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Plant essential oils, with their rapid breakdown, low toxicity, and environmental safety, serve

as a promising natural alternative for pest control. This study investigates the insecticidal

potential of Eucalyptus and _Za.taru_a essen_tlal oils against Macr_osnphum eprhorblae. The oils Received: 07 March 2025

were extracted by water distillation using a Clevenger device, and bioassay tests were Revised: 23 April 2025

performed on adult specimens at different concentrations. Probit analysis determined the Accepted: 25 April 2025

LC50 and LC90 values for eucalyptus oil at 4699 ppm and 37106 ppm, respectively, while

for thyme oil, these values were 11944 ppm and 45620 ppm. These findings indicate that

eucalyptus oil has a stronger toxic effect and higher mortality rate than thyme oil. The peak How to Cite This Article: Ramirez M,

mortality rate occurred at 20,000 ppm for eucalyptus and 24,000 ppm for thyme. Since the ~ -OPez DM, Pereira A, Silva ME, Tanaka

LD50 values for both essential oils are lower than synthetic insecticides, and resistance to . Effer_:tlven_ess of Th_yme a_nq Eucalyptus
. : : . Essential Oils as Biopesticides for the

chemical treatments continues to grow, these plant-based alternatives could serve as effective Control of Macrosiphum euphorbiae.

substitutes for conventional pest control solutions. Entomol Res Lett. 2025:5(1):30-6.
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Introduction

The increasing reliance on chemical insecticides to mitigate pest damage has led to significant risks for both
human health and the environment. Excessive application of these synthetic compounds has resulted in the
development of resistance among pest insects, contamination of food sources, toxicity to mammals, and harm to
environmental degradation and non-target organisms [1, 2]. Recognizing these hazards, there has been a growing
interest in alternative pest control strategies that maintain effectiveness while minimizing ecological and health
risks. Among these alternatives, plant-derived compounds have gained attention due to their natural composition
and safety profile for both humans and the environment.

Potato is the most crucial crop worldwide, providing essential nutrients such as proteins, carbohydrates, vitamins,
and energy-generating compounds. It holds a strategic position alongside staple grains like wheat, barley, and
rice. Acknowledging its significance, the World Food Organization designated 2008 as the “Year of the Potato”
[3, 4]. Notably, a substantial portion of global potato production occurs in developing nations, particularly across
Asia.

Potato crops are vulnerable to numerous pests, with aphids being among the most destructive. These pests weaken
plants by extracting sap, leading to reduced crop yield and quality. Additionally, aphids serve as vectors for
multiple harmful potato viruses, with at least ten major viral diseases being transmitted through their activity.
High aphid populations can severely impact plant health and agricultural output, increasing production costs and
economic losses [5, 6].
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At present, chemical insecticides remain the primary method for controlling potato aphids. However, the
indiscriminate use of these chemicals has contributed to widespread resistance, making pest management
increasingly challenging. Furthermore, their adverse effects on beneficial organisms and the surrounding
environment have raised concerns. Due to the limitations of synthetic insecticides, there has been a shift toward
plant-based insecticidal compounds as a sustainable alternative for aphid management. These botanical solutions
decompose rapidly, leaving no harmful residues in soil or water, and pose minimal risk to non-target insect
populations [7-9].

This study aims to evaluate the insecticidal properties of essential oils from two medicinal plants and assess their
potential for pest control while reducing the environmental risks associated with conventional chemical
insecticides.

Materials and Methods

For this study, the leaves of the selected plants were gathered during the flowering stage of eucalyptus and thyme.
To prepare them for essential oil extraction, the leaves were air-dried under shade at a temperature of room with
adequate ventilation. Once dried, the plant material underwent essential oil extraction using the Clevenger
apparatus through the water distillation method (Figure 1).

