (Cannon et al. 1997). Pseudocercospora was aso
collected on A. flavescens (Old et al. 1997).

Known distribution

During the 1990 outbreak in northern Queensland, Cercospora sp. became established in tria
plantings of A. mangium seedlings at nine locations between Lannercost and Innisfail. All
these plantings could be traced back to the original Ingham nursery outbreak. Despite annual
visits 1993-1999 by K. Old and pathol ogists from the Queensland Forestry Research Institute
to the region, including sites where serious damage occurred to A. mangium, the disease has
not been found since 1991.

Pseudocercospora sp., on the other hand, has been collected from plantation-grown
A. crassicarpa on Melville Island in the Northern Territory of Australia. The fungus has also
been found at several locations in northern Queensland extending over a large part of the
natural range of A. crassicarpa (Yuan 1996; Old et al. 1997). A significant outbreak of this
disease occurred in atrial planting of A. crassicarpa near Cardwell, north Queensland in 1999.

Neither of these fungi appear to have been have been recorded outside Australia, but several
species in the genera Cercospora and Pseudocercospora have been described on Acacia in
India. Theseinclude P. acaciae on leaves of A. concinna (Kamal 1980). Pongpanich recorded
a Cercospora sp. as causing a pod rot of A. auriculiformis in Thailand (Pongpanich 1997).
The relationship between these fungi and the Australian collections needs further study.
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Symptoms

The symptoms produced by both fungi are similar. Phyllodes bear spots, blotches and more
extensive reddish-brown necrotic areas with scattered, or more densely arrayed, sporulating
structures (Figs 35-36). With the dissecting microscope these structures can be seen to bear
cylindrical spores which are non-pigmented in the case of Cercospora and pigmented in the
case of Pseudocercospora (Fig. 37). Thisdistinction is not always clear and further diagnosis
may need specialist assistance with detailed examination of sporulating colonies and fruiting
structures (Fig. 37). Spores are 1-5 septate.  Infected phyllodes often become distorted or
crinkled (Figs 34-35). Experience in north Queensland indicates that Cercospora sp. is a
potentially more serious pathogen than the Pseudocercospora sp.

Pathology

The pathology of disease caused by Cercospora and Pseudocercospora on acacias has not
been systematically studied. The outbreak of Cercospora disease in the Ingham nursery and
the subsequent failure to find the pathogen in native stands or in plantations not traceable to
the nursery outbreak suggested that the pathogen (in common with some other Cercospora
Spp.) may be seed-borne. As the disease was first noticed in provenances of A. mangium
originating in Papua New Guinea, it was possible that this represented a newly introduced
pathogen borne on seed. This possibility was pursued by an intensive study of seedlots in
storage but no Cercospora isolations were made from 35 bulk seedlots imported from PNG
(Old et al. 1996). The Pseudocercospora sp. found in plantations and native stands of
A. crassicarpa in northern Australia appears to be indigenous to the region.
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The impact of Cercospora sp. on seedlings in the nursery and young plantations of
A. mangium was very damaging (Bruce Brown, personal communication); many trees died
and the extensive infections caused multiple branching and severe degradation of form. Asa
result of the epidemic in a seed orchard at Kuranda, north Queendland, a 1.5 ha seed stand was
abandoned (Old et al. 1996). Impacts of this severity on tropical acacias caused by
Cercospora spp. do not appear to have been recorded in countries of South-East Asia where
acacias are grown as exotic plantations.

In 1992 Pseudocercospora was observed in a seed orchard at Yapilika in Melville Island,
Northern Territory. First symptoms were seen at the age of 6 months when trees were 2-3 m
tall. The major damage was in the upper crown and significant defoliation had occurred in
many trees by age 1.3 years when the trees were about 5 m tall. Impacts of this pathogen in
other trial plantations of A. crassicarpa in north Queensland have been small with the
exception of the 1999 outbreak near Cardwell where significant upper crown damage occurred
(Fig. 34). Damage in native trees has mainly been observed in young regrowth. It was
noticeable that where regrowth A. mangium and A. crassicarpa occurred together, only the
latter species was infected.
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Fig. 34

Fig. 36

Fig. 34 Seedling of Acacia mangium infected by Cercospora sp. (north Queensland, Australia)
Fig. 35 A. crassicarpainfected by Pseudocercospora sp. (north Queensland, Australia)
Fig. 36 Pseudocercospora sporulating on alesion from the tree shown in Fig. 35
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Fig. 37

Fig. 37 Cercospora sp. and Pseudocercospora sp.

A. Conidiophores and conidia of Cercospora sp. on Acacia mangium

B. Detail of conidiogenous cellsin A, showing thickened scars

C. Conidiophores and conidia of Pseudocercospora sp. on A. crassicarpa

D. Detail of conidiogenous cellsin C showing annular structures at the point where conidia are
attached (Bar = 20 um for A and C; = 10 um for B and D)
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PHAEOTRICHOCONISFOLIAR SPOT
Disease

Leaf spot, bintik daun (Bahasa Malaysia), bercak daun (Bahasa Indonesia)

Causal organism

Phaeotrichoconis crotalariae (Salam & Rao) Subram. A similar and closely related fungus,
Helminthosporium (Exserohilum) rostratum (Drechs.) Leonard & Suggs, was reported by
Mohanan and Sharma (1988) to cause aleaf spot on Acacia auriculiformis.

Host range

Thisis apan-tropical fungus with a very wide host range including A. crassicarpa (Old et al.
1996), A. auriculiformis identified as E. rostratum (Mohanan and Sharma 1988), coconut
(Miller 1997) and other palms (Chase 1982), cardamom (Dhanalakshmi and Leelavathy
1976), Cyperus iria (Mishra et al. 1972), ornamentals such as Alternanthera sessilis
(Ramakrishnan et al. 1972) and vegetable crops. It has also been reported on Noogoora burr,
Xanthium pungens, which is an important weed in northern Australia.

K nown distribution

This fungus is very widely distributed in the tropics with many records coming from India,
and others from the Northern Territory of Australia and Florida.

Symptoms

Discrete spots, randomly scattered on the phyllode (Fig. 38). Lesions are oblong or elliptical
in shape, reddish in colour with a darkly pigmented margin and paler necrotic tissue toward
the centre (Fig. 39). Clusters of large, darkly pigmented conidia are visible through a hand
lens. Conidia are very large, up to 40 x 10 um with long beak-like appendages (Fig. 40).
Pigmented sclerotia are produced on culture media.

Pathology and impacts

The two reports of these fungi on Acacia spp. suggest that they are minor pathogens and
unlikely to cause significant damage to plantation acacias. The conspicuous spots which are
alluded to by Chase (1982) on pams are, however, likely to attract the attention of plantation
managers, warranting inclusion of this disease in the manual.
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Fig. 38 Acacia crassicarpa infected by Phaeotrichoconis crotalariae (Northern Territory, Australia)
Fig. 39 Detail of lesion on the phyllode shown in Fig. 38
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Fig. 40 Phaeotrichoconis crotalariae on Acacia crassicarpa

A and C. Conidia

B. Conidiophores

D. Chlamydospores on agar culture

E. Spots scattered on a phyllode

(Bar =20 umfor A, B and C; = 10 um for D; not to scale for E)
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COLLETOTRICHUM FOLIAR SPOT
Disease
Colletotrichum foliar spot, anthracnose.

Causal organism

Colletotrichum gloeosporioides (Penz.) Sacc., teleomorph Glomerella cingulata (Stonem.)
Spauld. & Schrenk.

Host range

Colletotrichum gloeosporioides is worldwide in distribution, affecting a large number of
cultivated as well as wild plants, especialy in the warm-humid tropics. It is known to cause
die-back, leafspots, seedling blight, and leaf blight of several hosts including tropical acacias
(Mordue 1971). The leaf spots incited by this pathogen are often called anthracnose, being
limited in extent with necrotic areas bounded by brown, black or discoloured margins.

