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ABSTRACT
The virulence of eight isolates of entomopathogenic fungus, Metarhizium anisopliae, to
the maize weevil, Sitophilus zeamais, was bioassayed in the laboratory. All the isolates
tested were pathogenic to the weevil but to varying degrees. Isolates ICIPE 45 and 47
were superior to all other isolates in terms of mortality on adult weevils, protection of
grains from damage and reduction in progeny production by the weevil. There were no
significant differences between Pirimiphos-methyl-treated maize and maize treated with
dry conidia of isolates ICIPE 45 and 47 in relation to adult weevil mortality, damage to
maize grain and progeny emergence on maize at seven days post treatment. Both isolates
persisted for more than six months on maize grain achieving up to 60 to 100% mortality
at 7 days post treatment.
.INTRODUCTIOrj
The maize weevil, Sitophilus zeamais Mots. (Coleoptera: Curculionidae) is one of the
most destructive insect pests of stored grains in the world (Dobie et al., 1984). Both the
adults and larvae feed on grain, which may often be damaged beyond use. For example,
weight losses in maize kernels due to S. zeamais has been estimated to vary from 18 to
20% (Adams, 1976; Allotey, 1991). Control of this pest is primarily by means of
chemical insecticides. This is however, associated with various ecological problems
such as environmental damage, lethal effects on non-target organisms, pest resurgence
and pest resistance. Resistance to chemical insecticides by S. zeamais has been reported
from several countries (Champ and Dyte, 1996). All these problems coupled with the
demand for pesticide-free food have necessitated the focussing of attention on other
environmentally friendly approach to the management of arthropod pests including
insect pests of stored products. Presently entomopathogenic fungi are being screened
worldwide for the control of storage insect pests and some products are already
available commercially (Ferron and Robert, 1975; Fernandeser al., 1983; Fryd'ocva et
al., 1989; Hluchy and Samsinacova, 1989; Adane et al., 1996; Moino et al., 1998). In
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:..':isstudy, the virulence and persistence of eight isolates of the entomopathogenic
:'"Jngus,Metarhizium anisopliae, were evaluated in the laboratory as protectant of maize
against S. zeamais.
MATERIALS

AND METHODS

Insect culture
:1itial sto~k culture o~ S. zeamais was obtained from an infested grain purchased locally
~-;om~blta farmers III the Sou~ N~~nza Province in Kenya. Cultures were set up by
-,s~nsmg 500 ~ of cleaned malz~ dlsmfe~ted in an oven at 40°C for 4 h (Santhoy and
~eJesus, ~975) into a 2.5 I glass Jar. The Jar was then infested with 200 unsexed adult
~. zeamais and covered with nylon mesh held with a rubber band. A total of 5 .
set
d 11th .
Jars were
~ up.~ a
e Jars were incubated for 15 days at 30°C and 70% RH. After 15 days
~1eoriginal adult weevi~s were sieved off from thegrain and the maize was kept fo;
~~u~ 8 wee~ for collection of new adults. Progeny emerge!1ce was checked daily after
=~s ~lme pen?d and new ad~lts were kept in separate jars according to their age until
~~~~~edfor bioassays, All bioassays were carried out between April 1998 to September
Fungal culture
;ll isolates tested were obtained from the ICIPE culture collection and the details of
.rigin are provided in Table 1. The isolates were cultured on Saboraud dextrose agar
SDA) in petri dishes at 26 ± 2°C.
