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			ABSTRACT

		

		
			The Mediterranean fruit fly (medfly), Ceratitis capitata, is a major problem for fruit production in Tunisia. Ceratitis was for long time treated with malathion as main conventional control method. Malathion upon repeated and prolonged use may cause resistance. In an attempt to reduce the insecticide residues in fruit, the government is trying to introduce the application of spinosad that was also reported to cause resistance under extensive use. The aim of this work was to monitor the susceptibility to malathion after prolonged use in wild caught tunisian Ceratitis as well as to spinosad after a survey carried out with farmers and to give precise informations about treatment management state. Surveys and sampling of the wild strain of Ceratitis capitata were conducted in several regions to learn about the nature and number of treatments. The samples were subjected to ingestion toxicity bioassays of malathion and spinosad at different concentrations. Histopathological effects of spinosad were also studied and showed that for doses up to LC50, annoying effects begin to appear in glial and neurosecretory cells. The LC50 for malathion was 75.61 ppm for the populations treated more than 6 times. Low levels of resistance are suspected and should be confirmed by molecular analyses for malathion. On the other hand, spinosad LC50 were 127.95 ppm and 22 ppm for field and laboratory population, respectively. Resistance phenomenon is suspected, a rotation of insecticides with different modes of action is desirable in insect resistance management programs.
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			Introduction

			The Mediterranean fruit fly (medfly), Ceratitis capitata (Wiedemann) (Diptera: Tephritidae), is considered as one of the most destructive pests in the world (Liquido et al., 1990; Liquido et al., 2013). In Tunisia despite repeated malathion-bait spray applications, medfly is a major problem for fruit production although data on exact losses are not published. Conventional control of medfly in Tunisia is based on aerial and ground chemical treatment. Aerial treatments are exclusively made in the Cap bon peninsula at the north east of the country, the main fruit growing area especially for citrus, by the national company “SONAPROV”, following the instructions of the Ministry of Agriculture. When the medfly populations tend upwards and their level reached the thresholds of 2-3 medflies/trap/day, the treatments were initiated totalising until 6 passages. However, the farmers either in the Cap bon area or in the other fruit growing areas are applying several chemical treatments with very toxic organophosphates (OPs) (Allister Vale, 2007; Jira et al., 2012), especially Malathion + Lysatex (food attractant) and Dimethoate reaching 10-12 applications (personnal observations, Boulahia khedher et al. 2012). Since repeated use of the same class of pesticides to control a pest can cause undesirable changes in the gene pool of a pest leading to a form of artificial selection which is pesticide resistance and given the important medfly infestation and reported losses we may interpret it as an increased tolerance to malathion among tunisian populations of medfly. Indeed resistance to malathion in the field has been reported for a number of insects, including some dipteran pests (Hughes et al., 1984; Hemingway, 1985; Raghavendra et al., 1998; Hsu and Feng, 2000). For medfly, Koren et al. (1984) reported its potential in developing resistance to malathion after 18 generations of selection in the laboratory and it was until 2007 that a Spanish team, Magana and colleagues, identified a resistance of a Spanish field population to malathion (Magana et al., 2007). The resistance to malathion and other organophosphorous insecticides (OPs) could be caused by mutations on the target site of the acetylcholinesterase (Mutero et al., 1994; Oakeshott et al., 2005), or the detoxification of the insecticide by metabolic enzymes (Ranson et al., 2002; Feyereisen, 2005). In the Spanish field-derived strain (W) a single point mutation Gly328Ala in the AChE gene (Ccace) is conferring some degree of resistance (Magana et al., 2007, 2008).

			On the other hand, the main trade partner of Tunisia for agricultural products is Europe; this is why the Tunisian government tends to follow the European regulations that are the strictest regarding imported goods. For some years now, the Ministry of Agriculture has been trying to use spinosad in the Takelsa region (North-ouest of the Cap Bon area), which has been declared a biologically productive area and where the use of chemical pesticides was banned. He has also been trying for two or three campaigns to replace at least one malathion treatment with spinosad in the main fruit growing citrus area. The Spinosad is a natural compound obtained from the fermentation products of the soil actinomycete Saccharopolyspora spinosa with an insecticidal activity on the insect nervous system (Salgado, 1998; Salgado and Sparks, 2005). Spinosad is considered as a substitute to organophosphates that is efficiently active against tephritidae (Gazit et al., 2013).

