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15.1 lntroduction

The survival and dispersal of reproductive propagules of pathogens are of prime
importance in the spread of disease. Fungal spores are commonly spread in air
currents and bacteria by splashing water. Routine agricultural practices such as
ploughing, can spread soil-borne pathogens. However, most viruses and all
phytoplasmas and plant parasitic protozoa have unique ways of moving from
plant to plant. They are transmitted by vectors which are organisms that
transport pathogens to plant hosts that the pathogen can then infect. Vector
transmission, however, is not limited to viruses, phytoplasmas and protozoa.
Certain parasitic fungi, bacteria and nematodes can also be transferred from a
diseased plant to another plant by vectors.

The closeness of the relationship between the pathogen and its vector varies.
In some cases, the relationship with the vector is essential for the continued
survival of the pathogen. In other cases, it is no more than a chance association
that may enhance the spread of the pathogen, but is not essential for its survival.

15.2 Organisms that act as vectors
The various types of organisms that can act as vectors and the pathogens they
transmit are summarised in Table 15.l and described more fullv below-

lnsecfs

Insects can disperse pathogens over short or long distances, depending on the
kind of insect, the relationship between the pathogen and the insect and the
prevailing weather condiflons, especially vdnd.

There are m€rny examples of diseases in which dispersal of the pathogen is
facilitated by, but not dependent on, an insect vector. In these diseases, dispersal
by insects is just one of several ways in which the pathogen is spread. The
pathogen is dispersed as a result of chance contamination of insects visiting
plants. In diseases such as bacterial soft rots and fungal anthracnoses, insects
moving on infected plants become contaminated with bacterial cells, sticlry fungal
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spores or fragments of hyphae which are then transported to the vector's next
feeding site. Pathogens like the bacterium Erusinia amgtouora. the cause of
fireblight in pome fruit, are spread by many different types of insects, especially
bees, wasps and flies that pollinate flowers. Similarly, Moko disease of bananas
caused by a specialised race of the bacterium RaLstonia (Pseudo'r.onas)
sotanacearum is spread by several kinds of insects. Bees, wasps and fruit flies
visit diseased flowers, become contaminated with the pathogen and transmit it to
other flowers. The anther smut fungus {UstiLago uioLacea) replaces the pollen in
the anthers of carnation flowers. The petals are not affected and continue to
attract insects which become smeared with smut spores. When the insect visits
other flowers, the spores rub off and infect those flowers. The ergot fungi
{Claficeps spp.) develop in grass and cereal flowers. They produce conidia in a
sticlry, sugary liquid called honeydew which attracts insects. The insects become
contaminated with spores when they visit infected flowers exuding honeydew and
carry the spores to other flowers which become infected. Insects that bore into
the stems or trunks of plants can carrlr pathogens attached to their bodies deep
into the plants' tissues.

Table 15.1 Organisms that act as vectors and the pathogens they transmit (+ indicates the
pathogen is transmitted).

Vector Pathogen

Bacteria Fungi Nematodes Frotozoa Phytoplasmas Viroids Viruses

Insects
Mites
Nematodes
Other animals
Humans
Seeds
Pollen
Planting

material
Dodder vine
Fungi

In the following examples, the relationship between the pathogen and the
insect vector is generally more specilic than in the examples mentioned so far.
Dispersal of the pathogen depends entirely, or to a large extent, on the activities
of appropriate vectors.

Transmission of viruses and phytoplasmas

Members of the order Homoptera such as aphids, leafhoppers, whiteflies and
mealybugs are important vectors of viruses, while lealhoppers are also the main
vectors of phytoplasmas. A number of other insects also transmit viruses (Fig.
r5 .1 ) .

