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ABSTRACT

The present study was established to evaluate the potential of insect growth regulator on the
growth and development. of Tribolium confusum Azadirachtin, a neem derivative which considered
as insect growth regulator due toits chitin inhibitor activity was tested topically at four doses
(0.5, 1, 1.5 and 2 pg insect™) on adults of Tribolium confusum (Colecptera: Tenebrionidae) and
first evaluated on fecundity, hatchability and viability of eges, longevity and morphometric of
oocytes. Results show that the compound reduces the longevity and the fecundity. Generally,
treatment with azadidrachtin affected growth and development of cocytes and egg-viability as
shown by caleculating the number of cocytes per ovaries and the size of basal follicle. The width of
the follicle has not been affected significantly by these treatments. In the second group of
experiments, this IGRs don’t induce significant reduction in percentage of hatchability, the
hatching rate of eggslaid by F1 females was not affected by the treatment {(F = 2.86, DF = 99,
p = 0.5) but it affect very significantly the viability rate of eggs laid by first female generation F1
(F =175, DF =99, p>0.0001). However, the azadirachtin lengthened very significantly the total
duration of life eyele. Duration of the embryonic and post embryonic development of eggs laid by
treated female inerease when the coneentration varied from O te 2 ug pL.7!. This data confirm the
efficiency of growth regulators derived from neem plant, on the development of stored product
insect pests.
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INTRODUCTION

In recent years the use of synthetic organic insecticides in stored product pest control programs
around the world has resulted in damage to the environment, pest resurgence, pest resistance to
insecticides and lethal effects on non target organisms (Abudulai et al., 2001). Insect growth
regulators, botanical insecticides and microbial pesticides are highly effective, safe and ecologically
acceptable (Weinzierl and Henn, 1991; Nathan et al., 2005ab; Nathan and Kalaivani, 2005;
Sadeghian and Mortazaienezhad, 2007; Radhakrishnan et al., 2007; Suman et al., 2010).

The common trend in the past to decades toward reducing reliance on synthetic insecticides for
control of insect pests in agriculture, stored products, forestry and human health has renewed
worldwide interest in the neem derivative, azadirachtin, as an environmentally desirable
alternative {Paoletti and Pimentel, 2000; Nderitu et al., 2008). Because of secondary effects of
conventional insecticides, the Insect Growth Regulators (IGRs) are receiving more practical
allention to provide for safer tools and a cleaner environment.,
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Among these compounds the neem product, azadirachtin cause abnormal circular deposition
and abortive melting in insects by interfering with chitin biosynthesis (Casida and Quistad, 1998).
It was found to be effective on several insect species (Khebeb ef al., 1997; Ben Jannet ef al., 2001;
Flamini et al., 2003; Chaieb et al., 2007). These compound have been found te interfere with chitin
biosynthesis (Fields et al., 2001; Soltani et al., 1983, 1996a). Other IGRs were reported to inhibit
ecdysteroid synthesis (Chebira et af., 2000; Soltani-Mazoun et al., 2000; Al-Fifi, 2006) or mimic the
action of 20-hydroxy-ecdysone (Soltami ef al., 2002). Saponin extract from alfalfa roots,
azadirachtin from the neem seed oil, synthetic ecdysteroid agonist RH-2485 and juvencid
hydroperene disturb the development and reproduction of Tropinota squalid (Coleoptera:
Scarabeidae) (Hussein ef al., 2005; Facknath, 2006). Tribolium confusum is a major insect pest of
stored grain in all over the world and whose larval development occurred in flour. In additions
laboratory and field tests have evaluated the toxicity of several IGRs against some stored product
pests  (Abo El-Ghar, 1992; Soltani-Mazouni, 1994; Soltani-Mazoun and Soltani, 1995,
Soltani et al., 1996b; Oberlander et al., 1997; Peppuy et al., 1998). The aim of the present study
was to investigate the effect of azadirachtin on growth and development, adult reproductive
potential and egg hatchability of 7" confusum. This IGR is tested for first time for control insects
that develop 1in stored flour.

