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Abstract 
 The degradation of stored wheat due to pest infestations is a 
significant concern, with pests such as Rhyzopertha dominica 
playing a crucial role. This study investigated the effectiveness 
of six essential oils against this pest in laboratory conditions. 
The oils were tested at five concentrations (0.5, 0.7, 1.0, 1.5, and 
2.0%). Importantly, all concentrations led to considerable pest 
mortality and demonstrated the ability to suppress the 
production of pest progeny over time. The results indicated a 
gradual increase in mortality rates of R. dominica adults with 
higher concentrations and longer exposure times to the tested 
plant oils. Among the various treatments, the application of 
2.0% proved to be the most effective, resulting in increased 
mortality and a complete elimination of pest progeny, as well as 
a complet reduction in the percentage of weight loss in the 
grains. The findings suggested that the viability of wheat grains 
was minimally affected by the application of the tested plant 
oils. At this application rate, grains exhibited no adverse effects, 
maintaining a normal texture, color, and appearance.   
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 التي تصيت لحشزح حبقجخ الحجىة الصغزي النبتجخ الذريخوعذاد  الىفيبد علً هعذل تأحيز ثعض الزيىد الوختبرح
  القوح 

عصبم هصطفً هحوذ، عجيز عوز أثى طبلت
*
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 الممخص العربى:
يشكل تدىور القمح المخزن بسبب تفشي الآفات مصدر قمق كبير، حيث تمعب الآفات 

دوراً حاسمًا. بحثت ىذه الدراسة في فعالية ستة زيوت  Rhyzopertha dominica مثل
، 5.0الزيوت بخمسة تراكيز )عطرية ضد ىذه الآفة في الظروف المختبرية. تم اختبار 

%(. والأىم من ذلك، أن جميع التركيزات أدت إلى وفيات كبيرة 0.5، 0.0، 0.5، 5.0
للآفات وأظيرت القدرة عمى قمع إنتاج ذرية الآفات مع مرور الوقت. أشارت النتائج إلى 

مع التركيزات الأعمى  R. dominica زيادة تدريجية في معدلات وفيات البالغين من
أوقات التعرض الأطول لمزيوت النباتية المختبرة. من بين المعالجات المختمفة، أثبت و 

% أنو الأكثر فعالية، مما أدى إلى زيادة معدل الوفيات والقضاء التام عمى 0.5تطبيق 
ذرية الآفة، بالإضافة إلى انخفاض كامل في نسبة فقدان الوزن في الحبوب. تشير النتائج 

القمح تأثرت بشكل طفيف من خلال تطبيق الزيوت النباتية التي  إلى أن صلاحية حبوب
تم اختبارىا. بمعدل الاستخدام ىذا، لم تظير الحبوب أي آثار ضارة، مع الحفاظ عمى 
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INTRODUCTION: 

Stored products, especially stored grains, 

constitute a critical cornerstone of food security. 

Nevertheless, the infiltration of various pests, 

encompassing insects, fungi, bacteria, mites, and 

rodents, subjects stored products to substantial 

losses and damage. In particular, insect pests play 

a significant role in causing losses by feeding on 

commodities, leading to a decline in food quality. 

This feeding activity further results in the 

contamination of food with their body parts and 

excreta, a reduction in seed germination, and an 

escalation of fungal and bacterial infections 

(Ribeiro et al., 2020). 

Wheat (Triticum aestivum) holds the distinction 

of being the most crucial grain crop globally. In 

Egypt, it stands out as the primary winter cereal 

crop, gaining significant importance for human 

consumption. These insights align with data from 

the Food and Agriculture Organization (FAO) of 

the United Nations (Alsahary 2014).  

The lesser grain borer R. dominica (F.) 

(Coleoptera: Bostrichidae) stands out as one of the 

most damaging insect pests affecting stored grain 

(Hettiarachchi et al., (2020). Globally, both the 

adults and larvae exhibit voracious feeding habits. 

While lesser grain borers can infest various cereal 

grains, they show a particular preference for 

wheat, corn, as well as rough and brown rice 

(Afful, et al., 2021).    

