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Table 1- Interaction between temperature and time in different developmental stages of 7. castaneum

Average of mortality Heating duration o
Adult Pupae 15- days larvae 5-days larvae (min.) Temperature (°C)

100 A 100 A 100 A 100 A 30 60

100 A 100 A 100 A 100 A 20 60

100 A 100 A 100 A 100 A 15 60

100 A 100 A 100 A 100 A 10 60

100 A 100 A 100 A 100 A 5 60

100 A 100 A 100 A 100 A 30 55

100 A 100 A 100 A 100 A 20 55

100 A 100 A 100 A 100 A 15 55

100 A 100 A 100 A 100 A 10 55

100 A 100 A 97 A 92 A 5 55

100 A 88 B 100 A 100 A 30 50

71B 13C 100 A 86 B 20 50

54C 0D 100 A 79C 15 50

11D 0D 98 A 68D 10 50

OF 0D 88 B 24 E 5 50

SE 0D 13C 24 F 30 45

T. castaneum g%, ibisen o) 0 55 04°C (slos ;3 LTI9 Olpme =¥ Jytr
Table2- Values of LT99 at 50°C in different developmental stages of 7. castaneum
Developmental 2 . 95% CL
. . +
stage Temp Total no X*(df) b+SE LT99 (min) Lower Upper
Young larvae 50 500 3 0.12£0.01 27.86 20.42 70.35
Old larvae 50 500 3 0.190.75 11.10 7.97 18.28
Pupae 50 500 3 30.02+0.24 34.61 32.93 36.89
Adult 50 500 3 0.21£0.01 27.05 21.84 52.74
Cou

i Al e Al S ST a Oty Olay Sk dlos (LI L 48 A5 asiiie sdel ez gl il
s34 L Superheating ;s -l by .ol 63 50l sl 1 (g mis DS VL (los ¢ asein Oloj S 5 a5 Jae
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o o Seslie (S it ko e s op S ele 055510 Lo, we e aS 05 S s Ol e Lol 5l Jol=
b o YU sl slabes ol 53 T castaneum S5

Sols ssbasl o 5l a0l cnl by oals sms 3T sy Jorl e pled odl @ 03 1 ams 55 4 ol 4y a5
i el sl gus ) e s 0SS sl Sl eslizal b T cpl il e J 28 el Cosenl
o o8 5wl VL ol (golatl Ll el opl (5)Y e LS (6,8l e e bl 5l 4S5k
S5 S ade e ol S gl ai3s Y 3 00°C (sles codal oz gl elal Al e s Sl sl
L ol ol ol (S5 51 Al e o Spslie 4 1) (S ok Al e 35 4k33 0 Seay 00°C (slos il e B 23
S o JAS o

Oryzaephilus surinamensis L. (Col., 5 T. castaneum |>| 0 aon 423510 ooy 10 °C (glos 3 u,ajf BIjE
Boina & . —sxea (Wilkin & Nelson, 1987) 1S . ciilbe 5 -yl LS as e J x5 1, Silvanidae)

s Ol am s bl 4 wles d e T castaneum Ol s sl g )N a5 Wsls oLLS Subramanyam (2004)



oyl i el il ol Sl g5 ol bl iU 0 Kes 5 g

S Glae i (5 S 515 s o o o S el e sl Y a8 sl DL G a3 eel s S s
Sl aads Y 5N o ol ys s ja 00°C les 5 T. castaneum pio b 5655, Ve ag,N 5055, Lz U
YL Lol s Sl ool Ol slasuY e ls DU B (55 e sl 5 Joedd 5 655 50310k
ols ciillae bS5t ol 53 sal sty gl L 3550 ol 45 (Mahroof et al., 2003) S o Jams 1, 00°C
YE 5l e 00°C los 5 ol €A 5l £V/0°C &)l > a5 5 Tribolium confusum Duval C)L. sy J-e
Sde oy ol 53 Sl 4 ax 5 U (Taheri, 1994) coul a2ils o jodas oo 5 S o do 53 do ¢ a3le S sl
Jol s 5 sl 5 o3 ke SlS S Lo 5 Ao sdaliie w035y ol BA B TE oy Al Olej
Ak or Geid )
ST J xS 55 eslital gl emlie Sud b 51l 3,8 S das e OLES s ol 51 ol = pame 3
iz 03,51 5 L s eag s 5o Sl jsba 1) by Llsn & Sl Cotle s b s ess ey ol
o o JES (Sl 43310 0l 53 00°C (slas celisl ol 4 x5 b e ol sl Sl L

Al o o 55 LB 3l g



(FoV=Ya8) AFAA Jle o ol ) Al ool ot i measis Aol

References

Anonymous. 1992. United Nations Environmental Program. Methyl Bromide Atmospheric Science,
Technology and Economics. UN Headquaters, Ozone Secretariat, Nairobi, Kenya.

