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Abstract

The saw-toothed grain beetles, Oryzaephilus surinamensis L. (col., Silvanidae) is one of
the most important pests that damage to stored products in Iran. The efficacies of three
IGR insecticides, Tebufenozide, Chromafenozide and Lufox® have been evaluated on
eggs and larval stages of O. surinamensis during this study. The Efficiencies of these
insecticides have been considered by different concentrations on one day old eggs, 5 day
old (young) and 19 day-old larvae. The results of bioassay tests showed that Lufox® has
the most and Tebufenozide has the least efficacy on eggs and larval stages. Also, the
mortality effects directly increased by raising the IGRs concentrations. In the other aspect,
the eggs of O. surinamensis were the most susceptible stage in response to IGR
insecticides. The LTsy value of Lufox® was shorter than that of Tebufenozide and
Chromafenozide. Finally the high toxicity and strongest efficiency can be resulted by using
of Lufox® in comparison with Tebufenozide and Chromafenozide.
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Introduction

Approximately, 10-20 percent of the agricultural products which have been stored in storages
and thesauruses are lost by different kinds of pests such as insects and plant pathogens in Iran
(Moharramipour et al., 2003). The species, Oryzaephilus surinamensis (Col., Silvaninae) who is
called the saw-toothed grain beetle is the most important insect pest in the world can damage to
dried fruits, stored grains and flour productions (White & Leesch, 1995; Jovanovic et al., 2007).

Most economic storage insect pests can be controlled by using phosphine, methyl bromide
fumigation ingredients and other synthetic insecticides. Recently, usages of high risk insecticides
are limited because they have high toxicity for vertebrates and invertebrates animals specially
humans and natural enemies. The other side effects of chemical pesticides consist of the pest
resistance, the pest resurgence, the environmental pollutions, causing unacceptable pesticide
residues in food, living animal bodies and trophic circles and finally, the lethal effects on non-
target organisms (Bell & Wilson, 1995; White & Leesch, 1995; Daglish & Collins, 1999;
Jovanovi¢ et al., 2007).

Recently, almost studying and research processes are focused on finding new compounds by
less damages to non-target living organisms which are living in deferent parts of environment. The
Insect growth regulators (IGR), e.g. Teflubenzuron, Chromafenozide and ® Lufox®, are commonly
used as the practical compounds with less poisonous effects on human, domestic vertebrates and
environmental aspects. These cheap compounds can be easily produced on an industrial scale.
Additionally, these materials will be disintegrated quickly and completely under normal
environmental condition and caused weakly effects on insect’s resistance. (Mc Gregor & Kramer,
1977). The IGRs are suitable for controlling store pests (Loschiavo, 1976). The IGRs play the
important role in destruction of different developmental stages in insects; The IGRs are mainly
known as the larvicides and ovicides compounds (Lee et al., 1996). But, these agents can be
affected latently on longevity, fecundity and fertility capacity of the insect’s adult stages (Marco et
al., 1998; kandil et al., 2012). The IGRs are more selective insecticides for target pests and less
toxicity for non-target organisms and natural enemies rather than other synthetic conventional
insecticides in contrast to living organisms (Perry et al., 1998).

Otherwise, some researchers have reported the effects of IGRs on insects’ chitin synthesis. They
found that the chitin has been synthesized from glucose, glucosamine or N-acetyl glucosamine,
protein and carbohydrate witch are the immediate precursor of chitin (Candy & Kilby, 1962; Marks
& Sowa, 1976). Tebufenozide is a novel synthetic non-steroidal ecdysteroid agonist, can be
blocked the site of the molting hormone action. It is an agonist of ecdysone that causes premature
molting in larval stage pests. It can be affected with high selectivity and low toxicity on the target
pests. The company that discovered Tebufenozide (which is known as Rohm and Haas), was given
a Presidential Green Chemistry Award for its development (Carlson, 2000). Chromafenozide is a
novel dibenzoylhydrazine andis which is categorized as an insect hormone ecdysone (moulting
hormone agonists) that was developed in the collaborative research project between Nippon
Kayaku Co., Ltd., and Sankyo Co., Ltd., and is categorized to be an insect hormone ecdysone
agonist. Chromafenozide is found to be significantly the potent compound against various insects.
This material is completely non-dangerous for pollinators, predators and parasitoids insects. Also,
Chromafenozide has a low toxicity for mammals and causes the minimum impact on the
environmental aspects. It would be an ideal agent for integrated pest management (Smagghe et al.,
2012)

