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ABSTRACT

The present study aimed to investigate the effect of
certain physical methods (heat and microwave radiation)
as non-pesticidal ways to control the Chinese beetle
Callosobruchus chinensis (Coleoptera: Chrysomellidae).
Exposure of 100 infested faba bean seeds implying
different immature stages of C. chinensis, (egg, larvae or
pupae) to a high level of temperature of 50° C for 15, 30,
45, 60, 75, 90, 105 and 120 min. showed that all stages were
significantly sensitive at the highest exposure period of 120
min. Eggs were more tolerant to the tested level of high
temperature of 50°C than larvae and/or pupae. The
germination of the exposed broad faba been seeds to the
same high temperature (50°C) for different periods was
significantly affected and it was found that as the time of
exposure increased the germination percentages decreased
as compared with control.

Moreover, the exposure of the infested faba bean seeds
with different immature stages of C. chinensis to low
temperature levels (25, 10 and -14 £ 1° C) for 24h revealed
that all these stages were highly sensitive to the lowest
temperature of -14 + 1° C. Decrease in temperature level
resulted in a decreased the average of the emerged adults
and consequently increased the reduction percentage of
the produced progeny. The reduction of the progeny
(emerged adults) post the treatment with the lowest tested
temperature (-14° C) showed that the reduction percentage
reached 100% for the treated eggs, larvae and pupae.

Results also illustrated that after 24 h post -
treatments, the calculated percentages of seeds
germination percentage was 46.67% due to their previous
exposure to the lowest tested temperature (-14° C), which
is less than the half level of full or complete germination of
normal healthy faba bean seeds.

Exposure of the infested faba bean seeds with different
developing stages of C. chinensis to microwave (900W) for
different periods of 5, 10, 15, 20, 25 and 30seconds was
found to be effective against all the immatures of insect-
pest especially after a period of 30 seconds. These
treatments also affected the germination of seeds; the
percentages of germination were decreased as the exposure
period to microwave radiation increased. The results
suggested that both the tested physical methods of heat
and microwave radiation could be regarded as suitable
ecofriendly and non-insecticidal methods or tools for
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controlling the developing or the harboured and trapped
immature stages of C. chinensis within the infested seeds.
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INTRODUCTION

Legumes (pulses) are considered to be the second
most important group of crops worldwide for their
content of proteins, minerals and vitamins and therefore
they invaded by a series of beetles damaging seeds and
causing weight loss. Infestation commonly begins in the
field, where eggs are laid on mature pods (Singh, 1997;
Nahdy et al., 1999). The pulse crops are attacked by
more than 150 insect pests. Among the insects which
infest various pulses are Callosobruchus

chinensis (Linn.), C. maculatus (Fab.) and C. analis
(Fab.) causing both quantitative and qualitative damage
to stored grains.

The cowpea seed beetle (Chinese beetle),
Callosobruchus maculatus F. (Coleoptera: Bruchidae),
is the most important storage insect-pest of cowpea
throughout the tropics. Moreover, C. chinensis is a
major insect-pest of chickpeas (Pandey and Singh,
1997), lentils, green gram, broad beans, soybean
(Srinivasacharyulu and Yadav, 1997; Yongxue et al.,
1998) adzuki bean and cowpeas in various tropical
regions. The eggs are cemented to the surface of pulses
and are smooth, domed structures with oval and flat
bases. The larvae and pupae are normally only found in
cells bored within the seeds of pulses (Chavan et
al.,1997).

The control of stored grain pests stands mostly on
broad action insecticides and fumigants. These
chemicals have been used for a long time to protect
stored products from insect pests (White and Leesch,
1996; Daglish, 2006), but due to environmental
concerns and because stored-product insects are
developing resistance to insecticides, such chemicals
have been under increasingly restrictive policies over
the past years (Donahaye, 2000; Zettler and Arthur,
2000; Kljajic and Peric, 2005; Collins, 2006).
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Environmentally safe and convenient methods such
as the use of inert dusts, plant extracts, oils, leaf
powders and pressurized carbon dioxide, temperature
management techniques (low and high temperature) and
microwave radiation are the growing interest to replace
synthetic pesticides (Nasab et al., 2009; Yuya et al.,
2009; Loganathan al., 2011). Temperature is the most
important factor of the environment, determining the
rate of metabolism, growth, development, reproduction,
general behaviour and distribution of insect pests. There
has been a lot of research on conventional heat
treatment for disinfestation of number of stored
commodities (Evans, 1986; Dosland et al., 2006; Alice
et al., 2013). Egg, larvae and pupae of bruchids are
trapped within the seed and therefore, they are excellent
target for management using elevated temperatures.
Moreover, microwave is considered to be an eco-
friendly method that doesn't cause any hazardous
impacts toward humans (Vadivambal et al., 2010). The
physiological processes of insects are also negatively
affected by microwave radiation which leads to a
considerable reduction in their reproduction and
survival (Webber et al., 1980; Wang et al., 2003;
Vadivambal et al., 2008; Valizadegan et al.,
2009&2011). The microwave has potential applications
in pest management and it has been proven to be rapid,
nondestructive targeting the incipient insect infestations
and would be of benefit to both the producers and
consumers of packaged foods (Abdelaal and ElI-
Dafrawy, 2014).