MATERIALS AND METHODS

Rearing of insects: Stock cultures of 7' confusum were maintained in glass jars (20 em in height,
10 em diameter) containing wheat flour. Insects were kept at 30+£1°C and 7045% R.H. under almost
continuous darkness. The laboratory experiments were carried out in July 2010 and extended to
January 2011,

Toxic material (azadirachtin) and treatments: Azadirachtin was kindly supplhed by Dow
Elanco (Iniamapolis, USA). Serial dilutions were prepared in acetone and several doses (0, 0,5, 1,
1.5 and 2 pg insect™) were applied topically on newly emerged adults (24-old). Acetone
(1 ug individual™) was used as control. The bicassay was conducted with four replicates each of
50 adult insects (25 males and 25 females) placed in glass box (20 em diameter, 5 cm height)
containing food (100 g of dry wheat flour).

Measurements of ovaries: Females were sampled from control and treated series at different
moments during the adult life (0, 1, 2 and 3 days) and ovaries dissected. The number of oocystes
per ovaries and the size of basal cocytes were determined.

Determination of longevity, fecundity and hatchability rate: Newly emerged adults of
T. confusum were collected from rearing containers control and treated series were reared under
standard conditions. The longevity of both males and females, the total number of eggs laid per
female (Fecundity and the percentage of egg hatching were determined.

Growth and development: Laid eggs were collected from controls and treated series and placed
under standard conditions. The time taken for adult emergence was determined. The number and
the body weight of first generation were determined in all series, the survival rate during the
post-embryonic development was calculated (number of emerged adults on number of eggs
laidx100).
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Statistical analysis: Data are presented as the MeanxS5SD. The age and the number of insects
tested per series are given with the results. To detect azadirachtin among treatments, data were
subjected to analysis of variance and one way ANOVA test,

RESULTS

Effects on morphometric parameters of ovaries

Number of ovocytes per paired ovaries: Results in Table 1 shown that the number of occytes
by pair of ovaries in treated females was decreased significantly in females (1-3 days), when these
females treated with 2 pg of azadirachtin it record (58 to 52.3) when compared with control groups
which record a mean varied from (55.9 to 58.3) according to the age of the female.

The oocytes basal size: The length of basal oocytes decreased just significantly according to the
age of females descended from treated parents (2 pg). The width has not been affected significantly
by this treatment compared with control group which show neo difference in width of the basal
oocytes size according to the age of the female (Table 2).

Effects on reproductive capacity: Results represented in Table 3 shows the effect. of the tested
material, azadirachtin on the fecundity of resulted females which indicate a highly significant
reduction (p<0.0001) of number of eggs laid by each female treated with the higher dose
(2 ug uL™!), compared with the control. The number of eggs laid by the first generation females was

Table 1: Effect of azadirachtin on the number of cocytes per paired ovaries in F1(first generation) female adults of Tribolium confusum

developed from previously treated adults with dose of 2 pg Insect™

Age of females (days) 0 1 2 3
Control 55.9+7.6 59.246.9 59.248.9 58.3+8.9
Treated females 58+6.6 55.6+6.7 5.7+7.6 52.3+7.156
Anova F=318 F=413 F=413 F=16.33

p =0.0797ns p=0.0431* P = 0.000% %% P = 0.000%%*

Values represent Mean+SE (n = 50 females per age), ns: No significant difference, *Significant, ***Highly significant at (p<0.05)

Table 2: Activity of azadirachtin on the width and the length (nm) of basal oocytes of F1 adult females of Tribolium confusum resulted
from treated adults (2 pg Insect™)