Known distribution

Anthracnose disease of Acacia phyllodes is reported from various tropical countries. In India,
C. gloeosporioides and Colletotrichum sp. cause tip necrosis and foliar spots on four different
species of Acacia (Sharma and Florence 1997). Foliar blight of A. aulacocarpa and
A. crassicarpa and black spots of A. auriculiformis caused by C. gloeosporioides have been
recorded in Thailand (Pongpanich 1997) and in Florida (Barnard and Schroeder 1984).
Colletotrichum foliar spot has also been recorded on A. auriculiformis in nurseries and
plantations in Vietnam by Sharma (1994). Similar anthracnose diseases, ascribed to Glomerella
cingulata, have been described from Acacia spp. in Papua New Guinea, from A. cyanophylla
and A. catechu in India (Gibson 1975) and from A. mangium in Maaysia (Maziah 1990).

Symptoms

Various symptoms, including tip necrosis and foliar spots, are produced by Colletotrichum sp.
on different acacias, and even within one species more than one type of symptom may be
observed. Some examples of symptoms are illustrated in Figs 41-43. Anthracnose in
A. mangium and A. auriculiformis is first seen as circular to ova reddish-brown spots of
variable size with raised margins that coalesce to produce larger spots (Fig. 41). Severe
infection causes drying and cracking of the phyllode and premature defoliation.
In A. aulacocarpa, the spots are black, circular to oval, and scattered on the lamina
irrespective of the vein arrangement (Fig. 42). In A. crassicarpa (Fig. 43) the disease is
characterised by chocolate-brown spots with necrotic centres and darker margins.

The fruiting structures of Colletotrichum spp., called acervuli, are darkly pigmented and
contain characteristic sterile, hair-like structures (setag). Conidia lack pigmentation and are
ovoid or elipsoidal in shape (Fig. 44).
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Pathology

Tip necrosis of Acacia spp., usually observed on mature phyllodes, appears to be insignificant.
However, severe anthracnose can occur in the nursery and can be commonly found on lower
portions of the canopy in plantations, sometimes associated with premature defoliation. In the
field itismorelikely to occur on plants suffering from environmental stress, e.g. suppressed trees.
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Though tip necrosis and anthracnose of acacias caused by Colletotrichum sp. are not generally
regarded as serious, in severe cases they may cause defoliation and adversely affect growth
(Sharma and Florence 1997).

Control and management

Even though it is not economical to control the disease in plantations it may be advisable to
use fungicidesto control it in the nursery. For example, in Florida, anthracnose of Acacia has
been controlled by using chlorothalonil (Barnard and Schroeder 1984).
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Fig. 43

Fig. 41 Lesions caused by Colletotrichum sp. on Acacia auriculiformis (India)
Fig. 42 Lesions caused by Colletotrichum sp. on A. aulacocarpa (Thailand)
Fig. 43 Lesions caused by Colletotrichum sp. on A. crassicarpa (India)
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Fig. 44

Fig. 44 Colletotrichum sp. on Acacia aulacocarpa

A. Conidia

B. Longitudinal section of fruiting structure showing conidiophores and setae
(Bar =20 um for A; = 50 um for B)
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PESTALOTIOPSISFOLIAR SPOT

Disease
Leaf spot, leaf necrosis

Causal organisms

Pestalotiopsis spp. Identification of this group of fungi is based on the characteristic
five-celled spores. The three centra cells are pigmented in various shades of brown and the
terminal cells are free of pigment. The basal cell is typically conical with a short simple
appendage whereas the apical cell bears two or three appendages reminiscent of a mediaeval
jester’'scap. Speciesidentified on tropical acaciasinclude P. acaciae and P. neglecta (Fig. 48).

Host range

Pestalotiopsis spp. are found on scattered spots or more extensive necrotic areas on Acacia
aulacocarpa, A. auriculiformis, A. crassicarpa and A. mangium. Fungi belonging to this
genus are commonly associated with angular leaf spots of forest and fruit trees (K obayashi
and de Guzman 1988). They are readily isolated from seed of acacias and other tree species
(Yuan et al. 1990), and occur as saprophytes on seedlings and exposed sapwood of larger trees
after wounding.

K nown distribution

Symptoms associated with infection of phyllodes of tropical acacias by Pestalotiopsis spp.
have been found in Australia, including Queensland (Old et al. 1997) and the Northern
Territory (Yuan 1996), and in India on al the four acacia species listed above (Sharma and
Florence 1997). Collections have also been made in Sumatra, Kalimantan, Sarawak and in
south-east Vietnam (Old, unpublished). The collections have not been identified to species
except in afew cases (Yuan 1996).

Symptoms

Symptoms vary greeatly on living phyllodes, and include small, scattered dark-brown or
reddish-brown, discrete spots, sometimes with a bleached central region (Fig. 45). The
characteristic spores, easily recognised with a light microscope (Fig. 48), are produced on
black, saucer-shaped fungal stromata (acervuli) which erupt through the epidermis and release
conidia onto the leaf surface.

Fruiting bodies of Pestalotiopsis spp. can also be found on larger necrotic lesions often
coalescing toward the phyllode tip (Figs 46-47). Depending on species, the conidial masses
may be scattered on the lesion surfaces, or be densely aggregated in rows along the veins.
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Pathology

These fungi are best regarded as minor pathogens and are probably successful saprophytes on
dead plant tissue for much of the time. They are often endophytic in healthy leaf tissue and
appear only when trees are stressed and |eaves become senescent. In plantations, leaf spots
are often found on lower parts of the crowns of vigorous trees. In nurseries, where seedlings
are densely grown, occasiona plants develop many spots or larger necrotic areas on which
these fungi sporulate. Where plants are raised from cuttings, unthrifty individuals with
necrotic shoots often bear lesions on which Pestalotiopsis can be found. 1t seems likely that
seedlings with severe symptoms (Fig. 47) have been stressed in some way, possibly by
drought or by water-logging. Invasion of phyllodes by these fungi is secondary.

| mpacts

Disease surveys in Australia, Indonesia, Malaysia, Vietnam and Thailand suggest that the
impact of Pestalotiopsis spp. is small. Nevertheless the fungi are worthy of mention in the
context of this manual as symptoms on individual plants, especialy seedlings, can be severe
and are often noticed by nursery managers.

Control and management

No control measures are warranted apart from good nursery practice and the avoidance of
seedling stress in the nursery and when transporting seedlings or plants derived from cuttings
to the field for out-planting.
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Fig. 46

Fig. 45 Lesions caused by Pestalotiopsis acaciae on Acacia crassicarpa (north Queensland, Australia)
Fig. 46 Lesions caused by P. neglecta on A. crassicarpa (Northern Territory, Australia)
Fig. 47 Lesions caused by Pestalotiopsis sp. on A. mangium (India)
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Fig. 48

Fig. 48 Pestalotiopsis spp. on Acacia crassicarpa
A. Conidiaof P. neglecta

B. Conidia of P. acaciae

(Bar =10 um for A and B)
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PHOMOPSISFOLIAR SPOT
Disease

Phomopsis foliar spot

Causal organisms

Phomopsis spp. These fungi are imperfect states of the genus Diaporthe which includes many
pathogeni ¢ species attacking woody plants and other hosts. Phomopsisis the most commonly
found state of these fungi, including those associated with diseases of acacias (Sharma et al.
1985).

Host range

Phomopsis spp. are found on awide range of host plants, including acacias and other tropical
plantation species. They are commonly associated with leaf spots and stem cankers of woody
hosts. Diaporthe eres Nitschke, a fungus with avery wide host range on woody species, was
found by Kobayashi and de Guzman (1988) associated with a serious stem canker of Acacia
auriculiformisin the Philippines. Foliar spot of young nursery seedlings and 15-year-old trees
of A. auriculiformis caused by Phomopsis sp. was recorded from India (Mohanan and Sharma
1988) and a Phomopsis sp. was associated with stem cankers of A. auriculiformis and
A. mangiumin Kalimantan (Hadi and Nuhamara 1997). No teleomorph was observed in these
cases. Foliar infection of A. aulacocarpa and A. crassicarpa by Phomopsis sp. has also been
recorded in India (Sharma and Florence 1996).

