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30.1 Introduction
Virus diseases are common in plants in most countries. For instance, in
Australia and New Zealand, at least 164 and tOO different plant virus species,
respectively' had been recorded by 1988-1989 and the numbers continue to
grow. While some of these viruses infect insignificant hosts or cause latent
(symptomless) infections of little or no economic importance, others cause severe
diseases of major concern to growers and govern-".rt.t agencies.

Hosts of viruses in countries such as Australia and New Zealand include
native plants, weeds, ornamental plants, vegetables, fruit crops, field crops and
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pasture plants. Plants ranging in size from small herbs or grasses to large trees
may be affected. Temperate, subtropical and tropical plant species are hosts. A
few plant viruses also infect their insect vectors, but none is known to infect any
larger animal. Since human beings are not hosts, plant viruses are of principal
importance through their effects on their plant hosts, particularly the major
ornamental, horticultural and agricultural crop plants.

This chapter will examine some of the important and interesting viruses of
crop plants. The viruses selected will be described briefly. Information will also
be given on their geographical distribution, symptoms, host range, diagnosis,
epidemiologr and contro,l, especially as applicable to Australia and New Zealand.
More complete information on the viruses and virus diseases can be obtained
from the Further Reading section (30.11) of this chapter. General principles
concerning plant viruses are given in Chapter 7.

30.2 Virus diseases of potato and tomato
Both potato (Solanum tuberosum) and tomato (Lgcoperstcum escutentum) are
members of the family Solanaceae, which also includes capsicum (Capsicum
annuum). Different solanaceous plants often can be infected by similar viruses.
Sometimes solanaceous weeds are important alternative hosts of vimses and the
insect vectors which transmit them.

Worldwide at least 2l viruses infect potato and 13 viruses infect tomato.
Some of these viruses are very damaging to plants when present alone, whereas
others do not induce symptoms in plants. Sometimes, combinations of viruses
are found in plants and these may cause more damage than the additive effects
of each virus separately. For instance, double virus streak of tomato is caused
by a dual infection of potato X and tomato mosaic viruses. Either of these
viruses alone causes a relatively mild mosaic disease, whereas together they
cause a synergistic, severe necrotic infection, resulting in brown, unmarketable
fruit and much tissue death.

Viruses commonly infecting potato in Australia include potato leafroll
luteovirus, potato Y potyvirus, potato X potexvirus, potato S carlavirus and
tomato spotted wilt tospovirus. Of these, potato leafroll is of major importance,
potato Y virus is rare, potato X and S viruses are common but mild in their
effects, while tomato spotted wilt virus is severe but sporadic in occurrence. The
major strategy for control of potato viruses is to plant certified seed potatoes
which are relatively free of virus infection. However, potato leafroll and tomato
spotted wilt viruses are vector-borne (by aphids and thrips, respectively) and can
invade healthy crops from nearby infected weeds or crops.

Viruses commonly infecting tomato in Australia include tomato mosaic
tobamovirus, the tomato yellowtop strain of potato leafroll luteovirus, potato y
potyvirus, potato X potexvirus, cucumber mosaic cucumovirus and the tomato
spotted wilt tospovirus. Of these, tomato mosaic, potato leafroll and potato y
viruses are moderately common, while potato X, cucumber mosaic and tomato
spotted wilt viruses are sporadic in occurrence. With the exception of tomato
mosaic virus, these viruses are not soil- or seed-borne, but come from nearbv
infected crops or weeds.

Leafroll of potato

Potato leafroll is the most important virus disease of potato throughout the world.
It is caused by the potato leafroll luteovirus, which has small Z+ n n diameter
spherical particles containing single-stranded RNA (ssRNA). It is persistent and
nonpropagative in its aphid vectors.
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The external symptoms of leafroll in potato are a prominent rolling of leaves
and a stiff upright growth habit. Internally, there is necrosis of the phloem and
an abnormal accumulation of carbohydrates in the leaves because of reduced
phloem transport.

Diagnosis is conveniently done by symptoms in infected potatoes and
greenhouse test plants and the ELISA serological test. Phgsatisfloridctnc- reacts
with leaf yellowing when infected and is a convenient indicator host for aphid
vector studies.

In countries like Australia where certified potato 'seed' (tubers) is often
planted, the amount of primary infection resulting from infected tubers is low.
OnIy a few plants emerge to show typical symptoms of infection. If certified seed
is not used, however, as in the autumn crop in Queensland, the level of primary
infection may be high.

Secondary infection of potato crops occurs when aphid vectors feeding on the
phloem of infected potato, tomato or weed hosts acquire the virus and transmit it
by feeding after a latent period of half to one day. In potato plants which develop
secondary infections, the leaves initially grow normally, reflecting the period of
virus-free growth but later, after infection, the upper, newer leaves develop
leafroll symptoms.

Control of leafroll is based mainly on producing virus-free (certified) potatoes
for seed. Seed producers must grow their crops in isolation and must rogue
(remove and destroy) any potato plants with virus-like symptoms. Insecticidal
sprays can reduce the spread of potato leafroll virus because aphids require half
to one day of feeding either to acquire the virus efficiently from a diseased plant
or to transmit it efficiently to a healthy plant.

Planting cultivars that have field resistance to infection is a useful strategr.
Transgenic potato plants which carry the potato leafroll virus coat protein gene
are also highly resistant to field infection. Resistance may be due to inhibition of
viral replication through interference with virus uncoating and /or restriction of
virus movement within the plant. These transgenic plants produced by the
CSIRO are not yet available for general use.

Mosaic of tomato
Tomato mosaic is a major disease of tomato wherever it is grown throughout the
world. It is caused by the tomato mosaic tobamovirus, which has straight tubular
particles of 3OO x l8 nm containing ssRNA. It has no specific natuial vectors,
but is readily spread by handling and cultural operations. Initial inoculum may
come from contaminated seed or soil.