Production of fungal inoculum
Conidia were produced in diphasic culture. The liquid phase involved production of
::-lastospores, which were then used in the solid phase for. mass production of dry
conidia. Blastospores were produced by harvesting conidia from 21 day old surfaces
cul tures by scraping (Ekesi et al., 1998a). Inocula were suspended in 20 ml sterile
distilled water containing 0.05 % Triton X-100 in universal bottles containing 3 mm
glass beads. The conidial suspension was vortex for 5 mirr to produce a homogenous
suspension. Spore concentrations were quantified with a Malassez cell-counting
chamber. Conidial suspensiori (0.5 ml) titrated to 1 x 107 conidia ml' was used to
inoculate 25 ml of liquid media (30 g Yeast extract + 30 g glucose + 109 peptone +
1 g Streptomycine + 1000 ml sterile distilled water) in Rouxflask. The flasks were
incubated on a rotary shaker at 100 rpm for 3 days for production of blastospores. Dry
conidia were mass-produced on a: substrate of autoclaved ground maize and vermiculite
in steel trays (35 x 25 x 3 em). The substrate was then inoculated with the culture of
blastospores and incubated for 21 days at 28 ± 2°C and 65 ± 5 % RH (Ekesi et al.,
1998b). The conidia were harvested after this time period by sieving and stored at 4°C
until required for bioassay. The viability of the conidia was determined by spreadplating 0.1 ml of conidia (titrated to 3 x 106 conidia ml') on SDA plates. Two replicated
sterile microscope cover slips were placed on each plate. The plates were incubated at
26 ± 2°C and examined after 24 h. Percentage germination was determined for 100
spore counts for each cover slip.
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Mortality and damage assessment assay
Three conidial doses (0.1, 0.5 and 1.0 g) of each isolate equivalent to 1.5 x 108, 1.5 X
109 and 2.5 x 1O~ per 50 g of maize were compared with Pirimiphos-inethyl at 10 ppm
and untreated control. The treatments were mixed separately in a glass jar and shaken
gently for 2 to 5 min to ensure a thorough admixture. The jars and their contents were
then allowed to settle .for 10 min. Ten pairs of 5-7 day' old S. zeamais was then
introduced into the jar containing the various treatments. The jars were covered with
nylon mesh held with rubber bands and kept at 26 ± 2°C and 65 to 70% RH. There
~. were five replicates for each treatment. Mortality was recorded at 7 days after
treatment. Dead insects were placed individually in 2-ml polypropylene cryovials and
washed several times with sterile. distilled water to remove all the spores on the surface
of the insect. The insects were then placed in petri dishes lined with moistened filter
paper. Mortality due to M; anisopliae was then 'confirmed by microscopic examination
of hyphae and spores on the surface of the cadaver. At 7 days after treatment, the
number of damaged seeds were determined by random sample of 100 seeds taken from
each treatment jar, and the number of bored grains was then counted. Percentage
damaged grains was calculated as: [Number of bored grains/Total number of grains
counted] x 100.
Progeny emergence assay
In a similar experiment as above, 10 pairs of S. zeamais were introduced into treated
and control grains and after 30 days of oviposition period, the parent adults were
removed. F\ progeny was estimated by counting the insects that subsequently emerged
after the oviposition period. To avoid overlapping of generations, counting began after
40 and stopped after 56 days.
Persistence of conidia
Persistence of conidia of the two most virulent isolates on maize was determined by
treating maize grains with each isolate at 0.1,0.5 and 1.0 g of conidia per 50 g of maize
and comparing it with Pirimiphos-methyl at 10 ppm and untreated control. The grains
were stored in the laboratory away from insect infestation at 26 ± 2°C and 60-70% RH.
After 0, ~, 4 and 6 months of storage, the grains were infested with 20 (5-7 day old)
adult S. zeamais and percentage mortality was assessed after T days. Each treatment was
replicated five times with '20 insects per replicate.
Statistical Analysis
Percentages of mortality were transformed by arcsine to no~alize mean percentages
(Gomez and Gomez, 1984) after correcting for natural mortahty (Abbo~, 1925) and the
angular values were separated by Student-Newman-Keuls (P=O.05) usmg the ANOVA
procedure of SAS (SAS Institute, 1990).
RESULTS
Spore germination for the various isolates tested (Table 1) ranged from 96 to 100%
indicating that this experiment measured true differences in virulence between the
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. :..::-iousisolates tested (Lomer et al .., 1997) (Table 2). Fungal isolates significantly
=-~:';;redin virulence to S. zeamais at all dosages tested: O.l.g (P=O.Ol), 0.5 g
-= =0.01) and 1.0 g (P=O.OI) (Table 2). The most virulent isolates at all concentrations
.ested were ICIPE 45 and 47. This isolates caused mortality in S. zeamais which were
:.:: significantly different from Pirimiphos-methyl at 10 ppm after 7 days post
:-eatment. Mortality in the control did not exceed 6% (Table 2).