K nown distribution

Foliar infection by Phomopsis sp. has been reported on A. auriculiformis, A. aulococarpa and
A. crassicarpa from India (Sharma and Florence 1996) and on A. mangium in natural stands
inAustralia(Old et al. 1997). Phomopsis sp. was also found associated with seedling diseases
of Acacia in Thailand (Pongpanich 1997).

Symptoms

Foliar spot disease of A. auriculiformis caused by this pathogen affects younger phyllodes.
The diseaseinitially forms 2—3 cm long, dark-reddish brown necrotic lesions, later coalescing
to form large, pale necrotic lesions which can extend the full length of the phyllode (Fig. 49).
Symptoms of disease on A. crassicarpa (Fig. 50) and A. aulacocarpa (Fig. 51) are similar,
being characterised by light-coloured, necrotic areas with irregular, raised and well
demarcated dark-brown margins (Fig. 51). The lesions gradually spread down the laminae
and occasionally cover up to half the phyllode. Pycnidiadevelop as minute greyish-black dots
within these necrotic areas and produce two types of conidia: a-conidia and [3-conidia
(Fig. 52).
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Pathology and impact

No systematic studies of this disease have yet been conducted as surveys in India, Australia
and Thailand suggest that foliar disease associated with Phomopsis sp. is not important. In
India, where A. auriculiformis suffered moderate damage, infected phyllodes were shed
prematurely. Phomopsis spp. found associated with canker symptoms are best regarded as
secondary, opportunist pathogens.

Control and management

There is no information available on control measures for phomopsis foliar spot in acacias.
Similar diseases of other tree speciesin forest nurseries have been controlled using mancozeb
and carbendazim fungicides. In common with other opportunist canker pathogens, disease
can be avoided by matching species and provenances to site conditions as trees under stress
from drought (Kobayashi and de Guzman 1988) or biotic agents are most prone to infection
by these fungi.
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Fig. 49 Lesions caused by Phomopsis sp. on Acacia auriculiformis (India)
Fig. 50 Lesions caused by Phomopsis sp. on A. mangium (India)
Fig. 51 Lesions caused by Phomopsis sp. on A. aulacocarpa (India)
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Fig. 52

Fig. 52 Phomopsis sp.

A. Betaconidia

B. Alphaconidia

C. Longitudinal section of fruiting body embedded in phyllode surface
D. Conidiophores and developing conidia

(Bar =5 pumfor A and B; = 100 um for C; = 10 um for D)
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PHYLLOSTICTA FOLIARBLOTCH
Disease

Phyllosticta foliar blotch

Causal organism

Phyllosticta sp. and its teleomorph Guignardia sp.

Host range

Guignardia spp. are well known foliar pathogens of broad-leaved trees e.g. G. aesculi (Peck)
V. B. Stewart (Punithalingam 1993), conifers (Bissett and Palm 1989; Kobayashi and Sasaki
1975), and herbaceous plants. Although there are records on several tree species grown in the
tropics, e.g. Gmelina arborea (K obayashi and de Guzman 1988) and Castanopsis (Hsieh et al.
1997), the surveys undertaken in northern Australia and Indonesia in 1996 (Old et al. 1997)
provided the first records of this pathogen on plantation acacias. Cannon et al. (1997)
examined the specimens from Australia and Indonesia but were unable to determine whether
one or two species were present. In view of the capacity of some members of this genus to
cause severe disease on tree hosts the fungus has been included in this manual.

K nown distribution

A yet-undetermined species of Guignardia and its Phyllosticta anamorph was collected on
Acacia mangium in South Sumatra. The collection on A. aulacocarpa in north Queensland
bore only the Phyllosticta anamorph. Cannon et al. (1997) commented that there are other
collections of Guignardia on Acacia spp. in Australian herbaria and recommended study of
these to gain some idea of the distribution of the pathogen.

Symptoms

Symptoms are shown on both known acacia hosts, A. aulacocarpa and A. mangium, in Figs
53-54. The symptoms are somewhat similar to foliar disease associated with infection by
Pestal otiopsis heglecta (Fig. 46), but the darkly pigmented pycnidia contain small, colourless,
spheroida conidia (Fig. 55), each with a mucilaginous sheath. The pigmented teleomorph
(perithecium) is embedded in the phyllode and contains sac-like asci with eight ascospores
bearing characteristic apical appendages (Fig. 55).

Pathology and impacts

There is not sufficient information on Guignardia on acacias to judge whether the pathogen
has the capacity to cause significant disease. The two collections made so far have been on

65



young trees in a nursery (A. aulacocarpa in Queensland) and on recently out-planted trees
(A. mangium in Sumatra). Individual phyllodes were severely affected but damage at the
whole-tree level was minor.
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Fig. 53

Fig. 54

Fig. 53 Lesions caused by Phyllosticta sp. on Acacia aulacocarpa (north Queensland, Australia)
Fig. 54 Lesions caused by Phyllosticta sp. on A. mangium (Sumatra)
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Fig. 55

Fig. 55 Guignardia sp. and Phyllosticta sp.

A. Ascospores and ascus of Guignardia sp. on Acacia mangium

B. Longitudinal section of fruiting structure of Guignardia sp.

C. Portion of a phyllode with lesion, bearing aggregated fruiting bodies of Phyllosticta sp.
on A. aulacocarpa

D. Longitudinal section of fruiting body of Phyllosticta

E. Conidia and conidiophores of Phyllosticta

(Bar =25 umfor A; =50 pum for B and D; = 10 um for E; not to scale for B)
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PINK DISEASE
Disease

Pink disease, cendawan angin (Bahasa Malaysia), jamur upas (Bahasa Indonesia)

Causal organism

Corticium salmonicolor Berk. & Br. (syn. Pellicularia salmonicolor (Berk. & Br.) Dastur).

Host range

The fungusis an obligate parasite of numerous woody plants ranging from forest to fruit trees.
It has also been recorded on many tropical crops such as cacao, coffee, tea, ramie, rubber
(Fig. 60) and many forest plantation trees (Browne 1968).

K nown distribution

The fungus is widely distributed in the tropics, sub-tropics and warmer parts of the temperate
region. Pink disease is primarily a disease of the stem and branches. The pathogen infects
and kills living bark tissue. Trees of amost any age are attacked.

Symptoms

Four stages of the fungus are recognised, namely the cobweb, pustule, pink incrustation and
necator stages. The first sign of infection is the cobweb stage (Fig. 56) where silky, white
mycelia grow over the surface of the bark. This stage occurs soon after the onset of rain
(Seth et al. 1978). The pustule stage is readily identifiable when pink pustules consisting of
sterile myceliaare produced on the affected area (Fig. 57). The pink incrustation developslate
in the disease process and consists of the sexual corticium stage of the fungus. This smooth
salmon-pink layer usually devel ops on the shaded underside of the dying infected branch (Figs
58-59). As this layer ages, it cracks into patches and fades to a dirty white colour. The
orange-red necator (conidial) stage is less frequently seen, being produced late in the disease
process. These pustules develop on the upper side of infected branches.

Apart from the different developmental stages of the fungus on the bark and stem of the
infected trees, there are several more noticeable subsidiary symptoms. The foliage on infected
branches wilts and subsequently dies, turning brown but remaining attached to the branch for
some time. Infected branches often die, resulting in progressive crown dieback, but green
epicormic shoots may develop from lateral dormant buds (Fig. 57). Where infection is
localised, death and shedding of limited areas of bark may lead to the development of open
wounds or cankers. In cases of severeinfection or of susceptible hosts, the whole tree may be
killed.
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Pathology

Pink disease is prevalent in areas of high rainfall and during the wet season. The disease is
spread by both the basidiospores (Fig. 62) and the conidia of the necator stage which are
dispersed by wind. Sporulation and germination of the spores are favoured by moist
conditions. The fungus usualy infects stems and branches through healthy, intact bark
(Fig. 60), thereafter attacking and killing the cambium (Seth et al. 1978). Branches readily
break (Fig. 61) and whole trees may be killed. An infection that fails to kill a branch may be
contained by host defence reactions or remain dormant, becoming active again after a few
months with the onset of wet weather. Branches that are not killed by the infection will
develop sunken cankers at the point of infection.