Therefore, the present study was carried out to
investigate the ecologically safe physical methods (heat
and microwave radiations) to control the Chinese beetle,
Callosobruchus chinensis. Moreover, the study included
also the effect of such treatments on the broad bean
seeds germination.

MATERIALS AND METHODS
Insect species tested and culture preparation

A susceptible strain of the azuki bean weevil (the
Chinese beetle = the bruchid beetle), Callosobruchus
chinensis was transferred to a sterilized seeds of faba
bean (Vicia faba) imported variety that has been used in
Egypt for human consumption. Stock and colonies have
been cultured using hygrothermically conditioned room
at a constant temperature of 28+2° C, a relative
humidity of 70 £ 5% and continuous daily darkness of
24 h, where all experimental work was performed in.
For culture preparation cleaned and sterilized broad faba
bean samples at 70° C for 1h were placed in glass jars
separately to reabsorb moisture. Then, amounts of 300g
of these sterilized broad bean seeds were added to
sterilized culture jars. Adults of the Chinese beetle (200-
250 insects) collected from previous culture were added
in to each jar; the jars were sealed with muslin and

placed in the rearing room. After one week, the insects
were sieved out and discarded. Adults of the Chinese
beetle of an age of 2-3 days after emergence were used
for experimental work.

Heat treatment (high and low temperature levels)

For the treatment of high temperature level, samples
of infested seeds containing certain immature stage of
the tested insect were treated for different exposure
times (15, 30, 45, 60, 75, 90, 105 and 120minutes) at
50° C using a JSR oven. The rates of emerged adults
and progeny reduction of C. chinensis after the
treatmental exposure of the infested broad bean seeds
were determined. Seeds infestation was performed by
releasing 0-2-day old adults (ten pairs [10 males + 10
females]) on a hundred broad bean seeds replaced in % |
glass jar along a period of 24h for oviposition. As the
immature development occurs inside the seeds, the
tested immature stages were prepared based on the
passing period post-oviposition. The tested immature
stages included the egg, larvae and pupal stage (2, 8 and
21 days post- oviposition, respectively). Three replicates
of each sample were performed. Meanwhile, one
hundred infested seeds of each developmental stage in
three replicates were exposed to three lower levels of
temperature (25, 10 and -14 £ 1°C) for 24 h. The treated
seeds were then transferred to controlled conditions of
temperature and relative humidity. The emerged adults
were counted and progeny reduction of C. chinensis was
calculated.

Microwave radiation

A hundred of infested seeds of each immature
developmental stage in three replicates were exposed to
microwave generated at 2450MHz (230 v~50 Hz)
(900W) for 5, 10, 15, 20, 25 and 30 seconds.The treated
seeds were then transferred to the controlled conditions
of temperature and relative humidity. In addition,
healthy (uninfested) seeds of faba bean were also
subjected to the same performed treatments of heat and
microwave radiation and examined by the standard
germination tests for checking the embryonic viability
of the seeds after treatment. The seeds were first soaked
for 24 h in fresh water, and then they were transferred to
9 cm diameter Petri-dishes containing a piece of cotton
moistened to saturation with distilled water. Additional
water was added when needed and Petri-dishes were
covered with clingfilm to minimize water loses; the
germination of seeds was checked after 4 days.

