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Abstract. Fusarium oxysporum (isolate PSM 197) based mycoherbicide was evaluated
for its efficacy under field conditions in trials conducted during 1999–2001 cropping
seasons in the Nigerian savanna. In the 1999 cropping season, spot application of 5–
10 g of mycoherbicide was found to give effective control of Striga hermonthica. Results

of on-farm trials at Barhim and Dutsen-Ma areas showed the application of the my-
coherbicide to significantly (p ¼ 0.05) increase stand count at both 3 weeks and at
harvest, reduced Striga shoot count and increased crop yield in both improved and local

sorghum varieties, as compared with the same varieties not treated with the mycoher-
bicide. Results establish the efficacy of F. oxysporum as a mycoherbicide and the need
for further development of the mycoherbicide into formulated granules or seed treat-

ment for use in control of S. hermonthica under field conditions.
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Introduction

Striga hermonthica (Del.) Benth, commonly known as parasitic witch weed, is a

major biotic constraint to sorghum production in West and Central Africa

where many local and improved sorghum varieties are susceptible to the par-

asite (Ogungbile et al., 1998; Lagoke et al., 2000; Marley et al., 2002). Heavy

infestation of the sorghum crop, particularly under drought and low fertility

conditions, may lead to 100% yield loss (Haussman et al., 2000). Sorghum

(Sorghum bicolour [L.] Moench) is a major staple cereal in West and Central

Africa, where it is used mainly for human consumption, as well as an industrial

raw material in the production of alcoholic and non-alcoholic beverages,

livestock feeds and sweeteners (Ogungbile and Marley, 2001).
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The potential of Fusarium oxysporum as a bio-control agent for the control

of S. hermonthica in WCA has been reported (Ciotola et al., 1995; Diarra et al.,

1996; Kroschel et al., 1996; Abbasher et al., 1998; Marley et al., 1999). Isolates

of F. oxysporum from S. hermonthica have been shown to infect only Striga

spp. and no other crops or vegetables (Ciotola et al., 1995; Abbasher et al.,

1998; Elzein 2003; Marley, unpublished data). Further, isolates of F. oxyspo-

rum from S. hermonthica e.g. M12-4A, Foxy 1 and Foxy 2 are reported not to

produce any of the major mycotoxins of concern to human and animal health

e.g. fumonisins, deoxynivalenol, nivalenol, T-toxin and zearalenone (Savard

et al., 1997; Amalfitano et al. 2002).

The development of F. oxysporum into a mycoherbicide in liquid and

granular formulations has been reviewed (Hess et al. 2002) and the need for

their evaluation for efficacy under field and on-farm conditions emphasised.

The present study evaluates F. oxysporum (isolate PSM 197), isolated from

S. hermonthica in the Nigerian savanna (Marley et al., 1999) for its field and

on-farm efficacy in the control of the witch weed.

Materials and methods

Stock cultures and inoculum’s production

F. oxysporum (isolate PSM 197) was isolated from S. hermonthica stems, and

stock cultures were maintained on potato dextrose agar amended with strep-

tomycin (PDAS) (PDA, Difco, USA) and stored in the refrigerator at 4 �C.
From the stock cultures, starter cultures were prepared when required.

Fungal inoculum was produced as described by Marley et al. (1999) on

sterilized sorghum grain. Five-hundred grams of gritted (broken) grain was

placed in 1 l flat-bottom flasks containing 250 ml of sterile distilled water.

Flasks were shaken to ensure that the substrate was properly moistened and

excess water was poured off prior to autoclaving for 1 h at 121 �C (103.5 kPa).

After cooling, each flask was inoculated with three agar plugs (5 mm diameter)

of the isolate and then incubated at 28 �C for 7 days to allow for fermentation.

During the incubation period, each flask was shaken daily to allow for full

colonization of the gritted grains by the pathogen. Colonized grains were

harvested 14 days after inoculation and stored in a refrigerator at 4 �C for use

when required.

