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Figure 1. Cumulative mortality percentage of adult Mediterranean flour moths due to continuous

exposure to 4 and 25 °C
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Table 1. LTs and LTgs (days) of the Mediterranean flour moth adults exposed to 4 °C
LTso (95% CL) LTes (95% CL) a+SE b + SE 2 (df) HF*
Male 14.47 (14.34-15.27)  45.17 (43.00-47.65) 3.404+0.090 -3.988+0.119 38.43 (48) 0.801
Female  10.77 (10.13-11.39)  39.38(36.54-42.84) 2.921+0.083 -3.015+0.104  72.65(44)  0.965
Total 12.67 (12.14-13.19)  42.28 (40.00-44.92)  3.143 £ 0.059 -3.467 + 0.077 104.69 (48) 0.818

* Heterogeneity factor.
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Table 2. Mean (= SE) longevity of adults of the Mediterranean flour moth exposed

to 4 °C for 0, 2, 3 and 4 weeks

Exposure time Longevity (day)
(week) Male Female
0 (Control) 9.62+239a 8.84+132a
2 7.28+1.39a 8.15+122a
3 488+049b 462+086b
4 2.79+£0.38¢C 244+£057¢c

Means with different letters, in each column, are significantly different (Tukey-HSD; a. = 0.05).
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Table 3. Mean (x SE) fecundity and percentage egg hatch of adults of the
Mediterranean flour moth exposed to 4 °C for 0, 2, 3 and 4 weeks

Exposure time (week) Fecundity (egg/female) Egg hatch (%)
0 (Control) 79.30£16.39 a 85.81+1.90a

2 43.36 £9.84 b 84.25+3.59 a

3 44.02+10.79b 7460+7.71ab

4 24.03+3.12¢c 64.13+451b

Means with different letters, in each column, are significantly different (Tukey-HSD; a = 0.05).
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Table 4. Mean (£ SE) fecundity and percentage egg hatch of the Mediterranean flour moth
(egg/female) due to application of 4 °C in combination with different eucalyptus essential oil after 24,
48 and 72 hours

Exposure time (hour) Essential oil concentration (pl/1 air)

LC, (0.00) LCy (0.41) LC,, (0.53) LCs (1.05)
Fecundity
(egg/female)
24 87.68 + 14.58 a 85.97+8.37a 4235+9.63cd 3545+1.79d
48 78.88+17.37a  69.55+10.70 ab 36.27+6.05d 1.32+0.17g
72 51.95+5.23 bc 24.61+3.65¢€ 493+1.01f 0.0+0.0h
Egg hatch (%)
24 86.70+10.40 a 85.96 + 13.07 a 84.38+9.16 a 87.15+8.84a
48 79.49 £ 8.86 a 79.42+£12.62 a 76.35+857a 7428+10.11a
72 72.04£9.65a 78.04 £ 10.36 a 77.90+941a 75.28 +9.55 a

Means with different letters are significantly different (Tukey-HSD; o = 0.05).
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Table 5. Interaction between different concentrations (ul/l air) of eucalyptus essential oil and 4 °C
after 24, 48 and 72 h. exposure times

Mortality (%)

Exposure time +

Concentration Expected Observed Interaction CF’ Interaction
24 + LCy(0.41) 4.66 +0.50 3.79+048 Additive -18.67 Additive
48 + LCyp(0.412) 8.05+2.28 412+ 0.66  Antagonist -48.82 Antagonist
72 + LCyp(0.41) 11.46 +4.20 3.87+£041  Antagonist -66.23 Antagonist
24 + 1.C»(0.53) 5.83+151 1.18+0.11  Antagonist -79.76 Antagonist
48 + LCy(0.53) 14.63 + 3.68 6.21+£1.09  Antagonist -57.55 Antagonist
72 + LC,(0.53) 22.86 +6.19 6.38+0.97  Antagonist -72.09 Antagonist
24 + LCs(1.05) 13.33+2.64 0.00£0.00 Antagonist -100 Antagonist
48 + LCs0(1.05) 42.83+6.43 18.25+1.25 Antagonist -57.37 Antagonist
72 + LCsp(1.05) 52.46 £10.24  20.00 £ 3.57  Antagonist -61.87 Antagonist

