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9.1 lntroduction

Most plant diseases of importance are caused by fungi, viruses, bacteria,
phytoplasmas or nematodes. However, plants can also be damaged, possibly
lethally, by grazing animals such as cattle, sheep and kangaroos and by smaller
animals such as insects and mites. Insect feeding frequently results in
russetting, bleaching or scarring of plant parts, distortion of fruit and flowers and
even gum exudation if fruit are infected early in their development. Insect toxins
injected during feeding may also damage plants. For example, wallaby ear of
rnaize,long thought to be caused by virus infection, is now known to be caused
by a toxin injected during feeding by the leafhopper, CicaduLina bimacuLata.
Weeds, too, may interfere with the normal growth of plants by competing for
water, nutrients and sunlight. Parasitic algae, protozoa and flowering plants can
also cause significant crop losses and will be discussed in this chapter.

9.2 Parasitic algae
Moist tropical and subtropical conditions are ideal for the development of
terrestrial algae. Extensive growths of Protococcus (Pteurococcus) spp. and other
unicellular green algae are frequently seen on tree trunks and leaves. Similarly,
flat, brown discs on the leaves of higher vascular plants are often colonies of the
epiphytic alga, Phgcopettis. However, neither genus parasitises the plants.

All algae which parasitise terrestrial angiosperms belong to the Division
Chlorophyta and most hosts are not agriculturally important plants. Some algae
are highly specialised obligate parasites and are totally dependent on the host
plant because they lack chlorophyll. A colourless alga, Rhodochgtrium sp., is a
parasite of weeds and is known to cause stunting of the crop plant Hibiscus
sabdarif,fa (rosella) on the Indonesian island of Sumatra. Colonies of PhgLLosiphon
spp. which have mainly been observed on species of the family Araceae produce
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large chlorotic lesions and galls on the leaves. A related alga, Phgtophgsasp.,
causes galls on the stems of PiLea sp. (Urticaceae) in Java.

The best known plant parasitic algae, however, are species of the genus
CephaLeuros (Chroolepidaceae), most of which have tropical and subtropical
distributions. These algae grow on leaves, young stems and fruits of a wide range
of plants. Some economically important species of CephaLeuros and their hosts
are:

C. uirescens
C. parastticus
C. mtntmus
C. coffeae

tea, pepper, vanilla, litchi, oil palm, citrus, mango
tea, citrus
cacao
coffee.

In some conditions, CephaLeuros spp. enter into a symbiotic relationship with
a fungus to form a lichen (e.g. species of Stngula and RaciborskietLa).

The first visual symptoms of most Cephaleuros infections are small, yellow-
green colonies on the upper surface of infected leaves. Colonies consist of a
primary disc-like thallus which slowly enlarges in diameter by cell division.
Filaments (rhizoids) differentiate beneath the colony and penetrate the host
cuticle and epidermis (Fig. 9. f B). The epidermal cells die and a secondary thallus
develops in the mesophyll tissues. With age, the algal colony assumes a 'velvety'

texture due to the formation of sterile hairs (setae) and sporangiophores. These
structures usually contain haematochrome pigment which gives the colony a
rust-red colour and its common name, 'red rust disease'.

Both sexual and asexual reproduction continues for many months. Asexual
reproduction in Cephaleuros spp. involves the formation of zoosporangia around
the bulbous head cell of sporangiophores (Fig. 9.lC). After detachment the
zoosporangia release quadriflagellate zoospores. Zoosporangia are dispersed by
wind, rain, spiders, mites and insects, but do not live long after their release from
the sporangiophore. Sexual reproduction is accomplished by the production of
relatively large, flask-shaped gametangia in the thallus. In the presence of free
water, 8-64 biflagellate gametes are released from each gametangium. Pairs of
compatible gametes subsequently fuse and form a dwarf diploid sporophyte
which, after meiosis, gives rise to microsporangia bearing quadriflagellate haploid
zoospores. Both asexual and sexual zoospores or young thalli must actively
penetrate the cuticle or fortuitously settle in a scratch, wound or other break in
the cuticle if they are to infect successfully. Propagation can also be achieved by
the formation of akinetes (non-motile resistant reproductive cells) from the
sporangiophore initials. Under favourable conditions, akinetes produce either a
sporangiophore or 32 quadriflagellate zoospores.

