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			ABSTRACT

		

		
			The Musca domestica is a serious hygienic pest of poultry, humans, and livestock facilities with the immense ability for resistance development against chemical insecticides. The current study aimed to evaluate the susceptibility and resistance status of M. domestica against different classes of insecticides. For this purpose, adult M. domestica populations were collected from five different localities of Sargodha division (Sargodha, Khushab, Jauharabad, Mianwali, and Bhakkar), Punjab, Pakistan, and tested against selected insecticides. The resistance ratios (RR) at LC50 ranged from 10.32-35.37 folds for deltamethrin, 17.49-38.13 folds for fipronil, and 10.70-18.81 folds for chlorpyrifos. The RR values at LC50 for imidacloprid and pyriproxyfen ranged from 4.35-28.0 and 10.56-21.45 folds, respectively. The study showed varying levels of resistance in M. domestica populations from area to area and from insecticide to insecticide. Therefore, to control resistance development in M. domestica from livestock facilities, inappropriate and excessive use of insecticides must be controlled through proper mechanisms and strategies.
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			INTRODUCTION

			Musca domestica is found in almost all habitats but is more common in warmer areas and is a pest of poultry and dairy (Scott et al., 2000; Kaufman and Rutz, 2002; Kaufman et al., 2005; Acevedo et al., 2009). It is a potential vector for various zoonotic diseases like typhoid, dysentery, cutaneous diphtheria, and trachoma and transmits more than 100 pathogens like viruses, helminth, protozoa, and bacteria etc. (Kumar et al., 2013). In Pakistan, climatic conditions are favorable for reproduction and development of M. domestica and warmer summer is optimal for its shorter life cycle. The average life span of a M. domestica is 21 days. It has a fast reproductive rate and a single female can lay up to 900 eggs (Abbas et al., 2014; Khan and Akram, 2014; Scott et al., 2014).

			Mostly chemical control methods are used to control flies. These methods play a vital role during the disease epidemics as they provide rapid and effective control. Different types of insecticides are used to overcome vector-borne diseases (World Health Organization, 2006). Four main groups of insecticides that are used to control these disease vectors are organophosphate, carbamates, neonicotinoids, and pyrethroids (World Health Organization, 2006; Ahmad et al., 2009; Tian et al., 2011; Khan et al., 2017). The insecticidal spray plays an integral role in sustainable livestock production and agriculture to control insect pests (Hemingway and Ranson, 2000). Unfortunately, insecticides are not used judiciously. Farming communities do not follow the labelled recommendations of insecticides and frequently apply overdose of the insecticide (Khan et al., 2013). Therefore, due to repetitive and sequential use of the same insecticide or an insecticide with the same mode of action, insect pests such as M. domestica develop resistance against these insecticides (White et al., 2007). 

			Musca domestica has various biological characteristics which help it in resistance development, for example, their ability to cope with different environmental conditions, increased fecundity, and a short development period (Khan et al., 2013; Kaufman et al., 2010). Insecticidal resistance turned into an alarming situation, as in the last 30 years the number of resistant insect pests has increased a lot and in 2009 the number of resistant insect species was 600 (Ambethgar, 2009). According to the pesticides resistance database, from the 20 top resistant arthropod pests, M. domestica is at number one (Whalon et al., 2012).

			Considering the significance of M. domestica and its ability to develop resistance against various insecticides, the present study was designed to monitor the resistance level in M. domestica collected from different localities of Punjab Pakistan viz., Khushab, Jauharabad, Mainwali, and Bhakkar, against the insecticides deltamethrin, fipronil, chlorpyrifos, imidacloprid, and pyriproxyfen. The objectives of the study were to investigate the resistance status of M. domestica against these selected insecticides and to find out more effective insecticides in controlling this insect pest from study area.

			MATERIALS AND METHODS

			Insects

			Adult Musca domestica populations were collected from five different areas of division Sargodha viz., Sargodha (32° 4’ 56’’ N, 72° 40’ 8.8608’’ E), Khushab (32°17’48 N, 72°21’9 E), Jauharabad (32.2899° N, 72.2719° E), Mainwali (32.5839° N, 71.5370° E), and Bhakkar (31.6082° N, 71.0854° E), and transferred to the laboratory for rearing. The adult flies were kept in mesh cages (40 × 30 × 30 cm3) and fed with 1:1 ratio of powdered milk, icing sugar and water. The rearing medium for maggots was prepared in the laboratory in semi-transparent plastic jars by soaking cotton oilcake in water in order to develop a foul smell. Once the foul smell was developed, the collected flies were transferred to rearing media and the second instar larvae were used for larvicidal bioassay. The insects were maintained at 60 percent relative humidity, 25℃, and 12 h light/dark cycle. Bioassays were performed on the F1 generation ﬂies collected from the ﬁeld. The laboratory susceptible strain (lab) was acquired from places where insecticide use was low. The lab strain was not totally susceptible, but its LC50 values were significantly lower, thus it was utilized to compare with field strain.

			Insecticides 

			For residual bioassay, five insecticides of the technical grade deltamethrin, fipronil, chlorpyrifos, imidacloprid, and pyriproxyfen were used. For each insecticide, four different concentrations were prepared i.e. Deltamethrin: 0.125, 0.185, 0.25 and 0.375 ml/2ml; Fipronil: 0.52, 1.05, 2.1 and 3.15 ml/2ml; Chlorpyrifos, 3.35, 4.2, 5 and 7.5 ml/2ml; Imidacloprid: 2.52, 5.4, 10.2 and 21 ml/2ml: Pyriproxyfen: 0.84, 1.26, 1.68 and 2.5 ml/2ml. The control groups were treated with water and acetone separately.

			Adulticidal bioassay technique

			To check the resistance status of M. domestica a residual bioassay technique was used. For preparation of impregnated filter papers, World health organization recommended (WHO, 2006) procedure was used. Filter papers were cut according to the size (12×14cm) of WHO recommended bioassay cones. Concentrations (dilutions) of each insecticide were prepared by using acetone as solvent. Two ml of each dilution was necessary for impregnation of filter paper. Therefore, each filter paper was dipped in 2ml of dilution and then dried. For control groups filter papers were dipped in acetone and water separately. 

			Bioassays for field strains and lab strain were performed on the F1 generation. The lab strain (laboratory susceptible strain) originated from an area where the use of insecticides was low and the strain was maintained in the lab without exposure to any kind of insecticide. Lab strain was not completely a susceptible strain but had very low LC50 values for insecticides. This particular strain was used as a baseline strain for resistance (Ahmed and Arif, 2009).

