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1.1 Introduction
Most famines of historical significance have resulted from destruction of food
crops by environmental extremes or from damage caused by pests and diseases.
In addition to causing famines and their associated social consequences, plant
disease epidemics affect humans in a number of ways. They can eliminate a
thriving industry, they can make it unprofitable to grow certain crops without the
application of expensive, and sometimes environmentally damaging, control
procedures, they cause consistent leaks in production, they affect industries
dependent on plant products, they cause wastage and spoilage of stored plant
products and in some instances can poison humans and other animals.
It is not possible to accurately determine the damage caused by plant diseases
on a world-wide basis because losses range from relatively litfle damage in some
seasons and localities to devastating losses in seasons when the environment is
conducive to disease development. It has been suggested that more than 5ooloof
the world's total crop production is lost each year through pests and diseases,
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despite the many control measures employed. Losses in poorer nations are likely
to be higher than richer ones.
1.2 What is a plant disease?
The term 'plant disease' has been defined in a number of ways. Stakman and
Harrar in their 1957 text PrincipLes oJ PLant PathoLogg defined disease as 'any
deviation from normal growth and structure of plants that is sufficiently
pronounced and permanent to produce visible symptoms or impair economic
value'. Some authors consider that a plant is diseased when it is adversely
affected by any factor that interferes with its normal physiological activity. Neville
H. White, Foundation Professor of Plant Pathologl at the University of Sydney,
defined a plant disease as 'any deviation from normal functioning of physiological
processes in a plant, of sufficient duration and intensity, to cause disturbance or
cessation of vital activities'. The plant eventually shows the effects of these
physiological disturbances as visible symptoms.
Neither of these definitions of a plant disease refers to its cause. A disease
therefore may result from attack by organisms such as insects, fungi, bacteria,
viruses or nematodes, from the effects of unfavourable environmental conditions,
or from the absence of mutualistic symbiotic organisms such as those that form
mycorrhizas and nitrogen fixing root nodules. In 1879 Anton de Bary, who is
considered by many to be the father of modern mycology, coined the term
symbiosis to describe the intimate and protracted association between two or
more unlike organisms. He divided symbioses into two types: mutualism in
which the association is beneficial to all organisms involved and parasitism
where one organism benefits to the detriment of other members of the
association. Parasites that cause disease are called pathogens.
1.3 Symptoms of plant diseases
The external signs or symptoms of plant diseases are caused by the disturbances
induced by parasitic and non-parasitic agents. Symptoms are caused by
malfunctions of any one or a combination of several systems in the host plant.
They can result from disruption of the plant's ability to absorb and translocate
water and nutrients, the plant's inability to photosynthesise efficiently, a
reduction in reproductive ability or disturbance of any other physiological activity
in the host. These upsets can lead to generalised symptoms such as unthriftiness
(failure to thrive or grow vigorously), stunting and yield reduction or they can
produce specific s5rmptoms such as leaf spots, galls and mosaic discolourations.
Disease s5rmptoms can be classified in a number of ways and the terminology
used to describe s5rmptoms is extensive (Table 1.1). However, for the purposes of
this chapter, a simplified classification of types of disease symptoms and their
causes will be presented. With some exceptions, disease symptoms can be
broadly divided into four categories:
. death and destruction of host tissue,
o wilting, general unthriftiness and associated s5rmptoms,
. abnormal growth and differentiation,
. discolouration of host tissue.
Death and destruction of host fi'ssue
Some members of all major groups of plant parasites can cause death and
destruction of host tissue. Many parasites secrete en4rmes that kill host tissue.
In fact many fungal and bacterial pathogens c€rn only obtain nutrients from cells
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which they kill by secreting en4rmes or toxins. The pathogens subsequently live
on these dead tissues. Such pathogens are called necrotrophs. Many of the soft
rot diseases of fruits, tubers and other storage tissues result from en4rmatic
breakdown of host tissue. Some nematodes kill their host's cells by secreting
enzymes into cells before they suck out the cell contents. Cellulolytic enzymes
break down the cell walls while pectinolytic enqrmes dissolve the middle lamellae
between cells.
Table1.1. Sometermsthathavebeenusedto describe
diseasesymptoms
in plants.
antlvacnose

limited, black, sunken, necrotic lesions caused by fungi such as
Colletotrichum spp.

btuht

a disease characterised by widespread rapid death of plant tissue, e.g.
late blight of potato (Phgtophthora inJestans), early blight of tomato
(Alternarin sokxti)

canker

a sunken necrotic lesion often of a main stem, branch or root, e.g.
apple canker (Nectria galtigern)

dampaq-off

collapse and rot of seedlings near soil level before emergence (preemergent damping-off) or soon after emergence (postemergent
damping-offl caused by Pgthium spp., Phytophthora spp., FLrsamrm
spp. and Rhizoctonia spp.

dieback

partial defoliation, twig and branch death and even complete death of
plants e.g. eucalypt dieback (Pltgtophltara cinnamomf

douny mildeus

white or grey'bloom' on leaves and stems caused by the production of
sporangiophores and sporangia by members of the Peronosporales
(downy mildew fungi)

enntion

an outgrowth, usually flat extensions from the plant's
especially on leaves and inflorescences, e.g. virus infections

fascintion

the proliferation of a shoot with incomplete separation of the elements,
giving the appearance of a flattened coalescent bundle of shoots (cf.
witches'broom where the shoots proliferate but are not coalescent)

gall

an abnormal growth or swelling produced as a result of pathogenic
invasion, e.g. gall rust of Acacia spp. (Uromgcladium tepperianum),
root-knot nematodes (Melaidogane spp.)

