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Figure 1. Durability of lethal effects of essential oil extracted from Mentha longifolia on the adult of
red flour beetle Tribolium casateneum
* Different letters in each bar indicate significant difference (SNK, P < 0.05).
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Table 2. Population of adult of red flour beetle Tribolium castaneum (MeanSE) at different
concentrations of essential oil extracted from Mentha longifolia during three consequent months

Different concentrations
Control LC1o LCa20 LCso LCao F @n P

Time

1" month 10.00+0.00*  7.40+0.62° 7.10£0.48>  6.22+0.49®  5.88+0.61° 11.1644) <0.0001
2" month 11.20£0.42%  7.40%0.64° 7.00+0.50°  6.25+0.56° 5.75+0.75°  14.62441  <0.0001
3" month 16.90£0.59*  11.86+0.63° 9.80+0.79*°  7.67+1.21° 7.00+0.98° 2156441  <0.0001

* Different letters in each row indicate significant difference (SNK, P < 0.05).

Gy il Cilben o bale 55 Gl slast - SSLe) Triboilium castaneum s,7 5o 5 aics slag,Y Comemr -V o

Sl olo aw b
Table 3. Population of larva of red flour beetle Tribolium castaneum (MeanzSE) at different
concentrations of essential oil extracted from Mentha longifolia during three consequent months
Different concentrations
Control LCuo LC2 LCao LCao F @f P

Time

1" month nd nd nd nd nd - -
2" month 10.90+1.592 8.63+1.28% 7.00£0.96%  4.50+1.19® 4.20+1.13° 5.244.42) 0.0016
34 month 5.00+1.15% 4.30+0.782 3.89+0.312 3.38+0.942  3.11+0.51? 0.87 (4,41 0.4895

* Different letters in each row indicate significant difference (SNK, P < 0.05).
nd = no data
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Figure 2. Population structure (Larva and Adult) of red flour beetle Tribolium castaneum at different
concentrations of essential oil extracted from Mentha longifolia during three consequent months
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Table 4. Mean feeding (g) of red flour beetle Tribolium castaneum (xSE) at different concentrations of
essential oil extracted from Mentha longifolia during three consequent months

Time Different concentrations

Control LCuo LC2x LCao LCao F @ P

1" month  0.075+0.005%  0.068+0.028% 0.054+0.009° 0.046+0.009%  0.040+0.011%  0.87(42 0.4925
2" month  0.136+0.010*°  0.113+0.027® 0.088+0.010° 0.086+0.007%  0.085+0.010*°  2.34(s45 0.0692
39month  0.253+0.015* 0.211+0.029* 0.185+0.008° 0.156+0.011° 0.150+0.012 5.49441 0.0012

* Different letters in each row indicate significant difference (SNK, P < 0.05).
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Figure 3. Mortality percentage (Mean+SE) of red flour beetle Tribolium castaneum at simultaneous
application of sublethal concentrations of essential oil extracted from Mentha longifolia and
pathogenic spores of Beauveria bassiana
* Different letters indicate significant difference (SNK, P < 0.05).
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Figure 4. Mortality percentage (MeanzSE) of red flour beetle Tribolium castaneum at priority in
application of sublethal concentrations of essential oil extracted from Mentha longifolia and

subsequent treatment by pathogenic spores of Beauveria bassiana with 24 and 48 h intervals
* Lowercase and uppercase letters indicate differences at 24 and 48-hour periods, respectively (SNK, P < 0.05).
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Figure 5. Mortality percentage (MeanzSE) of red flour beetle Tribolium castaneum at priority in

application of pathogenic spores of Beauveria bassiana and subsequent treatment by sublethal

concentrations of essential oil extracted from Mentha longifolia with 24 and 48 h intervals
* Lowercase and uppercase letters indicate differences at 24 and 48-hour periods, respectively (SNK, P < 0.05).

