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1. Insect growth regulators
2. Juvenile hormone analogue
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Sl 03,8 bl 01l 53 s s ol s Ll
Sols p egde 3T ol .(Zamani et al., 2006)
S py JEl pizes 5 S mi5 L it
N s 4 5 bt b Dl (S (15l
(Dader et al., 2012) uS" . 5,15

Adalia decempunctata L.  glakg o ¢S ;40248
S 53 s g 5,z (Col.: Coccinellidae)
S35 Fh 5 Sl (b Slaas s 5555l Slaps
sile OBLE 5 ey G5y S 5 el S et Ol )
33 smse Sla tays (HONEK, 1985) 555 o oo
A Sheaaas 1S, s Gbie sauls awe)
JoS” Dl 5 5,Y oS das e Olis decempunctata
gl sy 5l Wdle S S Olgea S 5puniS
35 o MK Ol s Glsals Clsaias o s Ol s
S e claeSCat bzt s SBT w03 T &8 55
oo ) F 5 slebs (o357 paz Ol Calitee bl
Magro et al., 1999; Guncan, et al., 2010, ) =
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3. Cannibalism
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1. Pyriproxyfen
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. Phosphate buffer

. Coomassie brilliant blue
. Ethanol

. Phosphoric acid
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. Chloroform
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6. Kinetic

7. Glutathione S-transferase

8. 1-Chloro-2,4-dinitrobenzene
9. Glutathione

10. Peroxidase

11. H,0,

12. Guaiacol
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1. Anthrone

2. Alpha naphthyl acetate
3. Beta naphthyl acetate
4. Triton

5. Fast blue RR salt
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1. Adipokinetic hormone
2. Insulin-like peptides
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Table 1. Response of the 4" instar larvae of Adalia decempunctata to pyriproxyfen and estimation of
(IC1p, IC3, IC5 and ICqp) in mg per liter, confidence limit (%95) and regression slope after treatment

ICy (Mg ai/L IC3 (Mg ai/L ICsq (Mg ai/L 1Cgq (Mg ai/L .
10 (Mg *) 30 (Mg *) s0 (Mg *) 90 (Mg *) X (df) Slop + SE
(95% CL) (95% CL) (95% CL) (95% CL)
18.6 331 49.3 130.6
3.1(4) 3.03+0.31
(13.3-23.4) (26.9-38.4) (43.1-55.1) (112.03 - 161.6)

“CL=Confidence Limit ~X*=Chi-Square, (df)=Degrees of freedom
Data were recorded after all the controls became adult.
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Figure 1. The mean + SE of lipid in mg per larve in 4™ larval stage of Adalia decempunctata treated
with 1Cy, and IC3, concentrations (The means with different letters show significant differences at
P<0.05)
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Figure 2. The mean + SE of glycogen in mg per larve in 4™ larval stage of Adalia decempunctata
treated with ICyq and ICsy concentrations after 24 and 72 hours (The means with different letters show
significant differences at P<0.05)
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Figure 3. The mean + SE of protein in mg per larve in 4™ larval stage of Adalia decempunctata treated
with ICyq and 1C3y concentrations after 24 and 72 hours (The means with different letters show
significant differences at P<0.05)
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Figure 4. Specific activity + SE of a-esterase enzyme in 4™ larval stage of Adalia decempunctata
treated with ICyq and ICsy concentrations after 24 and 72 hours (The means with different letters show
significant differences at P<0.05)
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Figure 5. Specific activity + SE of B-esterase enzyme in 4™ larval stage of Adalia decempunctata
treated with ICq and ICsy concentrations after 24 and 72 hours (The means with different letters show
significant differences at P<0.05)
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Figure 6. Specific activity + SE of glutathione S-transferase enzyme in 4" larval stage of Adalia
decempunctata treated with 1C,, and 1C3, concentrations after 24 and 72 hours (The means with
different letters show significant differences at P<0.05)
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Figure 7. Specific activity + SE of peroxidase enzyme in 4™ larval stage of Adalia decempunctata
treated with ICyq and ICsy concentrations after 24 and 72 hours (The means with different letters show
significant differences at P<0.05)



ov WAA Jle oF o5les A o ¢ ALE ST Solidons

References

Alizadeh, M., Karimzadeh, J., Rassoulian, G. R., Farazmand, H., Hoseini-Naveh, V. and
Pourian. H. R. 2012. Sublethal effects of pyriproxyfen, a juvenile hormone analogue, on Plutella
xylostella (Lepidoptera: Plutellidae): life table study. Archives of Phytopathology and Plant
Protection 45(14): 1741-1763.

