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32.1 lntroduction
The biological components of natural communities, including the populations of
fungal and other parasites, have co-evolved over a very long period and have
adapted to one another and to a particular environment. This resulted in parasite
populations tending not to damage plants excessively. Diseases that are
consistently present at low levels in communities (i.e. endemic diseases) do
occasionally reach epidemic proportions under'favourable environmental
conditions. Changes in the environment or host population may result in wide-
scale epidemics of previously endemic diseases. For example, stem rust
(Cronartiumfusif,orme) of pines was rare in native pine forests in the United States
before 1930. All indigenous hard pines in their natural forests appeared to have
sufficient resistance to the co-evolved rust fungus to maintain the disease at
endemic levels. However, local severe epidemics resulted from human
interference in the forests, especially the more extensive planting of susceptible
species of pine. Similarly, when Acacia pgcnantha, a source of valuable tanning
bark, was grown in plantations from the late 18OOs up to the 191Os in southern
Australia, the gall rust, Uromgctadium tepperianum, not normally destructive of
plants in their natural haitat, caused a serious disease problem.

Many Australian plants, especially eucalypts, are being domesticated. In
managed communities of domesticated plants, the adaptation between plant and
pathogen is often disturbed. This sometimes results in greater destruction of
plants by natural parasites. For example, MgcosphaereLLa leaf diseases that are
endemic in native eucalypt forests become epidemic in plantations of blue gum
(EucaLgptus gLobuLus) and other species of eucalypts in southern Australia and on
introduced eucalypts in New Zealand.

Domestication also involves the movement of plants and pathogens around the
world, with two important consequences. Firstly, pathogens are exposed to
environments different from those in which they evolved, disrupting host-
pathogen interactions and resulting in outbreaks of disease. Swiss needle cast of
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Douglas fir caused by Phaeocrgptopus gaeumannri and needle blight of Pinus
radiata caused by Dothistroma pini are minor endemic diseases in native forests
in North America. However, they became serious problems when the host species
were widely planted outside their natural environments in southern Australia and
New Zealand.

The second consequence of moving plants and pathogens around the world is
that plants and pathogens that have not evolved together are brought into
contact for the first time. Diseases that develop under such circumstances are
often called new encounter diseases. New encounter diseases are common in
the northern hemisphere, where the separation of regions such as Asia, North
America and Europe occurred in recent geological times. This resulted in related
species of tree occurring in the different regions. Pathogens of trees in one region
(e.g. Dutch elm disease in Asia) can be very destructive when transferred to
related trees in other regions (e.g. Europe and North America). Although the
separation of regions is more ancient and the consequent divergence of plant
species greater in the southern hemisphere, some minor pathogens from one
region are still destructive when transferred to plants in other regions.

Eucalypt dieback caused by Phgtophthora cinnamomr in south-eastern and
south-western Australia exemplifies one type of new encounter disease. In this
case, a pathogen with a very wide host range, extending to over a thousand
species of woody plants, caused great damage after its introduction to Australian
plant communities with which it had not co-evolved.

Another type of new encounter disease occurs when a plant is taken to a new
region where it is damaged by indigenous pathogens. For example, some
indigenous MgcosphaereLLa species in South Africa can infect introduced
EucaLgptus species. Guava rust (Puccinia psrdu) which co-evolved with the
myrtaceous Psidtum spp. (guava) in Brazil infected several myrtaceous genera
including Eucatgptus, CalListemon and MeLaLeuca on their introduction from
Australia. Oncobasidtum theobromae, the fungus that causes vascular-streak
dieback of cocoa in South-East Asia and Melanesia, has apparently transferred to
the introduced cocoa plant from an unknown plant indigenous to the region.

In general, however, when tree species are planted outside their region of origin
they tend to be attacked by very few indigenous pathogens. If the degree of
biogeographic isolation from their region of origin is great enough, the indigenous
fungi generally lack all pathogenicity on the introduced species. For example,
Heuea rubber introduced to South-East Asia from Brazll, arabica coffee
introduced to Papua New Guinea from North Africa, Pinus radiata introduced to
Australia and New Zealand from California and Eucalgptus species introduced to
North Africa, the Middle East and North America from Australia are little
damaged by indigenous pathogens.

32.2 Leat diseases of eucalypts
EucaLgptus is one of the most important genera in Austral ia from an
environmental, cultural and economic standpoint. It is now one of the most
widely planted tree genera throughout the world in climates from semi-arid to the
tropics zone. The genus is very variable and divided into two subgenera relevant
to this discussion. The subgenus Monocalyptus includes the ashes and
stringybarks while the subgenus Symphyomyrtus consists of the gum-barked
eucalypts. In Australia, eucalypts grow mainly in natural plant communities, but
are increasingly subject to intensive management in native forests and
plantations. with the rapid expansion of eucalypt planting, many new leaf
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pathogens have been discovered and interest in the pathology of leaf diseases of
eucalypts has increased.

