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Abstract
The susceptibility of the maize weevil, Sitophilus zeamais Motsch., and the bean 
beetle, Callsobruchus chinensis L., to ten isolates of Beauveria bassiana (Balsamo) 
Vuillemin was studied in the laboratory. Adult insects were exposed to spore 
suspensions of B. bassiana isolates at a concentration of 1X108 conidia ml'1. Controls 
were sprayed with 0.01 % Tween 80 in distilled water. All isolates tested were 
capable of infecting both test insects but their virulence, determined by adult 
mortalities and median lethal time (MLT), varied. A total of five (189-481, 190-520, 
189-477,190-533 and 190-907) most virulent (MLT = 2.8-4.2 days), three (192-736, 
193-906, and I92-761A) intermediate (MLT = 4.2-6.03 days) and two (193-868 and 
193-870) weakly (MLT >7.5  days) virulent isolates were identified against 5. 
zeamais. On the other hand, based on four days cumulative mortality data, five (190- 
520, 190-533, 192-736,194-907 and 189-477) virulent (MLT = 1.9-2.4 days); three 
(189-481, 192-761A and 193-906) intermediate (MLT =  1.3-2.5 days) and two (193- 
870 and 193-868) weakly virulent (MLT = 3.1-3.5 days) isolates were identified on 
C. chinensis. The study considered B. bassiana as a potentially valuable 
mycopathogen for the microbial control of storage pests.

Introduction
The maize weevil, Sitophilus zearnais 
Motschulsky (Coleoptera: Curculionidae), and 
the bean beetle Callosobruchus chinensis (L.) 
(Coleoptera: Bruchidae), are destructive pests 
inflicting heavy damage and losses to cereals 
(maize, sorghum, wheat and barley) and pulse 
(beans and peas) crops, respectively, (Hill 
1983, Dobie et al. 1984). Significant reduction 
in the viability of the grain is also a common 
effect of infestation by storage pests (Okiwelu 
et al. 1987). There is a considerable scope for 
better use of conventional pesticides to control 
storage pests. However, because of problems 
associated with chemical control such as 
environmental pollution, hazard to the users, 
resistance development and pest resurgence,

in recent years research is focused on the use of 
alternative methods of control (Morallo-Rejesus 
1987, Dick 1988). Recent developments in 
microbial control of insect pests indicated that 
entomopathogenic fungi show promise for insect 
control in a variety of environments and some 
are used commercially. Species of Beauveria 
and Metarhizium are well studied in this context 
(Ferron 1978, Burges 1981, Hall & Papierok 
1982, Federici 1990). In the past few years, the 
entomopathogenic fiingus Beauveria bassiana 
(Balsamo) Vuillemin has been extensively 
studied and used for the control of many 
important insect pests on various crops. Some of 
the tested target pests included Colorado potato 
beetle, Leptinotarsa decemlineata (Say),
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(Gillespie & Norman 1989); banana weevil, 
Cosmopolites sordidus Germar, (Busoli et al. 
1989); African bollworm, Heliocovarpa 
armigera (Gopalakrishnan & Narayanan 1990); 
sweet potato weevil, Cylas formicarius (Khader 
et al. 1990); diamondback moth, Plutella 
xylostella (L.) (Ibrahim & Low 1993, 
Williamson-Mora 1993). However, the 
possibilities for microbial control of storage 
pests have been accorded little attention. Khan 
and Selman (1984, 1987, 1988) examined the 
effect of Nosema whitei alone or in combination 
with insecticides on Tribolium castaneum. 
Frydocva et al. (1989) also studied the 
susceptibility of Sitophilus granarius, 
Oryzaephilus surinamensis and Tribolium 
confusum to the two Czech Bio-preparations of 
Beauveria bassiana, viz. Boverol and Boverosil 
and found them effective. Rodrigues and 
Pratissoli (1990) worked with Metarhizium 
anisopliae (Mots.) and Beauveria brongniartii 
(Sacc.) against S. zeamais and Acanthoscelides 
obtectus and produced promising results which 
are likely to be an important consideration in 
storage pest management. Several studies 
investigated the effect of Beauveria bassiana on 
Coleoptera but few of them have dealt with 
Sitophilus zeamais and Callosobruchus 
chinensis.