Figure 1. Clevenger-type water distillation system: (a) power regulator, (b) heating mantle with a round-
bottom flask containing water and aromatic plant leaves, (c) Clevenger apparatus, which allows hydrosol to
return to the still while retaining the essential oil phase—applicable for oils less dense than water that float on
the surface, and (d) condenser.

Collection and rearing of potato aphid colony

Aphid collection commenced as soon as the pest was observed on potato plants in the study field. The aphids were
initially transferred onto freshly cut potato leaves sourced from the same field to establish a stable population for
further experimentation. These leaflets were put in Petri dishes containing moistened filter paper and cotton to
maintain humidity. The prepared Petri dishes were then relocated to a controlled growth chamber. Every two days,
the existing leaves were replaced with fresh ones. Before initiating the main experiments, the aphid population
was transferred onto potato plants cultivated under greenhouse conditions.

Host plant cultivation

For this experiment, ten plastic pots, each with a 50 cm diameter and a height of 15 cm, were prepared by filling
them with a soil mixture composed of two-thirds agricultural soil and one-third sand. A single tuber of the Sprite
potato cultivar was planted in each pot. The plants were cultivated in greenhouse conditions, with irrigation carried
out every 4 days, and a single application of urea fertilizer was added to the soil during the test period. Once the
plants reached the five- to six-leaf stage, specific leaflets were collected for testing. The 2nd and 3rd compound
leaves from the top of each plant were carefully cut and used in the test. To prevent aphid escape, transparent
plastic arches were installed over the pots, secured to a silk net fabric covering the top.
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Aphid synchronization

To conduct biometric assessments, it was essential to use aphids of the same developmental stage. The leaf disc
method was employed for this purpose [10]. Adult aphids were gently removed from infected potato plants using
a fine brush and transferred onto healthy potato leaf discs, which were put inside Petri dishes with a diameter of
8 cm. To maintain proper humidity, moistened cotton soaked in distilled water was put at the bottom of the Petri
dishes, followed by a 9 cm filter paper layer to ensure a stable surface for the aphids. The filter paper also
prevented the insects' legs from getting stuck during movement. A freshly cut potato leaf was positioned on the
filter paper with its underside facing upward. Each leaf disc accommodated approximately 10-20 adult aphids.
A ventilation hole, 2 cm in diameter, was made in the Petri dish lid, covered with fine mesh fabric. The aphids
were left undisturbed for 24 hours to facilitate nymph production. After this period, aphids who were adults were
removed, leaving behind nymphs of uniform age. These nymphs were then reared under identical conditions until
they matured into adults after 7-8 days. The rearing process was conducted in an incubator set to 25 + 1°C, with
a relative humidity of 65 + 5% and a 16-hour light/8-hour dark photoperiod [11, 12].

Determination of essential oil concentrations

To establish appropriate concentrations of essential oils that would induce mortality in potato aphids, a series of
preliminary experiments were conducted. The goal was to identify concentration levels that resulted in a mortality
rate between 25% and 75%. The determined effective concentrations for eucalyptus essential oil were 1,000 ppm
and 20,000 ppm, while for thyme essential oil, they were 4,000 ppm and 24,000 ppm. Using the logarithmic
distance formula, intermediate concentrations between these values were calculated for further testing [13, 14].

Biometric tests

The biometric experiments were conducted using a completely randomized design in two phases. The first phase
tested eucalyptus essential oil at six different concentrations: 1,000, 3,000, 8,000, 12,000, 16,000, and 20,000
ppm. In the second phase, thyme essential oil was evaluated at 4,000, 8,000, 10,000, 15,000, 20,000, and 24,000
ppm. Each concentration was tested in four replicates.

The immersion model (leaf dipping technique) was used for the experiment. Potato leaves, approximately 6 cm
in diameter, were submerged in each essential oil solution for 30 seconds. After being removed, the leaves were
left to dry for 30 minutes. Once dried, each leaf was placed individually in an 8 cm Petri dish, where a 1 cm layer
of 1% agar was added to the bottom to maintain moisture.