Aribi, N., Smagghe, G., Lakbar, S., Soltani-Mazouni, N. and Soltani, N. 2006. Effects of
pyriproxyfen, a juvenile hormone analog, on development of the mealworm, Tenebrio molitor.
Pesticide Biochemistry and Physiology 84: 55-62.

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

Bagheri, F., Talebi, Kh. and Hosseininaveh, V. 2010. Cellular energy allocation of pistachio green
stink bug, Brachynema germari Kol. (Hemiptera.: Pentatomidae) in relation to juvenoid
pyriproxyfen. African Journal of Biotechnology 9(35): 5746-5753.

Barbosa, P., Oliveira, M. D., Barros, E. M., Michaud, J. P. and Torres, J. B. 2017. Differential
impacts of six insecticides on a mealybug and its coccinellid predator. Ecotoxicology and
Environmental Safety 147: 963-971.

Barrania, A. and Abou-Taleb, H. K. 2014. Field efficiency of some insecticide treatments against
whitefly, Bemisia tabaci, cotton aphid, Aphis gossypii and their associated predator, Chrysopa
vulgaris, in cotton plants. Alexandria Journal of Agricultural Research 59(2): 105-111.

Bergmeyer, H. U. 1974. Methods of enzymatic analysis, vol II, Academical Press, New York.
pp.495-496.

Biondi, A., Mommaerts, V., Smagghe, G., Vifiuela, E., Zappala, L. and Desneux, N. 2012. The
non-target impact of spinosyns on beneficial arthropods. Pest Management Science 68: 1523—
1536.

Blackman, R. L. and Eastop, V. F. 2000. Aphids on the world’s crops: an identification and
information guide (2nd ed.), Wiley, London, United Kingdom.

Bradford, M. 1976. A rapid and sensitive method for the quantitation of microgram quantities of
protein utilizing the principle of protein dye binding. Analytical Biochemistry 72: 248 254.

Bull, D. L. and Meola, R. W. 1994. Efficacy and toxicodynamics of pyriproxyfen after treatment of
insecticide susceptible and resistant strains of the house fly (Diptera: Muscidae). Journal of
Economic Entomology 87: 1407-1415.

Dader, B., Moreno, A., Vifiuela, E. and Fereres, A. 2012. Spatio-temporal dynamics of viruses are
differentially affected by parasitoids depending on the mode of transmission. Viruses 4: 3069-
3089.

Enayati, A. A., Ranson, H. and Hemingway. J. 2005. Insect glutathione transferases and
insecticides resistance. Insect Molecular Biology 14(1): 3-8.

Etebari, K. Bizhannia, A. R, Sorati, R. and Matindoost, L. 2007. Biochemical changes in
haemolymph of silkworm larvae due to pyriproxyfen residue. Pesticide Biochemistry and
Physiology 88: 14-19.

Evans, E. W., Soares, A. O. and Yasuda, H. 2011. Invasions by ladybugs, ladybirds, and other
predatory beetles. Biological Control 56(4): 597-611.

Fahmy, M. N. 2012. Impact of two insect growth regulators on the enhancement of oxidative stress
and antioxidant efficiency of the cotton leaf worm, Spodoptera littoralis (Biosd.). Egyptian
Academic Journal of Biological Sciences 5(1): 137-149.

Fernandes, M. E., Alves, F. M., Pereira, R. C., Aquino, L. A., Fernandes, F. L. and Zanuncio, J.
C. 2016. Lethal and sublethal effects of seven insecticides on three beneficial insects in laboratory
assays and field trials. Chemosphere 156: 45-55.

Galvan, T. L., Koch, R. L. and Hutchison, W. D. 2005. Effects of spinosad and indoxacarb on
survival, development, and reproduction of the multicolored Asian lady beetle (Coleoptera:
coccinellidae). Biological Control 34: 108-114.

Felton, G. W. and Summer, C. B. 1995. Antioxidant systems in insects. Archives of insect
Biochemistry and Physiology 29: 187-197.



...... S5 @b atla Jl Sy 3 eS 306 2L SL,I55L L5b Ol 5 gl OF

Gerling, D. 1990. Whiteflies: Their bionomics, pest status and management. Winborne, UK, Intercept.
348 pp.

Guncan, A. and Yoldas, Z. 2010. Studies on the aphids (Hemiptera: Aphididae) and their natural
enemies on peach orchards in Izmir. Turkish Journal of Entomology Dergisi 34(3): 399-408.
Habig, W. H., Pabst, M. J. and Jakoby, W. B. 1974. Glutathione S-transferases, the first enzymatic

step in mercapturic acid formation. Journal of Biology and Chemistry 249: 7130-7139.

