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ABSTRACT: The pathogenicity of ten fungal isolates of Beauveria bassiana and Metarhizium anisopliae 
to second, third, fourth, fifth and sixth instar Chilo partellus larvae was studied. A single concentration 
(JxlOS conidial ml) of each isolate was assayed against second instar larvae. Of the ten isolates tested, B. 
bassiana (BB-Ol) and M. anisophae (PPRC-4, PPRc-19, PPRc-61, EE-Ol) were the most pathogenic indUCing 93 
to 100% mortality. A single concentration of the five pathogenic isolates was furl;her tested against 
third, fourth, fifth and sixth instar larvae. Second and sixth instar larvae were the most susceptible 
stages to the pathogenic isolates suffering 97% and 98% mortality, respectively. The LTso values were 
low for second instar (2 days) and sixth (4.8 days) instar larvae. Multiple concentration assays (1.25x106, 

2.5xl07, 5xl07, and lx1()8 conidia I ml) were conducted against second instar larvae with three of the 
most pathogenic isolates (PPRC-4, BB-Ol, EE-Ol). The LC50 was l.44xl03, 1.53x1Q4, and 3.12xlQ4 for BB-01, 
PPRC-4 and EE-Ol, respectively. In a gJ!€enho{;.se trial, treatment of 3-week old maize seedlings with the 
virulent isolates considerably reduced stem tunneling and deadheart formation by C. partellus second 
instar larvae. The isolates, PPRC-4, ppRc-19 and PPRc-61 seemed to be the best candidates for further 
development and testing under field conditions. 

Key words/phrases: Beauveria bassiana, biological control, Chilo partellus, entomopathogenk 
fungi, Metarhizium anisopliae 

INTRODUCTION 

In preliminary studies, Tefera and Pringle (2003 a 
& b) reported the pathogenicity of Beauveria 
bassiana (Balsamo) Vuillemin and Metarhizium 
anisopliae (Metschnikoff) Sorokin against second 
instar C. partellus at different temperature. and 
exposure methods. An important consideration in 
developing the use of entomopathogenic fungi as 
mycoinsecticides is the selection of effective 
isolates (Ekesi et al., 2002). The pathogenicity of M. 
anisopliae and B. bassiana was affected by host age 
(Butt and Goettel, 2000). C. parfel/us has six larval 
instars (Kfu, 1988). However, the effects of M. 
anisopliae . and B. bassiana against these 
developmental stages have not been studied. Thus, 
the goals of the present study were first to 
determine the mortality of second, third, fourth, 
fifth and sixth inStar larvae of C. partellus treated 
with a range of isolates of B. bassiana and M. 
anisopliae; second to quantify the concentration-

mortality response of the three most pathogenic 
isolates against second instar larvae; and third to 
evaluate B. bassiana and M. anisopliae using 
artificially infested maize plant in greenhouse. 

MATERIALS AND METHODS 

Laboratory experiment 

Insects 

A labo~atory colony of C. partellus larvae reared on 
an artificial diet was used. In order to cQndition the 
larvae to natural diet, they were allowed to feed on 
4-week old maize leaves for 2 days beforp. 
ap'plication of the fungi. 

Fungi 

Four B. bassiana and six M. anisopliae isolates 
were used (Table 1). Most of the isolates were 
isolated between 1995 and 2001. 
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Table 1. H.ost and country of origin of Beauveria bassiana and Metarhizium anisopliae isolates used in bioassays 
agamst C. partellus. 

Fungal species~ 
B. bassiana 

Isolate 
BB-01 
BCPOl 
POCH-Ol 
POCH-02 
PPRC-4 
ppr<C-19 
PPRC-61 
EE-01 
MA~Ol 

MA-02 

Origin Host 
Ethiopia 
South Africa 
Sou th Africa 
South Africa 
Ethiopia 
Ethiopia 
Ethiopia 
Ethiopia 
Ethiopia 
Ethiopia 

Heliothis armigera (Lepidoptera: Nnctuidae) 
Unknown (commercial product) 

M. anisopliae 

Chilo partel/us (Lepidoptera: Crambidae) 
Busseola fusca (Lepidoptera: Noctuidae) 
Pachnoda interrllpta (Coleoptera: Scarabaeida~) 
p, interrupta (Coleoptera: Scarabaeidae) 
P. interrupta (Coleoptera: Scarabaeidae) 
Unidenlified Crustacea (Isopoda?) 
Heliothis armigera (Lepidoptera: Noctuidae) 
Unknown 