The primary approach for managing stored 

product insects involves the application of 

synthetic insecticides (Gad et al., 2023; Kljajić 

et al., 2023 & Riaz et al., 2024). The utilization 

of synthetic pesticides results in the accumulation 

of potentially harmful substances in soil, water, 

and food resources (Pestana et al., 2009), which 

has prompted the exploration of cost-effective and 

environmentally friendly pest control methods 

(Silva-Filho et al., 2014). Essential oils (EO) 

offer an alternative to traditional pesticides for 

pest control (Machial et al., 2010; Fouad et al., 

2014), with the advantage of high diffusion rate in 

the environment because of their low molecular 

weight and high vapor pressure (Bakkali et al., 

2008). Essential oils and their primary 

components have demonstrated varied biological 

activities against stored product insects, 

encompassing insecticidal effects (Demeter et al., 

2021; Wang et al., 2021; Basile et al., 2022). 

Essential oils present advantages such as reduced 

costs, lower environmental and food 

contamination risks, and minimal impact on 

beneficial organisms (Matos- Neto et al., 2002) 

Moreover, the utilization of essential oils not only 

diminishes the likelihood of selecting resistant 

insects in comparison to synthetic insecticides but 

also promotes a more sustainable agricultural 

practice  K i a    al , 200 ;    a , 200     

Hence, the objective of this study was to assess 

the toxicity of six essential oils against the lesser 

grain borer, Rhyzopertha dominica. Additionally, 

the impact of these oils on the viability, quantity, 

and quality of Egyptian wheat grains was 

examined. 

MATERIAL AND METHODS: 

Tested grains:  

The current study utilized Egyptian wheat variety 

Sakha 93. The wheat grains underwent a sieving 

process to remove any irregular kernels or foreign 

particles. Subsequently, they were subjected to 

sterilization in a deep freezer at -18°C for duration 

of 2 weeks to eradicate any potential infestation 

by insect pests. Following sterilization, the grains 

were allowed to condition for approximately 1 

week to reach a balanced moisture content. 
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Tested insects: 

Lesser grain borer, R. dominica (F.) (Coleoptera: 

Bostrichidae) was obtained from well-maintained 

culture reared under controlled conditions of 25 ± 

2 
o
C and 65 ± 5 % RH at the research laboratory 

of Stored Products Department, Plant Protection 

Research Institute at the Agriculture Research 

Center, Doki, Giza, Egypt. To establish a stock 

culture of R. dominica, approximately 100 pairs 

of adult lesser grain borer were introduced into 

glass jars containing 300g of wheat grains. These 

jars were covered with a fine piece of cotton cloth 

secured with a rubber band, allowing for the 

passage of air while preventing contamination and 

the escape of insects (Sun 1947). The weevils 

were provided with a diet of wheat grains and 

kept in an incubator approximately two weeks. 

Following this period, the infested wheat grains 

were sifted using a 3.0 mm technical sieve to 

separate the parent stocks. The grains containing 

eggs were then returned to the jars and placed 

back in the incubator to facilitate breeding until 

new adult weevils emerged. These newly emerged 

adults were then selected, and weevils aged 

between 1 to 2 weeks were utilized for the 

experiments. 

Essential oils used: 

Six of the tested plant essential oils included 

cinnamon (Cinnamomum verum), clove 

(Syzygium aromaticum), arugula (Eruca sativa), 

garlic (Allium sativum), onion (Allium cepa) and 

cuminum (Cuminum cyminum). It purchased 

from Al-Hedaia group company for (El-Mahala 

El-Kobra, Egypt).  

Toxicity activity of tested oils on adult 

mortality and progeny production of R. 

dominica:  

Contact with feeding medium technique was used 

to determine the insecticidal effects of tested oils 

against R. dominica at different concentrations. 

The oils were prepared at concentrations of 0.5, 

0.7, 1.0, 1.5, and 2.0 ml/100g of wheat grain, 

dissolved in acetone. Each concentration was 

applied in triplicate, with each replicate 

containing 20 grams of wheat grains in 250 mL 

glass jars. To administer the oil treatment, 1 ml of 

each concentration was added to the wheat grains, 

thoroughly mixed, and then left in the jars until 

the solvent evaporated before being used in the 

experiment. 

