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Striga Research and Control

Striga (Scrophulariaceae) is a genus of
obligate root-parasitic flowering plants.
Within the genus, there are 30 to 35 spe-
cies, over 80% of which are found in Af-
rica (28,30,35). Over two-thirds of the
species of Striga occur in West and Central
Africa, and over half of the Striga species
occur in East and South Africa (35). Nine
species occur outside of Africa, and three
of these species are endemic to Australia
(28,35). Two species, Striga asiatica (L.)
Kuntze and S. gesnerioides (Willd.) Vatke,
have been introduced to the eastern coast
of the United States (20,36). An extensive
eradication program for S. asiatica began
in North and South Carolina in the 1950s,
with a targeted eradication date later in the
1990s (37).

Most species of Striga are of no agricul-
tural importance, but those that parasitize
crop plants can be extremely damaging
(Fig. 1). In sub-Saharan Africa, the dam-
age caused by these parasites can be devas-
tating to resource-poor farmers, whose
lives can be threatened by complete yield
loss of both cereal and legume crops. All
of the cultivated food-crop grasses in Af-
rica, e.g., fonio (Digitaria excilis L.),
maize (Zea mays L.), millet (Pennisetum
americanum (L.) K. Schum.), rice (Oryza
sativa L.), sorghum (Sorghum bicolor (L.)
Moench), and sugarcane (Saccharum of-
ficinarum L.), are parasitized by one or
more Striga spp. The species of particular
economic importance are Striga her-
monthica (Del.) Benth. (Fig. 1) and Striga
asiatica (L.) Kuntze (Fig. 2). Of secondary
importance are Striga aspera (Willd.)
Benth. (Figs. 3 and 4) and Striga forbesii
Benth. Yield losses on cereals attributable
to infection by these parasites may reach
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100%, and levels of infestation are fre-
quently so great that continued cereal pro-
duction becomes impossible and farmers
abandon these fields in search of less in-
fested areas (14,24). In West Africa alone,
it is estimated that about 40 million hec-
tares in cereal production are severely
infested by Striga spp., while nearly 70
million hectares have moderate levels of
infestation (24). As a result, FAO estimates
that annual yield losses due to Striga spp.
in the savannah regions alone account for
$7 billion and are detrimental to the lives
of over 100 million African people (27).
Unfortunately, control options are limited.
The Striga problem in Africa is inti-
mately associated with human population
growth. Traditional African cropping sys-
tems included prolonged fallow, rotations,
and intercropping, which were common
practices that kept Striga spp. infestations
at tolerable levels (14,24). As population
pressure and demand for food production
increased, land use intensified. With
greater use of monocropping and little or

no fallow, populations of these parasites
have gradually increased and become
threats to food production (14,30). At the
same time, farmers shifted their preference
in cereal crops away from local cultivars of
crops like sorghum and millet, which pro-
duced relatively low but sustainable yield,
toward “improved” high-yielding cultivars
and high-yielding crops like maize. Unfor-
tunately, these new cultivars did not evolve
under Striga pressure and frequently have
little or no resistance to Striga spp.

Striga spp. also parasitize dicotyledon-
ous plants, of which cowpea, Vigna un-
guiculata (L.) Walp, is an important ex-
ample. This crop is widely grown in the
savannah and Sahel regions of Africa, is
used for both food and forage, and is tra-
ditionally intercropped with cereals. The
relatively high protein content and quality
of cowpea make it an important dietary
supplement in Africa. Rotations and crop
mixes with cowpea are beneficial in main-
taining soil fertility and tilth, and in the
control of some Striga spp. on cereals

Fig. 1. Sorghum plants showing droughtlike symptoms resulting from severe infection
by Striga hermonthica, which is flowering at the base of the sorghum.
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Fig. 2. Striga asiatica parasitizing maize
in Nigeria. The red flower morphotype of

this species is also common in West
Africa.

(31). A major obstacle to cowpea produc-
tion is parasitism by S. gesnerioides (Fig.
5). Yield reductions due to S. gesnerioides
on susceptible cultivars are reported to
range from 41 to 83% (2). Because cow-
pea and cereals are often intercropped in
Africa, it is common to find several spe-
cies of Striga on different crops in the
same field. This complexity makes control
more difficult. Multiple control options are
needed to provide flexible and sustainable
control over a wide range of conditions
and for different strains and races of Striga
spp. To do this, scientists from the Inter-
national Institute of Tropical Agriculture
(IITA) have organized Striga research
around themes of epidemiology, host—
parasite interactions, host-plant resistance,
biological control, agronomic control, and
socioeconomic adaptation of control op-
tions. Some of the outcomes of this re-
search and implications for Striga control
in Africa are discussed in the following
sections.