~ 2. ble

1. Isolates of M.anisopliae tested against S. zeamais with details of origin

_;,: ..:.te

Host species (Family)

. :.:'E

17

:::?E
':J'E
. ::?E
:::?E
:.::FE
.::?E
::FE

19
30
35
45
47
48
50

Clavigralla sp: (Coreidae) .
Cylas puncticolis (Curculionidae)
Busseola fusca (Noctuidae)
Podogrica sjostedti (ChrysomeJidae)
Ootheca sp. (ChrysomeJidae)

Soil sample
Soil sample
Soil sample

Locality (Country)

Date of isolation

Nairobi (Kenya)
Mbita (Kenya)
Mbita (Kenya)
Machakos (Kenya)
Mbita (Kenya)
Migori (Kenya)
Nairobi (Kenya)
Nguruman (Kenya)

1996
1990
1995
1996
1998
1989
1997
1990

.•
•••••

0)
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Table 2. Viability (after 24 b) and virulence of 8 isolates of M. anisopliae and Pirimiphos-methyl
zeamais and subsequent damage caused by weevil to maize grain"
0.1 g of conidia/50 g of maize
Isolate

% germination

% mortality

ICIPE 17
ICIPE 19
ICIPE 30
ICIPE 35
ICIPE45
ICIPE47
ICIPE48
ICIPE 50
P-methyl
Control

94.2±0.5a
97.3 ± 0.8a
100.0 ± O.Oa
92.4 ± 1.2a

75.5 ± 5.7b
70.6 ± 6.3b
51.6 ± 3.1c
48.5 ± 2.6c
100.0 ± O.Oa
100.0 ± O.Oa
28.4 ± 3.1d
24.4 ± 2.7d
3.2 ± O.4d
18.7 ± 1.2a

95.4 ± 2.1a
100.0 ± O.Oa
98.4 ± O.Sa
94.3 ± 2.2a
100.0 ± O.Oa
6.0 ± 2.1e

% grain damaged
8.1 ± 0.6b
8.7 ± 0.3b
. i3.4 ± 1.3a
15.1 ± 1.4a
6.8 ± 0.3c
6.7 ± 0.5a
16.1 ± O.4a .
15.2·± O.5a
'100.0 ± O.Oa
5.1 ± 0.6e

Means within a column followed by the same letter are not significantlydifferent
'Measure of variability
SE

=

-

0.5 g of conidia/50 g of maize

I g of conidia/50 g of maize

% mortality

'Yo grain

80.J±7.lb
85.1 ± 6.3b
60.1 ± 4.1c
55.3 ± 5,3c
100.0 ± O.Oa
100.0 ± O.Oa
37.4 ± 1.6d
36.1 ± l.4d
3.5 ± 0.&
17.4 ± 3.1a

7.3 ± O.4b
7.4 ± l.4b
li.6 ± 1.1a
13.4 ± 1.2a

by Student-Newman-Keul'stest

against adult S.

damaged

5.2 ± 0.7c
4.8 ± 0.4c
15.6 ± 0.Sa:
14.2 ± 2.4a
100.0 ± O.Oa
6:1 ± 2.1d

(P.=0.05).

% mortality

% grain damaged

92.6±5.6a
95,5 ± 7.3a
70.3 ± 3.6b
63.1 ± 7.4b
100.0 ± O.Oa
ioo.o ± O.Oa
46.1 ± 3.Se
48.5± 2.7c
3.2 ± O.4d
18.5 ± 6.1a

7.1 ± 1.4
7.0 ± 0.6c
10.4 ± I.3b
11.6 ± 1.7b
3.1 ± 0.7d
2.3 ±0.5d
13.4 ±2.1b
12.6 ± L6b

,
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Significant differences in percentage grain damage were also observed among the
various treatments with the highest damage occurring in the untreated control: 0.1 g
(P=0.05), 0.5 g (P=0.05) and 1.0 g (P=O.Ol) (Table 2). Grains treated with isolates
lCIPE 45 and 47 recorded the lowest amount of damage compared with grains treated
with other isolates. At the highest concentrations of 0.5 and 1.0 g of conidia of isolates
lCIPE 45 and 47, the amount of damage recorded on treated grains were not
significantly different from damage recorded on grains treated with Pirimiphos-methyl
(Table 2).
