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28.1 lntroduction

A plant disease caused by a fungal pathogen is often recognisable from the
particular plant organ infected and the type of symptom produced. On this basis,
the following general types of fungal diseases can be distinguished. Groups
marked with an asterisk (*) will be discussed in this chapter.

* Damping-off diseases
* Root and foot rots
* Vascular wilts
* Downy mildews
* Powdery mildews
* Leaf spots and blights

Rusts
Smuts
Anthracnoses
Ga-lls
Dieback
Postharvest diseases

Other groups have been discussed elsewhere in this text. For example the rust
and smut fungi are dealt with in Chapters 5 and 26, dieback diseases in Chapter
32 and anthracnoses and postharvest diseases in Chapter 33.

28.2 Damping-off of seedlings
Damping-off is a disease of seedlings characterised by the rotting and collapse of
seedling plants at soil level (postemergent damping-off) or the destruction of
plants before they emerge from the soil (pre-emergent damping-off). Seedlings of
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most plant species are susceptible to damping-off. Fleshy and storage organs
may also become infected by the same fungi. Once plants have passed the
seedling stage, they are not normally killed by damping-off fungi. Damping-off is
caused by various species belonging to the genera Phgtophthora, Pgthtum (both
Oomycota), Fusariumand Rhizoctonia (Fig. 28.f), all of which cause similar
symptoms on seedlings. The term 'damping-off is probably derived from
observations that fungi such as Phgtophttnra and Pythium are most active in
damp soil.

Direction
of growth

Figure 28.1 (A) Flsanum sp. showing macroconidia, microconidia and chlamydospores.
(From Parbery, 1980b.) (B) Rhrzoctonia solant showing characteristic mode
of branching of hyphae. (C) Thanatephorus cucumerts, the basidiomycete
teleomorph of Rhizoctonia solani. (From Flentje, 1956.)

Disease cycle

Damping-off fungi are normally considered to be soii-borne, facultative
(= sometimes) parasites. They are part of the soil microflora and can therefore
compete with other soil-borne micro-organisms as saprophyles. They also survive
in soil when no substrate is available for active growth by forming resistant
resting structures such as sclerotia (e.g. Rhizoctonia solanfl, chlamydospores (e.g.
Ftrsanum solani) or oospores (e.g. Phgtophtttora and PUthium).

Pgthium spp. penetrate seeds and seedling tissues by means of germ tubes
arising from sporangia, oospores or encysted zoospores as well as by mycelial
hyphae growing saprophytically in soil. The germ tubes or hyphae penetrate host
tissues directly, although some species first form appressoria. Parasitic hyphae
develop both inter- and intra-cellularly and secrete digestive enzymes causing
tissue breakdown which leads to plant death. Since Phgtophthora and futhtum
spp. produce zoospores that can only swim in water films in the pore spaces of
soil, damping-off caused by these fungi is most severe in poorly drained soils. A
generalised disease cycle for damping-off caused by Pgthium spp. is shown in
Figure 28.2.

The infection process is influenced by exudates secreted by healthy roots (the
rhizosphere effect) and secreted from root injuries caused by nematodes and
other root parasites. These exudates reverse the effects of soil fungistasis and

cA

basidiospores
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enable spores in the soil to germinate in the vicinity of the root. Zoospores of
some species of Pgthium are chemically attracted by root exudates to the zone of
root elongation behind the root tip. In Rhizoctonta soLani root exudates stimulate
the formation of infection cushions prior to penetration.

' Postemergent damping-off r

1)

ffi---*
Germinating

encysted
zoospores

Figure 28.2 Generalised disease cycle for damping-off caused by Pgthium spp. (From
Parbery, l98Ob.)

Control

The damping-off fungi have a wide host range and are primitive parasites in that
they kill host tissue by secreting en4rmes and then live as necrotrophs on the
dead tissue. Cultivars resistant to these types of pathogens are generally not
available.

Cultural practices can be manipulated to decrease the incidence and severity
of damping-off. Good soil drainage helps control Pythtumand Phgtophthora, both
of which form motile zoospores. If plants are grown under optimal conditions,
they may escape disease by passing through the susceptibie seedling stage before
becoming infected.

In greenhouse situations, soil or potting media can be partially sterilised using
steam, dry heat or chemicals to reduce the amount of inoculum present. Seeds
can also be treated with systemic chemicals to protect seedlings from infection.

28.3 Root and toot rots
Most root and foot rots of economic imporlance are caused by fungi that infect
roots and cause progressive rotting of the root system. They can also infect the
basal part of the stem (foot rot). Infected plants cannot absorb sufficient water
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and nutrients for their needs so the shoot system becomes stunted and the
leaves turn yellow and wilt. Affected plants can eventually collapse and die.
However, the severity of symptoms and the speed with which they appear depend
on the rate of development of the root rot as well as the ability of the host to
produce new healthy roots that may compensate for the damage caused by
infection.

The fungi that cause root rots can be divided into four groups.
. Those that have a restricted host range and survive as saprophytes in crop

debris (e. g. GaeumannomA ce s graminis).
r Those that have a wide host range and survive as competitive saprophytes in

soil and by producing resistant resting structures (e.g. Rhizoctonia solani).
. Those that have a wide host range and survive by producing sclerotia or

resting spores (e.g. Sclerotinia scLerotiorum, Scterotium ro[fsir and ThteLauropsis
basicoLa).

. Those that have a narrow host range and survive as mycelium in infected crop
residues and/or form resistant resting structures (e.9. special forms of
Fusarium spp. such as Fusarium oxAsporum f. sp. cubense and Fusarium
solani f. sp. phaseolt).

Take-all of wheat
Take-all is a serious root disease of wheat, particularly in the winter rainfall
areas of southern Australia. It is most severe in lighter, infertile (especially N- and
P-deficient), poorly drained soils with neutral to alkaline pH. The disease is
caused by the fungus GaeumannomAces graminis var. tritict Although losses
caused by the disease on an Australia-wide basis have not been accurately
determined, it is generally acknowledged that in severely infected crops, losses
ranging from 25 to 75o/o are not uncommon.

Take-all may affect scattered individual plants within a crop or it may affect all
the plants over relatively large areas. Usually it appears in patches up to several
metres in diameter. Root infection may kill seedlings but more often it causes
stunting and premature ripening due to water deficiency. As infected plants ripen
early, the heads appear as 'whiteheads' in the otherwise green crop. Whiteheads
are usually empty or contain only small, shrivelled grain. In severe outbreaks of
take-all, whole crops may'hay-off early causing large reductions in yield. Daniel
McAlpine in 1902, while working as Government Vegetable Pathologist with the
Victorian Department of Agriculture, first recognised that take-all in young wheat
plants and the disease known as'whiteheads'in more mature plants were caused
by the same pathogen. Whiteheads however can also be caused by other root
rotting fungi.

The most characteristic symptom of take-all is a black crust around the stem
base which can be seen by removing the leaf sheath at the base of the plant.
However, the presence of the black crust is dependent on adequate rainfall
during spring and early summer. Sometimes only dark brown to black streaks or
spots are present. Thick, dark, runner hyphae on the surfaces of infected roots
are a useful diagnostic character although some other fungi also produce runner
hyphae. As infected plants mature, dark-coloured perithecia often, but not
always, develop on the lower-most leaf-sheaths. The presence of perithecia with
mature ascospores or appressoria-like structures, called hyphopodia, on the
mycelium surrounding the base of infected culms makes positive diagnoses of
G. gramtnis var. triticl possible. Hyphopodia are organs of attachment and
penetration found on the hyphae of various parasitic fungi including G. gramtnis.
They are produced in abundance on the mycelium surrounding the base of
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infected culms. They also form on coleoptiles of cereal seedlings when
experimentally inoculated.