Statistical analysis

The results were analyzed and subjected to CoStat
computer program ver. 6.303, CoHort software (CoStat,
2005) to determine the significant difference between
the means. Comparisons among the means of the
various treatments were performed, using the revised
least significant different (L. S. D) at < 0.05 level.
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RESULTS AND DISCUSSION

Efficacy of heat against different immature stages of
Callosobruchus chinensis

High heat level (50°C)

The effect of exposing 100 infested bean seeds with
different immature stages of C. Chinensis (either eggs,
larvae or pupae) for different durations of 15, 30, 45, 60,
75, 90, 105 and 120 minutes to a high temperature level
of 50° C and the determination of emerged progeny of
adults in these infested samples and the progeny
reduction percentages after treatment are shown in
Table 1. Generally, all the tested immature stages are
affected by that high temperature level of 50° C
treatment and the most affected stages are larvae and
pupae, while eggs were more tolerant to high
temperature level (50° C). Herein, Bhalla et al. (2008)
revealed that all stages of C. maculatus are sensitive to
an exposure period of 6h at 50° C. In addition, Marijana
et al. (2011) indicated that short-term exposure of
weevils from Sitophilus genus at the temperature of 50°
C adversely affects their survival and progeny
production, as well as that there is a potential for its
successful use as a physical measure in control of
storage pest insects. Mansoor et al. (2017) found that
temperature had great influence on S. oryzae and its life
span as an insect of stored product. High effect was
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exhibited at high temperature in comparison with low
one.

The mean numbers of emerged adults after the
treatment of 100 seeds containing different immature
stages were decreased with the increase of exposure
time. At the highest time of exposure (120 min), the
reduction percentages of those emerged adults resulted
from the treated seeds containing different immature
stage of the tested insect were 94.11, 100.00 and 100.00
for eggs, larvae and pupae treatments, respectively.
Statistical analysis showed that there were significant
differences among the mean numbers of the emerged
adults due to the heat treatment at different exposure
periods (P < 0.05). It could be noticed that at the
exposure time of 75 min and more, all the different
tested stage started to be strongly affected and the
longer time as 75 min might be a critical one for the
tested insect since the effect was pronounced.

Figure 1 illustrated the effect of the high temperature
level of 50° C on seed germination after treatment for
different periods (15, 30, 45, 60, 75, 90, 105 and 120
min). The germination of the seeds was significantly
affected and it was found that as the time of exposure
increased the germination percentages decreased as
compared with the control.

Table 1.Efficacy of high heat level (50° C) against different tested immature-stages of Callosobruchus chinensis

Mean No. of emerged adults after the treatment of 100 seeds containing different immature

Time (min) — stages - -
Eggs Reduction Larvae Reduction Pupae Reduction
% % %
ax I a I bc
15 161.33 (103.36) 81.33 (2.5) 48.33 39.07
bc I abc bc
30 80.00 (0.84) 71.33 10.08 45.33 42.86
ab I cd ab
45 99.33 (25.21) 43.00 45.79 67.67 14.69
60 75.00pcd 5.46 45.00°cd 43.27 19.00¢ 76.05
75 21.00¢0de 73.50 18.67% 76.46 10.33¢ 86.98
90 23.670dk 70.16 4.67¢ 94.11 7.67¢ 90.33
105 16.67% 78.99 3.33¢ 95.80 0.00¢ 100.00
120 4.67° 94.11 0.00¢ 100.00 0.00¢ 100.00
Control 79.33bcd 79.33%® 79.332
LSD ¢.05 62.87 35.06 30.29

*Means followed by the same letter (s) in a column are not significantly different at 0.05 level of probability.
** Reduction percentage of the emerged adults due to the treatments; | = increase of progeny as compared with control.
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Fig. 1. Germination percentages (£ SD) of broad bean seeds after exposure to high heat level (50° C) for
different times

Efficacy of low heat levels against different stages of
C. chinensis

Exposure of 100 bean seeds infested with a known
stage of C. chinensis (eggs, larvae or pupae) to low
levels of temperature 25, 10 and -14 + 1° C for 24 hrs
revealed that all the stages were highly sensitive to the
cooled temperature of -14 + 1° C. Data presented in
Table 2 show that eggs were more sensitive than the
other two stages when exposed to low temperature.
Decrease in temperature level resulted in the decrease of
the average of the emerged adults and meanwhile
increasing the reduction percentage of the produced
progeny. The present results are in agreement with
those reported by Bhalla et al. (2008) who revealed that
all stages of C. maculatus are sensitive to a temperature
of - 14 + 1° C. Also, Maharjan et al. (2017) showed that
low temperature treatments have significant effects on
the different stages of C. chinensis.