gummosis

emission of gum from the host's tissue or organ, e.g. cucumber
gummosis (Clado sportum crtcutnerirutm)

mosaic

patchy variation of normal green colour in leaves, usually light and
dark green mosaic, sSrmptomatic of many virus diseases

phgllodg

flower parts or stems transformed
phytoplasma

poudery mtldew

white, powdery'bloom' on the plant surface caused by the production
of fungal mycelium, conidiophores and conidia by members of the
Erysiphales (powdery mildew fungi), e.g. cucurbit powdery mildew
(Sphaerothe ca jnig tuEa)

pttstule

a blister-like spore mass breaking through a plant epidermis, e.g.
wheat stem rust (P.rccinio- gratninis)

rot

disintegration of tissue, often caused by enzymes or toxins produced
by pathogens, e.g. bacterial soft rots of vegetables and fruits caused by
Erwinia carotouora pv. carotovora

rust

rust coloured pustules formed by members of the uredinales (rust

tugt

surface,

into leaves, e.g. tomato big bud
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Table 1.1

(Continued)

scah

a discrete, superficial, roughened lesion, e.g. common bacterial scab of
potatoes caused by Streptomgces scabres

scald

lesions that suggest that the plant has been scalded with hot water,
e.g. scald of barley (Rhynchosponum secalis)

shothole

necrotic lesions of limited size that fall out from leaves leaving holes
that are circular, similar to holes left by the shot from a shotgun, e.g.
shot-hole of stone fruit (Shgmina carpophila)

smrd

a disease characterised by black spore masses on leaves, stems or
inflorescences caused by members of the Ustilaginales (smut fungi,
e.g. head smut of Bromts spp. (Ustrlago bullatn)

sooty motild.

dense mats of dark hyphae on the surface of living leaves and
branches; originally restricted to the sooty mould fungi (family
Capnodiaceae) which live on exudates of insects such as aphids and
scale insects; now used in a broader sense to include any fungi that
form a black mycelium on leaf surfaces; particularly common-in the
tropics.

uascular u;ilt

a disease in which the pathogen is confined to the vascular system of
the host and in which wilting is a characteristic symptom; plants lose
their turgidity and become flaccid; leaves collapse, e.g. vascular wilt
caused by the fungi Ftrsanum oxgsporum and Verticitlium dahLiae or
the bacterium Ralstonia sotanacearum

uirescerrce

presence of green colouration usually due to the formation of
chlorophyll, in plant parts not normally green, especially the floral
parts

usitches'broom

a dense mass of small thin branches, frequently emerging from a
swelling on a branch of a tree, that have the appearance of a broom
e.g. witches' broom of cocoa caused by the fungus Crinipellis
perniciasa (confined to South America), witches' broom of cherry
caused by Taptvtna usiesneri and witches' broom of lucerne caused by
tomato big bud phytoplasma