Transmission begins when the vector picks up the pathogen from an infected
plant in an acqulsition feed and ends when the pathogen is placed in a position
from which it can reinfect a host in an inoculative feed. The vector may be able
to transmit the pathogen immediately after feeding or there may be a delay before
it can be transmitted. The period of time after an acquisition feed during which a
vector is unable to transmit the pathogen is known as the latent perlod. During
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this time, the pathogen may circulate within the body of the vector (circulative
transmlssion) or it may not (non-circulative transmlssion). At the same time,
the pathogen may replicate (mulfiply) in the vector (propagative transmission)
or it may not (non-propagative transmission). Pathogens that replicate in their
animal vectors as well as in their plant hosts could be considered parasites of
both plants and animals.

Figure 15.1 Insect vectors of plant viruses. Insects in second row also transmit
mycoplasmas and fastidious vascular bacteria. (From Agrios, 1997.)

TRANSMISSION BY APHIDS

Aphids are the most important vectors of plant vimses. Their feeding behaviour is
suited to spreading inoculum of pathogens carried in plant sap. They sample the
sap in the epidermal cells of several leaves or plants with their piercing and
sucking mouthparts before choosing a plant on which to feed. They then feed on
the selected plant by inserting their finely-tipped stylets mainly into cells in the
phloem from which they ingest sap. When they have finished feeding, they
withdraw their stylets and close the feeding site with a plug of saliva.

Aphids transmit viruses in a non-persistent (stylet-borne), semi-persistent or
persistent (circulative) manner (Table I5.2). A number of viruses need a second
virus (a helper vinrs) to be present before they can be successfully transmitted.

Non-perslstent transmission by aphids occurs most commonly and many
viruses transmitted in this way are of considerable economic importance. Non-
persistent transmission is associated with the sap-sampling behaviour of aphids
when choosing a host on which to feed. The insect acquires the virus after a
short acquisition feed lasting only a few minutes or even seconds and the virus
can be transmitted immediately the insect inserts its stylet into the epidermal
cells of another plant. Sap-sampling, and therefore virus transmission, is
stimulated if the aphid is starved before feeding. Insects carry the virus on or
near their mouthparts and lose the ability to transmit the virus within about 4
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hours of leaving infected plants. Exactly how viruses are released back into plant
cells is uncertain, but vector saliva may be involved. The virus does not multiply
within the insect and the relationship between the virus and the vector is not
highly specific. Generally, several aphid species can transmit the same virus and
one aphid species can transmit several viruses.

Table 15.2. Characteristics of various modes of transmission of viruses by aphids.

Feature Type of transmission

Non-persistent Semi-persistent Persistent (Circulative)

Preacquisition
fasting

Duration of
acquisition
feed

Latent period
Decrease of

infectivity
Location of

virus in vector
Vector

specificity
Transstadial

transmission

Replication in
insect

Transovarial
transmission

increases
efficiency

short
(seconds)

absent
rapid (minutes to

hours)
foregut

low

no effect

intermediate
(minutes)

absent
intermediate

(hours)

foregut

intermediate

no

no

no effect

long
(hours)

present

slow or not lost
(days)

haemolymph and
salivary glands

hieh

yes

Propagative Virus not
transmission known to

Virus rePlicates rePlicate in
in insect insect

yes no

Persistent or circulatlve vlruses are acquired during longer feeds with
acquisition feeds of 6-24 hours resulting in the most efficient transmission.
Following acquisition, a latent period of 12 hours or more is required before the
insect can transmit the virus to another plant. The insect remains able to
transmit the virus for at least a week after removal from the virus source and
sometimes for the rest of its life. It may retain the ability to transmit through
moults between successive stages in its life cycle (transstadial transmission).
The virus circulates within its vector, passing through the gut wall to the
haemolymph and then to the salivary glands. This circulation through the body
of the vector takes time and accounts for the latent period characteristic of
persistent viruses. The virus is transmitted to another plant in saliva excreted as
the insect feeds. Persistent viruses may multiply (propagative viruses) or may not
multiply (non-propagative viruses) \Mithin their vectors. Propagative viruses such
as lettuce necrotic yellows and sowthistle yellow vein viruses are sometimes
transmitted through the eggs of the infected vector to its offspring (transovarial
transmission). Thus the offspring are able to transmit the virus to new plants.