Most of the leaf diseases of eucalypts are necrotic spots or blights (Fig. 32.1),
although several fungi are clearly biotrophs or hemibiotrophs that infect leaves
without causing immediate necrosis and are evident only as stromata or discrete
sporocarps embedded in otherwise healthy leaf tissue (Fig. 32.1B and C). Most of
the leaf pathogens are fungi in the classes Loculoascomycetes, Pyrenomycetes
and Coelomycetes, only a few bacterial and viral diseases have been reported and
these have not been important. While many fungi have been described from
diseased foliage, the pathologr of relatively few has been studied in detail. Several
infect young stem tissue and may cause tip dieback of young shoots and planting
stock in nurseries. Some cause cankering of twigs as well as leaf diseases.

Figure 32.1 Symptoms of common leaf diseases of Eucalgptus caused by fungi.
(A) Speckle leaf caused by Sonderhenia (Hendersonia) eucalgptorum.
(B) Concentric zones of ascocarps of PhaeothgrtoLum mlcrothgrtotdes.
(C) Dendritic infections of Pachgsacca samuelii. (D) Leafspots caused by
Timmatostroma excentrtcunt (After Park and Keane, 1982.) (E) Angular leaf
spots caused by Seimatosportum sp. (F) Target spots caused by
Aulographina eucaLgpti. (G and H) Leaf blight caused by Mgcosphaerella-
nubilosa on juvenile leaves of blue gum. (l) Crinkle leaf blight caused by
MgcosphaereLla cryptlca on mature leaf. (After Park, 1984.)

While leaf parasites are common on eucalypts growing in native forests in
Australia, they have rarely been a problem in forest management. Only in
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relatively recent times have leaf diseases been observed at epidemic levels where
outbreaks have been mostly associated with unusual weather or some degree of
disturbance of the forest.ln I974, over 4,000 hectares of mature shining gum
(E. denticuLata) on the Errinundra Plateau in eastern Victoria were moderately to
severely defoliated by a leaf spotting disease caused by AuLographina eucaLgptt
(Figs. 32.lF and 32.2F and G). Similar epidemics have occurred in dense
regrowth of ash-type eucalypts in the Victorian highlands. An epidemic leaf
spotting caused by A. eucatgpti and Setmatosportum JaLcatum (Fig. 32.lE)
occurred in several thousand hectares of messmate (E. obtiqtn) growing in valleys
in north-western Tasmania during 1973. Many of these trees subsequently died.
In some cases the epidemics of leaf spotting diseases were associated with insect
attack.

The occurrence of epidemics of leaf diseases has increased greatly in recent
years in rapidly expanding eucalypt plantations in Australia and elsewhere. In
Victoria, MgcosphaeretLa nubitosa caused serious leaf spotting and blight
(Fig. 32.1G and H) on the juvenile foliage of blue gum (E. gLobulus) in a small
experimental plantation, greatly reducing stocking of the site. Further severe
defoliation was caused by MgcosphaereLLa crgptica following the transition to
mature foliage and the few surviving trees remained severely stunted many years
later so that the plantation was effectively destroyed. The same fungi caused
serious damage in large commercial plantations of E. gtobuLus in Tasmania,
requiring replanting of other eucalypt species.

Destructive epidemics, caused by native fungi and fungi introduced from
Australia, have occurred in eucalypt plantations established outside Australia.
MgcosphaereLla" species have been destructive in commercial eucalypt plantations
in New Zealand and South Africa, in some cases destroying their commercial
viability. MgcosphaereLta cryptica reached epidemic levels in over I,OOO ha of
commercial plantations of E. deLegatensus (Alpine ash) in New Zealand.In South
Africa, a mycosphaerella leaf blotch, apparently associated with several native
species of MgcosphaereLLa, has adversely affected the establishment of certain
eucalypt species in plantations. Species of Cglindrocladtum cause destructive
blights of eucalypt seedlings under warm, humid conditions in Brazil, India and
South Africa.

MgcosptnereLLa spp. invade a substantial area of leaf tissue over a period of
weeks before causing typical necrotic leaf spots and blights. Tlrpically they
usually grow very slowly in culture. Although they cause leaf necrosis, they are
obviously highly adapted pathogens. MgcosphaereLlacrypttca infects both juvenile
and mature foliage of a large number of species from both subgenera of
eucalypts, causing leaf blight and distortion known as 'crinkle leaf ' (Fig. 32.1 I
and Fig. 32.2A, B and C). MgcosphaeretLa nubiLosa is restricted to juvenile foliage
of blue gum and related species. Mgcosphaerell.a cryptica infects directly through
the cuticle and can grow between tightly packed palisade mesophyll cells. In
contrast M. nubiLosa enters only through stomata and appears to be confined to
the large air spaces in the spongy mesophyll. Both species form black perithecia
directly below stomatal pores (Fig. 32.2C). Ascospore release and infection of
leaves occur most frequently during wet weather in the warmer summer-autumn
months following the period of rapid production of new leaves by the host. Young,
expanding leaves are most susceptible to infection. Altogether, about 20 species
of MgcosphaereLl"a have been reported from eucalypts in Australia, Indonesia,
South Africa, Brazil and Portugal.

