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Ability of excised root and stem pieces of maize, cowpea and soybean
to cause germination of Striga hermonthica seeds
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Abstract

High variation in results from Striga hermonthica experiments is common. The cut-root assay for in vitro screening of host and

non-host plant cultivars for germination of S. hermonthica is particularly insensitive. In this study, some factors of the cut-root

technique that could effect significant variation in germination percentage of a population of S. hermonthica seeds induced by the

same crop cultivar were studied. It was found that excised pieces of both root and stem of maize (hybrid var 8338-1), cowpea (var

IT81D-994) and soybean (var TGx 1448-2E) stimulated the germination of S. hermonthica seeds. Germination percentages obtained

with maize and cowpea stem pieces were significantly higher than those produced by root pieces. Moistening filter paper on which

conditioned Striga seeds were subjected to germination stimulants with 5 ml of distilled water resulted in significantly higher

germination of the parasite’s seeds induced by stimulants from both maize and soybean, than adding 3 ml of water, regardless of the

plant part tested. Starting germination stimulant extraction immediately after cutting plant parts gave significantly higher

germination percentage of S. hermonthica seeds than starting 3 h later, regardless of crop species and plant part tested. Conditioning

S. hermonthica seeds and subsequent extraction of germination stimulant with non-sterile water generally resulted in higher

germination percentage of S. hermonthica seeds than with sterile distilled water. These results are discussed and suggestions made

about how to reduce variability of results of the cut-root method of in vitro assaying of germination stimulant production by hosts

and trap crops of S. hermonthica.

r 2003 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Striga hermonthica (Del.) Benth. is the most impor-
tant species of the obligate root-parasitic flowering plant
genus, Striga of the family Scrophulariaceae and it is
found predominantly in Africa where it is the major
biotic constraint to cereal production. Effective control
of Striga spp. is difficult mainly because of their
enormous reproductive ability, and high longevity in
soil. In a single growing season, each Striga plant is
capable of producing 10,000–500,000 seeds (Saunders,
1933), which may remain viable for up to 14 years in the

soil (Saunders, 1933; Bebawi et al., 1984). If adequately
conditioned (Vallance, 1950), Striga seeds will only
germinate when exposed to synthetic germination
stimulant or natural stimulants present normally in the
root exudate of many host or non-host species (Egley,
1972; Hsiao et al., 1981; Worsham et al., 1959;
Worsham, 1987).
Once germinated, the Striga seedling must attach to a

host root within 3–5 days or the seedling dies
(Worsham, 1987). Hence, a sustainable control option
for the African resource-poor farmers to reduce S.

hermonthica parasitism, is the use of trap crops,
particularly legumes, that stimulate germination of the
parasite seeds but are non-hosts, in rotation with cereals
(Berner et al., 1996a, b). However, there is a wide
variation in the ability of cultivars of trap crops to
stimulate germination of S. hermonthica seeds, hence the
need to select most effective cultivars through screening
(Alabi et al., 1994; Berner et al., 1996b; Botanga, 1998;

*Corresponding author. IITA, c/o L.W. Lambourn & Co. Carolyn

House, 26 Dingwall Road, Croydon CR9 3EE, UK. Tel.: +44-232-

241-2626; fax: +44-234-2-241-2221.

E-mail addresses: a.emechebe@cgiar.org (A.M. Emechebe),

monday.ahonsi@ipw.agrl.ethz.ch (M.O. Ahonsi).
1Present address: Phytopathology/Institute of Plant Sciences, Swiss

Federal Institute of Technology (ETH), CH-8092 Z .urich, Switzerland.

0261-2194/03/$ - see front matter r 2003 Elsevier Science Ltd. All rights reserved.

