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Abstract The present study included treatments of stored wheat grains with four
types of dusts alone or in combination with conidia of the entomopathogenic fungus
Metarhizium anisopliae. A ratio of 1:4 (w/w of the fungus conidia to the dust
carrier, respectively), and a rate of application of 2.0% (w/w of the dust carrier
alone or the dust carrier + fungus conidia to wheat grains) were used during the
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treatments. Results obtained have shown that the treatments with combination of
charcoal + fungal conidia, oven ash + fungal conidia, and chalk powder + fungal
conidia caused significant higher percentage of Tribolium castaneum-adult
mortality (73.3, 53.3, and 60.0%, respectively) compared to treatments with
charcoal, oven ash, and chalk powder alone (13.3, 26.7, and 13.3% respectively).
Significant reduction in the percentage of insect infestation rate on wheat grains
was also obtained when treatments with the above-mentioned combinations were
compared with the dust treatment alone. The least significant percent of infestation
rate was thus obtained with oven ash + fungal conidia (0.5%) followed by charcoal
+ fungal conidia (1.2%) then, chalk powder + fungal conidia (2.0%). Moreover,
significant longer durations of T. castaneum life-cycle were obtained after treatment
with charcoal + fungal conidia (54.7 days) and chalk powder + fungal conidia (60.0
days) compared with treatments with charcoal and chalk powder alone (48.0 and
53.7 days, respectively). This demonstrates clearly the effect of treatment on
retardation of the insect development by > 6 days. Further experiments under a
wide range of temperature and relative humidity and on larger quantities of wheat
grains are recommended to be carried out before applying the effective
combinations of the fungus and dust carriers at a large scale for control of this
insect.
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1. Introduction

The red flour beetle, Tribolium castaneum (Herbst) is a small insect (3-4
mm long) with red color and chewing mouth parts. It is cosmopolitan and
considered one of the major stored-product insects of sound and processed
grains with high rate of movement among food patches[1,2] .Significant
losses were reported to be caused by this insect on grains and its by-
products throughout the world [1,3,4].

The most frequent control measure of this insect and other stored-product
insects is usually by fumigation of cereal-grain processing facilities with
methyl bromide[5-8] .Although of its effectiveness, methyl bromide is
considered by EPA (1993)[9] ozone-layer depleting substance and it is thus
subjected to be prohibited or substituted with other substances. Insecticidal
treatments with malathion [10,11] , deltamethrin [12], cyfluthrin [13-17],
bioresmethrin [18] , and chlorpyrifos-methyl [19] gave also good control of
red flour beetles and other stored-product insects. However, the resistance
to repeatedly applied insecticides and some fumigants such as phosphine
has developed, in addition to appearance of environmental and human
health concerns as a result of insecticide application [8,10,11,20-22]. Heat
treatment, controlled atmospheres, aeration and cooling technologies could
be offered as alternative control measures of stored grain insects including
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red flour beetles [23]. A combination of heat and diatomaceous earth dust
treatment, fore example, has demonstrated its effectiveness against the red
flour beetles [24,25].

Until present, limited number of published articles on biocontrol of stored-
grain insects using entomopathogenic fungi are available. Beauveria
bassiana, for example, has proven highly effective against the major stored-
grain insects: Sitophillus oryzae, Rhyzopertha dominica, and Tribolium
castaneum [26-30]. In contrast, Metarhizium anisopliae has been less
frequently reported for control of stored-grain insects although it has been
used effectively to control other insects especially termites [31], black field
crickets [32], grasshoppers and locusts [33], tobacco whitefly and red
spidermites [34]. Mixtures of M. anisopliae conidial suspensions with those
of B. bassiana have been reported to be used against S. oryzae on wheat
grains [30]. In our recently published research, various combinations of M.
anisopliae conidia with four types of dust carriers were used effectively
against S. oryzae infesting stored wheat grains [35]. The use of
diatomaceous earth (Insecto® and SilicoSec®) as an effective dust for
suppressing T. castaneum has been reported by Subramanyan et al., 1994[4]
and Athanassiou et al., 2003[36]. To the best of our knowledge, testing the
effectiveness of M. anisopliae alone or in combination with dust carriers
against T. castaneum on various types of stored-grains has not been
investigated. Therefore, the objective of the present study was: to assess the
treatment effect with four types of dust carriers (charcoal, oven ash, chalk
powder and wheat flour) alone or in combination with M. anisopliae on
adult mortality, infestation rate of wheat grains, and duration of life cycle of
T. castaneum.