			Insecticide-treated and control groups were separated and each susceptibility tube contained 15 flies. Sugar, condensed milk, and water paste were provided to both groups till satiation. In each treated group, flies were exposed to insecticides impregnated filter paper while in the control groups; flies were given exposure to acetone and distilled water impregnated filter papers separately. Flies were exposed for one hour before being transferred to clean bioassay susceptibility tubes for observation of next 48 h. Data on mortality were collected every 12 h interval till 48 h. The flies that survived 48 h after being exposed to an insecticide were classified as resistant. According to Kaufman et al. (2010b) water containing 10% sugar was provided to flies during 48 h observation period. Three replicated experiments were performed for insecticides and control groups.

			Larvicidal bioassay technique

			To check the resistance status of M. domestica larvae against Insect growth regulator, a residual bioassay technique was used with filter papers of the same size as mentioned in the adulticide bioassay. Third instar larvae were used for bioassays in order to get same age of maggots. Each filter paper was wet with 2ml of solution. The filter paper was then allowed to dry, cut with the help of scissors according to a diameter of the petri dish (9.2 mm). Each petri dish was labelled and was provided with cotton soaked in a solution containing caster sugar, powdered milk, and yeast. Fifteen maggots were used in each experiment. One h exposure of insecticide impregnated filter paper was given in each petri dish and after one h, the filter paper was removed and larvae were observed for 24 h. Those larvae that were unable to move and changed their color from skin to dark brown after 24 h of exposure to insect growth regulator (IGR) were considered dead, while those that survived were considered as resistant. All the bioassay experiments were repeated thrice.

			Data analysis

			To assess the values of LC50, slope, and Chi-square, the probit analysis was done using SPSS software; data were corrected using the Abbott formula (Abbott, 1925). Resistance ratios were obtained by comparing LC50 values of the field and lab strains. 

			RESULTS

			Musca domestica from all localities showed less mortality against different concentrations of deltamethrin. At 0.125 mg/2ml concentration, the highest mortality (31.1%) in M. domestica population was observed from Bhakkar followed by 26.6%, 6.6%, 4.6%, and 4.4%, from Mianwali, Jauhrabad, Khushab, and Sargodha, respectively. The almost similar trend with slight variation was also observed at 0.185 mg/2ml concentration, as M. domestica population from Bhakkar revealed highest mortality (42.2%) whereas lowest mortality (8.8%) was observed from Khushab. Musca domestica population from Mianwali, Jauhrabad and Sargodha showed following trend, 33.3%, 11.9%, and 11.1% mortality, respectively. At 0.25 mg/2ml concentration 55.5% mortality was observed from Bhakkar followed by Mianwali (42.2%), Jauhrabad (26.6%), Khushab (22.2%), and Sargodha (17.7%). At 0.375mg/2ml concentration the same mortality trend was observed. The lab strain showed slight increase in the mortality with increase in concentration of deltamethrin. The results showed that the resistance ratio (RR) for deltamethrin ranged 10.32-35.37 folds. The strain collected from Sargodha revealed the highest resistance ratio, whereas the strain collected from Bhakkar showed the lowest resistance ratio (Table I).

			Flies from all localities showed moderate mortality against different concentrations of fipronil. At 0.52 mg/2ml concentration the M. domestica from Mianwali exhibited highest mortality (56.6%) followed by, Jauharabad, Bhakkar, Khushab and Sargodha, respectively. At 1.05 mg/2ml concentration the similar trend was also observed as M. domestica population from Mianwali revealed highest mortality (65.5%) followed by Khushab, Jauharabad, Bhakkar, and Sargodha. At 2.1 mg/2ml concentration, 69.9% was recorded from Mianwali whereas M. domestica from Jauharabad, Khushab, Bhakkar and Sargodha revealed 63.8%, 63.3%, 61.1% and 59.9% mortality, respectively. At 3.15mg/2ml trend of mortality was also similar with slight variation in Jauharabad, as highest mortality (73.3%) was recorded from Maianwali whereas M. domestica from Sargodha showed lowest mortality (64.4%). Musca domestica from Bhakkar, Jauharabad, and Khushab exhibited following trend 69.9%> 68.8%>67.7%. The lab strain showed slight increase in mortality with increase in concentration i.e., 0.52 mg/2ml (86.6%), 1.05 mg/2ml (88.8%), 2.1 mg/2ml (92.2%), and 3.15 mg/2ml (95.5%) (Supplementary Table II). Resistance ratio ranged 17.49-38.13 folds. Of five field strains tested against fipronil, four had a moderate level of resistance (23.28-38.17 folds) and one had a low level of resistance (17.49 fold) (Table I). 

			For chlorpyrifos at 3.35mg/2ml concentration M. domestica from Bhakkar showed highest mortality (81.1%), followed by Mianwali Jauharabad, Khushab and Sargodha. At 4.2mg/2ml concentration the trend of mortality as also same as highest mortality (83.3%) was observed from Bhakkar whereas lowest mortality (77.7%) was recorded from Sargodha. Musca domestica from Mianwali, Jauharabad, and Khushab revealed 81.1%, 80.0% and 79.9% mortality, respectively. At 5mg/2ml concentration 85.5% mortality was observed from Bhakkar followed by 83.3%, 82.2%, 81.1%, and 79.9% from Mianwali, Jauharabad, Khushab, and Sargodha respectively. At 7.5mg/2ml concentration the trend of mortality was also same, Bhakar > Mianwali > Jauharabad> Khushab >Sargodha (80%). The lab strain showed slight increase in mortality with increase in concentration (Supplementary Table III). For chlorpyrifos, resistance ratio ranged 10.70-18.81. The highest value of RR was found in the flies from Sargodha and lowest value of RR was found in the flies collected from Khushab (Table I). 

			For imidacloprid at 2.52mg/2ml concentration M. domestica from Bhakkar revealed highest mortality (81.1%) followed by Mianwali, Khauhab, Sargodha and Jauharabad (69.9%). At 5.2mg/2ml concentration the trend of mortality was also same with slight variations, as highest mortality (85.5%) was observed from Bhakkar, whereas M. domestica from Sargodha revealed lowest mortality, (74.4%). Housefly from Mianwali, Khushab and Jauharabad showed 77.7%, 76.6% and 75.5% mortality, respectively. At 10.2mg/2ml concentration 88.8% mortality was observed from Bhakkar, followed by 80%, 79.9%, 79.1%, and 78.8%, from Khushab, Sargodha, Mianwali, and Jauharabad, respectively. At 21mg/2ml concentration, the highest mortality was observed from Bhakkar (91.1%), whereas lowest mortality was observed from Jauharabad (81.2%).

