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12.1 lntroduction

Ttwo important aspects of any plant disease cycle are (i) the ways in which the
parasite survives between cropping seasons or during periods when the
environment is unfavourable and (ii) the means by which it spreads from a
diseased plant to one that is to become infected. If survival or spread is prevented
the disease will not occur. Thus, a knowledge of survival and dispersal
mechanisms often reveals a weak link in the disease cycle that can be utilised in
controlling or managing the disease.

Parasites of perennial plants may be perrnanently present, but not necessarily
active, in or on plant tissue. Parasites of annual crops must be capable of
surviving during the intercrop period when host plants are absent. In temperate
climates the intercrop period usually coincides with the winter or summer season
depending upon whether the crop is a summer or winter crop. In tropical
climates the intercrop period usually coincides with the dry season when plants
cannot be grown unless irrigation is available. If the parasite does not possess
mechanisms that enable it to survive during intercrop periods or during periods
when the environment is unfavourable the disease cycle will be broken and the
pathogen will not survive.
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The spread of inoculum from a diseased plant or from a source where
inoculum is produced to a plant that is to become infected is the second link in
the disease cycle. Airborne inoculum can travel for great distances across oceans
and continents. For example urediniospores of the wheat stem rust fungus can
be carried in wind currents from southern Africa. across the Indian Ocean to
Australia (a distance of about t3,OOO km). In contrast, inoculum of many soil-
borne pathogens such as the vascular wilt fungus (Firsanum oxAsporuml survives
on plant debris and does not usually spread from the location where it is
produced. Many pathogens, particularly fungi, are dispersed by more than one
method. In general however, the better a species is adapted for dispersal by one
means, the poorer it is adapted for dispersal by another. Consequently,
pathogens are often classified as being (i) seed- or clone-borne, (ii) airborne, (iii)
soil-borne or (iv) vector-borne. Most viruses and phytoplasmas are spread in
diseased planting material or by vectors. Bacteria are usually spread in water
droplets, in wind-blown rain or in diseased planting material. Fungi have
developed various adaptations that enable them to be transported in a number of
different ways. Nematodes are normally spread as soil-borne inoculum or in
infected planting material. Although many plant pathogens produce motile
propagules (e.g. zoospores of fungi, bacterial cells with flagella, and nematodes)
these do not move under their own locomotion for distances of more than a few
centimetres in any one season under normal conditions.

In this chapter, the topic of survival and dispersal of plant parasites will be
introduced and the spread of plant parasites in planting material will be
discussed. Dispersal by other methods will be considered in later chapters.

12.2 Survival of plant pathogens

Most plant pathogens can survive only by repeatedly reinfecting host plants. This
process of repeated infection is known as an infection chain. If the infection chain
is broken the pathogen dies out. The Swiss plant pathologist Ernst Gd.umann
(1950) in his book Principl.es oJPlantInJection divided infection chains into two
types depending on how the inoculum of the pathogen survives between leaving
the infected host (the distributor host) and arriving on the host to be infected (the
receiver host). In continuous infection chains the pathogen survives by
continually infecting susceptible plants in an uninterrupted fashion.
Discontinuous infection chains occur when the disease cycle is interrupted by
an epiphytic phase, a saprophytic phase or a resting stage (Fig. 12. t).

Infection chain

f continuous { 
alternative host

| \ alternate host

| ( epiphytic phase
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t 
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Figure 12.1 Five types of infection chains available to plant pathogens.
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Continuous infection chains involving the same or alternative hosts

Continuous infection chains involving the same or alternative hosts occur when
the parasite survives by continually infecting plants of the same host species or
plant species other than the main crop species. Such plants are called
alternative hosts and are often related to the crop species. If the alternative
host, which is often a weed species, does not show symptoms of disease, it is
called a disease carrier. The parasite does not form resting structures nor does it
survive saprophytically or epiphytically on plant surfaces. Survival therefore is
dependent upon the presence of susceptible host plants. Such infection chains
are common in all major groups of plant parasites.