Symptoms of infection in tomato may be a typical mosaic, comprising light and
dark green leaf mottle. Under winter conditions, however, mosaic .""y ne slight
but the plants may show severe stunting, a 'fern-leaf (leaf-narrowing) condition
and blotching of the fruit. Fruit yield losses of up to 23o/o occur. Sometimes a
conspicuous yellow (aucuba) form of mosaic or a necrotic (streak) disease of
stems, leaves and fruit, results from infection. 'Double virus streak', caused by a
dual infection by tomato mosaic and potato X viruses, causes even more severe
necrosis in plants. Fruit is disfigured, streaked with necrosis and unmarketable.

Additional hosts include capsicum, cape gooseberry (Physalrs peruuiana) and
blackberry nightshade (solanum nigrum). However, tomato is the major natural
host.

Diagnosis is by symptoms, the presence of typical rod-shaped particles in
negatively stained preparations of sap under electron microscopy a.ta serological
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tests such as ELISA and gel diffusion. Nicotiana gtutinosa is a good local lesion
indicator host of the virus.

Initial infection often occurs when seed of infected fruit is planted. The virus
is usually carried as a surface contaminant of seed and occasionally as an
endosperm infection. Infection of seedlings and spread to other plants often
occurs during handling and cultural activities. Initial infection can also occur
when debris from a previous infected crop comes in contact with roots of a new
crop. In this case the roots become infected and in some plants the virus moves
to the tops and is then spread by direct foliage contact between plants or by the
virus in sap. Because the virus particles are very stable they can survive in sap
on clothing or on pruning implements or hands and be transmitted to plants
through wounds created accidentally or by cultural practices.

Control involves the destruction of residues of old crops, the planting of seed
which has been heated dry at TO.C or disinfested by chemical treatment by lOolo
trisodium phosphate (Na3POa) solution for one hour, the avoidance of handling
seedlings after working in an older crop, the disinfestation of contaminated
materials (knives, implements, wires, posts, etc) with 1Oolo Na3POa solution and
the washing of clothes after working in an infected crop. Resistant cultivars are
available in some countries, but in Australia, only partially resistant cultivars are
currently used.

30.3 Virus diseases of lettuce
Although many viruses infect lettuce worldwide, only lettuce mosaic potyvirus,
lettuce necrotic yellows rhabdovirus and lettuce big vein varicosavirus are
regularly of importance in Australia. Other viruses of sporadic importance in
Australia are cucumber mosaic cucumovirus and tomato spotted wilt tospovirus.

The source of infection, and hence the control, of the various viruses infecting
lettuce varies considerably. With lettuce mosaic, the seed is the usual so.r.ce of
initial virus, whereas with lettuce necrotic yellows, the sowthistle aphid
transmits the virus from nearby infected sowthistle (Sonchus oleraceus) weeds.
In contrast, lettuce big vein is soil-borne and transmitted to the roots of lettuce
by zoospores of the chytrid fungus, OLpidium brassicae. If cucumber mosaic or
tomato spotted wilt viruses occur, they come from nearby infected crops or
weeds via aphid or thrips vectors, respectively. Correct diagnosis of lettuce virus
diseases is essential if control measures are to be applied effectively. Since
symptoms produced by different viruses may sometimes be similar, laboratory-
based diagnostic tests are often needed, except for lettuce big vein.

Lettuce mosaic
Lettuce mosaic is a disease of worldwide importance in all types of lettuce. Since
spread can be rapid and severe stunting can affect productivity, its control is of
particular concerrr.

The causal virus, lettuce mosaic potyvirus, has flexuous rod-shaped particles
of about 75O x 12 nm. A single ssRNA genome is surrounded by helically wound
protein subunits of one type. The virus is transmitted in seeds and by aphids in
a non-persistent manner.

Tlpical symptoms of mosaic in lettuce are a stunting and mottling of the
foliage. sometimes severe strains cause vein browning (necrosis). occaiionally
weeds, such as Chenopodium spp., are naturally infected.

The virus can be identified by serological tests, especially ELISA. The
presence of f lexuous rod-shaped part icles about TSo x 12 nrrr, aphid
transmission in a non-persistent manner and sap transmission to Chenopodium
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spp. and Gomphrena gtobosa with characteristic local lesion symptoms are
additional characters used for diagnosis.

Infected plantings of lettuce grown by seed producers are important in
providing infected seed. Also, when lettuce growers make a succession of lettuce
plantings, older infected lettuce is a source of virus for aphid transmission to
younger plants. Infected weeds can maintain the virus between crops, but
infected seed and old infected lettuce plants are more important reservoirs.

Lettuce mosaic is controlled by using virus-free seed. Tests of seed by the
ELISA serological test can be done to ensure that less than O.Olo/o of seed is
infected. Also, to reduce the aphid transmission of virus into a crop from
external sources, older infected crops should be destroyed as soon as possible
and successive lettuce plantings separated as far as possible.

Lettuce necrotic yellows

Lettuce necrotic yellows is often severe in lettuce crops in Australia and occurs
in New zealand, but is of little or no importance in other countries.

The causal virus, lettuce necrotic yellows rhabdovirus, has enveloped,
bacilliform particles measuring about 227 x 66 nm. Particles have an ssRNA
genome. The virus is transmitted mainly by the sowthistle aphid (Hgperomazus
Lactucae), which can also be infected by the virus. H. carduellinus is another less
important vector. The virus is also sap transmissible, although with some
difficulty because of the instability of particles. Lettuce and sowthistle, the most
common weed host of the virus, are difficult to infect by mechanical inoculation.

Sowthistle is an almost symptomless host. In contrast, affected lettuce plants
are yellow and stunted, often with twisted and lopsided leaves. Leaf veins may
become necrotic, often causing parts of inner leaves to die.

The host range is moderate, with susceptible plants belonging to the families
Asteraceae, Chenopodiaceae, Fabaceae, Liliaceae and Solanaceae. Nicottana
glutinosa. a favoured greenhouse test plant for the virus, shows downwards
curling and mild mosaic in infected leaves and with virulent isolates, develops
local lesions.