AuLographina eucaLgpti causes a disease known as 'target spot' (Fig. 32.1F) and
is one of the most common leaf pathogens on many species in the Monocalyptus
subgenus. The necrotic spots characteristically develop only partially through the
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leaf lamina, and are separated from healthy leaf tissue by a saucer-shaped zone
of cork cambium. Black, elongate, slug-like ascomata and pimple-like pycnidia
form in concentric rings on the surface of the spots (Fig. 32.2F). The spots
develop very slowly over many months and are therefore most evident on older
leaves at the base ofbranches.

Species of Pachysacca" are clearly biotrophic parasites, forming subepidermal
stromata which appear as brown blisters on infected leaves (Fig.32.1C). Asci form
in locules on the stromata, with the ostioles invariably occurring under stomatal
pores (Fig. 32.2D and E). The fungus forms haustoria in the layer of leaf cells
immediately below the stromata. Within a forest, Pachgsacca species show a high
degree of specificrty for individual trees within a species.
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Figure 32.2 Morphology of some common fungal leaf pathogens of EucaLgptus.
(A) Bitunicate asci of MgcosphaerelLa cryptica, squashed out of ascocarp.
(B) Ascospores of M. crgptica. (After Park, 1984.) (C) Cross section of
ascocarp of M. cryptica embedded in leaf. (After Park and Keane, i984.)
(D) Stroma with asci of Pachgsacca sp. formed below cuticle. (E) Bitunicate
asci and ascospores of Pachgsacca sp. (After Swart, 1982b.) (F) Elongate
ascocarps and pimple-like pycnidia of Aulographina eucalgpti. (G) Cross-
section of ascocarp of Aulographina eucaLgptt, showing bitunicate asci.
(After Wall and Keane, 1984.) (H) Conidia of Sonderhenia eucaLgptorum.
(I) Conidia of ReaderieLla mirabilis. (J) Conidia of Trtmmatostroma
excentrtcum. (After Park and Keane, 1982a.) (K) Conidia of Fatnnaniella
Ieprosa. {After Swart, 1988.) (M) Conidia of Seimatosporlum spp. (After
Swart, 1982cr-) Bars are in pm.

There are several biotrophic leaf parasites of eucalypts that are evident only as
small black sporocarps embedded in otherwise healthy leaf tissue. These are
known as 'pin spot' or 'tar spot' parasites, and include fungi such as
PLectosphaera eucaLgptt, OphiodotheLLa Longtspora and Rehmiodoth{s inaequalis.
PhaeothgrtoLum mtcrothgriotdes forms rings of superficial black pseudothecia on
otherwise healthy-looking leaves (Fig. 32. 1B).
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Several common pathogens such as Krrramgces epicoccotdes, K. eucaLgptt,
Setmatosporium spp. and Vermisporium spp. form characteristic necrotic leaf
spots which appear angular in outline because they are confined by veins
(F ig .32 . rE ) .

Powdery mildew is common on eucalypt seedlings in glasshouses but is rarely
seen in the field. Several species of powdery mildew, including Sphaerotheca
pannosa from roses and S. aLchemiLlae from strawberry, can infect eucalypt
seedlings under conditions of continuous high humidity.

It is interesting to note that there are no rust parasites of EucaLgptus in its
region of origin, but several species have been able to transfer to it in other
regions. Pucctnta psidtt has become a damaging pathogen of introduced eucalypts
in Brazil. A MeLampsora species has been reported from eucalypts growing in
India, and an unnamed rust has been reported in South Africa.

It is difficult to assess the extent of growth reduction associated with moderate
or even severe levels of many of these diseases and to determine the economic
impact of leaf diseases in eucalypt plantations. Certainly in some cases hear,y
infection of seedlings and saplings (young trees) has resulted in total loss of
plantations, but the damage done by moderate levels of infection on older trees is
difficult to gauge. Even the extent of infection is hard to quantiff on older trees
because of the inaccessibility of the foliage. Studies on the effect on eucalypt
growth of artificial defoliation and bud removal, of defoliation by phasmatid
insects and of the effect of protection against defoliating insects have indicated
that loss of effective leaf area can significantly reduce tree growth. However, the
well-known ability of eucalypts to regenerate following defoliation could reduce
the impact of leaf parasites, and may indicate adaptation of eucalypts to severe
defoliation by parasites.