			Table I. Toxicity of insecticides against M. domestica from livestock farms in Sargodha, Punjab, Pakistan.

			
				
					
					
					
					
					
					
					
					
				
				
					
							
							Insecticides

						
							
							Populations

						
							
							N

						
							
							LC50[µgm/ml] (95%Cl)

						
							
							Slope (± SE)

						
							
							χ2

						
							
							df

						
							
							RR

						
					

					
							
							Deltamethrin

						
							
							Lab Strain

						
							
							225

						
							
							11.11 (8.67-16.93)

						
							
							0.66(±0.39)

						
							
							0.10

						
							
							2

						
							
					

					
							
							
							Sargodha

						
							
							225

						
							
							393.04(378.37-418.92)

						
							
							2.02(±0.72)

						
							
							0.27

						
							
							2

						
							
							35.37

						
					

					
							
							
							Khushab

						
							
							225

						
							
							278.51(201.32-318.52)

						
							
							2.62(±0.72)

						
							
							0.69

						
							
							2

						
							
							25.06

						
					

					
							
							
							Jauharabad

						
							
							225

						
							
							250.94(186.34-298.56)

						
							
							2.54(±0.61)

						
							
							0.84

						
							
							2

						
							
							22.58

						
					

					
							
							
							Mianwali

						
							
							225

						
							
							209.44(167.58-245.62)

						
							
							1.17(±0.55)

						
							
							0.15

						
							
							2

						
							
							18.85

						
					

					
							
							
							Bhakkar

						
							
							225

						
							
							114.72 (88.59-156.23)

						
							
							1.88(±0.55)

						
							
							0.16

						
							
							2

						
							
							10.32

						
					

					
							
							Fipronil

						
							
							Lab Strain

						
							
							225

						
							
							6.96 (4.78-8.48)

						
							
							0.67(±0.29)

						
							
							0.49

						
							
							2

						
							
					

					
							
							
							Sargodha

						
							
							225

						
							
							265.43(209.82-298.71)

						
							
							0.44(±0.21)

						
							
							0.26

						
							
							2

						
							
							38.13

						
					

					
							
							
							Khushab

						
							
							225

						
							
							187.98(165.52-218.62)

						
							
							0.49(±0.21)

						
							
							0.12

						
							
							2

						
							
							27.00

						
					

					
							
							
							Jauharabad

						
							
							225

						
							
							162.06(139.24-197.38)

						
							
							0.46(±0.21)

						
							
							0.16

						
							
							2

						
							
							23.28

						
					

					
							
							
							Mianwali

						
							
							225

						
							
							121.79 (89.67-143.72)

						
							
							0.56(±0.21)

						
							
							0.12

						
							
							2

						
							
							17.49

						
					

					
							
							
							Bhakkar

						
							
							225

						
							
							212.08(187.62-243.73)

						
							
							0.51(±0.210

						
							
							0.83

						
							
							2

						
							
							30.45

						
					

					
							
							Chlorpyrifos

						
							
							Lab Strain

						
							
							225

						
							
							12.11 (8.23-14.92)

						
							
							0.53(±0.65)

						
							
							0.15

						
							
							2

						
							
					

					
							
							
							Sargodha

						
							
							225

						
							
							227.90(196.63-256.79)

						
							
							0.79(±0.56)

						
							
							0.007

						
							
							2

						
							
							18.81

						
					

					
							
							
							Khushab

						
							
							225

						
							
							129.60(103.02-155.78)

						
							
							0.68(±0.5)6

						
							
							0.20

						
							
							2

						
							
							10.70

						
					

					
							
							
							Jauharabad

						
							
							225

						
							
							140.81(121.38-168.47)

						
							
							0.71(±57)

						
							
							0.04

						
							
							2

						
							
							11.62

						
					

					
							
							
							Mianwali

						
							
							225

						
							
							152.78(137.58-178.82)

						
							
							0.79(±59)

						
							
							0.03

						
							
							2

						
							
							12.61

						
					

					
							
							
							Bhakkar

						
							
							225

						
							
							132.15(115.29-162.95)

						
							
							0.80(±60)

						
							
							0.04

						
							
							2

						
							
							10.91

						
					

					
							
							Imidacloprid

						
							
							Lab Strain

						
							
							225

						
							
							6.44 (13.82-18.62)

						
							
							0.38(±0.24)

						
							
							0.09

						
							
							2

						
							
					

					
							
							
							Sargodha

						
							
							225

						
							
							169.76(137.62-198.68)

						
							
							0.46(±0.20)

						
							
							0.10

						
							
							2

						
							
							26.36

						
					

					
							
							
							Khushab

						
							
							225

						
							
							180.81(167.27-209.97)

						
							
							0.48(±0.20)

						
							
							0.01

						
							
							2

						
							
							28.07

						
					

					
							
							
							Jauharabad

						
							
							225

						
							
							109.07 (89.37-135.63)

						
							
							0.39(±0.20)

						
							
							0.08

						
							
							2

						
							
							16.93

						
					

					
							
							
							Mianwali

						
							
							225

						
							
							28.06 (21.82-47.37)

						
							
							0.32(±0.20)

						
							
							0.03

						
							
							2

						
							
							4.35

						
					

					
							
							
							Bhakkar

						
							
							225

						
							
							74.01 (58.62-89.06)

						
							
							0.41(±0.21)

						
							
							0.04

						
							
							2

						
							
							11.49

						
					

					
							
							Pyriproxyfen

						
							
							Lab Strain

						
							
							225

						
							
							3.21 (1.98-5.11)

						
							
							0.49(±0.46)

						
							
							0.04

						
							
							2

						
							
					

					
							
							
							Sargodha

						
							
							225

						
							
							43.80 (32.79-63.65)

						
							
							0.63(±0.40)

						
							
							0.21

						
							
							2

						
							
							13.64

						
					

					
							
							
							Khushab

						
							
							225

						
							
							33.90 (49.04-75.86)

						
							
							0.62(±0.41)

						
							
							0.18

						
							
							2

						
							
							10.56

						
					

					
							
							
							Jauharabad

						
							
							225

						
							
							68.87 (49.04-75.86)

						
							
							0.85(±0.42)

						
							
							0.18

						
							
							2

						
							
							21.45

						
					

					
							