The number of F, progeny produced by S. zeamais in the various treatments are
shown in Table 3. Isolates ICIPE 45 and 47 and Pirimiphos-methyl completely inhibited
progeny production by the weevil at all dosages tested: O.lg (P=O.Ol), 0.5 g (P=O.Ol)
and 1.0 g (P=O.Ol). The untreated grain recorded the highest number of F, progeny
compared to the other treatments (Table 3).
Table 3. Effect of 8 isolates of M. anisopliae and Pirimiphos-methyl
number of FJ progeny produced by S. zeamais:

on the

Conidial dosage
Isolates

0.1 g/SO g of maize

lCIPE 17
ICIPE 19
ICIPE 30
ICIPE 35
ICIPE 45
ICIPE 47
ICIPE 48
ICIPE 50
Punethyl
Control

34.1 ± 8.7d
36.3 ± 4.3b
52.4 ± 7.5c
57.5 ± 6.6c
0.0 ± O.Oe
0.0 ± O.Oe
126.4 ± 11.2b
13l.3 ± 10.6b
0.0 ± O.Oe
202.6 ± 8.4a

O.S g ISO g of maize

1.0 g ISO g of maize

22.1 ± 3.ld
26.3 ± 2.ld
41.4 ± 4.1c
36.5 ± 5.6c
0.0 ± O.Oe
0.0 ± O.Oe
12l.3 ± 8.1b
10.4 ± 6.7b
0.0 ± O.Oe
215.6 ± 7.3a

5.6 ± 0.7d
0.0 ± O.Oe
22.3 ± 6.2c
26.4 ± 4.6c
0.0 ± O.Oe
0.0 ± O.Oe
96.7 ± 4.1b
82.5 ± 5.3b
0.0 ± O.Oe
206.4 ± 7.5a

Means within a column followed the same letter are not significantly different by
Student-Newman-Keul's test (P=0.05). "Measure of variability = SE

Table 4 shows the persistence in terms of mortality induced on adult weevil by
M. anisopliae ICIPE 45 and 47 on maize grain after 7 days post treatment. 'Mortality
in the control was 0% at the various exposure periods. At all the exposure time, isolate
TCIPE 45 caused 100% mortality at 7 days post treatment ArO, 2, and 4 months of
exposure, ICIPE 47 also caused 100% mortality at 7 days post inoculation. However;
at 6 months post exposure, mortality by isolate ICIPE 47 decreased across the various

dosages. and ranged from 60 to 80% at 7 days post treatment. Pirimiphos-methyl

treated
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grains achieved 100% mortality at 7 days post treatment after exposure for 0 and 2
months. Mortality however, decreased to 60 and 0% at 4 and 6 months of exposure,
respectively.
Table 4. Persistence of the two most virulent isolates (ICIPE 45 and 47) of M.
anisopliae and Pirimiphos-methyl in terms of mortality on adult S. zeamais after
different months of storage
Treatment

ICIPE 45

0.1
0.5
1.0

ICIPE47

0.1
0.5
1.0

Pvmethyl

10 ppm
Untreated

Control

% mortality (± S.E.) alter different months of storage
0
2
4

Raies (g) per
50 g of maize
100.0
100.0
100.0
100.0
100.0
100.0
100.0
0.0 ±

± O.Oa
± O.Oa
± O.Oa
± O.Oa
± O.Oa
± O.Oa
± O.Oa
O.Ob

100.0
100.0
100.0
100.0
100.0
100.0
100.0
0.0 ±

± O.Oa
±O.Qa
± O.Oa
± O.Oa
± O.Oa
± O.Oa
± O.Oa
O.Ob

100.0 ± O.Oa
100.0 ± O.Oa
100.0 ± O.Oa
100.0 ± O.Oa
100.0 ± O.Oa
100.0 ± O.Oa
60.1 ± O.Ob
0.0 ± O.Oc

6
100.0 ± O.Oa
100.0 ± O.Oa
100.0 ± O.Oa
60.4 ± 3.Oc
80.3 ± 5.2b
80.1 ± 2.4b
0.0 ± O.Od
0.0 ± O.Od

'Percentage mortality at 7 days post treatment. Means within a column followed by
the same letter are not significantly different by Student-Newman-Keul's test
(P=O.05).

