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ABSTRACT

In the laboratory experiments, adult stage of the confused flour beetles
‘Tribolium confusum was exposed to treated Pctri dishcs with three
conventional insecticides (malathion , pirimiphos - methyl and cyhalothrin)
and one biocide (abamectin) separately. Pirimiphos-methyl proved to be the
most polent of the three synthetic insecticides, followed by cyhalothrin then
malathion. The biocide abamectin comes after malathion, but its potency
was obvious. Also, the relative toxicity of some monoterpencids and three
essential oils to 7. comfusum adults was assessed using contact and
furmigation techniques. Cinnamic aldehyde was the most effective followed
by trans anithole, cinnamic alcoho] and menthol, while pulegone and «-
terpineol were the least toxic compounds when compared using the residual
film method. Again, in the fumigation assay, cinnamic aldehyde proved to
be the most toxic compound with L.Csg value 11 mg / L air / 48 hours
followed by rosemary oil, while menthol was the least cffective fumigant. In
addition, the results indicated that heat treatment up to 60 °C for 1 hour will
get rid of T, confusum and exposure to the microwave radiation for 25 sec
was successful in causing 100 % mortality of the confused flour beetles.
Combinations of these methods are suggested as new alternatives within the
IPM program to combat the infestation of various insect pests.

INTRODUCTION

Insects are a problem in stored grain throughout the world because they
reduce the quantity and quality of grain (Evans, 1987 and Madrid et al.,
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1990). Thus, control of stored product insects requires adequate and
continuous atiention (Essa, 1995). Synthetic residual insecticides and
fumigation are the main methods of grain protectién and pest control.
However, increased public concern over the residnal toxicity of insecticides
applied to stored grain, phytotoxicity to the grain, the development of
insecticide resistant insect strains, and the precautions necessary to work
with conventional insecticides calls for new approaches to control stored-
product pests, (Talukder and Howse, 1993 and Sorour et &/., 2004).

Essential oils, are potential source of alternative compounds and were
currently tested as fumiganis. Essential oils have low toxicity to warm-
blooded animals, high volatility, and toxicity to stored-grain insect pests
(Regnault-Roger and Hamraoui, 1995, Shaaya et al, 1997 and Wahaba
2003). Their major constituents, monoterpencs, are also of interest to
industrial markets because of their potential biological activities in addition
to their toxicity to insects (Kubo ef al., 1994; Selim, 2003 and Kalinovic and

Rozman, 2004).

Physical methods such as moisture content, temperature, micro-wave
radiation, gamma radiation, infrared irradiation and radio frequency
treatment are attractive for post harvest commodities because they possess

low mammalian toxicity with a broad spectrum of activity against insects
and mites, Moreover, they do not leave b chemical residues on food (Wilkin

and Hurlock, 1986).

The objective of the present study is suggesting and evaluating new
aliernatives which are much safer to man and the environment, within the
framework of national program for the intcgrated pest management (IPM)
of the confused flour beetle Tribolium confusum, which is one of the most
destructive insect pests causing serious damage 10 stored food products and
wheat flour. This includes the toxicity of some conventional insecticides;
malathion, pirimiphos methyl, and cyhalothrin in addition to0 biocide;
abamectin. Examine the contact and fumigant activity of some plant extracts
such as essential oils and monoterpenoids. Finally, the objective extended to
evaluate the effect of heat treatment and microwave radiation as physical
methods to control T. confusum.
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MATERIALS AND METHODS

Tested insect

Adults of the confused flour beetle; Tribolium confusum were reared in
the laboratory on whole wheat flour and yeast medium, at 30 °C + 2 and
70 % + 5 relative humidity. Adults used for the present work were 2-3
" weeks old.

Tested compounds ‘

1- Synthetic conventional insecticides: 95 % malathion was produced by
American Cyanamid Company, 95 % Pirimiphos-methy! and 95 %
Cyhalomethrin were obtained from ICI company, Australia.