Some pathogens cause death of host tissue by secreting toxins. The Victoria
blight fungus, Cochtiabolus uictorise. infects the roots of oat plants and produces
a toxin (victorin) which is translocated to the leaves where it causes a leaf blight
and eventual death of cultivars that are susceptible to the toxin. Resistant
cultivars are not affected by the toxin. Similarly, the fungus Periconia clrcinata,
which causes milo disease of sorghum, produces a toxin (periconin) that causes
seedling blight, crown rot and root rot of sorghum cultivars that are susceptible
to the toxin. Toxin production is not restricted to fungal pathogens. The
bacterium Pseudomonas sgringaepv. tabaci produces a toxin that causes wildfire
disease in tobacco. Some insects such as the spotted alfalfa aphid and the
crusader bug also damage their hosts by injecting toxins.
In some instances host tissue is killed because infection by a pathogen
disrupts the host's metabolism. Some plants are'oversensitive'to the presence of
the pathogen and host cells are killed. Some strains of cucumber mosaic virus,
for example, cause extensive dieback in plants such as lupins and kava.
The necrotic lesions resulting from invasion by pathogens may be localised or
extensive. Local necrotic lesions appear as discrete necrotic areas of limited
size. Diseases showing local necrotic lesions include the leaf spot diseases caused
by fungi such as species of Cercospora and Septorin.In extenslve or spreadlng
necrotic lesions the necrotic area spreads until the whole organ or plant is
killed. Extensive necrosis can result from expansion of a single lesion or from
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coalescence of individual lesions. Extensive necrotic lesions occur in diseases
such as potato late blight caused by Phgtophthora inJestans and taro blight
caused by Phgtophttwra coLocasiae. Damping-off is the name given to diseases
that kill young seedlings before they emerge from the soil (pre-emergent damping
off) or that rot seedlings near soil level (postemergent damping-offl.
Wilting, general unthriftiness and associated symptoms
Wilting is the term used to describe the loss of freshness and drooping of the
above ground parts of plants. Wilting occurs when water loss is greater than
water intake. Wilting and general unthriftiness can result from one or a
combination of the following factors:
. Interference with water and nutrient absorption by roots. This can be caused
by destruction of root tissue by parasites, by physical factors such as drought
and drowning or by chemical factors such as nutrient deficiencies. In the case
of root rots, the severity of wilt or unthriftiness depends on the relative rates of
root destruction and root regeneration.
r Interference with water conduction within the plant. The vascular wilt fungi
(e.9. ftrsarium oxysporum and Verticillium dahliae) grow and multiply in the
vascular system of plants. They also induce the formation of tyloses when the
membranes of the xylem parenchyma cells form balloon-like outgrowths in the
lumen of the xylem vessels blocking the vessels and disrupting water
movement \Mithin the plant.
. Loss of control of transpiration. In healthy plants stomata close to conserve
water during periods of moisture stress. Infected plants often lose this ability
and wilt when water loss through transpiration exceeds water uptake by the
roots.
Abnormal growth and differentiation
In healthy plants, morphogenic laws are strictly obeyed and processes concerned
with metabolism, growth, cellular differentiation and organogenesis are precisely
regulated. The normal plant can be looked upon as a finely balanced complex of
interrelated reactions that are in a state of dynamic equilibrium. Any deviation
from this complex balance of reactions can lead to abnormal growth and
differentiation.
It is not surprising therefore that growth patterns of plants can be modified by
parasites or by non-parasitic agents such as hormonal herbicides. Many
parasites alter the hormonal balance in plants leading to an abnormal increase in
the size of cells (hypertrophy) or to an increase in cell numbers due to abnormal
cell division (hyperplasia).
Such changes result in abnormal growth and
differentiation of tissues producing structures commonly referred to as galls,
nodules, witches'brooms or callus tissues.
Galls are localised swellings composed of disorganised cells. Root galls (e.g.
clubroot of crucifers caused by the fungus PLasmodiophora brassicae and root
knots caused by the nematode Meloidoggne spp.) can prevent efficient absorption
of water and nutrients and cause plants to wilt and become unthrifly. Stem galls
(e.g. crown gall caused by the bacterium Agrobacterium tttmeJaciens, citrus galls
caused by the wasp EurytomaJelLis and clover galls caused by the wound tumour
virus) can reduce translocation of water and nutrients within the plant by
disrupting vascular tissue. Galls of the inflorescence (e.g. inflorescence smuts,
tomato big bud phytoplasma and seed galls induced by nematodes in the genus
Anguina), interfere with the plant's ability to reproduce by replacing seeds with
fungal structures or by preventing the flower from setting fruit. kaf galls (e.g. tea
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blister blight caused by the fungus Exobasidium uexans and peach leaf curl
caused by the fungus Taphrina dejormans) can reduce the ability of the plant to
photosynthesise by destroying photosynthetic tissue or by reducing the leaf area
available for light interception. All plant parts can be induced to form galls.
Another form of growth abnormalrty is whiptail of cauliflower in which the
leaves have a prominent midrib but lack a normal, well developed lamina. This
malformation is caused bv a deficiencv in the trace element molvbdenum.
Discolouration of hosf fi'ssue
The most common types of discolouration in plants are chlorosis and mosaics of
leaves, both of which can be caused by a number of different agents. Any factor
that interferes with the production of chlorophyll or causes its destruction can
result in leaves becoming yellow (chlorotic). Chlorosis can be caused by
deficiencies in elements needed for chlorophyll production (e.g. N, Mg, Mn, Fe), by
genetic abnormalities (albinos, chimeras etc.) or by attack by plant parasites (e.g.
root infections that impair absorption of nutrients and leaf infections that destroy
or prevent production of chlorophyll).
Mosaics are characterised by alternating dark and light green areas on leaves.
Mosaic is a symptom of many virus infections (e.g. cucumber mosaic virus and
tobacco mosaic virus). Viruses can also cause 'colour breaking' s5rmptoms where
the floral parts develop various types of colour variations. Colour breaking is
often controlled genetically but it can also be caused by virus infection. For
example, when tulips become infected with a number of viruses or gladioli \Mith
cucumber mosaic virus, the petals show a feathery pattern of alternate light and
dark pigmented areas.
Many plants produce anthocyanin pigments (red-purple discolouration) in
response to attack by parasites, physical damage or nutritional stress. It is not
uncommon for local necrotic lesions induced by pathogens to be surrounded by a
red or purple zone caused by production of anthocyanin. Insect damage also
causes similar symptoms.
1.4 Causes of plant diseases
Plant diseases can be divided into two types-biotic (parasitic) and abiotic (nonparasitic). Parasitic diseases are caused mainly by arthropods (particularly
insects), fungi, bacteria, nematodes, phytoplasmas, spiroplasmas, viruses and
viroids. Less important plant parasites include flowering plants, algae and
protozoa.
Non-parasitic diseases, also called physiological or abiotic diseases, are caused
by adverse environments such as nutritional
imbalances (toxicities and
deficiencies), genetic disorders, unfavourable physical conditions (e.g. cold, heat
or wind damage), lack of o>(ygen or damage by industrial pollutants and other
chemicals. The presence of detrimental genes in plants can result in s5rmptoms of
genetic diseases. More information on abiotic diseases is given in Chapter IO.
Establishing the cause of a plant disease
It is often not possible to determine the cause of disease on the basis of
symptoms alone. For example, local necrotic lesions on leaves can be induced by
a number of pathogenic as well as non-pathogenic agents. Similarly, galls can be
induced by insects, fungi, bacteria, nematodes, viruses and phytoplasmas as well
