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Abstract

Plodia interpunctella Indian moth is a very common warchouse pest in the world, which mainly feeds on stored food
products, and in fact, it has been called the most important pest of stored products. Considering that the food stocks
targeted by this pest are mainly grains, legumes, nuts, dried fruits, etc., so it causes great damage to the economy of
countries and families. This study intends to investigate the effect of multi-component biological pesticide in the
management and control of this pest. In this study, 480 third instar larvae of Indian moth were studied. After making a
multi-component biological pesticide including B. bassiana and M. anisopliae, CaCO;, Thymol nanoparticles were
tested by spraying on third instar larvae. The trend of increasing and decreasing mortality in the presence and absence
of biological pesticide within 10 days of LT50 case was investigated and the biological composition was determined for
each of the components. The studies showed that the use of biological composition had the lowest effective time LT50=
4.28 and the highest mortality rate of 100% within 10 days compared to the control group .The results showed that each
of the substances tested alone can cause deaths and casualties in this pest. It was also found that the simultaneous use of
these compounds in the form of a bio-pesticide causes a significant increase in casualties and the percentage of deaths
and accelerates the effectiveness of the bio-pesticide.
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Fig. 1: From left to right, the egg, larva, pupa, pupa in cocoon, and adult insect are seen in the life cycle of the Indian
moth (Liu et al., 2024; IFAS, 2025)
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Fig. 3: A, B, D) Bioria bassiana on Sabro dextrose agar medium C) Mass culture E) Yellow colony after 14 days
(images with approximate scale 50 cm distance from recorded sample)
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Fig. 4: A, B, D) Metarhizium anisopliae on Sabro-dextrose agar medium C) Mass culture E) Green colony after 14 days
(images at an approximate scale of 50 cm from the recorded sample)
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Fig. 5: A) Metarhizium anisopile culture slide B) Bioria bassiana culture slide C) 3-day culture slide of Metarhizium
anisopile D) 3-day culture slide of Bioria bassiana (Images A, B, C, D were taken at a distance of approximately 50 cm
from the lens), E) Microscopic image of Metarhizium anisopile stained with methylene blue and magnification 100 and

) magnification 40 F) Microscopic image of Bioria bassiana stained with methylene blue and magnification 100 and
H) magnification 40
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Fig. 6: A) 3-day culture of the fungus and no contamination B) Initial culture of Bioria bassiana and Metarhizium

anisopile on TSA culture medium, C, D and E) Ten-day culture of the fungi (Images with a scale of approximately 50
cm from the recorded sample) F) Microscopic observation of the fungus with magnification 100 and G) magnification
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Fig. 7: A) Observation of complete mushroom growth after 24 hours B) 48 hours C) and 60 hours (images with an
approximate scale of 50 cm from the recorded sample)
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Table 1: Bioassay results with the fungus Beauveria bassiana/
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Table 2: Bioassay results with the fungus Metarhizium anisopliae
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Table 3: Bioassay results with Thymol
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Table 4: Bioassay results with the fungi Beauveria + Metarhizium
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Table 5: Bioassay results with Thymol + Metarhizium + Beauveria
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Table 6: Bioassay results with the fungi Metarhizium + Beauveria combined with thymol and calcium carbonate nanoparticles
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Fig. 8: Mortality of Indian meal moth larvae over time (days) under the effect of A) Beauveria bassiana B)
Metarhizium anisopliae C) thymol D) Beauveria bassiana + Metarhizium anisopliae E) Beauveria bassiana +
Metarhizium anisopliae + Thymol F) Thymol + Metarhizium anisopliae and Beauveria bassiana + Thymol + Calcium
carbonate nanoparticles
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Table 7: Statistical comparison of mean mortality percentage and standard deviation

Mortality (%) + SE

Treatment Day
1 2 3 4 5 6 7 ) 9 10
control 0.0 0.0b 0.0b 0.0d 0.0c 0.0c 0.0d 0.0e 0.0d 0.0d
Metarhizium
*Beawveria 6 101002 20£0.0a 3755252 504082 6758252  95+5.0a 100£0.0a 100£0.0a 100£0.0a
+ Thymol +
CaCo;
Beauveria 0.0 0.0b 0.0b 7.542.5cd  20+4.08b  30+0.0b  50+4.08c 67.544.78cd  82.546.29bc  82.5+6.29bc
Metarhizium
+ Beauveria 0.0 7.542.5a 17.5+2.5a  25+2.88b  45+2.88a 62.544.78a  80+4.08b  90+4.08ab 92.542.5ab  92.5+2.5ab
+ Thymol
Metarhizium 0.0 0.0b 0.0b 0.0d 10£0.0bc  25+2.88b  45+2.88c  62.5+4.78d 75+2.88¢ 87.5+2.5bc
Thymol 0.0 10+4.08a 20+4.082 32.5:6.29ab 50+8.16a 67.549.46a 80+7.07b  80+7.07bc 80+7.07bc 80+7.07¢
T;f;’;’;’vze’;‘l’;’ 00.0  0.0b 0.0b 12.542.5¢  20+4.08b 37.5%6.29b 57.546.29c  75+6.45cd 82.546.29bc  90+4.08abc
P value - 0.0002 <0.0001  <0.0001  <0.0001  <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
F . 7.55 3227 24.69 23.27 27.55 4431 48.09 54.14 68.88
df 6,21 6,21 6,21 6,21 6,21 6,21 6,21 6,21 6,21 6,21
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Fig. 9: A) Morphology of the biopesticide via FESEM, 25kx magnification, sample-to-lens distance 4.489 mm, B) Skx
magnification, sample-to-lens distance 4.489 mm, C) 15kx magnification, sample-to-lens distance 489.4 nm; D)
Transmission electron microscopy image (50 nm scale bar) showing the coating of the biopesticide compound with
calcium carbonate nanoparticles; the particles exhibit cubic (A) and hexagonal (B) shapes, consistent with the
morphology of calcium carbonate nanoparticles
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