2. Materials and methods

2.1. Insect rearing

T. castaneum was reared on dried healthy mature wheat grains (cv: Anbar)
under the insectary conditions (25+2°C, 75+5%R.H. and 16h of illumination
per day). The grains in the insect rearing were placed in plastic pots (15 cm
diameter and 20 cm deep). The pots were then covered with muslin or
cheese-cloth fastened by a rubber-band to prevent the escape of insects and
to ensure the proper ventilation. Newly emerged adult insects (males and
females) obtained from the culture were used in the experiments.

2.2. Types of experimental treatments

Five types of treatments with M. anisopliae (strain Meta 1) were applied in
the experiments, they were: fungal conidia + charcoal, fungal conidia +
oven ash, fungal conidia + chalk powder, fungal conidia + wheat flour, and
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fungal conidia only. In the first four treatments, a ratio of 1:4 (w/w of fungal
conidia to dust carrier, respectively) was used. Moreover, additional four
types of treatments using the above-mentioned dust carriers alone were also
used in the experiments as control treatments for comparing their treatment
effects with and without fungal conidia. The dust carrier, oven ash, used in
the experiments was obtained from the completely burned papers.

To prepare the ingredients of the above-mentioned fungus treatment, a
thorough mixing of the dry fungal conidia harvested from 14-day old culture
of the fungus grown on oatmeal agar medium plates with each dust carrier.
Such mixing is necessary to ensure the homogeneous distribution of the
conidia in each treatment mixture. The concentration of the fungal conidia
after introduction into the homogenized mixtures was 6.5x10° conidia/gram
of the mixture. This concentration was measured in the suspension resulted
from suspending and homogenizing 1 gram of the mixture in 50 ml of sterile
distilled water.

The treatment with the fungal conidia only was done by applying directly
the dry pure form of the conidia. The same quantity of fungal conidia was
used in this treatment as that used in the fungal-dust mixtures.

2.3. Technique of fungal treatment and insect infestation

The application of fungal treatments was accomplished by adding then
mixing 0.2 gram of each one of the treatment mixtures described in section
2.2 per each replicate. Thus, 0.2 gram which contains 1.3x10° conidia
(original concentration=6.5x10°® conidia/gram of the mixture) was added
and then mixed with 200 wheat grains (average weight=10.0 grams). The
application rate was therefore 2.0% (w/w of the fungal treatment to wheat
grains). The same application rate was used during application of the control
treatments or dust carriers alone. The preventive effect of the above-
mentioned treatments was bioassessed by infesting wheat grains in each
replicate with T. castaneum immediately after application of each treatment.
This infestation was carried out by transferring the newly emerged adult
insect (males and females) obtained from insect-pupae reared in the culture
into each replicate using a small smooth brush. Each replicate was consisted
of 200 healthy dried mature wheat grains (average weight=10.0 grams; cv:
Anbar) placed in plastic can (9.5 cm diameter and 5 cm deep). Each can was
covered after the treatment with muslin or cheese-cloth fastened by a
rubber-band to prevent the escape of the transferred insects and to permit
the proper ventilation.
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2.4. Assessment of fungal treatment effect on mortality of adult insect,
infestation rate of grains and insect life-cycle

Ten newly emerged adult insects of T. castaneum (5 males and 5 females)
were introduced into each treatment replicate immediately after application
of each treatment type to assess the preventive effect of fungal and dust-
carrier treatments as indicated in section 2.3. The plastic cans which
represent replicates of the different treatments were then kept under the
insectary conditions (25+2°C, 75+5% R.H., and 16h per day of illumination)
for 7 days before being evaluated. Mortality assessment was then made by
counting dead and living adult insects and percentage of adult mortality was
calculated. Evaluation of the treatment effect on infestation rate of wheat
grains by T. castaneum was done 21 days after the treatment. The
infestation rate was then assessed by counting the damaged grains which
manifest boring holes with varying size on the surface especially in the
embryo and endosperm region of the Kernels in proportion to the total
number of grains (200 grains/replicate) subjected to the insect at the
beginning of infestation time. Percentage of damaged grains were
calculated. Evaluation of the treatment effect on life cycle of T. castaneum
was done by removing the surviving adult insects from cans in all replicates
21 days after the treatment. This time period is enough for egg deposition in
all replicates. The plastic cans which represent the treatment replicates were
then incubated under the insectary conditions until emergence of adult
insects of new generation at the end of insect life cycle. The duration of life
cycle or time period needed for production of one generation of T.
castaneum in each treatment type was calculated. Mean duration of the
insect life cycle was calculated. Three replicates represented by 3 plastic
cans which contain 200 healthy dried mature wheat grains each were used
per treatment type in each treatment effect indicated above.