DISCUSSION
The success of entomopathogenic fungi as biological control agents is largely
dependent on the use of the most virulent isolates (Soper and Ward, 1981). Therefore
screening and selection of the most virulent isolates of M anisopliae against S. zeamais
were the main objectives of this study. The result of the bioassay reported here indicates
that all· the isolates tested were pathogenic to S. zeamais .. However, not all isolates
achieved 100% mortality at 7 days post inoculation. Isolates ICIPE 45 and 47 consistently.
outperformed all other isolates with regard to mortality induced on adult beetles and in
emerging F) progeny. These isolates also provided control of S. zeamais, which is
comparable with or superior to, that achieved by Pirimiphos methyl. Metarhizium
anisopliae is an ubiquitous insect pathogen of worldwide distribution and have been
isolated from various insect species including beetles (Hall and Papierok, 1982). It is
therefore not surprising that it was able to cause high mortality in S. zeamais. Several
other authors have reported the potential of entomopathogenic fungi for the control of
storage insect pests. Beauveria bassiana (Bals.) Yuill. formulations registered as
Boverosil" and Boverol" gave good control of Sitophilus granarius (L.), Oryzaephilus
surinamensis (L.) and Tribolium castaneum Herb (Hluchy and Samsinakova, 1989;
Frydocva et al., 1989). Rodrigues and Pratissoli (1990) showed that B. brongniartii
(Sacc.) Petch. and M anisopliae were promising biological control agents of S. zeamais
and Acanthoscelides obtectus (Say), respectively. Adane et al (1996) and Moino et al.
(1998) have demonstrated the effectiveness of different isolates of B. bassiana for the
control of Sitophilus oryzae (L.), s. zeamias and Rhyzopertha dominica L. Various
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.;.::-Iates
of M anisopliae and B. bassiana were found to be pathogenic to Callosobruchus
<iculatus Fab., Plodia interpunctella (Hbn), and Ephestia kuehniella (Zeller) (Fenandes
" al., 1983; Bischoff and Reichmuth, 1997). The results of the study reported here
.z.erefore closely parallel those of previous authors and demonstrates the potential of
~":"'1gal
pathogens in the management of insect pests of stored products. The three dosage
: :' conidia used in this study is within the range of dosages widely applied in storage
:~ainst various pests of stored products (Fenandes et al., 1983; Rodriguez and Pratissoli,
: :'90; Adane et al., 1996).
Most studies on infectivity of fungal pathogens have shown that conidia of
::.wmopathogenic fungi applied on foliage have short persistence of about 2-4 days
'Jaoust and Pereira, 1986; Fargues et al., 1988; Inglis et al., 199~). Ultraviolet radiation
.: considered as the major factor limiting the persistence of conidia on plant foliage
\!oore and Prior, 1993). In this study however, dry conidia of M anisopliae isolates
: :IPE 45 and 47 applied on maize grain retained their infectivity for more than six
onths indicating that crop storage houses offer exceptional opportunity for the use of
~:omopathogenic fungi in the control of stored product pests. Because fungal propagules
::-e shaded from direct sunlight, loss of activity through UV degradation is reduced, hence
::e prolonged persistence.

=

This study has identified M anisopliae isolates ICIPE 45 and 47, that could be
.sed for the control of S. zeamais. The use of this pathogen againstthe maize weevil
•. ould be attractive for several reasons. Metarhizium anisopliae is easily amenable to
arge-scale spore production and therefore to commercialization ((Soper and Ward, 1981;
~esi, 1999). Inadditiori their production do not require high input technology and is thus
:'!asible in a low-capital input system (Prior, 1988). The conidia oiM. anisopliae also
zave long storage life and can be formulated and applied in a variety of ways (Moore and
?::or, 1993). Finally because resistant populations of S. zeamais is on the increase, the use
.: ,\{ anisopliae will provide a novel alternative to the use of chemical insecticides for
::e management of the weevil. Further studies are however required on appropriate
:':rmulation of the fungus and establishment of standard rates and techniques of
!::;-lication.
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