



Insecticidal Activity of Garlic and Onion Essential Oils against Pseudotheraptus devastans in Coconut

Abstract 
Pseudotheraptus devastans (Heteroptera : Coreidae), commonly known as the coconut bug, is a major pest of coconut palms in Côte d'Ivoire. All larval stages and adults cause damage by their bites, resulting in either deformation of young nuts or their fall. As part of the search for a strategy to protect these nuts from attack, an evaluation of the effectiveness of essential oils from Allium sativum and Allium cepa was tested on out. The study was conducted at the coconut research station of the National Centre for Agricultural Research in Côte d'Ivoire. The essential oils extracted from the two aromatic plants were tested by contact using a hand sprayer at different concentrations on the eggs, larvae and adults of P. devastans at a temperature of 26.39 ± 1.50°C and a relative humidity of 87.85 ± 2.15%. These essential oils have insecticidal properties against P. devastans. The essential oil of A. sativum had LC (50) and LC (90) values of 0.27 ± 0.6% ; 11.24 ± 0.57% for larvae and 3.82 ± 0.07% ; 11.28 ± 0.17% for adults, whereas that of A. cepa had LC (50) and LC (90) values of 0.59 ± 0.51% ; 38.16 ± 0.93% for larvae and 4.84 ± 0.10% ; 20.05 ± 0.25% for adults. The essential oil of A. sativum was therefore the most toxic.
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1. Introduction
Pseudotheraptus devastans, an insect of the Coreidae family, is also known as the coconut bug. Its larvae and adults pierce immature nuts to feed. Their bites cause the premature fall of these nuts (Van der Vossen and Chipungahelo, 2007), or their deformation, thus reducing the copra content of the resulting mature nuts. These attacks can lead to a drop in production of around 50 to 80% (Allou et al., 2006). In addition to coconut palms, Manihot esculenta (cassava), Anacardium occidentale (cashew), Persea americano (avocado) and Theobroma cacao (cocoa) are also host plants of P. devastans. In response to the threat posed by P. devastans, various control methods have been proposed to reduce its harmfulness. These include chemical control using chemical insecticides and biological control using natural predators. However, these control methods have shown their limitations. To address the harmful consequences of synthetic chemicals and propose an effective and environmentally sound control method, entomologists have been focusing their activities for several years on finding alternatives to conventional chemical control. The well-known insecticidal and/or insect repellent action of certain aromatic plants is reported in the literature (Dabiré, 1992 ; Boeke et al., 2004, Anjarwalla et al., 2016, Tiendrebeogo et al., 2017, Biao et al., 2018, Kobenan et al., 2018, Doh et al., 2021). In addition, laboratory toxicity tests conducted with essential oils report varying levels of toxicity depending on the essential oils used, the pest species present, and, above all, the stage of development concerned by the tests (Seri-kouassi et al., 2004 ; Sanon et al., 2006, Kobenan et al., 2018). Such research is also in line with consumers' growing demand for organic products. This study will therefore compare the insecticidal activity of the essential oils of Allium sativum (garlic) and Allium cepa (onion), two plants of the Liliaceae family whose aqueous extracts have already proven effective against P. devastans.
2. Materials and methods
2.1 Experimental site
The study was conducted at the CNRA's Marc Delorme research station in Abidjan, specifically in the municipality of Port-Bouët, 12 km from the Bassam motorway (Côte d'Ivoire). Its geographical coordinates are 05° 14' and 05° 15' north latitude and 03° 54' and 03° 55' west longitude (Koffi et al., 2017). In general, average monthly temperatures vary little, with a monthly average of 26.7 °C. The average relative humidity recorded during the trial was 87.11% with an average monthly rainfall of 149.90 mm.
2.2 Essential oils
The study was conducted using essential oils extracted from the bulbs of two (02) local aromatic plants belonging to the Liliaceae family. These were Allium sativum L. and Allium cepa L. (Figure 1), obtained from the local market. These essential oils were supplied by the Industrial Research Unit on Biopesticides at Felix Houphouët Boigny University (Côte d'Ivoire).