Next, 15 aphid nymphs, precisely 48 hours old (2 days), were carefully transferred onto the treated leaves using a
fine brush. The Petri dishes were then covered with fine mesh netting and kept under controlled environmental
conditions: 25 £+ 1 °C, relative humidity of 65 + 5%, and a 16:8 hour light-dark photoperiod. Mortality rates were
assessed 24 hours after treatment, with the number of dead aphids recorded for each Petri dish [15-17].

Results and Discussion

Effect of eucalyptus essential oil toxicity on potato aphid mortality

The statistical analysis of different conducted to assess the impact of different eucalyptus essential oil
concentrations on potato aphid mortality (using the water distillation model) yielded an F statistic of 681.722,
with a significance level of P < 0.01 (0.000). These results confirm a statistically significant difference among the
tested concentrations.

Furthermore, the findings indicate a direct correlation between increasing eucalyptus essential oil concentration
and aphid mortality. As the concentration rises, the percentage of aphid fatalities also increases. The highest
recorded mortality rate (88.71%) was observed at a concentration of 20,000 ppm, while the lowest mortality rate
(20.37%) was recorded at 1,000 ppm (Figure 2).
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Figure 2. Loss percentage is caused by various concentrations of eucalyptus essential oil.

The statistical analysis of variance evaluating the impact of thyme essential oil at varying concentrations on potato
aphid mortality (using the water distillation model) resulted in an F statistic of 571.008, with a P-value < 0.01
(0.000). These findings indicate a statistically significant difference among the tested concentrations.

The results demonstrate a clear trend: as the thyme essential oil concentration increases, aphid mortality also rises.
The highest observed mortality rate (79.54%) occurred at 24,000 ppm, whereas the lowest recorded mortality rate
(17.43%) was observed at 4,000 ppm.

Comparison of eucalyptus and thyme essential oil mortality rates in the water distillation method

To further evaluate the effectiveness of eucalyptus and thyme essential oils, a comparative analysis of their mean
mortality rates was conducted using analysis of variance (ANOVA) and Tukey’s post hoc test. The variance
analysis produced an F statistic of 0.858, with a P-value of 0.466, which exceeds the 0.01 significance threshold.
According to Tukey’s paired comparison test, identical Latin letters indicate that no statistically significant
difference exists between the mean mortality rates of the two essential oils at the 1% significance level (Table 1).

Table 1. Mean mortality percentage comparison of thyme and eucalyptus essential oils

Essential Oil Eucalyptus Thyme
Mean mortality percentage + SE 58.15 +4.92 49.13+4.38
Statistical comparison of means A A

Probit analysis of mortality rate

The probit analysis conducted in this study determined the concentrations of eucalyptus and thyme essential oils
required to achieve mortality rates of 10%, 50%, and 90% among potato aphids.

For eucalyptus essential oil, the analysis of mortality rates in the water distillation method revealed an LC50 value
of 4699 ppm, with the corresponding regression equation y = 1.428x - 5.243. The correlation coefficient (R) was
0.985, indicating a strong linear relationship between the probit-transformed mortality and the logarithm of
concentration and rate at a 99% confidence level. Additionally, the coefficient of determination (R2 = 0.940)
suggests that 94% of the variation in probit-transformed mortality is attributable to changes in concentration. The
data confirm that increasing eucalyptus essential oil concentration leads to higher aphid mortality.

For thyme essential oil, the probit analysis determined an LC50 value of 11,944 ppm, with the regression equation
y = 2.202x - 8.978. The correlation coefficient (R) was 0.996, demonstrating a strong linear relationship between
concentration and mortality at a 99% confidence level. The coefficient of determination (Rz = 0.976) indicated
that 97.6% of the variation in mortality could be explained by concentration changes. The findings suggest that
thyme essential oil also exhibits a dose-dependent increase in insecticidal effects.