Viruses known to be transmitted in a persistent ma.nner include rhabdoviruses
and spherical viruses from the genera Luteouirus and Enamouinrs (see Chapter 7
for details on virus classification). To date, only rhabdoviruses have been shown
to multiply within their vectors. Virus-vector relationships are highly specific
with, usually, only one or a few species of vector being able to transmit a
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particular virus. The specificrty is determined by reciprocal recognition sites on
the coat protein of the virus and the membranes of the vector's salivary glands.
Slight variations in either the coat protein or the salivary gland membrane alter
the permeability of the membranes to virions so that the virus cannot pass into
the salivary glands to be inoculated into another plant.

Semi-persistent viruses such as beet yellows and parsnip yellow fleck viruses
have some characteristics of non-persistent viruses and some of persistent
viruses. In fact, some viruses are transmitted both non-persistently and semi-
persistently by aphids. Semi-persistent viruses do not circulate within their
vector, but the vector remains able to transmit the virus for as long as 3-4 days.
Like persistent viruses, they are usually associated with the phloem so virus
transmission is usually more efficient if the acquisition feeding time is several
hours. The mechanism of transmission is thought to be similar to that of non-
persistent viruses. Virus particles accumulate in the anterior portion of the
alimentary canal of the vector and do not multiply.

TRANSMISSION BY OTHER INSEcTS

Leafhoppers and, to a lesser extent, their relatives the planthoppers and
treehoppers, are second to aphids in importance as virus vectors. Viruses
transmitted by leafhoppers generally cause yellowing and leaf-rolling in infected
host plants. Virus particles are concentrated in the phloem where their vectors
mainly feed. There are no non-persistent leafhopper transmitted viruses. Most
are transmitted in a persistent manner with the virus being circulative and
frequently propagative within the vector. Propagative leafhopper transmitted
viruses generally have a latent period of a week or more and are retained through
moulting with the vector frequently remaining infective for life. The virus is
transmitted to the eggs of the vector so that young insects hatching in the spring
are a source of infection for crops in the absence of diseased plants. Rice tungro
spherical and maize chlorotic dwarf viruses are transmitted by leafhoppers, but
in a semi-persistent manner.

Leafhoppers, planthoppers and psyllids (lerps) also transmit phytoplasmas in a
persistent manner. Vectors acquire the pathogen after feeding on infected hosts
for several hours or days but cannot transmit the phytoplasma immediately.
During the latent period, the phytoplasma multiplies and circulates within the
vector, finally accumulating in the salivary glands. The vector remains infective
for the rest of its life. The ability to infect lasts through several moults, but is not
passed from adults to eggs.

Whiteflies which are small insects with piercing and sucking mouthparts,
transmit diseases such as cassava African mosaic virus and several bean viruses
that attack crops which are major sources of carbohydrate and protein in tropical
areas. They also transmit some viruses in subtropical and temperate regions.
Viruses transmitted by whiteflies often cause yellow mosaic or yellow vein
patterns and leaf distortion. They are transmitted in a persistent manner but do
not multiply in their vector and are not transmitted through the eggs of the
vector.

The silverleaf-causing B biotype of Bemr,sin"tabaci, which is the most important
and widespread whitefly vector, can transmit most of the whitefly transmitted
viruses that are of economic importance in the tropics. In 1994 the insect was
found for the first time in northern Australia and by August f 996 it was present
in the Northern Territory, Queensland, New South Wales and Western Australia,
threatening cucurbit, solanaceous and cruciferous crops as well as cotton and a
wide range of ornamental plants.
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Beetles differ from the insects discussed so far because they have biting,
rather than piercing and sucking, mouthparts. About 45 viruses in the genera
Tlmouins, Comouirus, Bromouirus and Sobemauins are transmitted by leaf and
flea beetles (family Chrysomelidae) and most have no other vector. Moreover, the
beetles themselves have limited host ranges. Beetles usually need to feed for up
to 24 hours to become infective although, in some instances, the virus can be
acquired on the first bite of an infected plant. There is no latent period and
neither transstadial nor transovarial transmission has been reported. Some
beetles remain infective for I-2 days, others for up to 2l days. The mechanism of
transmission to the new host plant is not well understood. Beetles regurgitate
during feeding so their mouthparts are washed by plant sap which contains virus
if the plant on which the beetle is feeding is infected. However, transmission is
not simply mechanical from the contaminated mouthparts.