Allium sativum
Allium cepa

Figure1 : Bulbs of plants used for essential oil extraction
2.3 Extraction and analysis of essential oils
The essential oils of A. sativum and A. cepa were obtained from fresh bulbs by saturated steam distillation using a Clevenger-type device for 2 hours. This method consists of conventional distillation in which the leaves are not in direct contact with the water. The leaves are placed on a grid and a stream of steam is passed through them. As the steam passes through, the leaf cells burst and release the essential oil, which is carried into the essential oil collector via the condenser. Separation is achieved by decantation.
2.4 Mass cultivation 
Intensive breeding of P. devastans was carried out on coconut trees in plot 060, in cages covered with mosquito nets, at an average temperature of 26.39 ± 1.50 °C and an average relative humidity of 87.85 ± 2.15%. Pairs of Pseudotheraptus devastans were formed and placed in cages containing clusters of immature coconuts from coconut trees in order to produce a sufficient number of eggs, larvae and adults for the various tests. 
2.5 Preparation of concentrations
The essential oils of garlic and onion were diluted with distilled water and an emulsifier. Thus, for each of the essential oils, the extract diluted to 1/5 with solvent (5% solution) was used to prepare the different concentrations tested : 0.01, 0.05, 0.1, 0.5 and 1% on eggs and larvae, then 1, 2 and 5% on adults. Callifan Super 40 EC (40 g of active ingredient at a rate of 20 g of acetamiprid and 20 g of bifenthrin) was used as a positive control, with 10.4 ml diluted in 1000 ml of distilled water according to the recommended dose (125 ml for 12 L of water).
2.6 Conducting the tests
During the tests, the essential oils were applied to the eggs, larvae and adults of P. devastans using a hand sprayer (Figure 2). For the various tests, as the incubation period for the eggs was 6 to 8 days, two types of eggs were treated. These were young eggs aged 2 days and slightly older eggs aged 5 days. Batches of 10 eggs were formed for each age (2 days and 5 days). Each concentration of essential oil from A. sativum and A. cepa bulbs was then applied to the eggs using a hand sprayer, with 3 repetitions. A batch of 30 eggs per age served as a control (reference control and blank control). After the eggs hatched, the number of stage 1 larvae obtained was recorded, and the hatch rate (HR) of the eggs was calculated.



Stage 3 (L3) larvae from the above-mentioned breeding programme were used for the different treatments. Ten (10) larvae were placed in different cages containing immature walnut diets as food. These larvae were also treated with each concentration of essential oils. A batch of 10 stage 3 larvae was used for each control (reference control and blank control). Three replicates were performed per concentration. As for the adults, the imagoes from the mass rearing of P. devastans were counted. Ten (10) adults were placed in different cages for each concentration of essential oil. A batch of 10 adults served as a control (reference control and blank control) for each treatment.
2.7 Determination of mortality rates
Mortality in the different batches was observed 24 hours, 48 hours and 72 hours after application of the essential oils. When dead or moribund insects were observed among the controls, mortality rates were corrected using Abbott's formula (1925).

Mc : Corrected mortality rate ; Mt : Mortality observed at the concentration considered ; Mo : Mortality observed in the blank control batch
Adult P. devastans
P. devastans larva stage 3
P. devastans eggs






[bookmark: _GoBack]Figure2 : Different stages of development of P. devastans
2.8 Data analysis 
An analysis of variance (ANOVA) was performed using R (4.4.1) software on the corrected mortality rate of insects according to treatment (essential oils and concentrations). In cases of significant differences between treatments, means were compared using the Newman Keuls test at a 5% significance level. 
Using WinDL 32.0 software (CIRAD, Montpellier, 1998 version), the lethal concentrations causing the death of 50% (LC50) and 90% (LC90) of the test populations were determined for each of the essential oils, two days (48 hours) after exposure of the bugs
3. Results
3.1 Effects of essential oils on the survival of Pseudotheraptus devastans
3.1.1 Effect of essential oils on the hatching of P. devastans eggs
Depending on the concentration, A. sativum essential oil resulted in hatching rates ranging from 0% to 66.67 ± 5.77% for eggs aged 2 days. For 5-day-old eggs, hatching rates ranged from 20.00 ± 10.00% to 70 ± 26.45% (Table 1). A. cepa essential oil resulted in hatching rates ranging from 0 to 70.00 ± 20.00% at different concentrations. For eggs aged 5 days, hatching rates ranged from 20.00 ± 0.00 to 83.33 ± 5.77% (Table 2). Analysis of variance for interaction effects showed a significant difference between concentrations and egg age (P < 0.001).
Table 1 : Hatching rates of P. devastans eggs as a function of A. sativum essential oil concentration
	Essential oil concentrations (%)
	Hatching rate (%) according to egg age (days)

