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Parasitic Weeds: A World Challenge
Chris Parker*

While witchweed is nearing eradication in the United States, it continues to thrive in other parts of the world, especially in
Africa, together with other witchweed species. The continuing problems from witchweeds and other parasitic weeds, the
broomrapes, dodders and mistletoes, are outlined, including their extent, the degrees of damage caused, and the difficulties
in their control. While a small minority are being successfully controlled by the use of immune varieties, most are currently
controlled by existing techniques only partially, or on a local basis, and they may even be spreading or intensifying. The

challenges they present are emphasised.
Nomenclature:
Viscaceae, Loranthaceae.

Key words: Parasitic weeds.

After 50 yr of research and control programs, the problem
from witchweed [Striga asiatica (L.) Kuntze] in the United
States is all but extinguished. However, this is not true in
other parts of the world and this article reviews the continuing
challenge from this species and the many other parasitic
weeds, affecting crops and forests here and elsewhere.

The major groups considered are the witchweeds them-
selves: S. asiatica and other species including S. hermonthica
(Del.) Benth. and S. gesnerioides (Willd.) Vatke and the closely
related Alectra wvogelii Benth, all previously placed in
Scrophulariaceae but now included in a broadened Oroban-
chaceae, which includes the broomrapes, Orobanche and
Phelipanche species; the dodders, Cuscuta species (previously
placed in Cuscutaceae but now in Convolvulaceae); and the
mistletoes, especially Viscum species and dwarf mistletoes,
Arceuthobium species in Viscaceae, and a range of other
mistletoe genera in the related Loranthaceae.

The Witchweeds

Striga asiatica (sensu lato) is distributed widely across Africa
and Asia (Figure 1). It is a normal looking plant, up to 30 cm
high, scabrid to the touch, with simple green leaves. It is self
pollinated and occurs in a wide range of distinct morphotypes
with varying flower color and host specificity. Some of these
in Africa are given specific status, e.g., as S. hirsuta Benth.
and S. /utea Lour. (Mohamed et al. 2001) and are less likely
to attack crops, while S. asiatica (sensu stricto) is the form
responsible for the major infestations in eastern and southern
countries of Africa (and in the United States). This is mainly
scarlet-flowered though yellow-flowered individuals may also
occur in these populations, and a brown-flowered form occurs
in Ethiopia. Elsewhere in Africa it is a parasite of wild grasses
and causes little damage to crops. In India, it is less
widespread, but a white-flowered form of S. asiatica (or
closely related taxon) affects sorghum and sugar cane locally
(Patil and Angadi 2008).

Where crops are affected these can include virtually all the
main tropical cereals: corn (Zea mays L.), sorghum [Sorghum
bicolor (L.) Moench] and millets (Pennisetum, Panicum,
Eleusine, Digitaria, etc.) as well as rice (Oryza sativa L.) and
sugar cane (Saccharum officinarum L.).
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witchweed, Striga asiatica (L.) Kuntze; dodders, Cuscuta spp.; broomrapes, Orobanche spp.; mistletoes,

Although the Striga species are green, their photosynthesis
is very inefficient and they depend on the host for most of
their nutrition. Furthermore their effect on the hosts is vastly
greater than mere removal of nutrients. Photosynthesis in
sorghum may be reduced by 62% by infestation with .
asiatica (Press et al. 1987) and there are other physiological
effects of drought stress (wilting even under moist conditions)
and an increase in root development at the expense of the
shoots. The losses are not well documented but the
proportion of, e.g., corn crops affected in southern Africa
include estimates of 63 to 80% in Malawi and substantial
proportions in Angola, Swaziland, and other southern African
countries (de Groote et al. 2008), also in Madagascar (Geiger
et al. 1996). Rice is seriously affected in Tanzania (Kayeke
et al. 2007). Infestation can involve total crop failure, and
average losses of 10 to 40% are almost certainly common.
Furthermore, the problem is tending to increase rather than
decrease as intensive land use and the expense, or lack, of
fertilizers leads to continuing decline in soil fertility, which
greatly favors Striga growth.

Meanwhile the control measures are neither fully effective
nor easy to apply. Those used to bring the problem under
control in the United States have involved sophisticated use of
ethylene gas, methyl bromide, and herbicides, and intensive
quarantine and monitoring procedures. None of these are
readily available or practical in Africa. Plant breeders have
developed sorghum, corn, and rice varieties with partial
resistance, but these are not yet widely used or available. The
use of herbicide treated seed involving an imidazolinone-
resistant corn variety can be effective for control of S. asiatica
as well as for S. hermonthica (Kabambe et al. 2008), but good
results depend on suitable soil moisture conditions. The use of
Desmodium intercrops (e.g., Khan et al. 2008) has not yet
been proven effective for S. asiatica. In rice in Tanzania,
legume green manure crops have provided valuable suppres-
sion (Kayeke et al. 2007). Partial control is achieved in many
places by other cultural practices, especially extra manuring,
but without a long-term build up in soil fertility, complete
control will be extremely difficult to achieve.

Hence S. asiatica continues to present a challenge for the
foreseeable future, not only in the areas already affected but
also in terms of possible introduction to new areas. As shown
by Mohamed et al. (2006), S. asiatica (s.s.) has the potential to
infest large new areas of North and South America and of
Asia, as well as parts of Africa where only the less aggressive
forms exist so far.
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Figure 1. World distribution of Striga asiatica. Larger symbols indicate countries
in which it causes significant crop losses. Smaller symbols indicate countries in
which it occurs mainly on wild hosts and causes lesser crop damage.

Striga hermonthica is a greater problem than S. asiatica in
every sense. It is a larger plant, growing up to 1 m high in
eastern Africa, though usually not more than 50 cm in West
Africa; it causes even greater damage over much larger areas of
crop in many more countries. The range of crops affected is
much the same, but the regions where it is most damaging are
curiously different, mainly in northern Africa (East and West)
and with litde incidence south of the equator (Figure 2). It
occurs in the Arabian Peninsular but is otherwise restricted to
Africa. The foliage is comparable in shape to that of S.
asiatica, but more robust, while the inflorescence is a much
larger raceme with many more flowers, these being larger and
almost invariably pink, with occasional white individuals.