Lufox® is the potent IGRs with proven activity on many pests of horticultural and urban
environments (Charmillot ef al., 2006). Lufox® is mixture of juvenile hormone mimic (Fenoxycarb
7.5% EC) and chitin synthesis inhibitor (Lufenuron 3% EC) (Reda et al., 2010 a,b). Lufox® is
known as the ovicidal and larvicidal component with serious effects on various insect pests . Adult
of the orders, Diptera and Orthoptera can be controlled by using this material (Cantus et al., 2008;
Reda et al., 2010 a,b). Lufox® is relatively safe agent for natural enemies (Hosseinzadeh et al.,
2011).
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Our objective was to evaluate toxicity of three IGR insecticides, Tebufenozide, Chromafenozide
and Lufox® on different growth stages of O. surinamensis. Therefore, the present study was
designed to describe the acute toxicity of this IGRs compounds. This study report preliminary
results of which IGRs can be more effective on The saw-toothed grain beetles. Also the obtained
results support more environmentally friendly inseceticides that can be used in stored productions.

Materials and Methods

The effects of Tebufenozide, Chromafenozide and Lufox® compounds have been tested on one
day old eggs, young and old larvae (4 days old and 20 days old) of Oryzaephilus surinamensis.
This study has been done in agricultural college laboratory of Islamic Azad University—Arak
branch during 2013-2014.

Rearing of Oryzaephilus surinamensis

The specimens of Oryzaephilus surinamensis were reared in standard containers which had
been filled by 10grs of wheat flour. The containers were chosen by the following dimensions: 18
centimeters height and 8 centimeters diameters, which used as the foodstuffs. The rearing
specimens are maintained for three generations at the fixed temperature and humidity under dark
condition (28 + 2 °C; 65 + 5% relative humidity). Different developmental stages are randomly
chosen from healthy individuals as the biotests with the same cohort.

Insecticides

Three Insect growth regulators were experimentally used in this project those are written here-
in-after:

Mimic is a IGR insecticide and has a common name (Tebufenozide) with chemical name(N’-(4-
Ethylbenzoyl)-3,5-dimethyl-N-(2-methyl-2-propanyl)benzohydrazide), of molecular formula
(CoHasN>Oy).

Matric is a IGR insecticide and has a common name (Chromafenozide) with chemical name(3, 4
dihidro-5-methyl-2H-1-benzopyran-6-Carboxylic acid 2- (3, 5-dimethylbenzoyl)-2-(1, 1-dimethyl)
hydrozide), of molecular formula (C,4H;0N,O3).

Lufox is a IGR insecticide (mixture of juvenile hormone mimic (Fenoxycarb 7.5% EC) and
chitin synthesis inhibitor (Lufenuron 3% EC) with chemical name (ethyl [2-(4- phenoxyphenoxy)
ethyl] carbamate (Fenoxycarb) + N-[[[ 2,5- dicholoro-4-(1,1,2,3,3,3- hexafluoropropxy) phenyl]
amino] carbonyl] -2,6-difluorobenzamide (Lufenuron)).

Toxicity bioassays

The toxicity of Tebufenozide, Chromafenozide and Lufox® has been considered on eggs of O.
surinamensis with one day old and two different larval stages. The eggs are obtained from adults
who were fed by wheat flours. The eggs separated by a 60-mesh sieve. The toxicity consideration
will be done after preliminary tests. The separated eggs weresubmerged by solution concentrations
with 500, 250, 125, 62, 31, 15, 7 and 3 ppm. Also, the efficacies of different doses, comprising of
1000, 500, 250, 125, 62, 31, 15 and 7 ppm are tested on young larvae (4-5 day) and 3000, 1500,
750, 375, 187, 93, 46 and 23 ppm checked on old larvae (20 days ). Each concentration will be
replicated at three times on three different biotests. The 10 numbers of eggs and larvae were placed
in the Petri dishes which were covered by a damp filter paper as lower layer and 10 grs of wheat
flours as upper layer. Each petri dish will be dried during 3 hour under laboratory conditions before
inserting specimens.