A control group, representing the untreated 

treatment, was also included and replicated three 

times. Subsequently, 20 adult unsexed R. 

dominica weevils, aged between one to two 

weeks, were introduced to the treated wheat 

grains in 250 mL glass jars. The jars were 

maintained at 25 ± 2 
o
C and 65 ± 5 % R.H., 

following the method outlined by El-Lakwah et 

al. (1992). Mortality assessments were made after 

7 and 15 days. After twenty days, the adult 

weevils were sifted out and removed. The 

emergence of newly developed adults was 

monitored to calculate the reduction percentages 

in R. dominica offspring. 

                          No. of adults emerged in control. 

Reduction % =  ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ x 100 

                           No. of adults emerged in treatment. 

Impact of oils on weight loss in wheat grains  

In a similar experiment to estimate grain weight 

loss caused by R. dominica in oils-treated and 

control grains, jars treated with different oils 

levels and infested with the lesser grain borer 

were sieved after three months of treatment. The 

weight loss of the wheat grains was recorded as 



Mohamed and Abotaleb                                                                                                   (JASSD, June 2024) 

ـــــــــــ ـــــــــــ ـــــــــــ ـــــــــــ ـــــــــــ ـــــــــــ ـــــــــــ ـــــــــــ ـــــــــــــــــــــــــــــــــــــــ ـــــ ـــــــــــ ـــــــــــ ـــــــــــ ـــــــــــ ـــــــــــ ـــــــــــ ـــــــــــ  ـــــــــــ

ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ   

Journal of Agricultural Sciences and Sustainable Development, Volume (1) Issue (2): 173-187, 2024 
177 

the loss in dry weight, applying the equation 

established by Harris and Lindblad (1978): 

                                    Initial weight-final weight         

Weight loss (%) =      ––––––––––––––100×     ––––––ــــــ 

                                              Initial weight  

The effect test oils on germination. 

Seed germination of untreated and oils treated 

grains were studied in the laboratory. wheat grains 

were treated with Lc50 of oils. Germination test 

was carried out after oil treatment in 9 cm 

diameter glass Petri dishes, each lined with two 

layers of Whatman No. 1 filter paper soaked with 

water. Twenty-five grains were placed in separate 

Petri dishes. Each treatment was replicated four 

times. The percentage germination for each 

treatment per concentration was recorded after 7 

days and compared with the controls 

(Anonymous  1976).  

                                    Number of seeds germinated 

Germination % = ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ  x 100 

                            Number of seeds kept for germination  

Statistical analysis  

The obtained data were analyzed using Proc 

ANOVA in SAS (Anonymous. 2003).  

Estimated LC50 and LC95 were calculated 

according to Finney (1971) using LDP line 

program (www. Ehab soft.com).  

RESULTS: 

Six essential oils were tested for its insecticidal 

effect as protectants at various concentrations 

wheat for grain against the lesser grain borer 

insects, R. dominica. The evaluated biological 

parameters were adult mortality after 5, 7and 15 

days, F1 progeny number after 4 weeks and 

weight loss%. The effect of cinnamon oil on 

mortality, progeny production of R. dominica 

and grain weight loss% was shown in Table (1). 

At 1.0 % adult mortality was 60.0, 72.0 and 

75.0 % after 5, 7 and 15 days respectively post 

exposure. Complete mortality was reached at 

rate of 1.5% after 5 days of exposure. Progeny 

production was 75.0, 63.0, 4.0 and 1.0 at 0.5, 

0.7, 1.0 and 1.5% respectively compared to 

108.0 for control. Reduction in F1 progeny of R. 

dominica was 30.5-99.1% for the various tested 

concentration. Weight loss ranged from 10.7-0.3 

% for the various oil rates for R. dominica. 

While 0.0 % of weight loss after exposed for 

2.0% compared with 13.8% for control. The 

difference between the treated and untreated 

control values was significant due to cinnamon 

oil effect. 

Table (1): Impact of oil cinnamon on mortality (%) and number of progeny of R. dominica adults and 

wheat grain loss %    

Means followed by the same letter are not significantly different (P= 0.05) 
 

The effect of clove oil on mortality, progeny 

production of R. dominica and grain weight loss 

% was shown in Table (2). Adult mortality was 

50.0, 60.0 and 67.0 % at 1.5% after 5, 7 and 15 

days of exposure. Complete mortality was 

reached at rate of 2.0 % after 7 days of 

exposure. A significant effects of clove oil on 

progeny production of R. dominica and weight 

Weight loss  

(% ) 

%  Reduction in 

progeny  

No. of 

progeny 

Adult mortality (% )   

