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Abstract

This research was conducted to evaluate the compatibility of the entomopathogenic fungus, Beauveria bassiana with some plant
essential oils (EOs) against the red flour beetle, Tribolium castaneum under laboratory conditions. Three isolates of B. bassiana,
including IRAN1395C, OZ1 and OZ2, were assayed against the adult insects by the method of wheat diet incorporation. Mortality
caused by fungi at a concentration of 108 conidia mI™ ranged from 68.3 to 73.3%. Also, fumigant toxicity of EOs from pennyroyal
(Mentha pulegium), rosemary (Rosmarinus officinalis) and peppermint (Mentha piperita) was evaluated on adult insects. All EOs were
effective against T. castaneum, and among them, pennyroyal EO with the lowest LCso value (7.33 pl/l air) was the most toxic
compound. Effects of the sublethal concentration (LC1o) of plant EOs on mycelial growth and sporulation of the fungi were evaluated
and found that all EOs were compatible with B. bassiana isolates, except peppermint and rosemary EOs, which were toxic to 0Z1
isolate. Investigating the effects of the integrated application of plant EOs and fungi showed that sublethal LCio concentrations of
pennyroyal, rosemary, and peppermint EOs, increased the sensitivity of T. castaneum adults to B. bassiana infection (additive effect),
except for the combination of peppermint and rosemary EOs with OZ1 isolate, where antagonistic interaction was observed. Our results
suggest that isolates of B. bassiana have the potential to combine with the tested plant EOs for the integrated control of T. castaneum
in stored products.
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Table 1. Mean percentage mortality (£ SE) of the red flour beetle, Tribolium castaneum adults after 7 days and 14 days
of exposure in wheat treated with two concentration rates (expressed as conidia ml™') of Beauveria bassiana isolates.

Treatment Exposure interval
7 days 14 days

B. bassiana IRAN1395C

1x 107 conidia ml! 3.3+2.1k 36.7 £ 2.1°

1x 108 conidia ml™* 5.0+2.2® 73.3+2.12

B. bassiana OZ1

0.4 x 107 conidia mI™* 0.0 £0.0° 55.0 +2.2°

0.4 x 108 conidia mI™* 8.3+1.72 68.3 +5.4%

B. bassiana OZ2

0.2 x 107 conidia mI™ 0.0 £0.0¢ 35.0+2.2°

0.2 x 108 conidia mI™ 3.3+2.1k 70.0 + 6.32

Means in the same exposure interval followed by the same letter are not significantly different; Fisher’s LSD test at P = 0.05.
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Table 2. Fumigant toxicity of essential oils against the adults of the red flour beetle, Tribolium castaneum.

LCso (ul/1 air)” LCoo (ul/1 air) .
Treatment Slope + SE (95%FL) (95%FL) X2 (df=3)
M. piperita 73%+1.0 105.22 158 4.6
(97.1-114.2) (141.3-187.5)
R. officinalis 6.0+1.1 105.78 173.11 6.0
(96-115.2) (151.1-224)
M. pulegium 95+14 7.33 10.00 2.0
(6.9-7.8)
(9.2-11.4)

* Lethal concentration and Fiducial Limits (FL) based on standard scale
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Table 3. Effects of essential oils at concentrations equivalent to LC1o on percentage of mycelial growth inhibition (MGI)
and sporulation inhibition (SI) of Beauveria bassiana isolates.

Essential oil Fungal isolate MGI (%+SE) Sl (%+SE) T value Compatibility index
M. piperita IRAN1395C 158+1.2¢ 37.0+2.3° 67.2 C
0z1 38.0+0.32 50.5 + 4.3% 52.0 |
0z2 341+4.1%® 15.9 + 3.7% 80.4 C
R. officinalis
IRAN1395C 9.6 + 1.4 472+28° 60.3 C
0z1 30.1+4.1° 58.1+3.22 47.5 |
0z2 320+28® 18.8 + 3.7% 78.5 C
M. pulegium
IRAN1395C 13.8+2.1° 16.7 + 2.5% 83.9 C
0z1 34.2 £2.6% 247279 73.4 C
0z2 3.5+0.7¢ 13.0 + 3.8¢ 90.3 C

Means followed by the same letter in a column are not significantly different; Fisher’s LSD test at P = 0.05. T, corrected amount of
fungal vegetative and reproductive growth; C, compatibility; 1, incompatibility; MGI, mycelial growth inhibition; SI, sporulation

inhibition; SE, standard error.
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Figure 1. Mortality of Tribolium castaneum adults when exposed to plant essential oils alone, Beauveria bassiana isolates
(IRAN1395C, OZ1, and OZ2) alone or integration of these factors. Columns bearing different statistical letters were
significantly different (Fisher’s LSD test, p < 0.05).
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Table 4. Toxicity of LCyo of essential oils in integration with 102 (conidia ml™) of Beauveria bassiana isolates against
Tribolium castaneum adults after 14 d.

Essential oil Fungal isolate EX (%) OB (%) SR
M. piperita IRAN1395C 85.7 94.8 0.9
0z1 80.6 37.9 2.1
0z2 82.3 914 0.9
R. officinalis IRAN1395C 82.4 84.5 0.9
0z1 77.2 10.3 7.5
0z2 79.0 62.1 1.3
M. pulegium IRAN1395C 80.7 100 0.8
0z1 75.6 100 0.7
0z2 77.3 82.7 0.9

EX and OB are expected and observed mortality percentage, respectively. SR is synergistic ratio = expected mortality/observed
mortality.
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