The Petri dishes which carry specimens are placed into incubators by fixed temperature (28°C),
constant relative humidity (65+5%) and dark conditions. The mortality effects on eggs was
recorded during 6 days after treating and larval mortality recorded during 10 days after exposing
biotests by each compound. The eggs hatching and larval movement are the signs of death, e.g.
dead Larvae did not move when were prodded by a soft paint brush and dead eggs did not hatch.
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Statistical analysis

The data are transformed [arcsin sqrt (x+0.001)] before analysis for stabilizing variance. The
rate of mortality is analyzed by using ANOVA software. The means can be separated based on the
results of analyzing by ANOVA software. The doses with mortality response of different
concentrations can be estimated by using duncan analysis in SAS 9.13. The LC50 and LT50 factors
and their related statistics estimated separately for each insecticide by using the Polo-pc software.

Results

Toxicity of the IGR compounds on O. surinamensis eggs:

Lufox® compound have the highest mortality effects on O.surinamensis eggs. Furthermore, the
lowest mortality percentage is caught by Tebufenozide compound usage. The variance analysis
results of the mortality percentage show that there is a significant different between the three
difference compounds (df= 2; F=120.75, P<0.0001). Tebufenozide has caused 6.66% mortality at
3.9 ppm which is the lowest rate and 250 and 500 ppm of Lufox® have the strangest mortality
effects with the rate 100%. There is another significant difference between the dose efficacies on
eggs mortality based on the resulted data (df= 7; F=321.76, P<0.0001). The hatching rates
decreased in contrast to increasing of the compounds concentration (Fig. 1). The LCs, values are
37.9, 21.15 and 9.15 ppm for Tebufenozide, Chromafenozide and Lufox®. The details of LC;
values those are resulted from the tests on the one day old eggs of O.surinamensis are shown at
table (1).

Toxicity of the IGR compounds on young and old larvae of O.surinamensis

The IGR, Lufox® has the highest mortality effects on the young and old stages of the species
O.surinamensis in comparison with Tebufenozide and Chromofenozide compounds. Tebufenozide
compound has the lowest mortality effects. The results of the analysis showed that there are
significant differences between the compounds on young larvae (df= 2; F=45.32, P<0.0001) and

also on old larvae df=2; F=126.41, P<0.0001). Also, the results of the analysis showed that there

are significant differences between the effects of different doses on young larvae (df= 7; F=148.1,
P<0.0001) and on old larvae (df= 7; F=126.44, P<0.0001).

The effects of Tebufenozide usage show that 10% mortality will be occurred by using of 7.81
ppm on young larvae and 13.75% mortality at 23.43 ppm on old larvae, which are the lowest rates
during this study. Lufox® compound has the highest toxicity on young larvae by concentrations of
500 and 250 ppm with 100% mortality based on the final results, while 85 and 92.5% mortality is
occurred at the high concentrations of Tebufenozide and Chromofenozide compounds for young
larvae. The resulted data based on bioassay tests show that Lufox® by the concentrations 3000,
1500 and 750 ppm has the strongest effects on the old larvae, with the rate 100%, while
Tebufenozide and Chromofenozide compounds can be killed just 81.25 and 92.5% of the biotests.
Larval mortality decreased in contrast to increase of the compounds concentration (Fig. 1; 2).

The bioassay data with respect to the LCs, values are presented in tables 1. According to the
obtained results, Lufox® has the better and efficiently functional response for controlling the
young and old larval than that of Tebufenozide and Chromafenozide. The results indicate that the
LCs value of Lufox® for the young and old larvae are 1.00 and 29.2 ppm, respectively with slop
(£ SE) value of 1.15+0.14, 1.37+0.15 and chi-square value of 5.75 and 5.16 (table 1).