Infections of CephaLeuros spp. on plants can be broadly classified into three
groups according to the organ infected and the host's reaction to infection. Leaf
infections tend to be of little economic importance unless the leaves are the
harvested product (e.g. tea). However, leaf infections may provide an important
inoculum source for secondary infections. Host leaves typically react to infections
by the formation of cork tissue (or thick-walled mesophyll cells) which acts as a
barrier to further algal colonisation. CephaLeuros infections on host stems tend to
be more serious as they can cause branch die-back or stunted growth
accompanied by leaf chlorosis. Quite often the bark of infected trees becomes
scaly and develops prominent cracks and swellings. Fruit infections usually
amount to nothing more than the presence of unattractive, superficial spots (the
algal thalli). However, they can affect the marketability of coffee berries and fruits
such as citrus, avocado and guava.
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Most field reports indicate that infections of CephaLeuros spp. are most severe
when host vigour is reduced. Therefore crop management strategies to control
these diseases may need assessment of fertiliser usage, parasite and weed
control, drainage and/or irrigation methods, plant densities and the use of non-
susceptible shade trees. Some degree of control has also been achieved with the
use of fungicides such as Bordeaux mixture and copper o4ychloride. Because of
different susceptibilities of some crop cultivars to CephaLeuros spp. future control
methods may require screening for host resistance.

Figure 9.1 Cephal.euros spp. (A) Colonies of C. ulrescens on Magnoha leaf. (B) Section
through a C. uirescens colony showing filaments (rhizoids) growing between
epidermal cells. (C) Sporangial branches and zoosporangia of C. minimus.
(D) Part of a colony showing seta and gametangia. (From Parbery, 1980.)

9.3 Parasitic protozoa

Since plant parasitic protozoa cannot be cultured, it is impossible to fulfil the
conditions of Koch's postulates and prove their pathogenicity. However, the
consistent association between certain disease symptoms on plants and the
presence of protozoa suggests that they can cause disease.

Protozoa belonging to the genus Phgtomonas (family Trypanosomatidae) were
reported in the latex tubes of. Euphorbia in f 909. They have since been reported
in plants, mostly in the families Euphorbiaceae and Asclepiadaceae, from a wide
range of locations. They are now known to occur in the xylem and in intercellular
spaces as well as in the latex tubes of these plants. Mechanical transmission of
the protozoa has rarely been successful, but insects in the order Hemiptera
(bugs) have been implicated as vectors. The protozoa appear to be pathogenic on
plants without latex tubes, but not on plants with latex tubes. One possible
exception to this generalisation is the South American disease empty root of
cassava in which Phgtomonas-like protoza occur in the latex tubes of infected
plants. The plants have poorly-developed root systems that store littie or no
starch.

There are three lethal diseases of plants without latex tubes in which
flagellated protozoa are the only organisms found in affected plants. The protoza
occur in the sieve tubes of the phloem. The sieve tubes are much smaller than
normal, turn brown with age and have callose deposits on their sieve plates.

The three diseases are coffee phloem necrosis (sometimes called red disease),
har[rot of coconut [also called bronze leaf wilt, Coronie wilt or lethal yellowing
(not to be confused with lethal yel lowing of coconut palms caused by
phytoplasmas in Florida, the Caribbean Islands, West Africa and elsewhere)l and
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marchitez sorpresiva of oil palm. A11 three diseases are currently known only from
South America and all have had considerable economic consequences.