Field evaluation of F. oxysporum

A field experiment was carried out concurrently at the Institute for Agricultural

Research at Samaru, Zaria (11�11¢ N; 7�38¢ E) and Kano State Research site
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(formerly ICRISAT station) Bagauda, Kano (11�40¢ N; 8�30¢ E) in the 1999

cropping season to determine the quantity of inoculum required and the most

efficient method of application. Fields used for the trials at both locations are

Striga-infested plots that have been developed and used for over 5 years. Trials

in Samaru were established on July 17, 1999. While in Bagauda, the trials were

established on 7 July 1999. Sorghum variety SAMSORG 41 (ICSV 400) was

used.

In this trial, we evaluated four methods of inoculum application. The

treatments were (i) 15 cm wide band placement of inoculum at the rate of

0.5 kg per 10 m ridge (ii) broadcast application of 2.5 kg of inoculum per plot

(iii) spot application of 10 g per hole of sown seed and covered with soil (iv)

surface placement of 10 g over sown seed covered with soil and (v) control plot

with no inoculum applied. The treatments were arranged in a randomised

blocked design with three replications. Each plot consisted of five ridges, 10 m

long with buffers between plots of one ridge or 1 m space. Data were collected

from three inner rows to minimise border effects and the following observa-

tions were recorded: sorghum stand counts at 3 weeks after planting and at

harvest, Striga shoot counts at 6 weeks after planting and at harvest, number

of stands infected by Striga at harvest, crop reaction score to Striga damage at

harvest (damage syndrome score based on a 1–9 visual rating scale (Berner

et al., 1997) where 1 ¼ no visible symptoms, 2 ¼ scattered small and vague,

whitish leaf blotches visible, 3 ¼ scorching trace on leaf tips, 4 ¼ scorching

trace on leaves, 5 ¼ scorching on a small portion of the leaf area, 6 ¼ scorching

on about a third of the leaf area, 7 ¼ scorching on about half of the plant’s

surface, with some broken stalks, 8 ¼ scorching on most of the leaf area, with

many broken stalks and 9 ¼ scorching on all leaf area, with dead or nearly

dead plants) and number of Striga plants showing dieback at harvest.

On-farm evaluation of F. oxysporum

In the 2000 cropping season, evaluation of F. oxysporum as a mycoherbicide

was conducted on nine farmer’s fields at Barhim, Katsina (12�58¢ N; 7�41¢ E)
in the Sahel agro-ecology. The farms at this location have sandy soils and

receive an average annual rainfall of 461 mm. Farms selected were considered

representative of the topography and agro-ecological zone. The fields were

selected principally on the basis of their history of high striga infestation when

monitored earlier (Marley et al., 2002). In the 2001 cropping season, nine fields

were selected, based on the above criteria in Dutsen-Ma, in Katsina State

(12�10¢ N; 7�41¢ E) in the Sudan agro-ecology.

Two sorghum cultivars SAMSORG 41 (ICSV 400) (early maturing, striga

susceptible) and a farmer’s local, Yar’ruruka (Jollof) (early maturing, striga

tolerant) were used in the trials. Seeds of each cultivar were planted 30 cm apart
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on 25 rows · 10 m length plots, and thinned to two plants per stand 3 weeks

after emergence. Trials were planted on June 29, 2000 at Barhim and on 30 June

2001 at Dutsen-Ma. The experiment was designed as a randomised block design

(RBD) with four treatments as follows: (i) SAMSORG 41 treated with myco-

herbicide (41T) (ii) SAMSORG 41 without treatment with mycoherbicide

(41NT) (iii) Farmers’ local treated with mycoherbicide (FLT) (iv) Farmers’

local without treatment with mycoherbicide (FLNT). The trial was carried out

on nine farmer’s fields and each farm was considered a replicate (because the

trial size made it impossible to obtain large plots to carry out within farm

replication) (Ray et al., 1989). Treatment was carried out by spot applying 10 g

of mycoherbicide on the sown seed before covering with soil. In untreated plots,

seeds were covered without applying mycoherbicide. The untreated plots served

as the control. Split application of fertilizer with 64 kg N/ha of N:P:K (20:10:10)

were applied. The first application was made at first weeding at 3 weeks after

crop emergence while the second application was made just before re-moulding

of existing ridges at 6 weeks after crop emergence. Land preparation, weeding

and all other farm management practices were carried out by farmers. At

physiological maturity, the plants were harvested.