LT50 values for the young and old larval stages are presented in Table 2 and 3 which calculated
after exposing by the three compounds. The LT50 values of Lufox® at highest concentration (1000
and 3000 ppm) are shorter (2.6 and 2.75 days) than that of Tebufenozide by same concentrations
(5.32 and 5.17 days). The LT50s values of Lufox® are 10.02 and 7.84 days for low concentrations
(7 and 23 ppm), while Tebufenzide LD50s are 17.51 and 15.6 days for low concentrations (7 and
23 ppm). The mortality rate of larval stages of O. surinamensis is calculated about 10 days after
exposing by the different doses of IGR compounds those are shown in figures 2 and 3.
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Fig. 1- Mortality of O. surinamensis eggs in different concentrations of Tebufenozide, Chromafenozide and Lufox®
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Fig. 2- Mortality of O. surinamensis young larvae in respect to the different concentrations of Tebufenozide, Chromafenozide
and Lufox®
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Fig. 3- Mortality of O. surinamensis old larvae in respect to the different concentrations of Tebufenozide,
Chromafenozide and Lufox®.

Table 1- Estimated LCs, of Tebufenozide, Chromafenozide and Lufox® on Oryzaephilus surinamensis

D Chi- %95
Compound Stage Number Lcso(MI/1) £ squar Upp: Lower Slop+SE
Egg 37.90 233 gg;g 26.18 1.16+0.141
Tebufenozide Young Larvae 270 33.9082 2 6.30 23‘7 1 16.76 0.76740.12
Old Larvae 143.03 2 3.94 ) 4 76.31 0.764+0.12
29.86
. Egg 21.15 3.66 14.32 1.2240.14
Ch“’mafzn‘md Young Larvae 270 19.33 2 ) 3.9 3‘21‘1‘ 9.10 0.868+0.13
Old Larvae 76.82 5.29 ‘2 40.38 0.913+0.13
Ege 9.159 4642 1282 5.94 1.4220.18
®Lufox Young Larvae 270 1.002 2 5.75 18.85 8.09 1.15440.14
Old Larvae 29.203 2 5.167 39‘89 20.404 1.37540.15
Table 2- Estimated LTs) of Tebufenozide, Chromafenozide and Lufox® on young larvae
Concentratio . %95
Compound n LTs(day df Chi- Slop+SE
ppm ) squar Upper Lower

1000 532 ) 7.37 5.8 4.84 4.66+0.5

Tebufenozide 125 7.22 8 4.45 8.09 6.55 4.09+0.53

7 17.51 6.74 49.62 12.5 3.06+0.83

Ch f 1000 4.17 2 7.67 4.57 3.74 4.67+0.48

B 125 5.84 o 8.43 637 535 3.7420.45

zde 7 15.49 7.87 32.52 11.57 2.8320.67

1000 2.6 16.01 2.84 2.36 5.69+0.65

®Lufox 125 35 2 11.11 4.00 2.97 2.92+0.32

7 10.02 8 11.92 13.43 8.43 2.74+0.47

46



TAU Journal of Entomological Research Volume 14, Issue 2, 2021, (41-50)

Table 3- Estimated LT of Tebufenozide, Chromafenozide and Lufox® on old larva

Concentration Chi- %95
Compound ppm LTs(day) df squar Upper Lower Slop+SE
3000 5.17 6.08 5.72 4.64 3.86+0.43
Tebufenozide 375 7.05 8 6.32 8.07 6.3 3.39+0.12
23 15.6 5.39 33.34 11.67 2.98+0.72
Chromafenozid 3000 4.77 58.49 55 4.04 4.25+0.44
375 6.14 28 7.28 6.81 5.56 3.93+0.43
¢ 23 15.91 8.26 33.88 11.76 2.73+0.64
3000 2.75 26.13 3.05 245 5.34+0.55
®Lufox 375 3.71 28 13.49 4.1 33 4.64+0.47
23 7.84 8.25 9.48 6.83 2.840.42

Discussion

Oryzaephilus surinamensis is recognized as a most cosmopolition pest who attacks to stored
products and causes serious damages in quantity and quality scales through feeding and
contaminating the products with cast skin and depositing frass (Ja Hyun & Ryoo, 2000), Here, we
investigated the mortality of eggs, young and old larval stages of O.surinamensis with reference to
the toxically effects of different IGRs insecticides. The Comparison of the different insecticides
LCsy which is explained in this research process indicates that Lufox® have the lowest LCs, in
comparison with the other both insecticides and observes that the ovicide and larvicide efficacy of
Lufox® on O. surinamensis is the highest one. According to the obtained results, Lufox® has
better and stronger effects on controlling of the saw-toothed grain beetle than the other both
components. Lufox® is the mixture of juvenile hormone mimic (Fenoxycarb) and Chitin Synthesis
inhibitor hormone (Lufenuron). During the previous investigations, it was cleared that the
Lufenuron has a destructive effects on the egg stage, larval stages and adults while, Fenoxycarb is a
Juvenile hormone mimic, its impact is devastating on eggs and last larval age (Minguez et al.,
2004).