2- Biocide: abamectin (95 %) was produced by Novertis Agro-Switzerland.

3- Essential oils: Anise, Lavander and Rosemary were obtained from
- Faculty of Pharmacy, Alexandria University.

4- Monoterpenoids:  Cinnamic aldehyde, trans-anithole, o-terpineol,
Cinnamic alcohol, pulegone and menthol were gified from the Eco Smart

Co., USA through Prof. E. Enan.

-

Methods of application:-
a. Residual film technique:-

The dry film of each compound was prepared by applying 1 ml acetone
containing the desired concentration of each compound (mg / L} on 9 cm
diameter Petri dish followed the method of Moustafa er al., (1980). After the
solvent was evaporated, ten adults of 7. confusum were introduced in each
Petri dish. Three replicates were carried out for each concentration and
control. Mortality counts were recorded 48 hrs after initial exposure.

b.Fumigation technique:-

Susceptibility of T. confusum adults to the fumigant effect of the
monoterpenoids and essential oils was investigated, according to the method
of Rice and Coats (1994). Twenty aduit beetles were placed in a 50 ml
beaker covered with 60-mech cloth. Glass chambers (1 liter) was treated
with different concentrations of the tested compounds (mg compound/L. of
the air in the fumigation chamber), and the beakers with the adult beetles
were placed in the glass chamber. The chambers were then sealed tightly
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with lid, and mortality counts were recorded after 48 hrs of exposure 10 each
compound.

C. Physical methods
1. Effect of temperature
Twenty adults of 7. confusum were exposed to different degrees of
temperatures; 35, 40, 50 and 60 °C for five time intervals (1, 6, 12, 24 and
48 hours) in Petri dish. Insect mortality at each temperature and time
exposure were recorded.

2. Effect of microwave radiation
Twenty adult beetles were placed in Petri dish and exposed to microwave

radiation (obtained from Galancy microwave oven, operating at a frequency
of 2.45 GH; and at a power level of 900w) for different periods; 5, 10, 15,
20, 25 and 30 sec. The mortality was recorded directly after each time
interval. Each treatment was replicated three times.

Statistical analysis:

Toxicity data were analysed by Finney method (1970) and expressed as
LCso , upper and lower confidence limits and slope values. The results of the
physical methods were statistically analysed by one or two ways analysis of
variance (ANOVA) using Student Newman-Keuls Test for comparison

(Sokal and Rphlf, 1969). Differences were considered significant at p< 0.05.

RESULTS AND DISCUSSION

1. Effect of conventional insecticides and biocide against T. confusum:-
The toxicity data of malathion, pirimiphos-methyl, cyhalothrin and the
biocide abamectin against 7. confusum after 48 hours using the surface
deposit application on Petri dishes were presented in Table (1). Among the
conventional insecticides pirimiphos-methyl was the mosi effective
insecticide with the lethal concentration (LCso) 0.58 mg /1. Cyhalothrin
was the next most effective one with LCsp 0.95 mg /1. While the biocide
abamectin was the least toxic compound ( LCsp 14.2 mg /). Malathion was
the intermediate between that of pirimiphos- methyl and abamectin.
Although, malathion remains the most commonly applied insecticide to
stored products for the control insect attack, however, the superiority of
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pirimiphos-methyl as the most toxic insecticide is in agreement with the
findings of Wahaba (2003).

Malathion, abamectin and cyhalothrin showed (Table 1) the low slope
values, thus indicating a high degree of genetic variability to the action of
these pesticides. This low slope indicates also high level of tolerance, which
leads to the build up of resistance.

Table (1) : Toxicity of three conventional insecticides and one biocide
against 7. confusum after 48 hours exposure using residual film technique.

