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Stored grain pests cause considerable damage by feeding on stored commodities, 
resulting in significant qualitative and quantitative losses. Although chemical 
pesticides are widely used for protection, their effectiveness has been 
compromised by toxic residues in food, a limited range of approved compounds, 
and the development of resistant pest populations. Therefore, there is an urgent 
need for safer and more sustainable alternatives. The present study, therefore, 
evaluated the insecticidal and repellent efficacy of five acetonic plant extracts viz., 
Ruta chalepensis, Artemisia judaica, Heliotropium bacciferum, Salvadora persica, and 
Moringa oleifera against the lesser grain borer, Rhyzopertha dominica F. 
(Coleoptera: Bostrichidae). Dose-response bioassays were conducted to determine 
adult mortality, LC50 values, and repellence at various concentrations and exposure 
durations. An increase in extract concentration led to higher mortality and toxicity, 
showing clear dose- and time-dependent effects. Among the tested plants, A. 
judaica and R. chalepensis were the most effective, exhibiting the lowest LC50 values 
and strongest repellence. Acetonic extracts of A. judaica, R. chalepensis, and S. 
persica demonstrated particularly significant insecticidal and repellent activity 
against R. dominica adults. These findings highlight the potential of plant-derived 
extracts as eco-friendly alternatives to conventional synthetic pesticides. Their 
biodegradability, low residue levels, and reduced ecological risks make them 
promising candidates for incorporation into integrated pest management 
strategies, particularly in the context of rising insecticide resistance and growing 
environmental and health concerns associated with chemical control. 

Keywords 

Acetonic plant extracts 

Rhyzopertha dominica 

Repellent test 

Toxicity effects 

Mortality rates 

Corresponding Author: Shatha I Alqurashi 

Email: saaqurshi@uj.edu.sa 

© 2025 EScience Press. All rights reserved. 

Introduction 

Stored grains are highly susceptible to insect infestation 

during handling, storage, and transportation. Storage 

facilities often provide favorable environmental 

conditions, such as optimal temperature, humidity, and 

readily available food sources, for the proliferation of 

beetle pests (Mantzoukas et al., 2023). Since the 1960s, 

considerable efforts have been devoted to protecting 

stored grains from insect infestation (Arthur, 1996). 

Both larval and adult stages contribute to damage 

through feeding (Daglish et al., 2024), leading to 

significant economic losses by reducing both the quality 

and quantity of grains (Rajendran and Sriranjini, 2008), 

and thereby diminishing their commercial value 

(Mantzoukas et al., 2023). 

Stored grains represent one of the most essential 
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agricultural commodities, serving as staple food sources 

for humans and feed for livestock (Sarwar, 2013). 

Consequently, the management of insect infestations 

remains a major concern for the food processing 

industry, particularly in industrialized nations that 

enforce strict regulations on insect contamination in 

food products (Guru et al., 2022). 

Among the major insect pests associated with stored 

grains, Rhyzopertha dominica (Fabricius) (Coleoptera: 

Bostrichidae), commonly known as the lesser grain borer, 

is recognized as one of the most destructive species, 

especially in tropical and temperate regions (Edde, 2012). 

Although wheat is its primary host, it can also infest other 

cereals and pulses, including maize, rice, oats, and beans 

(Kavallieratos et al., 2012). Other significant beetle pests 

include the rice weevil Sitophilus oryzae (Coleoptera: 

Curculionidae), the saw-toothed grain beetle Oryzaephilus 

surinamensis, and the red flour beetle Tribolium 

castaneum (Coleoptera: Tenebrionidae). Infestations by 

these pests often spread vertically through the grain mass, 

from the top to the bottom or vice versa, a process termed 

“vertical infestation” (Martins et al., 2012; Asiry et al., 

2022). Such infestation dynamics highlight the urgent 

need for effective and sustainable grain protection 

strategies. Increasing attention is now being directed 

toward biological control approaches, which can 

minimize dependence on chemical insecticides. 