The disease is diagnosed on the basis of typical symptoms in mechanically
inoculated IV. glutinosa, ELISA serological tests and the presence of bacilliform
particles in sap extracts prepared for electron microscopy.

Epidemics of lettuce necrotic yellows occur when sowthistle plants, infected
with the virus and carrying vector aphid populations, grow in or near lettuce
crops. Lettuce is not colonised by the viruliferous (virus-carrying) aphids but is
infected when the migrating aphids feed on it for at least a minute. Longer feeds
increase the efficiency of transmission.

Since necrotic yellows is a major problem only when infected sowthistles grow
in or near lettuce crops, all associated sowthistles should be destroyed by
cultivating, roguing or chemical treatment. Occasional lettuce plants will become
infected by viruliferous aphids flying into crops from long distances, but this is
of minor importance. Since aphids do not acquire the virus from lettuce and the
virus is not seed-borne, sowthistles are the key plants in the ecology and control
of necrotic yellows.

Lettuce big vein
Lettuce big vein occurs wherever lettuce is grown in temperate areas. In
contrast to other important virus diseases of lettuce, it is soil-borne and carried
by a chytrid fungus vector, Olptdium brasstcae. The lettuce big vein
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varicosavirus has rod-shaped particles that have been poorly characterised
because of their instability.

Affected lettuce shows a yellowing of the parenchyma tissue on either side of
the leaf veins, giving the impression of bigger than normal veins. Lettuce plants
heavily infected in the seedling stage and grown in wet soil at temperatures
below about 16oC, may be stunted.

Lettuce big vein has hosts among weeds such as sowthistle, which are also in
the family Asteraceae. Since the virus is not sap transmissible, it is difficult to
study its host range.

Diagnosis of the virus is by the symptoms in lettuce and the presence of the
chytrid vector in roots. No sensitive test for the virus is yet available.

The virus is carried internally in the vector, OLptdtum brassicae, including the
resting sporangia, the thin-walled sporangia and the zoospores. Since the resting
sporangia can survive in soil and root debris almost indefinitely, once the soil is
infested with viruliferous resting sporangia it remains infective. Symptoms of big
vein are dependent on temperatures of l6'C or less occurring during the growth
of the lettuce.

There are no highly resistant lettuce cultivars although some are affected less
than others. Avoiding cool, wet conditions reduces the severity of infection.
Where the disease occurs in hydroponic culture, it can be controlled by addition
to the nutrient solution of low concentrations of surfactants (detergents) which
cause zoospores of the chytrid vector to burst.

30.4 Virus diseases of subtropical and tropicalfruits, such as citrus and banana
Of the many fruits cultivated in subtropical and tropical regions, banana, citrus,
pineapple and pawpaw (papaya) are amongst the most important. These crops
are botanically only distantly related and they generally are infected by different
viruses. The important viruses generally do not have weed hosts, but are
transmitted from one infected crop to another. In this section, virus diseases of
citrus and banana will be discussed.

Some 30 diseases caused by virus and virus-like agents have been recognised
in citrus worldwide. In Australia, about nine such agents have been described,
the most important and widespread of these being citrus tristeza closterovirus.
Other viruses recorded in Australia include citrus concave gum and blind pocket
sobemovirus, citrus crinkly leaf ilarvirus, citrus variegation ilarvirus, the
psorosis complex, citrus enation-woody gall virus and citrus xyloporosis virus.
Citrus exocortis viroid is also present. These agents have a variety of
transmission methods, but all are transmitted by budding, the main technique by
which citrus cultivars are propagated. Thus, virus and viroid testing of budwood
sources is important in obtaining satisfactory nursery plants. Quarantine
measures are also needed to avoid the introduction of new citrus viruses from
other countries or regions.

At least four characterised and several uncharacterised viruses infect bananas
(Musa spp.) worldwide. Since commercial bananas are propagated vegetatively by
taking and planting suckers or by tissue culture plantlets, there is opportunity
for these viruses to become more common and to be spread to other geographic
areas. This usually happens when either the virus is mild or the virus is in the
incubation stage and the plant shows no s5rmptoms.

In countries where it occurs, banana bunchy top disease is of most
importance, causing plants to cease fruiting. Cucumber mosaic cucumovirus also
sporadically infects young bananas causing infectious chlorosis. The leaves
develop a mosaic and heart rot may occur during cold weather. This virus has a
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wide host range including crop plants and weeds. It is spread by aphids from
these hosts to banana. It is rarely spread by aphids between banana plants.
However, it can be spread in planting material.

Banana streak badnavirus sometimes infects bananas. For instance, the
Mysore cultivar in Australia and elsewhere was thought to have a genetic leaf
streak until the virus was shown to be infecting all plants. The virus is
transmitted by mealybugs. It is closely related to sugarcane bacilliform
badnavirus and it has been shown experimentally that the two viruses can cross
infect. However, it is still not known how frequently cross infection occurs in
nature. In contrast, banana bract mosaic potyvirus is a non-persistent aphid-
borne virus not yet found in Australasia

Citrus tristeza, quick decline, dieback, seedling yellows and stem pitting

These diseases occur worldwide and reflect some of the different symptoms
produced by a complex of strains of the citrus tristeza closterovirus acting on a
complex of Crtrus species and cultivars. In Australia citrus tristeza closterovirus
is endemic and most citrus trees which have been grown unprotected for some
years are infected.

The citrus tristeza closterovirus has long, flexuous rod-shaped particles of
about 2,OOO x lO nm, which contain ssRNA. The virus is transmitted in a semi-
persistent manner by certain aphids, especially Toxopteracttrtctda and Aphrs
gossgpii.

A wide range of symptoms occurs, depending on the species and cultivar of
Citrus and the strain of the virus. Tristeza (quick decline) occurs when sweet
orange (C. sinensis) scions infected by severe virus strains are budded onto sour
orange (C. aurantium) rootstocks. Symptoms include rapid wilting and bud union
necrosis resulting from phloem death. However, infected sweet orange scions
budded onto tolerant rootstocks, such as trifoliata orange (Poncirus trifoliata), are
not severely affected.