Width Length
Age of females
(days ) Control Azadirachtin Control Azadirachtin
0 0.18+0.04 0.15+£0.02 0.37£0.5 0.32+0.7
1 0.17+£0.05 0.17+0.04 0.32+0.4 0.33+0.2
2 0.16+0.05 0.15+0.03 0.30+0.3 0.32+0.6
3 0.19+0.04 0.16+£0.01 0.33+£0.6 0.30£0.5
Analysis F-value p-value
Anova 2 ways (Width)
Age factor 3.90 0.005%%*
Treatment factor 4.20 0.036*
Interaction 2.33 0.046 ns
Anova: 2 ways (Length)
Age factor 3.32 0.019*
Treatment factor 1.03 0.0301 ns
Interaction 3.31 0.031*

Values represent MeandSE (n = 50 females per age). ns = No significant difference, *Significant, ***Highly significant at (p<0.05)
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higher than the one of the females treated especially with the higher doses. The treatment
undergone by the parents did not affect the egg laying of the F1 females. The hatching rate of eggs
in the control did not differ significantly the one of the eggs laid by the females treated with dose
of 0.5 ug u.7" (F = 20.19, DF = 99, p>0.0001). The hatching of eggs laid by the females treated with
the doses higher than 0.5 pg pli7! has been reduced more than the one of the epgs laid by the I'1
females (Fig. 1) The hatching rate of eggs laid by F1 females was not affected by the treatment
(F'=2.85, DF =99, p =0.5).

Also data illustrated in Fig. 2 the effect of the tested growth regulator, the neem product
{azadirachtin) on the viability or post-embryonic survival rate of eggs laid by the treated females
which was significantly reduced (F = 27.04, DF =99, p>0.0001) different between the contrel and
the treatments.

Effects on growth and development: Results in Table 4 showed the duration of the life eycle,
{eges to adults), did not differ significantly between the control and the treatment with dose of
0.5 pg. However, the azadirachtin lengthened very significantly the tetal duration of the embryonic
and post-embryonic development, when the dose was higher than 0.5 pg pL ™%

The weight of adult males derived from treated adults didn’t differ significantly between the
control and the treatments (0.5 and 1 pg). This weight decreased just significantly (F = 3.33,
DF = 99, p = 0.0218) if the dose of the parents treatment was higher than 1 pg (Fig. 3). The
azadirachtin did not affect significantly the weight of the F1 adult females (F' = 1.23, DF =99,
p = 0.3011) (Fig. 3). The adult individual (males and females) lived between 8.2 to 85 days in the

Table 3: Effect. of azadirachtin on the viability rate (Fecundity) of Tribolium confusum females

Doses (ng Insect™)

Results 0 0.5 1 1.5 2
Treated females 78.0+13.7 72.1+£13.2 76.0+11.7 63.8+2.7 43.0+12.3
F1 females 82.4+152 88.2+1.9 87.1+54 853+2.1 73.0£7.4
Anova
F-value 0.35 7.75 4.34 19.46 650.07
p-value 0.573 ns 0.024 ns 0.071 ns 0.002%% 0.000% %%

Values represent Mean+SE (n = 50 females per age), ns = No significant difference, *Significant, ***Highly significant at (p<0.05)
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Fig. 1: Hatchability rate of eggs laid by treated females and F1 of Tribolium confusum
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Table 4: Effect. of azadirachtin on the duration of the developmental cycle (egg to adult) in Tribolium confusum

Doses (ug Insect™) 0 05 1 1.5 2
Duration (days) 28.6£1.9 28.445.2 30.1+0.5 32.56£0.5 31.5+0.2
Anova F =39.11 and p<0.05%**

Values represent Mean+SE (n =100 eggs for each dose), ***Highly significant at (p<0.05)
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Fig. 2: Post-embryonic survival rate in Tribolium confusum
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Fig. 3: Weight of adult progeny of Tribolium confusum refernined to the dose of parents treatments

control. The azadirachtin reduced significantly (F' = 19.63, DF = 29, p = 0.002) the adult longewity
when the flour beetle was treated with the highest dose. On the other hand, this growth regulator
did not affect the longevity of the first generation adults (Fig. 4).