Symptom development is similar for all three diseases. Older leaves turn
yellow, then brown and may fall prematurely. Younger leaves become
progressively smaller and paler. Roots turn brown and die. The disease typically
affects plants that have reached maturity, only rarely affecting younger plants.
The disease can spread very rapidly. Over 15,000 coconut trees died from hartrot
within 3 years in the Cedros region of Trinidad. In all three cases, a pentatomid
(shield bug) is suspected of transmitting the disease.

9.4 Parasitic flowering plants

Over 3,OOO species of flowering plants are known to have some form of parasitic
relationship with the roots or stems of other plants. Parasitic plants damage their
hosts by absorbing water and nutrients through haustoria which are modified
roots that act as organs of attachment and penetration as well as absorption. As
a consequence the host plants may wilt, become stunted and yellowed and may
eventually die. Some parasites contain chlorophyll and are capable of
photosynthetic activity. They rely on their hosts only for water and inorganic
nutrients. Such parasites are termed hemiparasites. In contrast, holoparasites
or true parasites, have no chlorophyll and are completely dependent on the host
for all their growth requirements.

Parasitic flowering plants, or parasitic phanerogams as they are sometimes
called, occur in about 17 plant families. However, only five of these families have
genera of economic or environmental significance. In approximately decreasing
order of importance, these are:

Scrophulariaceae
Orobanchaceae
Convolvulaceae
Viscaceae
Loranthaceae

Strtga" Atectra spp. (witchweeds, parasitic figworts)
Orobanche, Aeginetia spp. (broomrapes)
Cuscutaspp. (dodders)
Arceuthabtum, Vis cum, N otothixos spp. (mistletoe s)
Amg ema spp. (mistletoes)

There are a number of other parasitic plants that are locally important in
Australia, either in crops or in natural communities. These include devil's twine
or dodder laurel (Cassgtha spp., family Lauraceae), Santatum and Exocarpos
(Santalaceae), OLax (Olacaceae) and Balanophora (Balanophoraceae).

Some parasitic plants are important in agricultural situations, particularly in
Third World countries where they attack and devastate cereal and legume crops
grown by subsistence farmers. Striga, ALectra and Orobanche spp. cause varying
degrees of crop loss up to complete crop failure. Losses of 3O-5O% commonly
occur under heavy infestation, while losses over whole regions may average 5-
I5010. Losses due to Cuscuta spp. are comparable in some localities. Cuscuta spp.
can transmit potentially harmful viruses such as tobacco mosaic virus and
cucumber mosaic virus from one host to another. However, they are probably
insignificant in the transmission of economically important viruses in the field.

Witchweeds (Striga spp.)
Striga spp. are annual hemiparasites of plant roots. They occur mainly in tropical
and subtropical regions of Africa and Asia. About 35 species are known, but only
four species are economically significant. The two most important species are
S. hennonthica and S. asiatica which parasitise cereal crops, particularly
sorghum and millets, as well as maize, upland rice and sugarcane. The
importance of Striga infections on monocotyledons has been recognised for many
years. More recently, the extent of infection of grain legumes, especially cowpea,
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by S. gesnerioides and ALectra uogeLii in West Africa has been recognised. The
development of Striga infections is favoured by low soil fertility and unreliable
rainfall. In Africa and India, Striga spp. are increasing in importance on sorghum,
maize and pearl millet, entering new areas and attacking new crops. This trend is
exacerbated as cereals are grown more continuously in an attempt to feed an
increasing population.

Striga asic"tica, the most widely distributed species, is an erect, slender-
stemmed annual herb growing to a height of l5-3O cm. The leaves are green,
simple and linear with entire margins and are arranged alternately on the stem.
Flowers are borne singly in the leaf axils, are 0.5-l cm in diameter and vary in
colour from red or purple to yellow or white. Normally, about six flowers are open
at any one time. The fruit is a capsule which opens after wetting to release
numerous (more than 9O,OOO seeds per plant according to one estimate) tiny
(0.3 x 1.5 mm) seeds (Fig. 9.2) which can remain viable in soil for up to 14 years.
S. hermonthica is a much larger plant growing up to 1 m tall. Its flowers are
larger ttran those of S. asiattca and usually about IO are open at a time.
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Figure 9.2 Striga o,siattco'. (A) mature plant parasitising a maize plant. (B) seed.
(C)young seedling developing its primary haustorial attachment to a maize
root. (From Parbery, 1980.)