Dieback of limes (C. auranttfuLial starts with vein flecking on young leaves.
The leaves become small and cupped or canoe-shaped. Stem pitting (longitudinal
depressions) resulting from phloem disorganisation, can be seen when the bark
is removed with a knife and the surface of the woody internal tissue examined.
Plants are stunted and twig and branch dieback may eventually lead to death of
the plant.

Seedling yellows is shown by seedlings of susceptible species, such as lemon
(C. Limon), sour orange and grapefruit (C. paradisi), which are infected by severe
strains of the virus. As well as intense yellowing, seedlings show stunting and
stem pitting.

In stem pitting of grapefruit, wood of the trunk and limbs is pitted with
longitudinal depressions. The foliage and the tree show stunting and bushiness.
Interveinal chlorosis of leaves may also occur. Fruit is small and misshapen.

The diagnosis of citrus tristeza closterovirus is by symptoms in infected trees,
or in lime or other susceptible seedlings budded from infected trees. ELISA
serological tests are also commonly used. Since the virus occurs as a large
number of strains of differing virulence, and since commercial trees may be
infected by complexes including several different viruses, mere detection of the
presence of citrus tristeza virus is not sufficient to determine the cause (etiology)
of a citrus disease.

Budding, which is used to vegetatively propagate citrus cultivars, is an
efficient transmission method. In addition, spread by aphids in a semi-persistent
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manner occurs readily when the virus and vectors are both present. The virus is
not seed transmitted.

In countries like Australia where citrus tristeza virus is endemic, tolerant
stock-scion combinations must be used. Favoured rootstocks include trifoliata,
sweet orange, rough lemon and Cleopatra mandarin. Severe strains in grapefruit,
sweet orange or limes can be controlled to some extent by the use of mild strain
cross-protection. In this, buds from citrus containing a known mild strain are
used to propagate the citrus cultivar and the mild strain tends to exclude more
severe strains.

Banana bunchy top
Banana bunchy top disease causes major losses to banana growers in most
countries in Africa, Asia, Australasia and the Middle East, where it occurs. For
instance, in eastern Australia it threatened to make banana growing unprofitable
in the l92Os and still needs to be controlled.

The virus has small spherical particles of 20 nm, each containing a circular
ssDNA molecule. Up to six different ssDNA molecules have been identified,
indicating that replication requires the cooperation of a number of separate
genome segments. The virus is transmitted in a persistent manner by the
banana aphid, PentaLonta nigroneruosa.

Symptoms in banana are stunting and marginal chlorosis of the leaves and an
upright habit with emerging leaves becoming choked in the throat of the plant
giving a 'bunchy top' effect. Leaves show a dark-green flecking of the veins
giving a 'dot-dash' effect. Fruiting ceases or abnormal bunches are produced.
Bananas are the only known host in Australia.

The virus can be diagnosed by the characteristic symptoms and ELISA,
immunosorbent electron microscopy or polymerase chain reaction (PCR) tests,
with the ELISA and PCR tests being most sensitive. The virus is not
mechanically transmissible and no diagnostic hosts apart from bananas are
known.

Spread of the virus by the banana aphid can occur over long distances.
Plantations should be completely destroyed when they become unproductive.
Planting material should be taken only from plantations which have not shown
the disease for at least two years. Diseased plants, together with all attached
suckers, should be destroyed by injecting with herbicide after spraying with
kerosene or a mineral oil to kill the aphids.

Growers who find bunchy top-infected bananas should immediately notifu the
local Banana Inspector, who will advise on control measures.

30.5 Virus diseases of winter cereals
Winter cereals (wheat, oats, barley) can tolerate frosts during their vegetative
growth, but yields are severely affected if frosts coincide with flowering and the
flowers are blighted. At least 29 viruses have been reported to infect wheat
worldwide and numerous viruses also can infect oats and barley in nature.
However, in Australia, only four viruses have been reported in wheat. Oats and
barley also seem to have few viruses. Surprisingly, no soil-borne viruses have
been recorded, even though the plasmodiophorid fungal vector, poLgmgxa
gramini.s, is present in some soils and is known to transmit several viruses in
North America and Europe, including soil-borne wheat mosaic furovirus, barley
yellow mosaic bymovirus and oat mosaic bymovirus.

The most important virus in winter cereals in Australia and New Zealand is the
aphid-borne barley yellow dwarf luteovirus which infects all three major crops.
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Other viruses which are of restricted importance and occurrence are, for wheat,
cereal chlorotic mottle and maize sterile stunt rhabdoviruses and chloris striate
mosaic geminivirus, all of which are leafhopper-borne. For barley, barley stripe
mosaic hordeivirus, cereal chlorotic mottle and maize sterile stunt rhabdoviruses
and chloris striate mosaic geminivirus are additional viruses. Two of these,
cereal chlorotic mottle rhabdovirus and chloris striate mosaic geminivirus, also
infect oats.

Yellow dwart of barley, oats and wheat
Yellow dwarf is the most widespread and important virus disease of winter
cereals worldwide. The particles of the virus are spherical and 25 nm in
diameter. The genome is ssRNA and this is surrounded by a coat made of
protein subunits of a single type. The virus is transmitted by aphids in a
persistent, circulative, non-multiplying manner and there is some vector
specificity in transmission. There are two serological subgroups of the virus,
each containing two or three strains which differ in the ease by which they are
transmitted by different species of aphid. Although the virus cannot be
transmitted mechanically, it is possible to do bioassays of the virus by injecting
the virus into aphids or by feeding the virus to aphids through membranes.

The main symptoms are stunting and chlorosis, or in the case of oats,
stunting and red or purple colouration. In addition, blasting of florets can occur,
especially in oats. Usually oats are more severely affected than barley, with
wheat being least affected. The host range is very wide amongst grasses, with
more than IOO species susceptible to infection.

The symptoms of barley yellow dwarf virus infection (stunting and chlorosis)
can be confused with those caused by other factors, such as nutrient deficiency
and attack by nematodes or fungi. Hence, the virus is commonly diagnosed by
ELISA and immunosorbent electron microscopy. The ability to be transmitted in
a persistent manner by certain aphids is a subgroup and strain character. For
glasshouse studies, cool temperatures and supplementary light are often needed
for obvious symptoms to develop.