Anonymous. 1993. U. S. Clean Air Act. Federal Register, 58: 65554.

Arbogast, R. T. 1981. Mortality and reproduction pf Ephestia cautella and Plodi interpunctella exposed as
pupae to high temperature. Environtal Entomology, 10: 708-711.

Banks, H. J. and Fields, P. G. 1995. Physical methods for insect control in stored grain ecosystems. pp: 353-
410. In Jayas: D., White, N. D. G. & Muir, W. E. (Eds) Stored Grain Ecosystem, 784 pp. Marcel Dekker
Inc.

Boina, D. and Subramanyam, Bh. 2004. Relative susceptibility of Tribolium confusum life stages exposed to
elevated temperatures. Journal of Economic Entomology, 97: 2168-2173.

Dean, D. A. 1911. Heat as means of controlling mill insects. Journal of Economic Entomology, 4: 142-158.

Dowdy, A. K. 1997. Distribution and stratification of temperature in processing plants during heat
sterilization, pp: 72.1-72.4. In: Zuxun, J., Quan,L., Yongsheng, L., Xiachang, T. and Liangua, G.
Proceedings of the 7™ International Working Conference on Stored Product Protection, 14-19 October
1998. Sichuan Publishing House of Science & Technology, Chengdu, Sichuan Province, Peoples
Republic of China.

Dowdy, A. K. 1999. Mortality of red flour beetles, Tribolium castaneum (Col., Tenebrionidae) exposed to
high temperature and diatomaceous earth combinations. Journal of Stored Products Research, 35(2):
175-182.

Evans, D. E. 1986. The influence of rate heating on the mortality of Rhyzopertha dominica (F.) (Coleoptera:
Bostrichidae). Journal of Stored Products Research, 23: 73-77.

Fields, P. G. 1992. The control of stored product insects and mites with extreme temperatures. Journal of
Stored Products Research, 28: 89-118.

Gonen, M. 1977. Survival and reproduction of heat-accilimated Sitophilus granarius (Coleoptera:
Curculionidae) at moderately high temperatures. Entomologia Experimentalis et Applicata, 21: 249-
253.

Hollingsworth, C. S., Coil, W. M., Murray, K. D. and Ferro, D. N. 2002. Intergrated Pest Management for
Northeast Schools. Natural Resource, Agriculture and Engineering Service, NRAES-152, 60 pp.
Kawamoto, H., Sinha, R. N. and Muir, W. E. 1989. Effect of temperature on adult survival and potential
fecundity of the rusty grain beetle, Cryptolestes ferrugineus. Applied Entomology and Zoology, 24:

418-423.

Lale. N. E. and Vidal, S. 2003. Simulation studies on the effects of solar heat on egg laying development
and survival of Callosobruchus maculatus (F.) in stored bambara groundnut Vigna saterranea (L.)
Verdcourt. Journal of Stored Products Research, 39: 447-458.

Mahroof, R., Subramanyam, B. and Eustace, D. 2003. Temperature and relative humidity profiles during
heat treatment of mills and its efficacy agains Tribolium castaneum (Herbst.) life stages. Journal of
Stored Products Research, 39: 555-569.

Mabhroof, R., Subramanyam, B., Trrone, J. E. and Menon, A. 2003. Time mortality relationships for
Tribolium castaneum (Coleoptera: Tenebrionidae)life stages exposed to elevated temperatures.
Journal of Economic Entomology, 96(4): 1345-1351

Makhijani, A. and Gurney, K. R. 1995. Mending the ozone hole: science, technology and policy. MIT.
Press, Cambridge, MA.