Hirata, K., Akiya, J., Seigo, K., Kanazawa, J. and Takao, I. 2017. The R81T mutation in the
nicotinic acetylcholine receptor of Aphis gossypii is associated with neonicotinoid insecticide
resistance with differential effects for cyano- and nitrosubstituted neonicotinoids. Pesticide
Biochemistry and Physiology 143: 57-65.

Hodek, 1. 1973. Biology of Coccinellidae. Praha: Academia publishing house of the Czechoslovak
Academy of Sciences; 260 p.

Honek, A. 1985. Habitat preferences of aphidophagous Coccinellids (Coleoptera). Entomophaga
30(3): 253-64.

Horowitz, A. R. and Ishaaya, I. 1994. Managing resistadce to insect growth regulators in the sweet
potato whitefly (Hom: Aleyrodidae). Journal of Economic Entomology 87(4): 866-871.

Ishaaya, 1., Mendelson, Z. and Melamed-Madgev, V. 1998. Effects of buprofezin on
embryogenesis and progeny formation of sweet potato whitefly (hom: Aleyrodidae). Journal of
Economic Entomology 81(3): 781-78.

Kacar, G. 2015. Survey of Coccinellid species and their preys in olive groves in Turkey. Egyptin
Journal of Biological Pest Control. 25(1): 157-161.

Kocourek, F. Havelka, J. Derankova, J. and Jarosinc, V. 1994. Effect of temperature on
developmental rate and intrinsic rate of increase of Aphis gossypii reared on greenhouse
cucumbers. Entomologia Experimentalis et Applicata 71: 59-64.

LeOra Software. 1987. POLO-PC. A user’s guide to probit or logit analysis. LeOra Software,
Berkeley CA.

Li, A., Guerrero, F. D. Y. and Pruett, J. H. 2007. Involvement of esterases in diazinon resistance
and biphasic effects of piperonyl butoxide on diazin on toxicity to Haematobia irritansirritans
(Diptera: Muscidae). Pesticide Biochemistry and Physiology 87: 147-155.

Li, X. Z. and Liu, Y, H. 2007. Diet influences the detoxification enzyme activity of Bactrocera tau
(Walker) (Diptera: Tephritidae). Acta Entomologica Sinica 50(10): 989-995.

Liu, T. X. and Chen, T. Y. 2000. Effects of the chitin synthesis inhibitor buprofezin on survival and
development of immatures of Chrysoperla rufilabris (Neuroptera: Chrysopidae). Journal of
Economic Entomology 93: 234-245.

Magro, A., Araujo J. and Hemptinne J. L. 1999. Coccinellids (Coleoptera: Coccinellidae) in citrus
groves in Portugal: listing and analysis of geographical distribution. Boletin de Sanidad Vegetal
Plagas 25: 335-45.

Martinou, A. F., Seraphides, N. and Stavrinides, M. C. 2014. Lethal and behavioral effects of
pesticides on the insect predator Macrolophus pygmaeus. Chemosphere 96: 167-173.

Medina, P., Smaghe, G., Budia, F., Tirry, L. and Vinuela, E. 2003. Toxicity and Absorption of
Azadirachtin, Diflubenzuron, Pyriproxyfen, and Tebufenozide after Topical Application in
Predatory Larvae of Chrysoperla carnea (Neuroptera: Chrysopidae). Environmental Entomology
32(1): 196-203.

Memarizadeh, N. Ghadamyari, M., Sajedi, R. H. and Jalali, J. 2011. Characterization of esterases
from abamectin-resistant and susceptible strains of Tetranychus urticae Koch (Acari:
Tetranychidae). International Journal of Acarology 37(4): 271-281.

Mohamad poor, A., Jafari, R. Biranvand, A. Zare M. and Rafiei Karahrudi, Z. 2013. Ladybirds
associated with Pomegranate trees in Lorestan province of Iran (Coleoptera: Coccinellidae).
International Research Journal of Applied and Basic Sciences 5(12): 1585-1589.

Mirhaghparast, S. K., Zibaee, A., Jalali Sendi, J., Hoda, H. and Fazeli-Dinan, M. 2015. Immune
and metabolic responses of Chilo suppressalis Walker (Lepidoptera: Crambidae) larvae to an
insect growth regulator, hexaflumuron, Pesticide Biochemistry and Physiology 125: 69-77.