The most important viruses transmitted by mealybugs are those, such as
cacao swollen shoot virus, which affect cacao trees in West Africa. Mealybugs
feed on the phloem cells of the host plant and transmit viruses semi-persistently.
They are not particularly good vectors as they crawl, rather than fly, from plant to
plant, unless they are distributed by wind currents or ants. Consequently, spread
of mealy bug-borne viruses is slow.

Seven species of thrips transmit tomato spotted wilt virus (TSWV) in a
persistent manner but only adults that fed on infected plants as larvae can
transmit the virus. The discovery of western flower thrips (FrankLiniella
occidentalis) in Australia in 1993 caused concern because it is the most efficient
vector of TSWV which infects over 36O plant species in 5O families, including
many weed species, important horticultural crops and some Australian native
species. Although TSWV was first described in Australia in lg19 and is regularly
detected in a range of crops including capsicum, potato and tomato, there have
been no reports of it causing economic losses in ornamental nursery crops. By
1996, despite vigorous attempts to limit the spread of the insect, western flower
thrips were present in all Australian states.

Transmission of other pathogens

Some insects transmit bacterial pathogens, although this is rarely their only
means of dispersal. The closeness of the relationship between the pathogen and
the insect varies. In some insect-bacterium associations, close biological
relationships have developed which may benefit one or both partners. Insects
may assist the bacteria to survive. Bacteria such as Eru.:linia tracheiphila which
causes cucurbit wilt, E. stewartii the cause of Stewart's wilt of corn, E. amglouora
the cause of fireblight in apples and pears and E. carotouora the cause of soft rot
of onions and blackleg of potato have all been reported to survive within the
bodies of their vectors. Insects may wound plants during feeding or egg laying,
providing openings for the entry of pathogens that could not enter an undamaged
plant. Some insect vectors actually deposit bacteria such as ,8. tracheiphila and
E. carotouora directly into wounds made during feeding. The nutritionally
fastidious bacteria have quite specific relationships with their vectors. Xylem-
inhabiting fastidious bacteria such as XgLeLLa Jastidiosa. the cause of Pierce's
disease of grapevine, are transmitted by xylem-feeding leafhoppers and
spittlebugs. The vectors acquire and transmit the bacteria in less than two hours
and remain infective for life, although the pathogen does not pass through the
eggs of the vector. Phloem-inhabiting fastidious bacteria such as clover club leaf
and citrus greening bacteria appear to be transmitted by leafhoppers and
psyllids, respectively.
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There are very few cases in which a close association between a fungus and an
insect vector have been unequivocally established or the nature of the
relationship investigated. Perhaps the best known example is the Dutch elm
disease fungus (Ophiostoma uLmi) which is transmitted by elm bark beetles
(Scolytus spp.). The fungus grows in the active xylem vessels of elm trees. Female
beetles excavate egg-laying galleries in the inner bark of elms, cutting across the
xylem vessels carr5ring the fungus. If the tree is infected with C. ulmi, the young
adult beetles become contaminated with spores as they emerge from the galleries
and transmit the pathogen to healthy plants when they feed on their leaves. One
species of Scolytus (S. multistriatusl capable of transmitting Dutch elm disease
has been found in Victoria and South Australia, but so far the fungus has not
been detected in Australia. Its introduction would threaten the large numbers of
elms grown as ornamental plants in the southern states. An outbreak of the
disease in Auckland, New 7-ealand in 1989 could not be eradicated, but has been
contained. Beetles and ants are involved in moving inoculum of PhgtophtLnra
paLmiuora which causes pod rot of cocoa into positions where it can cause
disease (see Chapter 22).