John Walker, working with NSW Agriculture, distinguished three varieties of
G. graminis on the basis of morphological differences and to a lesser extent, by
the severity of disease symptoms on different hosts. GaeumannomAces graminis
var. tritici forms simple, unlobed, hyaline to pale brown hyphopodia while
G. graminrs var. graninis has simple, unlobed hyphopodia as well as brown,
lobed hyphopodia. These two fungi are indistinguishable in perithecium, ascus
and ascospore morphology. G. gramtnis var. auenae also has simple, unlobed
hyphopodia but is distinguished from the other two varieties by its longer
ascospores as well as by causing severe disease in both oats and wheat.
G. graminis var. graminis occurs on tropical and subtropical grasses including
rice, Penrtisetum and Stenotaphrum. GaeumannomAces gramtnts trtttci" causes
most economic damage on wheat but can infect other species, including barley
and barley grass {Hordeum Leporinum).

Disease cycle

The take-all fungus does not produce resistant resting spores. Consequently,
survival during the summer period depends on the fungus being able to infect
grass species such as barley grass or being able to survive saprophytically in
infected stubble. The length of the saprophytic survival period is influenced by
the host species and by the physical, chemical and biological environment of the
soil. Saprophytic survival in the absence of susceptible hosts rarely exceeds 1-2
years. G. graminis normally makes little or no free saprophytic growth in soil and
it is unlikely that it spreads saprophytically from infected debris to other dead
host residues even when direct contact occurs.

Both hyphae and ascospores can serve as inoculum. However, although
ascospores can infect exposed roots and are thought to have provided the
primary inoculum for disease outbreaks in newly drained polders in the
Netherlands, their role in the epidemiology of the disease appears to be of little
importance (Fig. 28.3).

Roots become infected when they contact infested debris in soil (Fig. 28.3).
Initially they are colonised superficially by dark-coloured runner hyphae which
grow over the surface of roots. They form hyphopodia from which hyaline, feeder
hyphae penetrate the root. Plant-to-plant spread occurs when runner hyphae
form bridges between the roots of neighbouring plants.

Control
The take-all fungus can survive for I-2 years in old crowns and roots of infected
host plants. Consequently, any practice that encourages the microbial
breakdown of infested trash reduces saprophytic survival of the fungus. For
example, tillage can be beneficial by fragmenting and accelerating decomposition
of infested trash, particularly in regions that experience summer storms where
soil moisture and temperature favour microbial activity in soil.

In the southern Australian wheat belts, sowing occurs after a 'break' in the
season when the winter rainfall pattern commences in late autumn after the
summer dry season. An early break in the season encourages take-all because
the time available for the decomposition of infected trash is reduced so that the
chance of inoculum surviving saprophytically is increased. The early break also
enables grass hosts to become established while temperatures are still relatively
warrn enabling inoculum of the fungus to build up before the wheat crop is sown.
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Figure 28.3 The disease cycle of the take-all fungus, GoeumannomAces graminisvar.
trttici. (A) Ascospore infection which is thought to be a rare occurrence.
(B) Normal disease cycle involving carryover in infested trash. (From
MacNish, 1994.)

As GaeumannomAces gramtnis only infects members of the grass family, the
most effective way of reducing inoculum in soil is to adopt grass-free rotations in
cropping systems. This can be achieved by establishing one or two year rotations
with crops such as canola, linseed, lupins or pasture species such as clovers or
medics. Alternatively, 'grass-free' pastures can be established using methods
such as applying an appropriate herbicide to the pasture before grass seeds are
set and then grazing it so that the dry matter is not wasted. Heary grazing,
without the application of herbicides can also be used to remove seed of annual
grass species.

In some situations, especially in slightly acid soils, a phenomenon called 'take-

all decline' can reduce the severity of take-all. Take-all decline occurs in most
temperate, wheat-growing regions of the world where continuous cropping with
wheat or barley has been practised. When consecutive wheat crops are grown,
the incidence and severity of take-all increases for the first two to five years and
then declines. It is thought that this is caused by an increase in populations of
micro-organisms that are antagonistic to the take-all fungus. Some evidence of'take-all decline' which is a form of biological control, has been observed in
Australia, but losses experienced in getting to the decline phase are unacceptably
hish.
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Currently, resistant cultivars and fungicides that can be applied economically
to control take-all are not available.

Rhizoctonia solani root rots

Rhizoctonia soLant is a destructive plant pathogen with an extremely wide host
range causing damping-off of seedlings, root, crown and stem rots and foliar
blights. On the other hand, some forms of the fungus form a symbiotic
mycorrhizal association with germinating seeds of some orchids, without which
the orchid cannot survive.

Rhizoctonia soLani is the anamorph of the basidiomycete Thanatephorus
cucumerts (Fig. 28. tC). It does not form conidia although some isolates form
monilioid (barrel-shaped) cells. Consequently, it is identified by its characteristic
mycelial growth. Hyphae are generally 6-1O pm in diameter and young vegetative
cells are multinucleate with each cell containing 2-18 nuclei. Branching usually
occurs near the distal (furthest from the point of origin of hypha) septum of cells
and the branches tend to be perpendicular to the main hypha (Fig. 28.18). Septa
form in branch hyphae near their point of origin from the main hypha and the
branch hyphae are often constricted at the septa. Although the fungus has a
basidiomycete teleomorph, clamp connections do not form on the mycelium.
However, the dolipore septal apparatus may be conspicuous. In culture, it is a
fast-growing fungus forming colonies which are generally buff to dark brown in
colour. Some isolates form round, brown sclerotia which are not differentiated
into rind and medulla. The fungus never forms rhizomorphs.

Within the species R. solani, anastomosis groups (AGs) are recognised on the
basis of the ability of their hyphae to anastomose. If the hyphae of two isolates
belonging to the same anastomosis group make contact, their cell walls fuse and
break down at the point of contact. Plasmogamy occurs, followed by the death of
several cells on either side of the fused cells. If hyphae of the same individual
make contact, fusion occurs, but no cell death occurs. Hyphae of isolates from
unrelated anastomosis groups generally do not anastomose. The anastomosis
group system has gained wide acceptance and is considered a useful method for
subdividing the species, even though bridging isolates which can form
anastomoses with members of two or more groups are known. The existence of
distinct groups of isolates within the species corresponding to the anastomosis
groups has been confirmed using molecular techniques. Further specialisation
can occur within anastomosis groups. For example, AG I is divided into three
groups. Group lA causes sheath blight of rice, group 1B causes web blight of
many plants while group lC causes damping-off of a variety of plants, especially
under cooler climatic conditions.

In some cases, anastomosis groups can be related to ecological or
morphological characteristics or pathogenicity. For example, AG 3 is known as
the 'potato type' and causes black scurf of potatoes while AG 8 is associated with
bare patch of cereals. Isolates from AG f and AG 4 attack a wide range of plants.
Members of AG 5 and AG 9 are mildly pathogenic while those in AG 6, AG 7 and
AG lO are considered nonpathogenic. AG f and AG 2-I are frequently found in
cooler climates while AG 2-2IIIB and AG 4 are commonly isolated from soil or
infected plants in warmer climates.

The lack of anastomosis between some isolates results in non-interbreeding
populations and divergent evolution within the species. It is important therefore
to determine the anastomosis group of isolates used in any study. Findings based
on isolates of a particular group may not be applicable to the species as a whole.
Disease predictions cannot be made from soil populations without determining
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the anastomosis group of isolates. Appreciating that anastomosis groups exist
can make the difference between progress and failure in breeding programs for
disease resistance.