The reproductive capacity and feeding behavior of R. 

dominica significantly contribute to its pest status. A 

single female can oviposit between 200 and 500 eggs on 

grain surfaces, either singly or in clusters (Deshwal et al., 

2018). Upon hatching, the larvae bore into the kernels 

and feed on vital components such as the germ and 

endosperm, resulting in substantial weight loss and 

quality deterioration (Arthur et al., 2012). Due to its 

concealed endophytic feeding habit, the larval stage is 

largely inaccessible to direct control, making adults the 

primary target for intervention. 

Management efforts have included physical control 

methods such as exposure to high or low temperatures; 

however, these techniques are often labor-intensive, 

costly, and not completely effective (Fields and White, 

2002). Chemical insecticides remain the predominant 

means of control (Hamel et al., 2020), but their use 

raises several concerns, including toxic residues in food, 

a limited range of approved active ingredients (mainly 

pyrethroids and phosphine), and the development of 

resistant pest populations (Leskovac and Petrović, 

2023). Synthetic insecticides, including pyrethroids, 

carbamates, organophosphates, and organochlorines, 

are commonly used in stored-grain pest management. 

Nevertheless, these chemicals can adversely affect grain 

quality, cause unpleasant odours, pose risks to human 

health, and contribute to environmental pollution. Many 

of these compounds have been banned or placed under 

strict regulation in several countries because of their 

potential ecological and toxicological impacts 

(Tapondjou et al., 2002). 

These limitations have intensified interest in developing 

alternative strategies, particularly those based on plant-

derived bioactive compounds. Botanical insecticides are 

considered safer and more environmentally sustainable, 

as they often exhibit species-specific selectivity, 

biodegrade into non-toxic residues, and are compatible 

with Integrated Pest Management (IPM) programs 

(Sutherland et al., 2002; Akinkurolere et al., 2006; Zibaee 

and Stoytcheva, 2011). 

Following this approach, numerous studies have 

demonstrated the insecticidal efficacy of plant-derived 

extracts against both field and stored-product pests (Alvi 

et al., 2018; Asiry et al., 2022; Ahmady et al., 2024). For 

instance, extracts of Azadirachta indica L. (neem) 

(Sapindales: Meliaceae) exhibit significant toxicity against 

the khapra beetle Trogoderma granarium Everts 

(Coleoptera: Bostrichidae) (Mahmoud et al., 2015). 

Similarly, Calotropis procera Aiton (Apocynaceae), 

Solenostemma argel Hayne (Asclepiadaceae), and Datura 

stramonium L. (Solanaceae) have shown strong 

insecticidal activity against adult saw-toothed grain 

beetles (Yousif and Taha, 2016). Ruta chalepensis 

essential oil has also been reported to exhibit toxic and 

repellent effects against Tribolium confusum Duval 

(Coleoptera: Tenebrionidae), with repellence increasing 

with exposure duration (Abdellaoui et al., 2018). In 

addition, both leaf and seed extracts of R. chalepensis have 

been found to be toxic and repellent to T. granarium and 

R. dominica under laboratory conditions (Alvi et al., 2018). 

Beyond stored-product insects, M. oleifera L. seed and 

root extracts have been reported to significantly reduce 

field pests such as Megalurothrips sjostedti, Aphis 

craccivora, and Maruca vitrata, while also decreasing 

postharvest infestations of Callosobruchus maculatus 

(Frank et al., 2013). Moreover, Heliotropium 

curassavicum extracts have demonstrated rodenticidal 

properties, highlighting their broader applicability 

within IPM frameworks (Eldidamony et al., 2020). 
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The Area Preference Method (APM) is a well-established 

bioassay for assessing insect behavioral responses under 

controlled laboratory conditions (Bougherra et al., 2015; 

Nazurah et al., 2022). It is widely used to evaluate the 

repellence or attraction of insects to chemical or 

botanical compounds. However, limited studies have 

examined the behavioral responses of specific pests such 

as R. dominica to plant extracts using APM. In this study, 

APM was employed to assess the behavioral responses 

of R. dominica adults to various plant extracts, thereby 

confirming their bioactivity and potential utility in 

stored-grain pest management. 