The objective of the present study was to 
investigate the virulence of ten isolates of B. 
bassiana against S. zeamais and C. chinensis in 
the laboratory.

Materials and Methods
Sources and Rearing of Test Insects
The initial stock culture of S. zeamais and C. 
chinensis was obtained from Imperial College 
insectary and maintained at 30 °C and 70% 
relative humidity. Maize and bean seeds were 
cleaned and disinfected by storing at -20°C for 
four days. Cultures were set up by dispensing 
500 g of the medium (maize and beans) in glass 
jar (2.5 1 capacity) and in plastic box (2 1 
capacity) for S. zeamais and C. chinensis, 
respectively. Each medium was then infested 
with 300 unsexed adult S. zeamais and C. 
chinensis. The inside top 5 cm (plastic box) and 
10 cm (glass jars) was coated with thin film of

fluorocarbon resin, ‘fluon’, to prevent the 
insect climbing out. A total of four cultures 
was set out for each pest and incubated for 15 
days at 30°C and 70% relative humidity. On 
the 15th day the original adults were removed 
by sieving and the seeds were kept for about 
two months for collection of new progeny. 
Once new progeny started to emerge, each 
culture was checked daily to collect the progeny 
which were kept in separate jars, according to 
their age group, until required.

Source of B. bassiana isolates
All ten isolates of B. bassiana were obtained 
from the International Institute of Biological 
Control (IIBC) and each isolate has different 
host and origin. The isolates were cultured at 
25°C and maintained at 4°C on Sabouraud 
Dextrose Agar (SDA).

Preparation of conidial suspension
Cultures of all ten isolates were grown on SDA, 
pH of 6.8, at 25°C. A 7 day-old culture of each 
isolate was suspended in Tween 80 (0.01 % v/v 
aqueous solution) in distilled water, vortexed 
and ultrasonicated for approximately 3 min, to 
break up the conidial balls (confirmed by 
microscopic examination). The suspension was 
then filtered through a 75/im sieve to remove 
debris and hyphal fragments. Number of conidia 
were estimated with a haemocytometer and 
adjusted to 1X108 conidia m l1. The suspension 
was then stored at 4°C for 3-4 days before use. 
Viability of the conidia was checked by 
germination test prior to the experiment and 
found to be > 90% for all isolates.

Virulence of isolates
Sitophilus zeamais and C. chinensis adults were 
collected from the culture and placed separately 
in a clear plastic box and mixed thoroughly to 
facilitate random selection of the insects. 
Thereafter, 44 and 33 petri-dishes containing 
filter paper (9 cm) were assembled separately 
for S. zeamais and C. chinensis, respectively. 
Twenty S. zeamais and ten C. chinensis (each 
1-3 days old) were placed in each petri dish. 
The treatments were assigned randomly to each 
petri dish for both pests. Using a perfume 
sprayer each replicate of S. zeamais was sprayed 
directly with 1 ml of conidial suspension
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Table 1. Mean corrected percentage cumulative mortality by day
and median lethal time of adult Sitophilus zeamais treated 
with various isolates of Beauveria bassiana in the laboratory 
(values are means of four replications).

Isolates
tested

Percent mortality 
(corrected)®

Median lethal 
time (days)

1B9-481 100.00 (89.36)a 2.80 d
I90-520 98.22 (85.66)a 3.32 d
I94-907 95.17 78.69 a 3.55 d
189-477 93.87 79.43 a 4.22 cd
I90-533 93.56 (79.17 a 3.41 d
I92-736 84.59 73.85)ab 4.19 cd
193-906 65.13 (54.30 ab 6.03 be
I92-761A 62.37 53.36 ab 5.86 be
I93-868 43.17 40.00) b 8.29 a
I93-870 37.16 (38.18) b 7.50 ab

S E (±) 10.69 (8.52) 0.46
CV(%) 27.50 (25.36) 18.71

®Values in parenthesis are angular transformed values of corrected cumulative mortality used 
for analysis; values followed by the same letter are not significantly different from each other 
at P<0.001 (Duncan's multiple range test [DMRT]).