			Although natural, spinosad tolerance was reported for some fruit flies, such as for Bactrocera olea after the detection of an increased tolerance in areas where the insecticide has been more extensively used (Kakani et al., 2010). Likewise, for the Melon fly Bactrocera cucurbitae in Hawaii and Taiwan populations, where extensive treatments are applied (Hsu et al., 2012) and used even as a grain protector (Khan et al., 2018).

			Knowing the important medfly infestation rates from which suffers the fruit production sector in Tunisia and the importance of the treatments frequency, our aim with this study is to monitor the susceptibility to malathion and spinosad in wild caught tunisian medflies after a survey carried out with farmers and to give precise informations about treatment management state. 

			Materials and methods

			Ceratitis capitata wild strain field sampling

			Medflies were obtained from periodically fruit sampling from different orchards (2009-2017) after investigation on chemical treatments (TableI). Sampling concerned 7 localities in the governorates of Tunis, Ariana and Bizerte (Fig.1).

			Laboratory strain (Vienna 8 strain)

			The laboratory strain is a colony of the VIENNA 8 genetic sexing strain (GSS) maintained in the Tunisian Medfly rearing facility situated in the National Center of Nuclear Sciences and Technologies (CNSTN) since 2003 (Guerfali et al., 2007, 2011, 2018). Adult flies were fed with sugar: yeast (3:1) and water. The larval diet is based  
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			Fig. 1. Sampling localities of tunisian Ceratitis capitata populations.

			Table I.- Year of sampling, host and spraying regimens of the fruit orchards where C. capitata infested fruits were collected.

			
				
					
					
					
					
					
				
				
					
							
							 Area

						
							
							Population

						
							
							Year

						
							
							Fruit

						
							
							Treatment

						
					

					
							
							Bizerte /ElAlia 

							Bizerte/Laazib 

							Bizerte/Zwawin 

							Bizerte/ Raf Raf

							Ariana/ Sidi Thabet1 

							Ariana/ Sidi Thabet 2

							Ben Arous/ Mornag M

							Mannouba/ Jdaida 1

							Mannouba/ Jdaida 2

							Nabeul/Takilsa 

							Nabeul/Takilsa 

							Kairouan/ Sbikha 

						
							
							EABZ1209

							LAB1210

							ZWB20910

							BIRA0911

							STAR10810 

							STAR20611

							MOBE0811

							JDMA10911

							JDMA20611

							TKNA0411

							TKNA0917

							SBK0611

						
							
							2009

							2010

							2010

							2011

							2010

							2011

							2011

							2011

							2011

							2010

							2017

							2011

						
							
							Oranges

							Oranges

							Peaches

							Figs

							Figs

							Peaches

							Oranges

							Figs

							Oranges

							Pears

							Sour Orange

							Oranges

						
							
							4 /year Fyfanon 50EC

							6 /year Fyfanon 50EC

							Non-treated*

							3to5/yearFyfanon50EC

							15/year Envidor

							3/year Fyfanon 50EC

							Non -treated*

							5/year Ultracid

							Non-treated*

							6 /year Fyfanon 50EC

							Success appat

							3/year Fyfanon 50EC

						
					

				
			

			*Samples collected from non-treated parcels but their neighboring parcels were treated.

			on the formulation originally suggested by Tanaka et al. (1969). It contains wheat bran as a bulking agent (28%), torula yeast as a protein source (7%), sugar as a phagostimulant and carbohydrate source (14%), and water (50%). All the experiments were carried out under laboratory conditions (23°C ±1°C and 60% RH). This strain is maintained without exposure to insecticides. 