Epidemiology of the virus is closely associated with flights of aphid vectors
and the proximity of infected grasses. In southern parts of Australia, perennial
ryegrass (LoLium perenne) pastures are major sources of infection. In northern
parts of Australia, perennial ryegrass pastures are uncommon and infection of
winter cereals is rarely important.

Control depends heavily on the breeding and growing of cereal cultivars
tolerant of the virus. Since infection in the seedling stage is most damaging,
planting cereals distant from perennial ryegrass pastures is advisable.

30.6 Virus diseases of summer cereals
The most important summer cereals, rnaize {Zea mags) and sorghum (Sorghum
bicoLor) are generally grown in subtropical and tropical areas during the summer
season. Worldwide, at least 15 viruses have been reported to infect rnaize and at
least nine viruses sorghum. In Australia, six viruses are recorded in maize and
two in sorghum.

The most important virus infecting summer cereals in Australia is the aphid-
borne Johnsongrass mosaic potyvirus. Other viruses, which are usually of minor
importance, include sugarcane mosaic potyvirus, which is also aphid-borne.
There are also a number of leafhopper- or planthopper-transmitted viruses,
namely cereal chlorotic mottle and maize sterile stunt rhabdoviruses. chloris
striate mosaic geminivirus and rnaize stripe tenuivirus.
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These diseases are commonly caused by Johnsongrass mosaic potywirus. This
virus is widespread in subtropical and tropical areas of Australia where Johnson
grass (Sorghum hatepense) and wild sorghum (S. uerttciLtiflorum) are common.
However, in other countries it is usually uncommon. For instance, in the USA,
rnaize dwarf mosaic potyvirus is the dominant virus in maize and sorghum.

Johnsongrass mosaic virus has flexuous rod-shaped particles of 75O x 12 nm,
containing an ssRNA genome covered by a coat of one type of protein subunit.
The virus is transmitted by a number of aphid species, such as the corn aphid
(Rhopatosiphum moLidis) in a non-persistent manner.

While the main symptom in maize and sorghum is usually a mosaic, some
sorghum cultivars react to infection by producing red stripe (red necrotic stripes
or spots in the foliage). Red stripe necrosis in sorghum is controlled by the
dominant lV host gene. Redleaf is a necrotic leaf collapse and spotting which is
controlled by the recessive rf gene. This rf gene is activated and produces
necrosis only when temperatures drop below about l8'C. As well as infecting
rnaize and sorghum, the virus is common in perennial fodder and wild sorghums
such as S. sudanense, Johnsongrass and S. uerticilldlorum and also infects many
annual grasses.

Johnsongrass mosaic virus produces typical necrotic or mosaic symptoms in
certain 'differential' sorghum lines following sap inoculation. The virus can also
be diagnosed by ELISA and immunoelectron microscopy tests.

Spread of the virus depends on aphid transmission from infected crops or
weeds such as Johnson grass and S. uerticiLLiflorum.

Control depends on the use of tolerant cultivars, which produce only a mild
mosaic, or resistant cultivars. Destruction of infected weed sorghums and crops
will reduce the source of inoculum and aphid vectors.

30.7 Virus diseases of sugarcane
Sugarcane (Saccharum spp. hybrids) is infected by at least a dozen viruses
worldwide. Some of these, like sugarcane Fiji disease fijivirus and sugarcane
mosaic potyvirus continue to be major threats to commercial production of cane
in Australia and worldwide. Others, like sugarcane bacilliform badnavirus,
sugarcane mild mosaic closterovirus and sugarcane yellow leaf luteovirus are
newly discovered. Of these, only sugarcane yellowleaf luteovirus is so far
considered to be of major significance.

Since sugarcane is typically propagated vegetatively by planting setts (pieces
of mature stalk with one or more dormant buds), there is the opportunity for
accumulating viruses and obtaining much reduced productivity. Because
sugarcane is a field crop grown over large areas, control of virus diseases must
be achieved economically using resistant varieties, healthy planting material,
roguing of infected plants and quarantine protection.

Sugarcane Fiji disease
Fiji disease was first recognised as a problem in Fiji, hence its name. However,
its original home is probably Papua New Guinea. It has caused major losses
during outbreaks in Fiji and Australia and it remains a threat to sugar industries
in other countries where it occurs, such as Malaysia, Thailand and the
Philippines. The disease is largely restricted to sugarcane and its close relatives.

The sugarcane Fiji disease fijivirus has large spherical particles of about 70
nm diameter which each contain ten dsRNA segments. The virus particles have
two protein coats and particles with only one coat are called subviral particles
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and measure 5O-6O nm in diameter. The virus multiplies both in the host plant
and in the planthopper vectors, PerkinsieLLa sacchari"cida, P. uastatrrx and P.
uitiensis. The acquisition of virus is most efficient by first instar insects and
decreases in the second and third instars as the insects age. Fourth and fifth
instars and adults probably cannot become infective. Transmission of the virus
occurs after a latent (propagation) period of at least I2-I4 days. If an insect
becomes infective as an early instar larva, it can transmit in the second and later
stages, for as long as the insect lives.

Symptoms of infection are stunting of the plant and the presence of galls on
the undersurface of the leaves. The galls are proliferations of the vascular tissue
(phloem and xylem). They contain large accumulations of particles and
viroplasms which are dense inclusion bodies where the particles are apparently
manufactured and assembled.

Fiji disease can be diagnosed by the typical symptoms, especially the galls.
Also, the presence of large 5O-7O nm diameter spherical particles in the galls
and the associated ten genomic dsRNAs are diagnostic. A sensitive molecular-
based polymerase chain reaction (PCR) test is also available and can be used in
special circumstances, such as quarantine situations, where freedom from Fiji
disease virus is of considerable importance.