Disease cycle
Rhizoctonia soLant has a high competitive saprophytic ability and aggressively
colonises organic debris. It usually survives as thick-walled, melanised hyphae
and sclerotia associated with plant debris, mainly in the upper I5-2O cm of soil.
Inoculum of the fungus is not evenly distributed in soil and disease caused by
the fungus usually occurs in patches. The anastomosis groups present in a soil
are strongly influenced by its previous cropping history.

Control
Although inoculum of the fungus is usually soil-borne, it can also survive on
nursery equipment such as plant pots, labels and stakes. Consequently, hygiene
is important in controlling spread of disease in intensive cultivation. Rhizoctonta
solani can be spread in dust and soil or plant debris carried in splashing water so
dust control using windbreaks or by grassing, gravelling or concreting loose soil
surfaces is important in preventing spread of disease. Seed collected from the
ground or cuttings collected close to the ground are likely to be contaminated
with the fungus. Any method of vegetative propagation that involves breaking up
plants growing in soil could spread the fungus. Fungicidal sprays can be used to
control foliar rots and fungicidal drenches to control root rots and stem rots at
ground level. Binucleate species of Rhtzoctonia with teleomorphs in the genus
Ceratobasidium are either not pathogenic or only mildly pathogenic and have
been used to provide mild strain protection to plants against subsequent
infection by R. solani. The binucleate isolates colonise the same sites on the roots
as R. soLctnt. If inoculum of the binucleate isolates colonises the roots first,
hyphae of R. soLani cannot colonise the roots subsequently and the level of
disease is reduced.

Sclerotinia diseases of sunflower
The genus Sclerotinia, particularly S. scLeroti"orum and S. mtnor, causes
destructive diseases on an extremely wide range of herbaceous dicotyledonous
plants, including vegetables, ornamentals, broadleaf field crops, pasture species,
broadleaf weeds and a few woody plants. A third species, S. trif,oliorum infects
legumes. Sclerotinia diseases are common throughout the world and affect plants
at all stages of growth, including seedlings, mature plants and harvested
products such as fruits and vegetables during transit and storage.

Sclerotinta spp. grow readily on artificial media such as potato dextrose agar
forming a white colony producing sclerotia which are white at first and later turn
black. Differences in sclerotial size can be used to distinguish species. Sclerotia
of S. sclerotiorum develop on the colony surface mainly near the edge of the Petri
dish, are rounded or elongated and up to 1 to 2 cm in 'diameter'. Sclerotia of S.
minor develop over the whole colony surface and are smaller, O.5 to 1 mm in
diameter. ScLerottnia minor produces many more sclerotia on infected host tissue
than S. scLerottorum.

Sclerotia of S. sclerotiorum may germinate by producing yellow-brown,
apothecia containing ascospores (carpogenic germination) which infect above
ground parts of plants. Alternatively, sclerotia may form a mycelium capable of
infecting the roots of plants (mycelial germination). ScLerotini.a mtnor rarely
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produces apothecia under field conditions, although workers in New Zealand
have observed numerous apothecia in the field during cool, moist springs and
occasionally during autumn.

In Australia S. minor is predominant in the sunflower growing regions of
south-eastern Australia such as Victoria where the disease has made sunflower
growing unprofitable. In contrast, S. sclerotiorum is predominant in northern
New South Wales and Queensland.

Disease cycle and symptoms
Sclerotinia spp. survive as sclerotia either in the soil or as loose contaminants of
seed. The latter may be important in the introduction of the disease into new
planting areas.

During cool, moist conditions sclerotia of S. scLerotiorum that are in the top 4
to 5 cm of soil, germinate to produce stalked apothecia (2-IO mm in diameter) on
the soil surface. Ascospores are forcibly discharged into the air and are
transported to plants by wind. They germinate in water films on the surfaces of
the heads, leaves or stems of plants.

On sunflower heads, the fungus invades pollen and dead flower parts such as
petals and lives saprophytically before invading healthy tissues. Wounds, such as
those caused by the heliothus caterpillar, can provide ports of entry for the
fungus. Heads seem to be most susceptible to infection when the first three to six
rings of florets are open, even though rotting may not become apparent until the
heads start to mature several weeks later. The fungus forms a white mycelium
and a rot spreads throughout the flower head, often extending downwards to the
upper stem. Ultimately, the whole head may be destroyed and most of the host
tissue replaced by a continuous mat of sclerotial tissue. Severely affected heads
disintegrate until only a skeleton of shredded, straw-coloured fibrous tissue
remains.

Ascospores can also infect fully expanded sunflower leaves in the absence of
added nutrients, wounds or senescent tissue. The site of infection is confined to a
region around the junction of the leaf blade and the petiole and is associated with
sites of sucrose secretion by the host. Infections also develop on severely
wounded main leaf veins. The fungus then invades the petiole and moves into the
stem where large, brown lesions develop followed by the appearance of white
mycelium and black sclerotia on the lesions.

Root rot symptoms develop when mycelia from germinating sclerotia of either
S. sclerotiorum or S. mrnor infect lateral roots. Lesions spread to the lower region
of the stem forming light tan-coloured lesions. Root and stem rots impede the
flow of water and nutrients to the seed and weakened stems fall over. Infected
plants develop white mycelia and sclerotia on lesions and eventually die.

When the crop is harvested sclerotia in infected heads either become mixed
with the seed or fall to the soil with the trash where they can remain viable for
several years.

Control
The first line of defence in controlling sclerotinia diseases is to prevent the
introduction of the pathogen into new areas by using seed that is free from
contamination with sclerotia. However, the pathogen is often already present on
other hosts, including broadleaf weeds, before sunflower is grown.

Disease resistance in currently available sunflower and other plant cultivars is
low. Although there are indications that some lines are less susceptible than
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others, it is unlikely that cultivars with sufficient commercial levels of resistance
will be available in the near future.

Cultural control using rotations with nonsusceptible crops such as cereals is
effective in controlling S. scterottorum because sclerotia are usually destroyed by
microbial activity in the soil within l-2 years. Control of susceptible broadleaf
weeds during fallow or intercrop periods also reduces the amount of inoculum
present. Machinery should be cleaned after harvesting infected crops and seed
inspected so that seed contaminated by sclerotia can be avoided. To avoid head
rot it is sometimes possible to regulate sowing dates so that crops are not
flowering when environmental conditions are favourable for ascospore production
or for infection and disease development. Head rot is most prevalent in late crops
that flower in autumn when temperatures are low and conducive to disease
development.

Chemical control methods are available in some countries, but it is unlikely
that routine prophylactic spraying is economically feasible. No fungicides are
currently registered for use in sunflower crops in Australia.

Biological control using hyperparasit ic fungi such as Sportdesmtum
scLerotiorum and Contothgrium minitans which destroy sclerotia in the soil are
being investigated but so far have failed to give good control under field
conditions.

28.4 Vascular wilts

A vascular wilt pathogen is one that is almost entirely confined to the vascular
(xylem) system and causes wilt symptoms in infected plants. As long as the plant
is alive, the fungi remain limited to the vascular system. It is only after the
infected plant is killed by the disease that the fungi move into other tissues and
sporulate at or near the surface of the dead plant.

All vascular wilts, regardless of the pathogen involved, produce characteristic
disease symptoms. Infected plants or parts of infected plants lose turgidity,
become flaccid, discoloured and often die. Sections of diseased stems show
vascular browning when cut in longitudinal section. Microscopic examination of
infected plants shows that xylem vessels become clogged with mycelium and
spores of the fungus, by tyloses and by gums and gels formed by plant defence
responses and breakdown products of plant cells attacked by the fungus. This
restricts water movement in the xylem and causes the plant to wilt.