In tropical regions where year-round cropping of plant species such as rice and
root crops (e.g. cassava, sweet potato, taro and yams) is a common practice, the
continuous presence of host plants enables parasites to survive by continuously
infecting new hosts. In temperate regions, it is not uncommon for self-sown,
volunteer crop plants to grow along roadsides, fencelines and irrigation channels
and as weeds in paddocks during periods when the main crop is not growing.
These self-sown plants enable parasites to survive during intercrop periods and
serve as sources of inoculum when the main crop is grown.

The wheat growing areas of northern NSW and southern Queensland, where
crops are sown in late autumn/early winter and harvested in late spring/early
summer. are often referred to as rust liable areas. This is because the summer
storms which are prevalent in the region allow seed that has fallen to the ground
during the previous season's harvest to germinate. Susceptible self-sown plants
become infected and this enables the fungus to oversummer. In the southern
regions of Australia the climate is more Mediterranean-like with winter rains and
summer drought. Under these conditions self-sown wheat plants do not occur in
summer (except in irrigation areas), the fungus cannot survive and epidemics are
rare. However, grasses such as barley grass (Hordeum Leporinum) and common
wheat grass (Agropgron scabrum) can serve as alternative hosts to various special
forms of Puccinia graminis. A similar infection chain occurs with other pathogens
of wheat.

Many plant pathogens survive intercrop periods by infecting alternative hosts.
For example, the black rot bacterium of brassicas (Xanthomonas campestrus pv.
campestris) can survive on related weed species such as wild radish. Similarly,
root-knot and lesion nematodes have a wide host range and infected alternative
hosts play a major role in their survival.

Continuous infection chains involving alternate hosfs
Some plant pathogens cannot be directly transmitted from an infected plant to
another plant of the same species. They must alternate between two completely
unrelated biological species. Even with the modern technologies available today,
scientists cannot transmit most plant viruses and phytoplasmas directly from
one plant to another. They can only be transmitted via a vector, usually but not
always, an insect. In many cases viruses enter into a biological relationship with
their vector and in some instances multiply in the vector (see Chapter 15 for
more details on virus-vector relationships). The vector therefore acts as an
alternate or intermediate host and the infection chain alternates between the two
unrelated species. Thus, the infection chain consists of plant-insect vector-plant.
If the alternate host {the vector) is absent the infection chain is broken.

Some heteroecious rust fungi also require an alternate host in the infection
chain. They cannot complete their disease cycle in the absence of the alternate
host. An example is the European pear or cluster rust fungus (Ggmnosporangium
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;[uscum) which is present in Europe, Asia Minor and North Africa. It has been
introduced into North America but is currently absent from the Southern
Hemisphere. The fungus forms clusters of aecia opposite spermagonia on the
underside of pear leaves (Purus communis) (see Chapter 5 for more detail on the
plant rusts). The aeciospores cannot infect pear. They can only infect the
alternate host, the g,.rnnosperm Juniper (Juniperus spp.). Teliospores formed on
the alternate host cannot re-infect juniper plants, they can only infect pear. The
fungus does not form urediniospores and therefore cannot reproduce asexually
on Junipents.

Discontinuous infection chains involving an epiphytic phase

Several fungal and bacterial pathogens survive on the surfaces of their hosts and
other plants in a non-parasitic relationship as epiphytes. For example, the peach
leaf curl fungus (Taphrina dejormans) causes leaves to develop yellow to reddish
areas which progressively thicken and pucker, causing the leaf to curl and drop
prematurely. Naked asci containing ascospores are produced on the upper
surface of the curled leaves. Ascospores germinate to form budding, yeast-like
conidia that can only infect very young leaves which are unavailable at the time
when the budding colonies are formed.