Although several studies have investigated the insecticidal 

properties of medicinal plants, few have comparatively 

evaluated the acetonic extracts of multiple botanicals 

against R. dominica under laboratory conditions. The 

inclusion of H. bacciferum and S. persica in the current 

study provides novel evidence of their bioactivity, while 

the comparative evaluation of five plant species offers 

valuable understandings for IPM development. 

To address this knowledge gap, the present study 

investigated alternative, effective, and environmentally 

safe botanical insecticides against the adult stage of R. 

dominica. The toxicity and repellence of five medicinal 

plant extracts viz., R. chalepensis L. (Rutaceae: 

Sapindales), A. judaica L. (Asteraceae: Asterales), H. 

bacciferum F. (Boraginaceae: Boraginales), S. persica L. 

(Salvadoraceae: Brassicales), and M. oleifera L. 

(Moringaceae: Brassicales) were evaluated using the 

APM method under laboratory conditions. These plant 

species were selected based on previous evidence of 

their insecticidal or repellent activity and their potential 

applicability in stored-product protection. By 

incorporating both well-studied and less-explored 

botanicals, this research contributes to a more 

comprehensive understanding of their behavioral effects 

on R. dominica and advances sustainable pest 

management strategies. 

 

Materials and Methods 

Rearing of R. dominica 

The lesser grain borer was obtained from an established 

laboratory culture maintained in the Laboratory of Plant 

Protection, Department of Arid Land Agriculture, King 

Abdulaziz University. The culture was maintained on 

fresh wheat grains under controlled environmental 

conditions of 28 ± 2°C and 75 ± 5% relative humidity. 

The insects were reared in glass jars (21.5 × 11 cm; 1.5 L 

capacity) containing fresh wheat grains. The openings of 

the jars were covered with muslin cloth to allow 

ventilation while preventing insect escape. Since the 

toxicity bioassays were conducted on adult beetles, the 

cultures were maintained until a sufficient number of 

adults were available for testing. 

Preparation and plant extraction 

Fresh aerial parts of A. judaica, R. chalepensis, H. 

bacciferum, S. persica, and M. oleifera were collected 

from various locations within the central region of Saudi 

Arabia. These plants were naturally grown and had not 

been treated with pesticides. The identification of plant 

species was confirmed by taxonomists from the 

Department of Arid Land Agriculture, Faculty of 

Meteorology, Environment, and Arid Land Agriculture, 

King Abdulaziz University. 

The collected plant materials were air-dried under dark 

conditions for three weeks, then ground separately into 

fine powders, sieved through a 1 mm mesh, and stored 

in airtight plastic containers at 4°C until use. Acetone 

extracts of each species were prepared using a cold 

extraction method. For each plant species, 100 g of 

powdered material was soaked in 500 ml of acetone in a 

sealed extraction bottle. The mixture was intermittently 

stirred with a glass rod and left to stand for 72 h. The 

resulting mixture was filtered through a double layer of 

Whatman No. 1 filter paper, and the solvent was 

evaporated using a rotary evaporator at 30-40°C at a 

rotation speed of 3-6 rpm for 8 h. The concentrated 

extracts were further air-dried to remove any residual 

solvent. From each stock extract, test solutions of 200, 

300, 400, and 500 ppm concentrations were prepared 

for subsequent bioassays. 

Plants extract treatments and adult mortality of R. 

dominica 

Fifty grams of wheat grains were weighed and placed 

into 250 ml plastic containers. Subsequently, 1 ml of 

each plant extract at concentrations of 200, 300, 400, 

and 500 ppm was added to separate containers. The 

grains were thoroughly mixed and left for 1 h to allow 

complete evaporation of the volatile solvent. The control 

treatment consisted of 1 ml of distilled water only. 