The damaging effects on host crops are at least as severe as
those from S. asiatica but slightly different in character.
Photosynthesis of the host is similarly reduced, e.g., by 58%
in sorghum (Press et al. 1987) and root:shoot ratio is again
much increased, but whereas S. asiatica causes drought
symptoms, S. hermonthica causes distinctive chlorotic blotch-
ing in the host foliage. The disproportionate reduction in host
biomass, relative to the biomass of the parasite was illustrated
in a pot experiment where, at 5 wk after sowing (prior to weed
emergence) 14 mg dry weight of parasite caused 997 mg
reduction in host dry weight (Parker 1984).

Crop loss can again be up to 100%, and a recent detailed
survey in western Kenya suggests average losses of corn are
about 50% under “moderate” infestation and 80% under
severe infestation (Manyong et al. 2007). Estimates of corn
crop area infested vary up to 20 to 30% in Ecthiopia,
Cameroon, Cote d’Ivoire, and Guinea, 30 to 40% in Togo,
Mali, and Nigeria, and 65% in Benin (de Groote et al. 2008).
A survey in north-east Nigeria suggested 85% of fields were
infested (Dugje et al. 2006). Proportions of sorghum and
pearl millet [Pennisetum americanum (L.) K. Schumm.] crops
infested are likely to be at least as great. Estimates for all
cereals in 1991 varied from 40 to 50% in Ghana, Cameroon,
and Nigeria, to over 70% in Benin and Gambia (Sauerborn
1991), and there is little evidence for any diminution of the
problem since then (Parker 2009).

Control methods have been no more fully successful than
those for S. asiatica. Most research effort has gone into plant
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Figure 2. World distribution of Striga hermonthica. Larger symbols indicate
countries in which it causes significant crop losses. Smaller symbols indicate
countries in which it occurs mainly on wild hosts and causes lesser crop damage.

breeding for resistance, and some success has been achieved
using conventional methods for corn in West Africa (Kamara
et al. 2007; Menkir et al. 2007) and sorghum in Sudan and
Ethiopia (e.g., Tesso et al. 2007), but resistance is never
complete. Research efforts continue with ever more advanced
genetic modification techniques, which should bear fruit
eventually. Meanwhile, in West Africa, integrated control
involving tolerant varieties and various cultural approaches
have proved valuable (e.g., Kamara et al. 2008), but these have
to be tailored to local conditions. In East Africa, there has
been local success with Desmodium intercrops (Khan et al.
2007, 2008) and with herbicide-coated seed of imidazolinone-
resistant corn (de Groote et al. 2007; Kanampiu et al. 2003),
but neither technique is yet widely adopted. Trap-cropping,
the use of crops that stimulate germination but are not
themselves attacked, and a range of other cultural approaches
can help to reduce the problem (e.g., de Groote et al. 2010),
but as with S. asiatica, most approaches are doomed to only
partial success in the absence of significant increases in soil
fertility.

Overall, many million farmers and many million hectares
of crop are affected by S. hermonthica and economic losses
may exceed $1 billion annually (Parker 2009). The challenge
is to develop successful control strategies at a faster rate than
the current spread and intensification of the problem and to
prevent further introductions to the completely new areas in
the Americas and Asia where conditions could favor it
(Mohamed et al. 2006).

Other Striga species affecting cereal crops, not considered
in detail here, include the pink-flowered S. aspera Willd.,
occurring mainly in West Africa but also eastwards to Sudan
and south to Malawi, and locally damaging to corn in Nigeria,
Cameroon, and Cote d’Ivoire and to rice in Cote d’Ivoire and
Senegal (Parker and Riches 1993). In northeast Nigeria, 40 to
59% of rice fields were estimated to be infested with S. aspera
(Dugje et al. 2006). The pale pink-flowered S. forbesii Benth.,
with a slightly wider distribution into southern Africa and
Madagascar, is locally damaging to corn and sorghum in
Zimbabwe and Tanzania and to rice in Cote d’Ivoire. Two
further white-flowered species attack cereals in India: S.

densiflora (Benth.) Benth. and S. angustifolia (Don) Saldanha,
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Figure 3. World distribution of Striga gesnerioides. Larger symbols indicate
countries in which it causes significant crop losses. Smaller symbols indicate
countries in which it occurs mainly on wild hosts and causes little or no
crop damage.

but their current importance there relative to S. asiatica is
uncertain.

Striga gesnerioides is almost unique among Striga species in
attacking only broad-leaved hosts and not cereals or other
grasses. Like S. asiatica it is autogamous and exists in a range
of distinct morphotypes (Botanga and Timko 2006; Tonessia
et al. 2009) but with even narrower host range, such that there
is a range of “races” with differential virulence on varieties
within the main crop host cowpea [Vigna unguiculara (L.)
Walp.]. It is a short, much-branched plant up to 30 cm, with
scale-like leaves and very little chlorophyll. Flower color varies
from white through to deep purple.

It is mainly African in distribution, and the forms attacking
cowpea are restricted to western Africa (Figure 3). In
northeast Nigeria, 81% of cowpea fields were estimated to
be infested (Dugje et al. 2006), but many other species in a
range of families are parasitized almost throughout Africa and
across southern Asia. Other crops that have been affected very
locally include tobacco (Nicotiana tabacum L.) in South Africa
and Zimbabwe (Koga et al. 2011) and sweet potato [Ipomoea
batatas (L.) Poir.] in Botswana (Parker and Riches 1993).