as non-pathogenic agents such as hormone herbicides. The correct diagnosis of
the cause of a disease is essential before any effective control strategr can be
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implemented. There is little point in recommending the application of a fungicide
if a virus or bacterium is causing the disease.
There is a set protocol that must be followed when diagnosing the cause of a
disease, regardless of whether it occurs in an animal or a plant. This protocol was
developed by the German physician Joseph Koch in the 186Os when he proved
that anthrax in cattle was caused by the bacterium BacilLus anthracis. This
protocol is referred to as Koch's postulates.
The first step in determining the cause of a disease is to examine the
s5rmptoms carefully using a hand lens or stereomicroscope to determine whether
any obvious organisms are associated with the disease. Insects, nematodes and
fungal fruiting bodies can often be seen at relatively low magni{ications. If, for
example, the presence of fungal fruiting bodies enables the fungus to be identified
or if nematodes present can be identified one might suspect a causal relationship
between the organism present and the disease. Such an association however is
not proof of a causal relationship. The fungus or nematode present could easily
be a secondary parasite or a saprophyte that is merely colonising ttre host tissue
already killed by the primary parasite. The association of bacteria with a disease
requires observation under high power with a light microscope. Viruses are too
small to be seen under a light microscope and can only be observed using
electron microscopy.
If it is possible to identi$r an organism that is consistently associated with the
disease symptoms one might then consult a check list of diseases previously
identified on the host species in question. These are published from time to time
by State Departments of Agriculture (e.g. Shivas f 989). If the organism does
cause a disease, an appropriate text on specilic diseases (e.g. one of the American
Phytopathological Society's Compendia of Plant Diseases) can be consulted to
determine whether the symptoms examined match those previously described for
the organism identified. If they do, one might confidently conclude that the
disease is caused by the organism that has been identified. An ability to identiff
plant pathogens, access to a library of reference material and check lists of plant
diseases are invaluable aids in diagnosing the cause of plant diseases.
If there is any doubt about whether the organism associated with the disease is
pathogen,
a
attempts should be made to prove a causal relationship by the
application of Koch's postulates. The four steps involved in fulfilling Koch's
postulates are:
. The organism must be consistenfly associated with the disease symptoms.
. The organism associated with the disease must be isolated in pure (axenic)
culture.
. Healthy plants of the same species and cultivar should be inoculated with the
suspected pathogen. If the organism is the pathogen, it will infect the plant
and reproduce symptoms similar to those on the plant from which it was
isolated.
. The pathogen should then be reisolated from the artificially inoculated
diseased tissue. If the reisolated organism is the same as the one isolated from
the original diseased plant then Koch's postulates have been satisfied and the
org€urism has been proved to be the cause of the disease.
If the org€Lnism isolated from a plant is a saprophyte or secondary parasite it
will not reproduce disease symptoms on the artificially inoculated plant. If the
organism reisolated from the artificially inoculated plant differs from that isolated
from the original diseased plant one would expect that contamination has
occurred or that a secondary pathogen or saprophyte has been isolated.
If an organism isolated from the diseased plant does not reproduce disease
syrnptoms on the artificially inoculated plant it does not necessarily mean that it
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is not the cause of the disease. It is possible that faulty technique was used and
the plant escaped the disease. Special methods are used to prove pathogenicity of
the various types of plant pathogens.
Many fungal and bacterial parasites can be cultured on artificial nutrient
media containing agar. Some however are fastidious in their nutrient
requirements and will only grow on very specialised media. Others such as the
plant rusts, powdery mildews and downy mildews are obligate parasites and
cannot be cultured on artificial media. Obligate parasites are usually cultured on
'cultural medium'. All viruses, plant
an appropriate host which serves as the
parasitic nematodes and many fungi are obligate parasites.
If a thorough examination of the diseased plant fails to reveal the presence of a
potential pathogen and if an organism cannot be isolated from diseased tissue
then the possibility of a virus or non-pathogenic agent being the cause of the
disease must be considered.
Before a virus can be implicated as the cause of a disease it is necessary to
show that the disease can be transmitted from a diseased to a healthy plant. This
can often be done by mechanical sap inoculation, by grafting a diseased plant to
a healthy plant or by using an appropriate vector such as a parasitic flowering
plant or an insect. The detection of virus-like particles in host cells, using
transmission electron microscopy, may also indicate that a virus is responsible
for the disease. Identification of vector-borne viruses is difficult without a
knowledge of the relationships between viruses and their vectors. The help of a
specialised virologist is often necessary to identi$r an unknown virus.
If a non-pathogenic disease is suspected, the environmental conditions present
during the onset of the disease should be carefully investigated. Information on
treatments applied to plants (irrigation, fertiliser applications, biocide spraying
schedules etc.) should be obtained and the possibility of nutrient deficiencies,
imbalances or the presence of an unfavourable physical or chemical environment
investigated. Attempts should then be made to reproduce the disease symptoms
experimentally.
Fortunately, with experience and access to suitable reference material, many of
the more common plant diseases can be diagnosed with relative certainty without
having to go through the various steps of Koch's postulates. A thorough
examination of the symptoms of disease and the organisms associated with the
symptoms often enables the cause of the disease to be established. However, if
any doubt exists as to the relationship between the disease symptoms and any
organism associated with the disease, the application of Koch's postulates is
essential. When in doubt, plate out!
1.5 Principles of disease management
All pathogenic diseases result from interactions between a host, a pathogen and
the environment. This interaction is often depicted as a disease triangle (Fig. 1.1).
If any side of the disease triangle is removed, the disease cannot develop. The
principles of managing plant diseases are based on an understanding of the three
sides of the disease triangle and how they interact. Thus, diseases can be
managed by (i) excluding or reducing inoculum of the pathogen, (ii) increasing the
host's resistance to disease or (iii) modifying the environment so that it is
unsuitable for development of the disease.
If a particular pathogen is not present in an area, attempts should be made to
prevent its introduction. This can be achieved by plant quarantine legislation,
seed certification schemes or by treating planting material to kill inoculum. If a
pathogen is already present attempts can be made to eliminate it, which in most
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circumstances a"reunsuccessful. Alternatively, strategies can be implemented to
reduce the amount of inoculum present. Methods used to reduce levels of
inoculum include rotations with non-host species, removal of sources of
inoculum (e.g. diseased plants including susceptible weed species), chemical and
physical treatments.
The host plant can be protected from disease by selecting or breeding plants
that are genetically resistant to specific diseases. A plant's resistance to disease
can also be increased by the application of chemicals (e.g. protectant and
systemic fungicides).
In some instances it is possible to modi$r the environment so that it is suitable
for plant growth but is unsuitable for the development of disease epidemics.