	
	2
	5

	0.01
	66.67 ± 5.77 b
	70.00 ± 26.46 b

	0.05
	53.33 ± 15.27 b
	56.67 ± 5.77 bc

	0.1
	26.67 ± 20.82 c
	43.33 ± 5.77 cd

	0.5
	10.00 ± 10.00 cd
	30.00 ± 10.00 d

	1
	0.00 ± 0.00 d
	20.00 ± 10.00 de

	Califan
	0.00 ± 0.00 d
	0.00 ± 0.00 e

	Water
	100.00 ± 0.00 a
	100.00 ± 0.00 a

	Significance (p)
	0.00
	0.00









Within the same column, means marked with the same letter do not differ statistically at the 5% level (Newman Keuls Student's test).

Table 2 : Hatching rate of P. devastans eggs as a function of the concentration of A. cepa essential oil
	Essential oil concentrations (%)
	Hatching rate (%) according to egg age (days)

	
	2
	5

	0.01
	70.00 ± 20.00 b
	83.33 ± 5.77 b

	0.05
	60.00 ± 17.32 b
	53.33 ± 15.27 c

	0.1
	33.33 ± 15.28 c
	46.67 ± 11.55 c

	0.5
	16.67 ± 11.55 cd
	33.33 ± 15.27 cd

	1
	0.00 ± 0.00 d
	20.00 ± 0.00 d

	Califan
	0.00 ± 0.00 d
	0.00 ± 0.00 e

	Water
	100.00 ± 0.00 a
	100.00 ± 0.00 a

	Significance (p)
	0.00
	0.00









Within the same column, means marked with the same letter do not differ statistically at the 5% level (Newman Keuls Student's test).
3.1.2 Effect of essential oils on stage 3 larvae of P. devastans
[bookmark: _Hlk151112927]The results of tests on the insecticidal activity of essential oil from A. sativum indicate that at concentrations of 0.01 to 1%, the mortality rate of larvae varies from 10.00 ± 10.00% to 66.67 ± 15.27% in 24 hours, from 16.67 ± 11.55 to 70.00 ± 20.00% in 48 hours and from 16.67 ± 11.55 to 73.33 ± 25.17% in 72 hours (Table 3). As for A. cepa essential oil at concentrations of 0.01 to 1%, larval mortality rates ranged from 10.00 ± 10.00% to 53.33 ± 20.82% in 24 hours, from 13.33 ± 5.77% to 60.00 ± 10.00% in 48 hours and from 16.67 ± 11.55% to 66.67 ± 11.55% in 72 hours (Table 4). In contrast, the chemical control group had a mortality rate of 100% for the observation periods and 0% for the water control group. Statistical analysis revealed a significant difference between the concentrations and mortality rates of P. devastans larvae.
Table3 : Chronological evolution of the average mortality of P. devastans larvae as a function of the concentration of A. sativum essential oil
	Essential oil concentrations (%)
	Average mortality (%)

	
	24 h
	48 h
	72 h

	0.01
	10.00 ± 10.00
	16.67 ± 11.55
	16.67 ± 11.55 of

	0.05
	16.67 ± 5.77 of
	20.00 ± 10.00 of
	20.00 ± 10.00 of

	0.1
	33.33 ± 20.82 cd
	36.67 ± 15.27 cd
	36.67 ± 15.27 cd

	0.5
	50.00 ± 20.00 bc
	56.67 ± 11.55 bc
	56.67 ± 11.55 bc

	1
	66.67 ± 15.27 b
	70.00 ± 20.00 b
	73.33 ± 25.17 b

	Control +
	100.00 ± 0.00 a
	100.00 ± 0.00 a
	100.00 ± 0.00 a

	Control -
	0.00 ± 0.00 e
	0.00 ± 0.00 e
	0.00 ± 0.00 e

	Significance (p)
	0.00
	0.00
	0.00


Within the same column, means marked with the same letter do not differ statistically at the 5% level (Newman Keuls Student's test).
Table4 : Chronological evolution of average mortality of P. devastans larvae as a function of A. cepa essential oil concentration
	Essential oil concentrations (%)
	Average mortality (%)

