


Evaluation of the insecticidal and repellent potential of Cymbopogon schoenanthus L.
(Spreng) essential oil and Azadirachta indica seed oil on adults of Cletus ochraceus
(Hemiptera: Coreidae), a pest of cashew trees in Togo

Abstract 
Cletus ochraceus is one of the most harmful pests affecting cashew trees in Togo. Currently,
the only method of controlling this pest is through chemical control, which unfortunately has serious consequences for human health and the environment. In order to find an alternative to the use of synthetic chemical pesticides, the insecticidal and repellent properties of Cymbopogon schoenanthus essential oil and neem seed oil (Azadirachta indica) were evaluated on Cletus ochraceus adults in vitro by contact. After preliminary tests of each oil and their combination, five concentrations of these oils and their equivolume mixture were selected and prepared at a rate of four replicates per concentration. The insecticide tests were carried out by spraying the solutions directly onto the insects. The repellence test was carried out using the preferred area method on filter paper, followed by determination of the percentage of Cletus present in the treated area. Each of the extract concentrations was applied to half of a piece of blotting paper placed in a 9 cm diameter Petri dish on which 10 Cletus were placed. When applied by contact, the combination of C. schoenanthus and A. indica oils showed moderate toxic activity (LC₅₀ = 20.7 µl.ml⁻¹), proving to be more effective than neem oil alone (LC₅₀ = 40.5 µl.ml⁻¹  ),but less effective than C. schoenanthus essential oil (LC₅₀ = 11.6 µl.ml⁻¹  ).Repellency tests revealed a high repellent potential for C. schoenanthus, the combination of oils, and a low repellent potential for neem seed oil, with percentages of 87.5%, 68.6%, and 23%, respectively. C. schoenanthus essential oil could be used as an active ingredient in the formulation of a biopesticide, as an alternative to synthetic chemical insecticides.
Keywords: Essential oil, Anacardium occidentale, Cletus ochraceus, Cymbopogon schoenanthus.	Comment by Administrator: Please add the name of neem oil  Azadirachta indica