Forty adults of R. dominica were introduced into each 

container. Four replicates were prepared for each 

concentration, including the untreated control. The 

experiment was arranged in a Randomized Complete 

Block Design (RCBD). Adult mortality was observed and 

recorded at 2, 4, and 6 days after treatment. 
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In preliminary trials, acetone-treated grains (without 

plant extract) were compared with distilled-water-

treated and untreated grains, and no mortality or 

behavioral changes were observed in R. dominica adults. 

Therefore, distilled water was used as the control in all 

subsequent experiments. 

Repellence test using the APM 

The repellence assay was conducted using the APM as 

described by Talukder and Howse (1994) and Kundu et 

al. (2007). Petri dishes (90 mm in diameter) were 

divided into two equal sections: one treated and one 

untreated. Filter paper discs (Whatman No. 40) were cut 

into two equal halves. Approximately 1 ml of the test 

solution at each plant extract concentration was applied 

to one half using a micropipette. The treated halves were 

air-dried and then joined to the untreated halves with 

cellophane tape along the midline to allow free insect 

movement between the two sections (Figure 1). 

Each assembled filter paper was placed inside a Petri 

dish, and twenty newly emerged adults of R. dominica 

were released at the center. The dishes were covered to 

prevent insect escape. Each concentration of every plant 

extract was tested in triplicate. The number of insects 

present on each half of the filter paper was recorded at 

two-hour intervals. The percentage repellence (PR) was 

calculated according to the method described by Jilani 

et al. (1988). 

 
Figure 1. Schematic representation of the APM adapted 

from Parichanon et al. (2025). 

Data analyses 

Adult mortality percentages for R. dominica were 

calculated using the following formula: 

                     
                     

                      
     

Observed mortality data were corrected for control 

mortality using Abbott’s formula (Abbott, 1925). Data 

normality was assessed using the Shapiro-Wilk test. A p-

value < 0.05 was considered statistically significant. 

Subsequently, the data were analyzed using a one-way 

repeated measures ANOVA to evaluate the effects of 

time (2, 4, and 6 days), concentrations of the five plant 

extracts, and their interactions. Interaction effects 

between time and treatment were examined, and post 

hoc comparisons were performed using Duncan’s 

Multiple Range Test (DMRT). 

The LC50 and LC90 values (the lethal concentrations 

required to cause 50% and 90% mortality, respectively) 

were estimated as described by Finney (1971). All 

statistical analyses were performed using IBM SPSS 

Statistics version 22.0 (Armonk, NY, USA). Data were 

presented as mean ± standard deviation (SD). 

Repellency percentages obtained from the APM were 

calculated as follows: 

                      
                          

                               
     

Repellency data were analyzed using one-way ANOVA, 

with plant extract type (five species) and tested 

concentration (20 experimental units) as fixed factors, to 

determine the most effective treatment for repelling 

newly emerged adults of R. dominica. A p-value < 0.05 

was considered statistically significant. 

 

Results 

Effects of plant extract treatments on adult R. dominica 

The mean mortality rates of adult R. dominica increased 

progressively across the three exposure periods (days 2, 

4, and 6) for all four concentrations of the five tested 

plant extracts (P < 0.0001; Table 1). Toxicity increased 

with exposure duration, indicating enhanced potency 

over time (Table 2). 

Among the tested extracts, A. judaica consistently caused 

the highest mortality at all concentrations and exposure 

periods, reaching a peak of 96.88 ± 3.15% mortality on 

day 6 at 500 ppm. This was followed by R. chalepensis, 

which caused 86.25 ± 2.50% mortality on the same day 

and at the same concentration, with significant 

differences observed between the two species (F = 63.9; 

P < 0.0001; Table 1). 