s B. bassiana 66 0l ;e» I 51 (Shakarami et al., 2015) OLSen 5 o S baw g 4 S &y go gla s 2 53
Ephestia il mite )T o pod slas)¥ 555 ol osbas 5 )b (a5 4o ol sizl pral (sla il
B. bassiana L. T8 5 0l bl S5 45 sls Ol alllas ol el 23 8 515 oy 5,550 kuehniella Zeller
ol Olejen 31 o ann 5 bl e 3T Gl e o ped gy e 5 5 e s &I Bes SIS el
Dermanyssus gallinae (De 8%, 50 5«8 J x5 5 B. bassiana £l a8 5 sl LS 5l .
&<l B. bassiana L G LS 5 55 e BT il o8 5l 0L anlllas oy C“ 255 )5 anllas 5, 50 (GeEEF)
(Immediato et al,. 2016) us Julse ! 51 &G p Jitws o3l b duslio 53 08X, 50 34 o 55 0 s ol 50
Glaasl (23 8 55 )y dl 4th G550, 5 4L slauilul s B. bassiana 3l Jbuljldjg;dﬁm);
Bl Dl i 53 DU Aoy (I3 Jeld 5 &5 5 R Gl Lol G DS 5 510l es ealinul &7 sls 0L anllles )
(Mousavi et al., 2020) .& axdlas 3 4o
I 0T (6 e s Ol i J 8558 Olezsi by (OIS 1L (ALE (gl il 457 s o OLS okplonil (sl oo
3 el eslial (Guiss ¢ 3 dnle o Juges 1y Sl i S e Sz B sl 3l ozl (S5 sladl J 358 5 03l
or ol mb L35 3 st 3ag o3 S S gu J 2 sl IS LS 25, 5 B. bassiana 3L B
Lol o Ol 0L K g5 cpl s andllas 35 g0 SBT DUl dosys a5 BB 2ol 31 Eaol slge ol 51 (il 03lil &S sl oL



Tribolium castaneum < ,,4s ,> Beauveria bassiana s « 5 ol wlul 31 il eslizul O, 8en 5 el 5L A

Kaiseretal.,).&L,‘,Mb@uu;,yu,:,o,\{omgé,us,ajuu,:;.:l,d,i.;;,\;,;w)lsy,,as
(2020

Copde Saasl 5 53 oslitul jsbteas cwlie SIS 51 &g ailel 87 Las o Ol b= iass 53 edal Cansa o]

B. bassiana 3l z 6« §148 sls 0lis 48 55 0 (sla o 2 ¢zl 2 o3de Aibo Sy 5 5 30T Jo 3wt idls

) S e Sl sl 3 (el oalizal Ll edilgad 25T o ke Wl Ol Comazr 53 a g JB DU sl 4 526

RIPPW LgLAw)J{@l:JgJ"\ 39 b yls andllas 5 90 Ol i Come LA 51581 55 s gale O 1 a J.\}L»\}Jf)uﬁ

343 8 513 0T jleslizal gl 3 Cod Sty Jalge ol Rl oslizul 53 okbodalin gl len Sl 31 S sls Ol 43 S

3,8 S 5eksam g 35e gbl SBT o e glaasl p oS 0Ll STae 4 shtes LU dlas !

Syl Sl
o8l o 5 0T e ylam o7 sy oo I3 0555 51 ol IS sl 1 o s ol Al 53 0 61,1 Sl

3 or 6| Sl Ao sy 5 Sl 45 8 D) g sl

References

Astuti, L. P., Lestari, Y. E., & Rachmawati, R. (2020). Preference and development of Tribolium
castaneum (Herbst, 1797) (Coleoptera: Tenebrionidae) in whole grain and flour form of five corn
varieties. Journal of Biological Diversity, 21(2), 564-569. DOI: https://doi.org/10.13057/biodiv/
d210218

Athanassiou, C. G., Korunic, Z., & Vayias, B. J. (2009). Diatomaceous earths enhance the insecticidal
effect of bitterbarkomycin against stored-grain insects. Crop Protection, 28, 123-127. DOI:
https://doi.org/10.1016/j.cropro.2008.09.012

Batta, Y. A. (2018). Efficacy of two species of entomopathogenic fungi against the stored-grain pest,
Sitophilus granarius L. (Curculionidae: Coleoptera), via oral ingestion. Egyptian Journal of
Biological Pest Control, 28(44). DOI: https://doi.org/10.1186/s41938-018-0048-x

Charnley, A. K. (2003). Fungal pathogens of insects: cuticle degrading enzymes and toxins. Advances
in Botanical Research, 40, 241-321.

Cherry, AJ., Abalo, P., & Hell. K. (2005). A laboratory assessment of the potential of different strains
of the entomopathogenic fungi Beauveria bassiana (Balsamo) Vuillemin and Metarhizium
anisopliae (Metschnikoff) to control Callosobruchus maculatus (F.) (Coleoptera: Bruchidae) in
stored cowpea. Journal of Stored Products Research, 41(3), 295-309. DOI:
https://doi.org/10.1016/j.jspr.2004.04.002

Corzo, F. L., Traverso, L., Sterkel, M., Benavente, A., Ajmat, M. T., & Ons, S. (2020). Plodia
interpunctella (Lepidoptera: Pyralidae): Intoxication with essential oils isolated from Lippia
turbinata (Griseb.) and analysis of neuropeptides and neuropeptide receptors, putative targets for
pest control. Archives of Insect Biochemistry and Physiology, 104(3), e21684. DOI:
https://doi.org/10.1002/arch.21684