Con.%  15 days  7 days  5days  

10.7±0.8b 30.5 ±3.1b 75.0±5.7b 10.0±8.5 7.0±2.8 5.0±0.0 0.5  

6.9±1.1c 42.0 ±11.7b 63.0±12.7b 18.3±6.6 13.3±4.5 7.0±4.4 0.7  

1.0±0.8d 96.5±1.8a `4.0±2.6c 75.0±8.6 72.0±6.0 60.0±2.8 1.0  

0.3±0.2d 99.1±0.8a 1.0±0.9c - - 100.0±0.0 1.5  

0.0±0.0d 100.0±0.0a 0.0±0.0c - - - 2.0 

13.8±0.7a 0.0 ±0.0c 108.0±11.9a 2.0±1.6 0.0±0.0 0.0±0.0 control 
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loss. Progeny production was 79.0, 15.0, 12.0 

and 4.0 post treated with 0.5, 0.7, 1.0 and 1.5% 

respectively compared with 108.0 adults in the 

control. Complete suppression of progeny 

production was obtained after treatment with 

2% compared with 108.0 adults in the control. 

Reduction in F1 progeny was 27.1, 86.1, 89.0 

and 96.0% for 0.5, 0.7, 1.0 and 1.5% 

respectively compared with 0.0 adults in the 

control. Complete reduction in progeny was 

obtained at rate of 2.0%. Weight loss 9.5, 2.0, 

0.6 and 0.3% after exposed to 0.5, 0.7, 1.0 and 

1.5% respectively compared with 13.8% for 

control. 

Table (2): Impact of cloves oil on mortality (%) and number of progeny of R. dominica adults and 

wheat grain loss %    
 

Means followed by the same letter are not significantly different (P= 0.05) 
 

While 0.0 % of weight loss after exposed for 

2.0% compared with 13.8% for control. The 

effect of arugula oil on adult mortality of R. 

dominica was included in Table (3). At rate of 

1.5 %, adult mortality was 42.0, 45.0 and 50.0 

% after 5, 7 and 15 days of exposure. At 2.0 %, 

the mortality percentage reached 100% after 5 

days of exposure. The number of progeny 

production was 12.0, 7.0 and 4.0 post treated 

with 0.5, 0.7 and 1.0% respectively compared 

with 108.0 adults in the control. Complete 

suppression of progeny production was obtained 

after treatment with 2%. Reduction in F1 

progeny was ranged 89.0-96.0% for 0.5, 0.7 and 

1.0% respectively compared with 0.0 adults in 

the control. Complete reduction in progeny was 

obtained at rate of 1.5%. Weight loss ranged 

from 1.4-0.3% for 0.5, 0.7 and 1.0 respectively 

compared with 13.8% for control. While 0.0 % 

of weight loss after exposed for 2.0% compared 

with 13.8% for control. 

Table (3): Impact of arugula oil on mortality (%) and number of progeny of R. dominica adults and 

wheat grain loss %    

Means followed by the same letter are not significantly different (P= 0.05) 

Data in Table (4) showed the effect of the garlic 

oil on the adult mortality of R. dominica. At 0.5 

%, the percent mortality was 20.0, 22.0 and 28.0% 

after 5, 7 and 15 days of the exposure 

respectively. At 1.5 %, the complete mortality 

was observed after 5 days of exposure. Total 

Weight loss  

(% ) 

%  Reduction 

in 

progeny 

NO. of 

progeny 

Adult mortality (% )  

Con.%  
15 days  7 days  5days  

9.5±1.7b 27.1±2.6c 79.0±2.8b 13.0±1.6 10.0±0.0 3.0±1.6 0.5  

2.0±0.5c 86.1±1.1b 15.0±1.1c 48.3±3.3 45.0±2.8 40.0±5.7 0.7  

0.6±0.3c 89.0±1.3b 12.0±1.4c 53.0±7.2 50.0±5.7 47.0±4.4 1.0 

0.3±0.1c 96.2±1.9a 4.0±2.1c 67.0±14.2 60.0±21.7 50.0±22.9 1.5  

0.0±0.0c 100.0±0.0a 0.0±0.0c - 100.0±1.6 98.3±2.8 2.0 

13.8±0.7a 0.0 ±0.0d 108.0±11.9a 2.0±1.6 0.0±0.0 0.0±0.0 control 

Weight loss  

(% ) 