A. judaica exhibited the greatest toxicity, with LC50 values 

decreasing from 157.12 ppm on day 2 to 70.53 ppm on 

day 6 (Table 2). In contrast, H. bacciferum showed the 

lowest mortality across all concentrations and exposure 

periods, with LC50 values consistently above 297 ppm and 

LC90 values exceeding 1999 ppm (Table 2). S. persica and 

M. oleifera demonstrated moderate toxicity, with S. persica 

being slightly more effective than M. oleifera (Table 1). 
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Table 1. Mean mortality (%) of the five tested groups at four concentrations over four exposure periods. 
Groups Concentrations (ppm) Average 

mortality %  200 300 400 500 
2nd day 

A. judaica 59.38 ± 1.25a 65.63 ± 1.25a 75.00 ± 2.04a 83.13 ± 3.15a 70.78 ± 9.52a 

R. chalepensis 53.13 ± 2.39b 62.50 ± 2.89b 73.75 ± 1.44a 80.00 ± 4.56a 67.34 ± 11.01a 

S. persica 50.63 ± 1.25b 55.00 ± 2.04c 63.13 ± 2.39b 70.00 ± 2.04b 59.69 ± 7.90b 

M. oleifera 47.50 ± 2.04c 53.13 ± 2.39c 58.75 ± 1.44 c 66.25 ± 1.44b 56.41 ± 7.36b 

H. bacciferum 35.63 ± 2.39d 40.63 ± 1.25d 51.25 ± 1.44d 58.13 ± 2.39c 46.41 ± 9.26c 

F 82.167 88.646  125.806  48.713 17.765 
Significance 0.0001 0.0001  0.0001  0.0001 0.0001 

4th day 
A. judaica 68.75 ± 4.33a 72.50 ± 2.04a 81.88 ± 2.39a 88.13 ± 3.15a 77.81 ± 8.36a 

R. chalepensis 59.38 ± 3.15b 66.25 ± 3.23b 77.50 ± 3.54b 83.75 ± 3.23b 71.72 ± 10.24a 

S. persica 55.00 ± 2.04c 58.13 ± 2.39c 67.50 ± 2.04c 76.88 ± 2.39c 64.38 ± 9.06b 

M. oleifera 50.00 ± 2.04d 58.13 ± 1.25c 61.88 ± 1.25d 70.63 ± 1.25d 60.16 ± 7.77b 

H. bacciferum 38.13 ± 1.25e 44.38 ± 3.75d 54.38 ± 3.15e 61.25 ± 4.33e 49.53 ± 9.67c 

F 66.831  62.109  74.469  48.994 22.990 
Significance 0.0001  0.0001  0.0001  0.0001 0.0001 

6th day 
A. judaica 82.50 ± 2.04a 85.63 ± 2.39a 90.63 ± 1.25a 96.88 ± 3.15a 88.91 ± 5.98a 

R. chalepensis 69.38 ± 1.25b 74.38 ± 3.15b 81.88 ± 3.15b 86.25 ± 2.50b 77.97 ± 7.14b 

S. persica 61.25 ± 3.23c 63.75 ± 3.23c 76.25 ± 3.23c 81.88 ± 3.15c 70.78 ± 9.30c 

M. oleifera 55.00 ± 1.00d 60.63 ± 1.25c 66.88 ± 2.39d 76.88 ± 3.15d 64.84 ± 8.63d 

H. bacciferum 41.25 ± 2.50e 47.50 ± 2.04d 56.88 ± 2.39e 65.63 ± 2.39e 52.81 ± 9.78e 

F 179.706  130.746  102.938  63.900 42.959 
Significance 0.0001  0.0001  0.0001  0.0001 0.0001 

Values are expressed as means ± standard deviation (SD). Differences among groups were analysed using one-way 
ANOVA followed by Duncan’s Multiple Range Test (DMRT). Different letters indicate statistically significant differences 
(P < 0.05), while identical letters denote no significant difference. 

Area preference bioassay 

The mean repellence percentage of adult R. dominica 

increased with the rising concentrations of all tested 

extracts, indicating a clear dose-dependent response. 

Among the extracts, A. judaica exhibited the highest 

repellence, while H. bacciferum showed the lowest 

(Table 3). At 200 and 400 ppm, A. judaica, R. chalepensis, 

and S. persica demonstrated significantly higher 

repellence than M. oleifera and H. bacciferum, although 

no significant differences were observed among the 

three most effective extracts. 

