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Summary. In search of new and safe pesticides, the toxicity of volatile oils obtained from 

three plant species against Acanthoscelides obtectus and Tetranychus urticae adults was studied. 

The essential oils of peppermint (Mentha piperita L), rosemary (Rosmarinus officinalis L) and 

coriander (Coriandrum sativum L) showed higher toxicity on mites than on weevils. The 

peppermint and rosemary essential oils demonstrated efficacy against A. obtectus in both fumigant 

and acute contact toxicity tests. The peppermint and coriander essential oils had the most 

pronounced fumigant toxicity to mites, with LT50 of 2.5 and 3.7 h, respectively, at 5 µg/cm³ air and 

are the most promising sources of natural substances with acaricidal properties. 

Keywords: insecticidal and acaricidal effects, essential oils, Acanthoscelides obtectus, 

Tetranychus urticae. 

Introduction 

The bean weevil, Acanthoscelides obtectus, and the two-spotted spider mite, Tetranychus 

urticae, are two dangerous pests causing a great economic damage to agricultural crops in the 

Republic of Moldova. The larvae of A. obtectus cause damage by continuous cyclic feeding both in 

storage and in legume seeds in the field. T. urticae is a polyphagous that causes severe damage to 

various crops in greenhouses. 

The bean weevils and mites control is still based primarily on the use of synthetic contact 

insectoacaricides (ANSA, 2023). However, these chemicals pose a risk of rapid development of 

insecticide and acaricide resistance in the pests. They are highly toxic to the environment and 

human health. So, there is a need for new insecticides and acaricides for use in both greenhouse 

crops and stored products. Some plant essential oils are known as natural pesticides which degrade 

rapidly in nature and are virtually non-toxic to warm-blooded organisms (Regnault-Roger et al, 

2012). Therefore, much attention is paid to the toxicological evaluation of plant essential oils with 

high pesticidal activity in the context of developing new environmentally safe pest control agents. 

The aim of the work was to study the insecticidal and acaricidal effect of essential oils from 

Mentha piperita L., Rosmarínus officinális L. (the family Lamiaceae), and Coriandrum sativum L. 

(the family Apiaceae) on adults of A. obtectus and T. urticae under laboratory conditions. 

Materials and methods 

Essential oils Mentha piperita L. (EOMp) and Rosmarínus officinális L. (EORo) essential oils 

were purchased from “Dullberg Konzentra”, and “Sigma-Aldrich”, (Germany), respectively. 

Coriandrum sativum L. (EOCs) essential oil  was obtained industrially in the Republic of Moldova. 
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Insect and mite cultures Laboratory cultures of bean weevil (Acanthoscelides obtectus, 

Say) and two spotted spider mite, (Tetranychus urticae Koch.) were maintained in the laboratory at 

28 ±1 °C, 80% relative humidity and 16:8 h light:dark photoregime without insecticides exposure. 

The weevils were reared in 0.6 L glass jars containing bean grain (seeds). T. urticae adults were 

reared on bean plants. A. obtectus and T. urticae adults, 1–3 days old, were used for evaluation 

fumigant and contact toxicity of essetial oils. 

Fumigant toxicity of essential oils To determine the fumigant toxicity of essential oils and 

the thionated form of coriander oil on adult individuals of A. obtectus, low-density "White Ribbon" 

paper filters (4.5 cm diameter) were impregnated with samples of EOCs and S-EOCs dissolved in 

acetone at precalculated doses to obtain an equivalent fumigant concentration of 100-550 μg/cm3 

air. The treated filters were held in the open air for 1 min before being clamped to the bottom of the 

glass jar lid (volume 0.27 L). In the control sample, only acetone was applied to the filter. To 

prevent direct insect contact with the substances, the filterе were protected with a wire mesh. 

Twenty to thirty adults were placed in glass jars, which were covered with lids and incubated for 48 

hours. Each experiment was performed in triplicate. After exposure to test substance vapors, the 

insects were transferred to clean jars (volume 0.5 L) with bean seeds (one bean seed per two 

individuals of A. obtectus), water, and covered with a cotton cloth. Mortality was determined 3-5-7 

days after treatment. If, when touched with a brush, the insects showed no signs of life, i.e. no 

movement of limbs or antennae, the individuals were considered dead. 

To determine the fumigant effect of essential oils on T. urticae, 20-25 females were 

transferred to bean leaves placed on moist cotton disks in glass Petri dishes 6 cm in diameter 24 

hours prior to the experiment. White Ribbon paper filters (5.5 cm diameter) were impregnated with 

a solution of essential oil in acetone at doses calculated to obtain equivalent fumigant 

concentrations of 5 µg/cm3 for EOMp  and EOCs and 30 µg/cm3 of air for EORo. The solvent was 

allowed to evaporate for 30 s, after which the treated filters were attached to the underside of the lid 

of a 1.5 L glass desiccator. Petri dishes containing females of T. urticae were placed in the 

desiccators, tightly covered, and incubated for 24 hours at 28 ±1 °C. Control groups of mites were 

kept under the same conditions, but the filters were treated with acetone. Death of adult mites was 

recorded after 1, 3, 6 and 24 hours. Mites were considered to be dead if they did not move when 

touched with fine hairbrush. All experiments were performed in four replications for each 

concentration of essential oils. 