Four genera of fungi, Fusarium, VerticiLlium, Ceratocgstis and Ophlostoma
cause vascular wilts. Each genus causes widespread and serious diseases of
crop, forest and ornamental plants. Ceratocgstis and Ophtostoma usually cause
vascular wilts of trees including oak wilt (Ceratocgctis Jagacearum) and Dutch
elm disease (Ophiostoma uLmi). Neither disease occurs in Australia, although
Dutch elm disease has a limited distribution in the North Island of New Zealand.

Fltsarium causes vascular wilts in many herbaceous vegetables and flowers,
plantation crops, herbaceous perennial ornamentals and weeds. Most species
belong to the FLsanum oxasporum complex with numerous special forms (formae
speciales, f. "pp.) attacking different plant species. Individual special forms
usually have a very restricted host range and each consists of a number of
pathogenic races.

Some of the more common special forms in Australia and the hosts they attack
include:
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FLsarium oxysporum f. sp. cubense banana
Fi-sarium oxAsporumf. sp. dianthi. Dianthus (carnation)
FLsarium oxAsporumf. sp, gLadioLi GLadiolus
FLsarium oxAsporum f. sp. lycopersici tomato
Fltsarrum oxAsporum f. sp. melonus Cucumis (melons, cucumber)
F-usariumoxAsporumf. sp. narcrbst iVarcussus (daffodil)
Fi-rarium oxysporum f. sp. pisi pea
Fusarium oxUsporum f. sp. uasi4fechtm cotton

Two species of VerticilLiuim cause vascular wilts in a wide range of plants:
V. dahLiae which produces small, black microsclerotia and V. aLboatrum which
does not form microsclerotia. In Australia, V. dahtiae is the dominant species.
V, aLboatrum has only been found on potato in South Australia, Victoria and
Tasmania and is therefore a species of major quarantine significance.

Both F. oxgsporum and V. dahLiae survive in infested plant debris, as resting
structures (chlamydospores and microsclerotia respectively) or as mycelium in
living plants, including some weed species on which they can grow without
causing obvious symptoms of infection.

Fusarium wilt (Panama disease) of bananas
Fusarium wilt of bananas was described for the first time in L876 in banana
plants growing near Brisbane, Queensland. It was subsequently reported in
Central America in 1890, and during the period 1910 to 1955 destroyed over
40,OOO hectares of the cultivar 'Gros Michel' in Central and South America.
Infested soils were replanted with wilt-resistant Cavendish cultivars which are
still resistant to the disease in the Latin American-Caribbean region. However,
Cavendish cultivars in subtropical areas (including Australia) and equatorial
regions of Asia are succumbing to the disease. Fusarium vascular wilt is
currently present in all banana growing regions of the world except the South
Pacific Islands and some countries bordering the Mediterranean Sea.

Fusarium wilt of banana is caused by Fuso.rium oxgsporum f. sp. cubense
which was first isolated from diseased plant material from Cuba in 191O. The
disease subsequently became known as Panama disease because the first major
epidemic occurred in the Central American country of Panama.

The external symptoms of Panama disease include yellowing of the lower,
oldest leaves followed by buckling of petioles so that dead leaves, which
eventually turn brown, hang down the side of the pseudostem. Only the
innermost young leaves remain green. Young suckers and fruits rarely show
symptoms (cf. bacterial vascular wilt or moko disease caused by Ralstonia
soLanacearum where young suckers turn yellow or black and fruit pulp becomes
rotten). Internal symptoms include discolouration of the vascular system which
becomes pale brown to black. Pseudostems when cut show brown or black lines
running through the vascular tissues.

Fusarium oxAsporum cubense is a soil-borne pathogen that infects plants
through lateral or branching rootlets, penetrates the vascular tissue and
proliferates in the xylem. It restricts movement of water and induces wilting and
premature death. The fungus can survive for many years in soil as a saprophyte
or as chlamydospores. Chlamydospores are stimulated to germinate by root
exudates, particularly those from wounded roots, which subsequently become
infected.

Microconidia produced in the xylem move upwards in the xylem but become
trapped at the end walls in the vessels. However, hyphae penetrate these end
walls and sporulate. Infection stimulates the formation of tyloses and the
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secretion of gels in the xylem vessels, which together with trapped microconidia
at the perforation plates, restrict water movement. Resistance is associated with
physical occlusion as growth and sporulation is similar in resistant and
susceptible cultivars. Eventually as the plant dies, the fungus grows out of the
vascular system into the parenchyma where it sporulates profusely and conidia
and chlamydospores are returned to the soil.

The banana industry and fusarium wilt in Australia
Banana is a monocotyledon that originated in South-East Asia, the Indian
subcontinent and the South Pacific region. All edible types are derived from two
wild, seeded species, Musa acuminata and M. batbistana both of which are diploid
(2n = 22) wLth genomic constitutions of AA and BB respectively. Edible cultivars
are pure M. acuminata (AA) or crosses between M. acuminata and M. batbi.stana.
There are several levels of ploidy: diploid (AA or AB), triploid (AAA, AAB or ABB)
and occasionally tetraploid (ABBB). The term banana refers to fruits that are
sweet when ripe as well as to cooking types of banana.

The banana industry in Australia is small by world standards with about
13,OOO hectares producing 24O,OOO tonnes with a market value of ,4'$283 million.
Almost all bananas produced in Australia are consumed locally. About 95o/o of
total production is based on the Cavendish cultivar Williams. Lady Finger is the
only non-Cavendish cultivar widely grown and usually commands a higher price
because of its restricted availability due to its susceptibility to fusarium wilt. By
f969 fusarium wilt had become so common in Lady Finger plantations in
Queensland that replacement with resistant Williams was recommended.

In 1953 a disease resembling Panama disease was reported on three plants of
Williams at Woongoolba in south-eastern Queensland. The unidentified species of
Fusartum isolated from the plants was pathogenic on both Williams and Lady
Finger cultivars. However, an isolate of F. oxgsporum cubense from Lady Finger
did not infect Williams indicating that two different races of the fungus might
have been present. By the early 1980s the incidence of wilt in Cavendish
plantations had increased markedly in subtropical southern Queensland and
northern New South Wales due to the spread of this new race of the wilt fungus.
In 1992 fusarium wilt was detected in Cavendish bananas at Carnarvon in
Western Australia. Four races of F. oxAspontm cubense are currently recognised
based on their pathogenicity on different banana cultivars (Table 28.1).

Table 28.1 Races ol Fusarium oxysporum t. sp. cubense and the host or cultivars they attack.

Race Host or cultivars attacked

Race I

Race 2
Race 3
Race 4

Gros Michel (AAA), AAB desert cultivars, 'Pome' (e.g. Lady Finger)
and'Silk'

Bluggoe and other ABB cooking bananas
Helicontaspp.
Cavendish cultivars (AAA) and all cultivars attacked by races I

and2

I dentification of pathogen ic races
The term 'race' as used with F. oxasporumf . sp. cubense is not synonymous with
pathotype which implies a defined genetic relationship (e.g. gene-for-gene
relationship) between host and pathogen. Races of the fusarium wilt fungus are
groups of strains that are pathogenic on particular host cultivars with specific
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genomic constitution (Table 28.1). Evidence suggests that some pathogenic
variation occurs within races of the wilt fungus.