Life Cycle

Striga spp. seeds are extremely small,
each weighing about 7 pg (Fig. 6). Germi-
nation of seeds requires exposure to an
exogenous germination stimulant after an
environmental conditioning period in
which the seeds imbibe water (44). Usu-
ally this stimulant is a host-root exudate
(19,44), but some non-host-root exudates
and synthetic compounds can also stimu-
late germination (13,30). After germina-
tion, endosperm nutrients can sustain the
seedlings for 3 to 7 days in the absence of
a host (32,44). If the seedling does not
attach to a host and successfully establish
a parasitic link within this period, the
seedling dies. If a host root is in close
proximity (2 to 3 mm) to the germinated
Striga seedling, chemical signals are ex-
changed that direct the Striga radicle to the
host root, initiate haustorium induction,
and result in successful attachment and
establishment of xylem-to-xylem connec-
tions between the parasite and host
(38,41). One of the better documented of
these chemical signals is 2,6-dimethoxy-p-
benzoquinone (2,6-DMBQ), which is sug-
gested as the product of enzymatic degra-
dation of the host root responsible for

Fig. 3. Inflorescences of Striga aspera (left) and Striga hermonthica (right) showing
relatively longer extension of the corolla neck over the calyx and glandular hairs on
the corolla neck of S. aspera compared to the abrupt corolla bend over the calyx and
the glabrous appearance of the corolla neck of S. hermonthica. Both are allogamous
species, which can be cross-fertilized by insect pollinators, thus permitting the
exchange of virulence genes between species. All other species are autogamous.

stimulating formation of the parasite haus-
torium (12). Haustoria of parasitic angio-
sperms are specialized organs developed
from parasite radicles prior to penetration;
they differ anatomically from fungal haus-
toria (43).

Striga spp. are obligate root parasites
wholly dependent on a host from germi-
nation through flowering and reproduc-
tion. After successful attachment, develop-
ing Striga plants grow underground for 4
to 7 weeks prior to emergence. Numerous
parasitic attachments usually occur on the
same plant. Most of the damage to the host
plant occurs during this stage. Symptoms
of parasitism are often dramatic but non-
descript, resembling drought stress, nutri-
ent deficiency, and vascular disease (Fig.
7). Severe plant stunting often results.
Following emergence, Striga plants form
chlorophyll and begin to photosynthesize,
but they are still unable to survive in the
absence of host attachment (32,38). Flow-
ering time is species and environment
dependent. S. gesnerioides begins to
flower as it emerges (16,30). S. asiatica, S.
aspera, and §. hermonthica begin to
flower about 4 weeks after emergence.
Flowering begins basally on the raceme,
and seeds are mature about 4 weeks after
flowering (38). Each Striga plant is capa-
ble of producing from 50,000 to 500,000
seeds, which may remain viable for 14
years in soil (6,38). Only a fraction of
these seeds germinate in any season in the
presence of a host.

Constraints for Striga Control
Practices that were developed for S.

asiatica control in the United States are

generally unsuitable in Africa because

severely damaged by Striga aspera in-
fection. No grain was harvested from
this field.

they require chemical inputs and applica-
tion equipment (17,37) that are not avail-
able or are prohibitively expensive for
African farmers. To put effective Striga
control within the reach of African farm-
ers, simple, inexpensive measures need to
be developed that are tailored to the diver-
sity of African cropping systems. The
diversity of both the crop species in these
systems and the parasites themselves ne-
cessitates employment of an assortment of
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Fig. 5. Cowpea plants severely damaged by Striga gesnerioides parasitism. Numerous
erect flowering S. gesnerioides plants have emerged around the infected cowpea

plants.

Fig. 6. Striga hermonthica seeds (0.2 to
0.5 mm long) interspersed with seeds of
cowpea, maize, millet, and sorghum.

Fig. 7. Symptoms of Striga hermonthica
infection on maize leaves. Symptoms
begin as Interveinal chlorosis and
flecking and progress to leaf necrosis.
Plants are usually severely stunted.
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control inputs. Striga diversity is reflected
in species differences and also in distinct
morphotypes, physiological strains, and
races of the species. For example, S. ges-
nerioides parasitizes tobacco, Ipomoea
spp., and Tephrosia spp. as well as cowpea
(28), but S. gesnerioides isolates from one
host will often fail to parasitize a different
host species (30). In addition, cowpea
cultivar—specific races of S. gesnerioides
have been reported (25). Differential inter-
specific virulence of S. hermonthica on
maize, millet, and sorghum has been well-
documented (23,30,32) and is evidenced
by the failure of S. hermonthica isolates
collected from either of these hosts in one
location to parasitize one of the other hosts
from another location.