The reduction of the progeny (emerged adults) post
the treatment with the lowest tested temperature (-14°
C) showed that the reduction percentage reached 100%
for the treated eggs, larvae and pupae. This could be
explained by the effect of such low temperature on the
water and protein within the egg, larva and/or pupa
which eventually die and therefore there were no
emerged new individuals. It is well known that
temperature is a principal factor influencing egg
development in insects (Jaworski and Hilszczanski,
2013). The tested insect as a stored product insect has
no ability to survive the lowest temperature (-14° C).
The low temperature is affecting also the enzymes
activity and function and these might lead to the failure
of hatching and the death of larvae and pupae of the
Chinese beetle C. chinensis due to lethal freezing and
therefore there were no new progeny (Bhalla et al.,
2008).

Table 2.Efficacy of low temperature levels for 24 hours exposure against different immature stages of C.

chinensis
Mean No. of emerged adults after the treatment of 100 seeds containing a certain immature
Temp. (°C) stage
Eggs Reduction** Larvae Reduction Pupae Reduction
% % %

25 44.33° 4412 48.002 39.49 55.332 30.25

10 31.33° 60.51 67.332 15.13 53.67 2 32.34

-14 0.00°¢ 100.00 0.00° 100.00 0.00° 100.00
Control 79.332 79.33°2 79.332
LSD o5 26.43 33.51 40.84

*Means followed by the same letter (s) in a column are not significantly different at 0.05 level of probability. ** Reduction percentage of the
emerged adults due to the treatments; | = increase of progeny as compared with control.
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Figure 2 show the effect of the tested levels of
temperature (30, 25, 10 and -14° C) on broad bean seeds
germination as they exposed to those levels for 24 hrs.
Results illustrated that after 24 hrs of heat treatments,
the germination percentage was 46.67% when the seed
were previously exposed to lowest tested temperature (-
14° C), which is less than the half level of full
germination of faba bean seeds. It could be seen that
germination percentage did not progressively increased
when the seeds were kept for 24 hrs at temperature
above freezing. Meanwhile, the tested seeds kept at 10°
C for 24 hrs before germination recorded a higher
germination percentage of 60.00 compared with 66.67
and 76.67 .0% for those seeds kept at 25 and 30° C
which has been as control. Vadivambal et al. (2007)
cleared that high temperature affects the germination
capacity of the seeds.

The decrease of germination (46.67%) of those
seeds stored for 24 hrs at the lowest tested temperature
level (-14° C) (below-freezing) was due to chilling and
freezing abiotic stresses that play critical roles in
germination. The decrease in germination capacity was
related to the final temperature and the initial moisture
content of the seeds. Temperature can affect the
germination capacity through its effects on seed
deterioration, loss of dormancy and the germination

process itself (Roberts, 1988). Germination is one of the
biological processes mediated by the coordination of the
metabolic processes catalyzed by different enzymes
(Renaut et al., 2006). The exposure of the seeds for 24
hrs to a temperature below-freezing (-14° C) might
disrupt such enzymes.

Microwave radiation

Exposure of bean seeds infested with different stages
of C. chinensis (eggs, larvae and pupae) exposed to
microwaves (900 W) for 5, 10, 15, 20, 25 and 30
seconds revealed that all the stages were sensitive to a
microwave radiation. The greater the duration of
exposure to microwave radiation, the greater the rate of
inhibition of immature stages within the seeds or
reduction of adults emergence. Data in Table 3 show
that eggs and larvae were more susceptible and more
affected by microwave radiation than pupae. The results
of the present study indicate that the tested high power
of microwave radiation treatment (900 W) cause death
of the immature stage preventing them from completing
their development and reducing the numbers of the
emerged individuals that cause seeds reinfestion or such
radiation cause severe physiological effects on the
stored product insect-pest C. chinensis especially at the
high exposure periods (15-30 sec).

76.67
66.67% (£ 0.58)
80 (£ 0.58)
60.00%
70 (+ 1.00)
46.67%
se 60 (£0.58)
§ so
-
£ 10
£
5 30
G}
20
10
0
14 10 25 30
T(°C)

Fig. 2. Percentages (= SD) of faba bean seeds germination after exposure to different temperature for 24 hours
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Table 3.Efficacy of microwave (900W) against different immature stages of Callosobruchus chinensis

Mean No. of emerged adults after the treatment of 100 seeds containing a certain immature

Time (S) : stage____ :
Reduction** Reduction Reduction
Eggs % Larvae % Pupae %
|
b ab a
5 52.33 34.04 68.33 13.87 99.67 (25.64)
10 22.00°¢ 72.27 32.00%¢ 59.66 63.00° 20.58
15 6.67¢ 91.59 3.67¢ 95.37 17.33¢ 78.15
20 0.67¢ 99.15 0.33¢ 99.58 6.00% 92.44
25 0.33d 99.58 0.00¢ 100.00 2.67¢ 96.63
30 0.33d 99.58 0.00¢ 100.00 0.00¢ 100.00
Control 79.332 79.332 79.33b
LSD o.0s 10.42 40.14 13.92

*Means followed by the same letter (s) in a column are not significantly different at 0.05 level of probability.
** Reduction percentage of the emerged adults due to the treatments; | = increase of progeny as compared with control.