%  Reduction in 

progeny  

NO. of 

progeny 

Adult mortality (% )  

Con.%  15 days  7 days 5days 

1.4±1.1b 89.0±0.8c 12.0±0.9b 16.6±6.0 13.0±4.4 3.0±1.6 0.5  

1.1±0.4b 93.5±3.1bc 7.0±3.3b 18.3±6.0 15.0±5.0 7.0±3.3 0.7  

0.3±0.1b 96.0±2.0ab 4.0±2.2b 46.6±14.2 38.3±10.9 35.0±10.0 1.0 

0.0±0.0b 100.0±0.0a 0.0±0.0b 50.0±8.6 45.0±6.7 42.0±6.0 1.5  

0.0±0.0b 100.0±0.0a 0.0±0.0b - - 100.0±0.0 2.0 

13.8±0.7a 0.0 ±0.0d 108.0±11.9a 2.0±1.6 0.0±0.0 0.0±0.0 control 
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progeny number was 21.0, 6.0, 4.0 and 2.0 for all 

various rates compared with 108.0 adults in the 

control. Complete suppression of progeny 

production was obtained at rate of 2%. Reduction 

in F1 progeny ranged 80.5-98.0% at all various 

concentration. Complete reduction in F1 progeny 

was obtained at rate of 2%. Weight loss% ranged 

from 1.8- 0.1% for the various concentration 

compared with 13.8 % for the control. While 0.0 

% of weight loss after exposed for 2.0% compared 

with 13.8% for control. The differences between 

the treated and untreated (control) was significant 

in all parameters. 

Table (4): Impact of garlic oil on mortality (%) and number of progeny of R. dominica adults and 

wheat grain loss %    

Means followed by the same letter are not significantly different (P= 0.05) 
 

Data in Table (5) showed the effect of onion oil 

on adult mortality of R. dominica. At 1%, the 

percent mortality was 20.0, 28.0 and 30.0% after 

5,7 and 15 days respectively. The higher adult 

mortality, which it was 98.0% after 5 days of 

exposure to rat of 2%. Complete mortality was 

obtained after 7 days of exposure at rate of 2%. 

Total progeny number was 37.0 adults at 0.5 % 

compared with 108.0 adults in the control. 

Complete suppression of progeny production was 

obtained at rate of 2%. Reduction in F1 progeny 

66.0-94.7%. Complete reduction was obtained at 

rate of 2%. Weight loss was 6.1, 1.4, 1.0 and 0.4% 

for 0.5, 0.7, 1.0 and 1.5 respectively. While 0.0 % 

of weight loss after exposed for 2.0% compared 

with 13.8% for control. 

Table (5): Impact of onion oil on mortality (%) and number of progeny of R. dominica adults and 

wheat grain loss %   

Meansfollowed by the same letter are not significantly different (P= 0.05) 
 

The effect of cuminum oil on adult mortality of R. 

dominica was included in Table (6). At 0.5 % 

concentration, adult mortality was 12.0, 20.0, and 

22.0 % after 5, 7 and 15 days of exposure 

respectively. At 2.0 %, the mortality percentage 

reached 100% after 5 days of exposure. No 

significant effects on number of progeny 

production and weight loss (%) between treatment 

while was significant effects in reduction in F1 

progeny of R. dominica compared to control. 

Progeny number was between 38.0-4 for rates 0.5, 

0.7, 1, and 1.5% compared with 108.0 adults in 

the control. Complete suppression of progeny 

production was obtained at rate of 2%. Reduction 

Weight loss  

(% ) 

%  Reduction in 

progeny  

NO. of 

progeny 

Adult mortality (% )  

Con.%  15 days  7 days  5days  

1.8±0.6b 80.5±5.3b 21.0±5.8b 28.0±13.3 22.0±14.2 20.0±12.5 0.5  

0.7±0.3bc 94.1±1.6a 6.0±1.8bc 52.0±16.9 48.0±15.9 45.0±15.2 0.7  

0.3±0.2c 96.0±1.3a 4.0±1.4bc 60.0±20.1 57.0±21.3 55.0±22.9 1.0 

0.1±0.1c 98.0±1.7a 2 .0±1.8bc - - 100.0±0.0 1.5  

0.0±0.0c 100.0±0.0a 0.0±0.0c - - - 2.0 

13.8±0.7a 0.0 ±0.0c 108.0±11.9a 2.0±1.6 0.0±0.0 0.0±0.0 control 

Weight loss  

(% ) 