			Malathion and Spinosad susceptibility feeding bioassays

			For analyzing dose-response relationships of field and laboratory populations to malathion and spinosad at least 300 adults of medfly should be recovered from fruits collected across each infested field. Fruit samples were brought to the laboratory and placed in plastic trays. They were kept at an environmentally controlled rearing room, at a temperature of 26°C, until pupation occurred. Emerging adults from field-collected fruits (F0) were used for testing their susceptibility to each pesticide. At 3-5 d of maturity emerged adults were kept in ventilated plastic dishes (89 mm diameter, 23 mm high) fed with sugar: yeast (3:1) and water. Ten to 15 pupae were contained per plastic dish. The insecticide was used mixed with diet (feeding bioassay), as in the field the exposure to malathion and spinosad is mainly by ingestion (Magana et al., 2007, 2008; Arrouri et al., 2015). The insecticide used is a commercial formulation approved for the control of C. capitata in Tunisia: Malathion (Fyfanon 50EC), an emulsifiable concentrate of malathion 50% (wt:vol) and Spinosad (Success Appat, Dow AgroSciences Co.). Both pesticides were diluted in water and mixed with the diet to obtain a range of concentrations. The day before the test the adults are kept without food. Three to 5 d after emergence of adults, the rearing diet was replaced by diet containing the appropriate concentration of insecticide. The prepared diet consisted of 0.9g of the mixture sugar: yeast (3:1) diluted with 100µl of the insecticide desired concentration. For Malathion concentrations were 6, 10, 30, 60, 80, 100 and 300 ppm and for Spinosad the concentrations were 10, 20, 30, 40, 70, 100, 150, 200, 240 ppm. The control consisted of diet mixed with water. The susceptibility of the laboratory population was also investigated by ingestion of the two tested pesticides. Mortality is recorded for each replication per dose 48 h after setting. We performed nine replications per dose.

			Histopathological effect of spinosad on laboratory strain V8 of Ceratitis capitata

			Laboratory adults were dissected immediately after the bioassay and treatment with spinosad. The chosen individuals were those exposed to the LC50 dose of 22ppm, 70 ppm, 100 ppm and 240 ppm. The brain of each treated individual was removed and a Bouin’s fixative was used for a minimum of 24 h and a maximum of 48 h (Seroogy et al., 1988; Homberg et al., 1991). After fixation, brains were rinsed in phosphate buffered saline (PBS) five times, each time for 10 min at room temperature. The tissue was dehydrated through an ethanol series to toluen. Toluens were replaced with paraffin in increasing concentrations. Brains were placed in TissueTeck molds containing molten paraffin, mounted on TissueTek cassettes, and stored at -20°C for at least 24 h. Serial longitudinal sections at 7 microns were made by microtome (Redcamp 2030) and mounted on clean slides. Sections stained with Heidenhain’s stain (Gabe, 1968) and prepared for observation and photomicroscopy (Olympus).

			Data analyses

			Mortality data were used to estimate the concentrations needed to cause 50% mortality (LC50) by probit analysis using the computer program POLO-PC (LeOra Software, Berkeley, CA) (Russell et al., 1977) Which automatically corrected for control mortality by Abbott’s transformation. 

			Table II.- Susceptibility to malathion and Spinosad of wild populations of Ceratitis capitata.

			
				
					
					
					
					
					
					
					
					
					
				
				
					
							
							Population

						
							
							Host

						
							
							Treatment

						
							
							Bioassay

						
							
							N

						
							
							Slope±SE

						
							
							LC50

						
							
							Chi2

						
							
							d.f

						
					

					
							
							EABZ1209

						
							
							Orange

						
							
							Malathion

						
							
							Malathion

						
							
							240

						
							
							1.736±0.18

						
							
							46.39 (28.67-67.76)

						
							
							143,76

						
							
							43

						
					

					
							
							LABZ0210

						
							
							Orange

						
							
							Malathion

						
							
							Malathion

						
							
							280

						
							
							2.082±0.22

						
							
							48.74 (36.66-62.07)

						
							
							58,118

						
							
							34

						
					

					
							