The co-evolution of eucalypts and their parasites has resulted in the
development of a balance between hosts and their parasites. Parasites continue
to exist without greatly reducing the fitness of the hosts. This balance is based on
the resistance and diversity of hosts in a given plant community. Native eucalypt
stands usually consist of two or more co-dominant species from genetically
isolated subgenera, which appear to share the same niche and yet remain in
equilibrium. There is evidence that foliage parasites (insects and fungi) play an
important role in maintaining this equilibrium. Foliage parasites often display a
degree of host specificity towards trees of a particular eucalypt subgenus. If one
eucalypt species becomes more common at the expense of the other, parasites
specific to that species increase in number and reduce its competitive ability. For
example, in mixed forests in central Victoria, AuLographina eucalypti occurs
specifically on E. obLtqua, MgcosphaereLLa crgptica on -D. dtues (broad-leaved
peppermint) and PachgsaccasamueLi.on .D. radiata (narrow-leaved peppermint). It
is likely that the diversity of species in the forest, combined with the specificity of
these parasites, helps reduce the likelihood of destructive epidemics in the forest.

Most fungal leaf pathogens of eucalypts are indigenous to Australia and have
evolved with the eucalypts. It is interesting to note that some of them (e.g.
AuLographtna eucaLgptt, Mgcosphaerell"a crgptica, Ktrramgces eptcoccotdes,
Plectosphaeria eucaLgptt, Pseudocercospora eucaLgptorum) have been recorded
outside Australia and it is likely that many parasites have been spread to other
countries with vegetative planting material. Outbreaks of Mgcosphaerella species
in New Zealand and South Africa have clearly shown the destructiveness of these
pathogens. The potential for epidemics in eucalypt plantations in Australia is
probably even greater than outside Australia and initial observations indicate
that diseases are likely to have an important impact.
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32.3 Dieback diseases of eucalypts
'Dieback' is a term commonly used to describe partial defoliation, twig and
branch death and even complete tree death resulting from a variety of causes
ranging from waterlogging and insect attack to root-infecting pathogens.
'Eucalypt dieback' refers to disease in native forest caused by the root rotting
fungus, Phgtophthora ctnnamomi. In the jarrah (EucaLgptus marginata) forests of
Western Australia this disease is called jarrah dieback'. A dieback disease
leading to death of patches of eucalypts in the Central Highlands of Victoria and
in Tasmania is caused by the mushroom-like fungus, ArmilLaria. Dieback of
eucalypts in woodlands or partly cleared grazing land, as seen in the Northern
Tablelands of NSW, is usually referred to as 'rural dieback' and is associated
mainly with excessive insect damage.

Eucalypt dieback and jarrah dieback caused by Phytophthora cinnamomi
While dieback of jarrah (8. marginata) in the forests of south-western Western
Australia was first recorded in the 1920s and was considered to be in epidemic
proportions from the l95Os, it was not until 1964 that F. D. Podger, a pathologist
with the Western Australian Forest Service, showed it to be caused by the soil-
borne fungus, Phgtophthora cinnamomi. In 1969 the fungus was shown to be the
cause of a similar disease in native forests in Victoria, although the disease in
Victoria never occurred on the same scale as in the jarrah forests. To date the
disease has killed or severely damaged about 300,000 ha ofjarrah forest, while in
Victoria eucalypt dieback has caused severe damage to about 2O,OOO ha of
coastal forest, mainly occurring in patches of 50 ha or less. In recent years the
rate of mortality associated with the disease has declined, probably because the
most vulnerable areas of forest have been killed. In Victoria, many badly damaged
forests in the Gippsland region have now been adequately regenerated so that it
is difficult to see the extent of the original dieback affected areas. However,
dieback is currently of great concern in banksia woodlands and proteaceous
shrublands in south-western Western Australia, where it is still spreading and
destroying large areas of some of Australia's unique and colourful wildflower
flora.

The pathogen was first described by Rands in Sumatra in l92O as the cause of
a basal stem rot in cinnamon trees. Later it was recognised as the cause of
pineapple wilt and top rot, which was epidemic in Queensland in the late 180Os,
and as the cause of avocado root rot in northern New South Wales and southern
Queensland. In 1948 the fungus was identified from native forest near Sydney
but its major impact has been in forests and heathland in Victoria, Tasmania and
Western Australia. Worldwide, it is a pathogen of over l,0OO species, mainly
woody shrubs and trees and over 40O Australian species in 48 families, including
the important families Myrtaceae and Proteaceae. In native vegetation in
Australia it can kill understorey shrubs in addition to the overstorey eucalypts,
completely changing the vegetation.