%  Reduction in 

progeny 

  No. of 

progeny 

  

Adult mortality (% ) 
 

Con.%  15 days  7 days  5days  

6.1±0.0b 66.0±3.0c 37.0±3.2b 10.0±2.8 8.0±1.6 7.0±1.6 0.5  

1.4±0.5c 87.0±1.4b 14.0±1.5c 15.0±2.8 22.0±6.0 15.0±5.0 0.7  

1.0±0.5c 89.0±1.6b 12.0±1.8c 30.0±5.7 28.0±4.4 20.0±2.8 1.0 

0.4±0.2c 94.7±3.2a 6.0±3.4c 42.0±8.8 32.0±9.3 27.0±9.2 1.5  

0.0±0.0c 100.0±0.0a 0.0±0.0c - 100.0±0.0 98.0±1.6 2.0 

13.8±0.7a 0.0 ±0.0d 108.0±11.9a 2.0±1.6 0.0±0.0 0.0±0.0 Control 
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in F1 progeny 65.0- 96% at 0.5, 0.7, 1, and 1.5% 

compared with 0.0 adults in the control. Complete 

reduction was obtained at rate of 2%. Weight loss 

(%) ranged from 7.0-0.3% for the rates of 0.5, 0.7, 

1, and 1.5% compared with 13.8% in the control. 

While 0.0 % of weight loss after exposed for 2.0% 

compared with 13.8% for control. 

Table (6): Impact of cuminum oil on mortality (%) and number of progeny of R. dominica adults and 

wheat grain loss %   

Means followed by the same letter are not significantly different (P= 0.05) 
 

The expected concentrations caused 50 and 95% 

mortality for R. dominica adults post exposure to 

six different oils 5 days post exposure are 

presented in Table 7. The efficacy of these six 

essential oils varies depending on their type. The 

results showed that the essential oils of garlic, 

cinnamon, clove, cuminum, arugula, and onion 

required concentrations of 0.8, 0.9, 1.1, 1.13, 1.3, 

and 1.4 g/100g respectively to achieve 50% 

mortality of R. dominica adults.  

Table (7): The expected concentrations (ml/100gm) caused 50 and 95% mortality for R. dominica 

adults post exposure to six deferent oils 5 days post exposure  
 

Treatments 
Lc 50 Lc 95 

ml/100gm 
Cinnamon 0.9 1.5 

Cloves 1.1 2.9 

Arugula 1.3 2.74 

Garlic 0.8 1.8 

Onion 1.4 3.2 

Cuminum 1.13 3.0 
 

Data obtained to assess the percentage of 

germination of treated wheat grains is presented in 

Table 8. Germination rates of wheat grains treated 

with garlic, cinnamon, clove, cuminum, arugula, 

and onion oils at LC95, along with untreated 

(control) grains, were observed after a storage 

period of three months. Overall, the viability of 

wheat grains was minimally impacted by the 

application of the tested plant oils. There was a 

non-significant effect on the germination 

percentage of wheat grains treated with clove, 

cuminum, and arugula oils compared to the 

control treatment after a 3-month storage period 

(P < 0.05). 

Table (8): Effect of six essential oils  on the germination% of wheat grains post-exposure to lethal 
exposure times at the 95% level of R. dominica adults 

Treatments  Germination (% ) 

Cinnamon 79.0±1.3c 

Cloves  86.0±4.8abc 

Arugula 84.0±4.8abc 

Garlic 82.0±4.0bc 

Onion 76.0±3.5c 

Cuminum 90.0±3.5ab 

Control 93.0±1.3a 

LSD 9.6 

Means with the same letter in the same column are not significantly different. ⃰  LSD =The least significant difference 
 

Weight 

loss  

(% ) 

Reduction in 

progeny %  

No. of 

progeny 

 

Adult mortality (% ) 
 