Data on stand count was recorded at 3 weeks after crop emergence and also

at harvest. Striga count and the number of stands infected were recorded at

harvest. After harvest, grain weight was recorded. Data obtained were sub-

jected to analysis of variance (ANOVA).

Results and Discussion

Determination of simple and effective method of inoculum application

Three weeks after establishing the trial at Bagauda, stand count averaged

105.9–168.3 between the treatments, while at harvest, stand count was signif-

icantly (p ¼ 0.05) different only between mycoherbicide treated plots that had

higher counts than the control with lower count (Table 1). Similar results were

obtained at Samaru. When the number of plant stands infected with Striga was

assessed at harvest there were no significant differences between the treatments

with mycoherbicide, but the control treatment had significantly (p ¼ 0.05)

higher stands infected with Striga (Table 1) at both locations.

Striga emergence at 6 weeks after planting was significantly (p ¼ 0.05)

higher in the control plots at both locations except compared with broadcast

application at Bagauda. Similarly, at harvest, the control treatment had sig-

nificantly (p ¼ 0.05) more emerged Striga plants than the treatments. Spot

application was by far the best treatment at both locations. The broadcast

application resulted in more Striga infected plants than any other treatment,
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but it was still significantly better than the control. There were no significant

(p ¼ 0.05) differences in emerged Striga plants between band placement, sur-

face placement and spot application treatments. At Samaru, spot application

had significantly lowest Striga emergence at harvest (Table 2). Overall, spot

application recorded the highest average reduction in Striga emergence with

89.7%, band and surface applications gave 78.7% and 76.3% reduction,

respectively, while broadcast application provided the lowest reduction in

Striga emergence with 74.5%. The impact of Striga on the crop was most severe

on the control plants with a reaction score of 7.0 at Bagauda and 6.3 at Samaru

(Table 2). Spot application treatment had the lowest crop reaction score of 3.0

and 3.7 at Bagauda and Samaru, respectively. The number of Striga plants

showing dieback symptoms was significantly (p ¼ 0.05) higher in all the

treatments when compared to the control, especially the broadcast application

treatment Bagauda (reaction score 7.0) and the spot application at Samaru

(reaction score 6.0). The effect of the various treatments on grain yield is shown

in Figure 1. Spot application gave the highest yield of 2.7 t/ha at Bagauda and

3.3 t/ha at Samaru while the control had the lowest yield at both locations.

From our results and observations, spot application of the mycoherbicide

provided better Striga control as it reduced S. hermonthica emergence better

than the other methods used. Further, it gave the highest yield of grain. Our

results on reduction of Striga emergence are similar to those reported by Ciotola

et al. (2000). They reported up to 92% reduction in S. hermonthica emergence

due to application of F. oxysporum isolate M12-4A. Earlier reports showed that

F. oxysporum isolates reduced Striga emergence from between 88 to 100% when

applied pre-sowing (Ciotola et al., 1995; Kroschel et al., 1996; Marley et al.,

Table 1. Effect of method of mycoherbicide application on plant stand count and

number infected by Striga hermonthica at Bagauda and Samaru, 1999 cropping season

Treatment Stand count Stands infected
with striga at

harvest
Bagauda Samaru

3 Weeks Harvest 3 Weeks Harvest Bagauda Samaru

Band placement 168.3 164.4 200.0 176.7 8.7 11.7

Broadcast
application

164.0 160.0 200.7 175.3 10.0 14.3

Spot application 166.3 165.0 200.0 187.3 4.7 10.0
Surface placement 163.3 158.7 198.0 178.3 7.7 20.3