PII: S 0 2 6 1 - 2 1 9 4 ( 0 2 ) 0 0 1 7 7 - 1



Dashiell et al., 2000; Di Umba et al., 2001). For this
purpose, a simple laboratory assay that is relatively
inexpensive and can readily be adopted by national
programmes for the initial screening of promising trap
crop cultivars was developed at the International
Institute of Tropical Agriculture (IITA), Ibadan, Niger-
ia (Berner et al., 1996a). The technique, known as the
‘‘cut-root assay’’, involves cutting roots of 2–3 wk pot-
grown crop seedlings into 1 cm pieces that are then used
in S. hermonthica seed germination test in the laboratory
(Berner et al., 1997). However, some scientists who have
used this technique (e.g., Botanga, 1998; Alabi, 2000;
Dashiell et al., 2000; Di Umba et al., 2001) have
observed significant differences in results, among
repetitions of the assay, that could not easily be
explained only on the basis of the high variability in
S. hermonthica populations. In addition, it has been
reported that aqueous extracts of pulverized, oven-dried
root and stem pieces of cotton (Ariga and Berner, 1993)
and cowpea (Ariga et al., 1996) induced germination of
S. hermonthica seeds in bioassays that used a procedure
similar to that of the cut-root assay. This raises the
question as to whether fresh stem pieces also produce S.

hermonthica germination stimulants in vitro. One
objective of this study was to determine if excised fresh
pieces of both roots and stems of host or trap crops
stimulate the germination of S. hermonthica seeds. The
second objective was to determine the factors of the cut-
root assay that effect differences among repetitions of
the assay involving the same population of seeds of
S. hermonthica and the same varieties of host or trap
crop. The overall goal was to standardize the technique
for better reproducible results.

2. Materials and methods

Seeds of S. hermonthica used for this study were
collected from the parasite growing on sorghum
(Sorghum bicolor L.) in fields around Mokwa (latitude
09119:80N; longitude 05107:60E), Nigeria in November
2000, a year before the experiments were conducted. The
seeds were stored at ambient temperature in polyethy-
lene containers in a laboratory at the IITA, Ibadan
(latitude 071260N; longitude 031540E), Nigeria. To
respond to germination stimulants, seeds of S. her-

monthica must be conditioned by exposing them to
water and incubating them at favorable temperature for
a suitably long period of time (Worsham, 1987). To
obtain conditioned S. hermonthica seeds for each day of
germination testing, they were surface disinfected for
10 min in an aqueous 1% NaOCl solution. Floating
seeds were discarded. The remaining seeds were air-
dried aseptically (under laminar flow) and placed on 3.5-
mm-diameter glass-fiber filter paper (Whatman GF/C)
disks, which were in turn, placed on two pieces of

moistened 90-mm diameter Whatman no. 1 filter paper
in a glass petri dish. The surface disinfected S.

hermonthica seeds were gently sprinkled on the GF/C
disks so that 30–50 seeds settled per disk and then
incubated at 281C in darkness for 14 days.
Root and stem pieces were obtained from crop

seedlings raised from seeds sown in 200 g of sand in
250-ml plastic cups (3–5 seedlings per cup), in a
screenhouse at IITA, Ibadan. The cups were watered
twice daily and the seedlings grown for 2 or 3 wk;
depending on the treatment.
A total of six factorial experiments were conducted in

the laboratory at IITA, Ibadan. The treatments of the
first three experiments were the same, except that
seedlings of only one of three different crop species
(maize hybrid 8338-1, cowpea cv. IT81D-994, or
soybean cv. TGX1448-2E) provided plant parts for the
bioassays. Similarly, the treatments of the second three
sets of experiments were the same except for the crops,
which were the same as those used for the first three sets
of experiments.
In the first set of experiments, the treatments were

four levels of plant part (root tip, root base, stem tip,
and stem base); two levels each of: (i) age of seedling (2
and 3 wk), (ii) weight of excised plant part (1 g and 2 g),
(iii) volume of water used to moisten filter paper in petri
dish (3 ml and 5 ml), and (iv) time between cutting the
plant part and placement in central aluminium ring to
commence germination stimulant release (immediately
or 3 h after cutting). These 4� 24 factorial treatment
combinations were arranged in a randomized complete
block design and replicated three times over time, i.e.,
each replicate represents a different day of testing.
The 2 or 3-wk old crop seedlings were gently removed

from the cups and the roots washed free of sand with
sterile distilled water. The root tips and bases (the parts
of root closest to the main root) were separated, while
the leaves were removed from the shoot and the stem
separated into stem tip and base, using a sharp surgical
blade. Each of these parts was cut into small pieces (0.5–
1 cm long) and 1 or 2 g pieces were weighed. Earlier,
three rolls of GF/C disks containing the conditioned S.