Con.%  15 days  7 days  5days  

7.0±5.7ab 65.0±21.4b 38.0±23.1b 22.0±4.4 20.0±2.8 12.0±1.6 0.5  

4.3±0.5bc 80.0±4.0ab 22.0±4.3bc 32.0±1.7 27.0±4.4 23.3±3.3 0.7  

0.8±0.3bc 88.0±2.ab 13.0±2.5bc 35.0±7.6 33.0±6.6 30.0±7.6 1.0 

0.3±0.1bc 96.3±1.4a 4.0±1.5bc 45.0±10.0 38.0±10.9 35.0±12.5 1.5  

0.0±0.0c 100.0±0.0a 0.0±0.0c 100.0±0.0 97.0±3.3 87.0±13.3 2.0 

13.8±0.7a 0.0 ±0.0c 108.0±11.9a 2.0±1.6 0.0±0.0 0.0±0.0 Control 
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DISCUSSION: 

The management of storage insect pests 

predominantly relies on synthetic pesticides. 

Nevertheless, the rapid development of resistance 

in targeted insects, along with adverse effects on 

humans, non-target organisms, and the 

environment, highlights the pressing necessity to 

explore safer alternatives to these xenobiotics. 

Essential oils (EOs) and their bioactive 

compounds have garnered significant attention as 

potential botanical pesticides (Chaudhari et. al. 

2021). The present study investigated the contact 

toxicity of six essential oils (cinnamon, clove, 

arugula, garlic, onion, and cumin) against R. 

dominica adults, a common pest in stored 

products. The assessment utilized a contact 

method to measure the mortality rates of these oils 

at different concentrations and different exposure 

durations. The results revealed a progressive 

increase in mortality rates of R. dominica adults 

with higher concentrations and longer exposure 

times to the tested plant oils. Consequently, the 

mortality of these weevils was observed to be 

associated with both concentration and duration of 

exposure. Similar findings have been supported 

by various studies conducted by different authors. 

For instance, Yang et. al., (2020) demonstrated 

the insecticidal efficacy of extracts from 

cinnamon bark and fennel fruit against adults of 

Lasioderma serricorne. Another study by Kim et. 

al., (2001) suggested the possible application of 

materials derived from Foeniculum vulgare fruit 

for the control of stored-product insects. 

Chaubey, (2008) evaluated seven essential oil 

extracts, identifying black cumin oil as highly 

effective against the coleopteran insect 

Callosobruchus chinensis through fumigation. 

The chronic toxicity of these essential oils, when 

used as fumigants, led to reduced damage to 

stored grains. Furthermore, the effectiveness of 

essential oils against stored-product insects was 

observed to be influenced by their chemical 

composition, which, in turn, is affected by factors 

such as source, season, ecological conditions, 

extraction method, time, and the plant part used 

(Lee et. al., 2001; Nikolaou, 2021;). The 

reproduction retarding effects of bio-pesticides 

have also been explained against storage pests 

(Tunc et. al., 2000 & Tripathi et. al., 2002).  

Results of the present study showed that the 

toxicity of all tested oils depended on the 

concentration and time of exposure. Based on the 

LC50 values after 5-days of exposure, all tested 

oils were effective on R. dominica. The toxicity 

values of the tested plant oils were arranged 

according to their median lethal concentrations 

LC50 in the following descending order: garlic oil 

< cinnamon oil < clove oil < cuminum oil < 

arugula oil < onion oil. The difference observed 

among the insect mortalities due to these oils was 

due to differences in their volatiles, confirmed 

with Ashokkumar et. al., (2020). According to 

Ileke et. al., (2020) The efficacy of garlic oil may 

be attributed to its potent and pungent odors, 

which could have a toxic effect by disrupting the 

normal respiratory activity of the weevils. This 

disruption may lead to asphyxiation and eventual 

death. Doucet & Retnakaran, (2012) reported 

that Essential oils derived from plants are notably 

lipophilic, enabling them to penetrate the cuticle 

of insects. This characteristic could be an 

additional factor contributing to the potency of the 

oils. In this way, besides their fragrance, the plant 

material might have also functioned as a contact 

poison. Our study suggests that the oils acted as 

contact/stomach poisons for R. dominica.  

Exposing adult females to wheat grains previously 

treated with plant oils at various concentrations 
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resulted in a significant reduction in the 

reproductive potential compared to the control 

group. The results showed a gradual increase in 

the reduction percentage of R. dominica progeny 

with higher concentrations of the tested plant oils. 

Furthermore, at the 2% concentration, all tested 

oils completely prevented adult emergence. 