Comparing eucalyptus essential oil with chemical insecticides
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A field comparison between eucalyptus essential oil and conventional imidacloprid insecticide for potato aphid
control revealed a significant difference in efficacy. The mortality rate for imidacloprid ranged from 91.4% to
98.32%, while eucalyptus essential oil resulted in a mortality rate between 46.25% and 53.16%. These results
suggest that while eucalyptus essential oil is effective, increasing its concentration could enhance its pesticidal
efficiency.

Given the rising costs of chemical pesticides and their associated environmental risks—including pest resistance,
toxic residues in ecosystems, and harm to beneficial organisms—plant-derived essential oils offer a promising
alternative. Their biodegradability, lower toxicity to non-target species, and reduced environmental persistence
make them an attractive option for sustainable pest management.

Significance of plant-derived essential oils in aphid control

Aphids pose a major threat to potato crops, not only by feeding on plant sap and reducing yield but also by
transmitting multiple viral diseases. Identifying plant-based compounds with insecticidal properties is crucial in
mitigating this threat. The findings of this research demonstrate that the tested essential oils significantly reduce
potato aphid populations under field conditions. The aphids exhibited immediate behavioral changes upon
exposure to these compounds, including heightened activity and erratic movement, followed by progressive
immobility and eventual death. A detailed analysis confirmed a significant correlation between increasing
essential oil concentration and aphid mortality rates.

Notably, eucalyptus essential oil, with an LC50 of 4699 ppm, exhibited 2.5 times greater toxicity than thyme
essential oil (LC50 of 11,944 ppm), highlighting its superior efficacy in aphid control.

Previous research supporting plant essential oils as bioinsecticides

The insecticidal properties of essential oils against aphids have been widely investigated. Abualfia and Samara
[18] examined the antifeedant activity of eucalyptus, rosemary, and sage essential oils against green peach aphids
and their potential to induce resistance in different potato cultivars. Their results indicated that these essential oils
not only deterred aphid feeding but also reduced the transmission of viral pathogens to potato plants [18, 19].

In another study, Zhou et al. [20] assessed the toxicity of nine monoterpenes—key constituents of essential oils—
against Myzus persicae (Sulzer). Their bioassays revealed that all tested monoterpenes exhibited insecticidal
properties, with mortality rates increasing in a dose-dependent manner. This suggests that essential oils and their
active components can serve as plant-based insecticides for aphid management [20-23].

Furthermore, studies have shown that essential oils extracted from black seed, sedum, and chamomile plants
effectively target cabbage wax aphids and bean aphids (Pymetrozine Dinotefuran), further supporting their role
as potent botanical insecticides [24, 25].

This research highlights the potential of eucalyptus and thyme essential oils as natural alternatives to chemical
insecticides in controlling potato aphid populations. The findings reinforce the efficacy of plant-derived
compounds in reducing pest pressure while minimizing environmental and health risks. Future studies should
explore higher concentrations, formulation improvements, and integrated pest management strategies to enhance
the practical application of these essential oils in sustainable agriculture.

Conclusion

The growing concern over human health, environmental safety, and the demand for healthy products has driven
the need for alternative pest control methods that reduce reliance on chemical pesticides. Plant-derived essential
oils emerge as a viable substitute, thanks to their repellent, insecticidal, and anti-nutritional characteristics.
Furthermore, essential oils are naturally occurring substances, environmentally friendly, and free from harmful
side effects.

This study demonstrated that both thyme essential oils and eucalyptus possess notable insecticidal activity against
potato aphids. A clear and significant correlation was observed between the concentration of essential oils and the
mortality rate of aphids: higher concentrations of the oils led to increased aphid mortality. Additionally, when
comparing the two oils, eucalyptus essential oil exhibited higher toxicity, as evidenced by its lower LC50 value
compared to thyme essential oil.