DISCUSSION

Using of IGRs inte management strategies to control 7. confusum in flour warehouses presents
different issues than the use of [GRs in stored grain commodities. The familiarity and wisibility of
this pest to consumers, its ability to penetrate food packing and the essentially zero tolerance for
insects in finished food products are challenges that be faced when using IGEs for any other
insecticide. Because IGRs can be considered reduced-risk insecticides, they represent excellent
options for contrel in the warehouses environment. The tests in which 7. confusum larvae were
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Fig. 4: Effects of azadjrachtin treatments (ug Insects™) on adult longevity of Tribolium confusum

exposed on concrete treated with azadirachtin show the potential of using IGRs te control this
species in food warehouses, retail stores and urban storage situations. Arbogast et al. (2002) showed
reduction in population of several stored-preduct pests including 7. confusum, when hydroprene
was applied as a spot-treatment in a hotanical warehouses. In laboratory tests, exposure of
T. confusum adults prolonged the development time of the eggs and caused mortality in the
dose-dependent.  manner sitmlar  to the results described for larval exposure
{Mohandass et al., 2006),

The results of our study confirm the efficiency of the growth regulators, derived of the neem
plant, azadirachtin on the development of insect pest of stored products whose known as a stercid
like tetra-notriteroencid, isolated in 1968 from neem seeds (Butterworth and Morgan, 1971) along
with about 40 biner principles components helonging to diterpenacid, triterpenoids and
flavinoid groups from different parts of neem tree. The structural geometry of azadirachtin was
revealed by Nakanishi (1975). These neem compounds have shown broad range of bioactivity
against insects such as reproductive fitness oviposition, hatchability, antifeedent, repellent,
metamorphosis disruption and death (Su and Mulla, 1998; Kumar and Parmar, 1998; Mulla and
Su, 1999 Mital and Subbarao, 2003; Garcia ef al., 2006; Abdullah and Subramanian, 2008), these
findings were in agreement of present results. Feng and Ishman (1995) showed the development
of resistance in Peach potato aphid Myzans persicae to pure azadirachtin over 4 generation but
the same did not happen with neem extract. The multiple mode of action or complexity
of mechanism may be responsible for avoiding the development of resistance in insects
against mixture of neem compounds. Hami ef al. (2005) study the comparative toxicity of three
ecdysone against insecticide against the Mediterranean flour moth, Ephestia kuehniella.
They concluded that using hsacylhdrazine derivatives are non steroidal ecdysteroid
agonists that mimie the action of moulting hormone. Also, our findings agree with that
obtained by Arthur et al. (2009) who concluded that pyriproxyfen gave effective residual control
of primary stored-preduct insect species by inhibition emergence of exposed larvae and
Sengottayan et al. (2009) concluded that the neem based insecticide (Parker oil and Neema)
containing low lethal concentration, can be used effectively to inhibit the growth and survival of

Nilaparavata lugens.
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Kumari (2010) found that IGRs cause a reduction in chitin, also defects in the mobility
{leg movement) was observed, these observations also detected during our laboratory experiments.
In contrast, Athanassiou et al. (2005) found that neemazal was not very effective against
T. confusum where adult mortality was very low. It is clear from many investigations that
azadirachtin-based insecticides can be used with sucecess for protection of stored produects,
Kavallieratos ef ¢l. (2007) found that the use of these substances is not comparable to the use of
traditional grain protectants.

In summary, there are many opportunities for the increased use of IGRs in management
programs to control stored product insects. In storage sites where the primary pest is Tribofium
confusum and control is targeted towards the larval and adult stages, IGRs used alone may be
sufficient to give complete control.

CONCLUSION

In this study, we have demonstrated that azadirachtin has a latent effect on 7. confusum
progenies as manifested by the reduced growth and development of immature and mature
stages and lesser production of adults. The present results imply that the use of natural products
like azadirachtin as pesticide would help controlling the storage pests in an environment-friendly
way.