	
	24 h
	48 h
	72 h

	0.01
	10.00 ± 0.00 d
	13.33 ± 5.77 d
	16.67 ± 11.55 de

	0.05
	16.67 ± 15.27 cd
	20.00 ± 10.00 d
	20.00 ± 10.00 d

	0.1
	23.33 ± 5.77 cd
	26.67 ± 5.77 d
	30.00 ± 10.00 d

	0.5
	40.00 ± 20.00 bc
	46.67 ± 11.55 c
	50.00 ± 10.00 c

	1
	53.33 ± 20.82 b
	60.00 ± 10.00 b
	66.67 ± 11.55 b

	Control +
	100.00 ± 0.00 a
	100.00 ± 0.00 a
	100.00 ± 0.00 a

	Witness -
	0.00 ± 0.00 d
	0.00 ± 0.00 e
	0.00 ± 0.00 e

	Significance (p)
	0.00
	0.00
	0.00


Within the same column, means marked with the same letter do not differ statistically at the 5% level (Newman Keuls Student's test).
3.1.3 Effect of essential oils on adult P. devastans
Mortality rates caused by A. sativum essential oil at concentrations of 1 to 5% ranged from 6.67 ± 5.77% to 56.67 ± 20.82% in 24 hours, from 13.33 ± 5.77% to 63.33 ± 15.27% in 48 hours and from 16.67 ± 5.77% to 63.33 ± 15.27% in 72 hours (Table 5). As for A. cepa essential oil at concentrations of 1 to 5%, adult mortality rates ranged from 6.67 ± 5.77% to 50.00 ± 20.00% in 24 hours, from 10.00 ± 0.00% to 53.33 ± 15.27% in 48 hours and from 10.00 ± 0.00% to 56.67 ± 11.55% in 72 hours (Table 6). In contrast, the chemical control had a mortality rate of 100% for the observation periods and 0% for the water control. Statistical analysis revealed a significant relationship between concentrations and mortality rates of P. devastans larvae.
Table5 : Chronological evolution of average mortality of P. devastans adults as a function of A. sativum essential oil concentration
	Essential oil concentrations (%)
	Average mortality (%)

	
	24 h
	48 h
	72

	1
	6.67 ± 5.77 c
	13.33 ± 5.77 c
	16.67 ± 5.77 c

	2
	13.33 ± 5.77 c
	20.00 ± 0.00 c
	23.33 ± 5.77 c

	5
	56.67 ± 20.82 b
	63.33 ± 15.27 b
	63.33 ± 15.27 b

	Control +
	100.00 ± 0.00 a
	100.00 ± 0.00 a
	100.00 ± 0.00 a

	Control -
	0.00 ± 0.00 d
	0.00 ± 0.00 d
	0.00 ± 0.00 c

	Significance (p)
	0.00
	0.00
	0.00


Within the same column, means marked with the same letter do not differ statistically at the 5% level (Newman Keuls Student's test).
Table6 : Chronological evolution of the average mortality of P. devastans adults as a function of the concentration of A. cepa essential oil
	Essential oil concentrations (%)
	Average mortality (%)

	
	24 h
	48 h
	72

	1
	6.67 ± 5.77 c
	10.00 ± 0.00 cd
	10.00 ± 0.00 cd

	2
	10.00 ± 0.00 c
	16.67 ± 5.77 c
	16.67 ± 5.77 c

	5
	50.00 ± 20.00 b
	53.33 ± 15.27 b
	56.67 ± 11.55 b

	Control +
	100.00 ± 0.00 a
	100.00 ± 0.00 a
	100.00 ± 0.00 a

	Control -
	0.00 ± 0.00 c
	0.00 ± 0.00 d
	0.00 ± 0.00 c

	Significance (p)
	0.00
	0.00
	0.00


Within the same column, means marked with the same letter do not differ statistically at the 5% level (Student's Newman Keuls test).
3.2 Comparison of the toxicity of Allium sativum and Allium cepa essential oils 
The lethal concentrations (LC50 and LC90 in %) of the essential oils of A. sativum and A. cepa 48 hours after application to Pseudotheraptus devastans larvae and adults were determined. The essential oil of A. sativum had the lowest LC50 and LC90 values, which were (0.27 ± 0.6% and 11.24 ± 0.57% for larvae; 3.82 ± 0.07% and 11.28 ± 0.17% for adults). In contrast, A. cepa had the highest LC50 and LC90 values (0.59 ± 0.51% and 38.16 ± 0.93% for larvae ; 4.84 ± 0.10% and 20.05 ± 0.25% for adults) (Table 7). 
Table7 : Lethal concentrations (LC50 and LC90 in %) of Allium sativum and Allium cepa essential oils 48 hours after application to Pseudotheraptus devastans larvae and adults.
	Aromatic plant
	Insect development stage
	N
	ddl
	Slope
	LC50 (%)
	LC90 (%)