							ZWBZ0910

						
							
							Peaches

						
							
							Non treated

						
							
							Malathion

						
							
							360

						
							
							1.98±0.23

						
							
							131.31 (96.12-200.15)

						
							
							41.25

						
							
							26

						
					

					
							
							BIRA0911

						
							
							Figs

						
							
							Malathion

						
							
							Malathion

						
							
							381

						
							
							2.19±0.24

						
							
							32.17 (26.27_39.47)

						
							
							13.92*

						
							
							18

						
					

					
							
							STAR0810

						
							
							Figs

						
							
							Envidor

						
							
							Malathion

						
							
							167

						
							
							1.34±0.28

						
							
							75.619 (33.61-138.18)

						
							
							17.94*

						
							
							13

						
					

					
							
							STAR0611

						
							
							Orange

						
							
							Malathion

						
							
							Malathion

						
							
							216

						
							
							1,793±0.54

						
							
							29.51 (6.44-43.01)

						
							
							10,71*

						
							
							10

						
					

					
							
							MOBE0811

						
							
							Figs

						
							
							Non treated

						
							
							Malathion

						
							
							382

						
							
							1.66±0.16

						
							
							28.72 (22.24-37.24)

						
							
							29.74*

						
							
							26

						
					

					
							
							JDMA10911

						
							
							Pears

						
							
							Ultracid

						
							
							Malathion

						
							
							281

						
							
							1.49±0.27

						
							
							27.14 (15.46-43.37)

						
							
							54.06*

						
							
							18

						
					

					
							
							JDMA20611

						
							
							Oranges

						
							
							Non treated

						
							
							Malathion

						
							
							234

						
							
							1.88±0.34

						
							
							18.98 (13.76-24.2)

						
							
							18.10

						
							
							13

						
					

					
							
							TKNA0411

						
							
							Pears

						
							
							Malathion

						
							
							Malathion

						
							
							188

						
							
							1.22±0.é”

						
							
							42.88 (40.53-45.23

						
							
							15.87*

						
							
							16

						
					

					
							
							TKNA0917

						
							
							Sour oranges

						
							
							Success Appât

						
							
							Success Appât

						
							
							270

						
							
							-0.25± 0.12 

						
							
							127.952 (99.75-99.75) 

						
							
							33.34

						
							
							25

						
					

					
							
							SBK0611

						
							
							Oranges

						
							
							Malathion

						
							
							Malathion

						
							
							336

						
							
							2.037±0.38

						
							
							15.08 (9.68-24.78)

						
							
							20.62*

						
							
							14

						
					

				
			

			All data are presented as means ± SE. Differences between groups were tested using one-way analysis of variance (ANOVA) (Stat graphics Centurion XVI) using the data that had previously been checked for normality (Finney, 1971).

			Results

			Susceptibility of field and laboratory populations to malathion

			The survey carried out within the farmers showed that 25% do not apply pesticide against medfly. Nonetheless, 75% of them are applying four to five treatments per year as they stated. The generation of the laboratory strain Vienna 8 was highly susceptible with mean LC50 of 33.12 ppm. The susceptibility status of field populations to malathion is shown in TableII. For all the field populations the mean LC50 varied between 15.08 (SBKA0611) and 131.13 ppm (ZWBZ0910). Nonetheless, six of the sampled populations were more susceptible to malathion than the laboratory population (15.08 ppm (SBKA0611), 18.98 ppm (JDMA20611), 27.14 ppm, (JDMA10911), 28.72 ppm (MOBE0811), 29.51 ppm (STAR 0611), 32.17 ppm (BIRA0911), respectively).

			Analysing the LC50 of field populations according to the frequency of treatments with malathion, we can notice a significant difference between the groups of treated populations (F=19.53, df1=3, df2=4, p<0.01). Figure2 indicates the LC50 according to the number of treatments. Group 1: 0 treatment, Group 2: 2-3 treatments, Group 3: 4-6 treatments and Group 4: more than 6 treatments. The LC50 is significantly increasing with the number of treatments increasing. Group 4 was 75.61 ppm for the populations treated more than 6 times. This group is 2-fold more resistant than the susceptible laboratory strain (33.12 ppm). 