Some plant parasitic nematodes can also be transmitted by insects. The
nematode BursapheLenchus tignicoltts which causes wilt in Japanese pine trees, is
spread by a wood-boring beetle Monochamus aLternatus. The adult insect
becomes contaminated with third stage larvae of the nematode and transfers
them to healthy trees. The nematodes leave the insect and penetrate the host
plant through insect feeding punctures. Similarly, RhadinaptrcLenchus cocopttiLus
which causes red ring of coconut is transmitted by the palm weevil Rhgncophartts
palmnrum.

Parasitic protozoa associated with diseases such as phloem necrosis of coffee,
hart rot of coconut and sudden wilt of oil palm are probably carried from plant to
plant by various types of bugs.

Other animals and humans
Eriophyid mites and to a lesser extent tetranychoid mites can transmit viruses
from plant to plant. Mite transmission of wheat streak mosaic virus has been
most intensively studied. The virus probably circulates within its vector with the
mites continuing to transmit the virus after a moult but there is no evidence that
it multiplies in the vector. Mites also carrSr bacterial cells and sticky fungal spores
on their external surfaces as they move over plants. They are known to ingest
and transfer spores of the fungi responsible for fusarium and helminthosporium
root rots, although these fungi also have other means of dispersal. Because of
their small size, mites are easily carried from plant to plant by the wind.

Nematodes transmit viruses and bacteria from plant to plant in specific
relationships. They probably also carqr bacterial cells and sticky fungal spores on
their external surfaces as they move over and through plants. About 2O plant
viruses are known to be transmitted by nematodes. Nematodes in the genera
Xiphinema arrd Longidorus transmit members of the nepovirus group (nematode-
borne lnlyhedral viruses) while Trichodorus and Paratrichodorus spp. carry
tobraviruses which have straight, tubular particles (see Chapter 3O). In most
cases, no other vector is known for these viruses. Viruses adhere to portions of
the lining of the alimentary canal rather than entering the cells of the nematode
and are, presumably, washed into plant cells by the passage of salivary
secretions when the nematode feeds. They do not appear to replicate in
nematodes but can survive in an infective form for months. Species of the
nematode Anguina transmit the bacterium Rathagibacter toxicus which infects a
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wide range of grasses and causes diseases such as annual ryegrass toxicity in
grazing animals. The bacterial cells are carried on the outside of the nematodes
which penetrate the host and introduce the bacterial cells at the same time. The
bacteria are unable to infect without a wound. Anguina spp. also carry the plant
parasitic fungus DiLopttospora alopecuri which is antagonistic to R. toxicus and
appears to displace it, controlling the bacterium naturally in some €rreas.

Large animals can also spread plant pathogens. Cattle and sheep feeding on
root crops such as turnips and swedes infected with the clubroot pathogen
PLasmodiophora brassi.cae spread propagules of the pathogen in their dung.
Similarly, resting spores of the powdery scab fungus Spongospora subterraneaorr
infected potatoes can pass through the alimentary canal of cattle and retain their
viability. Cysts of the soybean cyst nematode Heterodera gLgcines are still
infective after passage through the gut of birds which can spread the pathogen
over great distances.

Animals of all kinds are continuously disturbing and transporting soil and
plant material from place to place. They also move through infected crops. In
doing so, they may become contaminated with propagules of pattrogens and may
carry spores or bacterial cells loosely adhering to their surfaces. The spores of
Phgtophttwra spp. sunrive passage through the giant African snail (Achatina

fuLica) and by this means can spread from one plant to another. Feral pigs in
Hawaii spread Phgtophthorq cinnamomi in soil attached to their hoofs. The oak
wilt fungus Ceratocgstis Jagacearum can be spread by the activities of squirrels
and the chestnut blight fungus Cryphonectria parasitica by birds such as
woodpeckers. Green tree frogs are efficient vectors of the mycoherbicide
Cotletotrtchum gloeosporioides which is used to control the weed northern joint
vetch (Aeschgnonlene uirginica) in the southern United States.