The damaging effect of S. gesnerioides on cowpea can be
severe to the point of complete crop loss. However, thanks to
the extreme host specificity of this species, and its autogamy, it
has been possible to find crop varieties each differing in a
single dominant gene, with complete immunity to one or
more of its races (Li et al. 2009; Singh et al. 2006). One of the
most valuable sources of resistance to be identified (from
cowpea landrace line B301 with coincidental resistance to A.
vogelii in Botswana) has proved effective against almost all the
six or seven recognized races but not to a local race in Benin,
which is thought to have evolved relatively recently (Dube and
Belzile 2010). This and some other sources identified in West
Africa have been used in breeding programs to produce
varieties resistant to the local races of the parasite and with
other desirable characters (Singh et al. 2006). This has been a
rare success story in terms of parasitic weed control, but the
challenge now is to ensure that new more virulent races do not
develop and spread. This may require continued selection and
breeding.
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Figure 4. World distribution of Alectra vogelii. Larger symbols indicate countries
in which it causes significant crop losses. Smaller symbols indicate countries in
which it occurs mainly on wild hosts and causes lesser crop damage.

Other Hemi-Parasites in Orobanchaceae

Alectra vogelii has normal-looking green foliage but is
broader-leaved than the Szriga species and has yellow flowers.
But like S#riga it is an obligate parasite, depending totally on
its host for its development and survival. Like S. gesnerioides it
attacks cowpea and both parasite species can occur in the same
field, but it may also attack peanut (Arachis hypogaea L.),
bambara [V. subterranea (L.) Verdc.], soybean [Glycine max
(L.) Merr.] and a number of other legume crops.

Distribution is restricted to Africa (Figure 4) and the extent
of infestations is relatively small, but there is plenty of scope
for extension of the problem to new areas. The infestation
in Ethiopia (Parker 1988) seems likely to be the result of
relatively recent chance introduction.

Damage to cowpea can be severe: up to 100% yield loss has
been reported in Nigeria (Emechebe et al. 1991). Thanks to
the work of Riches in Botswana (Riches et al. 1992), a
number of resistant lines of cowpea have been identified and
these have been used as the basis for commercially viable
varieties, recently released for use in Zambia (C. R. Riches,
personal communication), while S. gesnerioides-resistant
varieties incorporating genes from line B.301 also show at
least partial resistance (Singh et al. 2006). As with .
gesnerioides, however, there is evidence for variation in A
vogelii that will require further selection and breeding for
different regions.

Rhamphicarpa fistulosa (Hochst.) Benth. is another rela-
tively minor problem, but it causes serious damage locally to
rice crops across both West and East Africa (Johnson et al.
1998; Rodenburg et al. 2010). It is another hemi-parasite with
green, highly dissected foliage, and white flowers. There are
no established control methods, but its occurrence mainly
around the fringes of rice fields suggests that water depth may
be critical for germination and that cultural methods might be
applicable.

The Broomrapes

Orobanche crenata Forsk. is the largest of the weedy
broomrapes and probably the most damaging. Like other
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Figure 5. World distribution of Orobanche crenata. Larger square symbols
indicate countries in which it causes significant crop losses. Smaller symbols
indicate countries in which it occurs mainly on wild hosts and causes lesser crop
damage. Circles indicate other countries with potentially suitable climates for its
growth (Grenz and Sauerborn 2007).

Orobanche and Phelipanche species, it is a holoparasite with
no apparent chlorophyll. It develops from a minute seed,
stimulated, like Swriga spp., to germinate by exudation of
strigolactones from host roots. It attaches to the root and
forms a swollen nodule, from which a shoot develops forming
a single sturdy erect spike up to 1 m high with numerous
showy, fragrant white flowers up to 2 cm across, streaked with
purple.

Native distribution is throughout the Mediterranean basin,
but with relatively recent introductions further afield into
Ethiopia (Reda 2006) and Sudan (Babiker et al. 2007)
(Figure 5). The main host crop is faba bean (Vicia faba L.),
but many other legumes are attacked, particularly pea (Pisum
sativum L.), chickpea (Cicer arietinum L.), lentl (Lens culinaris
Medick.), and to a lesser extent, a range of crops in Apiaceae,
especially carrot (Daucus carota L.), and Asteraceae. Sauerborn
(1991) estimated that over 50% of faba bean crops were
infested in Spain, Portugal, Syria, and Morocco. Other
countries in which O. crenata is a significant problem on
legumes include Algeria, Cyprus, Iraq, Italy, Jordan, Lebanon,
Israel, and Tunisia. Orobanche spp. do not have the same
subtle physiological effects on their hosts as Striga spp. but
damage the host via diversion of a substantial proportion of
host resources, such that yield losses can be over 50% in Malta
and Turkey and over 30% in Egypt. Where there is moisture
stress, there can be greater damage to the point of total crop
failure.

Orobanche crenata is out-crossing and very genetically
diverse. Hence it has proved difficult to select consistently
resistant varieties. An Egyptian line Giza-402 has shown
partial resistance, and together with others has been used in
breeding programs but with limited success. Some herbicides
have shown selectivity but none are widely used. Cultural
methods, based on time of planting, etc., may succeed bur at
the cost of yield. The problem has been avoided in some
regions by simply giving up growing the susceptible legume
crops at a cost to the local diet and economy.

Thus O. crenata remains a very serious challenge
throughout the Mediterranean, while threatening to expand
further in Echiopia and Sudan, and, as indicted by Grenz and
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Figure 6. World distribution of Orobanche cumana. Larger symbols indicate
countries in which it causes significant crop losses. Smaller symbols indicate
countries in which it occurs mainly on wild hosts or causes lesser crop damage.

Sauerborn (2007) (see Figure 5), there are risks of introduc-
tion to many other countries where the climate is thought to
be suitable for its growth.

Orobanche foetida Poir. is a closely related species occurring
along the North African coast and in Iberia. It is similar in
stature but with much darker flowers. It also attacks faba bean
and causes serious damage to the crop in Tunisia. Varietal
screening has suggested variation in susceptibility among faba
bean lines (e.g., Abbes et al. 2007). Otherwise, there are no
established control measures.

Orobanche cumana Wallr. also produces single unbranched
fleshy erect stems but is smaller than O. crenata, growing to
about 50 cm high while the flowers are smaller, narrowly
tubular and markedly down-curved, white to pale bluish in
color. The native range is the eastern Mediterranean and
eastern Europe where it naturally occurs on Artemisia spp.
However, at some stage it has evolved to attack cultivated
sunflower (Helianthus annuus L.) and now occurs on that crop
somewhat more widely, from Spain in the west to China in
the cast (Figure 6).