Elnabawy, E. S. M., Hassan, S., & Taha, E. K. A. (2021). Repellent and toxicant effects of eight essential
oils against the red flour beetle, Tribolium castaneum Herbst (Coleoptera: Tenebrionidae). Biology,
11(1), 3. DOI: https://doi.org/10.3390/biology11010003

Fields, S., & White, D. G. (2002). Alternatives to Methyl bromide treatments for stored product and
Quarantine insects. Annual Review of Entomology, 47, 331-359. DOI: https://doi.org/10.1146/
annurev.ento.47.091201.145217

Gabarty, A., Salem, H. M., Fouda, M. A, Abad, A. A,, & Ibrahim, A. A. (2014). Pathogencity induced
by the entomopathogenic fungi Beauveria bassiana and Metarhizium anisopliae in Agrotis ipsilon.
Journal of Radiation Research and Applied Sciences, 7, 95-100. DOI: https://doi.org/10.1016/
Jj-jrras.2013.12.004

Hagstrum, D. W., & Flinn, P. W. (2014). Modern stored-product insect pest management. Journal of
Plant Protection Research, 54, 205-210. DOI: https://doi.org/10.2478/jppr-2014-0031



AY V¥ Jle oF oyles VF il alE SBT Slidiow

Hamel, D., Rozman, V., & Liska, A. (2020). Storage of cereals in warehouses with or without pesticides.
Insects, 11, 846. DOI: https://doi.org/10.3390/insects11120846

Immediato, D., Figueredo, L.A., latta, R., Camarda, A., de Luna, R. L. N., Giangaspero, A., Brandao-
Filho, S. P., Otranto, D., & Cafarchia, C. (2016). Essential oils and Beauveria bassiana against
Dermanyssus gallinae (Acari: Dermanyssidae): towards new natural acaricides. Veterinary
Parasitology, 229, 159-165. DOI: https://doi.org/10.1016/j.vetpar.2016.10.018

Isman, M. B. (2006). Botanical insecticides, deterrents, and repellents in modern agriculture and an
increasingly  regulated  world.  Annual Review of Entomology, 51, 45-66.
DOI: https://doi.org/10.1146/annurev.ento.51.110104.151146

Jenan, U. (2014). Fumigant toxicity of Ricinus communis L. oil on adults and larva of some stored
product insects. Journal of Natural Sciences Research, 4, 26-29.

Jung, J. M., Byeon, D. H., Kim, SH., & Lee, W. H. (2020). Estimating economic damage to cocoa bean
production with changes in the spatial distribution of Tribolium castaneum (Herbst) (Coleoptera:
Tenebrionidae) in response to climate change. Journal of Stored Product Research, 89, 101681.
DOI: https://doi.org/10.1016/j.jspr.2020.101681

Kaiser, D., Handschin, S., Rohr, R. P., Bacher, S., & Grabenweger, G. (2020). Co-formulation of
Beauveria bassiana with natural substances to control pollen beetles—Synergy between fungal spores
and colza oil. Biological Control, 140, 104106. DOI:
https://doi.org/10.1016/j.biocontrol.2019.104106

Kavallieratos, N. G., Nika, E. P., Skourti, A., Ntalli, N., Boukouvala, M. C., Ntalaka, C. T., Maggi, F.,
Rakotosaona, R., Cespi, M., Perinelli, D. R., Canale, A., Bonacucina, G., & Benelli, G. (2021).
Developing a Hazomalania voyronii essential oil nanoemulsion for the eco-friendly management of
Tribolium confusum, Tribolium castaneum and Tenebrio molitor larvae and adults on stored wheat.
Molecules, 26(6), 1812. DOI: https://doi.org/10.3390/molecules26061812

Laing, R., Xu, S., Shoemaker, C. F., Li, Y., Zhong, F., & Huang, Q. (2012). Physical and antimicrobial
properties of peppermint oil nanoemulsions. Journal of Agriculture and Food Chemistry, 60, 7548-
7555. DOI: https://doi.org/10.1021/jf301129k

Liang, J. Y., Xu, J., Yang, Y. Y., Shao, Y. Z., Zhou, F., & Wang, J. L. (2020). Toxicity and synergistic
effect of Elsholtzia ciliata essential oil and its main components against the adult and larval stages
of Tribolium castaneum. Foods, 9(3), 345. DOI: https://doi.org/10.3390/foods9030345

Louni, M., Shakarami, J., & Negahban, M. (2018). Insecticidal efficacy of nanoemulsion containing
Mentha longifolia essential oil against Ephestia kuehniella (Lepidoptera: Pyralidae). Journal of Crop
Protection, 7(2), 171-182.