Pathogenicity tests in the field are expensive and very time consuming and as
yet no reliable greenhouse test using small plants has been developed.
Consequently, attempts are being made to correlate simple tests such as
vegetative compatibility, production of volatile chemicals, DNA fingerprinting and
pectic en4,rme analysis with pathogenicity reactions in the field so that races can
be more readily identified.

Vegetative compatibility, which is the ability of vegetative hyphae to
anastomose and form a stable heterokaryon, can be used to determine the
genetic structures of fungal populations. Vegetative compatibility differentiates
isolates that have identical alleles at each of the loci governing heterokaryon
formation and thus vegetative compatibility. Twenty-one vegetative compatibility
groups VCGs) of F. orryspoTum cubense have been identified of which nine have
been found in Australia. With Australian isolates of race I and race 4 of the wilt
fungus, there is a complete correlation between pathogenicity and VCG.

It has been known for many years that isolates of F. oxAsporum cubense grown
on steamed rice media either produce or do not produce a characteristic volatile
odour. On this basis isolates can be categorised as either 'odoratum' or
'inodoratum'. This technique has been used to characterise Australian and Asian
isolates of the wilt fungus and the results indicate that it can be used to
differentiate races of the fungus. Tests so far indicate an absolute correlation
between the production of volatile substances, VCG and pathogenicity in
Australian races I and 2 ('inodoratum') and race 4 ('odoratum').

Molecular techniques have also been used to characterise isolates of
F. oxgsporum cubense. Using DNA fingerprinting methods it is possible to
determine the genetic similarity between isolates within each VCG and the
genetic relatedness among VCGs. On this basis, isolates have been subdivided
into two major groups, group 1 and group 2. Group I contains all 'odoratum'

isolates while group 2 contains all 'inodoratum' isolates. There is also a direct
correlation between fingerprint group and race. Group I contains all race 4
isolates while group 2 contains all race I isolates.

Two distinct groups were distinguished when isolates of the wilt fungus were
analysed for pectic enzyme activity. Race 4 isolates from eastern Australia were
characterised by a slow-moving, smeared band on gels indicating
polygalacturonase activity. Race I isolates from Queensland and Western
Australia produced a fast-moving, smeared band on gels also indicating
polygalacturonase activity.

Control
In the past, attempts to control fusarium wilt in bananas were aimed at reducing
pathogen population levels in infested soils. However, fungicides, fumigants, crop
rotations, flood fallowing and organic amendments have rarely provided long term
control.

Exclusion of the pathogen from regions where it is absent can be achieved by
restricting the movement of infested soil and planting material. Quarantine
legislation in New South Wales and Queensland prohibits the transfer of planting
material from certain localities where the disease is prevalent or from plantations
not approved as a source of planting material.

The use of micropropagated (e.g. tissue cultured) planting material that is
pathogen-free prevents the spread of the wilt fungus in planting material.
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Molecular techniques can be utilised to ensure that plant material used for
micropropagation is pathogen-free.

The most effective way of controlling Panama disease in the long term is to
incorporate disease resistance into banana cultivars. There are currently four
major international banana breeding centres located in Brazil, Guadaloupe,
Honduras and Nigeria. Since Australia does not have a banana breeding
program, close collaboration with international breeding and plant improvement
programs is essential for obtaining improved germplasm. For example, the
cultivar 'Goldfinger', a tetraploid dessert banana originating from the Honduras
program is resistant to races I and 4 of F. oxAsporum cubense and has some
tolerance to cold. It is now being grown in northern New South Wales and
southern Queensland.

Conventional breeding approaches to improve resistance in Cavendish
cultivars may not be feasible due to fertility constraints. However biotechnology,
mutation breeding and somaclonal variation provide opportunities to produce
resistant genotypes.

The above information on Panama disease is largely extracted from the review
by Pegg, Moore and Bentley (1996).

28.5 Downy mildews
The downy mildew fungi are obligate parasites that primarily infect the leaves,
branches and fruits of susceptible hosts forming a 'downy bloom' consisting of
sporangiophores and sporangia on the surface of infected plant parts. Some
species such as Plasmopara haLstedii on sunflower, Sclerospora. philippinsts
(Philippine downy mildew) and Sclero spora magdts ('Java' downy mildew) of maize
are systemic in their host causing chlorotic streaks on leaves on which sporangia
are later produced. Some downy mildews (e.g. Sclerosporagramintcola on millet in
India) induce stamens and flowers to develop into leaf-like galls causing'green
ear' disease. The downy mildews are important pathogens of grain crops,
vegetables, many field crops, ornamentals and vines.

The downy mildews belong to the orders Sclerosporales (grass-infecting species
of PeronoscLerospora and Sclerospora) and Peronosporales (dicot-infecting species)
of the phylum Oomycota. Consequently, most species produce motile zoospores
possessing two flagella which are dependent on films of water to move on the
surface of their host and subsequently invade plant tissue. The fungi produce
intercellular hyphae with well-developed haustoria in susceptible cultivars.
Genera of downy mildew fungi can be distinguished by the structure of their
conidiophores (Fig. 4.4). Germination of sporangia, penetration of their host
through stomata and sporulation is strongly influenced by temperature/moisture
interactions. Their development is dependent on water films and high relative
humidity during cool or warrn, but not hot, periods.

Downy mildews can cause extensive damage to crops in years when the
environment favours infection. In 1979, tobacco crops in the eastern states of the
USA and Canada were seriously damaged by an epidemic of downy mildew (blue
mould) causing estimated losses of US$250 million. Some common downy
mildews and the hosts they attack are listed in Table 28.2.

Downy mildew of grapevines
PLasmopara utttcola, the cause of grapevine downy mildew is native to North
America where it co-evolved with native, wild grapes causing little apparent
injury. The same sort of balance exists between the root aphid, Viteus uitifoltae (=
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PhgLLoxera uastatrix) which also causes little damage to North American grapes
with which it co-evolved.

In the mid l86os phylloxera was introduced into Europe where wine grapes
(Vitrs utnifera) were extremely susceptible to the aphid because they had evolved
in its absence. Phylloxera was first recorded in Australia in 1875. The phylloxera
problem was eventually solved when Pierre Millardet, a Professor of Botany at the
University of Bordeaux, imported resistant American grape rootstocks to which
wine grapes were grafted. However, it seems that some of the American vines
imported into France in the 187Os carried mycelium or oospores of PLasmopara
uiticoLa to which the European grapes were extremely susceptible. In the late
l87os vineyards were not sprayed because fungicides were unknown. It seemed
that the French grape and wine industry was doomed because of the damage
caused by downy mildew.

Table 28.2 Some common downy mildew fungi and their hosts.

Downy mildew Host

BremiaLactucae
P er ono s p or a de s tructor
Perono s p or a p arasitica
Peronospora sparsa
P er ono s p or a triJoLiorum
Peronospora uiciae
P e r ono s cler o s p or a mag dis
Plasmopara utticola
P s eudoper ono sp or a cubens is
Scter ophthor a. macro spor a"

Lettuce
Onion
Brassba spp.
Rose
Lucerne (Alfalfa)
-Flsum satruum (pea), Vicia sattua (vetch)
ma']ze
grapevine
cucurbits
wheat, grasses

Professor Millardet again came to the rescue of the wine industry. His
observation of the protectant effects against downy mildew of a copper sulphate-
lime mixture used to sprinkle grapevines along roadsides to discourage people
from stealing grapes, led to the discovery and development of Bordeaux mixture.
The discovery of this famous fungicide undoubtedly saved the French wine
industry and is probably Millardet's greatest contribution to Science. The story of
Millardet's discovery of Bordeaux mixture is given by Large (1940) and in a
translation of Millardet's papers which appear in Volume 3 of PhgtopathoLogicaL
Classics.