The life cycle of P. cinnamomi is shown in Figure 32.3. Chlamydospores form
prolifically in infected roots and survive in root debris and soil. When soil is
briefly saturated at temperatures above about lsoc, chlamydospores germinate
to form characteristic lemon-shaped sporangia which release biflagellated
zoospores. Hyphae in infected tissue also form sporangia. Even a relatively short
period of soil saturation is sufficient to allow zoospore release. Prolonged
saturation may inhibit pathogen activity because of lack of oxygen. Zoospores are
attracted by chemical exudates to the region of elongation of roots. When they
contact the root surface, they lose their flagella and form small spherical cysts.
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The cysts germinate to form infection hyphae which invade the root cortex
intercellularly, immediately causing rotting of the root tissue. In some very
susceptible species such as Banksta grandis and the grass tree (Xanthorrhoea
ar-rstralis), and occasionally in susceptible eucalypts, the fungus can grow from
initially infected roots into major roots and even into the base of the trunks,
rapidly killing the plant. The rapid death of X. australis in some Victorian forests
and of B. grandis in jarrah forests and banksia woodlands in Western Australia is
used as an indicator of the presence of the fungus. Within eucalypt roots and
stems, growth of the fungus is favoured by high bark water content. Thus wet
soils in spring and summer favour not only infection of roots but also the growth
of the fungus within the plant.
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Figure 32.3 Life cycle of Phgtophthora cinnamomt in eucalypt forests in south-eastern
and south-western Australia. (From Marks and Smith, lgg1.)

The disease occurs mainly on shallow, light-textured soils in which drainage is
restricted by an impervious subsoil layer. Such soils are prone to both saturation
and drought. A short period of soil saturation in spring or early summer allows
infection and damage to the root system. If this is followed by an autumn
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drought, the impaired root system is unable to take up enough water and the
plant can die suddenly of drought stress. Trees and understorey shrubs wilted
and died rapidly following the occurrence of this weather pattern in Victoria in
f 966, 1971 and 1979. Under less extreme drought stress, trees suffer tip and
branch dieback, produce epicormic shoots and may struggle on for years. Deeper,
well-drained soils with high levels of organic matter are less conducive to disease
development. They are not prone to rapid saturation nor to drought and contain
high populations of microbial flora that are antagonistic to pathogen activity. Soil
temperature greatly affects pathogen activity. Because soil temperatures in the
mountain regions of Victoria rarely rise above ls'C, the mountain ash
(8. regnans) forests in the highlands are not threatened even though the species
is highly susceptible.

Although P. cinnamomi has a very wide host range, many species are resistant.
These include most grasses and sedges, which thrive on dieback-affected sites,
often replacing the diseased vegetation. Species of the stringybark subgenus,
Monocalyptus, are generally more susceptible to P. cinnamomi than species of
Symphyomyrtus. The former includes species such as E. sieberi (silvertop ash) in
East Gippsland and .D. marginata fiarrah) in Western Australia, which are the
most susceptible trees in their respective forests.

One of the most controversial questions concerning eucalypt dieback caused
by P. cinnamomr is why it has become so common and destructive in the forests
of south-eastern and south-western Australia since the I95Os. This question can
be answered using the'disease triangle'shown in Figure 18.5 which summarises
the three main factors that affect disease development-the presence and
pathogenicity of a pathogen, the susceptibility of the host and the environment
that influences both the host and the pathogen. Human interference can affect all
three factors.

There is strong evidence that the main reason for the relatively recent
occurrence of destructive disease is the introduction since European settlement
of the pathogen, P. ctnnamomi, to the jarrah forests and some Victorian forests. It
is likely that it has been spread from tropical Australia to certain southern forests
as chlamydospores in soil. In many southern forests the fungus occurs along
roads or in gullies running down from roads. In some cases the spread of the
fungus along roads has been traced to the topping of the roads with gravel taken
from pits infested by the fungus. The presence of the fungus in soil in jarrah
forests and some Victorian forests is consistently associated with the occurrence
of dieback disease in those forests. In many forests a sharp line of demarcation
between infested and uninfested soil corresponds precisely with a demarcation
between diseased and healthy vegetation. This is shown by very susceptible
indicator species such as X. australis or B. grandi.s. The susceptibility of many
important components of the forests on sites where soil and climatic conditions
favour the disease is explained by the absence of the pathogen during evolution of
the forests. There is certainly little evidence that these forests have co-evolved
with the fungus.

There is evidence to suggest that P, cinnamomi is of tropical origin. Its relatively
high optimum temperature (26"C) for growth and development is more
characteristic of a tropical than a temperate fungus. In the more tropical regions
of Australia and in Papua New Guinea the fungus has two mating types, A, and
A2, consistent with the occurrence of a sexual cycle in its region of evolution. In
southern forests, the .\2 mating type predominates, which is consistent with the
spread and/or survival of only a part of the population of the fungus in the
southern forests. In the forests of New South Wales and Queensland, the
occurrence of the fungus is not always associated with occurrence of the disease,
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providing evidence of a greater degree of co-adaptation of the fungus and the
vegetation than in the seriously damaged forests in Victoria and Western
Australia.

