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ABSTRACT  

       The cotton aphid, Aphis gossypii Glover (Hemiptera: Aphididae), is one of the most 

widespread pests worldwide on host plants, including fruits, vegetables, and ornamental 

plants, in open fields or under greenhouse conditions. Their damage is not only caused by 

sucking the juice from plant tissue but also by their ability to transmit many viruses. In this 

study, A. gossypii individuals were collected in the seasons of 2022 and 2023 in order to 

conduct a series of bioassay experiments to evaluate six essential oils, which were Cloves 

(Syzygium aromaticum), Thyme (Thymus vulgaris), Rosemary (Salvia rosmarinus), Lavender 

(Lavandula coronopifolia), Coriander (Coriandrum sativum), and Anise (Pimpinella anisum), 

toward A. gossypii adults in different concentrations under laboratory conditions. Results 

showed that all tested essential oils had varying effects on A. gossypii adults. The most 

effective essential oil was Cloves, with an LD50 of 2.98, followed by Thyme and Lavender, 

with LD50 at 3.28 and 4.40, respectively. While other essential oils, Rosemary, Coriander, and 

Anise, had fewer effects against A. gossypii. The results suggested that Clove, Thyme, and 

Lavender essential oils, at the corresponding doses, can be used as insecticides as a safe 

alternative to synthetic pesticides in both IPM and organic approach farms to manage A. 

gossypii. 
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INTRODUCTION 

Arthropods are the most important global pests 

due to their direct and indirect effects on crop 

yields (Khalaf & Ahmed, 2025). The cotton 

aphid Aphis gossypii Glover (Hemiptera: 

Aphididae) is one of the most widespread 

pests that may play a fundamental role in 

reducing the yield of many crops such as 

cotton, watermelon, potatoes, eggplant, and 

others due to their direct feeding damage on 

tree, leaves and stems, or indirect by vectoring 

many viruses, for instance, cotton leaf stunting 

virus (Ali & Kamal, 2018; Heilsnis et al., 

2023; Li et al., 2022). In this context, farmers 

mainly rely on the use of synthetic pesticides 

to control them (Isman, 2020b). However, the 

widespread use of chemical pesticides of 

various types has led to many harmful effects 

on human health and mammals, as well as the 

emergence of resistance in new pests and soil 

and water pollution (Ali, 2017; Sabr, 2010). Its 

effects also include disrupting biological 

control of insect pests and increasing their 

resistance to pesticides (Ahmed & Ren, 2023; 

Ahmed et al., 2022; Isman, 2006). For 

instance, A. gossypii and Myzus persicae were 

very resistant to oxydemeton-methyl and 

pirimicarb insecticides in several countries 

(Blackman and 2000; Hadi, 2017). Moreover, 

in China, A. gossypii populations in cotton 

fields have developed high resistance to 

omethoate, cypermethrin, and deltamethrin 
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(Patima et al., 2019). Therefore, there is an 

urgent need to find safe alternatives to control 

pests (Ahmed & Ren, 2023; Ahmed et al., 

2022). Essential oils are among the most 

promising natural alternatives produced by 

plants. It is also known as a secondary 

metabolite with a distinctive smell (Ahmed & 

Ren, 2023). Most contain natural antioxidants, 

antimicrobial agents, and insecticidal 

properties (Isman, 2006). Essential oils can be 

obtained using several methods, including 

mechanical pressure, distillation, and 

extraction (Bakkali et al., 2008). Essential oils 

are also characterized by being less toxic to 

humans and nature without leaving toxic 

residues. For instance, peppermint and 

spearmint essential oils declined by about 90% 

within 30 days in soil (Karamanoli et al., 

2018). This gives them a preference to use 

organic farms as well. Various studies have 

indicated that plant essential oils are highly 

effective when applied by fumigation or in 

contact with controlling sucking insect pests, 

such as aphids, such as pennyroyal Mentha 

pulegium L., peppermint M. piperita L., and 

basil Ocimum basilicum L.), which showed 

high efficacy when applied in fumigation or 

contact treatment tested toward M. persicae, 

Lipaphis pseudobrassicae, and A. gossypii 

(Alim et al., 2015; Attia et al., 2016). At a 

commercial level, natural products are widely 

used for their effectiveness and economic 

importance; for instance, after neem oil, 

orange oil was the second most widely used 

for pest control in California (USA) in 2016 

(Isman, 2020a). Furthermore, many studies 

have shown that limonene extracted from 

citrus peels is highly effective as an insecticide 

in Europe and North America (Isman, 2020b). 