. Soil drainage
. Plant stature
. Plant spacing
o Prunin€ and training
r Time of planting
r Time of maturity
. Climate

A

J
"
.*-." %,

3"

DrsEAsE
Host

. Genetic resistance
. Chemical resistance
protective fungicides
systemic fungicides
Figure 1.1

ExcludePathogen
o Quarantine
. Seed certification
. Seed treatment
. Hygiene
. Tissue culture

ReduceInoculum

o Crop rotation
. Sanitation
. Remove alternate hosts
. Remove alternative hosts
r Decoy cropping
. Roguing
r Soil disinfection
r Heat therapy (incl.
solarisation)
r Eradicant sprays
r Destroy vectors
r Soil amendments

The plant disease triangle and its application to managing plant diseases.

1.6 Plant diseases: some case histories
There are many examples of plant diseases that have had a major impact on
human activity. In addition to this, some pathogens have caused serious
biological and environmental damage in native populations of plants. In this
section, some of the more dramatic plant disease epidemics and the way in which
they have influenced humans will be discussed. Further details on how plant
diseases have impacted on humans are given by Large (1940), Carefoot and
Sprott (1967) and Schumann (1991).
Potato blight in Europe
The potato plant was introduced into Europe from South America in the lSOOs
and was grown successfully for about 3OO years without being attacked by a
serious parasite. However during the 1840s the potato late blight fungus
(Phgtophttnra infestans) caused an epidemic with far-reaching coni.quences.
Presumably the f"ungus had been inadvertently introduced from South America
on infected tubers. By the time the blight fungus was introduced, the potato had
become firmly established as an important component of the European's diet.
Cool' moist weather during 1845 was favourable for growth and multiplication
of the blight fungus and a major epidemic developed on the susceptibG potato
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plants. The blight fungus defoliated plants and caused tubers to rot. In lreland,
unlike other European countries, the people were poor and had become almost
totally dependent on the potato as their major food source. As a result of the
famine caused,by the blight epidemic in Ireland, about I million people died and
a further 2 million emigrated to New World countries such as North America and
Australia. The impact of the epidemic in other parts of Europe was considerable
but less devastating than in Ireland.
Coffee rust in Ceylon
In 187O the British colony of Ceylon (now Sri Lanka) was the world's largest
coffee producer with about 45,OOOtonnes being produced annually. The coffee
rust fungus {HemtLeiauastatri{ was first observed in Ceylon in 1869, presumably
having been introduced from southern Ethiopia where coffee is believed to have
originated. The rust infects the leaves of coffee bushes causing premature
defoliation. Continuing infections caused the yield of coffee to decline. By 1886
production was reduced to 8,OOOtonnes, by 1889 to 2,230 tonnes and by 1892
virtually no coffee was produced. The destruction of the coffee industry was
entirely due to the coffee rust fungus.
The coffee rust fungus was not confined to Sri Lanka and soon spread to
surrounding countries in South-east Asia, Africa and the Pacific (Indonesia,
1888; Africa, l9l0 and Papua New Guinea, 1986). In Sri l-a.nka the devastated
coffee plantations were replanted to tea while in Indonesia the Dutch colonists
replanted with rubber.
These coffee rust epidemics led to a shift of the main coffee industry to the rust
free areas of South America, notably Brazil and Colombia. However, coffee rust
was discovered in Brazil in l97O and attempts to eradicate the fungus failed. It
has since spread to other coffee gro\Ming regions in South America. Coffee rust
was detected in Papua New Guinea in 1965 but prompt action by government
authorities resulted in the rust apparenfly being eradicated. However, the fungus
was rediscovered in 1986 and attempts to eradicate it were unsuccessful.
Bunchy top of bananas in Australia
Bunchy top disease threatened the banana industry in Australia in the l92Os.
The virus that causes bunchy top is thought to have been introduced from Fiji in
infected suckers in 1913. In Lg22 banana production in New South Wales was
433,OOO cases from about 2,226 hectares. In 1925 production had fallen to
60,000 cases and the area planted to bananas had fallen to 607 hectares due to
the effects of bunchy top. It was not until the means of spread of the virus was
established that the banana industry recovered. The virus was shown to be
transmitted in infected planting material and by the banana aphid. In 1927,
government legislation was passed that quarantined certain areas where the
disease occurred and restricted movement of banana plants from these areas.
This prevented the spread of the disease to new areas. This, combined with the
destruction of diseased plants, enabled the banana industry to recover from the
effects of the bunchy top epidemic.
Chestnut blight and Dutch elm disease
At the beginning of the twentieth century, about one third of the trees in the
Appalachian Mountain forests of eastern United States were American chestnuts
(Castanea dentatal. The chestnut blight fungus (Cryphonectria parasitica) is
believed to have been introduced into North America with nursery stock brought
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from Asia and grown in the New York Botanical Gardens where the disease was
first noticed in 1904. By 1923 about 8Oo/oof the chestnut's native range was
invaded by the pathogen and by the l95os about 8oo/oof the trees had been
killed. The fungus spread to Europe in about 1917.
Dutch elm disease, caused by the fungus Ophinstoma ulmi, was observed in
the Netherlands in l9l9 and by 1927 it had spread to the United Kingdom. In
1930 it was,observed in North America in American elm trees which were very
popular ornamental and street trees. It is estimated that about 4O million urban
elm trees (about goo/o)have been killed by the disease in the USA. In the l97os a
new, more virulent strain of the fungus was introduced into southern England
from North America on infected logs of the Canadian Rock Elm. During the period
l97l to 1980, 22 million English elm trees (about gOo/o)died as a result of the
disease (Maynes, 1995). Dutch elm disease was discovered in the Auckland area
of New kaland in late f 989. Attempts are being made to eradicate the disease
which is still restricted to the Auckland €rrea.
Ophiostoma utmi gains entry into healthy trees through wounds and through
vascular connections that occur when roots from diseased trees graft with those
of healthy trees. The fungus is mainly spread by bark beetles that feed on the
foliage of trees. Female beetles excavate egg-laying galleries in tJ'e inner bark and
sapwood of the trees. If the tree is infected with O. ulmr, the adult beetles become
contaminated with spores as they emerge from the galleries and transmit the
disease when they feed on healthy trees.
The European elm bark beetle (Scolgfus multistriatus), which is a vector of the
Dutch elm fungus, has been found in Victoria (Australia) where it is estimated
that about 7O,OOOelms line the streets of various cities and towns. So far the
fungus has been excluded from Australia.
Because Japanese and Chinese elms are resistant to the fungus, it is believed
that the Dutch elm disease originated in Asia. The future of European and
American elms as urban trees appears to depend on the success of programs to
develop disease resistant cultivars.
Dieback in native forests in Australia
Phgtophttwra cinnamomi, which was first described in 1922 as the cause of
canker on cinnamon plants in Sumatra (Indonesia), is thought to be a relatively
recent introduction to the forests of southern Australia. However, the fungus has
now been spread by human activity to most parts of the continent and is having a
marked effect on the floristic composition and productivity of native forests,
woodlands and heathlands. In south-western Australia valuable timber species
such as jarrah (Eucalgphts marginata) as well as understorey plants are being