			[image: ] 

			Fig. 2. LC50 of field populations according to the number of treatments. Group 1, 0 treatment; Group 2, 2-3 treatments; Group 3, 4-6 treatments; Group 4, more than 6 treatments.

			Susceptibility of field and laboratory populations to spinosad

			The susceptibility test for spinosad was carried out only for the field (Wild) population coming from Takelsa (TAK0917) because this area is treated with spinosad. The susceptibility of this population and laboratory strain of C. capitata to spinosad is significantly different (F=36.43, df1=4, df2=5, p<0.01). The LC50 of TAK0917 is about 127.95 ppm while in laboratory population the recorded LC50 is 22 ppm after 48 h. Laboratory population is highly susceptible to spinosad.

			[image: ]

			Fig. 3. Principle component analyses of LC50 in the different localities according to the frequency of treatments. The repartition is done on the plan Figure1 and 2.

			Histopathology

			The brain of the untreated adults showed the presence of neurosecretory and glial cells with condensed chromatin within the pars intercerebralis. While in the treated adults, we noticed some cells’ aspect change depending of the used dose. Indeed, for low doses such as 22 ppm no difference was observed from the untreated adults. However, we can notice a starting crystallisation within the cytoplasm (Fig.4C). For the doses 50 and 100 ppm we observed chromophobe cells with condensed chromatin (Fig.4D, E). Finally, at the dose 240 ppm which is the recommended dose for the field the glial cells are altered and cytoplasmic lesions are occurring for neurosecretory cells resulting in increased intercellular spaces. 

			Discussion

			Our survey that was conducted within the growers showed that the organization of the treatments is different from a grower to another. Nonetheless, the disparity of the medfly treatments demonstrated that 75% of them are treating 4-5 times a year which can be considred as a relatively high selection pressure. However, we noticed during the survey that the level of education of the farmers is of prime importance and related to their application of the treatments especially that some of them have difficulties to identify the medfly and the corresponding pesticide, although the pesticides are distributed by the government through the interprofessional group of fruits (GIF). 
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			Fig. 4. Brain structure within Ceratitis adults treated with spinosad: A and B, controls; C, 22ppm; D, 50 ppm; E, 100 ppm; F, 240 ppm. Heidenhain’s stain x1000. GC, glial cells; NSC, neurosecretory cells.

			However, through this survey we tried to collect reliable information from the growers themselves because in previous field sampling operations, some of them stated that they treat 10 to 12 times a year as was observed by Khedher et al. (2012). We suspect that some of them feared the survey and didn’t declare the exact number of the treatments. Interestingly the LC50 in our case is increasing accordingly to the frequency of treatments. However, the highest obtained LC50 was 75.61ppm for more than 6 treatments. Although in Spain, in the communidad of Valencia 5 to 10 treatments/yr were applied and this was sufficient for the flies to develop a resistance with values of the LC 50 varying between 1000 and 3000 ppm (Magana et al., 2007). Nonetheless, low levels of resistance to malathion were also detected in field populations subjected to only one ground treatment per year or collected from fields that have not been treated, with values of the LC50 varying between 100 and 500 ppm suggesting that the resistant flies might have already dispersed from areas with high selection pressure to untreated areas. For this reason, we also analyzed adults coming from untreated fields. Moreover, the population coming from the locality of Zwawin (ZWBZ0910), where the farmers indicated after investigation that there is no treatment delivered, the value of LC50 is about 131.31ppm. This population has a significant low tolerance to the malathion compared to the laboratory strain (4-fold). Magana et al. (2007) considered that values of LC50 between 100 and 500ppm are considered to be low level of resistance. 

			These findings let us to suppose that in Tunisian medfly populations, low levels of resistance are already established, whereas we still need to investigate for high levels of resistance. 