Table 2. Mean corrected percentage cumulative mortality by day
4 and median lethal time o f adult C. chinensis treated 
with various isolates of Beauveria bassiana in the 
laboratory (values are means of three replications).

Isolates
tested

Percent mortality 
(corrected)®

Median lethal 
time (days)

190-520 100.00 (90.00)a 1.91bc
189-477 100.00 (90.00)a 1.97 abc
194-907 95.79 (83.06)ab 2.41abc
190-533 95.79 (83.06)ab 2.21abc
192-736 95.79 (83.06)ab 2.29 abc
189-481 86.09 (72.18)abc 2.45 abc
192-761A 74.77 (60.36)bcd 2.97 ab
193-906 62.15 (52.88)cd 1.32 c
193-868 46.26 (42.83) d 3.45 a
193-870 44.35 (41.67) d 3.13 ab

S E (± ) 6.89 ( 6.32) 0.31
CV(%) 14.92 (15.65) 22.48

® Values in parenthesis are angular transformed values of corrected cumulative mortality and 
on which the analysis was based; values followed by the same letters are not significantly 
different from each other at P<0.001 (DMRT).
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(Gillespie & Norman 1989); banana weevil, 
Cosmopolites sordidus Germar, (Busoli et al. 
1989); African bollworm, Heliocovarpa 
armigera (Gopalakrishnan & Narayanan 1990); 
sweet potato weevil, Cylas formicarius (Khader 
et al. 1990); diamondback moth, Plutella 
xylostella (L.) (Ibrahim & Low 1993, 
Williamson-Mora 1993). However, the 
possibilities for microbial control of storage 
pests have been accorded little attention. Khan 
and Selman (1984, 1987, 1988) examined the 
effect o f Nosema whitei alone or in combination 
with insecticides on Tribolium castaneum. 
Frydocva et al. (1989) also studied the 
susceptibility of Sitophilus granarius, 
Oryzaephilus surinamensis and Tribolium 
confusum to the two Czech Bio-preparations of 
Beauveria bassiana, viz. Boverol and Boverosil 
and found them effective. Rodrigues and 
Pratissoli (1990) worked with Metarhizium 
anisopliae (Mots.) and Beauveria brongniartii 
(Sacc.) against S. zeamais and Acanthoscelides 
obtectus and produced promising results which 
are likely to be an important consideration in 
storage pest management. Several studies 
investigated the effect of Beauveria bassiana on 
Coleoptera but few of them have dealt with 
Sitophilus zeamais and Callosobruchus 
chinensis.

The objective of the present study was to 
investigate the virulence of ten isolates of B. 
bassiana against S. zeamais and C. chinensis in 
the laboratory.

Materials and Methods
Sources and Rearing of Test Insects
The initial stock culture of S. zeamais and C. 
chinensis was obtained from Imperial College 
insectary and maintained at 30°C and 70% 
relative humidity. Maize and bean seeds were 
cleaned and disinfected by storing at -20°C for 
four days. Cultures were set up by dispensing 
500 g of the medium (maize and beans) in glass 
jar (2.5 1 capacity) and in plastic box (2 1 
capacity) for S. zeamais and C. chinensis, 
respectively. Each medium was then infested 
with 300 unsexed adult S. zeamais and C. 
chinensis. The inside top 5 cm (plastic box) and 
10 cm (glass jars) was coated with thin film of

fluorocarbon resin, ‘fluon’, to prevent the 
insect climbing out. A total of four cultures 
was set out for each pest and incubated for 15 
days at 30°C and 70% relative humidity. On 
the 15th day the original adults were removed 
by sieving and the seeds were kept for about 
two months for collection of new progeny. 
Once new progeny started to emerge, each 
culture was checked daily to collect the progeny 
which were kept in separate jars, according to 
their age group, until required.