Epidemics of Fiji disease can occur when diseased planting material is used
and when susceptible sugarcane varieties are grown in the presence of high
vector populations. Disease incidence changes markedly with distance from a
source of inoculum. It is high close to the source but becomes progressively
lower with increasing distance from the source. Therefore, planting near old
infected plantings should be avoided. Heavily infected plantings should be
harvested and ploughed in as soon as possible.

Other control measures include the use of quarantine measures, clean
planting material, resistant varieties and the roguing of diseased plants.
Quarantine measures are important when some districts are free from the
disease (e.€. northern Queensland). When cane is being moved to north
Queensland from southern Queensland and northern New South Wales, where
the disease occurs, the cane undergoes a two year period of inspection during
growth in an insect-proofed greenhouse. Clean planting material should be taken
from healthy cane fields. In addition, roguing of diseased plants will slow the
spread of infection when disease incidence is low.

An important strategy when disease incidence is high is to plant resistant
cultivars and prevent the use of very susceptible cultivars. Host resistance to
the virus will slow the spread of disease and help control epidemics. Also, host
resistance to the planthopper vector will reduce the population of the vector and
aid in disease control. In breeding new cultivars foi ttre sugarcane industry in
Australia, resistance to Fiji disease virus is a major criterion in selecting parents
and in evaluating progeny.

Sugarcane mosaics
Mosaics are worldwide and important diseases of sugarcane, caused by several
potyviruses, especially sugarcane mosaic and sorghum mosaic potyviruses.
These viruses sometimes occur separately in a geographic area and sometimes
together. For instance, sugarcane mosaic virus strain A is the only potyvirus
known to infect sugarcane in Australia. In the USA, however, both this virus and
sorghum mosaic virus (formerly called sugarcane mosaic virus strain H) occur,
with sorghum mosaic virus presently being the more important. These viruses
have flexuous rod-shaped particles of about 75O x 12 nrn, with ssRNA enclosed
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by spirally wound protein subunits of a single type. The viruses are transmitted
in a non-persistent manner when certain species of aphid probe diseased and
then healthy plants. The viruses are also transmissible in vegetative planting
material (sugarcane setts) and by sap inoculation, especially when pricking or
severe abrasions cause sufficient wounding of the younger leaves of sugarcane.

Symptoms of mosaics are a patchwork of green, pale green and yellow areas
on the leaf blade. Mosaic symptoms are most marked on the younger, basal
portion of the fast-growing upper leaves and tend to disappear as the leaf ages.
In some sugarcane clones, necrotic red or brown spots and streaks can occur. A
number of other grasses can be naturally infected with sugarcane mosaic and
sorghum mosaic viruses, with the development of mosaic or necrotic symptoms.
For instance, in Australia, the annual grass Brachiaria piLigera is sometimes
infected with sugarcane mosaic virus in areas where the virus is common in
sugarcane. Some other grasses l ike the lawn grass, Di.gitaria dtdactgLa
(Queensland blue couch grass) and Sorghum uerticilt!flontm (wild sorghum) have
mosaic diseases caused by strains of sugarcane mosaic which do not infect
sugarcane.

Provisional diagnosis of sugarcane mosaics is possible on symptoms in areas
where only one virus occurs. However, identification of the virus involved is also
possible using specific antisera in immune electron microscopy, ELISA and PCR
tests.

Sugarcane mosaics are readily spread in infected vegetative planting material
and by aphid vectors. Whereas some aphid species, such as the corn aphid,
Rhopalosiphum mqtdi.s, are vectors, others like MeLanaphis sacchari, are equally
common in Australia but are non-vectors.

As with the control of sugarcane Fiji disease, control depends on quarantine
measures to stop movement of the virus between districts in planting material,
the use of virus-free planting material, the roguing of diseased plants when the
incidence of infection is low, the harvesting and ploughing in of heavily infected
fields and the planting of cultivars resistant to the virus.

30.8 Virus diseases of legume (pulse) crops
A wide range of legumes (family Fabaceae) are grown for their edible, high
protein seeds, including peas, broad beans, French beans, soybeans, lupins and
peanuts. Many of these legumes are used as human food, but others like lupins
are mainly fed to animals. Some legumes such as broad beans and lupins are
adapted to cool temperate conditions, whereas others like peanut and soybeans
are subtropical or tropical in their climatic requirements.

These crops are attacked by many viruses, some individual viruses being
important in several different crops (Table 30. t). For instance, peanut mottle
potyvirus can spread from peanut crops into soybean, pea and French (nary)
bean crops (Table 3O.I). Pasture legumes, such as clovers and medics, also
often carry viruses such as alfalfa mosaic alfamovirus which can be carried by
insect vectors into legume crops. Further, some of the viruses are seed-borne in
legume crops, making their control more difficult.

In Australia, each of the six legume crops listed in Table 30.l is known to be
susceptible to between three and eleven different viruses. Records of natural
infection of these legumes by five different viruses are indicated in this table.
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Table 30.1 Records of certain viruses naturally infecting important pulse legumes in Australia. (+
= recofd found; - = t€cofd not found.)

Host Alfalfa Cucumber Peanut Soybean Subterranean
mosaic mosaic mottle mosaic clover red leaf

alfamovirus cucumovirus potywirus potyvirus luteovirus*

Arachis hgpogaea
(peanut)

Glgcine max (soybean)

Lupinus angrstiJoltus
(narrowleaf lupin)

Phaseohts uulgaris
(French bean)

Pisum satruum (pea)

VtciaJabavar. Jaba
(broad bean)

+

+

*= soybean dwarf virus

Peanut mottle
Peanut mottle is widely distributed throughout the world in warmer areas where
peanuts are grown. The causal virus, peanut mottle poty'virus has been
distributed in peanut seed.

Peanut mottle potyvirus has flexuous rod-shaped particles of about 75O x 12
nm. The genome is a ssRNA strand surrounded by protein units of one type. The
virus is transmitted by aphids, including Aphi"s cracctuora, A, gossgpii and Mgzus
persicae, in a non-persistent manner.