The important role of surrounding vegetation as sources of inoculum for the fungus has been
recognised in eucalypt plantations in India (Seth et al. 1978). In South Sumatra, Indonesia,
the incidence of pink disease on Acacia mangium was found to be higher in stands near
villages where infected rubber trees (Fig. 60) were present (L ee Su See, personal observation).

| mpact

Although several species of tropical acacias, including A. auriculiformis, A. crassicarpa and
A. mangium (Chin 1990; Lee 1993; Hadi and Nuhamara 1997; Sharma and Florence 1997),
are known to be affected by pink disease, the disease is generadly considered of little
conseguence as trees are seldom killed. The main impact isloss of stem form through loss of
the leading shoot. Recent studies, however, show that mortality rates can vary, depending
probably on host susceptibility and local environmental conditions. In a disease survey of six
provenances of A. mangium in South Sumatra, pink disease was found to affect about 2% of
the trees (Zulfiyah and Gales 1997) while up to 80% incidence was reported from a roadside
plantation of A. auriculiformisin India (Sharmaand Florence 1997). Comprehensive surveys
need to be conducted in tropical acacia plantations to determine the overall incidence and
impact of the disease.

Control and management

In rubber plantations and fruit tree orchards, the disease can be successfully controlled through
early recognition of the symptoms followed by prompt application of suitable fungicides.
Bordeaux mixture (CuSO,:CaO:H,0 = 1:2:10) and a brush-on formulation of tridemorph
applied at regular intervals have been shown to be effectivein controlling the disease in rubber
plantations and mango orchards in Malaysia (Lim and Khoo 1985).

Thereis, however, little prospect of utilizing chemical control in forest plantations because of
the high costs involved. Thus the best strategy for control and management of the disease in
forest plantations would be early recognition of the disease followed (if economic to do so)
by removal and disposal of infected branches. Experience in rubber plantations has shown
that, in the long term, planting of disease-resistant varieties would be the best strategy to
prevent the occurrence of the disease.
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Fig. 56 Corticium salmonicolor ‘cobweb’ stage of infection on Acacia mangium (Sumatra)
Fig. 57 C. salmonicolor ‘pustule’ stage on A. auriculiformis (India)

Fig. 58 C. salmonicolor, early ‘corticium’ stage on A. mangium (Sumatra)

Fig. 59 C. salmonicolor, late ‘corticium’ stage on a dead tree (Sumatra)
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Fig. 61

Fig. 60 C. salmonicolor ‘corticium’ stage on rubber (Vietnam)
Fig. 61 C. salmonicolor damage showing A. auriculiformis with broken top (Sumatra)
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Fig. 62

Fig. 62 Corticium salmonicolor

A. Basidium and basidiospores

B. Conidiogenous cells and conidia

C. Hyphawith a‘ clamp connection’ commonly found in basidiomycete mycelium
D. Longitudinal section of fruiting structure producing conidia

(Bar =15 umfor A; =20 um for B and C; = 120 um for D)
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STEM AND BRANCH CANKERS
Disease

Stem and branch canker, kanker batang dan dahan (Bahasa Malaysia, Bahasa Indonesia)

Causal organisms

Botryosphaeria spp. and their anamorphs; Lasiodiplodia theobromae (Pat.) Griff. & Maubl
and Dothiorella spp.

Valsa Fr., anamorph Cytospora spp.
Nattrassia mangiferae (H. & P. Syd.) Sutton & Dyko (syn. Hender sonula torul oi dea Nattrass)

Macrovalsaria megalospora (Mont.)

Host range

A wide range of trees and woody shrubs, in plantations and native vegetation.

Known distribution

Botryosphaeria spp. and Valsa spp. are distributed worldwide in tropica and temperate
regions (Old et al. 1991; Lenné 1992; Roux and Wingfield 1997), whereas N. mangiferae
(Punithalingam and Waterston 1970) and M. megal ospora (Sivanesan 1975) are mainly found
in the tropics and sub-tropics.

Symptoms

Cankers are dead areas of bark sometimes with sapwood exposed, or with sunken lesions
extending from afew centimetres to more than ametre along branch and stem axes. They may
be darkly discolored and cracked especialy toward the centre. Branches and stems may be
partialy or completely girdled, causing crown dieback and possibly tree death. Fruiting
bodies of the causal fungi can usually be found on the cankers themselves, especialy at the
margin between diseased and healthy bark or on newly dead branches. Thefruiting bodies are
typically partially submerged in the outer bark but can be readily seen through a hand lens.
Cankers are often associated with wounds, borer damage or branch stubs.

Identification of the causal agents of cankers is often quite difficult, requiring detailed
examination of the sexual (teleomorph) and asexual (anamorph) fruiting structures. In this
account three of the species most commonly found on plantation-grown acacias in the tropics
areillustrated, with drawings of the structures useful in identification. Fungi associated with
cankers span a range of pathogenicity. Botryosphaeria spp. (Figs 6366, Fig. 71) cause
cankers and dieback on many woody species whereas Valsa spp., usually found as the
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anamorphic state Cytospora (Figs 67, 72), are often opportunist pathogens with little capacity
to invade healthy trees. N. mangiferaeis pathogenic on woody tissues of several tree species.
It isgenerally regarded as aweak parasite, invading the cambial region of wide range of hosts
following injury (Browne 1968; Gibson 1975; Sharmaet al. 1990). Illustrations of thisfungus
can be found in Punithalingam and Waterston (1970). M. megalospora is commonly found
fruiting on dead, suppressed branches of Acacia mangium. The latter fungus has been
reported to cause stem canker of eucalypts in India (Sharma et al. 1990). Collections on
tropical acacias, however, have suggested that it is a saprophyte. The characteristic
dome-shaped fruiting bodies and beautifully striated ascospores of this fungus (Fig. 73) make
it worthy of mention.

Pathology

Trees planted in unsuitable environments, for example infertile soils and climates to which
they are poorly adapted (drought-prone areas), are more susceptible to canker diseases
(Crist and Schoeneweiss 1975). Trees in dense stands, especially if suppressed or subjected
to insect attack (either defoliation or stem borers), are more susceptible to attack by canker
fungi. Poor silvicultural operations resulting in stem wounds also predispose trees to
infection. The fungi arelikely to be present in al stands at alow level, and vigorous trees can
be infected but show no symptoms in the absence of environmental stress (Smith et al. 1996).

The pathogens gain access to stem tissue through wounds, either naturally caused or resulting
from pruning or lopping of branches. They kill cambial tissue and sapwood but do not cause
decay. Open lesions exposed by death of bark and cambium, however, can act as avenues for
infection by decay fungi. Only four fungal genera are listed above as causing cankers, but
there are many other fungi which are opportunist pathogens of stressed trees.

Corticium salmonicolor (see page 69) is clearly a primary canker pathogen with the potential
to cause significant disease in plantations. A Phomopsis sp. is a cause of foliar spotsin India
(see page 61) but Phomopsis spp. are also commonly associated with stem cankers and a
species of this genus was isolated along with L. theobromae from a severely cankered stand
of A. auriculiformisin Kalimantan, Indonesia (Figs 68—70).

| mpacts

Impacts of these pathogens can be expected to be small in vigorous, well managed stands, and
occurrence may be limited to suppressed trees. Where stands are stressed, for example if
species or provenances are poorly adapted to climatic and edaphic factors, incidence of
cankers can be significant. Very severe cankers were reported by Pongpanich (1997) on
A. auriculiformis associated with infection by Botryosphaeria sp. in a tria in western
Thailand, with up to 80% mortality in some seedlots (Figs 63-65). In areplicate planting at
a more fertile site in Thailand with higher rainfall there was little or no mortality and only
minor crown dieback. A trial at Riam Kiwain South Kalimantan, Indonesia, containing many
of the same provenances as those in Thailand, was severely affected by a canker disease
(Figs68-70). At Riam Kiwathere were major differencesin impact on different provenances,
those from the Northern Territory being significantly more affected than those from Papua
New Guinea and north Queensland (Fig. 70). Lasiodiplodia theobromae (Fig. 71D) and
Phomopsis sp. (Fig. 52) were isolated from cankers on these trees, but their role in the disease
was not clearly established (Hadi and Nuhamara 1997). A plantation of 2 ha of a single seed
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source of A. aulacocarpa at Sakaerat in eastern Thailand suffered about 40% mortality
through combined attack by borers and infection by Botryosphaeria sp. (Fig. 66).