There is no doubt that the spread of P. ctnnamomi has been greatly accelerated
by human activity in the forests. The fungus has no natural means of dispersal
over longer distances apart from the washing of zoospores down watercourses.
The use of heavy vehicles for road making and logging in forests has spread
chlamydospores of the pathogen in contaminated soil and gravel. In fact, before
the etiolory of the disease was understood, there was a tendency for deliberate
collection of gravel for road-making mainly from sites that had been opened up by
dieback. Control measures for the disease now involve very strict quarantining of
healthy parts of the forests in an attempt to reduce further spread of the disease.
Vehicles must be thoroughly washed before leaving diseased forests.

There is also evidence that foresters have unwittingly affected the other two
aspects of the disease triangle in ways that may have increased levels of disease
caused by the introduced pathogen in some forests. In the past, coastal forests in
Victoria have been selectively logged for the best trees which tended to be
dieback-resistant Symphyomyrtus species, leaving behind an overmature forest
consisting mainly of susceptible Monocalyptus species such as silvertop ash
(E. sieberi). This has probably increased the occurrence of the disease in the
forests, resulting in their further degeneration.

The use of controlled (fuel reduction) burns in autumn and spring, an
important management practice aimed at reducing the amount of fuel available
on the forest floor to sustain wild fires in srimmer, also affects the composition of
some forests in a way that favours the disease. In jarrah forests, cooler burns
favour the regeneration of the dominant understorey species B. grandtg which is
very susceptible to P. ctnnamomi, at the expense of the dieback resistant Acacia
puLcheLla, which is antagonistic to P. cinnamomi. The seeds of the acacia are
buried by ants and so require a relatively hot fire to provide the heat needed to
stimulate their germination. In the absence of regeneration of A. putctrcLLa, B.
grandts becomes dominant in the understorey allowing the population of
P. cinnamomi to build up to higher levels than under A. puLcheLl"a.

It has been suggested that the use of regular fuel reduction burns reduces the
accumulation in the soil of organic matter and hence of saprophytic fungi
antagonistic to P. cinnamomi. In avocado orchards, P. cinnamomi is controlled by
adding large amounts of organic matter to the soil. Thus the relatively recent
change in the fire regime from the rare, hot summer fires that are thought to be
the natural situation to regular, cooler burns has probably altered the forest
environment in a way that favours the build-up of the pathogen.

Adequate control of eucalypt dieback in Victoria has been achieved by
replanting affected sites with a mixture of Symphyomyrtus and Monocalyptus
species similar to that originally on the sites. The rapid early growth of the
regenerating eucalypts, along with acacias stimulated by the burning of the
debris on the sites, appears to dry out the sites and reduce the activity of the
pathogen. It is possible that there may be some selection for more resistant
variants of the eucalypt species during the establishment phase of the
regeneration. It thus appears that maintenance of an actively growing forest is
important in reducing the damage caused by the disease. In the jarrah forests of
Western Australia, quarantining uninfested forests is important in reducing the
further spread of disease. Variants of jarrah with a degree of resistance to the
disease can be selected. In banksia woodlands, spraying with phosphonate (partly
neutralised phosphonic acid) may be effective in slowing the spread of the
pathogen and in protecting valuable areas of vegetation.
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Armillaria dieback
A dieback disease leading to the death of patches of eucalypt forest at higher
altitudes in Tasmania and central Victoria is caused by indigenous fungi in the
genus ArmtLLarta. This is one of the few plant pathogenic genera of the order
Agaricales (mushroom-like fungi). This disease is readily distinguished from that
caused by P. cinnamomi because it occurs at higher altitudes on well-drained
sites and affects Symphyomyrtus species that are usually resistant to
P. cinnamomr. Five indigenous species of ArmilLana have been described from
Australia and New Zealand, the main pathogen being Armillaria LuteobubaLtna.
The related species, Arrnillaria meltea, is a cosmopolitan species with a wide host
range on tropical plantation crops such as rubber and on orchard and parkland
trees, including many in Australian cities.