Striga seedlings can survive for only a few days without a host so it is essential
seeds germinate within a few millimetres of a root. Consequently, germination of
Striga seeds is specifically adapted to the climatic conditions of the semi-arid
tropics. After they are produced, the seeds require a period of after-ripening. This
means they cannot germinate at the end of the rainy season in which they are
produced. They also require l-5 weeks of pre-treatment after imbibition so they
are not ready to germinate until the rains of the next season have stimulated
host plants to germinate and grow. Finally, the pre-treated seeds require a
stimulant produced by the roots of the host plant before they will germinate.
Imbibed seeds which do not germinate enter a period of 'wet dormancy'. If seeds
dry out again at the end of the rainy season, many revert to their original
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condition and require pretreatment again in the next rainy season before they
can respond to germination stimulants.

The radicles of Stri"ga seedlings grows towards the host root and form a
swelling (usually known as the haustorium) at the point of contact. A papilla
penetrates between the cells of the cortex, flattens against the host endodermis
and establishes links with the host's xylem. The growing Striga plant relies on the
host for sugars and inorganic minerals even though the above-ground parts of
the plant turn green. This is because the chlorophyll content in the leaves of the
parasite is lower than in other plants and because its photosynthetic efficiency is
only 2O-3Oo/o that of comparable nonparasitic plants. The life cycle can be
completed within three months under favourable conditions.

B room rapes (Orobanche spp.)

More than IOO species of Orobanche are holoparasitic on the root systems of a
range of dicots. However, only five species are considered significant parasites of
crop plants. The economically important Orobanche spp. and their hosts are:

tobacco, tomato, eggplant, brassicas, cucurbits,
sunflower, legumes
tobacco, sunflower, tomato, eggplant
lettuce, safflower, sunflower, melon, legumes, tomato,
carrot, celery
lettuce, safflower, legumes, tobacco, carrot, celery
cucurbits, tobacco, tomato, eggplant, sunflower,
brassicas, lettuce, legumes, carrot, celery.

All are annuals and most are found in hot, dry areas, especially in countries
surrounding the Mediterranean Sea and extending through the Middle eastern
countries into parts of India. However, a closely related broomrape, Aeginetta
spp., is a potentially serious parasite of sugar cane, rnaize and rice in tropical
regions of Asia. Most Orobanche spp. grow to a height of 2O-4O cm and have
stout, erect stems which are usually brownish in colour because they lack
chlorophyll. The leaves are reduced to alternate scales whereas the flowers are
often conspicuous in terminal spikes or racemes (Fig. 9.3). The fruit is a capsule
containing numerous very small seeds which can remain viable for many years.
Since the food reserves in the seed are very limited, Orobanche spp. also require a
chemical stimulus for qermination.

Dodders (Cuscuta spp.)
Around l5O species of Cuscutaare known and they are widely distributed, mostly
in temperate and subtropical areas of the world. They parasitise a large number
of crop plants, especially some pasture legumes, such as species of Trifottum and
Medicago. They are sometimes a problem in lucerne crops in central Victoria.
Dodders are holoparasitic annuals and are usually observed as dense tangles of
fine, yellow-orange, much-branched stems in the foliage of host plants.

Cuscuta seeds germinate without specialised requirements (unlike Striga and
Orobanche) to form a short, swollen root and a slender, leafless stem which
circumnutates (rotates) in search of a suitable host (Fig. 9.4). If no contact is
made with a suitable host plant within a few weeks, the seedling dodder plant
dies. However, when contact does occur, the dodder stem twines around the host
organs and forms haustoria that project into the vascular tissues. Quite often a
localised swelling develops on the host around the penetrating haustorium. Soon
after the first haustorial contact is made, all contact'"vith the soil is lost.