The fungus survives during the summer months (when only mature leaves are
present on trees) and through the winter months (when no leaves are present on
the deciduous peach trees) as an epiphyte on the bark and on the scales of the
following year's leaf buds. In the following spring, when the leaf buds swell and
young leaves begin to emerge, the budding cells infect the young leaves and form
a mycelium in young, undifferentiated host tissue. The fungus produces asci in
the early summer and the life cycle is completed. Satisfactory control of peach
leaf curl can be achieved by a single application of a protectant fungicide (e.g.
copper based sprays)just before bud-burst in the spring.

Bacterial canker of stone fruit caused by Pseudomonas sgrtngae pv. syringae
causes sunken cankers, which frequently exude gum, on the woody tissue of
affected trees. Infection can lead to premature death of whole trees or infected
branches. The bacterium overwinters in cankers and in spring it multiplies and
spreads by rain splash to leaves where large epiphytic populations develop. These
epiphytic populations provide the main source of inoculum for wound and leaf
scar infections in the following autumn. The same bacterium can also cause
bacterial blight of peas. Again, the bacterium is present as part of the normal
leaf-surface microflora of healthy peas. Infection occurs following wounding of
plants.

Discontinuous infection chains involving a saprophytic phase

Many plant pathogenic bacteria and fungi survive during intercrop periods as
saprophytes on diseased plant debris or on organic material present in or on soil.
For example, the apple scab fungus (Venturia tnaequalls) infects apple leaves and
fruits during spring and summer. The fungus overwinters as pseudothecial
initials in infected leaves and fruit that fall to the ground during autumn.
Following the union of mycelium of compatible mating types in autumn, black
pseudothecia develop in the fallen leaves. The fungus then overwinters in the
fallen leaves. In the following spring, the pseudothecia produce ascospores which
serve as the primary inoculum which starts the disease cycle in the new season.
The primary infections resulting from ascospore infection produce conidia which
serve as the secondary inoculum that contributes towards the development of
epidemics. Disease levels can be reduced by preventing the fungus from



72. Suruiual and dispersal oJ plant parasites: general concepts r99

overwintering in fallen leaves. This can be achieved by spraying with a systemic
fungicide before leaves fall during autumn so that pseudothecial development is
prevented. The application of nitrogen (e.g. urea) to the leaf litter accelerates leaf
decomposition under mild winter conditions reducing the survival rate in leaves.

Many root-infecting pathogens of annual crops have a saprophytic phase in
their life cycle. Wtren infected plants die, either as a result of disease or natural
senescence, the pathogen survives saprophytically on the infected debris. For
example the take-all fungus of wheat (GaeumannomAces gramtnis var. tritici)
persists as a saprophyte in infected host debris during the intercrop period. Some
pathogens that sur',rive in diseased plant debris compete poorly as saprophytes
with the normal microbial inhabitants of soil. Consequently, their numbers
decline during the intercrop period. Such pathogens have been called root
inhabitants or soil lnvaders.

Other plant pathogenic bacteria {e.g. Agrobacterium rhizogenes which causes
crown gall, Ralstonta sotanacean-um which causes bacterial wilt and Streptomgces
scabies which causes common scab of potato) and fungi (e.g. damping-off fungi
and several species of Frlsarium, Pgthium and Rhizoctonia) can compete very
effectively as saprophytes with the normal soil microflora. These parasites are
often referred to as soil inhabitants because they are part of the normal soil
microflora.

Discontinuous infection chains involving a resting stage
Plant pathogenic bacteria, phytoplasmas and viruses do not form resting
structures and can survive only by means of continuous infection chains or in
the case of bacteria as saprophytes or epiphytes. Plant pathogenic bacteria do not
form endospores. Some viruses retain their infectiousness in infected plant debris
for long periods of time. For example, leaves infected with tobacco mosaic virus
retain their infectiousness when kept dry under laboratory conditions for over 5O
years. However, most viruses lose their infectiousness soon after their host plants
die.