There is no doubt that A. tuteobubalina is indigenous to the damaged forests.
The recent outbreaks of the disease are probably caused by human interference
in the forests that has affected the environmental component of the disease
triangle, leading to stress and increased susceptibility of the trees and the
pathogen component resulting in greater inoculum potential of the fungus
(Fig. 32.4). ArmiLLaria LuteobubaLina is normally a coloniser of stressed or
weakened trees and probably has a role as a wood-rotting saprophyte in
undisturbed forests. In selectively logged forests the fungus invades dead stumps
left behind after logging. The slow death of a tree in an undisturbed forest allows
dissipation by the activity of saprophytes of the nutrients held in the tree.
However, when a healthy tree is felled, the stump remains rich in nutrients on
which a fungus like Armillaria can build up its inoculum potential. From this food
base the fungus invades the roots of adjacent trees, spreading slowly from tree to
tree by root contact and by rhizomorphs. It initially infects the roots and
eventually grows up into the base of the trees, causing a white rot of the sapwood
and cambium, which ringbarks and kills the tree. Characteristic fan-like growths
of white mycelium can be seen under bark peeled from the base of an infected
tree. In early winter the fungus produces spectacular clusters of large, yellow-
brown mushrooms at the base of the trunk and along infected main roots. The
mushrooms have a distinctive ring on the somewhat slender stipe and produce
white spores which are often visible as deposits on the lowermost caps in a
cluster. The fungus is not to be confused with the brown-spored, bulbous-stiped
mushroom, Ggmnopilus pampeanus, which forms clusters of bright yellow
mushrooms at the base of living gum trees and is probably saprophytic on
heartwood. Other species of ArmtLLaria (e.g. A. nouae-zeLandtae and A. hinnuLLea)
are also important root pathogens of stressed trees in Tasmanian forests.

Armillaria dieback is characterised by slow spread from a focal point, which is
often a dead stump. In orchards and plantations, it is controlled by excavating
the root systems of affected trees and removing all roots greater than I cm in
diameter, which serve as a nutrient source for the fungus. While this treatment is
too expensive for use in native forests, it is appropriate for saving high value trees
in parks, sanctuaries, orchards or plantations.

Rural dieback
Another dieback disease of eucalypts has caused great concern over large areas of
savanna woodland or partly cleared farmland in Australia. The disease has
become known as 'rural dieback'. The disease has caused high mortality of
eucalypts on the Northern Tablelands of New South Wales but is also common
elsewhere.
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Figure 32.4 Disease triangle showing the interaction of pathogen, host and environment
in armillaria dieback in forests in southern Australia.

The immediate cause of dieback and death is excessive damage by leaf-eating
insects such as Christmas beetles whose populations have grown out of control
as a result of ecosystem disruption due to partial clearing of native vegetation
and increased soil fertility associated with leguminous pastures and camping of
stock beneath the few remaining trees. High levels of infection of leaves by fungal
pathogens may also be associated with the disease. Damaged trees may produce
epicormic shoots and survive for many years in a debilitated state, but repeated
defoliation eventually kills them. Often the trees involved are the weak,
overmature survivors of the originai tree populations on the sites. A solution to
the problem is to allow regeneration of populations of the eucaiypt species, often
with associated acacias, in patches on farmland.

On many eucalypt species in Victoria and South Australia, but especially on
river red gum (E. camalduLensis), a similar disease results from excessive and
repeated attack by psyllid insects (lerps) whose populations have remained at
excessively high levels during the prolonged periods of mild climatic conditions in
recent years. The high populations may also be associated with the weakening of
the trees by human disturbance. Many stringybark species in developed areas
show dieback symptoms probably caused by increased localised water content of
soils resulting from human activity. In certain regions in New South Wales,
Victoria and Western Australia, rising water tables and salinity caused by
excessive clearing of native vegetation is killing remaining trees.

32.4 Myrtle wilt in temperate rainforests
Myrtle beech (NothoJagts cunntnghamtt) is the best-known component of the cool
temperate rainforests of Tasmania and the Otway Ranges in southern Victoria. As
remnants of forests that covered a large part of southern Australia when it was
connected to the great southern continent of Gondwana, these rainforests have
very high conservation value. The patches of temperate rainforest suryive in cool,
moist, less fire-prone environments, surrounded on the drier verges by tall
eucalypt forests adapted to fire.

Myrtle wilt is a severe disease that kills isolated trees and small or large groups
of myrlle beech throughout these rainforest remnants. The death of larger groups
of trees is associated with major disturbances to the forest such as road making
and logging, but deaths can also occur in remote, undisturbed forests. The
disease was first described in Tasmania in 1973 and since then has been killing
trees at a rate of about 2o/o per annum. The disease has spread extensively in the
Otway Ranges since the early t98os. The death of the myrtle beech, the dominant
overstorey species, opens up these forests and alters the understorey
environment so that the forests become more vulnerable to fire.
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The initial symptoms are chlorosis and death of older foliage, leading to
development of a distinctive red-brown colouration of the recently killed leaves.
Later, similar symptoms develop on younger foliage, followed by wilting of young
leaves and shoots, especially in spring. Death of the trees usually occurs about a
month after the onset of initial symptoms and from about one to three years after
initial infection by the fungus. Infected sapwood develops a brown-black
discolouration from the roots to the upper stem, evident as irregular streaks in
longitudinal section and radial streaks in cross-section. The recently infected
wood also develops a distinctive fruity odour. Grey-black, felt-like patches of
mycelium and conidiophores of the causal fungus develop on the surface of the
bark of the lower stem and buttresses and are obvious against the background of
green epiphytic mosses and lichens growing on the bark.