Introduction 
The cashew tree (Anacardium occidentale L.) is a fruit tree belonging to the Anacardiaceae family. Native to South America, more specifically the Brazilian coast (Alcindor, 2006), it occupies an area of approximately 7.5 million hectares spread across 32 countries worldwide (FAO, 2012). The cashew tree ranks first in the world in terms of nut production (Afouda et al., 2013). It was introduced to Togo in the 1960s with the aim of curbing deforestation and combating soil erosion (Goujon et al., 1973; Adeigbe et al., 2015). The cashew-based agroforestry system in Tanzania, Mozambique, Nigeria, Guinea Bissau, Côte d'Ivoire, Benin, and Togo helps to solve the environmental and socio-economic problems faced by producers (Yabi et al., 2013). Global production is estimated at over 2 million tons (Djaha et al., 2008). Cashew nuts play a key role in producing countries. In Togo, it is a high-potential crop and plays an important role in the national economy. However, its production is threatened by various pests, including C. ochraceus (Hemiptera: Coreidae), a harmful insect that attacks young flowers and thus significantly reduces agricultural yields. The conventional method of controlling these pests relies on the use of synthetic chemical insecticides. However, these products have adverse effects on the environmen , human health, and non-target species, while promoting the development of resistance in insects (Regnault-Roger et al., 2012). To overcome these challenges, the use of sustainable solutions, particularly plant-based biopesticides, appears essential (Isman, 2006; Pavela & Benelli, 2016). Essential oils and plant extracts are increasingly being studied for their natural insecticidal properties. Among them, the essential oil of C. schoenanthus and the seed oil of A. indica (neem) are recognized for their bioactive effects on several agricultural pests (Abdelgaleil et al., 2009; Koul & Wahab, 2004). With this in mind, we evaluated the insecticidal and repellent potential of C. schoenanthus essential oil and neem seed oil (A. indica) on adults of C. ochraceus, a cashew tree pest.The objective of this work is to research and propose a biological alternative to synthetic chemical pesticides that is compatible with ecological management of cashew tree pests. 
MATERIALS AND METHODS 
2.1. Materials 
2.1.1 Collection of Cletus ochraceus 
Adult specimens of C. ochraceus were collected using plastic boxes measuring 28x18x12 cm. The operation consisted of placing the attacked (blackened) inflorescence of the cashew tree in the box, then shaking the box with the lid on so that the insects fell to the bottom of the box along with several dead flowers. Collection took place very early in the morning between 5:00 and 6:00 a.m., when it was very cool, on cashew tree plots that had not previously been treated with pesticides. This was done during the flowering period in December and January. Once a large quantity of insects had been collected, the contents of the box were transferred to larger boxes measuring 40x28x28 cm containing a few clusters of fresh flowers. Most of the box lids were perforated and the holes were protected by a plastic net with very small 1 mm diameter mesh to facilitate ventilation. After 24 hours of acclimatization at laboratory room temperature (t: 27 ± 2 °C; RH: 80%), homogeneous batches of adults were collected using fine brushes and placed in boxes 11 cm in diameter lined with blotting paper. The lids of these small boxes were perforated so that the insects could not escape and to allow ventilation. 
2.1.2 C. schoenanthus essential oil (HEC) 
The essential oil was supplied to us by the Laboratory for Research on Agroresources and Environmental Health (LARASE). It was obtained by hydrodistillation of dried C. schoenanthus leaves under cover at room temperature (t: 27±2°C; RH: 80%) using a Clevengertype glass device (Clevenger, 1928).  
1.1.3 Neem seed oil (HVN) 
Neem seed oil was supplied by the neem seed-based biopesticide processing unit. It is obtained by cold pressing neem seed kernels. It is a viscous oil at room temperature, brownish-green in color, with a strong characteristic spicy odor and a bitter taste. It is insoluble in water and soluble in certain organic solvents such as cyclohexane. Its relative density at 20°C is 0.89 (experimental measurement). 
2.2 Methods 
2.2.1 Biological tests 
2.2.1.1 Contact toxicity tests 
The tests were carried out in vitro in the laboratory, according to a fully randomized experimental protocol, with four (04) repetitions. Five concentrations of each solution were selected for the tests (10, 20, 30, 40, and 50 µl.ml-1), following preliminary tests to determine the toxicity thresholds of the oil and Tween 80. For preparation, C. schoenanthus essential oil and A indica oil were diluted in distilled water with the addition of 1% Tween 80, used as an emulsifier, as this emulsifier is considered non-toxic to insects. The solutions were freshly prepared each day, just before the experiments. A batch of twenty (20) insects was carefully collected using a fine brush and placed in a 40 × 30 × 30 cm box lined with absorbent paper.  The oil solutions were then sprayed using a 15 ml manual sprayer. After treatment, the insects were transferred to circular boxes 11 cm in diameter, also lined with absorbent paper. Fragments of young leaves and flowers were placed in the boxes to serve as food for the treated insects. To ensure adequate ventilation, the top of each box was perforated. Each treatment thus corresponded to a box 11 cm in diameter containing twenty (20) insects. The negative control consisted of distilled water. The mortality of insects exposed to the different treatments was assessed 24 hours after application of the solutions. Adjusted mortality ( ) was calculated using Abbott's formula:    Mc = adjusted mortality; Me = mortality of the sample; and Mt = mortality of the untreated control group. 
2.2.1.2 Repellency test 
The solutions were applied using a micropipette. The repellent effect of the oils on C. ochraceus was evaluated using the preferred area method on blotting paper described by Mc Donald et al. (1970). The blotting paper used to cover the bottom of the 9 cm diameter Petri dishes was cut into two equal parts spaced one centimeter apart. Two (02) ml of each of the prepared solutions were spread evenly over one half of the blotting paper, while the other half was left untreated. Next, a batch of 10 adult C. ochraceus individuals were placed in the center of the blotting paper, which was secured with adhesive tape inside the Petri dish. Four replicates were performed for each dose. Control groups consisting of 10 adult C. ochraceus individuals were subjected to the same experimental conditions, using C. schoenanthus essential oil, A indica oil, a mixture of the two oils, and distilled water (negative control). Thirty minutes after exposure, the number of insects present on the treated (Nt) and untreated (Nc) areas of the blotting paper was recorded. The repellency percentage (RP) was calculated using the following formula: PR=  , where Nc is the number of C. ochraceus in the untreated area and Nt is the number of C. ochraceus in the treated area. The RP was used to classify the solutions according to the repellency classes defined by Mc Donald et al. (1970). 
2.2.2 Analysis of results 
The results obtained were analyzed statistically using SPSS. 23 and the Student-Newman-Keuls test was used to distinguish between the means obtained. The LC50 were calculated using the probit regression method. 