At 300 ppm, A. judaica exhibited the highest repellence, 

surpassing all other extracts. S. persica showed 

intermediate activity, which was statistically comparable 

to neither A. judaica nor R. chalepensis, but was 

significantly greater than that of M. oleifera and H. 

bacciferum. At 500 ppm, A. judaica and R. chalepensis 

achieved the highest repellence values (90.00 ± 5.00% 

and 85.00 ± 5.00%, respectively; Table 3). S. persica was 

less effective than these two extracts but significantly 

more effective than M. oleifera and H. bacciferum. Overall, 

H. bacciferum consistently exhibited the lowest repellence 

across all concentrations, significantly lower than that of 

all other extracts. 

 

Discussion 

The present study clearly demonstrated that the tested 

plant extracts exhibited significant toxicity and repellent 

activity against adult R. dominica. The mortality of R. 

dominica adults increased markedly with higher extract 

concentrations and longer exposure durations, indicating 

a strong dose- and time-dependent effect. Among all 

evaluated species, A. judaica and R. chalepensis were the 

most effective, producing the highest mortality rates and 

lowest LC50 values. In addition to their toxic effects, A. 

judaica, followed by R. chalepensis and S. persica, 

displayed strong repellent properties against R. dominica 

adults. Therefore, medicinal plant extracts represent 

promising alternatives to synthetic insecticides for the 

management of stored-grain infestations, as they are 

readily available, environmentally safe, and require 

minimal formulation for direct application. 
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Table 2. Lethal concentrations (LC50 and LC90) of five plant extracts against adult R. dominica after 2, 4, and 6 days of 
exposure. 
Plant extracts Assay times (days) Slope LC50 (Fiducial limits) LC90 (Fiducial limits) χ2 P 

A. judaica 2 1.75 157.12 (94.93-198.59) 850.72 (628.27-1671.52) 2.831 0.999 

4 1.677 111.94 (48.67-157.26) 650.09 (503.72-1184.86) 4.997 0.986 

6 1.892 70.53 (13.10-114.31) 335.47 (285.27-419.30) 7.356 0.920 

R. chalepensis 2 1.931 189.57 (136.59-225.79) 873.94 (658.16-1552.74) 2.979 0.999 

4 1.872 158.93 (101.57-197.99) 768.83 (589.52-1339.35) 4.160 0.994 

6 1.461 95.40 (27.88-145.97) 718.99 (528.16-1694.07) 2.837 0.999 

S. persica 2 1.265 210.17 (120.80-260.82) 2166.75 (1111.97-17833.16) 1.739 1.000 

4 1.470 183.30 (107.93-229.32) 1364.50 (852.11-4714.51) 3.709 0.997 

6 1.596 147.03 (77.96-192.28) 934.26 (659.22-2190.28) 5.382 0.980 

M. oleifera 2 1.166 239.64 (144.99-293.85) 3008.93 (1331.82-54828.74) 1.260 1.000 
4 1.271 206.02 (116.70-256.64) 2098.22 (1090.36-16374.64) 1.136 1.000 

6 1.426 176.45 (97.61-224.10) 1397.43 (857.47-5307.73) 2.943 0.999 

H. bacciferum 2 1.473 382.58 (328.15-478.78) 2835.46 (1439.64-16674.03) 1.752 1.000 

4 1.497 337.37 (286.28-400.90) 2423.09 (1922.39-11919.28) 2.834 0.999 

6 1.548 297.33 (244.92-344.45) 1999.93 (1149.46-7812.24) 2.117 1.000 

Lethal concentrations (LC50: concentration required to kill 50% of the population; LC90: concentration required to kill 
90% of the population) of five medicinal plant extracts were determined against adult R. dominica after 2, 4, and 6 
days of exposure. Lower LC values indicate higher toxicity (greater potency) of the extract. The slope represents the 
rate at which mortality increases with concentration. Chi-square (χ²) and P-values indicate the goodness of fit of the 
probit model, with P > 0.05 signifying a good fit (i.e., no significant difference between observed and expected values). 