In the same context, M. longifolia L., 

Lavandula angustifolia, and Artemisia 

dracunculus oils had fumigant and contact 

activities toward A. craccivora Koch, 

Acyrthosiphon pisum, A. craccivora, and A. 

gossypii. They affected their development and 

reproduction (Attia et al., 2016; Mousavi & 

Valizadegan, 2014; Saifi et al., 2023). 

Rapeseed oil significantly reduces damage 

caused by the black cherry aphid, M. cerasi, in 

sweet cherries. Tea tree oil was also used to 

control A. gossypii on sweet pepper under 

glasshouse conditions (Ahmed, 2022). The 

objective of this study was to evaluate the 

insecticidal activity of six essential oils as 

follows: Cloves, Thyme, Rosemary, Lavender, 

Coriander, and Anise to control A. gossypii 

adults in different concentrations under 

laboratory conditions. 

MATERIALS AND METHODS  

Insect rearing: The colony of A. gossypii was 

obtained and collected from eggplant by taking 

the leaves of the plant that infected by the 

insect from Baghdad GPS Coordinate 

(Latitude, Longitude) shown below, in 2022: 

33.187881; 43.995995; 33.198491, 43.981983; 

33.194906, 44.007191; 33.197572, 43.994949; 

and in 2023: 33.237517, 43.961155; 

33.216328, 43.955115; 33.237975, 43.950901; 

33.201551, 44.004081. The colony was 

identified, established, and regularly 

maintained at the Department of Plant 

Protection, Agricultural Engineering Sciences, 

University of Baghdad, using individuals 

collected from eggplant fields (local cultivated 

varieties). Insects were reared in the climatic 

chamber (Percival Scientific, USA) (25 ± 2 

°C, 65 ± 10% RH, photoperiod 16 L:8 D) in 40 

× 40 × 90 cm cages. The colony was fed 

eggplant leaves to replace them when needed. 

Adults were used individually in laboratory 

experiments. 

Laboratory evaluation: After obtaining the 

required Essential oils from Green Fields Oils 

Company (Princess Raya 113; Amman 11910, 

Jordan), 90 mm Petri dishes, and qualitative 

filter paper with a diameter of 9.0cm were 

prepared. Ethyl alcohol was also prepared at a 

concentration of 99.9 % from CHEM-LAB 

(De Arend 2, 8210 Zedelgem, Belgium) in 

sealed 30 ml glass tubes. Twenty adult insects 

(aphids) were placed using a soft brush for 

each dish (BioQuip, CA, USA). Different 

concentrations (2.5, 5, 10, and 15%) of the 

essential oils under study (Anise, Rosemary, 

Thyme, Lavender, Clove, and Coriander) were 

prepared following (Ahmed et al., 2022), and 

300 microliters of each concentration was 

added for each treatment, which was made in 

three replicates. Before placing the insects, 

holes were drilled into the Petri dish cover, the 
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cover was covered with light fabric mesh, and 

the dish was treated with the required 

concentrations after leaving it in the air for 

minutes to allow the solvent to evaporate. As 

for the control treatment, it was done with the 

solvent only. The number of dead aphids was 

counted at 1, 3, 6, 8, and 24 hours after 

treatment. The lethal dose values were 

calculated, and the death rate was corrected 

using the Abbott equation (Abbott, 1925). 

Statistical analysis: The data obtained from 

the laboratory experiments were analyzed 

using a one-way ANOVA followed by an LSD 

test. The normality and homogeneity of 

variances were tested using the same 

procedure (Ahmed, 2022). The statistical 

analyses were performed using SPSS V.26. 