In peanut (Arachis hgpogaea), sSrmptoms vary from nil through mild mottle to
a definite mottle or mosaic, sometimes with necrosis. Differences in symptoms
are due to the presence of different virus strains and probably different host
cultivars and environmental conditions. Soybean develops a mottle and leaf
deformation. Some cultivars of French bean are resistant to systemic infection,
but others are susceptible and show severe necrosis and death. Weeds such as
burr medic (Medtcago poLgmorpha) may be infected.

The virus is present in peanut crops following planting of infected seed (up to
2o/o of seed may be infected). Spread to other peanut plants and other crops,
such as French bean, soybean and pea, planted near infected peanut crops, also
occurs.

Diagnosis is by serological tests such as ELISA, PCR and the presence of
flexuous rod-shaped particles. It is controlled by avoiding the planting of infected
seed and by not planting susceptible crops near peanut.

30.9 Virus diseases of pasture plants
Farm animals graze or browse on a wide range of plants of many plant families.
However, the most important pasture plants are usually grasses and legumes.
Some pasture plants are annuals, whereas others are perennials. Some are
adapted to cool temperate conditions, while others prefer subtropical or tropical
conditions. As well as grasses and herbs, shrubs and trees can be eaten by
stock.

Many pasture plants are naturally infected by one or more viruses. Some
plants are known to have reduced productivity, ability to compete with other
plants and/or persistence. If infected pasture species are gro*ing alone, the
disease may be particularly important. If the species is only one oi many in a
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mixed pasture, the other species may benefit from reduced competition and
compensate for the lower productivity of the virus-infected species.

Because of the large range of viruses and plants involved in pastures and the
different climatic zones under which pastures grow, it is difficult to generalise
about their virus diseases. Some examples of viruses infecting pasture grasses
and legumes in Australia are given in Table 3O.2. In addition, two diseases of
pasture legumes, mosaic of lucerne (alfalfa) and mottle of subterranean clover,
are selected for more detailed discussion.

Table 30.2 Some examples of viruses infecting pasture grasses and legumes in Australia.

Host species Virus Method of natural
transmission

Chloris gaAana (rhodes
grass)

Dlgilarin decumbens
(pangola grass)

I-otium perenne (perennial
ryegrass)

Luptnts angrstdolius
(narrowleaf lupin)

Medicago polgmorpha
(burr medic)

Trdottum su,bterr aneum
(subterranean clover)

Chloris striate mosaic
geminivirus

Pangola stunt fijivirus

Ryegrass mosaic rymovirus

Cucumber mosaic
cucumovirus

Bean yellow mosaic
potyvirus

White clover mosaic
ootexvirus

lfesoclutha pallida
(leafhopper)

Sogatellakolophon
(planthopper)

? eriophyid mite

Mgztts persi.cae, etc. (aphids)

Aphis fabae, etc. (aphids)

Mechanical (mowing,
grazing)

Mosaic of lucerne

This is a worldwide disease, causing mosaic, mottle and malformation symptoms.
However, especially during warmer summer weather, symptoms can disappear.

The causal virus, alfalfa mosaic alfamovirus, has small bacilliform particles of
different lengths, often about 16 nm wide and about 30, 35, 43 and 56 nm long.
The genome is divided into three ssRNA strands of 4.3, 5.2 and 6.9 million
relative molecular weight units and a subgenomic messenger RNA of 2.6 million
coding for the coat protein. These four RNAs are encapsidated singly, depending
on their size, in the four bacilliform particles.

The virus is transmitted by at least 14 different aphid species in a non-
persistent manner.

Lucerne infected by alfalfa mosaic virus is less productive and more likely to
die out than uninfected lucerne. As well as infecting lucerne, alfalfa mosaic virus
has a wide natural host range amongst other legumes (Fabaceae) and other plant
families. In the Solanaceae, potato develops a bright yellow mosaic, termed calico
and a tuber necrosis. In tamarillo (Caphomandra. betacea), systemic mosaic,
sometimes with some leaf distortion or necrosis, is produced under cool
conditions. Generally legumes produce either a yellow mosaic (e.g. lupins and
clovers) or necrosis (e.g. peas and chickpeas). The experimental host range is
very wide.

Alfalfa mosaic virus is diagnosed by ELISA tests and the presence of small
bacilliform particles. When inoculated to greenhouse test plants, the virus
usually produces chlorotic or necrotic local lesions in Chenopodium amarant-
icolor, C. quinoa tobacco and French bean. Sometimes, as in Chenopodium spp.
and tobacco, the virus later causes systemic mottle symptoms.

The virus is seed-borne in lucerne and some other hosts, such as the
solanaceous weed, Ni-candra phgsalodes. The virus is also pollen-borne in
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lucerne. Spread of the virus occurs by aphids from lucerne and clovers to other
hosts, such as potato. Weed hosts also play a part in the spread of the virus.

Control of the virus is difficult because of the wide host range among crop
plants and weeds, the seed- and pollen-borne transmission in lucerne and the
numerous aphid vectors. Susceptible crops like potatoes and peas should be
planted distant from infected lucerne fields.

Mottle of subterranean clover
Mottle is a severe disease which is restricted to subterranean clover (TrtfuLium
subterraneum) in the south west of Western Australia. It is caused by the
subterranean clover mottle sobemovirus, which has spherical particles of 3O nm
diameter each containing a ssRNA strand. It is transmitted mechanically and by
seed.

Symptoms are mosaic and stunting, which persist in subterranean clover. The
virus produces necrotic local lesions in pea, which can be used in infectivity
assays. The virus is diagnosed by gel diffusion serological tests and also by
ELISA and nucleic acid or antibody blots.

The virus is spread by stock, such as sheep, which transmit via sap on
hooves or mouths. The virus is seed-borne in susceptible subterranean clover
cultivars. Rates of infection in pastures generally increase with the age of the
pasture up to 15 years.