hermonthica seeds had been arranged round a 2-cm-
diameter aluminum foil ring centered on two pieces of
Whatman no. 1 filter paper moistened with 3 or 5 ml of
sterile distilled water in a petri dish. The weighed pieces
of plant material were placed immediately or 3 h later
into the aluminum foil ring, and 300 ml of sterile distilled
water was added to diffuse the exudates across the filter
paper. In other dishes used as control, 300 ml of either
10 mg=l GR-24 solution or sterile distilled water were
applied into the central aluminum foil ring instead of
pieces of plant material. All the petri dishes were sealed
with parafilm (American National Can Co. Neenah, WI
54956) and incubated in darkness at 281C: After 72 h;
the proportion of germinated S. hermonthica seeds, out
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of the total number of seeds, was determined on each of
the disks in each of the petri dishes, by counting under a
low power binocular light microscope.
For the second set of experiments, the treatments

were four levels of plant part (root tip, root base, stem
tip, and stem base); and two levels of sterilization of
materials (sterile and non-sterile regimes). The experi-
mental design was randomized complete block design
with four replications done over time as described
previously. The crop seedlings were raised for 2 wk as
described previously. For each crop and each plant part,
1-g pieces were weighed immediately after cutting into
the aluminum foil ring centered on two pieces of
Whatman no. 1 filter paper moistened with 3 ml of
distilled water. The petri dishes were sealed and
incubated for germination determination as described
previously.
For the sterile regimes treatments, the GF/C disks

were arranged on two pieces of wet Whatman no. 1 filter
paper in the petri dish, and sterilized by autoclaving at
1211C for 15 min: Sterile distilled water (3 ml per dish)
was added to re-moisten the GF/C disks and the two
pieces of Whatman no. 1 filter paper in petri dish. The
surface disinfected S. hermonthica seeds were sprinkled
on the GF/C disks at 30–50 seeds per disk under a
laminar flow. In the non-sterile treatments, the surface
disinfected S. hermonthica seeds were applied on the
GF/C disks arranged on two pieces of Whatman no. 1
filter paper moistened with non-sterile distilled water in
petri dish. To extract the germination stimulant, sterile
and non-sterile distilled water was used for the sterile
and non-sterile regimes, respectively. The controls were
GR-24 as germination stimulant (for both sterile and
non-sterile regimes) and sterile and non-sterile distilled
water for sterile and non-sterile regimes. Determination
of the proportion of germinated S. hermonthica seeds
was done as described previously.
Percentage germination of S. hermonthica seeds was

calculated for each treatment. All the data were
subjected to analysis of variance, taking treatments as
fixed and replications as random effects, using Mixed
Procedures in SAS (Littell et al., 1996). Germination
percentages from replications were first arc sine trans-
formed, taking zero values as 0.0000001 for test of
differences among means. Specific treatment mean
comparisons were made by orthogonal contrasts.

3. Results and discussion

In the first three sets of experiments, it was found that
all parts (stem tip, stem base, root tip and root base) of
all the three crops (maize, cowpea and soybean)
significantly stimulated germination of S. hermonthica

seeds, compared to distilled water check (Table 1). In the
S. hermonthica susceptible hybrid maize, 8338-1, germi-

nation percentages obtained with stem tip and stem base
pieces were each significantly higher than those obtained
with root tips and bases. Similarly, in cowpea, stem tips
germinated significantly higher percentage of S. her-

monthica compared with root tip or root base pieces. By
contrast, soybean root pieces stimulated higher percen-
tage germination of the parasite seed than stem pieces.
Generally, for maize and soybean, 3-wk old seedlings

stimulated higher percentage ðPo0:0001Þ germination
of S. hermonthica seeds than 2-wk old seedlings, but the
reverse was observed for cowpea (Table 2). In soybean,
3-wk old stem or root pieces (tip or base) stimulated
higher germination of S. hermonthica seeds than 2-wk
old pieces. The trend was the same for maize, but the
differences in germination percentages induced by root
pieces of 3- and 2-wk old seedlings were not significant.
By contrast, 2-wk old stem or root tip stimulated
significantly higher germination percentage of S. her-

monthica seeds than 3-wk old stem or root base pieces,
respectively.
Moistening filter paper on which disks containing