REFERENCES

Abdullah, F. and P. Subramanian, 2008, The feeding response of Epilachna indica (Coleoptera:
Coccinellidae: Epilachninae) towards extracts of Azadirachia indica. J. Entomol., 5: 77-90,

Abo El-Ghar, G.E.S., 1992, Effects of insect growth regulators with juvenile hormone activity
against Callosobruchus maculates (F.) (Coleoptera: Bruchidae). Anzeiger fur Schadlingskunde,
65: 137-140.

Abudulai, M., B.M. Shepard and P.L. Mitchell, 2001. Parasitism and predation on eggs of
Leptoglossus phyllopus (1..) (Hemiptera: Coreidae) in Cowpea: Impact of endosulfan sprays.
J. Agrie, Urban Entomol., 18: 105-115.

Al-Fifi, Z.1.A., 2008, Molting inhibitory and lethal effects of azadirachtin on the desert locust,
Schistocerca gregaria (Forskal). J. Entomol., 3: 312-318,

Arbogast, R.T., P.E. Kendra, R'W. Mankin and R.C. McDonald, 2002. Insect infestation of a
botanicals warehouse in North central Florida. J. Stored Prod. Res., 38: 349-363,

Arthur, F.H., 5. Liu, B. Zhao and T.W. Phillips, 2009, Residual efficacy of pyriproxyfen and
hydroprene applied to wood, metal and concrete for control of stored-product insect. Pest.,
Manage. Sei., 65: 791-797.

Athanassiou, C.G., D.C. Kontodimas, N.G. Kavallieratos and M.A. Veroniki, 2005, Insecticidal
effect of NeemAzal against three stored-product beetle species on rye and oats. J. Keon.
Entomol., 98: 1733-1738,

Ben Jannet, H., F. Harzallah-Skhir1, Z. Mighr, M.S.J. Simmonds and W.M. Blaney, 2001.
Antifeedant activity of plant extracts and of new natural diglyceride compounds isolated from
Ajuga pseudo-iva leaves against Spodoptera littoralis. Ind. Crops Prod., 14: 213-222,

Butterworth, J.H. and E.D. Morgan, 1971. Investigation of the locust feeding inhibition of the
seeds of neem tree, Azadirachia indica. J. Insect Physiol., 17: 969-977.

446



oJ. Entomol., 8 (5): 440-449, 2011

Casida, J . and G.B. Quistad, 1998. Golden age of insecticides research: Past, present or future.
Annu. Rev. Entomol., 43: 1-16.

Chaieb, 1., B.M. Halima-Kamel, M. Trabelsi, W. Hlawa and N. Raouani et al., 2007. Pesticidal
potentialities of Cestrum parqut saponins. Int. J. Agric. Res., 2: 275-281.

Chebira, S., N. Scltani-Mazouni and N. Soltani, 2000, Evaluation of two insect growth regulators,
flueycloxuren and diflubenzuron on ecdysteroid production under in vive and in viire
conditions. J. Kgypt German Soc. Zool. Entomol., 32: 75-89.

Facknath, S., 2006. Combination of neem and physical disturbance for the control of four insect
pests of stored products. Int. J. Trop. Insect Se1., 26: 16-27.

Feng, K. and M.B. Ishman, 1995, Selection for resistance to azadirachtin in the green peach aphid
Mycus persicae. Experimentia, 51: 831-833.

Fields, P.G., Y.8. Xie and X. Hou, 2001. Repellent effect of pea (FPisum sativum) fractions against
stored-product insect. J. Stored Prod. Res., 37: 359-370.

Flamini, G, P.L. Cioni and 1. Morelli, 2003, Differences in the fragrances of pollen, leaves and
floral parets of garland (Chrysanthemum coronariun) and composition of the essential cils from
flowerheads and leaves. J. Agricul. Food Chem., 51: 2267-2271.