Source of B. bassiana isolates
All ten isolates of B. bassiana were obtained 
from the International Institute of Biological 
Control (IIBC) and each isolate has different 
host and origin. The isolates were cultured at 
25 °C and maintained at 4°C on Sabouraud 
Dextrose Agar (SDA).

Preparation of conidial suspension
Cultures of all ten isolates were grown on SDA, 
pH of 6.8, at 25°C. A 7 day-old culture of each 
isolate was suspended in Tween 80 (0.01 % v/v 
aqueous solution) in distilled water, vortexed 
and ultrasonicated for approximately 3 min, to 
break up the conidial balls (confirmed by 
microscopic examination). The suspension was 
then filtered through a 75^m sieve to remove 
debris and hyphal fragments. Number of conidia 
were estimated with a haemocytometer and 
adjusted to IX108 conidia ml'1. The suspension 
was then stored at 4°C for 3-4 days before use. 
Viability of the conidia was checked by 
germination test prior to the experiment and 
found to be > 90% for all isolates.

Virulence of isolates
Sitophilus zeamais and C. chinensis adults were 
collected from the culture and placed separately 
in a clear plastic box and mixed thoroughly to 
facilitate random selection of the iasects. 
Thereafter, 44 and 33 petri-dishes containing 
filter paper (9 cm) were assembled separately 
for S. zeamais and C. chinensis, respectively. 
Twenty S. zeamais and ten C. chinensis (each 
1-3 days old) were placed in each petri dish. 
The treatments were assigned randomly to each 
petri dish for both pests. Using a perfume 
sprayer each replicate of S. zeamais was sprayed 
directly with 1 ml of conidial suspension
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Table 1. Mean corrected percentage cumulative mortality by day
and median lethal time of adult Sitophilus zeamais treated 
with various isolates of Beauveria bassiana in the laboratory 
(values are means of four replications).

Isolates Percent mortality Median lethal
tested (corrected)® time (days)

189-481 100.00 (89.36)a 2.80 d
190-520 98.22 (85.66)a 3.32 d
194-907 95.17 78.69 a 3.55 d
189-477 93.87 79.43 a 4.22 cd
190-533 93.56 79.17 a 3.41 d
I92-736 84.59 73.85 ab 4.19 cd
193-906 65.13 54.30 ab 6.03 be
I92-761A 62.37 53.36 ab 5.86 be
I93-868 43.17 40.00 b 8.29 a
I93-870 37.16 (38.18) b 7.50 ab

S E i± ) 10.69 (8.52) 0.46
CV(%) 27.50 (25.36) 18.71

® Values in parenthesis are angular transformed values of corrected cumulative mortality used 
for analysis; values followed by the same letter are not significantly different from each other 
at P<0. 001 (Duncan's multiple range test [DMRT]).

Table 2. Mean corrected percentage cumulative mortality by day
4 and median lethal time of adult C. chinensis treated 
with various isolates of Beauveria bassiana in the 
laboratory (values are means of three replications).

Isolates
tested

Percent mortality 
(corrected)®

Median lethal 
time (days)

190-520 100.00 (90.00)a 1.91bc
189-477 100.00 (90.00)a 1.97abc
194-907 95.79 (83.06)ab 2.41abc
190-533 95.79 (83.06)ab 2.21abc
192-736 95.79 (83.06)ab 2.29 abc
189-481 86.09 (72.18)abc 2.45 abc
192-761A 74.77 (60.36)bcd 2.97 ab
193-906 62.15 (52.88)cd 1.32 c
193-868 46.26 (42.83) d 3.45 a
193-870 44.35 (41.67) d 3.13 ab