Striga seeds were exposed to germination stimulants
with 5 ml of distilled water resulted in significantly
ðPo0:0001Þ higher germination of the parasite’s seeds
in both maize and soybean (but not in cowpea), than
adding 3 ml of water, regardless of plant part tested
(Table 3). In any of the three crops, adding 1 g of the
excised plant part to the aluminum ring placed at
the center of the petri dish to stimulate germination
of S. hermonthica seeds gave significantly higher
germination percentage than adding 2 g of the same
material (Table 4).

Table 1

Germination of Striga hermonthica seeds exposed to stimulant from

excised stem and root pieces of maize hybrid 8338-1, cowpea cv.

IT81D-994 and soybean cv. TGX1448-2E (each crop tested in a

separate experiment)

Germination stimulant

source

S. hermonthica seed germination (%)

Maize Cowpea Soybean

Stem tip 31.2 18.0 7.2

Stem base 38.1 9.2 2.7

Root tip 26.6 15.5 12.2

Root base 28.4 13.3 14.0

10 mg=l GR-24 38.1 41.3 49.3

Distilled water 1.3 1.7 1.2

SE7 0.68 0.63 0.59

Treatment contrast Probability > t

Stem tip vs. Stem base o0.0001 o0.0001 o0.0001
Root tip vs. Root base 0.02 0.08 0.001

Stem tip vs. Root tip o0.0001 o0.0001 o0.0001
Stem tip vs. Root base 0.02 o0.0001 o0.0001
Stem base vs. Root tip o0.0001 o0.0001 o0.0001
Stem base vs. Root base o0.0001 o0.0001 o0.0001
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Results presented in Table 5 show that starting
germination stimulant extraction immediately after
cutting plant parts gave significantly ðPo0:0001Þ higher
germination percentage of S. hermonthica seeds than
starting 3 h after excising plant parts. This was
consistently the same for any of the three crops, and
for any of the plant parts tested.
Results from the second sets of experiments are

presented in Table 6, and their estimated differences and
test of significance in Table 7. The results showed that
for two of the crops tested (maize and cowpea), there
was significantly higher ðPo0:0001Þ germination per-
centage of S. hermonthica seeds when Striga seed
conditioning and subsequent extraction of germination
stimulant were done with non-sterile distilled water than
when they were done with sterile distilled water. Also in
these experiments, all plant parts tested, germinated S.

hermonthica seeds significantly compared to the water
check, thereby confirming the results of the first set of
experiments.

The first major clear inference from these results is
that not only root exudates from host and trap crops of
S. hermonthica can stimulate the parasite’s seeds to
germinate in vitro, but also stem exudates and/or sap of
the same plants. This is the first report of germination of
Striga spp. seeds by extracts derived from fresh plant
material other than roots (intact or excised) of hosts and
non-hosts. The only reports of stimulation of S.

hermonthica seed germination by extracts of plant parts
other than those of roots are those of Ariga and his
associates who found that aqueous extracts of pulver-
ized, oven-dried roots and stems of cotton (Ariga and
Berner, 1993) and cowpea (Ariga et al., 1996) stimulated
germination of S. hermonthica seeds. Our results suggest
that S. hermonthica germination stimulant detected in
cut-root bioassays may not necessarily be specific
attributes only of roots of hosts and trap crops. Some
of these chemicals were probably produced as a response
to cutting wounds inflicted when the roots were being
prepared for stimulant extraction. Several compounds,

Table 2

Effect of seedling age on the germination of Striga hermonthica seeds

exposed to stimulant from excised stem and root pieces of maize

hybrid 8338-1, cowpea cv. IT81D-994 and soybean cv. TGX1448-2E

(each crop tested in a separate experiment)

Treatment S. hermonthica seed germination (%)

Maize Cowpea Soybean

Seedling age

2 wk 29.1 15.0 6.0

3 wk 33.2 13.0 12.1

SE7 0.48 0.45 0.42

Prob: > F o0.0001 0.0009 o0.0001

Seedling age * Plant part

2 wk * Stem tip 29.1 19.8 4.4

3 wk * Stem tip 33.3 16.3 9.9

2 wk * Stem base 33.7 7.5 1.5

3 wk * Stem base 42.6 11.0 3.9

2 wk * Root tip 26.2 20.0 7.5

3 wk * Root tip 27.1 11.0 17.0

2 wk * Root base 27.2 12.8 10.6

3 wk * Root base 29.6 13.8 17.4

SE7 0.96 0.90 0.83

Prob: > F 0.0005 o0.0001 0.0001

Treatment contrast Probability > t

2 wk * Stem tip vs.