	[bookmark: _Hlk139380440]A. sativum
	Larvae
	150
	3
	0.44
	0.27 ± 0.6
	11.24 ± 0.57

	A. cepa
	
	150
	3
	0.16
	0.59 ± 0.51
	38.16 ± 0.93

	A. sativum
	Adults
	90
	1
	-1.42
	3.82 ± 0.07
	11.28 ± 0.17

	A. cepa
	
	90
	1
	-1.42
	4.84 ± 0.10
	20.05 ± 0.25


LC50 : Lethal concentration killing 50% of the population ; LC90 : Lethal concentration killing 90% of the population ; Insect stage : Insect development stage ; N : Number of individuals tested ; df : degrees of freedom

4. Discussion 
The effectiveness of A. sativum and A. cepa essential oils varied according to their concentrations and the different stages of development (egg, larva and adult) of P. devastans. On 2-day-old eggs, A. sativum essential oil resulted in hatching rates ranging from 0% to 66.67%, depending on the concentration. As for A. cepa essential oil, it resulted in hatching rates ranging from 0% to 70.00% at different concentrations. As the hatching rates of untreated eggs were 100%, the low hatching rates obtained could be attributed to the ovicidal effect that these plant extracts may have. According, Ketoh et al. (2005) and Gotyal et al. (2014), depends on the dose and is thought to be due to the easy penetration of the active substances in the extracts through the delicate vitelline coating and chorion membrane. This would inhibit embryogenesis and, as a result, cause the death of the embryo, reducing hatching rates. Five-day-old eggs were much less sensitive than two-day-old eggs. This could explain the high hatching rate of older eggs due to the hardening of the chorion, which loses its permeability with age, thus reducing the penetration and action of the active substances in essential oils. This work is consistent with that of Doh et al. (2021). These authors showed that 2-day-old eggs of P. devastans were more sensitive than 5-day-old eggs to aqueous extracts of Ricinus communis and Zingiber officinale. In contrast, Tano et al. (2012) found that older eggs of Coelaenomenodera lameensis were more sensitive than younger eggs. The age of the eggs could therefore influence the ovicidal effect of plant extracts. 
The essential oils of both aromatic plants had a larvicidal effect. After application to the larvae, they caused the death of some of the individuals tested, depending on the concentrations used. This larval mortality could be due to the penetration of the bioactive components of the essential oils into the larva's body either orally or through the body wall (Singh et al., 2016). The bioactive components damage the epithelial alignment of the gut (Abdel-Shafy et al., 2009). Thus, the penetration of these components inhibits the production of ecdysone, leading to the death of the larvae, as reported by Islam et al. (2007). 
The essential oils also exhibited adulticidal activity at various times after treatment. The highest mortality rates were achieved with the highest concentrations after 72 hours. The test results reveal that there is a variation in insect mortality rates depending on the dose of essential oils used and the duration of exposure. These results corroborate those of Kim et al. (2003), who showed that the toxic effects of essential oils depend on the pest, the oil tested and the duration of exposure. A. savtivum essential oil caused the highest mortality rates compared to A. cepa essential oil. A comparison of their lethal concentrations reveals that A. sativum essential oil is more toxic than A. cepa essential oil at all stages of P. devastans development. These results corroborate those of Doh (2018), who showed that aqueous extracts of A. sativum were more toxic than those of A. cepa at all stages of P. devastans development. The effectiveness of A. sativum essential oil is mainly due to its sulphur compounds, whose anti-appetitive, repellent, insecticidal, and egg-laying and larval development disruptive properties have been demonstrated by several studies on various insect orders (Trematerra and Lanzotti, 1999 ; Auger et al., 1993).
Conclusion 
[bookmark: _Hlk197682619][bookmark: _Hlk180402183][bookmark: _Hlk183680988]This study revealed that essential oils extracted from the bulbs of A. sativum and A. cepa have insecticidal properties against P. devastans. They are also ovicidal and larvicidal. The essential oil of A. sativum was the most toxic. However, given the low oil yield of A. sativum and A. cepa bulbs, application in the field would be costly.
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