Fungi and nematodes on the other hand often form resting structures that
enable them to survive, often for long periods, during the absence of suitable host
plants or when the environment is unfavourable. The downy mildews produce
oospores, the rusts and smuts form teliospores and many fungi produce
chlamydospores. In some instances, resting spores can survive for periods of up
to twenty years or more. The resting spores of Plasmodiophora brassicae (the
cause of club root of brassicas) and Spongospora subterranea (the cause of
powdery scab of potato) can survive in soil for many years. Moreover, the spores
of both species are stimulated to germinate only by exudates secreted from the
roots of certain plant species reducing the probability of spores germinating in a
'no win' situation when potential hosts are absent. Many fungi produce sclerotia
(e.g. Sclerotium roLfsii, ScLerotinta scLerotiorum, VerticilLium dahliae) which can
survive in soil or in infected plant debris for periods ranging from months to
many years, depending on the species. Other resting structures formed by fungi
include sexual fruiting structures such as cleistothecia, perithecia and
pseudothecia.

Nematodes also have adaptations that enable survival for long periods in soil
in the absence of host plants. Eggs of the cyst nematodes (Globodera and
Heterodera spp.) survive in egg cysts while those of root-knot nematodes
(Meloidogyne spp.) survive in gelatinous egg masses. Both structures reduce the
rate of egg desiccation. Some species such as Angutna funesta and Ditglenchus
dipsaci can survive for several years in an anhydrobiotic state (metabolically
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inactive with loss of water from body fluids). Some cyst nematodes (e.g. the
potato cyst nematode, Globodera rostochiensrs) will not hatch in the absence of
host root exudates.

Some fungal pathogens infect their host, enter into a dormant state and
resume activity at a later stage of host development. For example, the loose smut
fungus of wheat (Ustilago tritici) infects developing wheat embryos during
flowering. Within a week of flowering, the embryo becomes resistant to infection.
The fungus survives as dormant mycelium within the embryo of the seed. When
infected seed germinates, the pathogen is activated. As plants approach maturity,
the inflorescence is replaced by masses of smut teliospores. Some of the ripe-rots
or postharvest rots of fruits are caused by fungi that infect the young developing
fruit and then enter into a quiescent or latent state. They later resume activity
when fruits commence to ripen. The black spot fungus of citrus, Guignardia
cttricarpa, is an example of such a fungus. Ascospores produced in pseudothecia
on leaves that fell to the ground 6 weeks to 6 months previously infect very
immature citrus fruits (between fruit set and 4 months development). From the
appressorium, an infection peg penetrates the cuticle and forms a small mass of
subcuticular (between the cuticle and epidermis) mycelium. The fungus then
remains in a quiescent state for about six months until the fruits are fully grown
and mature. It resumes growth and grows into the rind tissue to produce black
spot symptoms. Thus, the disease cycle involves a saprophytic state in fallen
leaves and a resting state in immature fruits. Further examples of latent
infections are discussed in Chapters 2 and 33.

12.3 Dispersal of inoculum

Spread of airborne inoculum enables a species to maintain or extend its
geographical range, to come into contact with new substrates and to maintain or
increase its genetic flexibility by cross-breeding with other populations of the
same species.

When considering dispersal of inoculum it is convenient to differentiate
between primary and secondary inoculum. Primary inoculum consists of those
propagules of a pathogen that start the disease cycle in a new growing season.
For example, with the apple scab fungus the primary inoculum consists of
ascospores produced on the fallen leaves on which the fungus has overwintered.
When overwintered leaves on the orchard floor become wet, mature asci expand
through the ostiole of the pseudothecium and forcibly discharge ascospores,
which are then disseminated by wind. With bacterial diseases such as bacterial
blight of cotton, caused by Xanthomonas campestrts pv. malvacearum, seed-
borne inoculum is the main source of primary inoculum in Australia. The
introduction of a seed certification scheme to control primary inoculum combined
with the use of resistant cultivars has resulted in a change from the disease
being the most important disease of cotton to becoming a disease of minor
importance (see Chapter 29 for more details of this pathogen).