							
							Mianwali

						
							
							225

						
							
							59.23 (41.06-76.83)

						
							
							0.86(±0.43)

						
							
							0.17

						
							
							2

						
							
							18.45

						
					

					
							
							
							Bhakkar

						
							
							225

						
							
							63.40 (47.82-79.62)

						
							
							0.72(±0.40)

						
							
							0.14

						
							
							2

						
							
							19.75

						
					

				
			

			Musca domestica population from Khushab, Sargodha and Mianwali showed following trend 84%>83.3%>82.2%. The lab strain showed slight increase in mortality with increase in concentration i.e., 2.52mg/2ml (84.4%), 5.2mg/2ml (86.6%), 10.2mg/2ml (90%) and 21mg/2ml (91%) (Supplementary Table IV). Resistance ratio ranged 4.35-28.07 folds. Of five field strains tested against imidacloprid, two had a moderate level of resistance (26.36-28.07 folds), two had low level of resistance (11.43-16.93 folds) and one had a very low level of resistance (4.35 fold) (Table I). 

			For pyriproxyfen at 0.84mg/2ml, concentration M. domestica from Mianwali revealed highest mortality (77.7%) followed by Jauharabad, Khushab, Bhakkar, and Sargodha. At 1.26mg/2ml concentration the highest mortality was observed from Khushab (79.9%) whereas house flies from Bhakkar exhibited lowest mortality (75.5%). Musca domestica from remaining cities showed following trend i.e., Mianwali>Jauharabad >Sargodha. At 1.68mg/2ml concentration M. domestica from Mianwali showed highest mortality (84.4%), followed by 81.1%, 80.9%, 80.0%, and 78.8% from Jauharabad, Khushab, Sargodha, and Bhakkar, respectively. At 2.5 mg/2ml concentration M. domestica from Mianwali exhibited 87.7% mortality followed by Juaharabad (86.6%), Bhakkar (83.9%), Khushab (83.3%) and Sargodha (81.1%). whereas lab strain exhibited 87.7% mortality (Supplementary Table V). Resistance ratio ranged from 10.56-21.45 folds. The highest value of RR was recorded in the house flies collected from Jauharabad and lowest value of RR was found in flies collected from Khushab (Table I).

			The present study showed varying level of resistance in house flies populations from area to area and insecticide to insecticide. In Sargodha, chlorpyrifos exhibited highest mortality followed by imidacloprid, pyriproxyfen, fipronil and deltamethrin. In Khushab, the following trend of mortalities was observed, chlorpyrifos > pyriproxyfen > imidacloprid > fipronil > deltamethrin. In Jauharabad, again chlorpyrifos was found to be more effective as it showed highest mortality rate followed by pyriproxyfen, Imidacloprid, fipronil, and deltamethrin. The following of mortalities were observed from Mianwali, chlorpyrifos > pyriproxyfen)> imidacloprid > fipronil > deltamethrin. In Bhakkar, imidacloprid exhibited highest mortality followed by chlorpyrifos, pyriproxyfen, fiproniland deltamethrin. Overall deltamethrin, chlorpyrifos and Imidacloprid revealed highest mortalities from Bhakkar as compared to other localities whereas fipronil and pyriproxyfen are found to be more effective in Mianwali.

			DISCUSSION

			Resistance against insecticides is a serious issue to control the pests of health and agriculture (Scott et al., 2000) and as a result, their application rates have increased. Other biological features that enhance resistance development include adaptation to varied settings, shorter developing period, higher fecundity and cross-resistance (Kaufman et al., 2010a). Many scientific publications on the development of pesticide resistance in the M. domestica may be found all over the world (Scott et al., 2000; Tang et al., 2002; Kristensen and Jespersen, 2003; Kristensen et al., 2004; Deacutis et al., 2006; Acevedo et al., 2009; Bell et al., 2010; Memmi, 2010; Kaufman et al., 2010b; Khan et al., 2013).

			The M. domestica populations were collected from five different localities of Punjab, Pakistan, and tested for resistance against insecticides belonging to pyrethroid, organophosphate, neonicotinoid, phenylpyrazoles, and Insect growth regulator groups. Varied resistance level was noted in M. domestica populations collected from different livestock facilities.

			The current bioassay results showed a low to moderate resistance level to deltamethrin. M. domestica resistance against deltamethrin insecticide has been evaluated from different countries by different scientists such as Cao et al. (2006) from Northern China, Akinar and Coglar (2012) from Turkey, Sarifard and Safdari (2013) from Iran, Khan et al. (2017) from Punjab, Pakistan, and Wang et al. (2019) from Zheijang, China. The widespread use of pyrethroid insecticides to control livestock pests is due to their possible low mammalian toxicity and rapid mode of action. However, resistance can drive through several mechanisms such as modification of target site. Target site resistance is mainly linked with interference of electronic signaling in the nervous system which can lead to paralysis and ultimately death of insect (Brito et al., 2013). Single and multiple genes mutation may result in target site resistance which is usually referred as knockdown resistance (kdr). The VGSC (Voltage gate sodium channals) gene mutations also lead to kdr. The kdr resistance mechanism is well studied in insect pests e.g., M. domestica and Aedes aegypti (Hemingway and Ranson, 2000; Karunaratne et al., 2018) and could be a good predictor of efficiency of pyretheroids by genotyping of mutant kdr allele. 

			Musca domestica in Punjab, Pakistan is exposed to a number of chemicals that varied in chemical nature, and most dairies in Punjab, Pakistan have an open or semi-open design. Pour-on and dipping approaches have also been used to control certain dairy pests. Pyrethroids, particularly cypermethrin or deltamethrin, have been considered as viable pesticides in Pakistan for the dairy and poultry pest management are employed through pour-on, dipping, and spraying methods (Muhammad et al., 2008). When insecticides are sprayed directly on animals, M. domestica may be exposed to chemical residues during the day. Pest management was mostly done with leftover pesticides from crop farming, and the volume of pesticide applications was determined by chemical availability. These techniques lead to an abuse of dosages, which may be a contributing factor in the resistance development in dairy pests to various pesticide classes.

			The current bioassay results demonstrated a low to moderate level of resistance against fipronil. M. domestica resistance to pesticides with unique mechanisms of action has already been documented from various regions (Kaufman et al., 2006; Acevedo et al., 2009; Memmi, 2010). Resistance against fipronil has been documented in various insect pests, including Sogatella furcifera, Spodoptera litura and Plutella xylostella (Sayyed and Wright, 2004; Ahmad et al., 2009; Tang et al., 2010) as well as M. domestica (Wen and Scott, 1999; Liu and Yue, 2000; Kristensen et al., 2004). The main cause of resistance against fipronil may be due to their unsuitable and injudicious use, as well as poor application tactics, and probable cross-resistance mechanisms.