Humans disperse pathogens in many ways. They curn carry disease into new
areas by introducing diseased planting material such as seeds, bulbs, corms,
rhizomes and nursery stock. In this way humans have become the most effective
long distance vector of pathogens. Humans also spread pathogens locally on
contaminated farm machinery, tools and clothing or by handling plants. Some
pathogens, such as tobacco mosaic virus, the fireblight bacterium Erwinia
amgl"ouora and the cocoa pod rot fungus Phgtophthora palmiuora are easily
transmitted from diseased to healthy plants on the hands of farm workers or on
pruning tools. Soil-borne pathogens are readily carried in soil adhering to boots,
the wheels of farm machinery or plant material used for propagation. In the
process of grafting, viruses in the rootstock may infect the scion or vice versa.
Some bacteria, including Pseudomonas sgringae pv. syringae which causes
bacterial canker in pome and stone fruit trees, carr also be transmitted in infected
budwood.

Plants
Pathogens can be transmitted in vegetative propagating material and in seeds
(Chapter l2), but this form of transmission does not meet the definition of vector
used in this chapter. However, there is one example of a plant that can transfer
pathogens from one plant to another in which the pathogen may cause disease.
Dodder vines (Cuscuta spp.), which are parasites of higher plants, form haustoria
in their host or hosts to connect the vascular tissues of the parasites and their
host(s) (see Chapter 9). Viruses and phytoplasmas can be transmitted from plant
to plant via these connections. Dodder transmission has been used
experimentally to transfer viruses between distantly related plants but is
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probably not significant in the transmission of economically important viruses in
the field.

Fungi

Some plant viruses are transmitted by root-infecting fungi in the phyla
Chytridiomycota and Plasmodiophoromycota. More recently, Pgthium
arrhenomanes (phylum Oomycota) has been shown to transmit the cereal flame
chlorosis virus. Although soil-borne viruses are important in other countries,
they are not recognised in Australia (see Chapter 3O). The viruses transmitted by
fungi commonly occur in plants growing in wet soils. The chytrid and
plasmodiophorid vectors are obligate parasites and survive between crops as
resting spores that release motile zoospores which infect the host. Virions move
into and out of the protoplasm of zoospores or of hyphae as they are acquired
from or transmitted to plants.

OLpidium brassicae and O. bornouanus (Chytridiomycota) transmit ten
isometric viruses, nine of which are in the genus Tombrsuirus. These viruses
occur in the soil and originate from infected roots during the growing season and
from crop debris during the intercrop period in annual plants. They can survive
between seasons without their host or vector. They are distributed widely in
infected crop debris and in irrigation or rain water. Infective virus particles
(virions) do not occur in the resting spores of these fungi so their zoospores are
free from virus when they are released. Subsequently, virions encountered in the
soil solution are adsorbed tightly onto the surface of the zoospores and probably
enter tJre zoospore protoplasm when flagella are retracted. Because virus survival
depends on the stability of the virions in the soil and in decaying debris, crop
rotations are effective in eliminating the virus.

A second type of relationship between virus and vector occurs in species of
Polgmgxa and Spongospora" (Plasmodiophoromycota) as well as O. brassicae.
These fungi transmit rod-shaped viruses belonging to the Furouirus and
Bgmouirus genera and to an unclassified group. The virus enters fungal hyphae
as they grow through infected host tissue and survives in the resting spores of
their vector. Consequently, virions are present in zoospores when they are
released from the resting spores. Resting spores containing virions remain
infective for 10 years or more so breeding for resistance to the virus or the fungus
is potentially the most effective way of controlling these diseases. In some cases,
disease expression can be suppressed by selecting appropriate growing
conditions.