Conidia preparation 

Conidia were obtained from 3 week old 
sporulating cultures at 25°C on Sabouraud 
Dextrose Agar (SDA). The conidia were harvested 
by scrapping the surfac'e of the culture with a 
sterile camel hair-brush into a 500 ml glass beaker 
containing 50 ml sterile distilled water with Tween 
80 (0.1 % v Iv) (Difco™), The conidial suspension 
was prepared by mixing the solution with a 
magnetic stirrer for five minutes. It was then 
adjusted to the desired concentration using an 
improved heamocytometer. The conidia 
germination rate was over 90, 

Bioassay 

Single concentration assays 

Twenty second instar C. partellus larvae were 
placed in a sterile Petri dish 9 cm in diameter. The 
larvae were then treated with one of the fungal 
suspensions at 1x 108 conidia I ml using a Potter's 
precision laboratory spray tower. Three ml of each 
fungal isolate was used. Initially, ten fungal 
isolates (Table 2) were tested against second instal' 
larvae. From the results of this assay .... five 
pathogenic isolates (B13-01, PPRC-4, PPRC-19, pPRc-61 

and EE~·Ol) were selected for further assays. The 
selected isolates were tested against twenty, third, 
fourth, fifth and sixth instar larvae following the 
same procedure as described above for the second 
instar larvae. Twenty larvae of each instar treated 
with distilled water containing Tween 80 (0.1% 
v Iv) served as controls. First instal' larvae were not 
included due to high mortality encountered. 

Petri dishes containing treated and control 
insects were sealed with masking tape and 
incubated at 25"C. All treabnents and their controls 
were replicated four times with 20 larvae per 
replicate. They were arranged· in a completely 
randomized design. The treated insects and 
controls were provided with maize leaves daily 

after frass and leaf debris had been ·remove(.. 
Mortality was recorded daily. Dead insects were 
removed and placed in Petri dishes lined with 
moist filter paper. Fungal infection was confirmed 
after observing mycosed cadavers under stereo
microscope. 

Statistic.al analysis 

Mortality data were corrected for control 
mortality (Abbott, 1925). The data were then 
angular-transformed in order to stabilize the 
variances. Mortality data for second ins tar larvae 
Were subjected to a one-way analysis of variance. 
Student-Newman-Keuls t?:~t was used to separate 
the means. A factorial analysis with five fungal 
isolates (PPRc-4, PPRC-19, pPRc-61, EE-Ol & B13-01) 

and four larval instars (third, fourth, fifth & sixth) 
as main effects was performed on the angular 
transformed mortality data. Student-Newman
KeuIs test was used to separate the means. The LT50 

(lethal time required to kill 50'% of the treated 
insect population) was determined using probit 
analysis (fllrone et al., 1995). A factorial analvsis 
with the five fungal isolates and four larval instars 
as main effects was performed for LTso data. 
Student-Newman-Keuls test was used to separate 
the means. 

Multiple concentration assays 

An experiment was conducted to determine the 
concentration-mortality response of some of the 
most pathogenic isolates, B6-01, PPRC-4 and EE-01. 

Concentration,> of 1.25xl06, 2.5xl07, 5xl07, and 
lxI08 conidia ml-1 were applied to second instar 
larvae following the same procedure as described 
above for single concentration assays. Twenty 
larvae were used for each concentration of each 
isolate and the control, which was treated with 
distilled water~containing Tween 80 (0.1 % v Iv). 

Petri dishes containing treated and control 
insects were sealed with masking tape and 



incubated at 25°C. All treatments and their controls 
were replicated four times with 20 larvae per 
replication. They were arranged ill a completely 
randomized design. The treated insects and 
controls were provided with maize leaves daily 
after frass and leaf debris had been removed. 
Mortality was recorded daily. Dead insects were· 
removed anC: placed in Petri dishes lined with 
moist filter paper. Fungal infec;tion was confirmed 
after observing mycosed cadavers under stereo
microscope. 

Statistical analysis 

The LCso (lethal concentration of conidia required 
to kill 50% of the treated insect population) was 
determined using probit analysis with the POLO-PC 
(LeOra software, Berkeley, CA, USA). 