O. aeggptiaca

O. cernua
O. crenata

O. minor
O. ramosa
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Figure 9.3 Orobanche sp. (A) Mature plant. (B) Haustorial attachment to the host root
system. (From Parbery, 1980.)

The mature dodder plant has a very simple structure. The leaves are minute,
scale-like structures the same colour as the twining stems. Clusters of small,
white-pink flowers are produced which give rise to smail globose capsules. The
seeds are much larger (1-3 mm diameter) than those of Striga or Orobanche, but
they can stiil remain viable for a long time. The seeds show varying degrees of
hardseedness to ensure that they do not germinate simultaneously. They often
tend to be similar in shape and size to those of the host. For this reason, they are
often introduced into new areas in seed lots.

Recent studies indicate that colonisation of the roots of the host by
mycorrhizal fungi altered either the nature of the prepenetration signals of the
dodder or the levels of nutrients contained in host stem exudates. Whatever the
nature of the alteration, it resulted in faster growth of Cuscuta and increased its
life span.

Dodder laurels or Devil's twine (Cassytha spp.)
The dodder laurels, Cassgtha spp. (Family Lauraceae) superficially resemble
Cuscuta spp., but differ in flower and inflorescence morphology and in mode of
parasitism. They are hemiparasites while Cuscuta spp. are holoparasitic. The
dodder laurels are usually yellow-green to green in colour because they have
much higher levels of chlorophyll than Cuscutaplants. However, they may appear
orange or yellow due the development of a pigment which masks the chlorophyll.
There are 17 species, mainly in tropical and subtropical regions. Fourteen of
these species occur in Australia. Cassytha spp. are usually found on woody
plants while Cuscuta spp. attack herbaceous plants. Infestations of Cassgtha
spp. are rarely economically important in crop plants, although it has been
reported smothering and eventually killing coppiced eucalypts. They are
prominent in plant communities such as Australian heathlands, open eucalypt
forests and beach vegetation where they appear to smother the crowns of shrubs
and low trees. A species of Cassytha is very common on one or two species of
shrubby wattles (Acacia spp.) in forests around Melbourne and other parts of
Victoria.
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Figure 9.4 Cuscuta sp. (A) Habit study of mature plant on TriJoltum pratense.
(B) Flower. (C) Fruit. (D) Germination sequence. (From Parbery, 1980.)

Mistletoes

Mistletoes form an important component of many ecosystems, adding to the
overall biodiversity and providing the basis of significant biotic interactions.
Australian studies have shown the importance of mistletoes in providing specific
food plants for larvae of two major groups of butterflies and in sustaining
populations of nectarivorous birds (honey-eaters) and fruit-eating birds (Dicaeum,
etc).

Mistletoes are not generally parasites of agricultural crops, but in many parts
of the world they are serious pests in natural forests, plantations, orchards and
ornamental trees. The overall extent of the damage they cause has not been
assessed except in a few localities or regions. They are common in Austraiia
where they parasitise many native trees, including species of EucaLgptus as well
as some introduced trees. The intensity of mistletoe infection is thought to have
increased following European settlement due to a number of factors including
increased protection from fire. The number of marsupials that feed on mistletoes
has decreased because their natural habitat has been reduced by human
settlement and because of predation by feral animals such as cats and foxes.

Mistletoes are hemiparasites belonging mainly to the families Loranthaceae
(large, showy flowers) and Viscaceae (small, inconspicuous flowers). Both families
are best developed in tropical and subtropical areas, the Loranthaceae having 65
genera and 9OO species and the Viscaceae 7 genera and 4OO species. Most are
stem parasites, although three genera, including .ffuytsia (the Western Australian
Christmas Tree) are root parasites. They parasitise a wide range of plants, even
other mistletoes. An interesting feature of many Australian mistletoes is that
their leaves strongly resemble those of their hosts. This may be an adaptation to
protect the mistietoes from predation by mammals.