RESULTS AND DISCUSSION  

The results of the laboratory evaluation with 

Anise oil are reported in Figure 1. Where the 

significant differences were observed only 

after 24 h from the treatment (p = 0.04). 

Specifically, the highest percentage of dead 

insects was 21% at a 15% concentration, while 

other concentrations recorded lower death 

rates, reaching 6.6, 6.6, and 11.6% at 2.5, 5, 

and 10%, respectively. Moreover, the results 

for Rosemary oil Figure 2 showed no 

significant differences between the treatments. 

Furthermore, the results for Coriander oil 

reported in Figure 3 showed no significant 

differences between the treatments. The results 

for Thyme oil are reported in Figure 4, 

showing significant differences between the 

treatments at 1h, 3h, 6h, 8h, and 24h (p = 

0.001). Specifically, the highest percentage of 

dead insects was 92% at a 15% concentration, 

while other concentrations recorded lower 

death rates, reaching 28.3%, 43.3%, and 

81.6% at 2.5%, 5%, and 10%, respectively. 

However, the results for Clove oil (Figure 5) 

showed significant differences between the 

treatments at 1, 3, 6, 8, and 24 h (p = 0.001). 

Particularly, the highest percentage of dead 

insects was 95% at a 15% concentration, while 

other concentrations recorded lower death 

rates, reaching 31.6%, 50%, and 83.3% at 

2.5%, 5%, and 10%, respectively. For the 

Lavender oil Figure (6), the results showed 

significant differences between the treatments 

at 1h, 3h, 6h, 8h, and 24h (p = 0.001). The 

highest death rate was 88.3% at a 15% 

concentration, while lower concentrations 

showed lower mortality: 33.3%, 41.6%, and 

65% at 2.5%, 5%, and 10%, respectively. 

While control treatments reached 13.3% 

mortality after 24h . Furthermore, the dose-

response model of the three effective essential 

oils against A. gossypii is presented in Table 1, 

in the form of lethal doses at 25, 50, 75, and 

90% (LD25, LD50, LD75, and LD90). The 

toxicity of Cloves (S. aromaticum), Thyme (T. 

vulgaris), and Lavender (L. coronopifolia) 

essential oils was varied. In particular, the 

bioassay indicated that Cloves (S. aromaticum) 

were most toxic, with an LD50 of 2.98 %, 

while Thyme (T. vulgaris) and Lavender (L. 

coronopifolia) had LD50s of 3.22 and 4.40 %, 

respectively. Finding alternatives to achieve 

comprehensive, effective IPM practices across 

multiple directions is key to increasing crop 

yield (Khalaf & Ahmed, 2025). In the last 

decade, interest in essential oils as biological 

products in agriculture has increased, 

providing alternative, safe resources for 

controlling pests, especially aphids. This is 

because the increasing use of synthetic 

chemical pesticides over the years has led to 

the emergence of resistance in many arthropod 

species, in addition to their high toxicity to 

living organisms and the environment (Rawat, 

2021). In this study, we assessed the 

insecticidal activity of six essential oils 

(Cloves S. aromaticum, Thyme (T. vulgaris), 

Rosemary (S. Rosmarinus), Lavender (L. 

coronopifolia), Coriander (C. sativum), and 

Anise (P. anisum) against A. gossypii adults 

under laboratory conditions. The tested 

essential oil had varying effects on the adults 

of A. gossypii. The most effective essential oil 

was Cloves (LD50 = 2.98), followed by 

Thyme and Lavender, with LD50 at 3.28 and 

4.40, respectively. While other essential oils, 

Rosemary, Coriander, and Anise, had fewer 

effects against A. gossypii. In general, plant 

essential oils can affect the development and 

survival of aphids due to the composition of 

their chemical profile, which differs in the 

qualitative and quantitative aspects of each 

essential oil with different modes of action; for 
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instance, Tagetes minuta L. essential oil 

significantly reduced the fecundity and 

development of M. persicae, Aulacorthum 

solani Kaltenbach, and A. pisum Harris 

(Tomova et al., 2005). Moreover, the effects of 

essential oil on the nervous system of insect 

pests were demonstrated in several studies, for 

instance, The exposure of Trichoplusia ni 

Hübner (Lepidoptera: Noctuidae), 

Callosobruchus maculatus Fabricius 

(Coleoptera: Chrysomelidae) and Bemisia 

tabaci (Hemiptera: Aleyrodidae) to 

lemongrass essential oil in contact or 

fumigation has effect to nervous system thus, 

it negatively affected their growth and 

development (Al-Saidi et al., 2022; Castilhos 

et al., 2018), which support the finding of this 

study. 