The final resulted data of this project is agreed by the reported results by Hosseinzadeh et al.
(2011) who reported that Lufox® gave the best effects in controlling process of the population of
Lobesia botrana Den & Schiff. Previously, it has been submitted by Minguez et al., (2004) that
Lufox® have the best performance in controlling of grape pests. Gelbic et al. (2011) who has been
represented the comparative studies on the effects of tebufenozide and lufenuron on Spodoptera
littoralis, reported that Lufenuron has more activity than tebufenozide.

the mortality is directly increased by raising the compounds concentrations. With due attention
to the LCsy values of Tebufenozide, Chromafenozide and Lufox®, it would be suggested that
Lufox® has more toxicity on storage pests than the other insecticides which have been mentioned
above. This result is confirmed with Yasir et al. (2012) who found that Lufenuron caused
significant effects on larval mortality, by using the species Tribolium castaneum, as the biotest.
Also, Saenz de Cabezon et al. (2006) found that lufenuron has the high chitin synthesis inhibitory
effects on Lobesia botrana eggs. The highest effect can be observed on eggs. In contrast, El-
Shennawy (2009) recorded that LCs, for lufenuron is 2.276 ppm when 4-day old eggs of
Pectinophora gossypilla were treated (kandil et al., 2012). Yasir et al., (2012) recorded that the
adult’s fecundity and eggs hatchability rates of T. castaneum larvae were reduced by deferent doses
of Lufenuron.

The LTs, values of 1000 and 3000 ppm of the poison materials are shorter for controlling young
and old larval stages than that of the concentrations 7 and 23 ppm of same materials. These resulted
times are matched by the results of Rashid et al. (2012) who reported 1000 ppm of hexaflumuron
can kill A. vilis larvae during about 7 days. Finally, the LTs, value of Lufox® is shorter than that of
Chromofenozide and Tebufenozide.

Additionally, the presence differences in L.Csy values between these three IGR insecticides
indicate that the required concentration for killing 50% of the different stages of O.surinamensis by
using Lufox® is lower than that of the other compounds. Therefore, the toxicity effects of Lufox®
are higher than that of Chromofenozide and Tebufenozide. These results revealed that Lufox® is
the most effectively compound that can be used safely for controlling insect pests.

47



Loni et al.: Toxicity comparison of Three IGR Agents on Oryzaephilus...

References

Smagghe, G., Gomez, L. E. and Dhadialla, T. S. (2012) Bisacyl hydrazine Insecticides for
Selective Pest Control. In T. S. Dhadialla, editor: Advances in Insect Physiology, Academic
Press, pp. 163-249.

Marks, E. P.and Sowa, B. A. (1976) Cuticle formation in vitro. In Mechanism of Pesticide
Action, ACS Symp. Ser. 2: (12): 339-357.

Candy, D. J. and Kilby, B. A. (1962) Studies on chitin synthesis in the desert locust. J. Exp.
Biol. 39: 129-4.

Loschiavo, S. R. (1976) Effects of the synthetic insect growth regulators methoprene and
hydroprene on survival, development or reproduction of six species of stored products
insects. Journal of Economic Entomology, 69 (3): 395-399.

McGregor, H. E. & Kramer, K. J. (1977) Activity of Dimilin (TH 6040) against Coleoptera
in stored wheat and corn. Journal of Economic Entomology, 69: 479.

El- Shenawy. A. M. R. (2009) Evaluation of some pesticides against pink bollworm P.
gossypiella (Saunders) M.Sc. thesis, Faculty of Science, AAzhar University. pp. 166.

Saenz-de-Cabezon, F. J., Perezmoreno, 1., Zalon, F. G. and Marco, V. (2006) Effects of
lufenuron on Lobesia botrana (Lepidoptera: Tortricidae) egg, larval and adult stages. J.
Econ. Entomol. 99(2):427-431.