Acute contact toxicity of essential oils To evaluate the contact toxicity of essential oils and 

the thionated form of coriander oil, twenty adult A. obtectus specimens were immersed for 30 sec in 

0.375-3.0% solutions of the test substances dissolved in dimethyl sulfoxide (DMSO, 10%). The 

insects were then transferred to 0.5 L glass jars with beans. Mortality was determined 3-5-7 days 

after treatment. 

Data analysis The data on pest mortality were processed in consideration of the mortality of 

individuals in the control group and were analyzed by ANOVA. The mean lethal time of action of 

essential oils (LT50) on mites was calculated using the Finney-Miller-Tainter probit analysis  (Gar, 

1963). 

 

Results and discussion 

Fumigation is the primary method of controlling insect pests of stocks and is acknowledged 

as the most effective method of applying acaricides in greenhouses. 

Fumigant toxicity of essential oils on A. obtectus As evidenced by comparative research, the rapid 

death of adults (within four hours) occurs at a vapor concentration of the peppermint and rosemary 

oils <200 μg/cm3 air. The coriander essential oil was found to be significantly less toxic to adult A. 

obtectus than the other oils tested. A higher concentration of volatile oil vapors of at least 400 

μg/cm3 air and a longer treatment time of 48 hours were required to achieve 50% mortality of the 

pests (Figure 1). 

Sulfur-containing compounds are widely known for their biological activity. It is 

demonstrated that the thionation can enhance the insecticidal efficacy of certain essential oils. To 
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illustrate, the insecticidal activity of essential oil derived from Ruta montana plants to be markedly 

elevated (up to 8-fold) following thionation, when tested against Sitophilus oryzae (Fekhar at al, 

2017). However, our research has shown that the vapour toxicity of EOCs to bean weevils did not 

increase after oil thionation (Figure 1). After fumigation with S-EOCs, individuals were actively 

moving, flying, mating and laying eggs and their lifespan was similar to that of the control group. 

 

 
 

Figure 1. Dynamics of adult mortality of A. obtectus after fumigation with coriander essential 

oil for 48 hours 

 

Acute contact toxicity of essential oils on A. obtectus In order to determine the insecticidal 

properties of essential oils as contact insecticides, the acute direct toxicity of these substances 

against the bean beetle was studied. Mortality rates of A. obtectus individuals exposed to different 

vapor concentrations of EORo and EOCs in 10% DMSO solution are shown in Figure 2. After 

treatment of adultе beetles with 0.75-1.5% solutions of EORo, the pests did not emerge from the 

nokdaun state and died within two days. Pest mortality rate increases significantly with increasing 

concentrations of EOCs. But it should be noted that EOCs showed lower insecticidal toxicity 

compared to EORo (Figure 2). А 3.73% S-EOCs solution in DMSO had no insecticidal contact 

activity against bean weevils. 

Fumigant toxicity of essential oils on T. urticae Volatile components of peppermint, 

rosemary and coriander had a significant toxic effect on adults of T. urticae. The oils toxicity was 

contingent upon the duration of contact of mites with oils vapours as evidenced by the data 

represented in Figure 3. LT50 values of EORo, EOMp, EOCs were 2.2, 2.5 and 3.7 h, respectively, 

indicating that these oils have rapid acaricidal action. The rapid lethal effect of oil vapours on spider 

mites indicates a neurotoxic mechanism of action. Nevertheless, vapours of peppermint and 

coriander were the most toxic for mites, because the acaricidal properties of these oils apperead at a 

lower concentration (5 µg/cm3 air) compared to rosemary oil (30 µg/cm3 air) vapour concentration. 

The biological activity of essential oils depends on the chemical constitution of these oils, which are 

composed of a varietyof hydrocarbon and belong to disparate chemical classes, and the ratio of 

these components and their relationship to one another are of particular importance. The results 

obtained are consistent with the relative fumigant toxicity of essential oils obtained from different 

plants and are attributed to the different chemical composition of these oils. According to available 

literature data, the greatest acaricidal activity is possessed by essential oils of plants from the 

Lamiaceae family (various species of mint, Rosmarinus officinalis), which are enriched with 

terpene hydrocarbons and especially monoterpenoids: menthol, α-pinene, 1,8-cineole, α-terpineole 
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(Rincon et al., 2019; Ebadollahi et al., 2014; Amizadeh et al., 2013; Regnault-Roger et al., 2012).  

Acaricidal properties   

 

 
Figure 2. Mortality of A. obtectus adults following direct contact exposure to EORo and EOCs 

(after 48 hours) 

 
 

Figure 3. Mean lethal time (LT50) of the effect of essential oils on T. urticae females 

Note: *5µg /cm
3

 air, **30 µg/cm
3

 

 

 of essential oils of plants of the Apiaceae family (fennel, cumin, coriander) are determined by such  

components of these oils as anetol, limonene, linalool, camphor and others (Al-Khayri, 2023). 