Soil-borne inoculum often remains at the site where it is produced. For
example fungi such as Sclerottn{aminor and SclerotiumroLJsti form sclerotia on
infected host tissue. These sclerotia can survive in soil for several years.
Similarly, the resting spores of Spongospora subterranea and PLasmodtophora
brassicae can survive in soil for very long periods. Many resting structures are
suited for dispersal in time rather than dispersal in space, lying in wait for the
roots of a susceptible host to come into contact with them.

Secondary inoculum is that which distributes the pathogen within the main
growing season of the crop. It is the secondary inoculum that usually leads to the
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development of epidemics. The secondary inoculum of apple scab fungus is the
airborne conidia produced on infected apple leaves and fruit. The secondary
inoculum of the cotton blight bacterium is the bacterial cells in disease lesions
which are splash-dispersed in water drops which may become wind-borne.
Inoculum can also be spread in irrigation water.

12.4 Distr ibution of diseased plants within f ields

A great deal of information can be obtained by studying the distribution of
diseased plants in a population. In particular, it can give a clue as to the source
of inoculum of the pathogen or to the nature of the vector. Six ways in which
diseased plants may be distributed in a population are shown in Figure 12.2
where the actual numbers of diseased plants in each plot is not important, only
the pattern of distribution.
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Figure 12.2 Various patterns of distributions of diseased plants. (A) Random.
(B) Aggregation. (C) Regular. {D) Patch. (E) Flat gradient. (F) Steep gradient.
(From Kerr, 1980.)

Random distribution
Random distribution is not a very common form of disease distribution. It can be
caused by seed-borne infection or by airborne inoculum being introduced from a
source which is a considerable distance away. If infections per unit area of a crop
are counted, the frequency of infected plants will follow the Poisson distribution.
If the crop is a legume, one might suspect seed-borne infection because this is
very common with virus diseases of legumes. If a non-legume is involved, insect-
borne inoculum or airborne inoculum from a distant source is more likely.
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Aggregation

Aggregation is a very common distribution pattern for plant diseases. It usually
indicates random distribution of inoculum followed by spread from diseased
plants. For example, if a virus is transmitted by seed and after germination the
virus is dispersed by aphids, the original random distribution would disappear
and aggregation would result. Similarly, a seed-borne, root-infecting fungus
might spread to plants surrounding the original randomly distributed plant by
root contact, by growth of hyphae through soil or by movement of zoospores in
water films surrounding soil particles.

With aggregation, the frequency of diseased plants usually follows a negative
binomial distribution. There are various methods of distinguishing random from
aggregated distribution. One simple method, developed by Van der Plank, is
based on the probability of finding two adjacent plants infected. Ii in a sequence
of n plants, d are diseased, then the number of pairs of adjacent diseased plants
(p) expected in a random distribution is d{d-l)/n, with a standard error (when n
is large) of {F. From Figure 12.3 (I5 week assessment) it can be seen how the
method works. There are 576 plants of which I L I are diseased. With random
distribution, one would expect I 1 I x LIO /576 adjacent plants to be infected, that
is 2l plants. Instead we find 94 plants adjacent to one or more infected plants
indicating that the virus has spread from plant to plant resulting in an
aggregated distribution pattern.
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Figure 12.3 Changes in spatial distribution patterns with time for dieback in kava
(Ptper methgsticum) caused by cucumber mosaic cucumovirus in Tonga.
Small, medium and large squares represent three (mild, intermediate and
severe) severitlr ratings of disease on individual plants. (From Davis and
Brown, 1996).