			As the resistance to malathion and other organophosphorous insecticides (OPs) could be caused by mutations on the target site of the acetylcholinesterase (Mutero et al., 1994; Oakeshott et al., 2005), thus it is necessary to investigate whether these or other mutations are present in survivals with the highest LC50 values in order to obtain a coding sequence of the AChE gene for C. capitata (Ccace).

			Magana et al. (2008), demonstrated that in the resistant strain (W) established from a field population collected in eastern Spain (Castellon) in 2004 and of which each generation was treated with malathion (about 3000ppm for 24–48 h), in order to maintain the selection pressure (50–70% of mortality); the resistance is multifactorial, with a single point mutation Gly328Ala in the AChE conferring some degree of resistance. This was also observed with other insects such as the 49R strain of the house fly, the Gly328Ala mutation is the only mutation observed, and it confers highest insensitivity to malaoxon (Walsh et al., 2001). Similarly, in a survey of D. melanogaster populations, three strains carrying only the Gly328Ala mutation were detected (Menozzi et al., 2004). In the case of the Tunisian strain, investigations should be carried at the molecular level to detect Single Nucleotide Polymorphism (SNP) with population presenting the highest LC50. It is worth mentioning that ElFekih et al. (2014) reported that they detected this mutation in Tunisian malathion treated populations (6 treatments/year) collected from only one area i.e. Bizerte. One out of the 27 collected flies was heterozygous for the mutation. This work reinforces our hypothesis about the probable existence of resistance within the wild strain of the Tunisian medfly population. 

			But we should note that previous studies reported other point mutation in the AChE gene, such as the glycine-serine substitution (G488S) in B. oleae (Vontas et al., 2002) as well as the substitution (Q643R) found in B. dorsalis (Hsu and Feng, 2006). These mutations are also of great interest and should be investigated.

			Spinosad was for long time considered as a good candidate and an alternative for the management of resistance problems. However, this is a misconception since it was demonstrated as for malathion, the appearance of relatively high levels of tolerance in areas where spinosad was routinely used (Kakani et al., 2010). The current level of tolerance in Tunisian field populations is satisfactory, 127 ppm is achieving 50% of mortality while the recommended dose in the field is 240 ppm. However, survivals from the bioassay doses that are up to the LC50 should be investigated and further analyzed. Anyway, our histopathology analyses on the laboratory strain have proved interesting and showed that for doses up to LC50, annoying effects begin to appear in glial and neurosecretory cells. This is interesting since the glial cells are implicated in mediating and regulating behavior and physiology within adult insects (Jackson et al., 2014). They are involved in different important pathways such as metabolic homeostasis, lipid metabolism and long term memory, which make their damage critical even for the survivors. 

			Thus, we could not neglect the important role of the treatments management in the appearance of resistance. For instance in the Spanish population other operational factors may have contributed to the development of resistance such as the higher amounts of active ingredient used in the formulations, the expansion of extra early varieties of citrus extremely sensitive to the attack of medfly, and the switch from control measures based on malathion and fenthion to only malathion (Magana et al., 2007, 2008). In Tunisia the management of the treatment is differing between neighbour growers and different from a year to another. This kind of management may be the cause of the breaking of the selection pressure suffered by flies. The absence of resistance mutation does not mean that growers do not apply too many insecticides but that there is a random application. Malathion is used in Tunisia since 50 years, its use is banned from the European union since 2009, which is restrictive also for the fruits export, using spinosad as an alternative or a substitute will, with time, also conduce to tolerance. 

			An exclusive use of malathion and spinosad generate resistance. A cross-resistance phenomenon was also detected for laboratory strain of B. dorsalis between malathion and spinosad (Hsu and Feng, 2006). Thus a long term use of one pesticide or the other, even in rotation, for an integrated pest management program can be problematic. A rotation of insecticides with different modes of action and that does not show cross-resistance is desirable in insect resistance management programs. 