Okasha, A. K. Y., Hasanein, A. M. M. and Farahat, A. Z. 1970. Effects of sub-lethal temperatures on an
insect, Rhodnius prolixus (Stal.). IV. Egg formation, oviposition and sterility. Journal of Experimental
Biology, 53: 25-36.

QOosthuizen, M. J. 1935. The effect of high temperature on the confused flour beetle. University of
Minnesota Agricultural Experiment Station, Technical Bulletin, 107: 1-45.

Proverbs, M. D. and Newton, J. R. 1962. Effect of heat on the fertility of the codling moth, Carpocapsa
pomonella (L.) (Lepidoptera: Olethreutidae). Canadian Entomologist, 94: 225-233.

Roesli, R., Subramanyam, B., Fairchild, F. and Behnke, K. 2003. Trap catches of stored- product insects
before and after heat treatment of a pilot feed mill. Journal of Stored Products Research, 39(5): 521-
540.

SAS Institute. 2001. PROC user's manual, version 6™ ed. SAS Institute, Cary, NC.

Saxena, B. P., Sharma, P. R., Tappa, R. K. and Tikku, K. 1992. Temperature induced sterilization for
control of three stored grain beetles. Journal of Stored Products Research, 28: 67-70.



oyl i el il ol Sl g5 ol bl iU 0 Kes 5 g

Songa, J. and Rono, W. 1998. Indigenous methods for bruchid beetle (Coleoptera: Bruchidae) control in
stored beans (Phaseolus vulgaris L.). International Journal of Pest Management, 44(1): 1-4.

SPSS, 1999. SPSS 9 for Windows User's Guide. Copyright 1999 by SPSS Inc., SPSS, Chicago, IL.

Taheri, M. S. 1994. The effect of temperature as a controlling factor of Tribolium confusum Duv. (Col.,
Tenebrionidae). Journal of Applied Entomology, 61 (1 & 2): 52-60.

Tang, J., Ikedial, J. N., Wang, S., Hansen, I. D. and Cavalieri, R. P. 2000. High- temperature-short-time
thermal quarantine methods. Postharvest Biology and Technology, 21: 129-145.

Tikku, K. and Saxena, B. P. 1990. Ultrastructural spermatid and sperm morphology in Procilocerus pictus
(F.) with a reference to spermeiophagic cells in the testis and sperm duct. Tissue Cell, 22: 71-80.
Tikku, K. and Saxena, B. P. 1985. Ultrastructural sperms of heat sterilized Dysdercus koenigii F. Current

Science, 54: 386-387.
Wang, S., Tang, J., Johson, J. A. and Hansen, J. D. 2002. Thermal-death kinetics of fifth-instar Amyelois
tranitella (Walker) (Lepidoptera: Pyralidae). Journal of Stored Products Research, 30: 427-440.
Wilkin, D. R. and Nelson, G. 1987. Control of insects in confectionery walnuts using microwaves. BCPC
Mono., Stored Products Pest Control, 37: 247- 254.

Wright, E. J., Sinclair, E. A. and Annis, P. G. 2002. Laboratory determination of the requirement for
control of Trogoderma variabile (Coleoptera: Dermestidae) by heat. Journal of Stored Products
Research, 38: 147-155.



Journal of Entomological Research Islamic Azad University, Arak Branch

ISSN 2008-4668

Volume 1, Issue 4, pages: 299-307 http://jer.entomology.ir

Effects of heat treatments on mortality of different development stages of
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Abstract

The red flour beetle, Tribolium castaneum Hbst., is an important pest of food processing
facilities world wide. The use of elevated temperatures or heat treatments is a very effective
method for managing of stored pests. In this study, the mortality of pest in 5 constant temperatures,
including 35, 45, 50, 55 and 60°C at times 5, 10, 15, 20 and 30 minutes on different growth stages
(5-days larvae, 15-days larvae, pupae and adult of 7. castaneum) were determined. Insects after
heating, at temperatures of 28+1°C and relative humidity 654+5% were maintained. The results
showed that, the most sensitive and resistant stages were 15-days larvae and pupal stages,
respectively. It also revealed that the minimum temperature controller for 5-days larvae, 15-days
larvae, pupal and adults stages were 55, 50, 55 and 50°C, respectively. Therefore, considering the
possible all growth stages in an infected mass, 15°C temperature in 55 minutes, can be effective for
control of all pest growth stages.
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