Greenhouse experiment 

Seeds of the C. partellus susceptible maize variety 
'Katumani' were used .. Two seeds were planted in 
plastic pots (16 cm by 30 cm) filled with 
approximately 5 kg of topsoil. The pots containing 
the seedlings were kept on greenhouse benches at 
a photoperiod of 12 h : 12 h light and dark. No 
fertilizprs were added. 'The plants were watered as 
needed. Three weeks after plant emergence, the 
seedhngs were thinned to one plant per pot and 
infested with 20 second instar larvae per plant. 
Twenty-four hours after infestation, a 5 ml conidia 
suspension (2xl0B conidial ml) of each isolate was 
applied to the leaf whorl of each seedling using a 
hand sprayer (MATABI 1.5 L). There were six 
treatments consisting of five fungal isolates and a 
control. The fungal isolates were PPRC-4, PPRC-19, 
pPRc-61, EE-Ol and BE-Ol. The control was infested 
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with the larvae uut untreated with the fungal 
isolates. The pots containing the seedlings were 
arranged in a randomized complete blot;:k design 
with sevpn replicates per treatment. The plants 
were sprayed only once. Temperature and 
humidity in the greenhouse were measured using 
a thermo-hygrograph. Tunnel length, plants with 
dead heart and number of'larva and pupae, were 
recorded 6 weeks after plants were treated. After 
dissecting tl).e stems with a knife tunnel length 
(em) was measured, and the number of larvae and 
pupae pei plant were recorded. 

Statistical analysis 

Tunnel length was expressed as proportion of 
stem height, and dead heart as percentage of a total 
sample. Percent reduction in tunnel length, dead 
heart and number of larvae and pupae were 
expressed as a percentage of control. Percent dead 
heart and percent tunnel length Were angular
transformed (arcsine~ proportion) in order to 

stabilize the variances. Number of larvae and 
pupae per plant were Iogl(r-transformed. Student
Newman-Keuis Test was used. 

RESULTS 

Laboratory experiment 

Single concentration assays 
I 

B. bassiana (BB-01) and M. anisopliae (PPRC-4, PPRC-
19, pPRC-61 & EE-01) induced the highest mortality 
(93 to 100%) (Table 2). The LTso values for BE-01, 
PPRC-4, PPRc-19, pPRc-61 and EE-Ol were also 
shorter (1.7 to 2.6) than for the other isolates. 

Table 2. Percent corrected mortality after 7 days and lethal time for 50 ')-,;, mortality (LTso) of second instar Chilo 
partellus larvae treated with isolates of Beauveria bassiana and Metarhizium anisopliae at the rate of lxl08 

conidia/ml. The chi-square (Xl) and p-values indicate the goodness of fit of the regression model. 

Isolate %mortality ± SF LTso± SE- (days) Intercept ± SE Slope ± SE X2 P-
(after 7 days) value 

PPRC-4 100 ± O.OOc 1.70 ± 0.20 a -1.04 ± 0.33 4.75 ± 1.04 3.93 0.25 
BB-Ol 98.3 ± 1.67 c 1.99 ± 0.20 a -0.83 ± 0.32 2.94 ± 0.71 9.99 0.01 
PPRC-19 98.3 ± 1.67 c 2.31 ± 0.64 a -1.07 ± 0.34 2.95 ± 0.66 6.82 0.11 
PPRC-61 96.7± 3.33 c 2.03 ± 0.17 a -0.52 ± 0.29 1.77 ± 0.50 15.2 0.33 
EE-01 93.3 ± 6.67 c 2.61± 0.44 a -1.26 ± 0.371 3.02 ± 0.73 12.4 0.56 
MA-02 50.4 ± 15.3 b 10.23 ± 3.33 b -2.34 ± 0.64 0.64 ± 2.42 6.41 0.30 
POCH-01 23.3 ± 9.83 a -** 
BCP-01 12.5 ± 5.81 a 
POCH-02 15.4 ± 2.57 a 
MA-01 13.3 ± 9.43 a 

*Mean ± SE followed by the same letter with in a column are not significant at p > 0.05 using Student-NeWman·Keuls Test. ** LTso was 
not determined when mortality was less than 50%. 