76.67%
+0.58
. ( )
70
= 60
S 50
s .0 26.67% 30.00%
£ (=1.53) (=100 50000  20.03%
E 30 (£1.01) (£.002) 16.67%
= (£ 1.15)
3 3.33%
(£ 0.58
[
0
5 10 15 20 25 30 con.

Time (sec)

Fig. 3. Percentages of faba bean seeds germination after exposure to microwave radiation at

different times

The present results are in agreement with those
reported by Bhalla et al. (2008) who revealed that all
stages of C. maculates were controlled by microwave
radiation and the pest mortality increased with the
increase of exposure period. Also, Purohit et al. (2013)
found that the mortality of all life stages (eggs, young
larvae, old larvae, pupae and adults) reached 100%
when they were exposed to 400 W power level for 28 s.
Eggs were the most susceptible and adults were the least
susceptible life stages to microwave treatments. Mung
bean seeds temperature increased, and germination
decreased as the power level or exposure time
increased. There has been an increasing trend of
microwave use not only in food industry but also in
household kitchen as well.

The effect of microwave radiation (900 W) on broad
bean germination after 2 and 4 days post-treatment is
shown in Fig. (3). The recorded germination
percentages showed significant differences between all
treatments as compared with control. The germination
due to the microwave exposure for 5, 10, 15, 20, 25 and
30 s decreased from 76.67%% (in control) to 26.67,
30.00, 20.02, 20.03, 16.67 and 3.33% for the exposure
periods of 5, 10, 15, 20, 25 and 30 s, respectively. The
presented results agreed with the results of Halverson et
al. (1996) who found that the percentages of
germination were decreased as the exposure period to
microwave radiation increased. Also, Vadivambal et al.
(2010) mentioned that the germination of corn was
decreased with the increase of microwave power or
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exposure time or both. The presented results are also in
agreement with those of Vadivambal et al. (2008) who
reported that germination of rye was lowered after
treatment with microwave energy. It was also noticed
that there was a temporary increase in the seeds
temperature with the increase of exposure time of
microwave radiation power lasted only for limited time.

Thermal treatment has been extensively investigated
by several researchers as an alternative method of
controlling insects. In the current study, high (50° C at
different exposure times) and low temperature degrees
(for 24 hrs) were evaluated in lab conditions for the
management of the stored product insect- pest C.
chinensis. Insects die by exposing to high temperature
degrees, because of their limited physiological capacity
to thermoregulate (Fields, 1992). With regard to the
results of this study it is evident that high temperature
(50°C) had effective role in the management of stored
product pests. Therefore, the results presented here
would lead to a reduction in the economic loss
associated with infestation of C. chinensis, and
minimize injury to stored beans in the storage. Also, it
was found that C. chinensis are sensitive to a
temperature of - 14 °C. Therefore, it is feasible to utilize
low and high temperatures to control C. chinensis in
storage.

Moreover, in the present study it was found that
eggs were more tolerant to high temperature (50° C), in
contrast, Jian-Feng et al. (2013) found that heat
tolerance of pupae is higher than the other three life
stages (eggs, larvae and adults).

The use of microwave heating has the advantage of
saving time and energy. The treatment of infested seeds
by microwave radiation appears to be a reliable
alternative to conventional post-harvest insect control
methods in the near future, either with stationary or
mobile applicators on the farm or quarantine purposes
during the loading process (pre- or post-shipment)
before seed storage.

REFERENCES

Abdelaal, A. A. A. and B. M. El-Dafrawy. 2014. Effect of
noionizing electromagnetic waves on some stored grain
pests. J. Entomol. 11 (2): 102-108.

Alice, J., R. P. Sujeetha and N. Srikanth. 2013. Effect of hot
and cold treatments for the management of Pulse beetle
Callosobruchus maculatus (Fab) in pulses. IOSR J. Agric.
Vet. Sci. (IOSR-JAVS). 3:29-33.