S E ( ± ) 6.89 ( 6.32) 0.31
C V(% ) 14.92 (15.65) 22.48

® Values in parenthesis are angular transformed values of corrected cumulative mortality and 
on which the analysis was based; values followed by the same letters are not significantly 
different from each other at P<0.001 (DMRT).
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containing 1X10* conidia ml'1 in 0.01% Tween 
80 in distilled water. Similarly, C. chinensis was 
sprayed with 0.5 ml of the same concentration. 
Controls were sprayed with 0.01 % Tween 80 in 
distilled water alone. Each treated replicate of 
the test insects was then kept in its petri dish for 
24 hr without food to avoid possible physical 
loss of conidia caused by the insects crawling 
between grains. After spraying, each petri dish 
was tightly sealed to prevent insects from 
escaping and placed in room conditions of 27°C 
and 70% relative humidity. After 24 hr the test 
insects from each replicate were transferred into 
clean plastic cups (250 ml capacity) containing 
20 and 10 undamaged maize and bean seeds, 
respectively, and each cup was sealed by 
muslin cloth and perforated lid. All test 
replicates were maintained at 27°C and 70% 
relative humidity.

At 24 hr intervals, dead insects were removed 
from their replicates and placed on damp filter 
paper to determine how many produced 
sporulating hyphae. Data for cumulative 
percentage mortality were corrected for the 
corresponding level of control mortality (Abbott 
1925) and subjected to angular transformation 
for analysis. Analysis was made using two-way 
analysis of variance and means were separated 
by Duncan’s multiple range test using RANGE 
procedure in MSTAT-C programme (Michigan 
State University 1985). Data for cumulative 
daily mortality were uSed to estimate the median 
lethal time using MELTIMOR programme (R.P. 
Bateman personal communication).

Results and Discussion
All isolates tested were able to infect both S. 
zearnais and C. chinensis, confirming their 
pathogenicity. Percentage cumulative mortality 
and the resulting median lethal time of each 
isolate against adult S. zearnais and C. 
chinensis are presented (Tables 1 & 2). Under 
the specific condition of the present work, there 
were highly significant differences (P <  0.001) 
among isolates with respect to mortality of both 
test insects. Among the tested isolates, those 
derived from Hylobious abietis,193-870 and 193- 
868 (both temperate climate isolates), caused the 
lowest mortalities of S. zearnais, possibly

because the bioassay temperature of 27°C was 
too high for their optimal activity. These two 
isolates did not differ significantly from each 
other but they were significantly different from 
the most virulent isolates (189-481, 190-520, 
189-477, 190-533, and 194-907) which showed 
mortalities in the range of 93 to 100% within 
the test period. There were no significant 
differences between these highly virulent 
isolates. The isolates 192-736, 193-906 and 192- 
761A showed intermediate virulence with 84.6, 
65.1 and 62.4% mortality of S. zearnais, in that 
order.

Unlike S. zearnais, C. chinensis is a short-lived 
insect, usually not exceeding three weeks and 
adults do not feed on the grain. Assessment on 
adult mortality was carried out for eight days 
but for this study the analysis was done based 
on the four days mortality data. Similarly, on C. 
chinensis, the isolates 193-868 and 193-870 
caused the lowest mortality (42 and 43%, 
respectively) and they were significantly 
different from the most virulent isolates (190- 
520, 189-477, 194-907, 190-533.and 192-736) 
which showed mortalities ranging from 96 to 
100% within four days. There were no 
significant differences among these highly 
virulent isolates. Three isolates (193-906, 192- 
761A and 189-481) showed intermediate 
virulence with 62.2, 74.8 and 86.1 % mortality.