Although under some experimental conditions the loss of
biomass of the crop is no more than the biomass of the
parasite (Grenz et al. 2008), it is assumed that there may be
much greater damaging effects under conditions of moisture
stress, which can result in very severe crop losses. Areas
affected include 40,000 ha in Spain, 20,000 ha in Greece and
China, and 10,000 ha in Turkey (Parker 2009). Yield losses
have been estimated at 60% in Greece and 20 to 50% in
China (Parker 2009). Other countries in which it is an acute
problem include Hungary, Romania, Bulgaria, Russia,
Ukraine, Moldova, Syria, and Egypt. The areas affected and
degree of crop loss has varied over time, according to the
successful introduction of resistant varieties. Resistance in
sunflower was discovered in Russia early in the 20th century
but was gradually overcome by more virulent races of the
parasite. This process has been repeated such that at least
seven races are now recognized and the latest races F and G
continue to pose a challenge to plant breeders in several
countries. Furthermore, while it has been possible to transfer
resistance genes from wild Helianthus spp. to the oil-crop
varieties, it has proved more difficult for confectionary
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Figure 7. World distribution of Orobanche cernua. Larger symbols indicate
countries in which it causes significant crop losses. Smaller symbols indicate
countries in which it occurs mainly on wild hosts and causes lesser crop damage.

varieties and these tend to be more widely susceptible.
Herbicides have been wused in the confectionary crop,
imazapic, proving selective in Israel (Aly et al. 2001). It is
quite certain that O. cumana could thrive in many other parts
of the world where sunflower is grown. It thus continues to be
a major challenge to the plant breeders, to keep up with the
evolution of new virulent races, and for regulatory authorities
to minimize the risk of further spread.

Orobanche cernua Loefl. is closely related to O. cumana: the
latter was previously known as O. cernua ssp. cumana, but
they are now considered quite distinct (Joel et al. 2007; Katzir
et al. 1996). Orobanche cernua is similar morphologically, but
the flowers are less narrowly tubular, less markedly bent, and
the flowers more deeply blue/mauve colored. The distribution
of true O. cernua is not readily disentangled from that of O.
cumana, but it has a rather more southern distribution,
extending further into North Africa and South Asia, while
there has been more recent introduction into some East and
West African countries (Figure 7). It also has a very different
host range, mainly in the Solanaceae, affecting particularly
tomato (Lycopersicon esculentum Mill.), tobacco, and eggplant
(Solanum melongena L.).

Often in combination with O. ramosa, O. cernua can
steadily built up massive populations in large-scale tomato
plantations, to the point where crop losses are unsustainable
and commercial exploitation of tomato for juicing has had to
be abandoned, e.g., in Sudan and in Ethiopia. Thanks to the
long life of the seed in the soil, it may be 10 to 20 yr before
the growing of susceptible crops can be resumed. Where
tomato and other Solanaceae are grown less intensively the
problem may be less acute, but there are still significant yield
losses in Israel, Jordan, Pakistan, Nepal, Iran, and Yemen. In
southeast India, it is a major and increasing problem in
tobacco, with 40,000 ha affected not only in yield but also in
quality.

No fully resistant crop varieties have been developed and
while herbicides have been used in Israel, selectivity is limited
and they have to be very carefully applied. Hence control
options are very poor indeed, providing yet another challenge.

Orobanche minor Sm. is indeed a relatively minor problem.
It resembles the above species in having simple unbranched
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Figure 8. World distribution of Orobanche ramosa/O. aegyptiaca. Larger symbols
indicate countries in which they cause significant crop losses. Smaller symbols
indicate countries in which they occur mainly on wild hosts and cause lesser
crop damage.

stems, up to 50 cm or more in height. Flowers are white
varyingly streaked with purple, rather like O. crenata but
smaller, about 1 cm across. It is widely distributed in Europe
and the Mediterranean and has been introduced to many
countries outside, including the United States, South Africa,
Japan, New Zealand, and Australia. It has a wide host range,
the main crops affected being clovers and alfalfa (Medicago
sativa L.) with localized occurrence on other Fabaceae,
Asteraceae, Apiaceae, and tobacco. It is currently causing
concern in Oregon where it causes over 50% loss in seed yield
of red clover (T7ifolium pratense L.) seed crops (Lins et al.
2007). Eizenberg et al. (2006) developed a procedure for
selective control by imazamox but it requires careful timing,.

Orobanche ramosa L. [Phelipanche ramosa (L.) Pomel]
and O. aegyptiaca Pers. (P. aegypticaca Pomel). These two
species, together with O. nana (Reut.) Beck and O. mutelii
F.J. Schulz form a complex that are not always well
distinguished in the field and are treated here together.
Collectively they are centered on the Mediterranean and
western Asia but also extend to eastern Asia and have been
introduced sporadically to many other parts of the world
(Figure 8). They have a wide host range attacking many
species in many families, with the Solanaceae (tomaro,
eggplant, and tobacco) and Brassicaceae (mustards, Brassica
spp. and rapeseed, Brassica napus L.) among the most seriously
affected. As noted above for O. cernua, massive populations
can build up in large-scale tomato plantations leading to
abandonment of the crop and even closure of dedicated
juicing factories (Babiker et al. 1994). This is believed to have
occurred in Ethiopia and in Sudan, while acute problems have
been reported in many other countries as indicated on the
map (Figure 8). Yields may be reduced by 50% or more,
especially where soil moisture is lacking. Methyl bromide has
been used to eradicate localized infestations, but this is no
longer available and alternatives are so far either less effective
or excessively expensive. Attempts to identify resistant varieties
of tomato have been generally unsuccessful, and although
selective herbicide treatments have been developed in Israel,
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Figure 9. World distribution of Cuscuta campestris. Larger symbols indicate
countries in which it causes significant crop losses. Smaller symbols indicate
countries in which it occurs mainly on wild hosts and causes lesser crop damage.

for control of O. aegyptiaca in carrot, they require very careful
application and are not being used elsewhere. New infesta-
tions are being recorded, as in Australia where 6,000 ha are
infested (Warren 2006), costing several million $U.S. per
annum in quarantine and control operations.