Bhalla, S., K. Gupta, B. Lai, M. L. Kapur and R. K. Khetarpal.
2008. Efficacy of various non-chemical methods against
pulse beetle, Callosobruchus maculatus (Fab.). Endure
International Conference (12-15 October) on Diversifying
Crop Protection, La Grande Motte. France: 1-4.

Chavan, P. D., Y. Singh and S. P. Singh. 1997. Ovipositional
preference of Callosobruchus chinensis for cowpea lines.
Indian J. Entomol. 59(3):295-303.

Collins, P.J. 2006.Resistance to chemical treatments in insect
pests of stored grain and its management.In: Proc.
9thInter.Working Conf. Stored- product Protection. Lorini,
l., B. Bacaltchuk, H. Beckel, D. Deckers, E. Sundfeld, J.
P. dos Santos, J.D. Biagi, J.C. Celaro, L.R. Faroni, O.F.
Bortolini, M. R. Sartori, M. C. Elias, R. N. C.Guedes , R.
G. da Fonseca, and V. M. Scussel (Eds.), 15-18 October
2006, Campinas, Sao Paulo, Brazil. Brazilian Post Harvest
Assiociation, Campinas. Brazil. pp: 277-282.

CoStat 2005. Cohort Software ver. 6.311, 798 light house
Ave. MB320, Monterey, CA93940, and USA. Email:
info@cohort.com and Website:
http://www.cohort.com/DownloadCoStatPart2.html.

Daglish, G.J. 2006. Opportunities and barriers to the adoption
of potential new grain protectants and fumigants.In:Proc.
9™Inter.Working Conf. Stored- product Protection, Lorini,
1., Bacaltchuk, B., Beckel, H., Deckers, D., Sundfeld, E.,
dos Santos, J.P., Biagi, J.D., Celaro, J.C., Faroni, L.R.
D’A., Bortolini, L. de O.F., Sartori, M.R., Elias, M.C.,
Guedes, R.N.C., da Fonseca, R.G., Scussel, V.M. (Eds.),
15-18 October 2006, Campinas, Sao Paulo, Brazil.
Brazilian Post Harvest Assiociation, campinas, Brazil, pp:
209-216.

Donahaye, J.E. 2000. Current status of non-residual control
methods against stored product pests. Crop Protection, 19:
571-576.

Dosland, O., Bh. Subramanyam, K. Sheppard and R. Mahroof.
2006. Temperature modification for insect control. In:
Insect Management for Food Storage and Processing. , J.
Heaps (Ed.). American Association for Cereal
Chemistry.St. Paul. MN: 89-103.

Evans, D. E. 1986. Some biological and physical constraints to
the use of heat and cold for disinfesting and preserving
stored products. In: Proceedings of the 4™ Int. Working
Conf. Stored Prod. Protec. Donahaye, E. and S. Navarro. (
Eds). Tal Aviv.lsrael: 149-164.

Fields, P. G. 1992.The control of stored-product insects and
mites with extreme temperatures. J. Stored Prod. Res.,
28:89-118.

Halverson, S. L., W. E. Burkholder, T. S. Bigelow, E. V.
Nordheim and M. E. Misenheimer. 1996.High-power
microwave radiation as an alternative insect control
method for stored products. J. Econ. Entomol. 89(6):
1638-1648.

Jian-Feng, Z., W. Zheng-Huang, L. Li, C. Hong-Wei and
W. Guang-Hong. 2013. Effect of low and high
temperatures on controlling azuki bean beetle
(Callosobruchus chinensis L., Coleoptera: Bruchidae) in
storage. Scientia Agricultura Sinica. 46: 54-59.

Jaworski, T. and J. Hilszczanski. 2013. The effect of
temperature and humidity changes on insects development
their impact on forest ecosystems in the expected climate
change. Forest Res. Papers. 74 (4):345-355.


javascript:;
http://ascidatabase.com/author.php?author=A.A.A.&last=Abdelaal
http://ascidatabase.com/author.php?author=B.M.%20El-Dafrawy&last=
http://www.cohort.com/DownloadCoStatPart2.html
http://www.chinaagrisci.com/
http://www.chinaagrisci.com/EN/article/showTenYearVolumnDetail.do?nian=2013

558 ALEXANDRIA SCIENCE EXCHANGE JOURNAL, VOL. 39, No 4 OCTOBR- DECEMBER 2018

Kljajic, P. and 1. Peric. 2005.Resistance of stored-product

insects to
insecticides.(Rezistentnostskladis “nihinsekatapremainsekti
cidima). Pesticide and Phytomedicine

(Pesticidiifitomedicina). 20: 9-28. (In Serbian with English
abstract).