In southern India, severe basal cankers of small plantings of A. crassicarpa in two locations
were associated with infection by L. theobromae (Sharma and Florence 1997). In a planting
of A. aulacocarpa at a different location, a Cytospora species was associated with damaging
cankers. Also in India, N. mangiferae caused a serious die-back disease of A. mangium and
A. auriculiformisin Kerala and Karnataka States (Sharma and Florence 1996).

Control and management

The only feasible control isthrough good matching of species and provenance to climatic and
edaphic factors and avoidance of stress through good silviculture (spacing, thinning).
Avoidance of wounds will reduce entry points for pathogens. Results from Kalimantan
suggest that selection at the provenance level may avoid significant incidence of canker
diseases. In South Kalimantan, Papua New Guinea provenances performed best, but this may
not hold for other locations.
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Fig. 63 Canker on Acacia auriculiformis caused by Botryosphaeria sp. (Thailand)

Fig. 64 Cankersfromtreein Fig. 63 showing sapwood discoloration and cambial death
Fig. 65 Detail of fruiting bodies of Botryosphaeria sp.

Fig. 66 Main shoot death due to Botryosphaeria infection, A. aulacocarpa (Thailand)
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Fig. 69

Fig. 67 Cankered shoot of Acacia auriculiformis associated with infection by Cytospora sp. (India)
Fig. 68 Cankered shoot of A. auriculiformis associated with Phomopsis sp. and Lasiodiplodia sp.
(South Kalimantan)

Fig. 69 Treefrom stand shown in Figs 68 and 70 with bark removed to show association of cankers
with branch stubs

Fig. 70 A. auriculiformis provenance trial (South Kalimantan). The Papua New Guinea provenance
(left) had few cankers, whereas the northern Australia provenance (right) was badly cankered
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Fig. 71 Botryosphaeria spp.

A. Canker on Acacia auriculiformis associated with Botryosphaeria sp. infection

B. Longitudinal section of fruiting structure of Dothiorella sp.

C. Conidia of Dothiorella

D. Conidia of Lasiodiplodia theobromae

E. Ascospores of Botryosphaeria sp.

F. Ascus of Botryosphaeria sp. with eight ascospores

G. Longitudinal section of fruiting structure of Botryosphaeria sp.

(Bar =100 um for B and G; = 15 pm for C, E and F; =12.5 um for D; not to scale for A)
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Fig. 72

Fig. 72 Cytospora and Valsa spp.

A. Portion of stem showing conidial tendrils of Cytospora sp. (above) and converging necks of
perithecia of Valsa sp. through the bark (below)

B. Longitudinal section through fruiting structure of Cytospora sp.

C. Conidiaand conidiophores of Cytospora sp.

D. Longitudinal section through fruiting structures of Valsa sp.

E. Ascus and ascospores

(Bar =120 um for B and D; = 10 um for C; = 7 um for E; not to scale for A)
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Fig. 73

Fig. 73 Macrovalsaria megalospora on Acacia mangium

A. ACi

B. Ascospores

C. Sterile hyphae

D. Group of conical fruiting bodies bursting through the bark

E. Detail of fruiting body wall

F. Longitudinal section of fruiting structure

(Bar =30 um for B; =60 pm for A, C and E; = 240 um for F; = 1 mm for D)
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HEART ROT
Disease

Heart rot, reput teras (Bahasa Malaysia), busuk hati, busuk umbut (Bahasa Indonesia)

Causal organisms

A range of hymenomycetes are known to be associated with heart rot of acacias, but the fungi
associated with Acacia mangium have only recently been identified. Phellinus pachyphloeus
and Trametes palustris were reported from India (Mehrotra et al. 1996) while P. noxius,
Tinctoporellus epimiltinus and Rigidoporus hypobrunneus were found to be associated with
heart rot of A. mangium in Peninsular Malaysia and East Kalimantan (Lee and Noraini Sikin
1999). P. noxius was associated with heart rot of A. crassicarpa in Vanuatu. Oxyporus cf.
latemarginatus was also associated with heart rot of A. mangium in Peninsular Maaysia
(Lee and Noraini Sikin 1999).

Host range

Heart rot is generally a defect of old trees and is known to occur in a wide range of tree
species. It has also been reported to occur in many species of acacias, including
A. auriculiformis and A. mangium, but its widespread occurrence in relatively young trees of
the latter species was unexpected. Heart rot has not been reported from A. aulacocarpa or
A. crassicarpa. However, this may be because these two species have not been systematically
surveyed for incidence of decay.

Known distribution

Heart rot fungi are generally pan-tropical or cosmopolitan saprophytic wood decay fungi or
wound parasites. Some species such as P. noxius (Fig. 76) and R. hypobrunneus are also
facultative parasites that can cause root and butt rot diseases.

Symptoms

Trees with heart rot usually appear hedthy as there are seldom any visible symptoms.
However, the presence of dead or broken branches, wounds, scars, cracks and forks can be
indicators of the presence of decay. Fruiting bodies proliferating on living or recently dead
trees are indicative of the presence of decay and assist in the identification of causal agents of
heart rot and root rot (Figs 78-82).

The type of rot most commonly found in A. mangium heartwood is a white fibrous rot
(Figs 74-75) (Gibson 1981) but the colour and texture of the rotted wood varies depending on
the fungus involved (Lee and Noraini Sikin 1999). The rot may occur as small pockets or
throughout the length of the heartwood (Fig. 75) but is evident only when the tree is felled.
The point of invasion can usually be traced to a wound or decayed branch stub.
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Pathology

Wounds are usualy the entry points for the wood decay fungi. On A. mangium trees wounds
include broken branches, mechanical injuries and branch stubs left after self-pruning or
through singling and artificial pruning operations. Studies by Schmitt et al. (1995) showed
that the wound response in A. mangium was slow and that fungal hyphae rapidly invaded the
wound-affected xylem, resulting in defect development three to four weeks after wounding.
They aso found that accumulations of chemicals (extractives) in the lumina of heartwood
vessels were hardly toxic to the decay fungi that could be quite aggressive.

The incidence and extent of the decay is highly variable and depends on many factors
including species, location of wound on the stem, size and season of injury, age of wounds,
stand dynamics and decay organism(s). Fungi that cause wood discoloration such as
Ceratocystis fimbriata, Chalara sp. and Phialophora sp. have been isolated from wounds on
A. mangium (Lee 1986; Lee et al. 1988). Such fungi are probably involved in the early
colonization of the damaged wood before subsequent invasion by the wood decay fungi.
The actual mode of infection of the heartwood in A. mangium has not yet been investigated in
detail. It has been hypothesized that in some areas of South-East Asia, without a prolonged
dry season the self-pruning ability of A. mangium is reduced, thereby favouring the
development of entry points for the decay fungi causing heart rot (Lee and Arentz 1997).

| mpact

In Peninsular Malaysia, avolume loss of between 0.7% and 17.5% of the merchantable timber
of A. mangium has been reported as aresult of heart rot (Lee et al. 1988; Zakaria et al. 1994).
Up to 85% of trees sampled have shown some incidence of decay. In a study carried out in
Sabah, Malaysia, the volume of timber affected by decay ranged from 0.02% to 18.1% but
mean volume |oss was approximately 1% loss of merchantable volume (Mahmud et al. 1993).
Although the disease is also known to be present in A. mangium plantations in Bangladesh,
India, Indonesia and Thailand, no detailed data are available.