Nowadays a number of computer programs are available that enable analysis
of spatial patterns of disease spread. In plant pattern analysis, the mean (m) and
variance (v) of the sample population under study can be used to calculate
dispersion indices, which indicate the existence of randomness or clustering, and
to quanti$r the degree of aggregation of diseased plants. One such index is Lloyd's
Patchiness Index (LPI) which quantifies the number of times more crowded an
individual point is on average than it would be if the pattern of points were
random.

Analysis of the data shown in Figure 12.3 for dieback of kava caused by
cucumber mosaic cucumovirus showed that the distribution was random in the
early part of the epidemic indicating that no major source of the virus existed
near the crop. The disease then spread from diseased to adjacent piants until at
59 weeks most plants were diseased. To establish the vector of the disease, it was
necessary to look for possible vectors which frequently move from one plant to an
adjacent plant. In the case of kava dieback, the cotton aphid (Aphus gossgpfi) was
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found and subsequently shown to be able to transmit cucumber mosaic
cucumovirus.

Regular distribution

Regular distribution does not usually occur in field situations. A possible
situation which could lead to this pattern of distribution might be where a
regularly spaced plantation crop had been removed and so affected the soil that
when the area was replanted with another crop, a regular distribution of diseased
plants resulted. This, however, is most unlikely. It could also occur in a
vegetatively propagated crop if all planting material was infected.

Patch distribution
Patch distribution is characteristic of soil-borne diseases. The disease may be
caused by a soil-inhabiting organism such as a root-rotting fungus or a
nematode. Alternatively, the disease, such as a virus disease, may be transmitted
by a soil-inhabiting vector (e.g. viruses transmitted by nematodes and soil-borne
fungi). The patches may not be as clearly defined as those shown in Figure 12.2.
Where a virus disease is distributed in patches, one would immediately think of
the nematodes Xtphtnema, Longidorus, Trichodorus and Paratrichodorus and the
soil fungi OLpidium, PoLgmgxa and Spongospora as possible vectors because they
transmit some virus diseases. If a soil-borne virus is suspected, a common
testing procedure is to collect soil samples from diseased and healthy areas. The
soil is transferred to pots and susceptible plants grown. Those grown in soil from
disease patches should become diseased while the others should remain healthy.
If this happens, the next procedure might be to try to determine whether the
disease is spread by nematodes or fungi. If the soil is still infective after air-
drying, the disease is probably transmitted by fungi because some fungi-
transmitted viruses can be contained within the fungal resting spores which
resist desiccation. In all cases, however, the final stage is the testing of specific
organisms for their ability to transmit a virus.

Soil-inhabiting organisms usually spread very slowly and the same can be said
about viruses transmitted by soil-inhabiting organisms. As might be expected,
conditions which favour movement of the vector also favour spread of the viruses
they transmit. Nematodes move only in moist soil and as a consequence soil
moisture influences the spread of nematode-transmitted viruses.

Disease gradient

Disease gradients are a very common pattern of disease distribution. They
indicate that the source of inoculum is outside the crop. Usually, the closer the
source of inoculum is to the crop, the steeper is the gradient. If the source of
inoculum is far away, the gradient may disappear completely and random
distribution occurs. Other factors such as how the inoculum is spread can
influence the slope of the gradient. Flying insects tend to give a flatter gradient
than crawling insects. The more strongly a vector can fly, the flatter the gradient
will be. Leaf hoppers fly more strongly than aphids and tend to produce a flatter
gradient of disease. A persistent virus usually has a flatter gradient than a non-
persistent virus because infectivity of the vector is delayed and it may have flown
some distance before it can transmit the disease. This may not apply, however, if
it has picked up the infection at a non-flying stage. Immediately it becomes
winged, it will be infective.

203
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It is important to realise that vector movement is much more important than
vector number. A few active vectors can spread a virus disease much more
efficiently than many inactive vectors. When trying to find a vector for a virus
disease, it is usually wise to concentrate on those caught in traps rather than on
those found colonising the crop. However, there are exceptions to this and the
best way of finding which vector is most important will vary greatly with different
viruses and it is usually best to use a combination of approaches.