Table 3. Percentage repellence of different extracts against adult R. dominica at various concentrations. 
Groups Concentrations Repellence test 

average % 200 300 400 500 

A. judaica 71.67 ± 2.89a 76.67 ± 2.89 a 80.00 ± 5.00 a 90.00 ± 5.00 a 79.58 ± 7.82a 

R. chalepensis 65.00 ± 5.00 a 66.67 ± 2.89b 73.33 ± 5.77 a 85.00 ± 5.00 a 72.50 ± 9.17b 

S. persica 65.00 ± 5.00 a 71.67 ± 2.89 a,b 73.33 ± 2.89 a 75.00 ± 0.00b 71.25 ± 4.83b 

M. oleifera 50.00 ± 5.00b 55.00 ± 5.00c 60.00 ± 5.00b 65.00 ± 0.00c 57.50 ± 6.91c 

H. bacciferum 38.33 ± 7.64c 46.67 ± 2.89d 51.67 ± 2.89c 56.67 ± 2.89d 48.33 ± 8.07d 

F 19.471 38.929 19.917 48.786 34.033 

Significance 0.0001 0.0001 0.0001 0.0001 0.0001 

Values are expressed as mean ± standard deviation (SD). Comparisons among groups were performed using one-way 
ANOVA followed by Duncan’s Multiple Range Test (DMRT). Different letters indicate statistically significant 
differences at P < 0.05, while the same letters denote no significant difference. 

Although chemical insecticides and fumigants remain 

the most widely used methods for managing stored-

grain insects, their long-term effectiveness has been 

severely constrained by the development of resistance in 

target populations (Zettler and Cuperus, 1990; Collins et 

al., 2002; Lorini et al., 2007). Consequently, biological 

control agents such as entomopathogenic fungi (EPF) 

have gained attention, with species like Beauveria 

bassiana and Metarhizium anisopliae demonstrating 

promising pathogenicity against major beetle pests 

under laboratory conditions (Mantzoukas et al., 2023). 

However, their performance in actual storage 

environments is often limited by factors such as low 

humidity, temperature fluctuations, and poor 

persistence on grain surfaces, leading to inconsistent 

field efficacy and relatively slow insecticidal action 

(Meikle et al., 2001; Stathers et al., 2002). 

In contrast, plant-derived extracts are a more 

immediate and practical alternative. The botanicals A. 

judaica, R. chalepensis, S. persica, M. oleifera, and H. 

bacciferum have shown strong toxic and repellent 

activities against R. dominica and other storage beetles, 

even at low concentrations. Moreover, these extracts 

are widely available, biodegradable, and 
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environmentally benign, making them more practical 

and sustainable than EPF for incorporation into eco-

friendly pest management strategies. 

Acetonic extracts from diverse plant species show a clear 

dose-response relationship against R. dominica (Abubakar 

et al., 2021), with increasing extract concentrations 

resulting in higher mortality and enhanced toxicity 

indices. Similarly, studies on T. confusum larvae revealed 

that medicinal plant extracts significantly inhibited larval 

growth, highlighting their efficacy as potential biocontrol 

agents (Ahmady et al., 2024). These findings confirm that 

plant-derived insecticides exert strong insecticidal effects 

that substantially reduce insect survival. Their activity is 

likely due to bioactive phytochemicals that interfere with 

key physiological and metabolic processes in insects. 

The pronounced toxicity of A. judaica and R. chalepensis 

may be attributed to their high content of alkaloids, 

glycosides, volatile oils, and terpenoids, compounds 

known to disrupt normal metabolic and physiological 

functions (Ali et al., 2000; Onyilagha et al., 2004; Marwat 

et al., 2012; Albeshri et al., 2021). These results are 

consistent with earlier reports indicating that alkaloids, 

terpenes, and flavonoids in botanical extracts adversely 

affect the growth, feeding, and survival of grain-infesting 

beetles (Jbilou et al., 2006). The strong toxic effects 

observed in this study further support the potential of 

these medicinal plants as effective botanical protectants 

against R. dominica adults when applied at suitable 

concentrations. 