The small volume of wood affected by heart rot is believed to have little impact on utilization
of A. mangium wood for pulp and paper manufacture and medium density fiberboard (MDF).
However, heart rotted timber would not be suitable for general utilization purposes such as
construction, due to loss in structural strength and poor recovery of high-value products
during processing.

Control and management

There is a need for species-site matching studies to establish the heart rot susceptibility of
A. mangium when planted in locations with year-round humid climates. Similar studies are
needed for the other tropical acacia plantation species.

As the heart rot fungi are wound parasites which enter the trees through injured surfaces and
branch stubs, lopping off branches with parangs or machetes should be avoided. Singling of
multi-stemmed, fast growing trees (Fig. 77) creates large stem wounds that heal slowly and
are prone to invasion by fungi. Tree improvement aimed at producing single-stemmed trees
with small-diameter lower branches which self-prune effectively should in future reduce the
extent of heart rot.
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Sharp pruning shears or saws should be used for pruning and singling operations, and care
should be taken to cut branches close to the main bole while avoiding injury to the branch
collar. Pruning and singling operations should be carried out according to schedule so that
only young and small-diameter branches are pruned. Tree vigour should be maintained to
promote rapid healing of the small branch stubs, which can function as infection courts.

Wound protectants are commercially available but their effectiveness on A. mangium has not
been tested. Many formulations have been shown to be ineffective in halting microbial
activity and athough some are effective fungicides, they may prove phytotoxic to the tree
(Mercer 1982). Wound protectants are also costly and impractical for large-scale use in forest
plantations.
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Fig. 76

Fig. 74 Heart rot of Acacia mangium (Peninsular Malaysia)

Fig. 75 White fibrous rot of A. mangium associated with Phellinus noxius (Peninsular Malaysia)

Fig. 76 Characteristic mycelia growth on Phellinus noxius under the bark of A. mangium

Fig. 77 Fast growing multistemmed A. mangium. Singling and pruning creates wounds for infection
by heart rot fungi (Sumatra)
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ROOT ROT
Disease

Root rot, reput akar (Bahasa Malaysia), busuk akar (Bahasa Indonesia)

Causal organisms

The fungi associated with root rot diseases found in tropical Acacia plantations are mainly
members of the basidiomycetes, e.g. Ganoderma spp., Phellinus noxius and Rigidoporus
lignosus. Root pathogens of other acacia species are discussed in Gibson (1975). In the
nursery a different group of fungi, mainly members of the mitosporic fungi, are associated
with root rot diseases such as damping-off and dieback of seedlings. Recently, G. philippii,
P. noxius, Tinctoporellus epimiltinus and Amauroderma cf. parasiticum were also found to be
associated with root rot of A. mangium treesin Peninsular Malaysia (Lee in press). Unknown
basidiomycetes were reported to be associated with root rot in A. aulacocarpa and
A. crassicarpa in India (Sharma and Florence 1997).

Host range

The fungi causing root rot affect awide range of tree species, including forest trees, fruit trees
and amenity trees. Many species of acacias, including A. aulacocarpa, A. auriculiformis,
A. crassicarpa and A. mangium have been reported to be attacked by root rot fungi which
colonize the roots of the trees and decay the wood and bark.

Known distribution

The basidiomycete fungi causing root rot of acacias are widely distributed. Many tropical
species of Ganoderma (Figs 79-82) are well known wood decay fungi while species of
Phellinus (Figs 76, 78) decay heartwood, cause root rots and cankers of live standing trees,
and destroy slash and other wood residues (Ivory 1996). Collectively, species of Phellinus
(Fig. 78) are probably responsible for more timber loss than any other genus of wood
destroying fungi in the world (Larsen and Cobb-Poulle 1981).

Symptoms

In the plantation, root rot disease centres are characterised by slowly enlarging patches of dead
and dying trees (Figs 83-85). The foliage of affected trees is usualy paler green, much
reduced in size and sparse due to reduced water and mineral uptake. Thereisageneral decline
in the crown condition and the growth rate is poor. Young shoots may wilt and some of the
stressed trees may produce fruits/seeds out of season. Treesin advanced states of root rot are
also very susceptible to wind throw.

The main types of root diseases affecting acacias can be distinguished by the colour of the
infected roots; the recognised types being red root disease, brown root disease and the less
common black root and white root diseases. Inred root disease, the roots are characteristically
covered by awrinkled reddish brown rhizomorphic skin that is very evident when the root is
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washed clean of adhering soil (Figs 86-87). A white mottling pattern is evident on the
underside of the infected bark (Fig. 87) and there is a very characteristic odour. In the early
stages of infection, the wood is hard and no colour change is discernible, but in advanced
stages, the wood becomes pale buff and spongy or dry depending on the soil condition. This
is the most common type of root disease observed in A. auriculiformis, A. crassicarpa and
A. mangium plantations and is associated with a Ganoderma sp., most likely G. philippii.

In brown root disease the roots are encrusted in a mass of earth and sand intermingled with
rusty-brown velvety patches. Advanced stages of the disease are easily recognised by the
brown honeycomb-like, zig-zag pattern of lines formed by plates of hyphae in the wood
(Fig. 76). These symptoms are characteristic of infection by P. noxius and this diagnosis has
been confirmed by the production of sporocarps experimentally and by pathogenicity tests
(Lee and Noraini Sikin 1998).

In black root disease, which is most probably associated with A. cf. parasiticum (Leein press),
the infected root is covered by a thin black crust which can be easily mistaken for necrotic
tissue. In white root disease, thick white, stringy rhizomorphs adhere to the surface of the
root. Thisdisease is most probably associated with a species of Rigidoporus.

Pathology

These basidiomycete fungi usually exist as endemic saprophytes in the natural forest causing
little if any problem. When land is cleared for plantation establishment, these fungi can
survive on root remains, tree stumps and other woody debrisin the soil. The fungi depend on
large food bases for their pathogenic activities and once established on dead wood, they can
become active and virulent parasites, infecting living trees through their roots. The ability of
these root pathogens to penetrate and colonize the root system is usualy closely related to the
general health of the tree. Generally trees suffering from stress or disturbances and/or of poor
vigour are more susceptible to root disease, but there are exceptions where some fungi are able
to attack vigorously growing trees.

Fungi like Ganoderma spp. usually invade roots of trees with reduced vigour (Fig. 88), while
others like R. lignosus spread through the soil by means of rhizomorphs. Still others like
P. noxius depend on contact between roots of a healthy potential host with the substrate on
which the fungus is growing (Nandris et al. 1987).

| mpact

Root rot is a significant disease of tropical acacia plantations in Australia, Indonesia,
Malaysia, Thailland and India. In along-term disease survey of A. mangium plantations of
various ages in Peninsular Malaysia, Lee (in press) found that in severely infected areas, root
rot caused more than 40% mortality of trees aged between 9 and 14 years old. In the Gogol
Valley of Papua New Guinea, Arentz (1986) reported 29% mortality of 5-year-old A. mangium
treesdueto root disease. Thediseaseis particularly severein second-rotation A. mangiumand
A. crassicarpa plantations in Sumatra, Indonesia, where trees as young as 6 months old have
been killed by red root disease (Figs 84-87). This high incidence of disease may be explained
by the presence of root rot in first-rotation plantings coupled with the large amount of woody
debris left behind after harvest. Saprophytic survival of these fungi in harvesting debris may
provide inoculum for the second-rotation crop.
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Control and management

Control of root rot diseases is difficult as the pathogens survive on woody material in the soil.
In rubber plantations, root diseases are managed by cultural practices, especially thorough site
clearing and establishment of creeping legume covers. During planting site preparation,
woody debris should be removed and destroyed to reduce sources of inoculum. Legume
covers can be used to exhaust the food reserves of potentialy dangerous inocula by
encouraging futile growth of the fungus and by dissipating the infective potentia of large
sources of inoculum.