The remainder of this chapter will deal with dispersal of inoculum in planting
material (seed and vegetative propagating structures). Airborne, seed-borne and
vector-borne inoculum will be discussed in the chapters that follow.

12.5 Survival and dispersal in planting material

There are two principal ways in which plant parasites survive and are spread in
planting material-in clonal propagating material and in seeds. In both cases the
parent plant is usually infected or contaminated by the pathogen.

Clone-borne inoculum

In clone-borne diseases, the inoculum in carried in plant parts that are used for
vegetative propagation. Inocula of all groups of plant parasites can be spread in
this way.

Many plant species are exclusively propagated by vegetative clones removed
from a parent plant. Such species are particularly prone to disease transmission.
Organs used to vegetatively propagate plants include tubers (e.g. potato), cuttings
or setts (cassava, sugar cane, sweet potato), bulbs (daffodils) and corms
(gladiolus, taro), runners or stolons (strawberry), suckers (banana, bamboo),
rhizomes (ginger, turmeric) and buds (fruit trees). If the parent plant is diseased
there is a high probability that vegetative offspring arising from the parent plant
will also be diseased.

Seed-borne inoculum
Seed produced on diseased plants or on healthy plants within a diseased crop
may become contaminated with or become infected by plant parasites. Seed-
borne pathogens typically survive for a long period in or on contaminated or
infected seed. Consequently, they can be spread over vast distances in the
commercial distribution of seed. Within a crop, infected seed usually results in
the development of randomised foci of infection so the pathogen must also have
other means of dispersal to distribute it within the crop during the growing
season. Inoculum of seed-borne pathogens can be transmitted in at least four
different ways. It can (i) be admixed with the seed, (ii) adhere to the seed, (iii)
become embedded in the seed or (iv) invade the embryo within the seed.

Admixed seed-borne inoculum
This occurs when inoculum of the pathogen becomes mixed with the seed,
usually during harvesting. In some instances inoculum is about the same size as
the seed of the host plant (e.g. sclerotia of Sclerotinia scLerottorum in sunflower
seed and sclerotia (ergots) of Ctautceps purpurea in cereal and grass seeds). The
seeds of parasitic plants such as dodder can also become mixed with the seed of
host species.

Inoculum that becomes admixed with seed can often be physically separated
from the seed by flotation (e.g. in brine), gravity methods or by sieving. All three
methods are dependent on differences in specific gravity or size of the seed and
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the admixed inoculum. However, procedures available to separate admixed
inoculum are often difficult to implement, time-consuming and uneconomical.
Consequently, it is preferable to prevent inoculum from contaminating the seed
in the first place. There are a number of ways of doing this. For example, in some
climatic regions contamination of pasture grass seeds with ergots can be
minimised by cutting or grazing pastures early in the season, when inoculum is
most likely to be produced, and allowing it to set seed and be harvested later in
the season when climatic conditions are less favourable for disease development.
It may also be possible to grow seed crops in locations where the environment is
suitable for seed set but unfavourable for disease development.

Adherent seed-borne inoculum

Inocula of many fungal and bacterial pathogens are transmitted as a result of
inoculum becoming attached to or adhering to the surface of seed. Inoculum
transmitted in this way includes conidia of fungi such as ALternaria spp.,
DrechsLera spp. and teliospores of seedling-infecting smuts (e.g. the bunt fungus,
TiLLetta caries and the flag smut fungus Urocystis agropgri, both of which infect
wheat). Cells of the bacterium Xanthomonas campestns pv. campestris (the cause
of black rot of brassicas) and X. campestris pv. malvacearum (the cause of
bacterial blight of cotton) can be spread as adherent inoculum on seed.