( 1 l  r  J
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Almost everywhere mistletoes are found, a close association has developed
between the mistletoe and a bird or birds that frequent the same habitat.
Honeyeaters and sunbirds play a role in pollination, but the major role of birds is
in the dispersal of seeds, which must reach other branches in the canopy if the
mistletoe is to survive.

In the Loranthaceae, seeds are dispersed almost exclusively by birds. In
Australia, the bird is known as the mistletoe bird (Dicaeumhirundinaceum). Ripe
fruit (technically, pseudoberries) have a thin skin (epicarp). Inside the skin and
surrounding the seed, is a 2-layered mucilaginous pulp (endocarp) which is often
brightly coloured, usually yellow to red, to attract the attention of birds. The
inner layer is sticky and resists digestion by the bird while the outer layer
contains sugars that are palatable to the bird and easily digested.

The bird splits the skin of the ripe berry, swallows the seed and leaves the skin
behind. It then digests the nutritive part of the pulp and eliminates the seed and
remaining pulp during defecation or regurgitation. The seed is 'glued' to the
branch on which it is deposited, by the inner layer of the pulp. The seed
germinates almost immediately. On suitable hosts, a small attachment disc forms
and establishes xylem-to-xylem contact with the host before the shoot develops.
Contrary to earlier beliefs, digestion by birds is not a prerequisite for germination.

Mistletoes depend largely on their own photosynthesis and, therefore, require
adequate light. This fact explains why mistletoes tend to be most apparent on
isolated trees, on the edges of forests and in the higher branches of trees.
Mistletoe infections adversely affect the vigour of host trees, reducing both height
and lateral growth and sometimes inducing premature death. They also adversely
affect the quality and quantity of wood produced, reduce fruiting of infected trees
and predispose trees to attack by other agents, such as insects and decay fungi.
Other symptoms associated with mistletoe infections include dieback of infected
branches, death of the tree apex in conifers ('spiketop') and formation of witches'
brooms.

Control of parasitic tlowering plants

Parasitic flowering plants are spread locally by wind, water, animals (including
humans), in manure and forage and on implements. Over longer distances, they
are spread by contaminated seed, planting material, forage, bags, containers,
vehicles and agricultural machinery. For many parasitic flowering plants, the
ability of the seeds to surrrive in the soil for a long time combined with very high
seed production means that control must be directed towards reducing the
number of plants that survive to produce seeds. Farmers should be aware of the
risks of introducing parasitic flowering plants, prevent the spread of seed and
especially prevent plants seeding.

A range of strategies have been suggested or investigated to control parasitic
plants in various crops. These include the use of resistant cultivars, cultural
practices, application of chemicals and biological control.

Resistant cultivars
In resource-poor developing countries, the most appropriate means of control
may be the use of resistant cultivars. However, there are only a few examples of
success in selecting or breeding resistant cultivars. One of the earliest was the
selection of sunflower cultivars resistant to Orobanche infection in Russia
beginning around fg12. More recently high levels of resistance to Striga have
been reported in cowpea in West Africa and in sorghum in India.

1 5 1
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Cultural and physical methods

EXCLUSION Because of the extreme difficulty of controlling most parasitic
plants after they have become established, it is important to prevent their
introduction into new areas. Since none of the agriculturally important species of
parasitic flowering plants occur in Australia, the entry of plants such as Striga
spp. to Australia is prohibited under Commonwealth Plant Quarantine
legislation.