3 RESULTS AND DISCUSSION 
3.1 Results 
3.1.1 Acute toxicity of different types of solutions on Cletus ochraceus adults. 
The tests carried out with different solutions caused significant mortality in adults of C. ochraceus (Table 1). Each combination of solution and concentration induced a specific response in the insects. Nevertheless, the three solutions showed a comparable dose-response relationship: as the concentration increased, so did mortality. Conversely, no lethal effect was recorded in the control group (Table 1). Average mortality of C. ochraceus adults after treatment with essential oil (HEC), neem seed oil (HVN), and an equal volume combination of the oils (HEC/HVN). 	Comment by Administrator: What do these affiliations mean? Please write their original words
Table 1: Effect of different solutions on the mortality of C. ochraceus adults 
	Taux de mortalité (%)
	Comment by Administrator: Please write in English

	Concentration (μl.ml-1 )  
	HEC
	HEC/HVN
	HVN

	0
	0
	0
	0

	10
	42,50c
	16,50 e
	13e

	20
	77,5b
	41,25d
	30d

	30
	93.75a
	70c
	46,25c

	40
	100a
	85b
	57,5b

	50	Comment by Administrator: Please add the F values of the SPSS test
	100a
	100a
	72,5a 




Within the same column, the averages assigned to the same letter do not differ statistically from each other (Newman-Keuls test, p = 0.05). 
For the various solutions tested, the HEC-based formulation proved to be much more toxic than the HVN-based formulation, indicating that HEC had a more pronounced insecticidal effect than HVN. The lowest concentration tested (10 µl.ml⁻¹) caused 42.5% mortality for the HECbased solution, while only 13% mortality was recorded for the HVN-based solution and 16.5% mortality for the HEC/HVN mixture-based solution. A mortality rate of 100% of C. ochraceus was achieved at a concentration of 40 µl.ml-1 of HEC tested and 50 µl.ml-1 for the HEC/HVN mixture solution. For the HVN-based solution, only 72.5% mortality was recorded at a much higher concentration (50 µl.ml⁻¹of HVN), while for the HEC/HVN mixture-based solution, this rate was reached at a concentration of 50 µl.ml⁻¹of HEC/HVN. Thus, for each 1 µl.ml(-1)increase in the tested concentration, an increase in mortality of 3.5%, 2.5%, and 1.7% is recorded for the HEC-based solution, the HVN-based solution, and the HEC/HVN mixturebased solution, respectively. 	Comment by Administrator: Make space	Comment by Administrator: Make space
The lethal concentrations, the effect of which can cause the death of 50% of the test population, are listed in Table 2.  




Table 2: LC50  by contact of different solutions on C. ochraceus 
	BBP tested  
	LC50 
(µl.ml-1 )  
	Standard error  
	95% confidence interval 
Lower bound  
	 
Upper limit  

	HEC  
	11.6 
	1.47 
	8.72 
	14.5  

	HEC/HVA 
	20.7    
	2.03      
	16.7  
	24.7  

	HVA 
	40.5    
	4.00      
	32.7        
	48.3 


HEC: Solution based on C. schoenanthus essential oil; HVN: Solution based on A. indica seed vegetable oil; HEC/HVN: Solution based on a mixture of C. schoenanthus and neem oils. 
The LC50values confirm the trends observed in mortality induced by HEC and HVN. Indeed, 
HEC (LC50= 11.6 ul.ml-1) proved to be approximately four times more toxic than HVN (LC50  = 40.5 ul.ml-1 ) on adult C. ochraceus, while the HEC/HVN mixture showed intermediate toxicity. This difference in efficacy is statistically significant, as evidenced by the absence of overlap in the 95% confidence intervals between treatments. 	Comment by Administrator: How did you know that value (four time) ? Please calculate the Toxicity index and relative potency of your tested treatments and add their calculation formula in your methods
3.1.2 Repellent effect of different solutions on Cletus ochraceus adults. 
Table 3 shows the repellency percentages (RP) induced by different solutions on adult C. ochraceus. The results reveal an increase in RP proportional to concentration, regardless of the solution tested, C. schoenanthus essential oil, the C. schoenanthus/A indica mixture, and A indica neem seed oil, on adult C. ochraceus. C. schoenanthus oil showed the highest repellency potential (82%), followed by the mixture (65%), while neem oil proved to be less repellent (31.8%) 	Comment by Administrator: adults of 
These results allowed us to classify the different solutions according to McDonald's repellency classes, presented in Table 3. 








Table 3: Percentage repellency of C. ochraceus bugs after 1 hour of exposure to different substances. 	Comment by Administrator: You mentioned in the results 1 hour but in the methods you wrote 30 minutes, Please correct
	Substances tested 
	  
Repellency rate after 1 hour of exposure (%) 
	Average repellency  (%) 
	Class 
	Effect of the tested substance 

	
	Concentrations (µl.ml-1 ) 	 
	 
	 
	 

	
	10 
	20 
	30 
	40 
	50 
	 
	 
	 