15.3 Control of vector-borne pathogens

Fungal, bacterial and nematode pathogens can be controlled using chemicals.
However, there are no commercially available chemicals that prevent or inhibit
virus replication. Materials that have been tested have been ineffective, too
expensive or too phytotoxic for widespread use. Consequently, control has
concentrated on the vector and the host plant. Control strategies involving the
host plant were mentioned in Chapter 7 so only control strategies relating to the
vector will be discussed here. Many of the methods of disease control mentioned
in this section are described in greater detail in Chapters 22 to 28.

It is important to identi$r the virus causing the disease to be controlled
correctly. For example, 14 viruses cause necrotic spots or bronzing of lettuce
leaves followed by chlorotic stunting of the plant. The viruses are transmitted by
aphids, leafhoppers, thrips, nematodes or fungi. Different control measures are
needed for each type ofvector.
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Vectors can be avoided by growing crops in areas where vectors are not
present, where vectors occur only in very low numbers, where vectors do not
arrive until late in the season or by changing the sowing or transplanting date of
the crop so that vector numbers are low at critical stages of crop growth. High
value planting material may be raised in insect-free greenhouses. Transmission
by nematodes and fungi can be controlled by using soil or growing media that
have been treated with heat or chemicals to destroy the vectors.

Chemicals that kill insect vectors control persistent viruses but not non-
persistent and semi-persistent viruses because insecticides are relatively slow-
acting. Insects can transmit non-persistent and semi-persistent viruses within a
short time of feeding and, although insecticides will eventually kill them, the
vectors may have infected many plants before they die. Sprays may, in fact,
agitate insects so they move around and probe more plants than they would
normally, resulting in increased virus transmission. Better control may be
achieved by treating insect vectors where they overwinter or feed before entering
the crop. Nematode and fungal vectors may be controlled with heat or chemical
treatments. Lettuce big vein virus in hydroponic lettuce is controlled by an
anionic detergent which causes zoospores of O. brassicae to swell and burst.

The incidence of insect vectors can be reduced or controlled by cultural
practices. High plant densities reduce aphid populations and, consequently, virus
incidence so it may be possible to choose a spacing that gives maximum ground
cover with minimum yield reduction due to competition among plants. Barrier
crops around susceptible crops successfully reduce the incidence of non-
persistent viruses in the susceptible crop because the number of incoming
insects is reduced and insects stop to probe on the resistant barrier crop and lose
the viruses they were carrying. Sticky yellow polythene sheets erected vertically
on the windward side of crops attract and trap aphids so that they do not reach
the crop. Reflective surfaces or mulches such as aluminium strips or grey or
white plastic sheets are thought to act as repellents by reflecting UV light.

The feeding behaviour of aphids is influenced by physical and chemical stimuli
received by the insects' sensory organs during probing. A novel approach to the
control of virus diseases carried by aphids is to modiSr the behaviour of the
aphids so that they do not transmit virus. Oily substances such as mineral and
vegetable oils and milk lipids on the surfaces of plants may prevent the aphid's
feeding apparatus from receiving sap-sampling and feeding stimuli or impair its
interpretation of such signals. Oil sprays effectively control the spread of a
number of non-persistent viruses, but their control of persistent viruses has been
variable. Naturally occurring substances that stimulate or inhibit aphid feeding
may also prove useful in control.

Breeding cultivars on which vectors prefer not to feed (non-preference hosts)
has been effective in controlling some insect vectors. Vectors land on non-
preference hosts, carry out a feeding probe and move quickly on to another host.
This behaviour increases the spread of non-persistent viruses by increasing the
number of feeding probes but effectively controls persistent viruses because
insects do not feed on plants long enough to acquire the virus. Other cultivars
have been developed which produce chemicals that inhibit growth and
multiplication of the vector. Such cultivars reduce the spread of both persistent
and non-persistent viruses by reducing the vector population.

Biological control of vectors by predators, parasites or pathogens may be
useful as part of a disease management programme.
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