			Low level of resistance to chlorpyrifos was found in M. domestica from different cities of Sargodha, in current study. In Punjab, Pakistan, organophosphate pesticides have been used to manage a variety of agricultural pests. Various workers from Punjab, Pakistan have discovered higher levels of resistance against these insecticides in M. domestica, Laodelphax striatellus, Aedes albopictus, Culex pipiens and Spodoptera litura (Saleem et al., 2008; Khan et al., 2011; Shad et al., 2012; Khan et al., 2013) and also worldwide resistance has been reported against them (Cheikh et al., 2009; Wang et al., 2010). The presence of pesticide resistance in M. domestica populations was discovered in this study, which could be attributable to a lack of a structured management for livestock pests, as well as farmers’ habits of applying self-experiences on an irregular basis. In Pakistan, mostly dairy farms are surrounded by different crops. The widespread use of organophosphate pesticides on crops and dairy facilities is another likely source of resistance.

			Resistance against imidacloprid was noted in M. domestica populations from different cities in Pakistan in the current study, ranging from very low to moderate. Neonicotinoids have been widely utilized for pest management in field crops, dairies, and poultry facilities around the world, but they were just introduced in the late 1990s (Kaufman et al., 2010; Basit et al., 2011; Khan et al., 2013). Resistance to neonicotinoid has been reported in a variety of pests, including Bemisia. tabaci, Colorado potato beetle, and Leptinotarsa decemlineata, P. xylostella, S. litura, planthopper, Nilaparvata lugens, and M. domestica (Elbert and Nauen, 2000; Mota-Sanchez et al., 2006; Sayyed and Crickmore, 2007; Wang et al., 2008; Kaufman et al., 2010; Basit et al., 2011; Abbas et al., 2012). The current study’s findings demonstrate the occurrence of pesticide resistance in M. domestica populations, which could be related to a lack of a comprehensive dairy pest management plan. The resistance against imidacloprid may be due to its excessive use in dairy farms to control M. domestica.

			Resistance to pyriproxyfen was found low to a moderate level in M. domestica populations from different cities of Pakistan in this study. For more than a decade, Insect growth regulator insecticides have been on the market in Punjab, Pakistan. The insecticide exposure to M. domestica may be different due to the architecture of poultry farms (semi-open or closed) or dairy farms (open or semi-open) in Pakistan (Khan et al., 2013). Therefore, it might be possible that they have been pre-exposed to the Insect growth regulators during feeding, flight, or breeding activities around open farms which might be the reason to develop resistance against Insect growth regulators (Khan et al., 2013). Improper monitoring, planning or lack of management plan might be the reason behind resistance development (Khan et al., 2013) and thus supported the present study results. The results found by Shah et al. (2015) were also similar to the present study results as they reported that the life history traits of M. domestica inherited from the previous generations exposed to larvicides; the M. domestica developed resistance against Insect growth regulator methoxyfenozide. Ishaaya et al. (2003) reported that the colony of whitefly showed 1200-2000 folds resistance against pyriproxyfen as compared to the susceptible colony. 

			To control resistance development in M. domestica, unsuitable and excessive use of insecticides must be controlled. Mosaic, rotational, periodic application strategies must be used to delay resistance development. Insecticide and its dose must be decided after consulting with an entomologist. WHO recommended dose should be used. Training on insecticide usage must be given to dairy farmers. Systematic and comprehensive strategies must be developed to control pest and biological method must be preferred over chemical methods.

			Acknowledgement

			We are highly thankful to the University of Sargodha, Sargodha for financial support, laboratory and research facilities.

			Funding

			The funding was provided by UOS-ORIC funded Research Project Number UOS/ORIC/2016/58 entitled “ Insecticide resistance status of Musca domestica (Diptera: Muscidae) in Sargodha.

			IRB approval and ethical statement

			The study project was approved by Biosafety and Ethical Review Committee of University of Sargodha, Sargodha on November 30, 2022 for biosafety and ethical conduct. 

			Supplementary material

			There is supplementary material associated with this article. Access the material online at: https://dx.doi.org/10.17582/journal.pjz/20221020081040

			Statement of conflict of interest

			The authors have declared no conflict of interest. 

			REFERENCES

			Abbas, N., Khan, H.A.A. and Shad, S.A., 2014. Resistance of the house fly Musca domestica (Diptera: Muscidae) to lamda-cyhalothrin: Mode of inheritance, realized heritability and cross-resistance to other insecticides. Ecotoxicology, 23: 791-801. https://doi.org/10.1007/s10646-014-1217-7

			Abbas, N., Shad, S.A. and Razaq, M., 2012. Fitness cost, cross resistance and realized heritability of resistance to imidacloprid in Spodoptera litura (Lepidoptera: Noctuidae). Pestic. Biochem. Physiol., 103: 181-188. https://doi.org/10.1016/j.pestbp.2012.05.001

			Abbott, S.W., 1925. A method of computing the effectiveness of an insecticide. J. econ. Ent. 18: 265–267. https://doi.org/10.1093/jee/18.2.265a

			Acevedo, G.R., Zapater, M. and Toloza, A.C., 2009. Insecticide resistance of house fly, Musca domestica (L.) from Argentina. Parasitol. Res., 105: 489-493. https://doi.org/10.1007/s00436-009-1425-x

			Ahmad, M., Saleem, M.A. and Sayyed, A.H., 2009. Efficacy of insecticide mixtures against pyrethroid-and organophosphate-resistant populations of Spodoptera litura (Lepidoptera: Noctuidae). Pest Manage. Sci., 65: 266-274. https://doi.org/10.1002/ps.1681

			Ahmed, M. and Arif, M.I., 2009. Resistance of Pakistani ﬁeld populations of spotted bollworm, Earias vittella (Lepidoptera: Noctuidae) to pyrethroid, organophosphorus and new chemical insecticides. Pest Manage. Sci., 65: 433–439. https://doi.org/10.1002/ps.1702

			Akiner, M.M. and Caglar, S.S., 2012. Monitoring of five different insecticide resistance status in Turkish house fly Musca domestica L. (Diptera: Muscidae) populations and the relationship between resistance and insecticide usage profile. Turk. Parazitol. Derg., 36: 87-91. https://doi.org/10.5152/tpd.2012.21

			Ambethgar, V., 2009. Potential of entomopathogenic fungi in insecticide resistance management (IRM): A review. J. Biopestic., 2: 177-193. 