The time at which the treated insect died of 
infection by B. bassiana varied considerably 
among the tested isolates. On S. zearnais, the 
earliest death occurred on day 3 with isolates 
189-481, 190-520, and 190-533, 194-907 (Fig. 
la); however, 189-481 caused 68% mortality at 
this stage. One of the most virulent isolates, 
189-477, caused 53% mortality at the fourth day 
and by the seventh day mortality in all highly 
virulent isolates ranged from 92 to 100%. With 
the intermediate and less virulent isolates the 
first mortality was recorded at day 4 and 71% 
mortality was recorded with isolate 192-736 
(Fig. lb). Isolates 193-868, 193-870, 193-906 
and I92-761A caused 3 to 10% mortality at this 
stage.

Unlike S. zearnais, the earliest death in C. 
chinensis commenced after 24 hr of inoculation
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and by this time 17 to 27% mortality was 
recorded in all isolates (Fig. 2a,b). On the third 
day mortality for the most virulent isolates 
reached 61-79% (Fig. 2a). As the experiment 
progressed, cumulative mortality increased for 
all isolates capable of infecting S. zeamais and 
C. chinensis. Death increased more rapidly with 
more virulent isolates (Fig. la  & 2a) while it 
was slower for the less virulent isolates (Fig. 
lb  & 2b).

Highly significant (P <  0.001) differences in 
median lethal time were recorded for the 
different isolates in both test insects. For S. 
zeamais, the lowest time (2.8-3.55 days) was 
recorded for isolates 189-481,190-520,194-907, 
and 190-533 with no significant differences 
among these four isolates although they were 
significantly different from 192-761 A, 190-906, 
193-870, 193-868 which showed median lethal 
time in the range of 5.86-8.29 days. Two 
further isolates (189-477 and 192-736) showed a 
median lethal time of 4 .2 days (Table 1). For 
C. chinensis the lowest median lethal time (1.32 
days) was recorded with isolate 193-906; six 
further isolates showed a median lethal time 
ranging from 2 to 2.41 days while with the 
other three isolates (192-761A, 193-870 and 193- 
868) the median lethal time ranged from 3 to 
3.45 days (Table 2). The median lethal time for 
C. chinensis was lower than from that of S. 
zeamais, indicating the increased susceptibility 
of the species to all B. bassiana isolates.

Observations showed a decrease in the activity 
of infected adults of S. zeamais from 
approximately 3 days after inoculation. In 
contrast to the controls, the treated insects 
showed uncoordinated movement, often 
appearing to stagger and sometimes 
unresponsive to external stimuli. Moribund 
insects do not feed actively on the grain. It was 
not possible to observe these events on C. 
chinensis as the beetles started to die a day after 
inoculation. External white mycelial growth 
from all cadavers was generally evident within 
24-48 hr of death. The exact length of time was 
strain and insect dependent: for S. zeamais that 
were infected with isolates 193-868 and 193-906, 
the mycelia started to appear after 48 hr and

were not prolific in growth. On the other hand, 
S. zeamais that were infected with the other 
isolates showed mycelial growth after 24 hr; 
these grew very fast, covering most part of the 
cadavers in 3 days. In contrast, on C. chinensis, 
external white mycelial growth was first 
observed 24 hr after death for all isolates and 
was prolific with isolates 192-736,189-481,190- 
520 and 190-533. Characteristic white 
sporulation covering the insect body was first 
observed 3 days after development of external 
mycelia, becoming intensive at day four both on 
S. zeamais and C. chinensis.

In general, the study demonstrated the potential 
for mycopathogen use to control storage pests. 
A range of nonspecific isolates of B. bassiana 
showed pathogenicity against S. zeamais and C. 
chinensis-, however, their virulence varied 
greatly. Isolates 189-481,190-520,189-477,190- 
533, and 194-907 were most virulent to S. 
zeamais. Isolates 193-868 and 193-870 were least 
virulent. Isolates, 192-736, 193-906, and 192- 
761A were intermediate in their virulence to S. 
zeamais. On the other hand, based on the 4 days 
cumulative mortality data, five (190-520, 190- 
533, 192-736, 194-907 and 189-477) virulent, 
three (189-481, 192-761A and 193-906)
intermediate, and two (193-870 and 193-868) 
least virulent isolates were identified against C. 
chinensis.