The Dodders

Cuscuta campestris Yuncker. There are over 100 species of
Cuscuta among which there are just a few of concern to
agriculture. By far the most important of these is C. campestris
(field dodder in the United States). All the dodders have very
similar morphology, consisting of narrow, yellow stems and
sometimes tendrils, which twine round the host, the leaves
reduced to inconspicuous scales. They are virtually holo-
parasitic, most species having very low levels of chlorophyll
and only a few show noticeable greenness. The species are
distinguished almost exclusively by their floral characters, by
size of flower, density of clusters, the number of floral
segments (four or five), and stigma and capsule characters.
Cuscuta campestris has five-part flowers in quite dense clusters,
petals characteristically deflexed, and a very conspicuous
capsule topped by two capitate stigmas.

Cuscuta campestris is native to North America but has been
spread all over the world as a result of transfer in
contaminated seed of clovers (77ifolium spp.) and alfalfa
(Figure 9). The seeds are of similar size and are extremely
difficult to separate. While these are the crops most often
infested, together with niger seed [Guizotia abyssinica (L.L.)
Cass.], also because of seed contamination, many others in a
wide range of families can be attacked, including trees and
shrubs. Sugar beet (Beta vulgaris L.) is seriously infested in
many south European countries. Cuscuta campestris can also
persist on many weed species, ensuring that it is not readily
controlled by crop rotation. Wolswinkel (1974) demonstrated
how C. campestris creates a nutrient sink resulting in complete
inhibition of seed formation in faba bean. Yield losses of over
50% have been recorded in forage alfalfa, while losses of seed
yield may be even greater and made more serious by the
danger of contamination of crop seed, reducing its value or
precluding its sale altogether because of quarantine restric-
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tions. Some herbicides show selectivity in alfalfa and a few
other crops but none give fully reliable control, for which
growers often have to resort to rigorous removal of the parasite
together with host to prevent spread and seeding.

Other economically important species of Cuscuta include
C. reflexa Roxb. and C. monogyna Vahl occurring on fruit and
shrub crops in the Middle East and South Asia, C. gronovii
Willd. ex Roem. et Schult., an acute problem in cranberry
(Vaccinium  macrocarpon Ait.) in the United States, C.
epithymum (L.) L. on clovers and alfalfa in the Middle East,
and C. chinensis Lam. on soybean and other crops in East Asia.

Collectively the dodders affect many thousands of hectares
wotldwide, reducing yields, restricting choice of crop, and
interfering with international trade. Improved control methods
are urgently needed.

Lauraceae

Cassytha filiformis L. C. filiformis is a relatively unimportant
parasite but is mentioned here as it closely resembles Cuscura
species in growth form and the two genera are often confused.
It is, however, a perennial, more robust than most Cuscuta
spp- and always shows some distinct green coloration. It has
solitary white flowers and fleshy fruit. It occurs across the
tropics of New and Old Worlds, usually near the coast but
sometimes inland and is an obligate parasite mainly on
perennial hosts, including grasses. The only recent reports of
any economic significance refer to damage on neem trees in
Kenya (Scmuttere 1998) and on Eucalyptus spp. in Australia
(Reid and Yan 2000). There were earlier reports of damage to
citrus in India and Tanzania, and to pine trees in China
(Parker and Riches 1993).

The Mistletoes

Economically important mistletoes fall into two families,
the mainly temperate Viscaceae and the mainly tropical
Loranthacae.

Viscaceae. The most familiar of all mistletoes, Viscum album
L., emblem of Christmas and subject of folklore, is widespread
across Europe and causes locally serious damage to fruit trees,
especially apple and pear, and to forest trees, including silver
fir (Abies alba Mill.) in Croatia (Idzojtic et al. 2008), in
Romania (Barbu and Boriaud 2010), and in other Balkan
states, and Crimean pine in Turkey (Catal and Carus 2011).
While economically negative in these respects, it also has uses
as a source of compounds active against cancer (e.g., Olaku
and White 2011; Ziegler and Grossarth-Maticek 2010).
Other Viscum species cause minor problems across Europe
and Africa, while the Phoradendron species do likewise across
North America. These mistletoes are fully green and have a
largely functional photosynthesis so do not depend greatly on
their hosts for nutrition, but they may reduce leaf nitrogen
content in the host (Galiano et al. 2011), and require water,
causing serious damage under conditions of moisture stress.
The most important members of Viscaceae, however,
are the dwarf mistletoes, the Arceuthobium species, which
collectively are regarded as “the single most destructive
pathogen of commercially valuable coniferous timber trees”
in North America and Mexico, with losses estimated at 11
million m” of wood annually (Hawksworth and Wiens 1996).
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They have a much reduced shoot system, consisting of short
branches bearing very reduced leaf scales, yellow green, low
in chlorophyll. Most of the plant consists of an extensive
endophyte permeating the host tissues. Apart from drawing
heavily on the host for both water and nutrition, they have
profound physiological effects on the host, causing witches’
brooms and other growth abnormalities, affecting the strength
and quality of timber as well as its volume. There are 39
North American taxa, 8 to 10 species of particular
importance, each affecting a very narrow range of host trees,
all conifers. Other species occur outside North America,
notably Arceuthobium minutissimum Hook.f., aptly named as
the shoots barely exceed 5 mm in height, damaging blue pine
(Pinus wallichiana A.B. Jackson) in Bhutan and throughout
the Himalayas, A. oxycedri damaging juniper widely across
Asia, especially in Pakistan (Sarangzai et al. 2010) and A.
sichuanense seriously damaging Picea spp. in south China and
Tibet (Xia Bo et al. 2010). Control of Arceuthobium spp. has
been achieved with sprays of ethephon (Coria Avalos et al.
2010), but application over large areas of forest is generally
uneconomic and in practice control depends on management,
clear felling, controlled fire, etc. In spite of these efforts, losses
inevitably continue.