Loganathan, M., D. S. Jayas, P.G. Fields PG andN. D. G.
White. 2011. Low and high temperatures for the control of
cowpea beetle, Callosobruchus  maculatus  (F.)
(Coleoptera: Bruchidae) in chickpeas. J. Stored Prod.
Res.47:244-248.

Maharjan, R., H. Yi, Y. Young, Y. Jang and Y. Kim. 2017.
Effects of low temperatures on the survival and
development of Callosobruchus chinensis (L)
(Coleoptera: Bruchidae) under different storage durations.
J. Asia-Pacif. Entomol. 20: 893-900.

Mansoor, U.H., A. Aslam, M. Jafir, M. W. Javed, M. Shehzad,
M. Z. Chaudhary and M. Aftab. 2017. Effect of
temperature and relative humidity on development of
SitophilusoryzaeL.  (Coleoptera:  Curculionidae). J.
Entomol. Zool. Studies. 5(6): 85-90.

Marijana, P. G., G. Andric and P. Kljajic. 2011. Effects of 50
°C temperature on Sitophilus granaries (L.), Sitophilus
oryzae (L) and Sitophilus zeamais
(Motsch).Pestic.Phytomed. (Belgrade).26(3): 221-227.

Nahdy, M. S., S. N. Silim and R. H. Ellis.1999. Effect of field
infestations of immature pigeon pea (Cajanus cajan (L.)
Millsp.) pods on production of active (flight) and
sedentary (flightless) morphs of Callosobruchus chinensis
(L.). J. Stored Prod. Res. 35(4):339-354.

Nasab, F. S., A. A. Pourmirza and A. H. Zade. 2009. The
effect of microwave radiation with cold storage on the
mortality of Indian meal moth (Plodia Interpunctella
Hub.) eggs. Pak. J. Entomol. 31:111-115.

Pandey, N. K. and S. C. Singh. 1997. Observations on the
biology of the pulse beetle Callosobruchus chinensis
(Linn.) infesting stored pulses. Uttar Pradesh J. Zool.
17(1):38-42.

Purohit, P., D. S. Jayas, B. K. Yadav, V. Chelladurai, P. G.
Fields and N. D. G. White. 2013.Microwaves to
control Callosobruchusmaculatus in stored mung bean
(Vignaradiata).J. Stored Pro. Res. 53: 19-22.

Renaut J., J. F. Hausman and M. E. Wisniewski. 2006.
Proteomics and low temperature studies: bridging the gap
between gene expression and metabolism. Physiologia
Plantarum. 126: 97-109.

Roberts, E. H. 1988. Temperature and seed germination. In:
Plants and Temperature. S. P. Long and F. I. Woodward
(eds). Cambridge. U.K: Society for Experimental
Biology:109-132.

Singh, S. 1997. Ovipositional behaviour and development of
three species of bruchids under field condition. Ann. Plant
Protec. Sci., 5(2):214-215.

Srinivasacharyulu, B. S. and T. D. Yadav.1997. Olfactory and
ovipositional preference of two strains of Callosobruchus
chinensis. Indian J. Entomol., 59(2):193- 197.

Vadivmbal, R., D. S. Jayas and N. D. G.White. 2007. Wheat
disinfestations using microwave energy. J. Stored Products
Res. 43: 508-514.

Vadivambal, R., D. S. Jayas and N. D. G. White. 2008.
Determination of mortality of different life stages of
Tribolium castaneum (Coleoptera: Tenebrionidae) in
stored barley using microwaves. J. Econ. Entomol. 101
(3):1011-1021.

Vadivambal, R., O. F. Deji, D. S. Jayas and N. D. G. White.
2010. Disinfestation of stored corn using microwave
energy. Agric. Biol. J. N. Am. 1(1): 18-26.

Valizadegan, O., A. A. Pourmirza and M. H. Safaralizadeh.
2009. Combination of microwave radiation and cold
storage for control of Oryzalephilus surinamensis (L.)
(Col. Silvanidae). J. Biol. Sci. 9: 231-236.

Valizadegan, O., A. A. Pourmirza and M. H. Safaralizadeh.
2011.The impact of microwaves irradiation and
temperature manipulation for control of stored-products
insects. African J. Biotechnol.10(61): 13256-13262.