2.5. Statistical analysis

The mean percentage of adult mortality and damaged wheat grains was
calculated. Mean duration of the life cycle was also calculated. Analysis of
variance (ANOVA) and mean separation by Duncan’s multiple range test
were conducted for the three treatment effects.

3. Results

3.1. Effect of fungal and dust treatment on adult mortality of T.
castaneum

The preventive effect of M. anisopliae treatments on adult mortality of T.
castaneum demonstrated significant higher percentage of adult mortality
compared to the effect of dust carriers or control treatments (Table 1).
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Therefore, the treatments with the fungus mixtures using fungal conidia +
chalk powder, charcoal + fungal conidia, and oven ash + fungal conidia
resulted in significant higher mortality percent in the adult-insects than that
in the control treatments with chalk powder alone, charcoal alone, and oven
ash alone (Table 1). This indicates the advantage of using the fungus
mixtures with the above-mentioned carriers over using the dust carriers
alone in the treatments of the insect. Accordingly, using chalk powder, oven
ash or charcoal in the fungus mixtures resulted in the highest percent of
adult mortality (60.0, 53.3 and 73.3%, respectively), thus they may be used
in biocontrol of T. castaneum adults by mixing them with M. anisopliae
conidia.

3.2. Effect of fungal and dust treatment on infestation rate of wheat
grains by T. castaneum

The effect of preventive treatment with the fungus mixtures mentioned-
above on the infestation rate with T. castaneum on wheat grains stored at
25+2°C, 75+#5% R.H. and 16h of illumination per day indicated that
percentage of infested grains was significantly less than that of infested
grains in the dust carriers or control treatments (Table 1). Thus, the
treatment with the fungus mixtures using oven ash + fungal conidia,
charcoal + fungal conidia, and chalk powder + fungal conidia resulted in the
least percentage of infested grains (0.5, 1.2, and 2.0%, respectively)
compared to the control treatments with oven ash alone, charcoal alone, and
chalk powder alone (3.0, 4.8, and 7.5%, respectively) (Table 1).

3.3. Effect of fungal and dust treatment on life cycle of T. castaneum
The treatment with certain fungus mixtures have shown significant effect on
duration of T. castaneum life-cycle (Table 1). Therefore, the treatment with
chalk powder + fungal conidia and charcoal + fungal conidia significantly
prolonged duration of the insect life-cycle (60.0 and 54.7 days, respectively)
with > 6 days compared to duration of the insect life-cycle when treated
with the control treatments using chalk powder or charcoal alone (53.7 and
48.0 days, respectively) (Table 1). The time period of 6 days represents the
delay in life-cycle duration which is extremely important when conditions
are
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Table 1: Effect of treatments with M. anisopliae (strain Meta 1) on the adult
mortality, infestation rate and life-cycle duration of Tribolium castaneum on
wheat grains; incubation of treated grains at 25+2°C, 75+5%R.H. and 16h of
illumination per da

Fungus treatments | Mean percent | Mean percent | Mean duration of insect

and control ¥ mortality  of | infested grains with | life-cycle in days *
adult insect ? | the insect

Chalk powder only | 1.3.3ab® 75¢e” 53.7b°

Wheat flour only 6.7a 11.3f 42.7a

Charcoal only 13.3 ab 4.8cd 48.0a

Oven ash only 26.7 ab 3.0 bc —

Chalk powder + 60.0 de 2.0ab 60.0c

fungal conidia

Wheat flour + 33.3bc 5.3d 46.0 a

fungal conidia

Charcoal + fungal 73.3e 1.2ab 54.7 bc

Conidia

Oven ash + fungal | 53.3 cd 05a -

Conidia

Fungal conidia only | 46.7 bc 1.2 ab 48.0a

Y The fungus treatments are consisting of 1 part of fungal conidia mixed with 4
parts of the carrier (chalk powder or charcoal or oven ash or wheat flour). The
concentration of the fungus in the treatments was 20% w/w. The control
treatments are consisting of the carriers only.