Minguez, S., Cantus, J. M., Pons, A., Margot, P., Cabanes, F. X., Masque, C., Accensi, F.,
Elorduy, X., Giralt, L. L., Vilavella, M., Rico, S., Domingo, C., Blasco, M. and
Capdevila, J. (2004) Influence of the fungus control strategy in the vineyard on the
presence of Ochratoxin A in the wine. Bulletin O.1.V. 77: 821-831.

Yasir, M., Sagheer, M., Hassan, M. U., Abbas, S. K. and Muhammad, W. (2012)
Impairment of growth, development and reproduction in Tribolium castaneum (Herbst)
(Coleoptera: Tenebrionidae) due to larval exposure to lufenuron-treated diet. Abstract of
32nd Pakistan congress 158 of zoology.

Hosseinzadeh, J., Karimpour, Y. and Farazmand, H. (2011) Effect of Lufox®, on Lobesia
botrana Den. & Schiff. (Lepidoptera: Tortricidae). Egypt. Acad. J. biolog. Sci., 3 (1): 11-
17.

Ja Hyun N. A, Ryoo, M. L. (2000) The influence of temperature on development of
Sitophilus oryzae (Coleoptera: Curculionidae) on dried vegetable commodities. Journal of
Stored Production Research., 36: 125-129.

Cantus, J. M., Diaz, A. and Sanz, E. (2008) Nueva soluction IGR parael control de polillas
Del racimo, (Lobesia botrana Den. & Schiff. (Lepidoptera: Totricidae)) De la vid. 28as
Jornadas de productos fitosanitarios. pp: 140-141.

Reda, F., Bakr, A., Mona, 1., Elazeem, M. A., El-Gammal, M. and Noura, M. M. (2010a)
Histopathological alteration in the ovaries of the desert locust Schistocerca gregaria
(Forskal) induced by the IGR consult and Lufox®. Egyptian academic journal of biological
science. 1 (1): 1-6.

Reda, F., Bakr, A., Mona, 1., Elazeem, M. A., El-Gammal, M. and Noura, M. M. (2010 b)
Histopathological change in the testis of the desert locust Schistocerca gregaria (Forskal)
induced by the IGR Consult and Lufox®. Egyptian academic journal of biological science.
1 (1): 23-28.

Charmillot, P. J., Pasquier, D., Salamin, C. and Briand, F. (2006) Efficacité larvicide et
ovicide sur les vers de la grappe Lobesia botrana et Eupoecilia ambiguella de différents
insecticides appliqués par trempage des grappes. Revue Suisse de Viticulture, Arboriculture
et Horticulture. 38 (5), 289-295.

Perry, A. S., Yamamoto, 1., Ishaaya, 1. and Perry, R. Y. (1998) Insecticides in agriculture
and environment. Springer, Berlin, Germany.

Marco, V., Perez-Farinos, G. and Castanera, P. (1998) Effects of hexaflumuron on
transovarial, ovicidal and progeny development of Aubeonymus mariaefranciscae
(Coleoptera: Curculionidae). Envir. Entomology. 27: 812-816.

48



TAU Journal of Entomological Research Volume 14, Issue 2, 2021, (41-50)

Jian-Hua, L., Xin-Hong, Su., Jian-Jun, Z. (2012) Fumigant activity of Elsholtzia stauntonii
extract against Lasioderma serricorne, S Afr J Sci; 108(7/8)

Lee, D. P., Thirugnanam, M., Lidert, Z., Carlson, G. R. and Ryan, J. B. (1996) RH-2485:
a new selective insecticide for caterpillar control, Proc Brighton Crop Prot Conf, BCPC,
Farnham, Surrey, UK, pp: 481 486.

Mervat A. K., Ahmed, A. F. and Moustafa, H. Z. (2012) Toxicological and biochemical
studies of lufenuron, chlorfluazuron and chromafenozide against Pectinophora gossypiella
(Saunders). Egypt. Acad. J. Biolog. Sci., 4 (1): 37-47.

Carlson, G. R. (2000) "Tebufenozide: A Novel Caterpillar Control Agent with Unusually
High Target Selectivity". Green Chemical Syntheses and Processes. ACS Symposium
Series 767. p. 8.