Research and Control Options
Striga epidemiology and population
dynamics. In order to develop Striga con-
trol strategies in Africa, it was necessary to
ascertain the primary modes of dispersal of
the parasites. One of the main mechanisms
of Striga seed dispersal was previously
thought to be wind (32). This assumption
implies annual influxes of windblown
Striga seeds from infested areas into farm-
ers’ fields and suggests that methods to
reduce yield loss should receive greater
attention than in-field eradication. To clar-
ify the situation, the relative importance of
wind, cattle (through seed ingestion and
deposition), and man (through contamina-
tion of planting materials) in seed disper-
sal was examined (9). Wind was found to
be relatively ineffective in long-distance
seed dispersal (Fig. 8) and is probably not
responsible for annual influxes of Striga
seed into farmers’ fields. Only about 8% of
Striga spp. seeds ingested by cattle re-
mained viable, and these were not depos-
ited far (<0.5 km) from the site of inges-

Average number of
Striga hermonthica seeds caught

1 15 2 25 3 35
Logyg distance (cm) from Striga hermonthica source

Fig. 8. Mean number of Striga her-
monthica seeds caught on coated mi-
croscope slides placed at distances
ranging from 10 to 2,560 cm from mature
S. hermonthica plants in fields in Nigeria
and Republic of Benin during the har-
mattan season in 1991 and 1992. (Data
points are means of both years.)

tion (9). This indicates that cattle are also
relatively ineffective in long-distance
Striga spp. seed dispersal. The amount of
Striga-seed contamination of cowpea,
maize, millet, and sorghum seeds sold in
local Nigerian markets was found to range
from 62.5 to 85.4% of the samples con-
taminated, with average contamination
ranging from 29.8 to 64.3 Striga seeds per
sample (9). Because crop seeds for plant-
ing are purchased from these markets by
farmers often living many kilometers
away, JStriga-seed contamination can
quickly lead to dispersal over great dis-
tances and introduction of Striga into pre-
viously uninfested areas. Crop seeds are
likely to be contaminated as a result of
harvesting, threshing, and drying proc-
esses in Striga-infested areas (9). After
processing, seeds are taken to market (not
necessarily the same market from which
the planting material was purchased) for
sale. Thus, newly infested sites can
quickly become new foci for Striga spread
through contamination, sale, and redistri-
bution of crop seeds. The use of Striga-
free planting material is thus the first step
in control and can be ensured by purchas-
ing seeds from reputable seed companies,
planting seeds harvested only from Striga-
free fields, and drying and threshing har-
vested seeds only in Striga-free areas,
Through the use of Striga-free planting
material, the spread of Striga can be re-
duced, making eradication in individual
fields feasible.

The effect of time of S. hermonthica in-
fection on host yield loss and reproductive
capability of the parasite was studied (11).
S. hermonthica seeds were used to infest
maize and sorghum plants at different
growth stages to simulate different times
of infection. Delaying infection of S. her-
monthica on both maize and sorghum until
4 to 6 weeks after planting significantly
reduced emergence and reproduction of
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Fig. 9. Effects of delaying Striga her-
monthica seed infestation, and subse-
quent infection, on S. hermonthica
emergence (A) and grain yield (B) on
two field-grown maize cultivars, 8322-13,
a resistant maize hybrid, and 8338-1, a
susceptible maize hybrid.

the parasite, and significantly increased
host yield (11). For maize, a resistant hy-
brid showed no yield advantage over a
susceptible hybrid when S. hermonthica
infestation occurred later than 5 weeks
after planting (Fig. 9). Studies with several
host crops showed that ability to stimulate
S. hermonthica seed germination declined
when host roots were older than 4 weeks,
but that factors such as root peridermal
thickening may also prevent parasitism on
older roots. These studies indicate that
control measures that protect hosts from S.
hermonthica infection for 4 to 6 weeks
after planting should reduce parasite re-
production and increase host yield.
Striga-host interactions. Striga has
been shown to cause disease in the host by
inducing enzyme and plant hormone
changes, disrupting host-water relations,
and reducing carbon fixation below that
expected purely by competition (41). Pre-
attachment and early postattachment
stages of Striga-host interactions are of
particular relevance to host protection. For
example, host genotypes that produce little
or no Striga seed germination stimulant
can avoid parasitism (33). Hosts lacking
inducible 2,6-DMBQ production may
similarly avoid parasitism by failing to
stimulate Striga haustoria development.
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Fig. 10. Mean numbers of Striga ges-
nerioides attached (above- and below-
ground) to cowpea plants (A) and total
dry weight of those plants (B) from
seeds soaked for 5, 10, or 15 min in
aqueous imazaquin solutions and
planted in soil infested with 3,000 ger-
minable S. gesnerioides seeds.