			Basit, M., Sayyed, A.H., Saleem, M.A. and Saeed, S., 2011. Cross-resistance, inheritance and stability of resistance to acetamiprid in cotton whitefly, Bemisia tabaci Genn (Hemiptera: Aleyrodidae). Crop Protect., 30: 705-712. https://doi.org/10.1016/j.cropro.2011.02.020

			Bell, H.A., Robinson, K.A. and Weaver, R.J., 2010. First report of cyromazine resistance in a population of UK house fly (Musca domestica) associated with intensive livestock production. Pest Manage. Sci., 66: 693-695. https://doi.org/10.1002/ps.1945

			Brito, L.P., Linss, J.G., Lima-Camara, T.N., Belinato, T.A., Peixoto, A.A., Lima, J.B.P. and Martins, A.J., 2013. Assessing the effects of Aedes aegypti kdr mutations on pyrethroid resistance and its fitness cost. PLoS One, 8: e60878. https://doi.org/10.1371/journal.pone.0060878

			Cao, X.M., Zhao, T.Y., Dong, Y.D., Sun, C.X. and Lu, B.L., 2006. Survey of deltamethrin resistance in house flies (Musca domestica) from urban garbage dumps in Northern China. Environ. Ent., 35: 1-9. https://doi.org/10.1603/0046-225X-35.1.1

			Cheikh, R.B., Berticat, C., Berthomieu, A., Pasteur, N., Cheikh, H.B. and Weill, M., 2009. Genes conferring resistance to organophosphorus insecticides in Culex pipiens (Diptera: Culicidae) from Tunisia. J. med. Ent., 46: 523-530. https://doi.org/10.1603/033.046.0317

			Deacutis, J.M., Leichter, C.A., Gerry, A.C., Rutz, D.A., Watson, W.D., Geden, C.J. and Scott, J.G., 2006. Susceptibility of field collected house flies to spinosad before and after a season of use. J. Agric. Urban Ent., 23: 105-110. https://www.researchgate.net/profile/Alec-Gerry/publication/279571601 

			Elbert, A. and Nauen, R., 2000. Resistance of Bemisia tabaci (Homoptera: Aleyrodidae) to insecticides in southern Spain with special reference to neonicotinoids. Pest Manage. Sci., 56: 60-64. https://doi.org/10.1002/(SICI)1526-4998(200001)56:1<60::AID-PS88>3.0.CO;2-K

			Hemingway, J. and Ranson, H., 2000. Insecticide resistance in insect vectors of human disease. Annu. Rev. Ent., 45: 371-391. https://doi.org/10.1146/annurev.ento.45.1.371

			Ishaaya, I., Kontsedalov, S. and Horowitz, A.R., 2003. Novaluron (Rimon), a novel IGR: Potency and cross-resistance. Arch. Insect. Biochem. Physiol., 54: 157-164. https://doi.org/10.1002/arch.10113

			Karunaratne, S.H.P.P., Priyanka, W.A., De Silva, P., Weeraratne, T.C., Surendran, S. N., 2018. Insecticide resistance in mosquitoes: Development, mechanisms and monitoring. Ceylon J. Sci., 47: 299-309. https://doi.org/10.4038/cjs.v47i4.7547

			Kaufman, P.E. and Rutz, D.A., 2002. Susceptibility of house flies (Diptera: Muscidae) exposed to commercial insecticides on painted and unpainted plywood panels. Pest Manage. Sci., 58: 174-178. https://doi.org/10.1002/ps.436

			Kaufman, P.E., Gerry, A.C., Rutz, D.A. and Scott, J.G., 2006. Monitoring susceptibility of house flies (Musca domestica L.) in the United States to imidacloprid. J. Agric. Urban Ent., 23: 195-200 

			Kaufman, P.E., Nunez, S.C., Geden, C.J. and Scharf, M.E., 2010. Selection for resistance to imidacloprid in the house fly (Diptera: Muscidae). J. econ. Ent., 103: 1937-1942. https://doi.org/10.1603/EC10165

			Kaufman, P.E., Nunez, S.C., Mann, R.S., Geden, C.J. and Scharf, M.E., 2010. Nicotinoid and pyrethroid insecticide resistance in houseflies (Diptera: Muscidae) collected from Florida dairies. Pest Manage. Sci., 66: 290-294. https://doi.org/10.1002/ps.1872

			Kaufman, P.E., Rutz, D.A. and Frisch, S., 2005. Large sticky traps for capturing house flies and stable flies in dairy calf greenhouse facilities. J. Dairy Sci., 88: 176-181. https://doi.org/10.3168/jds.S0022-0302(05)72676-X

			Khan, H.A.A. and Akram, W., 2014. The effect of temperature on the toxicity of insecticides against Musca domestica L.: Implications for the effective management of diarrhea. PLoS One, 9: 1-5. https://doi.org/10.1371/journal.pone.0095636

			Khan, H.A.A., Akram, W. and Fatima, A., 2017. Resistance to pyrethroid insecticides in house flies, Musca domestica L., (Diptera: Muscidae) collected from urban areas in Punjab, Pakistan. Parasitol. Res., 116: 3381-3385. https://doi.org/10.1007/s00436-017-5659-8

			Khan, H.A.A., Akram, W. and Shad, S.A., 2013. Resistance to conventional insecticides in Pakistani populations of Musca domestica L. (Diptera: Muscidae): A potential ectoparasite of dairy animals. Ecotoxicology, 22: 522-527. https://doi.org/10.1007/s10646-013-1044-2

			Khan, H.A.A., Akram, W., Shehzad, K. and Shaalan, E., 2011. First report of field evolved resistance to agrochemicals in dengue mosquito, Aedes albopictus (Diptera: Culicidae), from Pakistan. Parasit. Vectors, 4: 146. https://doi.org/10.1186/1756-3305-4-146

			Khan, H.A.A., Shad, S.A. and Akram, W., 2013. Resistance to new chemical insecticides in the house fly, Musca domestica L., from dairies in Punjab, Pakistan. Parasitol. Res., 112: 2049-2054. https://doi.org/10.1007/s00436-013-3365-8

			Kristensen, M. and Jespersen, J.B., 2003. Larvicide resistance in Musca domestica (Diptera: Muscidae) populations in Denmark and establishment of resistant laboratory strains. J. econ. Ent., 96: 1300-1306. https://doi.org/10.1093/jee/96.4.1300