Control of mottle depends largely on growing resistant cultivars. The cultivars
Dinninup, Nungarin, Daliak, Esperance, Geraldton, Northam, Mt Barker and
Woogenellup are susceptible, whereas cultivars Seaton Park, Meteora, Larissa
and Dwalganup are resistant. Strawberry clover (TrifoLium Jragpferum/ is also
resistant and can be planted as a substitute. Other strategies for control are the
planting of virus-free seed and the restriction of access by stock which spread
the virus on feet and mouths.

30.10 lmportant virus diseases not known to be present in Austral ia and New
Zealand
As shown in the above sections dealing with selected virus diseases of some
important crops, there is a large array of viruses which have the potential to
greatly reduce their productivity. Whether the crop is badly affected in a
particular year depends on the extent of virus infection, how early infection
occurs in the season or planting cycle, the abundance and activity of any
vectors, the weather conditions affecting the host, virus and vectors and other
factors (see Chapter I8).

Viruses are particularly troublesome if they infect plants used as a source of
vegetative planting material (such as potatoes and sugarcane) or seed (such as
lettuce), since in these cases inoculum is present at planting. Viruses are also of
great importance in perennial crops such as fruit trees, which take many years
to become fully productive.

Fortunately, some viruses which are important elsewhere have not been found
in Australia and New Zealand. These viruses presumably pose a threat to certain
agricultural crops which quarantine barriers have so far contained. In this
section, a few of the most threatening and dangerous virus diseases are briefly
discussed. Alternatively, if these viruses are already present undetected in
Australasia they are of little economic importance. For instance, conceivably the
drier and warmer climate of Australia could reduce the chances of detecting
certain soil-borne viruses, such as potato mop-top furovirus transmitted by the
fungus Spongospora subterrarLea, which is important in Scotland.
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Other soil-borne fungus-transmitted viruses which occur elsewhere are
tobacco stunt virus transmitted by OLpidium brassicae in Japan, barley yellow
mosaic bymovirus transmitted by Potgmgxa graminis in Europe and soil-borne
wheat mosaic furovirus also transmitted by P. graminis in North America,
southern Europe and northern Asia.

Soil-borne viruses transmitted by nematodes are also poorly represented in
Australasia. Overseas, tobraviruses transmitted by nematodes in the genera
Trichodorus and Paratrichodorus and nepoviruses transmitted by Longrdorus and
Xiphinema spp. may be important. Tobraviruses cause tobacco rattle, potato
corky ringspot and stem mottle, pea early browning and other diseases.
Nepoviruses cause a wide range of diseases of herbaceous crops (e.g. tobacco
ringspot and tomato ringspot) and woody crops (e.g. grapevine fanleaf, raspberry
ringspot and peach rosette mosaic). Tobraviruses and nepoviruses are generally
rare and unimportant in Australasia. One nepovirus which has been identified in
Australia is grapevine fanleaf virus, which occurs in association with its vector,
Xtphinema index, in the Rutherglen area of Victoria. Another is tobacco ringspot,
which occurs in one cultivar of gladiolus in South Australia and Queensland. It is
apparently vegetatively-transmitted in gladiolus corms rather than nematode-
transmitted.

The reasons for the comparative absence of nematode-borne virus diseases in
Australia are unclear. Perhaps the viruses developed in association with
nematodes and plants of the Northern Hemisphere and have rarely been
introduced as a complex of soil-borne viruliferous nematodes to areas where
susceptible plants are growing.

Soil-borne wheat mosaic
Soil-borne wheat mosaic furovirus, transmittedby PoLgmAxagraminis, occurs in
winter wheat-growing areas of the USA, Japan and ltaly. The main economic
hosts are wheat and barley. Chenopodium quinoa and C. amaranticolor give local
lesions on mechanical inoculation and are useful assay plants. The severity of
the disease in winter wheat and barley depends on the host cultivar, the strain
of the virus and the weather conditions. Affected plants show a yellow or light
green mosaic and roots are stunted. Plants of some cultivars are rosetted, with
severe stunting of tops and roots. The disease may be more severe in wetter,
lower-lying parts of fields. Symptoms become milder and tend to disappear as
plants become larger and the weather warmer. The main control strategy is to
grow resistant cultivars.

Pox of plum, apricot and peach

Plum pox is a severe disease in Europe, where the spread of the virus has been
particularly fast. The causal plum pox potyvirus is found naturally only in Prunus
spp., some of which show no symptoms whereas others like plum, apricot and
peach, develop 'pox' symptoms on the fruit and leaves. The dark-coloured rings
and discolouration of the flesh of the fruit and the premature fruit fall make this
a devastating disease in susceptible cultivars.

The plum pox virus has flexuous, rod-shaped particles of about 75O x 12 nm
which contain ssRNA. The virus is readily transmitted in a non-persistent
manner by several aphids, including Brachgcaudus heLichrgsi and Mgzus
persicae which are present in Australia. If the virus became established in
orchards in Australasia, it would make the cultivation of the more susceptible
cultivars of plum, peach and apricot unprofitable.
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Rice tungro disease
Rice tungro disease is an important disease of rice in certain Asian countries,
including Indonesia, Malaysia, Thailand, the Philippines, India and Pakistan. It is
caused by a complex of two viruses, rice tungro spherical waikavirus and rice
tungro bacilliform badnavirus. These viruses are transmitted in a semi-persistent
manner by several leafhoppers, including lVephotettw imptcttceps (= iV. uirescens),
lV. apicalis (= lV. nigromacutatus) and ReciLia (Inazuma) dorsalis. The bacilliform
virus depends on the spherical waikavirus for transmission.

As well as infecting rice and other Orgza spp., the viruses can infect certain
grasses, including Eteusi"ne indica (crowsfoot grass) with symptoms and
EchtnochLoa coLona (awnless barnyard grass) and ,EchtnochLoa crus-gaLLi. (barnyard
grass) symptomlessly. These grasses could act as sources of the viruses, but
Oryza spp. are better hosts of the leafhoppers. The rice tungro disease could be
devastating to rice in Australia if the viruses were introduced. The vectors AI.
apicaLis and R. dorsalis are present and the viruses could persist between crops
on volunteer rice plants and probably susceptible weed grasses.
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