These findings underscore the considerable potential of plant essential oils in controlling aphid populations. With
further research, especially through combining different essential oils, these natural compounds could serve as a
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promising alternative to conventional chemical pesticides, offering a safer and more sustainable option for pest
management.

Acknowledgments: None

Conflict of Interest: None

Financial Support: None

Ethics Statement: None

References

10.

11.

12.

13.

14.

Chen J, Oi DH. Naturally occurring compounds/materials as alternatives to synthetic chemical insecticides
for use in fire ant management. Insects. 2020;11(11):758. doi:10.3390/insects11110758

Winska K, Maczka W, Lyczko J, Grabarczyk M, Czubaszek A, Szumny A. Essential oils as antimicrobial
agents-myth or real alternative? Molecules. 2019;24(11):2130. doi:10.3390/molecules24112130

Avyilara MS, Adeleke BS, Akinola SA, Fayose CA, Adeyemi UT, Gbadegesin LA, et al. Biopesticides as a
promising alternative to synthetic pesticides: A case for microbial pesticides, phytopesticides, and
nanobiopesticides. Front Microbiol. 2023;14:1040901. doi:10.3389/fmich.2023.1040901

Pathak VM, Verma VK, Rawat BS, Kaur B, Babu N, Sharma A, et al. Current status of pesticide effects on
environment, human health and it's eco-friendly management as bioremediation: a comprehensive review.
Front Microbiol. 2022;13:962619. doi:10.3389/fmicbh.2022.962619

Mille C, Jourdan H, Cazeres S, Maw E, Foottit R. New data on the aphid (Hemiptera, Aphididae) fauna of
new Caledonia: some new biosecurity threats in a biodiversity hotspot. Zookeys. 2020;943:53-89.
doi:10.3897/zookeys.943.47785

Ahmed Q, Agarwal M, Al-Obaidi R, Wang P, Ren Y. Evaluation of aphicidal effect of essential oils and
their synergistic effect against Myzus persicae (Sulzer) (Hemiptera: Aphididae). Molecules.
2021;26(10):3055. doi:10.3390/molecules26103055

Verdi MZ, Abbasipour H, Chegini SG. Phytochemical and insecticidal study of the avishan-e-denaii
(Thymus daenensis Celak.) essential oil against the melon aphid (Aphis gossypii Glover). J Essent Oil-Bear
Plants. 2019;22(2):545-53.

Zarshenas MM, Krenn L. A critical overview on thymus daenensis celak.: phytochemical and
pharmacological investigations. J Integr Med. 2015;13(2):91-8. doi:10.1016/S2095-4964(15)60166-2
Khamis WM, Behiry SI, Marey SA, Al-Askar AA, Amer G, Heflish AA, et al. Phytochemical analysis and
insight into insecticidal and antifungal activities of Indian hawthorn leaf extract. Sci Rep. 2023;13(1):17194.
d0i:10.1038/s41598-023-43749-9

Abramson Cl, Wanderley PA, Wanderley MJ, Mina AJ, de Souza OB. Effect of essential oil from citronella
and alfazema on fennel aphids Hyadaphis foeniculi Passerini (Hemiptera: Aphididae) and its Predator
Cycloneda sanguinea L. (Coleoptera: Coccinelidae). Am J Environ Sci. 2007;3(1):9-10.

Elhawary EA, Nilofar N, Zengin G, Eldahshan OA. Variation of the essential oil components of Citrus
aurantium leaves upon using different distillation techniques and evaluation of their antioxidant,
antidiabetic, and neuroprotective effect against Alzheimer's disease. BMC Complement Med Ther.
2024;24(1):73. doi:10.1186/s12906-024-04380-x

Oulebsir C, Mefti-Korteby H, Djazouli ZE, Zebib B, Merah O. Essential oil of Citrus aurantium L. leaves:
composition, antioxidant activity, elastase and collagenase inhibition. Agronomy. 2022;12(6):1466.
doi:10.3390/agronomy12061466