There are many factors that influence the 
pathogenicity of B. bassiana isolates to a given 
insect species. Some of these include the 
production and activity of cuticle-degrading 
enzymes (lipolytic, proteolytic, and chitinolytic 
activity), the speed of induction of cuticle- 
degrading enzymes and production of toxins 
(Chamley 1982). High or low level of cuticle- 
degrading enzyme and toxins may increase or 
decrease the virulence of a given strain. In this 
study one difference we observed was that the 
colour of the fungal colony viewed through the 
SDA varied from lemon yellow (190-520, 190- 
533 and 190-481) to yellowish (all other 
isolates). Different colouration is believed to be 
correlated with the production of different levels 
of toxins (Roberts 1981). In this study, the 
intensely pigmented isolates were more
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pathogenic to both S. zeamais and C. chinensis. 
However, it is not clear that the differences in 
pathogenicity were related to toxin production 
and it needs further investigation.

All ten isolates examined, none of which had 
been obtained from S. zeamais and C. chinensis, 
were found to be pathogenic. More virulent 
isolates may be found from systematic 
searching, including isolates specific to various 
storage pests. With the present condition of this 
study, however, microbial control of C. 
chinensis should not be targeted only at the 
adults as they have high rate of mortality and 
short survival. The egg masses which are laid 
on the surface of the seed should also be 
considered as one of the targets for biological 
control using entomopathogens.

In conclusion, recent studies (Rodrigues & 
Pratissoli 1990) indicate that B. brongniartii and 
M. anisopliae have a potential as biological 
control agents for various storage pests. This 
study considered B. bassiana as a potentially 
valuable mycopathogen for the microbial control 
of S. zeamais and C. chinensis. Further 
necessary work includes obtaining a selection of 
more virulent isolates against a range of stored 
product pests, establishing standard assay

techniques for stored product pests, finding cost 
effective and easy ways for the mass production 
of B. bassiana and establishing standard rates 
and application techniques.

Although this is only preliminary work, the 
results are interesting. Non-specific isolates 
were shown to be effective, indicating the 
susceptibility of S. zeamais and C. chinensis to 
water formulated mycopathogens. However, 
under normal circumstances, grains in stores 
should be dry to avoid mould and other grain 
diseases. Development of mycoinsecticide for 
storage pests control should aim to kill the 
maximum number of target pests by direct 
contact, as is the case with other insecticides 
rather than to establish epizootics. The work of 
Ferron (1978) indicated that infection following 
topical application of deuteromycete conidia to 
some insects may proceed independently of 
ambient relative humidity. This indicated that 
epizootics in insect population are limited by the 
inhibiting effect of low relative humidity on 
sporulation than on infection. Thus, if conidia 
can be delivered to the target insect pests, they 
may infect even under ambient conditions too 
dry for their in situ production. Therefore, 
future work should investigate the use of dry 
formulations (granules) of B. bassiana against a 
range of storage pest complex.
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la. S. zeam ais

Isolates
----  Control
----  189-481
----  190-520
----  190-533
.....  194-907
----  189-477

Days after exposure

lb. S. zeamais
Isolates

Control
192-736
192-761A
193-906 
193-868 
193-870

Days after exposure

Figure 1. Percent cumulative mortality of adult S. zeamais following exposure to different 
B. bassiana isolates, (a) virulent and (b) intermediate and least virulent isolates.
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2 a. C. chinensis
Isolates

----  Control
----  190-520
...... 189-477
----- 194-907
----  190-533
----- 192-736

Days after exposure

2b. C. chinensis

Iso la tes

—  C o n tro l

—  189-481
..... 192-761A
—  193-906
—  193-868
—  193-870

Days a f te r  exposure

Figure 2. Percent cumulative mortality of adult C. chinensis following exposure to different 
B. bassiana isolates, (a) Virulent and (b) intermediate and least virulent isolates.
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