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Table 1. Results of the probit analysis of fumigation toxicity of essential oil vapors from Foeniculum vulgare
Miller (fennel), Zataria multiflora (Shirazi thyme), Carum copticum (ajwain), and Cuminum cyminum (cumin)
on Callosobruchus maculatus (cowpea beetle) and Ephestia kuehniella (Mediterranean flour moth) larvae,

assessed at 48, 24, and 72 hours.

LCso (uL/L air, 24h)

Essential oil Insect species (95% confidence limits) Slope + SE df 1
Fennel (Foeniculum vulgare)  Four-spotted grain beetle ~ 373.7 (331.7-426.0) 2.381+£0.212 3 2.4807*
Mediterranean flour moth  831.9 (740.0-969.0) 2.608 +£0.298 3 0.3616*
Shirazi thyme (Zataria multiflora) Four-spotted grain beetle 119.6 (88.9-162.0) 2.053+£0.178 3 AT7772*
Mediterranean flour moth ~ 301.8 (215.2-473.6) 1.364 £0.137 3 3.0681*
Cumin (Cuminum cyminum) Four-spotted grain beetle ~ 225.7 (169.9-323.7) 1.745 £ 0.160 3 3.4354*
Mediterranean flour moth ~ 501.8 (464.6-544.1) 3.524 £ 0.362 3 0.8179*
Ajwain (Trachyspermum ammi) Four-spotted grain beetle ~ 254.5 (225.0-289.9) 2.306 £ 0.195 3 0.5795*
Mediterranean flour moth  527.2 (493.9-564.1) 4.364 + 0.368 3 0.5260*
Essential oil Insect species (glét%ocg:llﬁ/;;ﬁ::g I‘:?nhi}[s) Slope + SE df e

Fennel (Foeniculum vulgare) Four-spotted grain beetle 288.4 (255.9-325.3) 2.365+0.208 3  1.3919*
Mediterranean flour moth 701.5 (630.9-795.9) 2.613+0.289 3 1.8410*
Shirazi thyme (Zataria multiflora)  Four-spotted grain beetle 88.0 (53.7-132.3) 2.145+0.184 3 9.5451**
Mediterranean flour moth 219.2 (149.3-348.0) 1428 +£0.136 3  4.4146*

Cumin (Cuminum cyminum) Four-spotted grain beetle 174.9 (149.3-207.1) 1.781+0.158 3  2.4745*
Mediterranean flour moth 458.5 (424.6-494.3) 3.653 £ 0.365 3 1.0971*

Ajwain (Trachyspermum ammi) Four-spotted grain beetle 189.9 (169.4-212.5) 2616+0.206 3 0.8627*
Mediterranean flour moth 473.1 (443.3-504.5) 44670371 3  0.6890*

Essential oil Insect species (91';)?/15)0(:%#{5;3:; I7i$;li)ts) Slope = SE df e

Fennel (Foeniculum vulgare)  Four-spotted grain beetle 239.5 (212.5-268.5) 2476+0.213 3 1.1448*

Mediterranean flour moth 611.8 (552.5-683.7) 2.638+£0.286 3 0.9944*

Shirazi thyme (Zataria multiflora) Four-spotted grain beetle 64.5 (37.5-92.8) 2.189+0.196 3 8.2693**
Mediterranean flour moth 144.5 (67.4-301.8) 1574+0.140 3 13.090**

Cumin (Cuminum cyminum)  Four-spotted grain beetle 132.3 (100.7-174.1) 1.839+0.158 3 3.3397*

Mediterranean flour moth 405.9 (374.8-436.1) 3.852+0.374 3 0.6970*

Ajwain (Trachyspermum ammi) Four-spotted grain beetle 149.3 (112.7-191.3) 2914+0.230 3 6.1318*

Mediterranean flour moth 416.7 (373.3-460.4) 4967 +0.402 3 3.1731*

The calculated 2 value is less than the tabulated %2 value (7.815) with 3 degrees of freedom at the 5% probability
level, indicating a good fit of the data and the regression lines.
** The calculated > value is greater than the tabulated y? value (7.815) with 3 degrees of freedom at the 5%
probability level, indicating the presence of a heterogeneity factor in the estimation of the confidence limits.
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Fig. 1. Concentration—response curve of Carum copticum L. essential oil on Mediterranean flour moth (Ephestia
kuehniella) larvae, at 24, 48, and 72 hours.
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Fig. 2. Concentration—-response curve of Carum copticum L. essential oil on cowpea beetle (Callosobruchus
maculatus), at 24, 48, and 72 hours.
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maculatus), at 24, 48, and 72 hours.
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Fig. 5. Concentration—response curve of Foeniculum vulgare essential oil on Mediterranean flour moth
(Ephestia kuehniella) larvae, at 24, 48, and 72 hours.
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Abstract

Excessive reliance on chemical pesticides in stored-product pest management over recent decades has raised
serious concerns regarding the development of resistance in insect populations, contamination of food products
and the environment, and potential risks to human health and non-target organisms. These challenges underscore
the necessity of identifying and applying safer, more sustainable, and environmentally compatible alternatives.
In this context, plant essential oils, rich in diverse bioactive compounds, have attracted considerable attention as
natural insecticides due to their strong toxic effects, rapid environmental degradation, low mammalian toxicity,
and compatibility with integrated pest management (IPM) programs. In the present study, the fumigant toxicity
of essential oils from four plant species—fennel (Foeniculum vulgare), Shirazi thyme (Zataria multiflora),
ajwain (Carum copticum), and cumin (Cuminum cyminum)—was evaluated against adults of the cowpea weevil
(Callosobruchus maculatus) and larvae of the Mediterranean flour moth (Ephestia kuehniella) under laboratory
conditions. Experiments were conducted in a completely randomized design with four replications, and data
were analyzed using probit analysis to estimate LCso values. The results showed that all tested essential oils had
significant fumigant effects against both pest species; however, toxicity levels varied among oils and insect
species. Shirazi thyme essential oil exhibited the highest insecticidal activity, with LCso values of 5.64 and 144.5
pL/L air for C. maculatus adults and E. kuehniella larvae, respectively. This was followed by cumin essential oil,
with LCso values of 132.3 (adults) and 405.9 (larvae), ajwain essential oil with LCso values of 149.3 and 416.7,
and fennel essential oil with LCso values of 239.5 and 611.8 pL/L air, respectively. Overall, C. maculatus adults
were more susceptible to the tested essential oils than E. kuehniella larvae. These findings indicate the high
potential of plant essential oils, particularly Shirazi thyme and cumin, as effective botanical fumigants for stored-
product pest control. Their application could reduce dependence on synthetic pesticides, minimize chemical
residues in stored commaodities, improve food quality and safety, and contribute to environmentally friendly and
sustainable pest management. Furthermore, the consistency of these results with previous research highlights the
importance of further studies to optimize formulations, investigate synergistic effects, and evaluate efficacy
under real storage conditions.
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