The disease is caused by the indigenous hyphomycete fungus, Chctlara
anstralis, which is commonly isolated from discoloured wood but not from
adjacent healthy-looking wood. The disease can be induced by inoculating the
fungus into seedlings, saplings and large trees. The fungus is spread by air- and
splash-dispersed conidia and infects through wounds in the bark. In one
experiment in Tasmania, nearly 4Oo/o of arlificially wounded trees were killed by
the disease within 3 years of wounding. Following infection of a wound, the
fungus grows through the lower trunk and root system. Although the name
'myrtle wilt' is used to describe the disease, C. australis is not a typical vascular
wilt pathogen because it is not confined to the xylem and does not extend
systemically throughout the vascular system. It is restricted to the roots and
main trunk and may spread to neighbouring trees via root grafts, resulting in a
slowly expanding patch of dead trees.

A tiny pin-hole borer or 'ambrosial' beetle, Platgpus subgranosus, is attracted
to the dying wood following invasion by the pathogen but does not appear to be a
vector of the pathogen. The beetle feeds on a separate 'ambrosial' fungus it
carries and inoculates into the wood and is not dependent on the myrtle wilt
pathogen. However, the trickle of frass from the holes made by the pin-hole borer
is an indicator of the presence of myrtle wilt.

In undisturbed forest, the disease mainly affects older trees with a diameter
greater than about 12 cm. Young regenerating seedlings are usually not diseased
and appear to be capable of taking over the gaps left by the death of older trees.
However, the concern is that in many instances the rate of death of older trees is
outstripping the regeneration capacity of the forests. Disease incidence is less at
higher than at lower elevations. This appears to be associated with the reduced
activity of the pathogen at lower temperatures. Disease incidence is higher in
pure stands of myrtle beech than in rainforests consisting of a mixture of co-
dominant species. The chance of spread of the pathogen via root-root grafts is
clearly greater in pure stands than in mixed stands. The presence of a eucalypt
overstorey in the transitional zone between pure rainforest and eucalypt forest is
often associated with a higher disease incidence. This is probably because of the
increased incidence of wounding of the understorey myrtle beech due to the high
rate of branch shedding by the euca\pts. Human interference in the forest is also
associated with a higher disease incidence, mainly due to the increase in
wounding of trees caused by activities such as road construction and logging.

A major element of a management strategy for the disease is to reduce the
frequency of wounding of myrtle beech during any human interference in the
rainforests (e.9. when logging overstorey eucalypts in mixed forests, conducting
scientific studies, constructing roads and rainforest walks, or constructing
amenities for visitors). Promotion of active regeneration of myrtle beech stands is
also important in the long term management of these forests.
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32.5 Rusts of acacias

The indigenous rust fungus, UromgcLadium tepperianum, causes large galls on
over a hundred species of Acacia in Australia. In the past the rust has caused
great economic loss in Acacia plantations grown for wattle bark production for
the tanning industry. It is yet another example of a disease that is apparently
more destructive in monocultures than in mixed native vegetation.

Altogether, seven species of UromgcLadtum attack Acacia, but only two, U.
tepperianum and U. notabiLe, cause large galls. The other species cause small
raised blisters on phyllodes, branches and pods. Infection occurs in spring
through stomata on young, actively growing stems and phyllodes in the region of
axillary buds. Eventually the infection spreads to the stem where galls are formed
as a result of stimulation of the vascular cambium. The rust grows intercellularly
and forms coiled, intracellular hyphae which function as haustoria. Spermagonia
are formed on the initial swellings. As galls continue to grow they become covered
by masses of sooty-brown teliospores which are particularly obvious in spring. U.
tepperianum does not form urediniospores, although some of the other less
common species do. Some species form basidia and basidiospores but this is
doubtful in U. tepperianum, in which a telial germ tube is responsible for initial
penetration of the host.

Three species of the rust genus Uromgces also infect phyllodes of Acacta.
Uromgces phglLodtorum forms large, blistering, circular pustules on the phyllodes
of several subalpine species of Acqcta.It is interesting to note that while there are
several indigenous rust species associated with Acaci.a, there are none on
EucaLgptus. It appears that the more recent evolution of EucaLgptus on the
Australian continent following the final break-up of Gondwana has precluded the
development of rust parasites on the genus. The much older genus, Acackt, which
apparently evolved long before the break-up of Gondwana and occurs widely on
all ex-Gondwanan continents, has several rust parasites.
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