ROTATIONS The traditional farming systems of many areas where root
parasites are now serious problems involved the land reverting to bush fallow for
1O-2O years between periods of cultivation. During this time, inoculum in the soil
was depleted. Unfortunately, the need to feed an increasing population now
means that land cannot be left uncultivated for long periods. Nevertheless,
rotations using non-host crops are almost universally recommended provided
weeds that act as alternative hosts to the parasite are carefully controlled in the
rotational crops. 'Trap crops' and 'catch crops' have been used to prevent
production of further seed and to encourage the decline of the seed populations
in the soil. Trap crops (false hosts) which stimulate germination of Struga and
Orobanche seeds, but are not infected themselves have been used in rotations to
reduce the number of seeds in the soil. However, results from field trials using
this strategy have been disappointing, possibly because of the complex
germination requirements of these parasites. Catch crops that stimulate
germination and become infected have also been suggested to control Strtga and
Orobanche infections. However, the catch crops must be destroyed (e.g. ploughed
under) before the parasite matures and reproduces.

LAND PREPARATION Deep ploughing and zero or minimum tillage have been
suggested as a means of controlling Orobanche and Striga. Deep ploughing was
thought to car4r the seeds to such a depth in the soil that they would be unable
to germinate and infect their hosts. Zero or minimum tillage ensured that seeds
at or near the surface were exposed to extremes of temperature and moisture
that would substantially reduce their chances of infecting subsequent crops.
These techniques are no longer recommended, but should be reconsidered for
certain light soils where zero tillage is most practicable.

PLANTING TIME Later planting of winter-growing crops such as faba beans and
lentils is associated with reduced Strtga and Orobanche infection. Apparently
lower soil temperatures at the later planting dates reduce seed germination.
However, delays in planting also reduces potential crop yield. The number of
Strtga plants in a field can be reduced by planting at a high density. This
reduction is thought to be due to the extra shading that occurs at higher planting
densities.

FERTILISERS Strtga infestations are frequently associated with infertile soils,
particularly soils deficient in nitrogen. Nitrogenous fertilisers can therefore be
used to suppress growth of the parasite, although the mechanism of suppression
is not fully understood.

MIXED CROPPING/SHADING Intercroppitg of, for example, cereals and legumes
in the same row can reduce infestation by Strtga. However, the mechanism
underlying this reduction remains to be elucidated. Mistletoes need light for
photosynthesis so the growth of many species is suppressed by shade plants. For
example, under shade, 60/o of coffee trees were infected by Tapinanthtts
bangwensis while in full sunlight 37o/o of plants were infected.

MECFIANICAL REMOVAL by hand-pulling or hoeing is very labour intensive but
reduces damage to the current crop and reduces future infestations if the plants
are destroyed prior to setting seed. For stem parasites such as Cuscuta spp.,
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complete removal of the parasite can only be achieved by destro)'rng infested crop
plants. However, some success in controlling Cuscuta in lucerne has been
achieved by mowing the crop 3 cm above the ground instead of the standard l0
cm. Most of the parasite is removed and the host recovers faster than the
parasite. Similarly, mistletoes can be pruned out of host trees, but the branch
must be removed between the point of attachment of the parasite and the trunk
to prevent regeneration.

SOI/,RISATION (See Chapter 23) Excellent control of Orobanche spp. in a
variety of crops has been obtained by solarising the soil before planting.
Additional benefits include the control of other weed species, nematodes and
fungal pathogens. Unfortunately, high costs preclude its use in most situations.

FIRE (applied by propane or butane burners) has been a standard method
used to control Cuscuta spp. in lucerne. The crop is damaged by the treatment
but recovers faster than the parasite. Burning reduces the number of seeds
available to infect by destroying seeds that have been shed and by destroying
plants before they can shed their seeds.

FLOODING (as for rice-growing) is believed to reduce infestation of O. cernua in
following tobacco crops because seeds of the parasite lose their viability after one
month's storage under water.

Chemical methods

FUMIGANTS such as methyl bromide have been used routinely to control Strtga
and Orobanche spp. where the high cost could be justified. Other less expensive
fumigants have also been used successfully to reduce the number of seeds in
soil.