Table 1. A lethal dose of effective essential oils, Cloves (Syzygium aromaticum), Thyme 

(Thymus vulgaris), and Lavender (Lavandula coronopifolia) against Aphis gossypii after 24 h of 

exposure time. 

Essential oil* 
No. of 

insects 

Estimated 

dose % 

Lethal 

dose % 
95% confidence - Slope +se 

Cloves (Syzygium aromaticum) 

20 LD25 1.50 0.93 - 2.39  

20 LD50 2.98 1.87 - 4.77 2.25 + 0.1 

20 LD75 5.95 3.72 - 9.50  

20 LD90 11.06 6.92 - 17.67  

Thyme (Thymus vulgaris) 

20 LD25 1.48 0.88 - 2.48  

20 LD50 3.28 1.96 -5.49 1.95 + 0.11 

20 LD75 7.28 4.35 -12.15  

20 LD90 14.88 8.91 - 24.86  

Lavender (Lavandula 

coronopifolia) 

20 LD25 1.66 0.92 - 3.00  

20 LD50 4.40 2.44 - 7.93 1.60 + 0.13 

20 LD75 11.64 6.45 - 20. 98  

20 LD90 27.93 15.49 - 50.33  

*Only the effective essential oils reported the lethal dose percentage in the table because other essential oils did 

not reach the LD50 

 
Figure 1. Mean ± SE percent Aphis gossypii individuals die after being treated with Anise oil. The 

letters indicate that values differ statistically at p < 0.05 (one-way ANOVA, followed by LSD). 
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Figure 2. Mean ± SE percent Aphis gossypii individuals die after being treated with Rosemary oil. The 

letters indicate that values differ statistically at p < 0.05 (one-way ANOVA, followed by LSD). 

 
Figure 3. Mean ± SE percent Aphis gossypii individuals died after being treated with 

Coriander oil. The letters indicate that values differ statistically at p < 0.05 (one-way ANOVA, 

followed by LSD). 

 
Figure 4. Mean ± SE percent Aphis gossypii individuals die after being treated with Thyme oil. 

The letters indicate that values differ statistically at p < 0.05 (one-way ANOVA, followed by 

LSD). 
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Figure 5. Mean ± SE percent Aphis gossypii individuals die after being treated with Clove oil. 

The letters indicate that values differ statistically at p < 0.05 (one-way ANOVA, followed by 

LSD) 

 
Figure 6. Mean ± SE percent Aphis gossypii individuals die after being treated with Lavender 

oil. The letters indicate that values differ statistically at p < 0.05 (one-way ANOVA, followed 

by LSD) 

The practical use of essential oils as 

insecticides may be due to their monoterpenes 

and sesquiterpenes (Nejad et al., 2013; Ahmed 

& Hermize, 2023). These compounds are 

lipophilic, usually volatile, and can rapidly 

penetrate insect bodies, thereby affecting their 

growth and physiological functions (Isman, 

2006; Bakkali et al., 2008). Furthermore, not 

only do the quantity and quality of compounds 

determine the toxicity of essential oils, but 

even compounds that may appear in very small 

proportions may affect vital functions in insect 

activity, such as antagonism or synergism 

(Chiasson et al., 2001). The study found that 

Clove essential oil shows promise as a plant-

based insecticide because it contains 

compounds detected by GC-MS, such as 

eugenol (88.61%), eugenol acetate (8.89%), 

and β-caryophyllene. This represents 99.89% 

of its components and is also known for its 

insecticidal properties (Ahmed & Ren, 2023; 

Raed et al., 2022; Tian et al., 2015). Thyme (T. 