Loranthaceae. Loranthaceae are generally comparable to
Viscum species in having fully green foliage and competing
with their hosts mainly for water, but they differ in having
much larger, showy flowers, often pollinated by birds. The
family has about 75 genera and 1,000 species. Of these just a
few are of economic importance such as Dendrophthoe falcata
(L.f) Ettsingh. damaging a wide range of fruit and forest
species in India. It can cause 40% reduction in annual growth
of teak (Tectona grandis L.f.) (Ghosh et al.1984). Struthanthus
orbicularis (H.B.K.) Blume has shoots that can make
secondary attachments to the host and lead to a total blanket
over citrus (Citrus spp.) and other host trees in Central
America, especially Belize. Tapinanthus spp. including S.
bangwensis (Engl. and Krause) Dans., S. globiferus (A. Rich.)
van Tiegh., and S. dodoneifolius (DC) Danser cause serious
damage to cocoa (Theobroma caco L.), coffee (Coffea arabica
L.), citrus, shea butternut [Butyrospermum paradoxum
(Gaertn.f.) Hepper], and other fruit and ornamental trees in
West Africa. For none of these are there currently any simple
economic control measures.

Conclusion

Parasitic weeds have been the target of research for at least
100 yr and it would be wrong to suggest that there has been
litdle progress in their control. There are many examples of
dedicated work leading to useful control, based on resistant
varieties, cultural, chemical, or integrated methods providing
near-adequate suppression of problems on at least a local
basis. However, in spite of all these efforts, it has been
concluded (Parker 2009) that the major problems have not
been reduced to any significant degree over really large areas,
and in the case of Striga there may even continue to be some
spread and intensification of the problems. It is improbable
that many of these species will be completely overcome in the
foreseeable future, but there has to be continued effort on the
most important, especially on Striga and Orobanche species.
Most effort currently is perhaps devoted to the possibilities for
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resistance, achieved through conventional or genetic engi-
neering approaches. Biological control continues to receive
attention and could have valuable contributions to make.
Perhaps the biggest impact on Striga could eventually come
from the introduction of nitrogen fixation into cereal crops.
Meanwhile, for Striga specifically, there is an urgent need to
find other ways to maintain and increase soil fertility in Africa.

This short review emphasises the enormous scale of losses
from the full range of parasitic weeds worldwide and the need
for sustained, and where possible, increased effort to find
economic solutions for the sake of the farmers and growers
affected and for the sake of maintaining world food and
timber supplies.

Literature Cited

Abbes, Z., M. Kharrat, P. Delavault, P. Simier, and W. Chaibi. 2007. Field
evaluation of the resistance of some faba bean (Vicia faba L.) genotypes to the
parasitic weed Orobanche foetida Poiret. Crop Prot. 26:1777-1784.

Aly, R., Y. Goldwasser, H. Eizenberg, J. Herschenhorn, S. Golan, and Y. Kleifeld.
2001. Broomrape (Orobanche cumana) control in sunflower (Helianthus
annuus) with imazapic. Weed Technol. 15:306-309.

Babiker, A.G.T., E. A. Ahme, D. A. Dawoud, and N. K. Abdrella. 2007.
Orobanche species in Sudan: history, distribution and management. Sudan J.
Agric 10:107-114.

Babiker, A.G.T., E. S. Mohamed, and M. E. El Mana. 1994. Orobanche problem
and management in the Sudan. 672-676 in: Pieterse, A. H., J.A.C. Verkleij,
and S. J. ter Borg, eds. Biology and Management of Orobanche. Proc.of the 3rd
Intern. Workshop on Orobanche and related Striga research. Amsterdam, The
Netherlands, 1993. Royal Tropical Institute, The Netherlands.

Barbu, C. and L. Boriaud. 2010. The incidence and distribution of white
mistletoe (Viscum album ssp. abietis) on Silver fir (Abies alba Mill.) stands from
Eastern Carpathians. Annal. Forest Res. 53:27-36.

Botanga, C. J. and M. P. Timko. 2006. Phenetic relationships among different
races of Swriga gesnerioides (Willd.) Vatke from West Africa. Genome 49:
1351-1365.

Catal, Y. and S. Carus. 2011. Effect of pine mistletoe on radial growth of crimean
pine (Pinus nigra) in Turkey. J. Environ. Biol. 32:263-270.

Coria Avalos, V. M., L. Vizquez Collazo, H. J. Mufioz Flores, and J. Villa
Castillo. 2010. Diatoms ground impact over Arcethobium globosum Hawks-
worth & Wiens subsp. grandicaule of Pinus pseudostrobus Lindl. Ciencia
Forestal en Mexico 1:39-46 [In Spanish]

de Groote, H., B. Vanlauwe, E. Rutto, G. D. Odhiambo, F. Kanampiu, and
Z. R. Khan. 2010. Economic analysis of different options in integrated pest
and soil fertility management in maize systems of Western Kenya. Agri.
Econom. 41:471-482.

de Groote, H., L. Wangare, and F. Kanampiu. 2007. Evaluating the use of
herbicide-coated imidazolinone-resistant (IR) maize seeds to control Striga in
farmers’ fields in Kenya. Crop Prot. 26:1496-1506.

de Groote, H., L. Wangare, F. Kanampiu, M. Odendo, A. Diallo, H. Karaya, and
D. Friesen. 2008. The potential of a herbicide resistant maize technology for
Striga control in Africa. Agricultural Systems 97:83-94.

Dube, M. P. and F. J. Belzile. 2010. Low genetic variability of Striga gesnerioides
populations parasitic on cowpea might be explained by a recent origin. Weed
Res. 50:493-502.

Dugje, 1. Y., A. Y. Kamara, and L. O. Omoigui. 2006. Infestation of crop fields
by Striga species in the savanna zones of northeast Nigeria. Agri. Ecosyst.
Environ. 116:251-254.

Eizenberg, H., J. B. Colquhoun, and C. A. Mallory-Smith. 2006. Imazamox
application timing for small broomrape (Orobanche minor) control in red
clover. Weed Sci. 54:923-927.