Compound (1111ch /5 ?) iii(i):lsﬁodfeggo Slope _
: t‘Control 0 0 0

Conventional insecticides

Cyhalothrin 0.95 0.8-1.1 1.8

Malathion 7.7 6.3-1.2 1.2

Pirimiphos-methy! 0.58 0.55-0.62 38

Biocide

Abamectin 14.2 11.9-17.0 1.6

2. Effect of the natural plant products against I. confusum.
a) Using residual film technique

Table (2) illustrates the contact effect of six monoterpenocids and three
essential oils against 7. confusum adults after 48 hrs using residual film
technique. It is clear that the monoterpencid cinnamic aldehyde was the
most toxic material with LCsp 147 mg / 1 | followed by trans anithole.
cinnamic alcohol and menthol. While, pulegone and o-terpineol showed the
least toxic effect with LCsy’s 808 and 1232 mg /1, respectively.
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In the case of essential oils, the data showed that lavander and anise had
little effect against T. confusum adults. On the other hand, rosemary oil was
the most effective tested essential oil with LCso 335 mg/l.

Table (2): Toxicity of six monoterpenoids and three essential oils against T.
confusum after 48 hours exposure using residual film technique.

Treatments ;gciol conﬁ(:?zéilmlts Slope
Control 0 0 _ 0
Monoterpenoids o
trans Anithole 303 283 -318 45
Cinnamic alcohol 516 482 — 553 4.4
Cinnamic aldehyde 147 132 - 163 2.7
Menthol 547 437 - 686 1.5
Pulegone 808 779 - 838 7.3
a-Terpineol 1232 1125 -1350 2.7
Essential oils

Anise 1491 1330 - 1671 2.4
Lavander 1123 1054 - 1196 4.6
Rosemary 335 303 - 361 4.0

b) Using fumigation technique

This method is another established method for testing stored product
insects susceptibility to volatile compounds . Besides, it is an indication of
the actual method practiced in stored products to protect stored grains from
insect pests attack .

Table (3) illustrates the fumigant toxicity of some monoterpenoids and
essential oils against T. confusum. It is clear that, cinnamic aldehyde was the
most active monoterpenoid (LCsp 11 mg /| air) followed by trans anithole,
while menthol was the least effective fumigant with LCso 576 mg / | air,
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Table (3) Toxicity of some monoterpenocids and essential oils against
T.confusum after 48 hours exposure using fumigation technique .

y LCsp Confidence limits
Treatments (mg / 1 air) of LCsg Slope
Control 0 0 0
Monoterpenoids
trans Anithole 155 143 - 168 38
Cinnamic aldehyde 11 10-12 48
Menthol 576 480 - 621 34
Essential oils
Anise 219 176 - 273 1.5
Lavander 116 104 -130 2.3
Rosemary 35 3041 2.6

The most effective essential oil as fumigant was rosemary followed by
lavander. Anise had relatively low potency. This result is in agreement with
the result of Shaaya er al, (1997) who concluded that rosemary and
lavander were the most active as fumigants against R. dominica. Based on
the LCsp values in the two methods of application (Tables 2 & 3), it is found
that the tested monoterpenoids and essential oils were more effective when
used as fumigants than as contacts , except in the case of menthol. Lavander
and rosemary were more than 10 fold active as fumigant toxicity than as
contact toxicity, Huang et al., ( 2000) published similar results.

Fumigation is playing a significant role in controlling stored- product
insects, and alternatives will be needed in the future as replacements, e.g.
for phosphine and methyl bromide. The biological activities of natural plant
products as insecticides against stored-product insects has been studied by
many researchers; Talukder and Howse (1993); Xie ef al., (1995) and Lee 1
al., (2003). Monoterpenoids and essential oils are typically volatile and
rat.her lipophilic compounds that can penetrate into insects rapldly and
interfere with their physiological functions.

Although, non of the monoterpenoids tested here had activities
comparable to conventional insecticides (Smith and Krischick, 2000), it is
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possible that some monoterpenoids have sufficient potencies to replace the
more problematic fumigants and insecticides. The large volume of literature
devoted to the insecticidal properties of monoterpengids and the attention
paid by researchers to these compounds are indicative of current attitudes
and of the desire to find potentially safer, yet effective, pest mangement
stragegies. Further investigations are needed to increase our understanding
the effective use of these technologies.