Control (no myco-
herbicide applied)

105.9 89.2 141.7 125.0 132.3 97.7

Mean 153.5 147.4 188.1 168.5 32.7 30.8

SE 7.15 10.17 7.07 7.01 13.84 9.03
DF 14 14 14 14 14 14
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1999). In addition, the quantity of mycoherbicide used by this method is lower

than with the other methods, thus maybe suitable for use in small farms. This

method was found to permit proper positioning of the mycoherbicide in the

immediate environment for effective control and allowed for a uniform inocu-

lation of the field. Similarly, Abbasher et al. (1995), Ciotola et al. (1995) and

Kroshcel et al. (1996) reported the use of 3–10 g of inoculum of Fusarium

isolates applied at pre-sowing to be effective in Striga infestation reduction. We

found this method to be most suitable, simple and effective in field conditions.

On-farm evaluation of F. oxysporum

At Barhim, sorghum varieties SAMSORG 41 and farmers’ local treated with

mycoherbicide showed significantly ( p ¼ 0.05) higher plant establishment than

Table 2. Effect of method of mycoherbicide application on Striga shoot count, crop

reaction score and number of Striga plants showing dieback symptoms, at two locations
in the Nigerian savanna, 1999 cropping season

Treatment Striga shoot count Crop reaction

score at
harvestc

Striga plants

with dieback
at harvest

Bagaudaa Samarub

6

Weeks

Har-

vest

6

Weeks

Har-

vest

Ba-

gauda

Sa-

maru

Ba-

gauda

Sa-

maru

Band placement 3.0 20.0 2.3 29.3 5.3 4.3 5.0 3.0
Broadcast
application

15.0 34.7 1.0 31.0 4.7 4.7 7.0 4.3

Spot application 1.7 11.7 1.3 14.3 3.0 3.7 5.3 6.0
Surface placement 4.7 21.7 3.0 31.7 3.7 5.3 3.7 3.3
Control (no

mycoherbicide
applied)

21.0 145.3 16.0 114.7 7.0 1.3 1.3 0.0

Mean 9.1 46.7 4.7 44.2 4.7 3.9 4.5 3.3

SE 2.22 13.63 1.54 10.06 0.44 0.39 0.58 0.57
DF 14 14 14 14 14 14 14 14

aBagauda = located in the Sudan savanna of Nigeria.
b Samaru = located in the northern Guinea savanna of Nigeria.
c Crop reaction score to Striga damage at harvest based on a 1–9 visual rating scale
where 1 = no visible symptoms, 2 = scattered small and vague, whitish leaf blotches
visible, 3 = scorching trace on leaf tips, 4 = scorching trace on leaves, 5 = scorching

on a small portion of the leaf area, 6 = scorching on about a third of the leaf area,
7 = scorching on about half of the plant’s surface, with some broken stalks,
8 = scorching on most of the leaf area, with many broken stalks and 9 = scorching
on all leaf area, with dead or nearly dead plants) and number of striga plants showing

dieback at harvest.
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untreated plots at both 3 WAP and also at harvest (Table 3). A similar result

was obtained at Dutsen-Ma though here, the increase of farmers’ local variety

was relatively small. The number of plant stands infected with Striga at both

locations was significantly ( p ¼ 0.05) higher in untreated plots of both varie-

ties. Table 4 shows the level of Striga infestation in the trials at both locations.

Plots not treated with the mycoherbicide had significantly ( p ¼ 0.05) higher

Striga infestation than the treated plots for both varieties. Generally, the level

of Striga infestation was higher at Dutsen-Ma than Barhim. Table 4 also

shows grain yield obtained at harvest in both locations. Treatments with my-

coherbicide gave significantly ( p ¼ 0.05) higher grain yield at both locations

for both SAMSORG 41 and farmers’ local. This indicates yield advantages in

the use of the mycoherbicide.