3 wk * Stem tip

0.0001 0.002 o0.0001

2 wk * Stem base

vs. 3 wk * Stem

base

o0.0001 o0.0001 o0.0001

2 wk * Root tip vs.

3 wk * Root tip

0.18 o0.0001 o0.0001

2 wk * Root base

vs. 3 wk * Root

base

0.25 0.18 o0.0001

Table 3

Effect of volume of water used to moisten filter paper on which

conditioned Striga seeds were incubated on germination of Striga

hermonthica seeds exposed to stimulant from cut stem and root pieces

of maize hybrid 8338-1, cowpea cv. IT81D-994 and soybean cv.

TGX1448-2E (each crop tested in a separate experiment)

Treatment S. hermonthica seed germination (%)

Maize Cowpea Soybean

Volume of water

3 ml 26.5 13.8 7.5

5 ml 35.7 14.2 10.5

SE7 0.48 0.45 0.42

Prob: > F o0.0001 0.71 o0.0001

Volume of water * Plant part

3 ml * Stem tip 26.6 16.2 6.2

5 ml * Stem tip 35.9 19.9 8.1

3 ml * Stem base 35.6 9.4 1.8

5 ml * Stem base 40.7 9.0 3.5

3 ml * Root tip 19.8 16.2 11.4

5 ml * Root tip 33.5 14.7 13.1

3 ml * Root base 24.2 13.3 10.6

5 ml * Root base 32.6 13.4 17.4

SE7 0.96 0.90 0.83

Prob: > F 0.0001 0.04 0.0003

Treatment contrast Probability > t

3 ml * Stem tip vs.

5 ml * Stem tip

o0.0001 0.01 0.002

3 ml * Stem base vs.

5 ml * Stem base

0.0003 1.00 0.008

3 ml * Root tip vs.

5 ml * Root tip

o0.0001 0.18 0.16

3 ml * Root base vs.

5 ml * Root base

o0.0001 0.65 o0.0001
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notably phenolics, which are defense chemical com-
pounds against infection (Ananthakrishnan et al., 1992;
Loaiza-Velarde and Saltveit, 2001), and hormones such
as ethylene (Pegg and Cronshaw, 1976) are known to
increase in plants in reaction to wounding. While
ethylene is known to stimulate germination of S.

hermonthica seeds (Eplee, 1975; Berner et al., 1999;
Ahonsi et al., 2002), other metabolites released by
excised plant parts may inhibit it or the active
ingredient(s) of S. hermonthica germination stimulants.
Ariga et al. (1996) had suggested that aqueous extracts
of cowpea root and shoots contain both inhibitory and
stimulatory substances of S. hermonthica seed germina-
tion. Our findings that 1 g of excised root or shoot of
maize, cowpea or soybean gave higher germination
percentage than 2 g probably suggest a relative increase
in inhibitory materials with increase in amount of plant
material. This agrees with Alabi (2000) who reported
that germination percentage of S. hermonthica was
negatively correlated with cowpea root weight which
varied from 0.25 to 1:0 g per petri dish. Earlier, Ariga
et al. (1996) had found that the optimum concentration

of cowpea root or stem extract was 6:3 mg=ml of water.
However, Van Mele et al. (1992) could not establish
correlation between root mass of sorghum, maize and
pearl millet and percentage germination of four popula-
tions of S. hermonthica.
Our results also indicate that differences in results

obtained using the cut-root assay for the same S.

hermonthica seed population and the same crop varieties
could be attributable to variation in several factors of
the assay. For example, one of the results suggests that
root pieces should be placed in the central aluminum
ring and stimulant extraction started immediately after
the roots had been cut into pieces; delaying for several
hours (common habit of technical staff) results in
decreased percentage germination of S. hermonthica.
The IITA Striga Manual (Berner et al., 1997) specified

the use of sterile water in conditioning Striga seeds
either in water or on moistened filter paper in petri
dishes. Our results have revealed higher germination
percentage when conditioning and germination stimu-
lant extraction were done with non-sterile distilled
water. While this may be the common practice in most

Table 4

Effect of quantity of excised plant part on the germination of Striga

hermonthica seeds exposed to stimulant from stem and root pieces of

maize hybrid 8338-1, cowpea cv. IT81D-994 and soybean cv.