* Co-toxicity factor
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Table 6. Identified compounds in eucalyptus essential oil

Compound RT* Value (%) Compound RT*  Value (%)
1R-o-Pinene 3.162 4.565 Valencene 12.844 10.877
tert-Butylbenzene 4.357 2.491 Alloaromadendrene 13.434 9.414
Sylvestrene 4.419 1.871 B-Guaiene 14.248 2.336
Eucalyptol 4519 30.476 y-Gurjunene 14.399 2.738
Cyclohexanol, 2- 4.929 3.782
methylene-5-(1- Viridiflorol 16.195 1.620
methylethenyl)-
a-Terpineol 5.194 2.990 Spathulenol 16.611 9.760
Terpinolene 5.374 0.120 1R,4S,7S,11R-2,2,4,8- 16.812 13.610
Tetramethyltricyclo[5.3.1.0(4,11)]u
ndec-8-ene
trans-Pinocarveol 6.649 0.336 2(1H)Naphthalenone, 3,5,6,7,8,8a-  20.202 3.015

hexahydro-4,8a-dimethyl-6-(1-me

thylethenyl)-

* Retention time
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Abstract
Background and Objectives
Low temperatures have significant effects on the biological aspects of stored-product
pests; thus, those can be used as a control method. Due to the delayed effects of low
temperatures, the lethal and sublethal effects of 4°C temperature were investigated, alone
and combined to the eucalyptus essential oil, on mortality and some reproductive aspects
of Mediterranean flour moth, Ephestia kuehniella Zeller (Lep.: Pyralidae) for probable
elimination of this limitation.
Materials and Methods
All experiments were carried out at the Entomological Research Lab., Department of
Plant Protection, Gorgan University of Agricultural Sciences and Natural Resources. The
insect reared on wheat flour under laboratory conditions (25 + 2 °C, 70 £ 5% R.H., 16:8
L:D). Adult's mortality due to the continuous exposure to low temperature, the effects of
adults exposure to low temperature on their longevity, fecundity and percentage egg
hatch, and finally, the effects of low temperature combined to different concentrations of
eucalyptus essential oil on mortality, daily oviposition and percentage egg hatch of
survived adults were recorded, and synergistic or antagonistic effects were determined.
The chemical composition of essential oil was analyzed using a Varian CP-3800 gas
chromatograph equipped with a Varian Saturn 2200 ion trap mass spectrometer and
Helium as the carrier gas.
Results
Continuous exposure to low temperature prolonged the lifespan of adult insects (some of
them lived more than 33 days). Estimated LTso and LTgs values for male adults of the
Mediterranean flour moth exposed to 4 °C were 14.87 and 45.17 days, respectively; for
female adults were 10.77 and 39.38 days, respectively; and as total were 12.67 and 42.28
days, respectively. Adult exposure to low temperature decreased the longevity, fecundity
and percentage of the egg hatch of survived ones. By increasing exposure interval and
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essential oil concentration, fecundity decreased at a higher rate but percentage egg hatch
did not affect. The interactions between low temperature and different plant essential oil
concentrations were antagonistic. Among 16 identified constituents in the eucalyptus
essential oil, 1,8-cineol (Eucalyptol) was the major oil component (30.48%).

Discussion

Long-time exposure of stored-products moths to 4°C temperature reduces the activity and
mobility of these pests which has negative effects on their reproductive aspects. Hence, it
could be effective as a control method. Antagonistic effect between low temperature and
plant essential oil indicates that before selecting two insecticide agents for using in the
combination, it is necessary that their synergistic interaction would be confirmed by
carrying out the appropriate experiments.

Keywords: Ephestia kuehniella, Low temperature, Plant essential oil, Interaction,
Reproductive aspects