Mantzoukas, S., Ntoukas, A., Lagogiannis, I., Kalyvas, N., Eliopoulos, P., & Poulas, K. (2020).
Larvicidal action of cannabidiol oil and neem oil against three stored product insect pests: effect on
survival time and in progeny. Biology, 9(10), 321. DOI: https://doi.org/10.3390/biology9100321

Mohammed, M., Lahcen, P. E., Abderahmane, K., & Abdelmonaim, H. B. (2014). Insecticidal activity
of the essential oil from seven accessions of Artemisia herba-alba asso domesticated in Errachidia
(south-east of Morocco) against Tribolium castaneum. International Journal of Engineering
Research and Applications, 4(6), 33-36.

Moharramipour, S., & Negahban, M. (2014). Plant essential oils and pest management. In Sahayaraj, K.
(Ed.). Basic and Applied Aspects of Biopesticides. Springer, pp. 129-154.

Mousavi, M., Ghosta, Y., & Maroofpour, N. (2020). Insecticidal activity and sublethal effects of
Beauveria bassiana (Bals.-Criv.) Vuill. isolates and essential oils against Aphis gossypii Glover,
1877  (Hemiptera:  Aphididae).  Acta  Agriculturae  Slovenica, 115(2), 463-472.
DOI: https://doi.org/10.14720/aas.2020.115.2.1306

Nath, R., Singh, G., & Deep, G. (2019). Efficacy of some botanical extracts against Tribolium
castaneum: Coleoptera (Tenebrionidae). Plant Cell Biotechnology and Molecular Biology, 20(15-
16), 660-666.

Negi, A., Pare, A., Manickam, L., & Rajamani, M. (2022). Effects of defect action level of Tribolium
castaneum (Herbst) (Coleoptera: Tenebrionidae) fragments on quality of wheat flour. Journal of the
Science of Food and Agriculture, 102, 223-232. DOI: https://doi.org/10.1002/jsfa.11349

Rees, D. (2007). Insect of stored grain, a pocket reference. CSIRO Publishing, Australia, 77 pp.


https://scijournals.onlinelibrary.wiley.com/authored-by/Negi/Aditi
https://scijournals.onlinelibrary.wiley.com/authored-by/Pare/Akash
https://scijournals.onlinelibrary.wiley.com/authored-by/Manickam/Loganathan
https://scijournals.onlinelibrary.wiley.com/authored-by/Rajamani/Meenatchi

Tribolium castaneum < ,,4s ,> Beauveria bassiana s « 5 ol wlul 31 il eslizul O, 8en 5 el 5L M

Reihani, M., Yazdanian, M., & Afshar, A. (2016). Enhancing insecticidal efficacy and remedying
dilatory effect of diatomaceous earth Sayan® against adults of the rice weevil Sitophilus oryzae (L.)
in combination with myrtle essential oil, Myrtus communis (L.). Journal of Applied Research in Plant
Protection, 5, 65-78.

Sabbour, M. M., & Abd EI-Aziz, S. E. S. (2019). Impact of certain nano oils against Ephestia kuehniella
and Ephestia cutella (Lepidoptera-Pyralidae) under laboratory and store conditions. Bulletin of the
National Research Centre, 43, 80. DOI: https://doi.org/10.1186/s42269-019-0129-3

Sadeghi, A., Pourya, M., & Smagghe, G. (2016). Insecticidal activity and composition of essential oils
from Pistacia atlantica subsp. kurdica against the model and stored product pest beetle Tribolium
castaneum. Phytoparasitica, 44, 601-607. DOI: https://doi.org/10.1007/s12600-016-0551-0

Senfi, F., Safaralizadeh, M.H., Safavi, S.A., & Aramideh, S. (2014). Fumigant toxicity of Laurus nobilis
and Myrtus communis essential oils on larvae and adults of the red flour beetle, Tribolium castaneum
Herbst (Col.: Tenebrionidae). Archives of Phytopathology and Plant Protection, 47(4), 472-476.
DOI: https://doi.org/10.1080/03235408.2013.812819

Shahmirzaei, Z., 1zadi, H., & Imani, S. (2016). Study on the contact and fumigant toxicity of Mentha
longifolia L. against the confused flour beetle (Tribolium castaneum). Iranian Journal of Medicinal
and Aromatic Plants, 32, 555-559. DOI: https://doi.org/10.22092/ijmapr.2016.106835