Wang X, Zhang Y, Yuan H, Lu Y. Effects of seven plant essential oils on the growth, development and
feeding behavior of the wingless Aphis gossypii Glover. Plants (Basel). 2024;13(7):916.
d0i:10.3390/plants13070916

Paparella A, Nawade B, Shaltiel-Harpaz L, lbdah M. A review of the botany, volatile composition,
biochemical and molecular aspects, and traditional uses of Laurus nobilis. Plants (Basel). 2022;11(9):1209.
d0i:10.3390/plants11091209



Ramirez et al.,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Almohammed HI, Alkhaibari AM, Alanazi AD. Antiparasitic effects of Elettaria cardamomum L. essential
oil and its main compounds, 1-8 Cineole alone and in combination with albendazole against Echinococcus
granulosus protoscoleces. Saudi J Biol Sci. 2022;29(4):2811-8. doi:10.1016/j.sjbs.2022.01.005

Roh HS, Lim EG, Kim J, Park CG. Acaricidal and oviposition deterring effects of santalol identified in
sandalwood oil against two-spotted spider mite, Tetranychus urticae Koch (Acari: Tetranychidae). J Pest
Sci. 2011;84(4):495-501.

Faraone N, Hillier NK, Cutler GC. Plant essential oils synergize and antagonize toxicity of different
conventional insecticides against Myzus persicae (Hemiptera: Aphididae). PLoS One. 2015;10(5):e0127774.
doi:10.1371/journal.pone.0127774

Abualfia R, Samara R. Antifeedants impact of plant essential oil on green peach aphid on potato crops.
J Ecol Eng. 2021;23(1):274-85. doi:10.12911/22998993/143976

Girardi J, Berke-Lubinska K, Mezaka I, Nakurte I, Skudrin§ G, Pastare L. In Vivo bioassay of the repellent
activity of caraway essential oil against green peach aphid. Insects. 2023;14(11):876.
doi:10.3390/insects14110876

Zhou L, Li C, Zhang Z, Li X, Dong Y, Cao H. Biological activity and safety evaluation of monoterpenes
against the peach aphid (Myzus persicae Sulzer) (Hemiptera: Aphididae). Int J Trop Insect Sci.
2021;41:2747-54. doi:10.1007/542690-021-00454-2

Czerniewicz P, Chrzanowski G. The effect of Santolina chamaecyparissus and Tagetes patula essential oils
on biochemical markers of oxidative stress in aphids. Insects. 2021;12(4):360. doi:10.3390/insects12040360
Song HJ, Yong SH, Kim HG, Kim DH, Park KB, Shin KC, et al. Insecticidal activity against Myzus persicae
of terpinyl acetate and bornyl acetate in Thuja occidentalis essential oil. Horticulturae. 2022;8(10):969.
doi:10.3390/horticulturae8100969

Pascual-Villalobos MJ, Canto-Tejero M, Guirao P, Lopez MD. Fumigant toxicity in Myzus persicae Sulzer
(Hemiptera: Aphididae): controlled release of (E)-anethole from microspheres. Plants (Basel).
2020;9(1):124. doi:10.3390/plants9010124

Prvulovi¢ D, Gvozdenac S, Latkovi¢ D, Pei¢ Tukuljac M, Sikora V, Kiprovski B, et al. Phytotoxic and
insecticidal activity of industrial hemp (Cannabis sativa L.) extracts against Plodia interpunctella Hilbner—
a potential sunflower grain protectant. Agronomy. 2023;13(10):2456. doi:10.3390/agronomy13102456
Dolma SK, Singh PP, Reddy SGE. Insecticidal and enzyme inhibition activities of leaf/bark extracts,
fractions, seed oil and isolated compounds from Triadica sebifera (L.) Small against Aphis craccivora Koch.
Molecules. 2022;27(6):1967. doi:10.3390/molecules27061967

36