These results confirm that the mycoherbicide applied pre-sowing using spot-

application can significantly reduce Striga incidence under field conditions in the

Nigerian savanna. The efficacy of F. oxysporum in our field trials indicate that it

Figure 1. Types of integration errors.

ASSESSMENT OF F. OXYSPORUM BASED MYCOHERBICIDE 395



attacks Striga right from un-germinated seeds and symptoms are expressed up

till the flowering stage as shown by the number of Striga plants showing dieback

symptoms. Althoughmany reports (e.g. Abbasher and Sauerborn, 1992; Ciotola

et al., 1995; Kroschel et al., 1996; Abbasher et al., 1998; Marley et al., 1999) have

shown that Fusarium based mycoherbicides applied pre-sowing reduce

Table 4. Average Striga shoot counta and grain yield of sorghum (SAMSORG 40 and
Farmer’s local) at harvest time on nine farmer’s fields each at Barhim (2000 cropping

season) and Dutsen-Ma (2001 cropping season) villages in the Nigerian savanna

Treatment Striga count (plot) Grain yield (t/ha)

Barhim
(2000)

Dutsen-Ma
(2001)

Barhim
(2000)

Dutsen-Ma
(2001)

SAMSORG 41 Tb 8.2 12.6 2.1 3.1
SAMSORG 41NTc 127 165 1.0 1.1

Farmers local T 10 19.4 2.0 2.6
Farmers local NT 139 201.6 0.6 1.3
Mean 71.1 99.7 1.4 2.0

S.E. 10.95 14.83 0.12 0.15
DF 35 35 35 35

a per plot (plot size = 19 m · 10 m ” 25 rows, 10 m long).
b T = treated with mycoherbicide.
cNT = not treated.

Table 3. Effect of mycoherbicide treatment on plant population and infestation with

Striga hermonthica at two locations in the Nigerian savanna during 2000 and 2001
cropping seasons

Treatment Location

Barhim (2000) Dutsen-Ma (2001)

Stand count Stands in-
fected at

harvest

Stand count Stands in-
fected at

harvest

3 Weeks Harvest 3 Weeks Harvest

SAMSORG 41Ta 242.9 239.7 23.4 334.4 327.6 14.6

SAMSORG
41NTb

167.4 130.8 84.2 168.9 140.9 86.6

Farmers local T 246.0 240.9 30.8 287.0 259.7 43.1

Farmers local
NT

191.6 173.9 97.8 250.0 217.1 199.0

Mean 212.0 196.3 59.1 260.1 236.3 85.8

SE 7.03 8.75 6.01 12.23 11.87 12.00
DF 35 35 35 35 35 35

aT – treated with mycoherbicide.
bNT – not treated.
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S. hermonthica under controlled conditions, only reports by Diarra et al. (1996)

and Ciotola et al. (2000) show that F. oxysporum can be effective in the control of

Striga under field conditions. These reports agree with our results.

This approach clearly shows the potential of mycoherbicides to contribute

to control of S. hermonthica. However, successful Striga management will re-

sult if the approach is developed into an integrated control system together

with other measures such as cultural and especially host plant resistance where

available. We estimated that using the rate of 5 g of mycoherbicide per sor-

ghum stand, a hectare would require about 167 kg. Although we consider this

amount to be high, this is an improvement over the reports of Bedi (1994) who

used approximately 800 kg ha)1 and Müller-Stover (2001) who calculated a

requirement of 300 kg ha)1 for F. oxysporum based inoculum used in the

control of Orobanche spp. in sunflower. The volume of mycoherbicide involved

necessitates the development of the mycoherbicide into forms that reduce the

quantity to be applied. Hess et al. (2002) reported that formulated granules

have added advantage of a longer shelf life and a reduction in the quantity of

inoculum applied to the field. Further, since direct pre-sowing spot application

of the mycoherbicide is the most effective, a technology that combines these

two key characteristics will be most suitable. In this regard, we therefore find

the development of F. oxysporum based mycoherbicide into formulated gran-

ules or a seed treatment mycoherbicde most desirable.
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