killed by the fungus and are being replaced by resistant monocot species (e.g.
grasses and sedges). P. cinnamomi has also been associated with death of
mangroves in Queensland. The effects of the dieback epidemic are far-reaching.
The loss of attractive wildflower species directly affects industries such as
tourism, wildflower production and honey production. It has affected birds,
mammals and insects that rely on wildflowers for food and sanctuary. The fungus
can also influence water quality by altering the vegetative composition of water
catchment areas.
South American leaf blight of rubber
The fungus, Microcyclus uteL the cause of South American leaf blight of mbber, is
native to South America. The rubber tree, Heuea braziltensis, as its botanical
name suggests, is also native to South America. The fungus does not cause
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serious disease of rubber trees in their natural environment, presumably because
they occur in a mixed population with other plant species and escape from high
doses of inoculum. However, when rubber is grown in plantation situations the
fungus causes serious disease. South American leaf blight is the most serious
disease of rubber but is at present confined to South and Central America where
it is the major factor limiting rubber production. Although the spores of.M. uLei
retain their viability for a very short time after their release, the advent of
supersonic air travel has increased the probability of inoculum being introduced
into new areas such as Asia where it has the potential to cause devastating
epidemics. The high-yielding rubber cultivars currenfly grown in Asia, where over
9Oo/oof rubber is now produced, are very susceptible to the disease.
Southern corn leaf blight
In 197O a major epidemic of southern corn leaf blight occurred in the United
States causing losses of over US $f bil[on. Southern corn leaf blight is caused by
the fungus CochLiobottts tteterostrophus (anamorph = BipoLaris maAdis). Farmers
asked why an epidemic developed in t97O while in previous years the fungus
caused only minor leaf spots. The answer is that a combination of circumstances
including the monoculture of susceptible maize plants, a pathotype change in the
pathogenic population and seasonal conditions favoured disease development.
Most naize crops grown today consist of hybrid cultivars that rely on hybrid
vigour to maintain high yields and quality. Hybrid cultivars are developed by
'homozygous' inbred
crossing two
lines. In early hybrid maize breeding programs
the female lines were obtained by removing tassels bearing pollen making selfpollination impossible. Pollination occurred when pollen from the tassels of the
male inbred line reached the detasselled female inbred line. The removal of
tassels to prevent self-pollination was labour intensive and expensive.
Most of the hybrid maize grown in the United States in t97O was derived from
male sterile lines produced by incorporating a cytoplasmic factor in the line that
prevented it from producing viable pollen. This factor is known as the Texas male
sterile (or TMS) factor and cultivars having it are said to contain TMS cytoplasm.
About 8oolo of the maize grown in 1970 had one parent that possessed TMS
cytoplasm. Thus there was a large degree of genetic uniformity in the m?ize crop.
Prior to 197O the predominant strain of C. heterostrophus was designated
race O and caused a relatively minor leaf spot. However, in I97O, a new race
(designated race T) became dominant. This new race was more aggressive, having
a shorter life cycle and being able to attack plant parts other than leaves,
including the ears. Race T caused more severe symptoms on plants containing
TMS cytoplasm and produced a toxin that specifically affected the mitochondria
in maize containing TMS cytoplasm. Hybrids not having TMS cytoplasm were less
affected.
The southern maize growing states of the United States experienced moist and
humid climatic conditions that were very conducive to epidemic development in
I97O. The epidemic caused the yields of many crops to be reduced by 8O-IOO%.
Climatic conditions in the northern part of the American corn belt were not as
favourable for epidemic development and losses were less severe than in the
south.
Thus, in 197O a combination of a susceptible host (hybrids containing TMS
cytoplasm) grown in monoculture, a virulent and aggressive pathotype (race T) of
the pathogen and an environment that was favourable for disease development
led to an epidemic that caused devastating yield losses.
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New encounter dLseases
The plant diseases discussed so far have all resulted from a pathogen that has
co-evolved with its host and then been introduced to a new area, usually as a
result of human activity. However, there are several examples of new encounter
diseases where an indigenous pathogen attacks an introduced susceptible host.
The fireblight disease of pome fruits and some diseases of cocoa are good
examples of this.
The bacterium, Eruinia amglouora, infects indigenous North American
rosaceous plants without causing serious damage. The native host population
has acquired a level of resistance during its evolution in the presence of the
pathogen. However, when European setflers attempted to grow introduced apples
and pears, which had evolved in the absence of the pathogen and therefore had
not acquired genes for resistance, the bacterium caused devastating losses.
Fireblight was first observed in New York in 1780. It was first found outside
North America in 1919 when it was recorded in New Zealand. It spread to the
United Kingdom in 1957, possibly in fruit imported from New Zealand
(Schumann, 1991). It was subsequently found in the Netherlands (1966) and
France (f978). Fireblight was detected in Australia in 1997 on cotoneaster
bushes in the Melbourne and Adelaide Botanic Gardens. Infected plants were
destroyed and the disease has not been detected in commercial pome fruitgrowing areas.
Cocoa (Theobroma cacao) is another example of a plant species that is prone to
new encounter diseases. Cocoa co-evolved in South and Central America with
pathogens such as Crinipellis perniciosa (the witches'broom fungus) and pod rot
caused by the fungus MoniLiophthora rorerL Those pathogens are restricted to the
Americas. However, when cocoa was grown in West Africa it succumbed to the
previously undescribed insect-borne cacao swollen shoot virus and in South-east
Asia and Melanesia it was affected by the >rylem-inhabiting fungus Oncobasidium
theobromse. Both diseases are examples of new encounter diseases that do not
occur in the region where cocoa evolved. Consequently, the host had not
developed resistance to either disease.
A similar situation occurred when Australian plants were introduced into
South America. When members of the family Myrtaceae (e.€. species of
Callistemon, EtrcaLgptus and MelaLeuca) were growrt in these regions they became
infected with the rust fungus, Pucctnia psidii, which attacks guava, another
member of the familv Mvrtaceae.
Diseases that cause consistent leaks in production
Many plant diseases, while not being as spectacular as those discussed above,
cause significant leaks in production or necessitate the application of expensive
control practices. For example, leaf spot diseases of bananas in plantation
situations require routine application of fungicides to prevent destruction of the
leaves. In the Philippines, 2O-3O aerial applications of fungicides are applied each
season. The recent introduction of the fungus MgcosphaerellaJljiensis, the cause
of black sigatoka disease, into Costa Rica has made it necessary to spray
bananas up to 45 times each year, mostly by aerial application. Similar situations
occur with other fungal diseases. In Australia, fungicide sales worth $28 million
were recorded in 1993 (Fig. 1.2). This was about IOo/oof the total value of crop
protection chemicals used. Sales of crop protection chemicals in Australia
constituted about l.8olo of world sales.
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Ftgure 1.2