	HEC  
	74 
	78 
	82 
	87 
	89  
	 82 
	V 
	Very repellent 

	HEC/HVN 
	58 
	62 
	65 
	68 
	72 
	    65 
	IV 
	Repulsive 

	HVN 
	25 
	28 
	32 
	35 
	39 
	    31.8 
	II 
	Weakly 
repellent 


HEC: Solution based on C. schoenanthus essential oil; HVN: Solution based on A. indica seed vegetable oil; HEC/HVN: Solution based on a mixture of C. schoenanthus and neem oils 
3.2 Discussion 
The three solutions tested showed varying toxicity to adult C. ochraceus. All concentrations evaluated resulted in significantly higher mortality rates than those of the absolute and reference controls. The highest concentrations resulted in significantly higher contact mortality. Similar trends were observed in C. ochraceus, except for the HVN-based solution, where increasing the concentration did not result in a significant increase in mortality. Many authors have reported the insecticidal activity of plant extracts. However, their effectiveness can be influenced by several factors, including the plant species used (Feng et al., 2012; Kolani et al., 2016), the part of the plant from which the extract is derived, the mode of action (Akhtar et al., 2008), and the species and developmental stages of the target pests (Liang et al., 2003). Comparison of the acute contact toxicity of the different solutions on C. ochraceus, 24 hours after exposure (LC₅₀), reveals a significant difference in descending order: HEC > HEC/HVN > HVN. The contact toxicity of HEC had already been demonstrated on Dysdercus volkeri (Nadio et al., 2015) and Plutella xylostella (Sanda et al., 2006; Laba et al., 2012). The latter also observed, during contact tests on P. xylostella larvae (Kolani et al., 2016), a faster action of HEC compared to HVN. 
Biological tests carried out with the different solutions revealed varying mortality rates depending on the concentrations tested. At the lowest concentration (10 µL·mL⁻¹), the HECbased solution caused 42.5% mortality in C. ochraceus, compared with 13% for the HVN-based solution and 16.5% for the HEC/HVN mixture. Total mortality (100%) was achieved with higher concentrations: 40 µL·mL⁻¹ for the HEC solution and 50 µL·mL⁻¹ for the HEC/HVN mixture. This difference could be explained by the exposure time. These results showed a direct relationship between the mortality rates of bugs and the concentration of the product on the one hand, and between the mortality rate and the exposure duration on the other. The evolution of the mortality rate shows that the toxic effects depend on factors such as the concentration of the product and the duration of exposure to these products. The work of Yaka (2007) showed that the toxic or repellent effects of an essential oil or plant extract depend on several factors, including its concentration, chemical composition, and the sensitivity level of the target insects, which confirms the results obtained. The results presented in Table 3 indicate that C. schoenanthus essential oil and its combination with neem seed oil have a repellent effect on C. ochraceus adults, with average repellency rates of 82% and 65%, respectively, classifying them in categories V (very repellent) and IV (repellent) according to the classification of Mc Donald et al. (1970). Pure C. schoenanthus essential oil has a strong repellent effect, followed by the combination with neem oil, while neem seed oil alone has only a weak repellent effect (31.8%). The moderate repellent effect observed with the combination could be attributed to the strong repellent activity of pure C. schoenanthus, highlighted in this study, and linked to the presence of major active compounds.  The decrease in repellent effect in the combination could be explained by the presence, in neem oil, of compounds that act as antagonists to those in the essential oil. Some studies have also shown the repellent effect of essential oils on insects. Indeed, the work of Aïboud et al. (2011) demonstrated a strong repellent effect of essential oils extracted from Syzygium aromaticum, Eucalyptus smithii, and Pimenta racemosa on Callosobruchus maculatus. Applied at doses of 5, 10, 15, and 20 µL diluted in 0.5 mL of acetone, these oils induced repellency rates of 86%, 86%, and 87% after only 30 minutes of exposure. 	Comment by Administrator: respectively
5. CONCLUSION 
With the aim of finding alternatives to synthetic chemicals, a project was carried out to evaluate the insecticidal and repellent efficacy of various natural solutions against adult Cletus ochraceus bugs. The results demonstrated notable efficacy for all the solutions tested. Cymbopogon schoenanthus essential oil (HEC) proved to be the most active, achieving 100% mortality at a concentration of 40 µL·mL⁻¹, with a median lethal concentration (LC50) of 11.6 µL·mL⁻¹. The mixture of HEC with neem oil (HEC/HVN) also showed good activity, requiring 50 µL·mL⁻¹ for 100% total mortality and presenting an LC50 of 20.7 µL·mL⁻¹. In contrast, neem seed oil alone was weakly active, requiring more than 70 µL·mL⁻¹ for complete mortality. In conclusion, HEC, alone or in combination, has high insecticidal and repellent potential against C. ochraceus, surpassing pure neem oil. These findings suggest that HEC could be a promising active ingredient for biopesticide formulation. Further research is underway to develop a stable and optimized formulation, which will be tested under field conditions on cashew tree plots. 
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