Emechebe, A. M., B. B. Singh, O. L. Leleji, I.D.K. Atokple, and J. K. Adu. 1991.
Cowpea-Striga problems and research in Nigeria. Pages 18-28 iz S. K. Kim,
ed. Combating Striga in Africa. Proceedings, International Workshop, Ibadan,
1988. Ibadan, Nigeria: IITA.

Galiano, L., J. Martinez-Vilalta, and F. Lloret. 2011. Carbon reserves and canopy
defoliation determine the recovery of Scots pine 4 years after a drought
episode. New Phytol. 190:750-759.

Geiger, U., J. Kroschel, and J. Sauerborn. 1996. Striga asiatica, a problem in the
middle west of Madagascar. Pages 479-486 in M. T. Moreno, J. I. Cubero,
D. K. Berner, D. Joel, L. J. Musselman, and C. Parker, eds. Advances in

Parasitic Research. Proceedings of the Sixth International Parasitic Weed

Parker: Parasitic weeds: a world challenge ¢ 275


https://doi.org/10.1614/WS-D-11-00068.1

Symposium, Cordoba, Spain. Cordoba, Spain: Junta de Andalucia, Consejeria
de Agricultura y Pesca.

Ghosh, S. K., M. Balasundaram, and A. M. Mohamed. 1984. Studies on the
host-parasite relationship of phanerogamic parasites on teak and their possible
control. Thrissur, Kerala, India: Kerala Forest Research Institute Research
Report 21. 39 p.

Grenz, J. H., V. A. Istoc, A. M. Manschadi, and J. Sauerborn. 2008. Interactions
of sunflower (Helianthus annuus) and sunflower broomrape (Orobanche
cumana) as affected by sowing date, resource supply and infestation level. Field
Crops Res. 107:170-179.

Grenz, J. H. and J. Sauerborn. 2007. Mechanisms limiting the geographical range
of the parasitic weed Orobanche crenata. Agric. Ecosyst. Environ. 122:275-281.

Hawksworth, F. G. and D. Wiens. 1996. Dwarf Mistletoes: Biology, Pathology,
and Systematics. USDA Forest Service Agriculture Handbook 709. Washing-
ton, DC: U.S. Department of Agriculture Forest Service. 410 p.

Idzojtic, M., R. Pernar, M. Glavas, M. Zebec, and D. Diminic. 2008. The
incidence of mistletoe (Viscum album ssp. abietis) on silver fir (Abies alba) in
Croatia. Biologia (Bratislava) 63:81-85.

Joel, D. M., Y. Hershenhorn, H. Eizenberg, R. Aly, G. Ejeta, P. J. Rich, J. K.
Ransom, J. Sauerborn, and D. Rubiales. 2007. Biology and management of
weedy root parasites. Hortic. Rev. 33:267-349.

Johnson, D. E., C. R. Riches, M. Camara, and A. M. Mbwaga. 1998.
Rhampbhicarpa fistulosa on rice in Africa. Haustorium 33:2-3.

Kabambe, V. H., F. Kanampiu, and A. Ngwira. 2008. Imazapyr (herbicide) seed
dressing increases yield, suppresses Striga asiatica and has seed depletion role in
maize (Zea mays L.) in Malawi. Afr. ]. Biotechnol. 7:3293-3298.

Kamara, A. Y., J. Ellis-Jones, P. Amaza, L. O. Omoigui, J. Helsen, I. Y. Dugje, N.
Kamai, A. Menkir, and R. W. White. 2008. A participatory approach to
increasing productivity of maize through Swriga hermonthica control in
Northeast Nigeria. Exp. Agric. 44:349-364.

Kamara, A. Y., A. Menkir, D. Chikoye, L. O. Omoigui, and F. Ekeleme. 2007.
Cultivar and nitrogen fertilization effects on Szriga infestation and grain yield
of early maturing tropical maize. Maydica 52:415-423.

Kanampiu, F. K., V. Kabambe, C. Massawe, L. Jasi, D. Friesen, J. K. Ransom,
and J. Gressel. 2003. Multi-site, multi-season field tests demonstrate that
herbicide seed-coating herbicide-resistance maize controls Striga spp. and
increases yields in several African countries. Crop Prot. 22:697-706.

Katzir, N., V. Portnoy, G. Tzuri, D. M. Joel, and M. Castejéon-Mufioz. 1996.
Use of random amplified polymorphic DNA (RAPD) markers in the study of
the parasitic weed Orobanche. Theor. Appl. Genet. 93:367-372.

Kayeke, J., P. K. Sibuga, J. J. Msaky, and A. Mbwaga. 2007. Green manure and
inorganic fertiliser as management strategies for witchweed and upland rice.
African Crop Sci. J. 15:161-171.

Khan, Z. R., C.A.O. Midega, A. Hassanali, and J. A. Pickett. 2007. Field
developments on Striga control by Desmodium intercrops in a “Push-Pull”
strategy. Pages 241-252 in G. Ejeta and J. Gressel, eds. Integrating New
Technologies for Striga Control. Singapore: World Scientific Publishing.

Khan, Z. R., J. A. Pickett, A. Hassanali, A. M. Hooper, and C.A.O. Midega.
2008. Desmodium species and associated biochemical traits for controlling
Striga species: present and future prospects. Weed Res. 48:302-306.

Koga, C., E. Mwenje, and D. Garwe. 2011. Germination stimulation of Striga
gesnerioides seeds from tobacco plantations by hosts and non-hosts. J. Applied
Biosci. 37:2453-2459.

Li, J. X., K. E. Lis, and M. P. Timko. 2009. Molecular genetics of race-specific
resistance of cowpea to Striga gesnerioides (Willd.). Pest Manage. Sci. 65:520-527.

Lins, R. D., J. B. Colquhoun, and C. A. Mallory-Smith. 2007. Effect of small
broomrape (Orobanche minor) on red clover growth and dry matter
partitioning. Weed Sci. 55:517-520.

Manyong, V. M., A. D. Alene, A. Olanrewaju, B. Ayedun, V. Rweyendela, A. S.
Wesonga, G. Omanya, H. D. Mignouna, and M. Bokanga. 2007. Baseline
Study of Striga Control Using IR Maize in Western Kenya. http://aatf-africa.
org/userfiles/IRmaizestudy.pdf. Accessed: April 2011.