			Kristensen, M., Jespersen, J.B. and Knorr, M., 2004. Cross-resistance potential of fipronil in Musca domestica. Pest Manage. Sci., 60: 894-900. https://doi.org/10.1002/ps.883

			Kumar, P., Mishra, S., Malik, A. and Satya, S., 2013. Housefly (Musca domestica L.) control potential of Cymbopogon citratus Stapf (Poales: Poaceae) essential oil and monoterpenes (Citral and 1, 8-cineole). Parasitol. Res., 112: 69-76. https://doi.org/10.1007/s00436-012-3105-5

			Liu, N. and Yue, X., 2000. Insecticide resistance and cross-resistance in the house fly (Diptera: Muscidae). J. econ. Ent., 93: 1269-1275. https://doi.org/10.1603/0022-0493-93.4.1269

			Memmi, B.K., 2010. Mortality and knockdown effects of imidacloprid and methomyl in house fly (Musca domestica L., Diptera: Muscidae) populations. J. Vector Ecol., 35: 144-148. https://doi.org/10.1111/j.1948-7134.2010.00070.x

			Mota-sanchez, D., Hollingworth, R.M., Grafius, E.J. and Moyer, D.D., 2006. Resistance and cross-resistance to neonicotinoid insecticides and spinosad in the Colorado potato beetle, Leptinotarsa decemlineata (Say) (Coleoptera: Chrysomelidae). Pest Manage. Sci., 62: 30-37. https://doi.org/10.1002/ps.1120

			Muhammad, G., Naureen, A., Firyal, S. and Saqib, M., 2008. Tick control strategies in dairy production medicine. Pak. Vet. J., 28: 43. 

			Saleem, M.A., Ahmad, A., Ahmad, M., Aslam, M. and Sayyed, A.H., 2008. Resistance to selected organochlorine, organophosphate, carbamates and pyrethroid, in Spodoptera litura (Lepidoptera: Noctuidae) from Pakistan. J. econ. Ent., 101: 1667–1675. https://doi.org/10.1093/jee/101.5.1667

			Sayyed, A.H. and Crickmore, N., 2007. Selection of a field population of diamondback moth (Lepidoptera: Plutellidae) with acetamiprid maintains, but does not increase, cross-resistance to pyrethroids. J. econ. Ent., 100: 932-938. https://doi.org/10.1093/jee/100.3.932

			Sayyed, A.H. and Wright, D.J., 2004. Fipronil resistance in the diamondback moth (Lepidoptera: Plutellidae): Inheritance and number of genes involved. J. econ. Ent., 97: 2043-2050. https://doi.org/10.1093/jee/97.6.2043

			Scott, J.G., Alefantis, T.G., Kaufman, P.E. and Rutz, D.A., 2000. Insecticide resistance in house flies from caged-layer poultry facilities. Pest Manage. Sci., 56: 147-153. https://doi.org/10.1002/(SICI)1526-4998(200002)56:2<147::AID-PS106>3.0.CO;2-7

			Scott, J.G., Warren, W.C., Beukeboom, L.W., Bopp, D., Clark, A.G., Giers, S.D. and Li, M., 2014. Genome of the house fly, Musca domestica L., a global vector of diseases with adaptations to a septic environment. Genome Biol., 15: 1-16. https://doi.org/10.1186/s13059-014-0466-3

			Shad, S.A., Sayyed, A.H., Fazal, S., Saleem, M.A., Zaka, S.M. and Ali, M., 2012. Field evolved resistance to carbamates, organophosphates, pyrethroids, and new chemistry insecticides in Spodoptera litura Fab. (Lepidoptera: Noctuidae). J. Pest Sci., 85: 153-162. https://doi.org/10.1007/s10340-011-0404-z

			Shah, R.M., Shad, S.A. and Abbas, N., 2015. Mechanism, stability and fitness cost of resistance to pyriproxyfen in the house fly, Musca domestica L. (Diptera: Muscidae). Pestic. Biochem. Physiol., 119: 67-73. https://doi.org/10.1016/j.pestbp.2015.02.003

			Sharififard, M. and Safdari, F., 2013. Evaluation of resistance or susceptibility of the house fly, Musca domestica L., of semi-industrial livestock farms to some pyrethroid insecticides in Ahvaz, southwestern Iran. Jundishapur J. Hlth. Sci., 5: 201-206. 

			Tang, J.D., Caprio, M.A., Sheppard, D.C. and Gaydon, D.M., 2002. Genetics and fitness costs of cyromazine resistance in the house fly (Diptera: Muscidae). J. econ. Ent., 95: 1251-1260. https://doi.org/10.1603/0022-0493-95.6.1251

			Tang, J., Li, J., Shao, Y., Yang, B. and liu, Z., 2010. Fipronil resistance in the whitebacked planthopper (Sogatella furcifera): possible resistance mechanisms and crossresistance. Pest Manage. Sci., 66: 121-125. https://doi.org/10.1002/ps.1836

			Tian, L., Cao, C., He, L., Li, M., Zhang, L., Zhang, L. and Liu., N., 2011. Autosomal interactions and mechanisms of pyrethroid resistance in house flies, Musca domestica. Int. J. biol. Sci., 7: 902-911. https://doi.org/10.7150/ijbs.7.902

			Wang, J.N., Hou, J., Wu, Y.Y., Guo, S., Liu, Q.M., Li, T.Q. and Gong, Z.Y., 2019. Resistance of house fly, Musca domestica L. (Diptera: Muscidae): To five insecticides in Zhejiang Province, China: The Situation in 2017. Can. J. Infect. Dis. Med. Microbiol., 2019: 1-10. https://doi.org/10.1155/2019/4851914

			Wang, L., Zhang, Y., Han, Z., Liu, Y. and Fang, J., 2010. Cross-resistance and possible mechanisms of chlorpyrifos resistance in Laodelphax striatellus (Fallén). Pest Manage. Sci., 66: 1096-1100. https://doi.org/10.1002/ps.1984

			Wang, Y.H., Gao, C.F. Zhu, Y., Chen, C.J., Li, W.H., Zhuang, Y.L., Dai, D.J., Zhou, W.J., Ma, C.Y. and Shen, J.L., 2008. Imidacloprid susceptibility survey and selection risk assessment in field populations of Nilaparvata lugens (Homoptera: Delphacidae). J. econ. Ent., 101: 515-522. https://doi.org/10.1603/0022-0493(2008)101[515:ISSASR]2.0.CO;2

			Wen, Z. and Scott, J.G., 1999. Genetic and biochemical mechanisms limiting fipronil toxicity in the LPR strain of house fly, Musca domestica. Pestic. Sci., 55: 988-992. https://doi.org/10.1002/(SICI)1096-9063(199910)55:10<988::AID-PS53>3.0.CO;2-E

			Whalon, M.E., Mota-Sanchez, D., Hollingworth, R.M. and Duynslager, L., 2012. Arthropod pesticide resistance database. Michigan State University. pp. 1-50. 