Grape downy mildew occurs in regions where it is warm and wet during
vegetative growth of the vine. The absence of rainfall in spring and summer limits
the spread of the disease. In Australia, epidemics of downy mildew occur
sporadically, usually about once every l0 years or so when a wet season occurs.
Despite this, it continues to attract the greatest use of fungicides in Australian
vineyards.

Disease cycle
PLasmopara uiticola infects all above-ground parts of plants. The disease first
appears on leaves as pale, oily blotches followed by the appearance of white,
cottony mildew on the undersurface of leaves. Affected areas become yellow and
dry out and leaves fall prematurely leaving petioles still attached to the vine.
Infected leaves provide inoculum for fruit infection. Infected fruits rot and
bunches fall to the ground. Infected fruits often become mummified. If downy
mildew attacks bunches at or soon after flowering it may destroy entire crops.
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Plasmopara uiticola overwinters as oospores (resistant sexual spores) in fallen
leaves. Oospores germinate in spring after rain to produce a single, terminal
sporangium which releases motile zoospores into the soil water. This primary
inoculum is spread by rain-splash onto the leaves of the plants. A minimum
temperature of more than lO"C and more than 10 mm of rain or sprinkler
irrigation over a 2-3 day period provide conditions that are ideal for primary
infection. In areas with mild winters the fungus survives as mycelium in buds
and leaves that remain on plants.

Secondary inoculum is produced on leaves when sporangiophores and
sporangia form through stomata. The optimal conditions for sporulation are 18-
22oC,95-looo/o relative humidity and at least a 4 h dark period. Sporangia are
dispersed by wind to leaves of the same or nearby plants where they germinate in
free water to release zoospores. Zoospores swim in water films on the surface of
leaves and encyst near stomata. The encysted zoospores germinate by producing
germ tubes which penetrate the leaf via stomates. Only plant structures with
functional stomates can become infected. The time from infection to the first
appearance of symptoms is about 4 days depending on leaf age, cultivar,
temperature and humidity. Rain is a major factor in epidemic development with
temperature influencing the time taken for disease to develop.

Control

Resistant cultivars of table and wine grapes are not available and cultural
practices such as draining soils to reduce survival of overwintering inoculum and
removing infected shoots are not practical. Consequently, the only way of
controlling downy mildew in regions that receive rain during the growing season
is to spray with fungicides.

Non systemic, protective fungicides such as copper compounds,
dithiocarbamates and phthalimides protect treated plants for 7-1O days. Because
they are fungitoxic to several cellular sites in fungi, P. utticol"a has not become
resistant to them. Once infection has occurred these protective fungicides have
no effect on the fungus-their role is to keep the fungus out in the first place.

Tiwo types of systemic fungicides that act specifically against downy mildews
and other members of the Oomycota are available, phosphonates and
phenylamides (or anti-oomycete anilides). These are translocated through the
plant and 'cure' existing infections as well as protect vegetation formed after their
application. The interval between applications is usually about 14 days. However,
strains of P. uiticola resistant to phenylamides (e.g. metalil..fl) have appeared in
some countries. As resistant strains are usually less competitive than sensitive
strains, the use of systemic fungicides in combination with at least one protective
fungicide and restricting their use to only two or three applications per season is
recommended.

In the Riverland region of South Australia, as a rule-of-thumb IO:LO:24
describes the conditions required for primary infection (i.e. at least loo C and at
least lO mm of rainfall in a 24 hour period). If such an infection period occurs,
growers are advised to survey their crops for the subsequent development of
oilspots. If the extent of infection is high the application of a systemic fungicide
should be considered.

A non systemic fungicide, cymoxanil, penetrates plant tissue to which it has
been applied and synergistically increases the efficacy of nonsystemic fungicides
applied with it. Cymoxanil controls established fungal colonies during the 2-3
days following initial infection.
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28.6 Powdery mildews

The powdery mildew fungi form a superficial mycelial network bearing masses of
white, powdery conidia on the surfaces of leaves, petioles, stems and fruits of
plants. They belong to the order Erysiphales in the phylum Ascomycota. All 440
species are obligate parasites of well over I,OOO species of flowering plants. Some
common powdery mildews and the hosts they infect are given in Table 28.3.

Table 28.3 Some representative species of powdery mildew fungi and their hosts.

Powdery mildew Host
Teleomorph Anamorph

BLumerta graminis
B r asiliomg ce s malachr ae
Erysiphe ctchoracearum
Erysiphe polggoni
I-eueillula taurtca
Microsphaera diffirca
Pttgllactinia guttata
P o do s phae r a Leucotrtcha
Sphaerothecafultginea
Sphaerotheca pdnnosa
Unctnulanecator

Oidtum moniLtoides
OuCium sp.
Ordrum sp.
Ordium sp.
Oidium sicula
Ordium sp.
Ouulanopsis sp.
OidiumJarmosum
Ordium sp.
OidiumLeucocontum
Oidtumtuckert

cereals and grasses
cotton
Asteraceae
Polggonum and Rumex
many hosts
family Fabaceae
numerous trees and shrubs
woody plants (e.g. pome fruit)
cucurbits
peach, rose
grape

Three types of conidiophore can be distinguished within the powdery mildews
and are used to identify the anamorphic genera Oidtum, OuuLariopsis and
Ordropsis (Fig. 28.4). However, as considerable variat ion occurs in the
morphology of conidiophores these structures have limited use in classifying
taxa. Genera are distinguished by (i) the number of asci in the cleistothecia, (ii)
the number of ascospores in the asci, (iii) the characteristics of cleistothecial
appendages (Fig. 28.5) and (iv) whether the mycelium is entirely superficial or
partly subepidermal (intercellular). Where no cleistothecia are formed the species
is placed in the form genus related to the type of conidiophore (e.g. Otdi"um
heueae, powdery mildew of rubber).

Powdery mildews exhibit considerable physiologic specialisation. Many species
have special forms based on the species of plant attacked (e.9. BLumeria graminis
f. sp. trittci, B. graminis f. sp. hordei, B. graminis f. sp. auenael. Moreover, each
special form may consist of a number of pathogenic races or pathotypes.

When conidia germinate on the host surface, a short, thick germ tube soon
forms an appressorium from which a penetration peg directly enters an
epidermal cell and forms a haustorium (Figs 16.3 and 28.4). Subsequently, other
germ tubes form haustoria and a mycelium develops radially from the site of
inoculation. Depending on the species and environmental condit ions,
cleistothecia may develop on the superficial mycelium. In cold climates the
cleistothecia enable the fungus to overwinter and provide the primary inoculum
(ascospores) in the new growing season. In mild and warm climates the fungus
may survive by infecting the same host or alternative hosts. Conidia constitute
the secondary inoculum that results in the development of epidemics. The
powdery mildew fungi are better adapted to drier conditions than the downy
mildews. In fact, they are the only group of plant parasitic fungi whose conidia
can gerrninate in the absence of free water.
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Figure 28.4 Conidiophores
(A) Odrurru (B)

of powdery mildew
(C) Odropsis. (From

fungi (order Erysiphales).
Parbery, 1980b.)

John Brotnn and Helen OgIe

haustori
A

and conidia
Ouulariopsis,

G

Figure 28.5 Appendages on cleistothecia of some powdery mildew fungi (order
Erysiphales). (A) Mycelioid (Ergsiphe, Sphaerotheca). (B) Bristle-like
(Podosphaeraleucotricha). (C) Branched mycelioid (Leuetllula). (D) Circinate
tips (Uncinula). (E) Bulbous bases (Phgllactinia). (F) Dichotomously
branching tips (Mrcrosphaera, Podosphaera). (From parbery, 1980a.) (G)
Cleistothecium of Erysiphe cichoracearum releasing asci containing two
ascospores. (From Parbery, 1980b.)