White NDG, Leesch JG (1995) Chemical control. In: Subramanyam B, Hagstrum DW (Eds.),
Integrated Management of Insects in Stored Products. Marcel Dekker, New York, pp. 287—
330.

Jovanovié, Z,. Kostié¢, M. and Popovié¢, Z. (2007) Grain-protective properties of herbal
extracts against the bean weevil Acanthoscelides obtectus Say. Ind. Crop. Prod., 26(1):
100-104.

Moharramipour, S., Nazemirafieh, J., Morovati, M., Talebi, A.A., Y. Fathipour. (2003)
Effectiveness of exreacts of Nerium oleander, Lavandula officinalis and Ferula assafoeda
on nutritional indices of Tribolium castaneum adults. Journal of Entomological Society of
Iran. 23 (1): 69-89.

Daglish, G. J. and Collins, P. J. (1999) Improving the relervance of assays for Phpsphine
resistance. In: Stored product protection, Eds. Jin, X., Liang, Q. Liang, Y. S., Tan, X.C. and
Guan, L. H., pp. 584-593.

Marouf, A., Sangari, S., & L. Jabbari. (2008) An investigation on fumigant effect of the
extract of Origanum vulgare (Lamiales: Lamiaceae) for control of two stored-product
beetles. Journal of Entomological Society of Iran. 27 (2): 29-41.

Bell, C. H. and Wilson, S. M. (1995) Phosphine tolerance and resistance in Trogoderma
granarium (Everts.) (Coleoptersa: Dermestidae). Journal of Stored Products Research, 31:
199-205.

Ivan, G., Manal, M. A. And Hany, M. H. (2011) Effects of nonsteroidal ecdysone agonist
RH-5992  and chitin  biosynthesis  inhibitor = lufenuron  on Spodoptera
littoralis (Boisduval, 1833). Central European Journal of Biology, 6( 5): pp 861-869

49



olide i Oldow  amass aeldeal STyl Al Dl 3157 oKl

YooA-ETA L

http./fjer.jau-arak ac.ir

(8V-0+) Nee) e Yojleds N E W

Oryzaephilus surinamensis L. (Col., ;> IGR |l 4w Coow sl

AR Lyl s cou (Silvanidae
et iy Loy L0l S At e SO 3 g Ol Dol bl pl s i) o

ol o i ajjf—dj)}l.is 0 dSiSls =Sl a1 e :lj S isls S Ch.in S gzeasls =)
Ol Glgal (Ol e degd o815 ((63,5LES o aKiils (bl Laim 05 S jLuils Y
Ol Glanl (6 e S (Sa 0 gun 5 Lo ot 0l ing s luiils =Y
Ol Ol Ol (K 5alS 0aia gty sl -
Ol STyl e bl 13T o8l (53,58 2Kl ¢ lid ol 05 S sbslzud =0

s S

NV pame 4 &S Sl L;Lﬂ A Sl S Oryzaephilus surinamensis L. (col., Silvanidae) glaSi s

2oadlas ol b s ® Sy 5 dgiles S bsbss GRS o i aw bl o el 010 s g L
0 winy S sl o e e BlE L b S o i ol oL el sdd oLl 6a0Y Jole s o s
S sl OLA e Gy Slislesl o 238 5 Uiyl 5,5 O. surinamensis o355 V4 5 (Ols>) 33,
b loits oo 5 S o D31 i 0 55Y e 5 Wi 535 2 ) e il 5855 5 o ks Lfox®
@ ol oo Ay (S el O, surinamensis gla s Gs a3l Jll IGR chle sl
<slg > .55 Chromafenozide s Tebufenozide ;I 5ol S Lufox s LTS0 ,liie.tis s IGR (gla 2S00

JJ}TW)M%)}«JLA}}}J{)}JFLWL&&)J@LUfOX)\QJLﬂJLA‘LQ‘fJb@blsuﬁjdﬁjybw

Lufox® 5 g3l s S ol 52 55 dGRs Orizaephilus surinamensis :gadS glas}ly

*
soley322@rocketmail.com : S 5 ;S Cooy Sl 5 0y 53

VENVOEe By b= VE VY e Sl s sl

&

O sliaadi o yutia liiEal ceacadl dsliliad