Deposition of cellulose-containing mate-
rials in roots of resistant hosts may act as
mechanical barriers to prevent parasite
penetration (29), while postattachment
hypersensitivity functions as a resistance
mechanism in S. gesnerioides—cowpea
systems (16,25,39).

One potential protection practice that is
applicable for use in African farming sys-
tems is host-seed treatment. The seed
treatments that we tested were chosen for
potential to selectively interfere with
parasitism through inhibition of amino
acid biosynthesis by the parasite (26). One
such material, the acetolactate synthase
(ALS) inhibitor imazaquin, had previously
shown efficacy in control of a soilborne
pathogen of soybean (8) and control of
two parasitic plants, Cuscuta sp. (26) and
Orobanche crenata Forsk. (18).

Results of tests with imazaquin for the
control of S. gesnerioides on cowpea (7)
showed that a simple aqueous seed soak
solution with low amounts of imazaquin
gave excellent protection against the para-
site and improved plant yields (Fig. 10).
With the seed treatment, parasite seed
germination occurred and protection was
achieved by postattachment mortality of
the parasite. An additional control benefit

Table 1. Number of plants of different
cowpea cultivars infected by Striga
gesnerioides at Zakpota (Republic of
Benin)

Cultivar 1990 1991 1992

IT82D-847 05* 155 P
B301 2.8 6.0 280
IT86D-371 325 258 v

- TVu 3236 225 223 410
IT86D-534 225 200 v
IT84D-472 193 268
IT84D-666 ~ 14.3 13.8 ..
IT81D-985 1.8 15 8.0
IT81D-994 0.0 0.0 0.0
SUVITA-2 08 0.0 1.0

* Data are averages of four plots of 6 m?
each,
P ... =Not tested.

was obtained by reducing parasite seed
density in the soil (7). In early field tests,
some cowpea cultivars were severely dam-
aged by imazaquin phytotoxicity. In sub-
sequent field tests with cowpea cultivars
selected in the laboratory for tolerance to
imazaquin, the seed treatment has shown
promise in protecting from S. gesnerioides
parasitism and improving yield. More
work at the local level is necessary to op-
timize components of the technology for
local conditions. Estimates of cost of the
imazaquin seed treatment on cowpea
ranged from $3.00 to $10.00 per hectare
based on seeding rates of 30 kg ha! and
variable imazaquin costs (7). We recently
began to test other ALS inhibitors for use
as seed treatments for S. hermonthica con-
trol on maize. Problems with phytotoxicity
of the ALS inhibitors on some maize lines
occurred, but excellent S. hermonthica
protection has been achieved.

Host-plant resistance: cowpea. IITA’s
crop-breeding mandate includes cowpea
and maize. Two cowpea cultivars, Gorom
Local (SUVITA-2) from Burkina Faso and
58-57 from Senegal, were identified as
resistant to S. gesnerioides in 1981 (16).
These cultivars and other breeding lines
were then evaluated in multiple locations
in Burkina Faso, Cameroon, Niger, Nige-
ria, and Mali from 1983 to 1986. Both
SUVITA-2 and 58-57 were found resistant
to S. gesnerioides in Burkina Faso but
were susceptible in all other countries,
indicating the presence of different S. ges-
nerioides races (16). Two cowpea culti-
vars, B301 (a traditional cultivar from
Botswana) and IT82D-849 (an improved
breeding line from IITA), were identified
as S. gesnerioides resistant in 1987 (16).
Both B301 and IT82D-849 showed stable
resistance to S. gesnerioides across Burk-
ina Faso, Mali, Republic of Niger, and
Nigeria (2,16). A number of other resistant
lines have since been identified.

In 1990, a few plants of IT82D-849 and
B301 were found infected by S. gesnerioi-
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des at Zakpota, Republic of Benin. Further
studies at this site showed that there was
some level of susceptibility in B301 and in
IT82D-849, indicating another new race at
Zakpota (Table 1). This has recently been
independently confirmed (25). Both
IT81D-994 and SUVITA-2, which are
resistant to the S. gesnerioides race in
Burkina Faso, are resistant to the new race
at Zakpota, suggesting that the Zakpota
race may be related to the Burkina Faso
race. Lines listed in Table 1 are being
tested at different locations and are being
crossed to B301 and IT82D-849 to ascer-
tain whether they have the same or differ-
ent genes for resistance.