Garcia, J.F., E. Grisote, J.D. Vendramim and P.S.M. Botelho, 2008, Bicactivity of neem,
azadirachtin indica, against spittle bug Mahanarva fimbriolata (Hemiptera: Cercopidae) on
sugarcane. J. Keon. Kntomeal., 99: 2010-2014.

Hami, M., F. Taibi, G. Smagghe and N. Soltani-Mazouni, 2005, Comparative toxicity of three
ecdysone agonist insecticide against the Mediterranean flour moth. Commun. Agrie. Appl. Bial.
Sei., 70: 767-773.

Hussein, H.M., N. Dimetri, Z. Zidan, R.R. Iss-Hak and F. Sehnal, 2005, Effects of growth
regulators on the hairy rose beetle, Tropincta squalid (Coleoptera : Scarabeidae). Jen.,
129: 142-148.

Kavallieratos, N.G., C.G. Athanassiou, C.J. Saitanis, D.C. Kontodimas, A.N. Roussos, M.S. Tsoutsa
and U.A. Anastassopoulou, 2007, Effect of two azadirachtin formulations against adults of
Sttophilus oryzae and Tibolium confusum on different grain commodities. J. Food Protect.,
70: 1627-1632.

Khebeb, M.E.H., N. Soltani and J. Delachambre, 1997, Ingested diflbezuron disturbed the lipidic
metabolism during the sexual maturation of mealworms, Tenebrio melitor. Mededelingen,
62: bb7-b64.

Kumar, J. and B.S. Parmar, 1998. Neem oil-chemistry and bicactivity. Pest. Res. J., 10: 14-43.

Kumari, M., 2010. Mode of action of the insect growth regulator diflubenzuron: A comprehensive
study in Tribolium castaneum utilizing genomic tiling array and immunoclocalization
approaches. Department of Biochemistry, Kansas State University, Manhattan, «Ks.
http:/lesa.confex.com/lesal2010/webprogram/Paperb1596 html

Mital, P.KK. and S.KK. Subbarao, 2003. Frospects of using herbal products in the control of mosquito
vectors. .C.M.R. Bull., 33: 1-12.

Mohandass, S.M., F.H. Arthur, KY. Zhu and J.E. Throne, 2006. Hydroprene prolons development
time and increase mortality of eggs of Indian meal moth (Lepideptera: Pyralidae). J. Econ.
Entomol., 99: 1007-1018,

Mulla, M.S. and T. Su, 1999. Activity and bioclogical effects of Neem products against arthropods
of medical and veterinary importance. J. Am. Mosq. Control Assoc., 15: 133-152,

447



oJ. Entomol., 8 (5): 440-449, 2011

Nakanishi, K., 1975, Structure of the insect antifeedent, azadirachtin. Rec. Adv. Phytochem,,
9: 283-288.

Nathan, 5.5. and K. Kalaivani, 20056, Efficacy of nucleopolyhedrovirus (INPV) and azadirachtin on
Spodoptera litura Fabricius (Lepidoptera : Noctuidae). Biol. Contol., 34: 93-98,

Nathan, S.8., K. Kalaivani, K. Murugan and P.G. Chung, 2005a. Efficacy of neem limonoids on
Craphalocrocis medinalis (Guenee) (Lepidoptera: Pyralidae) the rice leaffolder. Crop Prot.,
33: 187-195.

Nathan, 5.8., P.G. Chung and K. Murugan, 2005b. Effect of biopesticides applied separately or
together on nutritional indices of rice leaffolder Craphalocrocis medinalis. Phytoparasitica,
33: 187-195.

Nderitu, JH., J M Kasina, JW. Kimenju and F. Malenge, 2008. Evaluation of synthetic and
neem-based insecticides for managing aphids on Okra (Malvaceae) in Eastern Kenya.
J. Entomol., 5: 207-212.

Oberlander, H., D.L. Silhacek, K. Shaaya and I. Ishaaya, 1997. Current status and future
prospects of the use of insect growth regulators for the control of stored product insects.
J. Stored Prod. Res., 33: 1-6.