TGX1448-2E (each crop tested in a separate experiment)

Treatment S. hermonthica seed germination (%)

Maize Cowpea Soybean

Quantity of chopped plant part (weight)

1 g 32.4 14.6 10.1

2 g 29.8 13.4 8.0

SE7 0.48 0.45 0.42

Prob: > F 0.0001 0.02 o0.0001

Weight * Plant part

1 g * Stem tip 31.8 17.7 8.2

2 g * Stem tip 30.7 18.3 6.2

1 g * Stem base 39.7 9.0 3.5

2 g * Stem base 36.6 9.5 1.9

1 g * Root tip 28.3 17.7 13.5

2 g * Root tip 25.0 13.2 11.0

1 g * Root base 29.8 14.0 15.2

2 g * Root base 27.0 12.7 12.9

SE7 0.96 0.90 0.83

Prob: > F 0.86 0.001 0.98

Treatment contrast Probability > t

1 g * Stem tip vs.

2 g * Stem tip

0.17 0.42 0.003

1 g * Stem base vs.

2 g * Stem base

0.05 0.80 0.001

1 g * Root tip vs.

2 g * Root tip

0.08 o0.0001 0.01

1 g * Root base vs.

2 g * Root base

0.01 0.13 0.01

Table 5

Effect of time interval between cutting plant part and commencement

of germination stimulant extraction on germination of Striga

hermonthica seeds exposed to stimulant from excised stem and root

pieces of maize hybrid 8338-1, cowpea cv. IT 994 and soybean cv.

TGX1448-2E (each crop tested in a separate experiment)

Treatment S. hermonthica seed germination (%)

Maize Cowpea Soybean

Time interval between cutting root and starting stimulant extraction

Immediately ð0 hÞ 34.0 15.8 11.0

3 h 28.2 12.3 7.1

SE7 0.48 0.50 0.42

Prob: > F o0.0001 o0.0001 o0.0001

Time interval * Plant part

0 h * Stem tip 36.8 18.5 7.8

3 h * Stem tip 25.7 17.6 6.5

0 h * Stem base 41.5 11.4 4.4

3 h * Stem base 34.8 7.0 1.0

0 h * Root tip 27.9 16.6 15.0

3 h * Root tip 25.3 14.4 9.5

0 h * Root base 29.8 16.6 16.7

3 h * Root base 27.0 10.1 11.4

SE7 0.96 1.00 0.83

Prob: > F o0.0001 0.0004 0.007

Treatment contrast Probability > t

0 h * Stem tip vs.

3 h * Stem tip

o0.0001 0.36 0.03

0 h * Stem base vs.

3 h * Stem base

o0.0001 o0.0001 o0.0001

0 h * Root tip vs.

3 h * Root tip

0.002 0.03 o0.0001

0 h * Root base vs.

3 h * Root base

0.03 o0.0001 o0.0001
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laboratories in developing countries, the use of non-
sterile distilled or de-ionized water, could result in
different results when such experiment is repeated (e.g.,
Botanga, 1998) depending on the microbial population
of the water used. Microbes are known to produce
ethylene that putatively stimulates germination of S.

hermonthica seed germination (Berner et al., 1999;
Ahonsi et al., 2002). It is therefore recommended that
such in vitro assays be done, wherever possible, with
minimal contamination from microbes by using sterile
water for both conditioning and stimulant extraction.
Results of the present study further suggest that the
amount of water used to moisten filter paper on which
conditioned Striga seeds were subjected to germination
stimulants should be standardized to 5 ml if two pieces
of Whatman no. 1 filter paper are used. This will reduce
variation in results obtained by different researchers as
the IITA Striga Manual (Berner et al., 1997) did not
specify the amount of water required to wet the filter
paper. Striga research technicians and scientists also
use varying weights of root pieces from 0.25 to 2 g