Value of biocides used in Australia in 1993.

Diseases that cause food spoilage and poisoning
Many plant parasites are responsible for food spoilage and poisoning of animals.
In many areas, particularly in the tropics, food cannot be stored for long periods
after harvest because it is spoiled by insect infestation and from attack by
pathogens, particularly fungi. The ripe rot fungi of banana (CoLletotrichummusae)
and citrus (Guignardin citricarpa) often produce disease symptoms when the fruit
begins to ripen. Off-flavours in fruits such as tomato infected by CotLetotrichum
atramentarium and citrus infected by PeniciLLiumspp. and ALternaria spp. can
render fruit unsaleable. Even in the early stages of lesion development in tomato
fruit infected by C. cttramentanumthe flavour is extremely unpleasant.
Fortunately, food poisoning caused by plant parasites is not common. There
are, however, some instances in which plant parasites produce toxic substances
which, if ingested, poison animals. Perhaps the best known example of food
poisoning resulting from a plant disease is that caused by the ergot fungus
Ctansicepsprnpurea. This fungus infects marly members of the grass family where
it replaces the seed with a sclerotium called an ergot which contains a number of
chemicals including poisonous alkaloids.
During the Middle Ages many Europeans in rural areas consumed bread made
from rye. In contrast, city dwellers, who were more affluent, normally ate bread
made from wheat. Rye is susceptible to infection by C. purpurea whereas wheat
does not normally become infected. As a consequence, many people who lived in
rural communities (and who ate rye bread) suffered from ergotism. The symptoms
of ergotism were often severe and of two types. One type led to convulsions and
mental failure while the other resulted in gangrene. It was not until 1670 that an
association between ergots and ergotism was established. Until that time ma.ny
thousands of humans and animals died a painful death from ergotism.
Another plant parasite that produces a toxin is GibbereLla zeae (anamorph =
Itrsanum gramine.arrum) which infects the in{lorescence sf rnnizs and other cereal
crops. If infected'grain is fed to animals such as pigs it can cause severe
poisoning and even death. Similarly, AspergiLlus jlauus and A. parasiticus on
peanuts and other grains can produce aflatoxins which are poisonous and
carcinogenic to humans and other animals.
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1.7 Plant diseases: a product of human activity?
There are m€rny lessons to be learnt from studying disease epidemics of historical
significance and comparing the underlying reasons for their development. When
this is done it becomes obvious that most epidemics have resulted from human
activity.
Natural plant communities consist of associations of different species of plants,
some of which are susceptible to a given pathogen while others are resistant. In
natural ecosystems, individuals within a species often show considerable
variation in their susceptibility to a given parasite. The presence of non-host
species or resistant individuals in plant populations provides a physical barrier to
the spread of propagules of pathogens. A proportion of the inoculum produced on
susceptible plants will land on non-hosts and the development of an epidemic on
the other susceptible hosts will be retarded. This genetic diversity in natural
plant communities reduces the amount of susceptible host tissue available for
infection by a given pathogen (which decreases the amount of inoculum
produced) and increases the distance between susceptible individuals (and
therefore the probability of inoculation). These factors normally limit the rate of
development of epidemics.
Early humans were nomadic gatherers of food following the seasonal patterns
of food production. As food supplies were used up, they moved on to new areas
where food existed. This method of gathering food could only sustain small
populations. Human evolution from being nomadic gatherers of food to becoming
farmers had a marked influence on the structure of plant populations containing
food plants. The change however, enabled humans to settle in one place and for
towns and cities to develop around agricultural areas that produced food for
urban dwellers. Until about 5OOyears ago, the number of species of food plants
that were cultivated was limited to those species that evolved in the region where
they were grown. It was not until ships and other forms of transport became
available that plant species were introduced from other continents and regions.
Modern farming practices have led to a great expansion in the area sown to
relatively few species of plants. It was estimated that about 667 million hectares
were sown to cereals on a world-wide basis during the lg63 season. Of this,
about 65%oconsisted of three plant species-wheat, rice and maize. At the same
time as the number of plant species used in agriculture has diminished so too
has the genetic diversity within these species. ln 1972 for example about 75o/oof
the world's soybean production occurred in the United States where all of the
cultivars grown were derived from about six introduced accessions. The situation
was more extreme in Brazil where practically all of the coffee bushes were
descendants of a single bush. Harlan (1972| referred to this genetic uniformity as
the 'genetics of disaster'.
This lack of genetic diversity in a number of important agricultural crop
species is a cause of major concern among plant scientists as it is conducive to
the development of epidemics because every plant is susceptible to inoculum
produced on its neighbours. Moreover, the extension of cropping systems into
new areas has led to crop species replacing wild plant species. In many instances
the genetic diversity in wild populations is being destroyed by their replacement
with agrosystems and urbanisation.
Human activity influences the development of disease epidemics in a number
of other ways. For example, one method of controlling plant diseases is to grow
resistant cultivars. However, as the area sown to cultivars possessing specific
genes for resistance to disease increases, so too does the selection pressure for
pathogens to gain the genes for virulence ttrat overcome the resistant genes in the
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host. Virulent forms of parasites which evolve by mutation, sexual recombination
or other means are then free to multiply on the previously resistant host.
Consequently the increase in popularity of a resistant cultivar ultimately leads to
its downfall due to the selection pressure it imposes on the parasitic population.
This leads to the 'boom and bust' cycles so well knowu to farmers.
Another potentially undesirable side effect of the widespread use of resistant
cultivars is that derived cultivars often have a similar spectrum for resistance and
susceptibility to parasites other than those being studied. Consequently,
parasites that in the past may have been unimportant can become a problem
following the introduction and widespread monoculture of new cultivars. This has
been observed with rice cultivars originating from the International Rice Research