 

Conclusion 

The present results suggest that all tested essential oils have the pesticides activity against A. 

obtectus and T. urticae adults. 
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The peppermint and rosemary eesential oils vapors have high toxicity against bean weevils 

because within four hours occured 100% A. obtectus adults’ death. The coriander essential oil was 

significantly less toxic to A. obtectus adult, when it was used as fumigant or contact insecticide. The 

sulphur-derivative of coriander essential oil obtained as a result of the thionation procedure is not 

toxic to beetles. These data suggest that ketones play a prominent role in the insecticidal properties 

of the oil. 

Toxicological indices show that essential oils are more toxic to mites compared to adults of 

bean weevil. Among the oils, peppermint and coriander essential oil vapours were the most toxic to 

T. urticae adults. However, coriander essential oil was less effective (LT50=3.7 h) compared to 

peppermint essential oil (LT50=2.5 h) in terms of the rate of lethal effect on mites. Rapid mite 

eradication, based on the LT50=2.2 h value, is also possible with rosemary essential oil vapours. 

However, the vapour concentration of rosemary essential oil must be six times higher than for 

peppermint or coriander oils. 

Thus, peppermint essential oil can be used to develop potentially new insecticides against A. 

obtectus, and peppermint and coriander oils - a new acaricides. However, more research is needed 

to evaluate the cost-effectiveness of these essential oils for a wider range of greenhouse and storage 

pests. 

Acknowledgments. The research was carried out under the State Programme Projects 

20.80009.5107.27 "Development of alternative methods of pest arthropod control in different 

agrocenoses based on environmentally friendly means and procedures" and 20.80009.8007.03 

“New substances with preventive and therapeutic potential based on natural compounds of plant 

origin and modern methods of organic synthesis”, funded by the National Research and 

Development Agency. 

 

References 

1. Al-Khayri J.M., Banadka A., Nandhini M., Nagella P., Al-Mssallem M.Q., Alessa F.M. 2023. 

Essential oil from Coriandrum sativum: A review on its phytochemistry and biological activity. 

In: Molecules 28: 696. DOI: https://doi.org/10.3390/ molecules28020696. 

2. Amizadeh M., Hejazi M.J., Saryazdi G.A. 2013. Fumigant toxicity of some essential oils on 

Tetranychus urticae (Acari: Tetranychidae). In: International Journal of Acarology 39(4): 285–

289. DOI: https:// doi.org/10.1080/01647954.2013.777782. 

3. ANSA National Agency for Food Safety (The Republic of Moldova) 2024. Electronic resource. 

[Available on: // https://www.ansa.gov.md/ro][ Accessed: 5 July 2024] (e.g. in Romanian) 

4. Ebadollahi A., Sendi J.J., Aliakbar A., Razmjou J. 2014. Chemical composition and acaricidal 

effects of essential oils of Foeniculum vulgare Mill. (Apiales:Apiaceae) and Lavandula 

angustifolia Miller (Lamiales: Lamiaceae) against Tetranychus urticae Koch (Acari: 

Tetranychidae). In: Psyche: A Journal of Entomology 2014: 424078. DOI: https://doi. 

org/10.1155/2014/424078. 

5. Fekhar N., Boutoumi H., Krea M., Moulay S., Asma D., Benmaamar Z. 2017. Thionation of 

essential oils from algerian Artemisia herba-alba L. and Ruta montana L.: Impact on their 

antimicrobial and insecticidal activities. In: Chemistry Journal of Moldova. General, Industrial 

and Ecological Chemistry 12(2): 50–57. DOI: https://dx.doi.org/10.19261/cjm. 

6. Gar K.A. Methods of testing toxicity and efficacy of insecticides. 1963. Agro literature, 

Moscow, USSR, 288 pp. (in Russian) 

7. Kheradmand K., Beynaghi S., Asgari S., Sheykhi G.A. 2015. Toxicity and repellency effects of 

three plant essential oils against two-spotted spider mite, Tetranychus urticae (Acari: 

Tetranychidae). In: Journal of Agriculture, Science and Technology 17:1223–1232 

8. Rincón R.A., Rodríguez D., Coy-Barrera E. 2019. Botanicals against Tetranychus urticae Koch 

under laboratory conditions: a survey of alternatives for controlling pest mites. In: Plants 8(8): 

272 p. DOI: https://doi.org/10.3390/plants8080272. 

627

https://doi.org/10.3390/
https://www.ansa.gov.md/ro%5d%5b%20Accessed:%205%20July%202023
https://dx.doi.org/10.19261/cjm
https://doi.org/10.3390/plants8080272


 

9. Regnault-Roger C., Vincent C., Arnasson J.T. 2012. Essential oils in insect control: low-risk 

products in a high stakes world. In: Annual Review of Entomology 57: 405–424. DOI: 

https://doi.org/10.1146/annurev-ento-120710-100554. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

628

https://doi.org/10.1146/annurev-ento-120710-100554