Nagai, K. 1990. Effects of a juvenile hormone mimic material, 4-phenoxylphenyl (RS)-2-(2-
pyridyloxy) propyl ether, on Thrips palmi Karny (Thysanoptera: Thrypidae) and its predator Orius
sp. (Hemiptera: Anthocoridae). Applied Entomology and Zoology 25: 199-204.



00 WAA Jle oF o5les A o ¢ ALE ST Solidons

Nath, B. S. 2003. Shifts in glycogen metabolism in hemolymph and fat body of the silkworm,
Bombyx mori (Lep.: Bombycidae) in response to organophosphorus insectisides toxicity.
Pesticides Biochemistry and Physiology 74: 73-74.

Nation, J. L. 2008. Insect Physiology and Biochemistry, 2" edition. CRC Press.

Perveen, F. and Miyata, T. 2000. Effects of sublethal dose of chlorfluazuron on ovarian
development and ogenesis in the common cutworm Spodoptera liturallis (Lepidoptera:
Noctuidae). Annals of the Entomological Society of America 93: 1131-1137.

Piner, P. and Unerb, N. 2013. Oxidative stress and apoptosis were induced by bio-insecticide
spinosad in the liver of Oreochromis niloticus. Environmental Toxicology and Pharmacology
36(3): 956-963.

Prodanovic, D. J., protic L. and Mihajlovic, L. 2010. Predatorii parazitoidi Cacopsylla pyri L.
(Hemiptera: Psyllidae). Journal Pesticides and Phytomedicine 25(1): 29-42.

Rahimi, V., Zibaee, A., Mojahed, S. Madahi, K. and Zare, D. 2013. Effects of pyriproxyfen and
hexaflumuron on cellular immunity of Ephestia kuehniella Zeller (Lepidoptera: Pyralidae),
Romanian, Journal of Biological Zoology 58(3): 114-126.

Rahmani, S. and Bandani, A. R., 2013. Sublethal concentrations of thiamethoxam adversely affect
life table parameters of the aphid predator, Hippodamia variegate Goeze (Coleoptera:
Coccinellidae). Crop Protection 54: 168-175.

Rezvani, A. 2010. Identification key of Iran aphids. Iran organization of agricultural research. (in
Farsi).

Rondoni, G., Onofri, A. and Ricci, C. 2012. Laboratory studies on intraguild predation and
cannibalism among Coccinellid larvae (Coleoptera: Coccinellidae). European Journal of
Entomology 109: 353-362.

Rothwangl, K. B., Cloyd, R. A. and Wiedenmann, R. N. 2004. Effects of Insect growth regulators
on citrus mealbug parasitoid Leptomastix dactylopii (Hymenoptera: Encyrtidae). Journal of
Economic Entomology 97(4): 1239-1244.

Rugno, G. R., Zanardi, O. Z. and Yamamoto, P. T. 2015. Are the pupae and eggs of the lacewing
cubana (Neuroptera: chrysopidae) tolerant to insecticides., Journal of Economic Entomology
108: 2630 — 2639.

Salehi, T., Pashaei Rad, S. H., Mehrnejad, M. R. and Shokri M. R. 2011. Ladybirds associated
with pistachio trees in part of Kerman province, Iran (Coleoptera: Coccinellidae). Iranian Journal
of Animal Biosystematics 7: 157-69.

SAS Institute. 2002. SAS users guide: Statistics, version 9.1. SAS Institute, Cary, NC.

Sayyed, A. H., Pathan, A. K. and Faheem, U. 2010. Cross-Resistance, Genetics and Stability of
Resistance to Deltamethrin in A Population of Chrysoperla Carnea from Multan, Pakistan.
Pesticide Biochemistry and Physiology 9: 325-332.

Shahriari, M., Zibaee, A., Shamakhi, L., Sahebzadeh, N., Naseri, D. and Hoda, H. 2019. Bio-
efficacy and physiological effects of Eucalyptus globulus and Allium sativum essential oils against
Ephestia kuehniella Zaller (Lepidoptera: Pyralidae). Toxin Reviews 36: 1556-9543.

Sharifi, M. A., Kosari, A., Zibaee, A. and Jalali Sendi, J. 2013. Effects of Pyriproxyfen on
detoxifying and intermediary enzymes of Ephestia kuehniella Zeller (Lepidoptera: Pyralidae).
Plant Pests Research 3(1): 35-44.