GERMINATION STIMULANTS promote 'suicidal' germination of seeds in the
absence of suitable hosts thereby reducing the seed bank. Good control in
commercial field crops has been obtained with injections of ethylene gas which
stimulates germination of the seeds. However, ethylene will only induce
germination if seeds are suitably preconditioned by appropriate climatic
conditions. The early expectations of the chemical stimulant, strigol, exuded by
cotton roots has not been realised, but other stimulants are under investigation.
Development in this area is inhibited by the small size of the potential market in
relation to the cost of development.

HERBICIDES FOR PREVENTING ATTACK The ideal herbicide should control the
parasite before it attaches to the host, therefore preventing any damage. Several
pre-emergence herbicides e.g. chlorthal-dimethyl and pendimethalin, used in
lucerne and a number of other crops to control the stem parasite Cuscuta spp.
approach this ideal. Prevention of attack by root parasites has been less
successful.

HERBICIDES FOR CONTROL AFTER ATTACHMENT The chemicals mentioned in
the previous section can also inhibit development of Cuscuta spp. if applied after
attachment, although their efficacy decreases as the parasite matures. Maleic
hydrazide and glyphosate are also effective against Cuscutaspp. Selective control
of Orobanche spp. in a wide range of crops by glyphosate has been reported.
Oxyfluorfen, trifluralin and dicamba have been recommended for controlling
Striga infections. Trunk injections of 2,4-D over 1-2 years reduced mistletoe
infections in eucalypts. More recently, glyphosate applied to cuts around the bole
of the tree have been effective in controlling mistletoe infections.

HERBICIDES FOR CONTROL OF ESTABLISHED PARASITES Established parasites
may have caused irreversible damage to their hosts, but destroying them reduces
or prevents seed production and further spread. For Cuscuta spp., relatively non-
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selective herbicides e.g. diquat, paraquat and dinitro compounds, that damage
both the parasite and the foliage of the host have been used on crops such as
lucerne that recover more rapidly from spraying than the parasite. For Orobanche
and Striga control, sprays can be directed on to the parasite so that the host
plant is not affected.

ANTI-TRANSPIRANTS Most parasitic flowering plants have high transpiration
rates associated with stomates that remain open under most, if not all,
conditions. This not only ensures a strong flow of sap (and nutrients) from the
host xylem, but also cools the parasitic plant under hot conditions. Applications
of anti-transpirants which mechanically impede water loss causing the leaf
temperature to rise can rapidly kill emerged Striga plants under hot, dry
conditions.

Biological control
Both fungi and insects have been investigated as biocontrol agents for parasitic
plants. In China, a forma specialis of the fungus CoLletotrtchum gtoeosporiotdes
that only attacks Cuscuta spp. is used to control the weed on soybeans. Species
of FUsarium have also been used to control Cuscuta on cranberr5r and Orobanche
in tomato and watermelon in the United States. The agromyzid fly, Phgtomgza
orobanchiae, is used to control Orobanche spp. in Eastern Europe and Russia.
Insect pests to control Cuscuta spp., Striga spp. and mistletoes have been
investigated, but not yet exploited. Many insects with potential as biological
control agents are themselves parasitised by other insects making it difficult to
increase the population of the original insect to a level at which it will cause
significant damage to the host. A bacterium has been discovered recently that
reduces germination in petri dishes of Strtga herrnonthica seeds from 650/o to less
than IO%, probably by interfering with the stimulant molecules from the host.
Either the bacterium itself or the metabolites could be developed to control this
weed. As plant cultivation in Mediterranean and subtropical areas intensifies,
parasitic plants are gaining significance as weeds. Consequently, more emphasis
is being placed on controlling them biologically.

lntegrated control
There is general agreement that the control of parasitic plants requires an
integrated approach, and many different combinations of strategies have been
tested or recommended. As yet, there are no outstandingly successful programs.
However, time is an important factor and the cumulative effects of several
seasons of partial control on populations of the parasites must be evaluated.
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