Shakarami, J., Eftekharifar, R., Latifian, M., & Jafari, S. (2015). Insecticidal activity and synergistic
effect of Beauveria bassiana (Bals.) Vuill. and three botanical compounds against third instar larvae
of Ephestia kuehniella Zeller. Research on Crops, 16(2), 296-303. DOI: https://doi.org/10.5958/
2348-7542.2015.00044.3

Sheeba G., Sundaram S., Raja N., Janarthanan S., & Ignacimuthu S. (2001). Efficacy of Beauveria
bassiana for control of the rice weevil Sitophilus oryzae (L.) (Coleoptera: Curculionidae). Applied
Entomology and Zoology, 36(1), 117-120. DOI: https://doi.org/10.1303/aez.2001.117

Stejskal, V., Hubert, J., Aulicky, R., & Kucerova, Z. (2015). Overview of present and past and pest-
associated risks in stored food and feed products: European perspective. Journal of Stored Product
Research, 64, 122-132. DOI: https://doi.org/10.1016/j.jspr.2014.12.006

Yanar, Y., Yanar, D., Demir. B., & Karan, Y. B. (2019). Effects of local entomopathogenic Beauveria
bassiana isolates against Sitophilus granarius (Coleoptera). Agriculture & Forestry, 65(1), 49-55.
DOI: https://doi.org/10.17707/AgricultForest.65.1.05

Zarasvandi, F., Seraj, A.A. & Ziaee, M. (2023) Insecticidal activity of Iranian diatomaceous earth, alone
or in combination with Mentha longifolia plant extract to control Rhyzopertha dominica adults on
different cereals. Journal of Entomological Society of Iran, 43(3), 207-217. DOI: https://doi.org/
10.61186/jesi.43.3.2

Ziaee, M., Moharramipour, S., & Mohsenifar, A. 2014. Toxicity of Carum copitum essential oil-loaded
nanogel against Sitophilus granarius and Tribolium confusum. Journal of Applied Entomology, 138,
763-771. DOI: https://doi.org/10.3389/fpls.2023.1187616



. Pest Ros,

M@m Plant Pest Research

Research paper pISSN:2322-2409

2024- 14 (4): 71-89 https://doi.org/10.22124/iprj.2025.29979.1627 elSSN: 2538-6123

OPEN~| ACCESS

Integrated application of Mentha longifolia essential oil and
Beauveria bassiana for managing the population of Tribolium
castaneum under laboratory conditions

M. Bagheri-Khanimani!, A. Sedaratian-Jahromi?", H. Mohammadi® and M.

Haghani*
1 - 4. Department of Plant Protection, Faculty of Agriculture, Yasouj University, Yasouj, Iran
< motezabagheri6@gmail.com https://orcid.org/0009-0006-7855-6537
< Sedaratian@yu.ac.ir https://orcid.org/0000-0002-2588-2359
< h.mohammadi@yu.ac.ir https://orcid.org/0000-0003-3905-7066
< mhaghani@yu.ac.ir https://orcid.org/0009-0003-3855-4922

Received- 25 December 2024 | Accepred: 10 March 2025 |

Abstract

In the present study, integrated application of essential oil extracted from Mentha longifolia and
entomopathogenic spores of Beauveria bassiana (Bals.) Vuill. Strain OZ1 to decrease the population of
red flour beetle Tribolium castaneum (Herbst), was investigated. The highest mortality of adult insects
of red flour beetle (82.5%) was observed at the highest concentration of M. longifolia (26.67 puL/L air).
The estimated lethal concentration required to eliminate 50% of the tested insects was determined to be
LCso: 15.26 uL/L air. The M. longifolia successfully preserved its toxic properties in a suitable form for
a duration of 20 days. The application of various concentrations of M. longifolia essential oil (LCio,
LCa0, LCs0, and LCyo) to adult insects significantly altered the patterns of population growth and feeding
behavior over a three-month duration. The pathogenicity of B. bassiana in adult beetles indicated that
those subjected to the highest concentration tested (10® conidia/ml) experienced a mortality rate of
merely 6%. The study examined the impacts of integrated treatments, which included: 1. The concurrent
use of various sublethal concentrations of M. longifolia essential oil (LCs, LC1o, LC1s, LC2, and LCzs)
alongside B. bassiana at a concentration of 10° conidia/ml, 2. The prioritized application of M. longifolia
essential oil, and 3. The precedence of the pathogenic fungus B. bassiana in inducing mortality among
the adult population of T. castaneum. The obtained results revealed that the mortality rate of adult stage
of red flour beetle was higher in the treatments involving simultaneous application of essential oil and
pathogenic fungus and the priority for application of essential oil. The findings of the present study
confirm the synergistic effects of integrated treatments.
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