Different mechanisms of S. gesnerioides
resistance in cowpea have been observed
(39). Cultivar B301 stimulates germination
of S. gesnerioides seeds and permits at-
tachment, but further growth is inhibited
by a hypersensitive reaction that results in
necrosis of host tissue around the point of
infection, causing death of the parasite. In
attachments where hypersensitivity does
not take place and the initial infection is
successful in establishing a connection to
the host vascular system, small tubercles 1
to 2 mm long develop, but no further
growth takes place. The biochemical basis
of these mechanisms is not known. Ex-
pression of resistance to S. gesnerioides in
IT82D-849 is slightly different from B301.
This cultivar stimulates S. gesnerioides
seed germination and attachment and in-
hibits parasite development like B301, but
about 10% of the plants show some devel-
opment and support limited S. gesnerioi-
des growth. Occasional emergence of one
or two S. gesnerioides plants has also been
noticed on IT82D-849 plants, but the

emerged S. gesnerioides plants are very
weak and die before reproductive maturity
(16,39). Another cultivar, IT81D-994,
permits establishment of a few S. ges-
nerioides (three to five per cowpea plant)
but delays parasite emergence. The
emerged parasites cause little damage.

Genetic studies revealed a single domi-
nant gene for S. gesnerioides resistance in
B301 (16). Other studies have shown that
S. gesnerioides resistance in IT82D-849
and in SUVITA-2 are controlled by single
dominant genes different from that of
B301 (39,40). The single dominant gene
possessed by SUVITA-2 against the race
of S. gesnerioides from Burkina Faso is
nonallelic to the single dominant genes in
B301 and IT82D-849.

A systematic breeding program to de-
velop cowpea cultivars resistant to S. ges-
nerioides was undertaken in 1987. The
source of resistance was B301, which was
crossed to a high-yielding cultivar with
resistance to aphids, bruchids, thrips, and
several diseases. Progenies were selected
under disease, insect, and S. gesnerioides
pressures, leading to development of a
number of S. gesnerioides-resistant
breeding lines with combined pest resis-
tance (16) and a mean yield improvement
of 56% over the S. gesnerioides—suscepti-
ble parent. These lines were distributed to
various national programs in Africa, and
further breeding continues using these
lines as parents. To develop a range of
cultivars with combined resistance to dif-
ferent races of S. gesnerioides, our breed-
ing program now involves both local culti-
vars and other selected parents, including
IT81D-994, SUVITA-2, and 58-57.

Host-plant resistance: maize. To be

Table 2., Evaluation of early-maturing maize cultivars under Striga hemwnthxca mfestatmn in

Mokwa, Nigeria, in 19942

Maize
damage Striga
Cultivar’ rating® countd
1. ACR 92 TZE
Comp.f5 3.5 45
2. Pool 16-DT STR 51 50
3. TZE Comp. 4 C2 5.1 48
4. TZE Comp. 5 C4 4.9 102
5. TZE Comp. 5 C3 5.3 109
6. Maka-SR BC3 6.4 116
Mean (15 entries) 54 66.8
Prob. > F 0.005 0.011
LSD (0.05) 1.13 36.6

‘Yie'!dj ;

“Infested  Noninfested
(tha!)

hal)  Inder

® Trial was conducted using 5 m of infested and 5 m of nonmfested rows with four rephcates
b Entries 1-4 were evaluated for the first time in 1994, entnes 1 and 4 are mxproved selectlonsk

from entry 5.

¢ Ratings (1-9), where 1 = no damage and 9 = severe damage, based 0'

severity at 8 and 10 weeks after planting,

9 Number of emerged Striga at 8 weeks after planting.

verage sympmmt -

¢ Calculated by standardizing values, multiplying by asslgned wexghts and smmmng across
variables. Larger values indicate better performance. Addmonal vanables mcluded in the

severity at harvest, and ratings of plant and ear appearance in nomnfested rows.

f Comp. = composite.
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acceptable to African farmers, maize culti-
vars must possess resistance to multiple
pests and diseases, including Striga
strains, and have good yield potential,
agronomic, and storage characteristics in
the absence of pest and disease constraints.
Although most farmers grow open-polli-
nated cultivars (OPs), hybrids are in de-
mand in some areas. To develop acceptable
OP and hybrid maize cultivars with S.
hermonthica resistance, IITA’s breeding
program relied primarily on field evalua-
tion. S. hermonthica resistance screening
began in 1982 under natural infestations
(21). Significant variation in resistance to
S. hermonthica was observed among IITA
inbred lines and hybrids in 1983. Resis-
tance was first identified in lines derived
from temperate-zone germ plasm and later
in tropical germ plasm (15,21). Due to the
difficulty of reliably assessing resistance in
segregating materials under highly vari-
able field conditions, screening was ini-
tially carried out on genetically uniform
inbreds and hybrids. To reduce field vari-
ability and permit screening of segregating
materials, artificial infestation with .
hermonthica seeds was initiated in 1985.
Infestation is carried out by placing about
3,000 germinable (viable and nondormant)
S. hermonthica seeds in each planting hole
immediately prior to planting maize (22).
Genotypes are evaluated under infested
and noninfested conditions in adjacent
strips of the same field. To ensure that
selected materials have resistance to po-
tentially different biotypes of S. her-
monthica, two sites in Nigeria and one site
in northern Cote d’Ivoire are used for
screening.