2 Ten newly emerged adults of T. castaneum (5 males and 5 females ) were
introduced per replicate which contains 200 grains of wheat immediately after
application of each treatment. Mortality of adult insects in each replicate (per 10
adults) was determined 7 days after infestation and treatment.

% Percent infestation rate = number of infested wheat grains manifesting typical
insect damage 21 days after infestation date per 200 grains per replicate. Ten
newly emerged adult-insects ( 5 males and 5 females) were used per replicate.

4 Life-cycle duration = time from infestation date to adult emergence. Infestation
was done at the same time of fungus treatment for 21 days before the adults
being removed, then grains were incubated until adult emergence.

% Means within the same column followed by different letters are significantly
different at p<0.05 according to ANOVA table and Duncan’s multiple range
test.

“ No adult emergence in these treatments during 65 days of regular observation
following infestation, thus no duration of insect life-cycle was cited.
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favorable to insect development. It is noteworthy to mention that treatment
with either oven ash + fungal conidia or oven ash alone (as control
treatment) resulted in inhibition of the insect development where no
emergence of adults was observed after 65 days of regular observation
following infestation and treatment of the insect (Table 1).

4. Discussion

Results obtained here on adult mortality of T. castaneum infesting wheat
grains treated with M. anisopliae conidia + dust carriers indicate that this
mortality was relatively high (53.3 to 73.3% when fungal conidia were
combined with oven ash, chalk powder and charcoal). Comparable results
(up to 80% adult mortality) were obtained by treatment of Sitophillus oryzae
infesting three types of food substrates with conidial powder of another
entomopathogenic fungus: Beauveria bassiana [29]. Also, the treatment of
stored wheat grains with formulated B. bassiana in milled rice significantly
reduced the total grain weight loss due to S. oryzae infestation during 4
months of storage [28]. To the best of our knowledge, M. anisopliae has not
been reported as biocontrol agent of T. castaneum infesting stored grains or
their by-products. Certain investigators studied the effect of diatomaceous
earth dust treatment of stored grain beetles especially T. castaneum where
high adult mortalities of T. castaneum were obtained[4,25,36,37]. Higher
mortalities of T. castaneum adults (up to 100%) were obtained when
combination treatments of heat (50°C for 30 min) with the most effective
diatomaceous earth dust formulation were applied [25]. The dusts applied in
the present research especially oven ash, charcoal and chalk powder
demonstrated its effect against T. castaneum infesting wheat grains alone or
in combination with M. anisopliae conidia. Moreover, synergistic effect
between the three types of dusts and M. anisopliae for T. castaneum adult
mortality was statistically obtained in this work. This is in agreement with
the synergistic effect obtained by us [35] for M. anisopliae + oven ash and
M. anisopliae + charcoal applied to S. oryzae on stored wheat grains. The
mechanism of this synergism needs to be explained by conducting further
experiments.

In conclusion, overall results presented here on adult mortality of T.
castaneum, its duration of life cycle, and infestation rate on stored wheat
grains demonstrated effectiveness of treatment with M. anisopliae in
combination with charcoal, oven ash, or chalk powder compared to the
control treatments with these dust carriers alone. The results are promising
and encouraging, and there are no adverse effects of using M. anisopliae on
treated grains. However, further experiments are recommended to be carried
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out to determine the following : 1) the temperature and relative humidity
range required for full effectiveness of the most proper combination of the
fungus and dust carriers since obtained results were realized under one set
of experimental conditions (25+2°C and 75+5% R.H.); 2) the insecticidal
potential of the most proper and most effective combination of the fungus
and the dust carrier; and 3) the interaction between the proper and effective

combination of the fungus and dust carrier and other components in T.

castaneum management. These experiments are necessary to be done before

applying the treatment with the recommended combination on a large scale
or before integrating them in managing of this insect in cereal-grain
processing facilities.
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