Wang, S., J. Tang, J. A. Johnson, E. Mitcham, J. D. Hansen,
G. Hallman, S. R. Drake and Y. Wang. 2003. Dielectric
properties of fruits and insect pests as related to radio
frequency and microwave treatments. Biosyst. Eng. 85:
201-212.

Webber, M. M., F. S. Barnes, L. A. Seltzer, T. R. Bouldin
and K. N. Prasad. 1980. Short microwave pulses cause
ultrastructural membrane damage in neuroblastoma cells.
J. Ultrastruct. Res., 71: 321-330.

White, N. D. G. and J. G. Leesch. 1996. Chemical control. In:
Integrated Management of Insects in Stored Products.
Subramanyam, B.H. and D.W. Hagstrum, (Eds.), Marcel
Dekker, Inc., New York, Basel, Hong Kong, pp: 399-408.

Yongxue, D., L. Longshu and Z. Zhino. 1998. Development
and  reproduction of  Callosobruchus  chinensis
(Coleoptera: Bruchidae) on four legume plant seeds.
Proceed. 7 Int. Working Conf. Stored Product
Protec.1:107-108.

Yuya, A. I, A. Tadesse, F. Azerefegne and T. Tefere. 2009.
Efficacy of combining niger seed oil with malathion 5%
dust formulation on maize against the maize weevil,
Sitophilus zeamais (Coleoptera: Curculionidae). J. Stored
Prod. Res. 45: 67-70.

Zettler, L. J. and F. H. Arthur. 2000.Chemical control of
stored product insects with fumigants and residual
treatments. Crop Protection.19: 577-582.


javascript:;
javascript:;
javascript:;

El-Sayed. H. M. Tayeb,....etal.: Microwave Radiation and Heat Against Immature Stages of The Chinese Beetle ..... 559

Lduall Joil) o Ludiad ALKy )eh¥) ada 5l 5 gy Sual) £ i
Al dale o ¢ zlaas daallue o Gua ¢ e ap)Sllae as ~Bdllae ¢ (i dene G 2l

shall a3 (alety) el oo Cua () + 1 £-)
Aalaal) o ALalS) Cpliall g sa Jaae il 5l e )
ALK e ALY aea Gige ) Aleleall ol s
of Loyl i) camiag) GlIAE (%) + ) Aalaall 500
Alalaall aay %£V,1Y ) Caimisy) Hsh )l v
() £7) Amsiid) sl Ay

o) skl Aladll Jsdll Cigsn Alalas cpelil LS
¢ 0) Adline clyidl (ly 4 v v) Ciagg Saall g lady ALlS
A Labnal) el B A llad (gl ¥e ¢« YO 0 Yo VO 0 Ve
PR [ WVORERp i PPN TN A K SIS SIS S
AL cllad) J€ eyl ady Al Y s Lcanyas
g ldY il 558 Baly Cusmiad) Cua sl Gl e
G AlSa) - ) Aupall odn il 5y L Ciygs Saall
AadlCal By Allad g 50 L) Alpadl) Jalgall ooy
saalsiall duall Jadll oludid 5y8al ALK yue kY
sha alasin) ) aeail) ae dleadll Jsdll H5dy Jal
LSS )l

Jalsall (oamy 5800 ddpee A 0al) du))all Cidagi
(CissSaall g landl ¢ Amisially Adlall 3lyall) Aol
ol gl a8 Al Jsal o Ludia Aa8lSa) A3y,kS
DIBYL Lladl Jydll i e Vo v papalaie
(@hie ¢ iy ¢ par) divall Jpdll o Laaial abiad)
¢ Yoo V1o) ddhiag iyl (o v) Adlall 3ylyal) daal
JS cpls (Laga Y. (Vo cdh Vo o (g0
OLS Gim 3V Y 3ol (anyel) dagi dlaleall )5y
Bl A5 5lee St ALSN e Y1 ST g ()
syl el 5yyall HE0 Ay aie SN ))3al)
O ans Jsdl) sty il e imgyanll Adhaall 2a3Yls
gl Gyl ) 3l s Lusina il )
cJp Il A5)aally L) A aliss)

o ugindll Jodll H5dy myy et (e gl @3S
dpall Jedll o luiia (e daliad) ALK e gLy
miaid) 5y all cilapal (ldal) ¢ cldyll ¢ g )
ulalldelw Ve sa W () £ VE-c Ve ¢ YO)

Laalias) V) 5yhald) dapal dLalSl el LU dllad)