Progress in developing inbreds and hy-
brids with reduced damage under S. her-
monthica infestation was made using a
rating scale based on S. hermonthica
symptom severity (22). Some of the hy-
brids developed using the symptom rating
scale have also shown resistance to S.
asiatica (22,34). Open-pollinated synthet-
ics have been formed by recombining re-
sistant inbred lines. In developing broad-
based open-pollinated populations with
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resistance to S. hermonthica, selection is
based on an index that includes assessment
of plant damage, number of emerged S.
hermonthica plants, and yield under in-
fested conditions, as well as agronomic
characteristics of noninfested plants. The
response to selection in both early (90
days to maturity) (Table 2) and late (120
days to maturity) populations and synthet-
ics is encouraging.

The inheritance of resistance to S. her-
monthica reported in maize appears to be
quantitative (22). General combining abil-
ity (GCA) and specific combining ability
(SCA) were found to be significant for
host-plant damage ratings and S. her-
monthica emergence in a diallel cross of
10 inbred lines, but GCA was of greater
magnitude for host-plant damage and SCA
was more important for S. hermonthica
emergence. Other experiments confirmed
the relative importance of additive genetic
effects for host-plant damage and nonad-
ditive effects for S. hermonthica emer-
gence. Heritabilities of host damage and
yield loss due to S. hermonthica are mod-
erate (generally 0.3 to 0.5), but heritabili-
ties for S. hermonthica emergence are low
(generally <0.1) (J. G. Kling, unpub-
lished). Accumulating evidence that ge-
netic correlations between S. hermonthica
emergence and levels of plant damage are
low suggests that different genes control S.
hermonthica emergence and levels of host-
plant damage in maize. Although reduced
emergence of S. hermonthica was included
in our selection index, it is now recognized
that a more concerted effort is needed to
improve this trait in our resistant popula-
tions and hybrids. As part of this effort,
traditional African maize cultivars, im-
proved IITA maize inbreds and hybrids,
and wild relatives of Zea mays, which
support significantly fewer S. hermonthica
plants, are presently being incorporated
into a low-emergence pool for further se-
lection in the laboratory and field.

By screening segregating families and
pyramiding resistance genes through re-
current selection procedures, we should
incrementally develop resistance that is
durable over time and widely effective
against a highly variable and rapidly
changing parasite. One disadvantage in the
use of quantitatively inherited resistance is
the difficulty in transferring the resistance
to locally adapted cultivars through back-
crossing. International agricultural re-
search centers (IARCs) and national
breeding programs must develop popula-
tions and synthetics with good agronomic
characteristics and acceptable grain quality
in addition to good levels of Striga resis-
tance. These improved materials can then
be selected further at a national level for
field tolerance and local adaptation.

Agronomic control. Considerable re-
search has been done on simple agronomic
modifications that farmers can make to
control Striga. The most frequently used

control is hand weeding. But hand weed-
ing is only practical in preventing buildup
of parasite seeds in lightly infested soil.
Under high levels of infestation and infec-
tion, hand weeding may not be worth-
while, since substantial damage to the
current crop has already occurred and
there still remains a substantial reservoir of
seeds in the soil for infection the next sea-
son.

A complication of the use of herbicides
is that most herbicides available for Striga
control in Africa are applied postemer-
gence, by which time substantial Striga
damage to the crop has already occurred.
This damage is discouraging to resource-
poor farmers who have invested in the
herbicide and expect an immediate return.

There are numerous literature refer-
ences, many conflicting, on the control of
Striga through management of soil fertil-
ity, particularly nitrogen fertility (32). We
have seen no direct beneficial effect of
increased nitrogen fertility on Striga con-
trol (D. K. Berner, unpublished). System-
atic studies are needed to determine if
nitrogen may have an indirect role in
Striga control through its influence on soil
biota or other factors. From a practical
standpoint, nitrogenous fertilizers are dif-
ficult for many African farmers to obtain
and are generally too expensive to apply at
levels suggested in the literature for Striga
control (32).