In plantations of rubber and of A. catechu, isolation trenches have been effectively used to
check the spread of the disease (Anon. 1974; Bakshi 1974). However, such trenches are
expensive and difficult to construct and may not be practical in industrial forest plantations
where the trees are much more closely spaced.

Soil drenching with fungicides such as triademefon, propiconazole, hexaconazole,
cyproconazole and penconazol e has shown promise in the control of white root disease caused
by R. lignosus. However, while effective control was obtained in cases of light infection, it
was less effective against moderate infection levels (Ismail and Shamsuri 1998). Such
treatments have not been tested in tropical acacia plantations and it is doubtful whether they
will be used because of the high cost involved. Some promising results have been obtained
in the use of biological control of root rot pathogensin the tropics (Bolland et al. 1989; Idwan
et al. 1992; Yonnes 1998) but their practicability and sustainability on an operational scale
have yet to be demonstrated.

In some logged lowland rainforest areas where mortality due to root rot is high, planting of
resistant acacia cultivars or alternative species may have to be considered. This may be
necessitated by the susceptibility of Acacia spp. to root rot and the fact that little can be done
to control the disease. It has been suggested that the susceptible preferred species should be
planted only in the second rotation after a first rotation of a resistant species. This would
allow time for the stumps and roots of the original rainforest species to completely decay and
disintegrate, thereby reducing inoculum levels of root pathogens.
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Fig. 82

Fig. 78 Phellinus noxius fruiting at the base of atree (Peninsular Malaysia)
Figs 79-82 Ganoderma spp. fruiting on infected acacias in Peninsular Malaysia (Fig. 79): north
Queendand (Fig. 80): Keraa, India (Fig. 81) and Java, Indonesia (Fig. 82)
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Fig. 86

Figs 83-84 Root rot disease patches in north Queensland (Acacia mangium) and central Sumatra
(A. crassicarpa), associated with infection by Ganoderma spp. Dead trees are typically toward the
centre of the patches, surrounded by more recently infected trees

Fig. 85 Dead treein the second-rotation A. crassicarpa stand shown in Fig. 84 with Ganoderma sp.
fruiting at the base

Fig. 86 Ganoderma sp. fruiting body, and infected root from A. crassicarpa. Theroot showed ‘red
root rot’ symptoms asin Fig. 87. The Ganoderma sp. collected at this siteisillustrated in Fig. 89
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Fig. 87

Flg. 88

Fig. 87 Red root rot showing rough, crusty surface, reddish discoloration and white mycelium

under the bark
Fig. 88 Root and butt rot of A. mangium showing partia girdling of the stem base and an exposed
diseased root which was a possible avenue for infection of the base of the tree (Sarawak, Ma aysia)
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Fig. 89 Ganoderma spp. on Acacia crassicarpa

A. Fruiting bodies at the base of a dead tree

B. Detail of the pores present on the underside of the fruiting bodies

C. Cross section through the pores shown in B

D—F. Basidiospores of Ganoderma spp.

G. Hyphae with swollen tips (cystidia) which project from the spore-bearing surfaces of pores
and are used in identification of Ganoderma spp.

H. Portion of the matrix of sterile hyphae that supports the pores

(Bar = 1.5 mm for B; = 160 um for C; =9 um for D-G; = 22 um for H; not to scale for A)
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NURSERY DISEASES

Planting stock for large-scale plantation programs is raised in forest nurseries for severa
months before field planting. Location and management of the nursery are crucia in
producing healthy and vigorous seedlings. Important requirements for a successful nursery
operation are light-textured, fertile soil, use of a balanced potting medium with moderate pH,
an open area without any shade from trees or buildings and a good water supply.

Conventionally, in most tropical countries acacia seeds are sown in seed beds or trays after
scarification or hot water treatment. Seedlings are later transferred to polythene containers
and maintained in the nursery until field planting (Figs 90-91). Recently, container nurseries,
where seeds are directly sown into either polythene tubes or root trainers, are becoming
popular.

Numerous diseases are encountered among seedlings in beds. Disease incidence is mainly
due to poor management practices, and un-hygienic conditions. These diseases may result in
high seedling mortality and economic loss. Once a disease appears, it spreads rapidly under
conditions of high soil moisture and close proximity of young susceptible plants. In container
nurseries, fewer diseases occur and outbreaks can be readily controlled (Fig. 92).

Recently large industrial plantation companies in Indonesia, Malaysia and Thailand have
established large nurseries where vast numbers of cloned plants or seedlings are produced in
polypots or root trainers on elevated platforms with sophisticated watering systems and a high
level of quality control.

Whether conventional nursery or container nursery, if proper management practices such as
appropriate seedling density, shade, water regime and an acceptable level of hygiene are
followed and good quality seed is used, disease incidence is minimised. The most common
nursery diseases of acacias are powdery mildew (described earlier in this manua) and
damping-off and web blight (described on pages 97-101).
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DAMPING-OFF
Disease
Damping-off, lecuh pangkal (BahasaMalaysia), penyakit semai, rebah semai (Bahasa Indonesia)

Causal organisms

Pythium spp., Phytophthora spp., Fusarium oxysporum Schlecht. and Rhizoctonia solani Kuhn.

Host range

Damping-off affects many host species including Acacia spp. and is caused by F. solani,
Phytophthora spp., Pythium spp. and Rhizoctonia solani (Lee 1985; Liang 1987; Maziah 1990).
Damping-off of A. mangium caused by Fusarium sp. is quite common in Indonesia (Soeyamto
and Mardji 1986). In Sarawak, A. auriculiformis damping-off has been caused by concurrent
infection by Pythium spp. and Fusarium spp. (Chin 1995). In India, post-emergence
damping-off of A. holosericea, caused by F. oxysporum, has also been reported (Soni et al.
1991). Other damping-off pathogens include Botrytis spp. and Cylindrocladium spp.

Known distribution

Damping-off probably occurs wherever tropical acacias are nursery-grown on a large
scale but has been formally reported from only a few countries such as Indonesia,
Malaysia and India.

Symptoms

The disease usually occurs within two weeks of seed germination causing large-scale mortality
under conditions favourable for disease development, for example; densely sown seed beds or
trays of seedlings; high soil moisture and humidity. Damping-off develops as irregular,
spreading patches of dead and dying plants. Affected seedlings develop water-soaked,
constricted stem tissue at soil level causing them to fall over and die.

Pathology

Damping-off is recognised in both pre-emergence and post-emergence stages of seedling
growth and is the most common disease of forest nurseries. The pathogens are able to grow in
soil, compost and other nursery potting media. Seedlings rapidly become resistant to infection
due to increasing secondary thickening and lignification of stem tissue. Damping-off fungi,
therefore, attack root tips, hypocotyls and young stems. Excessive watering, high humidity,
shade, high seedling density and high organic content of growth media are the main factors
contributing to damping-off by Pythium spp. Rhizoctonia spp. are less demanding with regard
to soil moisture conditions and can cause disease under a broader range of environmental
regimes (Vaartaja and Morgan 1961).
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| mpacts

In well-managed hygienic nurseries, the disease is amost absent. However, under conducive
environmental conditions, the disease can be very serious and result in high mortality and
economic losses. Once the infection starts, it can spread very quickly and kill alarge number
of seedlings within afew days.

Control and management

Damping-off can be managed effectively by following appropriate nursery practices.
Seedlings grown in either polypots or in root trainers are less susceptible to disease as severa
common damping-off pathogens do not readily spread from one container to another. Proper
management of the nursery, including good hygiene and good quality water supply, are
necessary to reduce disease incidence. If disease occurs, it can be controlled by reducing
watering of beds to a bare minimum and by regulating shading.