Institute (IRRI) in the Philippines and wheat cultivars from the International
Manze and Wheat Improvement Centre (CIMMYT) in Mexico. Some of the early
releases of high-yielding rice developed at IRRI were particularly susceptible to
bacterial leaf blight caused by Xanthornonas campestris pv. oryzae and the
disease is now considered to be one of the most destructive diseases of rice in
Asia. Similarly, the widespread monoculture of high-yielding semi-dwarf wheats
bred by CIMMYT resulted in an increase in the incidence of downy mildew in
India and septoria diseases and stripe rust in North Africa. The reason for this
increase in susceptibility is that new cultivars were selected and tested in an
environment where the diseases in question were not a problem. Consequently,
their susceptibility to these diseases was not recognised until they were grown in
an environment favourable for the development of these particular diseases. It is
important that international agencies send breeding material to various locations
for testing under local conditions. Local workers then select cultivars that are
most suitable for their particular area.
Changes in cultural practices often cause a shift in the relative importance of
different plant diseases. For example, the current trend in wheat farming towards
stubble retention and minimum till cultivation rather than stubble burning has
resulted in a marked increase in the importance of stubble-borne diseases such
as yellow spot and septoria diseases. Yellow spot caused by Pyrenopttora tritinirepentis was considered to be of minor importance until the 197Os when it
became a serious disease in the north-eastern wheat areas of Australia. There
were two reasons for this. Firstly, since the disease was considered to be of little
importance, there was no reason to select cultivars that were resistant to it.
Therefore cultivars grown in the area were more susceptible to the disease.
Secondly the stubble on which the fungus survives during the intercrop period
was retained rather than burned. This enabled the fungus to survive between
seasons. Other cultural practices that can influence disease incidence include
irrigation practices, plant density and species diversity (e.g. plantations versus
mixed stands).
The importance of leaf spot diseases in wheat, particularly speckled leaf spot
caused by Mycosphaere\La gramtnicola increased when semi-dwarf wheats
replaced taller wheats in the 1970s. The greater disease incidence in the shorter
statured wheats is related to two factors. The shorter distance between nodes
results in the leaves being closer together. This changed the microclimate within
the canopy and increased the duration of dew periods favouring infection. In
addition, the shorter distance between leaves increased the probability of
infection by the rain-splash dispersed spores of the fungus.
Perhaps the most important way in which humans have influenced disease
incidence is by introducing pathogens into new areas. Many of the examples
already given illustrate this. For example, Phgtophthora cinnamomi the cause of
eucalypt dieback, is thought to have been introduced into south-western
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Australia in the early t9OOs. The fungus was subsequently dispersed through the
native forests of southern Australia by the activity of foresters. The construction
of logging tracks to harvest trees enabled the fungus to be spread to new areas in
run-off water. The fungus was also dispersed into new areas in soil attached to
vehicles moving from contaminated areas. It has also been suggested that
changes in forest management practices, particularly in the use of fire, have
favoured disease development. Shea (1979) suggested that before European
'hot'bushfires were
a common occurrence. These might
settlement in Australia,
have started from lightning strikes or from the escape of fires used for hunting by
Aborigines. These fires resulted in Acacia spp. being the dominant understorey
plants. However, with European setflement and its associated agricultural and
urbanisation patterns, uncontrolled bushfires are looked upon as hazardous and
a threat to life and property. Low intensity fires are used to remove organic fuel
from the forests so that'hot'bushfires
do not occur. These low intensity burns
have resulted in Acacia spp. being replaced by species of Banksia which are
much more susceptible to P. cinnamomi. This led to a build-up of inoculum of the
fungus which then infected a wide variety of native plants in the forests.
In some instances native plants harbour parasites without showing obvious
symptoms of disease. However, humans, in their attempts to increase yields and
diversity in agriculture, have sometimes introduced host species or cultivars that
are extremely susceptible to native pathogens {e.g. the fireblight bacterium of
pome fruits). There are several examples of plants succumbing to new encounter
diseases.
The foregoing account shows that many plant disease epidemics have been the
product of human activity. Armed with current knowledge, careful consideration
should be applied before making any adjustments to land use by introducing new
potential hosts in the form of crops or cultivars or new potential pathogens to an
area. Errors in judgement can be very costly to plant, animal and human
communities.
1.8 The scope of plant pathology
Plant pathology is concerned with understanding the nature of the diseased
plant, having an in-depth knowledge of the agents that cause disease and using
this information to devise strategies to reduce the incidence of disease. The
science of plant pathologr is concerned with providing answers to the following
questions.
. What is a plant disease?
. What are the symptoms of plant diseases?
. What are the causes of plant diseases?
r How is the cause of a plant disease established?
o How do plant parasites survive?
o How are plant parasites spread?
. How do parasites infect plants and what relationships do they enter into with
their hosts?
. How do plants resist infection by parasites and what factors inlluence a plant's
ability to resist disease?
o What factors influence the development of epidemics and how are epidemics
quantified?
. How are plant diseases managed in agricultural and natural ecosystems?
The objective of studying plant pathology is to provide the fundamental
information needed to formulate rational and effective disease management
strategies. Before this can be achieved it is essential to have a thorough
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understanding
of the characteristics and behaviour of the agents that cause plant
diseases, to know how various parasites survive during intercrop periods and
how inoculum is dispersed, to understand how plants become infected and the
the
relationships
that parasites enter into with their plant hosts, to understand
factors which influence the development
of epidemics and to know what
strategies
are available
to manage plant diseases. It is only after this
is achieved that management strategies can be developed and put
understanding
into operation.
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