A host protection practice other than
host-seed treatment that can be acceptable
to African farmers is transplanting from
Striga-free nursery beds. Since maize is
not amenable to transplanting, this practice
is applicable only to millet and sorghum.
For these crops, transplanting is an estab-
lished local practice to adjust time of crop
establishment to coincide with periods of
labor availability. Studies with local sor-
ghum cultivars (10,11) showed significant
reduction in emerged S. hermonthica
plants on transplanted 5-, 6-, and 7-week-
old sorghum seedlings compared to direct-
seeded sorghum (Fig. 11). Sorghum yield
was influenced both by S. hermonthica
parasitism and by transplanting shock on
older seedlings. Studies with 80 farmers
(42) showed that, when using traditional
transplanting techniques, there were highly
significant reductions in emerged S. her-
monthica on mature plants from 5- and 6-
week-old sorghum transplants compared
with direct-seeded sorghum. In heavily
infested fields, there were net yield gains
from transplanting sorghum (42). In
lightly infested fields, the yield increase
due to reduced parasitism could not com-
pensate for the yield loss due to transplant-
ing shock (42). Further research is needed
to improve nursery bed management and
optimize yield of sorghum transplants in
combination with S. hermonthica control.
It may also be possible to select sorghum
and millet cultivars that show minimal
yield loss from transplanting.

To reduce the amount of Striga seed in
soil, effective and acceptable replacements
of traditional fallow rotation are needed. A
well-known means of reducing densities of
Striga seeds in the soil is through the use
of nonhost crops that stimulate Striga seed
germination. Since the germinated seeds
cannot survive without a host, the seed-
lings die. Rotating these nonhosts with
cereal hosts can be an effective means of
reducing densities of Striga seeds in the
soil while maintaining agriculturally pro-
ductive land. But there is considerable
variability within nonhost species in abil-
ity to stimulate Striga seed germination
(3,31). The task of characterizing this
variation is compounded by the variability
within and between Striga spp. To ensure
that the most effective nonhosts are placed
in rotation systems, cultivars of these crops
should be screened for efficacy at the local
level with the particular Striga spp. and
strain present in the area. Screening can be
done in the field, but the amount of mate-
rial that can be screened is limited by land
and labor availability. At least 2 years is
required—one for growth of the nonhost
and another for evaluation of the nonhost
effects by host cultivation, and in-field
variability in Striga infestation makes
accurate selection of the best materials
difficult. To overcome these constraints,
we have developed a simple laboratory
assay that uses cut roots of test cultivars to
stimulate Striga seed germination and
statistically adjusts for root weight and
distance from the source of stimulant (3).
Environmentally conditioned Striga spp.
seeds are placed on glass-fiber disks
around a central well containing 1.0 g of
cut roots of the test plant. Germinated and
ungerminated seeds on each disk are
counted after 48 h. Although the assay is
subject to chemical artifacts from root
destruction, efficacy rankings of cultivars
evaluated by the assay (Table 3) correlate
significantly with S. hermonthica parasit-

Table 3. Range of variability typically
observed within soybean for stimulation
of Striga hermonthica seed germination
by cut roots® of different cultivars

Relative
: germination Standard

Cultivar (%)® error
TGX1649-11F 63.4 275
TGX1707-4E 53.6 243
TGX1660-15F 524 2.58
TGX1485-1D 20.9 421
TGX1648-3F 20.0 3.65
TGX1660-18F 17.5 2.76
Deionized

water 172 4.21
2 One gram of cut roots of each cultivar

was used in analysis.

b Mean germination relative to germin-
ation induced by 10 ppm of a synthetic
germination stimulant. n = 16.
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ism of sorghum and sorghum yield in the
field; after a 1-year rotation, r = -0.96 and
0.96 between germination in the labora-
tory and number of emerged S. her-
monthica and sorghum yield, respectively
(D. K. Berner, unpublished). The assay is
simple and inexpensive and could be read-
ily adopted by national programs for rou-
tine testing of promising cultivars.

Biological control. Because the eco-
nomically important Striga spp. are en-
demic to Africa, there is little opportunity
for classical biological control through
introduction of pests and pathogens of
Striga from areas outside Africa. Biologi-
cal control through inundation with locally
occurring pests and pathogens may be
feasible. One widely occurring insect pest
of several Striga spp. in Africa, Smicronyx
sp., has been examined extensively as a
biological control agent (5). However,
natural enemies and pathogens of the in-
sect limit its efficacy unless inundation is
regularly repeated (5). Numerous fungal
pathogens of Striga plants have been de-
scribed (5), and two species of Fusarium
are being tested for postemergence Striga
control (1,4). However, the problems with
postemergence  mycoherbicides (fungi
pathogenic to weeds) in Africa are the
same as for chemical herbicides: the cost
of applying the herbicides and the lack of
immediate yield loss abatement. An alter-
native may be the use of bacteria patho-
genic to Striga seeds. Several bacteria have
been isolated and show promise in de-
stroying Striga seeds and reducing parasit-
ism without detrimental effects on the host
(D. K. Berner, unpublished). Because bac-
teria can be formulated into inoculants,
expensive application equipment is not
required. Bacteria could be routinely ap-
plied when planting a selected nonhost
rotation crop and produce a dual benefit as
the rotation crop stimulates fatal germina-
tion of Striga seeds while the bacteria
parasitize ungerminated seeds.