Control
Powdery mildew of cereals and several other annual crops (e.g. cucumbers,
melons) can be controlled by growing resistant cultivars. However, single gene
resistance is usually short lived, particularly in cereal crops such as barley in
Europe. 'Slow mildewing' quantitative types of resistance and aduit types of
resistance are usually more durable. In Europe, mixtures of cultivars with

@
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different genes for powdery mildew resistance have been used to control the
disease in cereals, particularly barley (see Chapter 26).

A number of systernic fungicides are being used to control powdery mildews in
cereals and other annual crops particularly in Europe. However, strains of
cucurbit powdery mildew resistant to chemicals such as benomyl and
triadimefon have appeared in many countries. In countries such as Australia
where cereal yields are low relative to those in Europe, spraying with systemic
fungicides is not economically feasible. Elemental sulphur also effectively
controls powdery mildew in many crops. In tree crops such as apple, several
sterol-inhibiting, systemic fungicides effectively control the disease.

In many crops such as grapevines, strategic spray programs that control the
disease early in the season, followed by further applications of fungicides if
necessary, give best results (Fig. 28.6).

Cultural practices that have been used to reduce the impact of powdery
mildews include removing volunteer and alternative hosts to reduce inoculum
present and removing infected crop residues to reduce overwintering potential.
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Figr.rre 28.6 The effect of early "t..t.gi" applications of fungicides on development of
grapevine powdery mildew (Uncinuta necator) in southern and south-
eastern Australia. (From Emmett et al., 1993.)

28.7 Leat spot and blight diseases
Many species of fungi cause leaf spots and blights in a wide range of plant
species. It is not uncommon for these fungi to infect other above ground parts of
plants as well, particularly in herbaceous species. Leaf infections are common in
ail crops of agricultural importance as well as in natural plant communities. The
fungi involved are often members of the order Dothidiales of the Ascomycota. As
many species only form asexual spores on culture media, identification of genera
is often made using keys for anamorphic states of fungi such as that of Barnett
and Hunter (1987).
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Mycosphaerella leaf spots of banana

The most important leaf diseases of banana are caused by three species of the
ascomycete genus MgcosphaereLLa (Table 28.4). Defoliation by mycosphaerella
diseases reduces the quantity and quality of bananas and control of the diseases
using fungicides dramatically increases production costs. Leaf speckle caused by
MgcosphaereLla musae is a major disease problem in northern New South Wales
and southern Queensland but does not appear to be important in other regions
of the world. It is a difficult fungus to work with because it does not sporulate
readily on artificial media. The only other leaf spot of importance in Australia is
cordana leaf spot caused by Cordanamusae which forms elliptical or oval-shaped
leaf spots up to IOO mm in diameter with zonate patterns on the upper surfaces
of leaves.

Tabfe 28.4 Species of Mycosphaerella lhal cause serious leaf diseases of banana

Teleomorph Anamorph Disease

Mgcosphaerella mu.sicola Psettdocercospora muso.e

MgcosphaereLla musae
Mgcosphaerell"afiiiensis Paracercosporafijiensis

Yellow Sigatoka or banana
leaf spot

Leaf speckle
Black Sigatoka

Yellow Sigatoka, or banana leaf spot, was first recorded in Java in 19O2 and
the first major epidemic in commercial plantations occurred in the Sigatoka
Valley in Fiji in 1913. Serious losses have been reported in Australia since 1924.
The disease now occurs in all major banana-producing countries.

In 1963 a more severe Sigatoka-like leaf spot was detected in Fiji and was
named 'black leaf streak' because of the dark brown to black spots and streaks
formed on affected leaves. It is likely however, that the disease was present in the
South Pacific region long before it was detected in Fiji. So far, the disease has not
become established in Australia although it does occur in neighbouring countries
such as Papua New Guinea and Indonesia as well as in other Pacific Islands and
South-east Asian countries. The disease is a major threat to the Australian
banana industry. Black leaf streak is caused by MgcosphaereLLaJljrensis.

A third serious disease of banana is black Sigatoka caused by MgcosphaereLLa
.yfoiensus var. difformis. It was first recorded in Honduras in Ig72 and reached
epidemic levels in commercial plantations there in 1973-74. It has since spread
to other Central American countries as well as to Taiwan, Papua New Guinea and
a number of Pacific Island countries. In 1981 it was detected in some islands in
Torres Strait (between north-eastern Australia and Papua New Guinea) and on
mainland Australia on Cape York. A more recent incursion occurred in 1997 in a
plantation at Daintree in Far North Queensland. Attempts have been made to
eradicate the disease by destroying all bananas at locations where the disease
was found. The disease still remains a serious threat to the Australian banana
industry, particularly to the North Queensland region.

Recent studies of the fungi causing black leaf streak and black Sigatoka
indicate that there is no consistent morphological difference between M.Jg"iensis
and M. Jy-iensrs var. difformis which are now regarded as synonyms. Thus, the
disease caused by what is now called M. Jljiensis is commonly known as black
Sigatoka although the two common names are still used in current literature with
black Sigatoka predominating.

Mature leaf spots of yellow Sigatoka and black Sigatoka are similar in
appearance. However, yellow Sigatoka differs in that leaf streaks in the early
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stages of infection are yellowish to green rather than reddish-brown as occurs
with black Sigatoka. MgcosphaereLLa musicoLa forms conidia in pigmented
sporodochia which are formed on both leaf surfaces while in M.ly-iensrs conidia
are produced singly or on small groups, usually 2-5, of conidiophores emerging
from stomates in young streaks on the lower surface. The black Sigatoka fungus
forms sporodochia which are usually about half the size of those of M. musicola.
The yellow Sigatoka and black Sigatoka fungi can be distinguished by the
presence or absence of scar on conidia. In M. mustcol"a a conidial scar is absent
while n M.Jluensus it is conspicuous..

As mycosphaerelia diseases progress, the banana plant develops a'scorched'
appearance due to numerous leaf spots and coaiescing of necrotic lesions.
Eventually, large areas of leaf tissue are killed.

The black Sigatoka and black leaf streak fungi are more virulent than
M. musicola causing more severe symptoms and having a shorter life cycle. With
M. fitensis, mature ascospores are present on lesions at two weeks after the first
appearance of streaks while in M. musicota it takes about four weeks for
ascospores to form. These biological differences have resulted in black Sigatoka
replacing yellow Sigatoka as the dominant leaf spot disease within about three
years of its establishment in a new region.

Disease cycle

Production of conidia by M. musicola occurs when the relative humidity is above
98olo and is most prolific when the leaf surface is covered with a film of water.
Conidium formation only occurs at night. Pigmented sporodochia (cushion-like
masses of conidiophores on which conidia form) deveiop in substomatal cavities
and the conidiophores emerge through open stomates on both surfaces of leaves
{Fig. 28.7). Sporodochia are usually larger and more numerous on the upper
surface of leaves and under favourable conditions can sporulate continuously for
about 30 days.

IH{z

24.7 MgcosphaerelLa musicola.(A) Sporodochium and conidia. (B)
containing spermatia. (C) Pseudothecium containing asci
ascospores. (From Parbery, l98Ob.)