			White, W., Mccoy, C., Meyer, J., Winkle, J., Plummer, P., Kemper, C., Starkey, R. and Snyder, D., 2007. Knockdown and mortality comparisons among spinosad-, imidacloprid-, and methomyl-containing baits against susceptible Musca domestica (Diptera: Muscidae) under laboratory conditions. J. econ. Ent., 100: 155–163. https://doi.org/10.1603/0022-0493(2007)100[155:KAMCAS]2.0.CO;2

			WHO Expert Committee on Vector Biology and Control, and World Health Organization. 1992. Vector resistance to pesticides: Fifteenth report of the WHO expert committee on vector biology and control [meeting held in Geneva from 5 to 12 March 1991]. World Health Organization, pp. 1-68. https://apps.who.int/iris/handle/10665/37432

			World Health Organization, 2006. Guidelines for testing mosquito adulticides for indoor residual spraying and treatment of mosquito nets (No. WHO/CDS/NTD/WHOPES/GCDPP/2006.3). World Health Organization: 1125. (No.WHO/CDS/NTD/WHOPES/GCDPP/2006.3).

		

	OEBPS/image/Open_Access_logo_black.png





OEBPS/image/1.png
Pakistan J. Zool., vol. 56(1), pp 207-215, 2024

https://dx.doi.org/10.17582/journal.pjz/20221020081040

Comparative Toxicity and Resistance to
Insecticides in Musca domestica from Some
Livestock Farms of Punjab, Pakistan

Article Information

Received 20 ( 022
Revised 05 Dt ghecrror 2022
Accepted 29 1 *P9=5 - 2022
Available online 10 March 2023
(early access)

Published 16 December 2023

Naila Amjad'!, Muhammad Khalid Mukhtar'*, Hafiz Azhar Ali Khan?,

Shafaat Yar Khan' and Sania Waliat

!Department of Zoology, University of Sargodha, Sargodha, Punjab, Pakistan
’Department of Entomology, Faculty of Agricultural Sciences, University of the Punjab,
Quaid-i-Azam Campus, Lahore 54590, Punjab, Pakistan

Authors’ Contribution

MKM and HAAK designed and supervi
the study. NA and SW collected flies an
conducted-the-experimental-work. SYK
and guided in experimental work and ar
the data. NA and MKM wrote the manu
HAAK proofread the manuscript.

ABSTRACT

The Musca domestica is a serious hygienic pest of poultry, humans, and livestock facilities with the immense
ability for resistance development against chemical insecticides. The current study aimed to evaluate
the susceptibility and resistance status of M. domestica against different classes of insecticides. For this
purpose, adult M. domestica populations were collected from five different localities of Sargodha division
(Sargodha, Khushab, Jauharabad, Mianwali, and Bhakkar), Punjab, Pakistan, and tested against selected

insecticides. The resistance ratios (RR) at LC_ ranged from 10.32-35.37 folds for deltamethrin, 17.49-

38.13 folds for fipronil, and 10.70-18.81 folds for chlorpyrifos. The RR values at LC,, for imidacloprid and
pyriproxyfen ranged from 4.35-28.0 and 10.56-21.45 folds, respectively. The study showed varying levels
of resistance in M. domestica populations from area to area and from insecticide to insecticide. Therefore,
to control resistance development in M. domestica from livestock facilities, inappropriate and excessive
use of insecticides must be controlled through proper mechanisms and strategies.
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INTRODUCTION

MISCC/ domestica is found in almost all habitats but
is more common in warmer areas and is a pest of
poultry and dairy (Scott ef a/., 2000; Kaufman and Rutz,
2002; Kaufman et al., 2005; Acevedo et al., 2009). It is a
potential vector for various zoonotic diseases like typhoid,
dysentery, cutancous diphtheria, and trachoma and
transmits more than 100 pathogens like viruses, helminth,
protozoa, and bacteria etc. (Kumar er a/., 2013). In
Pakistan, climatic conditions are favorable for reproduction
and development of M. domestica and warmer summer is
optimal for its shorter life cycle. The average life span of a
M. domestica is 21 days. It has a fast reproductive rate and
a single female can lay up to 900 eggs (Abbas et al., 2014;
Khan and Akram, 2014; Scott et al., 2014).

Mostly chemical control methods are used to control
flies. These methods play a vital role during the disease
epidemics as they provide rapid and effective control.
Different types of insecticides are used to overcome
vector-borne diseases (World Health Organization,
2006). Four main groups of insecticides that are used
to control these disease vectors are organophosphate,
carbamates, neonicotinoids, and pyrethroids (World
Health Organization, 2006; Ahmad et al/., 2009; Tian
et al., 2011; Khan et al., 2017). The insecticidal spray

plays an integral role in sustainable livestock production
and agriculture to control insect pests (Hemingway and
Ranson, 2000). Unfortunately, insecticides are not used
judiciously. Farming communities do not follow the
labelled recommendations of insecticides and frequently
apply overdose of the insecticide (Khan et al., 2013).
Therefore, due to repetitive and sequential use of the same
insecticide or an insecticide with the same mode of action,
insect pests such as M. domestica develop resistance
against these insecticides (White ef al., 2007).
Muscadomesticahasvarious biological characteristics
which help it in resistance development, for example, their
ability to cope with different environmental conditions,
increased fecundity, and a short development period (Khan
et al., 2013; Kaufman et al., 2010). Insecticidal resistance
turned into an alarming situation, as in the last 30 years
the number of resistant insect pests has increased a lot and
in 2009 the number of resistant insect species was 600
(Ambethgar, 2009). According to the pesticides resistance
database, from the 20 top resistant arthropod pests, M.
domestica is at number one (Whalon et al., 2012).
Considering the significance of M. domestica and its
ability to develop resistance against various insecticides,
the present study was designed to monitor the resistance
level in M. domestica collected from different localities
of Punjab Pakistan viz., Khushab, Jauharabad, Mainwali,
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