Integrated control. While single con-
trol options may lead to increases in crop

Striga-free
Planting
Material

Crop
Rotation

(Transplanting) ( Biocontrol )
Host Seed Host-plant
Treatments Resistance

Fig. 12. An integrated Striga-control
scheme. The central focus involves crop
rotation with selected nonhost cultivars
that are highly effective in germinating
Striga spp. seeds.
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yield and decreases in density of Striga
seeds in soil, none of the controls known is
completely effective in eliminating Striga
infestations. Because of the longevity of
Striga seeds in the soil and the variability
within and between Striga species, there is
a tremendous potential for the parasites to
adapt to individual controls, e.g., host-
plant resistance and host-seed treatments.
In addition, African farming systems are
so diverse that not all control options will
be universally acceptable or universally
effective. Sustainable Striga control there-
fore requires rigorous and unremitting
implementation of integrated systems of
control. To achieve an effective integrated
control program in Africa, four objectives
adapted from the witchweed control pro-
gram in the United States (17,37) need to
be met: i) prevent influx of Striga seeds,
ii) reduce amount of Striga seeds in the
soil, iii) prevent Striga reproduction, and
iv) reduce crop losses. To accomplish
these objectives, we have endorsed an
integrated Striga control scheme shown in
Figure 12. The starting point of control,
which addresses objective i), is the use of
Striga-free planting material to avoid in-
festation in Striga-free areas or areas under
active control. The central focus of the
control program, which addresses objec-
tive ii), is crop rotation with selected non-
host cultivars efficacious in germinating
Striga spp. seeds. This focus is analogous
both to the traditional fallow system that
controlled Striga spp. in the past and to the
successful U.S. control effort that uses
ethylene gas to stimulate S. asiatica seed
germination (37). Host-plant resistance,
host-seed treatments, transplanting, and
biological control reduce the amount of
Striga seeds in the soil, stop Striga repro-
duction, and reduce crop losses. As appro-
priate, one or more of these options should
be fitted into the control program to aug-
ment control by crop rotation.

Delivery of Control Options
to the African Farmer

Current systems of delivery of Striga
control options are handled primarily by
national agricultural research and exten-
sion services (NARES) in each country.
Other contributors to this process are non-
governmental organizations (NGOs), e.g.,
farmers’ cooperatives, Cooperative for
Assistance and Relief Everywhere
(CARE), United States Peace Corps, and
seed companies. Delivery through these
systems has been piecemeal primarily due
to poor communication; lack of coordi-
nated research, training, and extension
efforts; and lack of donor commitment to a
unified and comprehensive Striga control
campaign. To improve research coordina-
tion and communication, the Pan African
Striga Control Network (PASCON) was
formed in 1988 in Banjul, Gambia,
through an Organization of African Unity
resolution. Currently, 27 African countries

and several JARCs and overseas research
laboratories are members of this network.
PASCON has provided a forum for infor-
mation exchange and has conducted work-
shops on current Striga research. It has not
been able to establish a coordinated and
functional Striga research, training, and
extension effort, primarily because of lack
of funding.

Given the variability within and be-
tween Striga spp. and the diversity of Af-
rican farming systems, testing and adapta-
tion of control options developed by
IARCs and other laboratories must be
done at the local level by NARES and
must be followed by implementation
through local extension services. This
should be accompanied by direct devel-
opment of control options by NARES. To
accomplish this, local research facilities
will have to be improved and staffed with
trained research and extension workers.
Given the current state of many national
economies in Africa, local support for
development of facilities and training of
personnel will probably remain inade-
quate. NARES research and extension
grants need to be encouraged and funded.
Regional research, training, and extension
centers should be developed and expanded
through NARES and IARCs to obtain the
greatest benefit from resources invested in
Striga control. Coordination of these cen-
ters and their personnel should be housed
in a continent-wide project administered
by PASCON and supported by both public
and private sector funds. Funds from vari-
ous sources should be combined to support
a single coordinated control effort rather
than a multitude of ineffective, often com-
peting, projects. A modest 1% annual im-
provement in Striga control in Africa
would net crop yield increases worth $70
million annually (27).
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