			Conclusion

			A resistance phenomenon is suspected for malathion. This resistance can also take place with spinosad even if it is a biological pesticide. A rotation of insecticides with different modes of action is desirable in insect resistance management programs. Integrating biological methods to use pesticides in a sustainable way can help reduce the risk of resistance.
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The Mediterranean fruit fly (medfly), Ceratitis capitata, is a major problem for fruit production in Tunisia. ance, Histopathological.
Ceratitis was for long time treated with malathion as main conventional control method. Malathion upon DOI: hitps-/Adx-dotorgHo17582/—

repeated and prolonged use may cause resistance. In an attempt to reduce the insecticide residues in fruit,
the government is trying to introduce the application of spinosad that was also reported to cause resistance ] OUITIA
under extensive use. The aim of this work was to monitor the susceptibility to malathion after prolonged *

1.pjz/20190102150141
Corresponding author: msaad

use in wild caught tunisian Ceratitis as well as to spinosad after a survey carried out with farmers and to tn@yahoo.fr
give precise informations about treatment management state. Surveys and sampling of the wild strain of 0030-9923/2020/0004-1407 $

Ceratitis capitata were conducted in several regions to learn about the nature and number of treatments.
The samples were subjected to ingestion toxicity bioassays of malathion and spinosad at different

9.00/0

concentrations. Histopathological effects of spinosad were also studied and showed that for doses up to Copyright 2020 Zoological Society
LC,,, annoying effects begin to appear in glial and neurosecretory cells. The LC, for malathion was 75.61 of Pakistant

50

ppm for the populations treated more than 6 times. Low levels of resistance are suspected and should be
confirmed by molecular analyses for malathion. On the other hand, spinosad LC, were 127.95 ppm and
22 ppm for field and laboratory population, respectively. Resistance phenomenon is suspected, a rotation
of insecticides with different modes of action is desirable in insect resistance management programs.

INTRODUCTION

he Mediterranean fruit fly (medfly), Ceratitis capitata

(Wiedemann) (Diptera: Tephritidae), is considered as
one of the most destructive pests in the world (Liquido
et al., 1990; Liquido et al., 2013). In Tunisia despite
repeated malathion-bait spray applications, medfly is a
major problem for fruit production although data on exact
losses are not published. Conventional control of medfly in
Tunisia is based on aerial and ground chemical treatment.
Acrial treatments are exclusively made in the Cap bon
peninsula at the north east of the country, the main fruit
growing area especially for citrus, by the national company
“SONAPROV”, following the instructions of the Ministry
of Agriculture. When the medfly populations tend upwards
and their level reached the thresholds of 2-3 medflies/
trap/day, the treatments were initiated totalising until 6
passages. However, the farmers either in the Cap bon area
or in the other fruit growing areas are applying several
chemical treatments with very toxic organophosphates
(OPs) (Allister Vale, 2007; Jira ef al., 2012), especially
Malathion + Lysatex (food attractant) and Dimethoate
reaching 10-12 applications (personnal observations,

Boulahia khedher ef al. 2012). Since repeated use of
the same class of pesticides to control a pest can cause
undesirable changes in the gene pool of a pest leading to a
form of artificial selection which is pesticide resistance and
given the important medfly infestation and reported losses
we may interpret it as an increased tolerance to malathion
among tunisian populations of medfly. Indeed resistance
to malathion in the field has been reported for a number
of insects, including some dipteran pests (Hughes ef al.,
1984; Hemingway, 1985; Raghavendra ef al., 1998; Hsu
and Feng, 2000). For medfly, Koren ef al. (1984) reported
its potential in developing resistance to malathion after
18 generations of selection in the laboratory and it was
until 2007 that a Spanish team, Magana and colleagues,
identified a resistance of a Spanish field population
to malathion (Magana et al., 2007). The resistance to
malathion and other organophosphorous insecticides
(OPs) could be caused by mutations on the target site of the
acetylcholinesterase (Mutero ef al., 1994; Oakeshott ef al.,
2005), or the detoxification of the insecticide by metabolic
enzymes (Ranson ef al., 2002; Feyereisen, 2005). In the
Spanish field-derived strain (W) a single point mutation
Gly328Ala in the AChE gene (Ccace) is conferring some
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