Spermagonium
with two-celled

Figure
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Conidia production is greater in M. musicoLa (about 3O,OOO conidia per lesion)
than in M. Jljtensis (about 1,200 conidia per lesion). Consequently, conidia play a
less important role in the epidemiologr of M.;ffiensis. Conidia are dispersed by
water-splash and spread the disease to new leaves on the same plant or to
adjacent plants. Conidia are not involved in long distance spread of the disease.

Conidial germination requires free water (e.g. dew) but is not particularly
temperature-sensitive. Germ tubes penetrate stomata but lesion development is
relatively slow. Small lesions about 1 cm long appear about three weeks after
inoculation. Conidial infections may be distributed over the entire leaf or in
characteristic linear lesion patterns called'line spotting'.

Flask-shaped pseudothecia containing two-celled ascospores are formed in
older lesions (Fig. 28.7). Ascospores are forcibly discharged into air currents
during rainy weather and are responsible for long distance dispersal of inoculum.
Ascospores germinate in about 2.5 h in favourable conditions and germ tubes
infect leaves through stomates. Ascospore infections can be distributed over
entire leaves but typically cause a concentration of lesions near the leaf tip giving
'black tip' or'tip spotting' symptoms.

Control

The yellow Sigatoka fungus, which is less virulent than the black Sigatoka or
black leaf streak fungi, can be controlled by removing all leaves having more than
5o/o of their area dead from leaf spots and then maintaining an effective fungicide
prevention program.

In large plantations, fungicides are usually applied by aircraft and consist
mainly of petroleum oil or oil-fungicide emulsions applied as low-volume sprays.
Both protectant (e.g. dithiocarbamates and chlorothalonil) and systemic (e.g.
benzirnidazoles and sterol inhibitors) fungicides are used. However, tolerance to
systemic fungicides such as benomyl and propiconazole has developed in
mycosphaerella populations in some regions.

Yellow Sigatoka is usually controlled by 6-15 fungicide applications per year.
However, where the black Sigatoka fungus has replaced M. musicoLa, from 35 to
45 fungicide applications per year are necessary to control the disease. Since the
same fungicides are used to control both diseases, black Sigatoka is three to six
times more expensive to control.

In small plantations, such as those present in northern New South Wales and
southern Queensland, regular ground applications of fungicides are required to
prevent production losses from yellow Sigatoka and leaf speckle disease
(MgcosphaereLLamusae). This influences plant spacing and layout to allow for the
ground application of fungicides.

In some countries (e.g. Guadeloupe and Martinique in Central America) a
system of disease forecasting is used to predict when to spray for yellow Sigatoka
with systemic fungicides in oil. The forecasting system is based on the effects of
temperature and humidity on the rate of disease development. The main
objectives of disease forecasting are to decrease inputs and consequently costs
and to save energy. In Guadeloupe the use of a forecasting system enables
fungicide applications to be reduced by 4-6 sprays annually.

All Cavendish cultivars are highly susceptible to all mycosphaerella diseases.
The introduction of the B genome from MusabaLbisianainto triploids increases
resistance (e.9. the cooking banana Bluggoe with ABB genome). In general, the
ranking of cultivars for resistance to yellow and black Sigatoka is similar.
Although banana breeding programs are in existence to develop mycosphaerella-
resistant cultivars, all current major commercial cultivars are susceptible to the
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diseases. A major program is under way in Australia aimed at screening material
from overseas breeding programs and selecting resistant banana germplasm for
use in the Australian region.

The discovery of black Sigatoka in North Queensland is recognised as a major
threat to the banana industry in the area. Attempts were made to eradicate the
disease from mainland Australia and Torres Strait Islands by destroying all
bananas at affected locations. In addition, a banana replacement program has
been established which is aimed at replacing all susceptible cultivars with non
susceptible cultivars in the Cape York region to form a buffer of over a thousand
kilometres between the tip of Cape York and the banana growing areas of Norlh
Queensland. Regular surveillance and monitoring by quarantine officials is under
way in an attempt to keep black Sigatoka out of Australia.

Blackleg of brassicas
Blackleg, which can be a serious disease of members of the cabbage family, is
caused by LeptosphaeriamacuLans (anamorph = PhomaLingam), a member of the
order Dothidiales (Loculoascomycetes) of the Ascomycota. It can infect many
species of Brasstca including cabbage, cauliflower, brussels sprout, broccoli,
kale, kohlrabi, radish, rape and turnip as well as a number of wild species. It is a
serious disease of field crops such as canola (specific cultivars of rape whose seed
meets certain defined standards for erucic acid content in the extracted oil and
for glucosinolate levels in the residual meal). Blackleg is a serious disease of
winter canola in southern Australia where winter rainfall in the Mediterranean-
like climate favours disease development. In some regions (e.g. east Gippsland in
Victoria) the disease destroyed the emerging canola industry in the 1970s.

I-eptosphaeria mqculans can infect any part of the plant (leaves, stems, flowers
and pods) at all stages of growth. ksions are greyish-brown in colour, irregular
in shape and contain numerous black pycnidia on their surface. Infection of the
crown region of the stem may result in plants becoming ringbarked at ground
level by black cankers and the root system becoming infected. Susceptible plants
can be killed.

Disease cycle
I'eptosphaeria maculans survives from season to season in infected seeds or in
undecomposed, infected crop debris in soil. Seed-borne inoculum may introduce
the disease into new areas. While rarely more than 2o/o of commercial seed is
infected, seed may be an important means of long distance dispersal. With seed-
borne inoculum the fungal mycelium occurs beneath the seed coat. The fungus'
longevity in seed varies depending on environment and it may remain viable in
stored seed for 3-4 years. During germination the fungus passes from the seed to
the seedling causing brown lesions on the stem and leaves. Srcnidia formed on
these lesions produce large numbers of two-celled conidia which are dispersed
during rain or overhead irrigation. Conidia are carried to nearby plants or plant
parts by rain-splash where they cause secondary infections. After harvest the
fungus colonises the stem and roots of the stubble and pseudothecia may form
on the debris. Usually the fungus only suryives for 3-4 years in infected debris in
soil, but under favourable environmental conditions, particularly dry conditions,
it can survive for up to lO years. The pseudothecia release multicelled ascospores
(usually 4-6 cells with cross walls) after rain in spring or autumn, depending on
whether the plants were grown as a winter or summer crop. These ascospores are
dispersed by wind and start the disease cycle in the new season. Heavy ascospore
discharge during the early seedling stages of crop growth can cause severe
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disease epidemics on seedlings. During warm, wet conditions the production of
large quantities of secondary inoculum (conidia) can lead to serious epidemics in
mature plants.

Control
Many cultivars recommended for sowing in southern Australia have good adult
plant resistance to blackleg. However, this does not protect seedlings from
infection. Despite this resistance it is still necessary to maintain good
management and hygiene practices to keep blackleg to a minimum.

Cultural practices have been relatively effective in managing blackleg. Since
infected crop residues are an important source of inoculum, crops should not be
grown on infected stubble or in paddocks adjacent to those that had infected
crops during the previous 3-4 years. These practices allow diseased residues to
decompose and reduce the risk of ascospore infection. Rotations with non-
susceptible species for 3 to 4 years is also effective in managing the disease.

Where there is no risk of soil erosion, stubble can be incorporated into soil
after harvest by ploughing. If this is done when soil temperatures and moisture
favour microbial activity, the debris will decompose rapidly and blackleg
inoculum will be reduced. Alternatively inoculum can be removed by grazing
infected stubble with animals such as sheep or cattle to reduce carryover of the
fungus.

In some circumstances treatment of seed with systemic fungicides can be used
to reduce inoculum and to protect seedlings from seed-borne infection.
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