Pacletti, M.G. and D. Fimentel, 2000. Environmental risks of pesticides versus genetic engineering
for agriculture pest control. J. Agrie. Environ. Ethic., 12: 279-303,

Peppuy, A., A. Robert, J F. Delbecque, J.I.. Leca, C. Rouland and C. Bordereau, 1998. Efficacy of
hexaflumuren against the fungus-growing termite Pseudocanthotermes spiniger (Isoptera:
Macrotermitinae). Pestic. Sei., bd: 22-26.

Radhakrishnan, L., 8. Gomathinayagam and V. Balakrishnan, 2007, Evaluation of anthelmintic
effect  of neem (dzadirachia indica) leaves on Haemonchus contorfus in goats.
Res. J. Parasitol., 8: 57-62.

Sadeghian, M.M. and F. Mortazaienezhad, 2007. Investigation of compounds from Azadirachta
tndica (Neem). Asian J. Plant Sai., 6: 444-445,

Sengottayan, S.N., M.Y. Cha, CH. Paik, HY. Seo and K. Kalaivani, 2009. Toxicity and
physiological effects of neem pesticides applied to rice on the Nilaparvata lugens Stal, the brown
planthopper. Ecotoxicol. Environ. Safety, 72: 1707-1713.

Soltani, N., N. Aribi, H. Berghiche, S. Lakbar and G. Smagghe, 2002, Activity of RH-0345 on
ecdysteroid production and cuticle secretion in Tenebrio molitor pupae in vive and in viiro.
Pestic. Biochem. Physiol., 72: 83-90.

Soltani, N., N. Soltani-Mazouni and J. Delachambre, 1996a. KEvaluation of triflumurcn, a
benzoylphenylurea derivative, on Tenebrio molitor pupae: Effects on cuticle. J. Appl. Entomol.,
120: 627-629.

Soltani, N., N. Soltani-Mazouni, B. Quennedey and J. Delachambre, 1996b. Protein synthesis in
developing ovaries of mealworm under in vive and ir viiro conditions: Effects of diflubenzuron.
J. Stored Prod. Res., 32: 205-212.

Soltani, N., 5. Chebira, J.P. Delbecque and J. Delachambre, 1983. Biological activity of
flucyeloxuron, a novel enzoylphenylurea derivative, on Tenebrio molitor comparison with
diflubenzuron and triflumuron. Experientia, 49: 1088-1091.

Soltani-Mazoun, N. and N. Scltani, 1995, Protein synthesis in the fat body of Tenebrio molitor (L)
during cocyte maturation: Effect of diflubenzuron cycloheximide and starvation. J. Stored Prod.

Res., 31: 117-122.

448



oJ. Entomol., 8 (5): 440-449, 2011

Soltani-Mazoun, N., L. Amrani, I. Boudra and K. Zerguine, 2000. Inhibitory activity of an
imidazele in vive and in vitro conditions. Sci. Technol., 14: 83-90,

Soltani-Mazouni, N, 1994, Effects of ingested diflubenzuron on ovarian development during the
sexual maturation of mealwaorms. Tissue Cell, 23: 439-445,

, T. and M.S. Mulla, 1998 Owicidal activity of neem products (Azadirachtin) against
Culex tarsalis and Culex quinquefascitus (Diptera: Culicidae). J. Am. Mosq. Control Assoc.,
14: 204-209.

Suman, D.S., B.D. Parashar and S. Prakash, 2010. Efficacy of various insect growth regulators on

Su.

organophosphate resistant Immatures of Culex quinguefasciatus (Diptera: Culicidae) from
different geographical areas of India. J. Entomol., 7: 33-43.

Weinzierl, R. and T. Henn, 1991. Alternatives in Insect Management: Biclogical and Biorational
Approaches. North Central Regional Extension Publication, Urbana-Champaign, pp: 73.

449