Menkir, A., B. Badu-Apraku, C. G. Yallou, A. Y. Kamara, and G. Ejeta. 2007.
Breeding maize for broad-based resistance to Striga hermonthica. Pages 99-114
in G. Ejeta and J. Gressel, eds. Integrating New Technologies for Strign
Control. Singapore: World Scientific Publishing.

Mohamed, K. I, L. J. Musselman, and C. R. Riches. 2001. The genus Striga
(Scrophulariaceae) in Africa. Ann. Mo. Bot. Gard. 88:60-103.

276 « Weed Science 60, April-June 2012

https://doi.org/10.1614/WS-D-11-00068.1 Published online by Cambridge University Press

Mohamed, K. I., M. Papes, R. Williams, B. W. Benz, and A. T. Peterson. 2006.
Global invasive potential of 10 parasitic witchweeds and related Oroban-
chaceae. Ambio 35:281-288.

Olaku, O. and J. D. White. 2011. Herbal therapy use by cancer patients: a
literature review on case reports. Eu. J. Cancer 47:508-514.

Parker, C. 1984. The influence of Striga species on sorghum under varying
nitrogen fertilization. Pages 90-98 in Parker, C., L. J. Musselman, and R. M.
Polhill, eds. Proceedings of the Third International Symposium on Parasitic
Weeds, Aleppo. Aleppo, Syria: ICARDA.

Parker, C. 1988. Parasitic plants in Ethiopia. Walia 11:21-27.

Parker, C. 2009. Observations on the current status of Orobanche and Striga
problems worldwide. Pest Manage. Sci. 65:453—459.

Parker, C. and C. R. Riches. 1993. Parasitic Weeds of the World. Biology and
Control. Wallingford, UK: CAB International. 332 p.

Padil, V. L. and S. S. Angadi. 2008. Effect of management practices on Striga
incidence, quality, yield and economics of sorghum. Plant Arch. 8:185-188.

Press, M. C., J. M. Tuohy, and G. R. Stewart. 1987. Gas exchange characteristics
of the sorghum Striga host-parasite association, Plant Physiology 84:814-819.

Reda, F. 2006. Orobanche crenata in Ethiopia. Haustorium 49:3.

Reid, N., Z. Yan 2000. Mistletoes and other phanerogams parasitic on eucalypts.
Pages 353-383 in P. J. Keane, G. A. Kile, F. D. Podger, and B. N. Brown.
2000. Diseases and Pathogens of Eucalypts. Collingwood, Australia: CSIRO.

Riches, C. R., K. A. Hamilton, and C. Parker. 1992. Parasitism of Alectra species
by grain legumes. Ann. Appl. Biol. 121:361-370.

Rodenburg, J., C. R. Riches, and J. M. Kayeke. 2010. Addressing current and
future problems of parasitic weeds in rice. Crop Prot. 29:210-221.

Sarangzai, A. M., K. Nasrullah, W. Muhammad, and K. Asmatullah. 2010. New
spread of dwarf mistletoe (Arceuthobium oxycedri) in Juniper forests, Ziarat,
Balochistan, Pakistan. Pak. J. Bot. 42:3709-3714.

Sauerborn, J. 1991. The economic importance of the phytoparasites Orobanche
and Striga. Pages 137-143 in J. K. Ransom, L. J. Musselman, A. D. Worsham,
and C. Parker, eds. Proceedings of the Fifth Symposium on Parasitic Weeds,
Nairobi, Kenya; 24-30 June 1991. Nairobi, Kenya: CIMMYT.

Scmuttere, H. 1998. Some arthropod pests and a semi-parasitic plant attacking
neem (Azadirachta indica) in Kenya. Anzeiger fiir Schidlingskunde, Pflant-
zenschutz 71:36-38.

Singh, B. B., O. O. Olufajo, M. F. Ishiyaku, R. A. Adeleke, H. A. Ajeigbe, and
S. G. Mohammed. 2006. Registration of six improved germplasm lines of
cowpea with combined resistance to Striga gesnerioides and Alectra vogelii. Crop
Sci. 46:332-333.

Tesso, T., Z. Gutema, A. Deressa, and G. Ejeta. 2007. An integrated Striga
management option offers effective control of Szriga in Ethiopia. 199-212 in
G. Ejeta and J. Gressel, eds. Integrating New Technologies for Striga Control.
Singapore; World Scientific Publishing.

Tonessia, C., M. Wade, N. Cissé, and A. Severin. 2009. Characterization of
Striga gesnerioides from Senegal: reaction of various cowpeas [ Vigna unguiculata
(L) Walp.] to Striga gesnerioides strains from Sénégal. J. Applied Biosci.
24:1462-1476 [In French]

Warren, P. 2006. The branched broomrape eradication program in Australia.
Pages 610-613 in C. Preston, J. H. Watts, and N. D. Crossman, eds. 15th
Australian Weeds Conference, Adelaide, September 2006. Adelaide, Austraia:
Weed Management Society of South Australia Inc.

Wolswinkel, P. 1974. Complete inhibition of setting and growth of fruits of Vicia
faba L. resulting from the draining of the phloem system by Cuscuta species.
Acta Bot. Neer. 23:48-60.

Xia Bo, Tian ChengMing, Luo YouQing, Zhao FengYu, Ma JianHai, Wang
GuoCang, and Han FuZhong. 2010. Flowering characteristics and chemical
control of the buds of Arceuthobium sichuanense. Scientia Silvae Sinicae
46:98-102 [In Chinese]

Ziegler, R. and R. Grossarth-Maticek. 2010. Individual patient data meta-analysis
of survival and psychosomatic self-regulation from published prospective
controlled cohort studies for long-term therapy of breast cancer patients with a
mistletoe preparation (Iscador). Evidence-based Complementary and Alterna-

tive Medicine 7:157-166.

Received May 2, 2011, and approved November 7, 2011.


https://doi.org/10.1614/WS-D-11-00068.1