3. Efficacy of physical methods

a) Effect of temperature
The results in Table (4) showed that mortality of T. confusum adults was

increased with increasing temperature and also with increasing exposure
time interval. The exposure of insects to temperature degrees with combined
time of exposure, (50 °C / 48 hrs) and (60 °C / 1 h) were very effective
where 100 % mortality was achieved. At 35 °C for 48 hrs did not increase
mortality relative to insects in control. These data show a similarity with
_those of Zewar (1993); El-Disouky (2002) and Mbata and Philips (2001)
who concluded that increasing the temperature and exposurc time,
significantly increased the mortality percentages. '

Increasing temperatures had a profound effect on lowering the exposure
times to reach desired levels of mortality. Reducing the required exposure
time would be advantageous when commodities are being received in large
volumes at the processors, and for reducing the number and size of
treatment facilities.

The heat sterilization technique uses high target temperature ranging
from 50 1o 60 °C to kill stored product insects by inducing dehydration and /
or protein denaturation or enzyme destruction.

Our data agree with Beckett and Wright (2004) who reported that heat
disinfestation has potential for high market acceptance as an alternative to
methyl bromide because it is potentially as rapid as methyl bromide
fumigation, it is completely non chemical and it has great versatility of
scale.
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Table (4): Effect of temperature and time of exposure on mortality of T.
confusum adults

Temperature Exposure time % Mortality
(°C) . (hour) (mean + SD)
Control 48 0
35 48 0.0+0.0
40 48 266+ 57
50 12 833 +57
24 96.6 + 5.8
48 100 + 0.0
60 I 100 + 0.0
Contro] was exposed to room tem perature
L.8.D. g4 (temperatutc) =0.169
L.8.D. ¢05 (exposure time) =0.169
L.5.D. g5 {mteraction) =0.071

b) Effect of microwave radiation:-

The effeet of microwave irradiation at 2450 M H, on mortality of T
confusum adults was recorded at six exposure time intervals : 5, 10, 15, 20,
25 and 30 sec (Table 5). The data showed that mortality of insects increased
with increasing the exposure periods where it reached 98.3 1 2.9 % after
25 sec. The treatment at 5 sec did not significantly differeni than control.
Mortality was a function of exposure time and insect moisture content.

The obtained results are paralleled with the results of Halverson ef ai..
(1996); El-Disouky (2002); Plarre et al., (1997) and Wahaba (2003) who
found that the high power of microwave and source operating at a frequency
of > 2.45 GHy gave mortality percentage > 94 % for many insects of stored
products.

Thercfore, the insects were probahly damaged from overheating while
immerscd in the hot medium. The observed movements towards the surface
indicated avoidance behavior to high heat, but this also increascd the
probability of direct microwave absorption. The direct absorption of
microwaves would also be highly effective in killing because of the heat
generated due to the high frequency oscillation of the dielectric molecules
such as water in the body fluid of the insects.
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Table (5): Effect of microwave radiation against T. confusum adults at
different exposure periods '

IS

% Mortality **

Exposure period (Sec.) (mean + SD)
Control * 0.0

5 20.0+0.0°
10 71.7+126°
15 86.7 + 18.9°
20 91.7+10.0%
25 98.3+291
30 98.3+3.0¢

* Control was exposed to room temperature
** Values having the same letters are not significantly different from each other.

Finally; it can be concluded that the present study had suggested
introduction of new biocide abamectin to replace the conventional

R A B o o L

insecticides, which is expected not to suffer from resistance OF CrOSS-
resistance because it is not an inhibitor of the acetyl cholinesterase. The use
of some monoterpenoids and essential oils as fumigants to replace partially
the ozone depleting methyl bromide. Further testing of these compounds
under storage conditions in the field is necessary to demonstrate their
usefulness. Besides, the use of physical methods; heating and microwave
radiation which are considered the most promising alternatives.
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