Adherent seed-borne inoculum can often be killed by treating the seed with
chemicals. For example, teliospores of seedling-infecting smut and bunt fungi
can be destroyed by treating seed with a fungicide either as a dry dust treatment
or as a wet slurr5r treatment.

Embedded seed-borne inoculum

Some seed-borne pathogens actually infect the seed by penetrating the seed coat
and internal tissues. In other words they become embedded in the seed. During
seed dormancy the pathogen and host seed tend to co-exist. However, upon
germination the pathogen becomes active and may kill or damage the seed before
or after emergence. Fungi such as some species of ALternaria, Cercospora and
DrechsLera form a mycelium in the infected seed. The pycnidia of fungi such as
some species of Septorta and Phoma can often be seen on infected seeds. Bacteria
such as Xanthomono.s campestris pv. malvacearum, the cause of bacterial blight
of cotton can also be transmitted as embedded inocula.

It is often difficult to destroy inoculum that is embedded in seed because it is
not destroyed by contact biocides. For example, acid de-linting of cotton seed, a
process that sterilises the surface of the seed using concentrated sulphuric or
hydrochloric acid, does not kill the blight bacterium within the seed. Similarly,
the application of protective fungicides does not destroy fungi that are embedded
in the seed. Heat treatment and systemic fungicides however have been used
successfully to destroy embedded inoculum or kill the fungus after the seeds
germinate.

Embryo-borne inoculum
The inoculum of some pathogens becomes located in the embryo and/or the
endosperm or in tissues derived from the embryo sac. The inoculum of floret-
infecting smuts such as Usti lago tr i t ici  and some bacteria such as
Corgnebacterium michtganense pv. michiganense can be transmitted in the
embryo of seeds.
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About one fifth of the known plant viruses are seed-borne. Most cases of seed
transmission occur as a result of infection of the embryo and only occasionally
has carryover of virus on the testa been shown to be responsible for the infection
of seedlings. Infected seed can result either from infection of the ovule from the
maternal parent or by pollination of the flower of a healthy plant with infected
pollen. However, there are few confirmed examples of pollen transmission. The
rate of seed transmission ranges from aboul I5o/o for lettuce mosaic virus in
lettuce seed to over 900/o for tobacco ringspot virus in soybean seed. The success
of transmission varies with the strain and species of the virus, the cultivar,
species and family of the host plant, growing conditions for the plant and the age
of the plant at the time of infection. Early infection of plants usually increases the
level of seed-borne infection as there is maximum opportunity for the ovule to
become infected. Seed transmission does not occur i f  the cytoplasmic
connections via the plasmodesmata between the embryo and the infected
maternal tissue are lost. In most viruses, pollen transmission only results in the
seed from the fertilised or,rrle being infected. In a few cases, the whole plant may
become infected. The potato spindle tuber viroid is transmitted through pollen as
well as the true seed, although neither means of transmission is likely to be
important commercially.

Control of embryonic seed-borne pathogens is difficult due to the position of
the inoculum. Systemic chemicals and hot water treatments provide the only
available means of killing the inoculum. However, with heat treatment it is often
difficult to kill the inoculum without at the same time killing the embryo of the
seed.

Control of seed-borne inoculum
There are three main methods of preventing or managing diseases that are
spread in planting material. If a particular parasite is absent from a particular
country or region, quarantine regulations may prevent its introduction.
Fumigation with methyl bromide is carried out at many ports around the world
where plant material is exported or imported. However, this technique is being
phased out because of the damaging effect of methyl bromide on the ozone layer.
An alternative method of preventing a parasite from being introduced into an
area is to use only certified seed or clones. The aim of certification schemes is to
provide planting material that has been produced on plants that are free from
certain diseases. The offspring from such planting material should be free from
inoculum of these pathogens. A third approach is to attempt to eliminate the
parasite from the planting material by physical (e.g. heat treatment) or chemical
means (e.g. fungicidal dips or dusts, systemic or fumigant chemicals).
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