vulgaris) essential oil was also highly effective 

against aphids. This may be because its 

components contain thymol and carvacrol, 

which also have well-known pesticide 

properties against many insects (Dumra et al., 

2024), for instance against aphid M. persicae 

and the larvae of lesser mealworm, Alphitobius 

diaperinus Panzer (Coleoptera: Tenebrionidae) 

https://doi.org/10.36103/9cs4r662
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(Oulebsir-Mohandkaciet al., 2015; Szczepanik 

et al., 2012). Finally, Lavender (L. 

coronopifolia) also showed high effectiveness 

against A. gossypii. Lavender species are 

widely investigated as insect pests. For 

instance, L. angustifolia Mill has showed 

insecticidal activity against purple scum 

springtails Hypogastrura vernalis and pea 

aphid A. pisum, this activity due to the 

chemical composition, which was linalool with 

the most abundant component (38.57%), 

followed by linalyl acetate (29.95%), 1,8-

cineole (13,66%), camphor (13,13%), alpha- 

pinene (3,14%) and terpinene-4-ol (1,54%) 

(Attia et al., 2016; Ahmed & Ren, 2023). 

CONCLUSION 

This study suggested the potential of using 

Clove, Thyme, and Lavender essential oils at 

the corresponding doses as insecticides. 

Essential oils can be applied as a safe 

alternative to synthetic pesticides in both IPM 

and organic approach farms to manage A. 

gossypii. 
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 العضوية  الزراعة في كمبيد استخدامها واحتمالية  القطن من حشرة لمكافحة الزيوت من أنواع لستة تقييم
   2احمد قاسم ،1سالم علاء

 .العراق بغداد، جامعة ،الزراعية الهندسة  علوم كلية ،النبات وقاية قسم
 المستخلص 

 انتشارا    الآفات  أكثر  من  واحدة  ،Aphis gossypii Glover (Hemiptera: Aphididae)  القطن،  مَن    حشرة  يُعتبر      
 للنباتات  أضرار   الافة  هذه  تسبب  اذ   والمغطاة.  المكشوفة  الزراعة  في  الزينة  ونباتات  والخضروات  الفاكهة  نباتات  من  كثير  على
  افة   جمع  تم  الدراسة،  هذه  في  النباتية.  الفايروسات  من  العديد  نقل   على  القدرة  ولها  كما  النباتية،  العصارة  امتصاص  طريق  عن
  وهي   أساسية   زيوت   ستة  لتقييم  الحيوية  التجارب  من  سلسلة  إجراء   لأجل  2023  وعام  2022  عام  موسمي  في  القطن  مَن  

 اللافندر  (،Salvia Rosmarinus)  الإكليل  (،Thymus vulgaris)  الزعتر  (،Syzygium aromaticum)  القرنفل
(Lavandula coronopifolia،)  الكزبرة  (Coriandrum sativum،)   واليانسون  (Pimpinella anisum)   ومعرفة  

  الأساسية   الزيوت  جميع  أن  النتائج  أظهرت  المختبر.  ظروف  تحت  مختلفة  تراكيز  في  القطن  مَن    حشرة  بالغات  افراد  ضد  تأثيرها
 LD50  القرنفل،  هو  فعالية  الأساسية  الزيوت  أكثر  كان  .A. gossypii  من  البالغات  على  متفاوتة  تأثيرات  لها  كان  المختبرة
 الكزبرة،   الإكليل،  الأخرى،  الأساسية  للزيوت  كان  بينما  .LD50  4.40  واللافندر،  LD50  3.28  الزعتر،  يليه  ،2.98

 واللافندر  الزعتر،  للقرنفل،  الأساسية  الزيوت  استخدام  أن  إلى  النتائج  أشارت  .A. gossypii  على  أقل  تأثيرات  واليانسون،
  العضوية  الزراعة في المتكاملة الآفات إدارة برامج في المصنعة للمبيدات آمن كبديل  تطبيقه يمكن حشري   كمبيد المقابلة بالجرعة
 القطن. مَن   افة على للسيطرة

 .Aphis gossypii نباتية، حشرية مبيدات كزبرة، الجبل، إكليل لافندر، زعتر، قرنفل، :المفتاحية الكلمات
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