The present findings corroborate previous studies by 

providing comparative laboratory evidence on five plant 

extracts, confirming that A. judaica and R. chalepensis are 

among the most potent candidates. These results form 

the foundation for future semi-field and storage-scale 

experiments to validate their practical efficacy under 

real storage conditions. 

In the current study, crude acetonic extracts were used 

to evaluate the biological activity of different plant 

species; therefore, the specific bioactive constituents 

were not identified. The observed variations in toxicity 

and repellence among the extracts may be attributed to 

differences in their phytochemical composition. Future 

research should include chromatographic and 

spectroscopic analyses (e.g., GC-MS or HPLC) to identify 

and quantify the active components responsible for 

these effects, thereby enhancing our understanding of 

their insecticidal mechanisms. 

In addition to toxicity, the plant extracts exhibited strong 

repellent activity against R. dominica adults. Repellence 

increased significantly with both concentration and 

exposure duration, with A. judaica showing the highest 

repellent effect, followed by R. chalepensis and S. persica. 

This dual action, killing and repelling insects, is 

particularly valuable, as it reduces infestation pressure 

by deterring beetles from colonizing grain stores while 

simultaneously suppressing existing populations. 

Additional findings, including high repellence (up to 

93.33%), marked biochemical alterations (reductions in 

glycogen, protein, and nucleic acids), and inhibition of F1 

progeny, indicate that toxicity generally increased with 

both concentration and exposure time (ranging from 16 

h to 21 days) (Upadhyay, 2013). Several studies have 

emphasized the significance of repellence (Alvi et al., 

2018), noting that Rhazya stricta and S. persica exhibit 

strong repellent effects against R. dominica and 

Trogoderma granarium. Similarly, Asiry et al. (2022) 

reported potent insecticidal and repellent activities from 

R. stricta extracts, supporting the potential of certain 

plant species as effective biocontrol agents. Although 

previous studies differ in plant species, extraction 

methods, and reporting metrics, their collective evidence 

supports a consistent dose-dependent increase in 

toxicity indicators against R. dominica. 

The combined insecticidal and repellent properties of 

these medicinal plant extracts support their potential use 

as eco-friendly alternatives to chemical insecticides. The 

effectiveness of A. judaica, R. chalepensis, and S. persica 

against R. dominica aligns with findings from related 

studies on other stored-product pests, where similar 

species produced high mortality and repellence (Abdel-

Sattar et al., 2010). Considering the growing concerns 

over insecticide resistance and environmental 

contamination, such botanical extracts may provide 

sustainable, safe, and effective options for future grain 

protection strategies. However, further research is 

needed to evaluate their persistence, residual activity, and 

large-scale applicability under real storage conditions to 

ensure their suitability for integration into sustainable 

Integrated Pest Management (IPM) programs. 

 

Conclusion 

This study investigated the potential of natural, locally 

available medicinal plant extracts as eco-friendly 

alternatives to synthetic insecticides for the 

management of stored-grain pests. The results 

demonstrated that acetonic extracts of A. judaica, R. 
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chalepensis, and S. persica possessed significant 

insecticidal and repellent activities against R. dominica 

adults. Mortality increased in a dose- and time-

dependent manner, with A. judaica and R. chalepensis 

being the most effective, as reflected by their low LC50 

values and strong repellence. These findings suggest that 

such botanicals could serve as promising substitutes for 

synthetic insecticides in stored-grain protection. 

Plant extracts are considered eco-friendly because they 

degrade rapidly in the environment, leave minimal 

residues, and pose low ecological risk. Their bioactivity 

is attributed to diverse phytochemicals such as alkaloids, 

glycosides, terpenoids, and volatile oils, which disrupt 

the metabolic and physiological functions of insects. 

Future work should aim to isolate and characterize these 

active compounds, assess their persistence under 

storage conditions, and develop optimized formulations 

for large-scale application. 
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