Shaurub, E. H., Zohdy, N. Z., Abdel-Aal, A. E. and Emara, S. A. 2018. Effect of chlorfluazuron
and flufenoxuron on development and reproductive performance of the black cutworm, Agrotis
ipsilon (Hufnagel) (Lepidoptera: Noctuidae). Invertebrate Reproduction & Development 62(1):
27-34.

Shekari, M., Jalali Sendi, J., Etebari, K., Zibaee, A. and Shadparvar, A. 2008. Effects of
Artemisia annua L. (Asteracea) on nutritional physiologyand enzyme activities of elm leaf beetle,
Xanthogaleruca luteola Mull. (Coleoptera: Chrysomellidae). Pesticide Biochemistry and
Physiology 91: 66—74.

Tiwari, S., Clayson, P. J., Kuhns, E. H. and Stelinski, L. 2012. Effects of buprofezin and
diflubenzuron on various developmental stages of asian citrus psyllid, Diaphorina citri. Pest
Management Science 68: 1405-1412.

Van Asperen, K. 1962. A study of housefly esterases by mean of sensitive colorimetric method.
Journal of Insects Physiology 8: 401-416.



...... S50 gl et li | Sy oS 5 n8 2k (SLI550 5T OLKn 5 ol o

Van Handel, E. 1965. Microsparation of glycogen, sugars and lipids. Analytical Biochemistry 11:
266-272.

Vanhaelen, N., Haubruge, E., Lognay, G. and Francis, F. 2001. Hoverfly glutathione S-
transferases and effects of Brassicaceae secondry metabolites. Pesticides Biochemistry and
Physiology 71: 170-177.

Youn, Y. N., Seo, M. J,, Shin, J. G., Jang, C. and Yu, Y. M. 2003. Toxicity of greenhouse
pesticides to multicolored asian lady beetles, Harmonia axyridis (Coleoptera: coccinellidae).
Biological Control 28: 164-170.

Yu, C., Fu, M., Lin, R,, Zhang, Y., Liu, Y., Jiang, H. and Theo, C. M. B. 2014. Toxic effects of
hexaflumuron on the development of Coccinella septempunctata. Environmental Science and
Pollution Research 21: 1418-1424.

Zamani, A., Talebi, A., Fathipour, A. and Baniameri, V. 2006. Effect of temperature on biology
and population growth parameters of Aphis gossypii Glover (Hom: Aphididae) on greenhouse
cucumber. Journal of Applied Entomology 130(8): 453-460.



ov WAA Jle oF o5les A o ¢ ALE ST Solidons

Plant Pest Research
2019- 9 (3): 41-57

Inhibitory effects of pyriproxyfen on some physiological
parameters of Adalia decempunctata L. (Col.: Coccinellidae)

D. Nasseri*, J. Jalali Sendi'”, M. Ghadamyari* and Z. Mojib-Haghghadam?

1. Department of Plant Protection, Faculty of Agricultural Sciences, University of Guilan, Rasht, Iran,
2. Plant Protection Research Department, Guilan Agricultural and Natural Resources Research
Center, Agricultural Research, Education and Extension Organization (AREEO), Rasht, Iran

(Received: July 20, 2019- Accepted: September 11, 2019)

Abstract

The lady beetle Adalia decempunctata L. (Col.: Coccinellidae) is known as the ten-spotted
ladybeetle, whose larvae and adults are active hunters. These insects have been reported from several
stone-fruit trees, seed-fruit trees, broad leaved forest trees and coniferous forest trees infested with
pests like aphids, mealybugs and psyllid from several countries on the world. The culture of this
predator was maintained in laboratory condition (25 + 2 °C, 75 + 5% RH and 16:8h L:D). In this
research, the bioassays of pyriproxyfen was performed through topical application method. The
concentration of 1Cy, 1Csz, ICsq and ICy were estimated 18.6, 33.1, 49.3 and 130.6 pg/ml,
respectively. Also, in order to have a better understanding, some of the most important biochemical
parameters were evaluated in the 4" instar larvae treated with sublethal concentrations of
pyriproxyfen. The results showed that lipid and protein amount were relatively increased compared to
control, while the glycogen amount was reduced in treated larvae. The activity of detoxifying
enzymes (Glutathione S-transferase and general esterases) in treated larvae were significantly
increased compared to control. The activity of peroxidase was also increase significantly compared to
controls. As the pyriproxyfen is a juvenile hormone analogue, therefore the growing stages of this
predator is affected. While adults that have surpassed this stage are no longer dependent to growth
hormones and are less affected. Hence, supplementary evaluation of the use of pyriproxyfen and this
predator at the same time under field conditions is needed.
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