Notably, arugula oil, at a concentration of 1.5%, 

led to the complete elimination of progeny. These 

findings suggest that the suppression of F1 adult 

emergence is likely attributed to the toxicity of the 

oils to eggs or younger larvae as concluded by 

Yang et. al., (2010) Employing garlic oil against 

S. oryzae adults resulted in a decrease in 

oviposition and the suppression of adult 

emergence. This could be attributed to the 

application of oils, which covered the outer layer 

(testa) of the grains, acting as a form of food 

poisoning for the adult insects. Additionally, the 

oils may have successfully penetrated into the 

endosperm and germ layers of wheat grains, 

thereby inhibiting oviposition and larval 

development., this suggestion are also supported 

by the finding of Arannilewa et. al., (2006) 

While employing the petroleum ether extract of 

four medicinal plants against the maize weevil, 

Sitophilus zeamais, the results were consistent 

with Chaubey, (2007) who reported that the 

essential oil derived from Anethum graveolens 

(dill oil), decreased the oviposition potential of T. 

castaneum. Upadhyay et. al., (2007) discovered 

that increasing the concentration of Anethum 

graveolens essential oil significantly inhibited 

oviposition and suppressed the reproductive 

potential of Callosobruchus chinensis. In addition, 

Ofuya et al., (2010) and Ileke and Olotuah, 

(2012) reported, fumigant toxicity of crushed 

bulbs of Allium sativum on freshly laid eggs of C. 

maculatus on cowpea seeds completely prevented 

adult emergence.  

The findings from this study revealed that treating 

wheat grains with various concentrations of plant 

oils led to a significant reduction in grain weight 

loss compared to the control. The experiments 

demonstrated that the concentrations of the six 

essential oils (cinnamon, clove, arugula, garlic, 

onion, and cumin) preserved both the quantity and 

quality of wheat grains. Additionally, they 

completely prevented egg deposition by the pest, 

providing 100% protection for the wheat grains. 

This suggests that the plant oils, including 

cinnamon, clove, arugula, garlic, onion, and 

cumin, play an indirect role in safeguarding the 

grains. Ofuya et. al., (2010) found that crushed 

bulbs of A. sativum caused 30% or more 

protection of seed weight after fumigation of the 

freshly laid eggs of C. maculatus. Sailan et. al., 

(2009) found that, The decrease in weight loss 

observed in the treated wheat grains with eight 

monoterpenes at LC50 and LC95 rates can be 

attributed to the elevated mortality of adults 

following treatment with the tested oils. These 

findings align with the results reported by various 

authors who assessed weight loss in wheat grains 

resulting from infestations by certain stored pests. 

Ahmad et. al., (2019) stated that grains treated 

with A. sativum oil exhibited reduced damage 

from the weevils. Reyad et. al., (2020) who 

reported that weight loss was gradually reduced 

with increase of oil concentration. Rajesh et. al., 

(2008) discovered that the oil extracted from 

Aegle marmelos minimized weight loss in 

fumigated gram and wheat samples infested with 

C. chinensis and protected wheat from R. 

dominica, S. oryzae, and T. castaneum. Also, 

Tabu et. al., (2012) found that, oils of Brassica 

juncea, Linum usitatissimum and Guizotia 
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abyssinica were able to reduce chickpea weight 

loss.  

Findings indicated that the application of the 

tested plant oils had minimal impact on the 

viability of wheat grains. At this application rate, 

the grains exhibited no adverse effects, 

maintaining their normal texture, color, and 

appearance. The present results are in agreement 

with the findings of Arab et. al., (2022) who 

stated the germination percentages from 0 to 180 

days post-storage showed slight differences 

between the control and the oil treatments. This 

observation aligns with findings previously 

reported by various authors. According to Zayed 

et al., (2020), anise oil exhibited a mild inhibitory 

effect on the germination percentage of wheat 

grains. The essential oil's impact on seed 

germination was assessed concerning stored 

seeds, and the results showed no significant 

inhibition compared to the control when using 

Citrus maxima essential oil Visakh et al., (2022). 

On the contrary, the essential oil derived from 

Ferulago angulata exhibited no reduction in wheat 

germination. The treated wheat seeds showed no 

decreases in germination at the tested 

concentrations, as reported by Ebrahimifar et al., 

(2021).   
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