Chemical treatment can become necessary to control outbreaks of damping-off. Depending
upon the pathogen(s) involved, drenching with carbendazim, captan or mancozeb, applied in
place of normal watering, has been found to be very effective. After treatment, control of
watering to prevent excessive soil moisture helps to check further spread of the disease.
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WEB BLIGHT
Disease

Web blight

Causal organism

Rhizaoctonia solani Kuhn, teleomorph Thanatephorus cucumeris (Frank) Donk.

The genus Rhizoctonia represents a morphological group, being the mycelia state of several
basidiomycete fungal genera such as Thanatephorus and Ceratobasidium (Mordue 1974).
Rhizoctonia spp. are characterised by sterile myceliawith rather wide hyphae and wide-angled
branching. Thelateral branches are narrowed and septa occur near the junctions with the main
axis of the hyphae. Isolates identified as R. solani are pathogenic to plants, have brown or
yellow pigmented hyphae and often form discrete rounded aggregations of hyphae known as
sclerotia. The teleomorphs of individual isolates are often not known and are difficult to
produce on artificial media.

Host range

Web blight occurs on awide range of woody and non-woody hosts. Reports of the disease on
seedling trees in nurseriesin the tropics and sub-tropics include Acacia spp., Eucalyptus spp.,
Albizia lebbek, Azadirachta indica, Paraserianthes falcataria, Melia azedarach, Ceiba
pentandra, Lagerstroemia speciosa, Cupaniopsis anarcardiopsis and species of bamboo.

K nown distribution

The disease known as web blight is less commonly reported than damping-off and seedling
root rot, and probably reflects conditions especially conducive to pathogenesis. Most reports
of web blight over the last few decades are from southern India (Sharma et al. 1984; Sharma
and Sankaran 1991; Mohanan 1996) on eucalypts, P. falcataria, A. indica and bamboo.

There are aso reports of severe damage to M. azedarach, A. indica and A. lebbek and
seedlings of several other tree speciesin Assam in northern India (Mehrotra 1989 a, b). Other
reports of web blight are from Florida (McMillan et al. 1994) on C. anacardiopsis, from
Virginia, on woody ornamental plants (Lambe 1982) and from Cupressus macrocarpa in
Japan (Hoshi et al. 1995). Kobayashi and Oniki (1993) reported R. solani causing web blight
in Indonesia on chrysanthemum, geranium and Mentha spp.

Symptoms

The disease is characterised by the growth of aerial mycelium of R. solani which proliferates
from infested soil or other growing media, to attack the stems, cotyledons and young leaves
of densely-spaced seedlings. The strands of mycelium are visible to the naked eye or through
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a hand lens as webs of hyphae, giving the disease its name. Light-brown irregularly shaped
sclerotiaform on the mycelial web. Infected seedlings develop water-soaked lesions, wilt and
die. If appropriate control measures are not adopted the disease spreads rapidly to adjacent
healthy seedlings.

Pathology and impacts

Rhizoctonia solani is able to grow as a saprophyte in soil or compost. The sclerotia described
above are resistant to biodegradation and allow the fungus to survive in the absence of host
plants. The pathogen will commonly be present in non-sterile soil or nursery media without
causing significant disease. Excessive moisture due to over-watering and shade, however,
coupled with high seedling density and high organic content of growth media create an
environment conducive to web blight and epidemics can occur. Re-use of plastic pots or tubes
without sterilisation is not recommended as the fungus can survive on contaminated
containers. Impacts on seedling production can be severe, as the disease spreads rapidly.

Control and management

Web blight is more likely to be a problem where seed is sown directly into seed beds or trays
of potting media rather than in nursery operations using plastic tubes or poly-pots. In the
event of an outbreak, chemical treatment can become necessary for control. Drenching with
carbendazim or Terrachlor (quintozene) applied in place of normal watering, is reported to be
effective (Mohanan 1996; Sankaran 1996). After treatment, control of watering to prevent
excessive soil moisture helps to check further spread of the disease.
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Fig. 91

Figs90-91 Nursery operation in central Sumatra. Seedlings grown in polythene containers on the
ground are shown receiving fertilizer. Although this operation was successfully raising Acacia
mangium seedlings in large numbers, inoculum of soil-borne pathogens (Pythium and Rhizoctonia)
would belikely to build up in beds and pathways and cause disease in the future.

Fig. 92 Acacia seedlings grown in tubes on benches in a modern nursery operation. A damping-off
problem is developing (as seen from some tubes lacking seedlings). This can be easily solved by
reducing watering and discarding diseased plants.

102



Glossary of terms

Acervulus, (plural acervuli), a saucer—shaped fruiting structure embedded in host tissue and
bearing conidia.

Anamor ph, the asexua (imperfect) form of a fungus.
Annular, ring-like.

Anthracnose, a group of plant diseases characterised by the formation of discrete necrotic
spots on young shoots and foliage.

Ascospore, a spore produced inside a sac-shaped ascus resulting from meiotic cell division.
Characteristic of fungi classified in the ascomycetes.

Chlamydospore, an asexual spore produced primarily as a survival structure (rather than for
dissemination), originating from a pre-existing cell by the formation of a thickened inner cell
wall layer.

Clamp connection, a hypha swelling that is found between adjacent cells in many
basidiomycete fungi. The connection forms during cell division and is a way of maintaining
the ratio of nuclei of differing genetic origin within fungal mycelia

Conidium, (plura conidia), a specialised non-motile asexual spore produced on a
conidiophore, typicaly for dissemination purposes.

Conidioma, (plural conidiomata), a speciaised conidia-bearing structure. The term is now
used widely for all such fruiting structures e.g. acervulus, pycnidium.

Microconidium, the smaller conidium produced by a fungus that also forms macroconidia.
Necrosis, the death of plant cells, often resulting in tissue becoming dark in colour.

Perithecium, subglobose or flask-shaped fruiting structure, containing asci and ascospores,
formed by many ascomycete fungi.

Phialide, a specialised cell which generates a succession of conidia in basipetal succession
without any increase in its own length. It is often borne on a conidiophore.

Pycnidium, a flask-shaped fruiting structure embedded in host tissue containing
conidiophores and conidia.

Rhizomor ph, a root-like aggregation of fungal hyphae with a well-defined apical meristem,
formed by some basidiomycete tree pathogens and decomposer fungi for spreading through
soils and along root surfaces.

Sclerotium, (plural sclerotia), a firm mass of fungal hyphae, often round in shape, not

containing spores but often able to survive in the absence of host tissue and germinate when
conditions are favourable for infection.
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Septum, (plural septa), cross walls present in fungal hyphae and spores of many species.

Seta, (plural setag), sterile hair-like hyphae which often project from spore-bearing structures,
and are useful in classification.

Sporangium, (plural sporangia), a structure formed by many algae and lower fungi within
which spores are formed by nuclear division and protoplasmic cleavage of the contents.
Sporangia may be borne on sporangiophores.

Stroma, (plural stromata), a mass of vegetative hyphae within or on which spores or fruiting
bodies are formed.

Teleomor ph, the sexua (perfect) form of a fungus.
Thallus, the vegetative body of fungi and other thallophytes.
Vesicle, a sac-shaped structure which may be the swollen apex of a conidiophore or a sterile

hypha as in Cylindrocladium; also used to describe a wide range of structures found in plant
and animal tissues and cells.
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use has occurred in recent decades, especially in South-East Asia
and alsoin India. Themost widely planted species have been Acacia
mangiumand A. auriculiformis. Trial plantingsof A. crassicarpaand
A. aulacocarpa have also been established in many locations.
The authors of this manual, with their colleagues and with
pathologists from Thailand and Indonesia, have surveyed
plantations of these species in northern Augtralia, Indonesia,
Malaysia, Thailand and southern India to determine the main T}
diseases present. This manual provides plantation managers and
forest health practitioners with short, illustrated accounts of
diseases of tropical acacia plantations. A smple key, based on
disease symptoms, leads the reader to descriptions of pathogens,
photographs of disease symptoms and mycological drawings
which will assist in diagnosis of disease. Information is also
provided on disease impacts, control and management.

A major expansion of tropical acacia plantations for industrial |
|
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