(Botanga, 1998; Alabi, 2000; Di Umba, 2000; Ikie et al.,
2001), although the Striga Manual (Berner et al., 1997)
recommended that the root weight should be close to
1 g: As indicated earlier, our results (Table 4) have
shown that regardless of crop species, 1 g of root is
preferable to 2 g: Our results also indicate that the age of
the pot-grown seedlings should be standardized for each
crop species. The results of this study indicate that for
maize and soybean 3-wk old pot-grown seedlings are
preferable to 2-wk old seedlings. For cotton, Botanga
(1998) has shown that 3-wk old seedlings gave sig-
nificantly higher germination percentage of S. her-

monthica seeds than 2-wk old seedlings. However, for
five species of slow-growing forage legumes, Bothe
(2001) used 6-wk old plants in order to obtain sufficient
roots for the test.
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Table 6

Effect of water used to condition Striga seeds and for stimulant

extraction on the germination of Striga hermonthica seeds exposed to

stimulant from cut stem and root pieces of maize hybrid 8338-1,

cowpea cv. IT81D-994 and soybean cv. TGX1448-2E 2E (each crop

tested in a separate trial)

Treatment S. hermonthica seed germination (%)

Maize Cowpea Soybean

Water used for conditioning

Non-sterile distilled water (ns) 25.3 16.1 9.9

Sterile distilled water (st) 21.9 8.9 9.3

SE7 0.78 0.80 0.68

Germination stimulant source

Stem tip 24.0 10.1 7.6

Stem base 22.7 6.1 3.5

Root tip 32.5 14.5 7.4

Root base 31.3 11.0 7.8

10 mg=l GR-24 30.3 31.9 30.3

Distilled water (no stimulant) 0.8 1.4 0.8

SE7 1.37 1.39 1.18

Water * germination stimulant source

ns * Stem tip 28.0 15.1 6.0

st * Stem tip 20.0 5.2 9.2

ns * Stem base 26.6 3.9 2.2

st * Stem base 18.8 8.2 4.9

ns * Root tip 30.1 22.2 9.5

st * Root tip 34.9 6.9 5.2

ns * Root base 33.9 18.3 7.5

st * Root base 29.4 3.7 8.2

ns * 10 mg=l GR-24 32.6 34.9 32.6

st * 10 mg=l GR-24 28.0 28.9 28.0

ns * No stimulant 1.4 2.2 1.4

st * No stimulant 0.2 0.6 0.2

SE7 0.91 1.96 1.66

Table 7

Estimated differences in means of seed germination of Striga

hermonthica exposed to stimulant from excised stem and root pieces

of maize hybrid 8338-1, cowpea cv. IT81D-994 and soybean cv.

TGX1448-2E 2E as affected by water used to condition Striga seeds

and for stimulant extraction (each crop tested on a separate trial)

Treatment Estimated difference in means of

S. hermonthica seed germination

(%)a

Maize Cowpea Soybean

Water used for conditioning and stimulant extraction

Non-sterile distilled water (ns)

vs. Sterile distilled water (st)

3.0 7.2 0.6

(0.0002) (o0.0001) (0.79)

Water * germination stimulant source

ns * Stem tip vs. st * Stem tip 8.0 9.9 �3.2
(0.0002) (o0.0001) (0.02)

ns * Stem base vs. st * Stem

base

7.8 �4.3 �2.7

(0.002) (0.03) (0.002)

ns * Root tip vs. st * Root tip �4.8 15.3 4.3

(0.12) (o0.0001) (0.002)

ns * Root base vs. st * Root

base

3.8 14.6 �0.6

(0.26) (o0.0001) (0.98)

ns * 10 mg=l GR-24 vs. st *
10 mg=l GR-24

4.6 6.0 4.6

(1.2) (0.03) (0.07)

ns * No stimulant vs. st * No

stimulant

1.2 1.6 1.2

(0.29) (0.08) (0.22)

aFigures in parenthesis are the probability > t values.
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