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Abstract: Pesticide durability lasts to be one of the greatest significant subjects’ confrontations with agricultural 

output. The defy in pesticide impedance and its administration is represented by the status of the western flower thrips 

Frankliniella occidentalis (Pergande) (Thysanoptera: Thripidae). This extremely offensive pest has a considerable 

tendency for evolving pesticide durability as of its biotic features, and situations of impedance to furthermost categories 

of insecticides utilized for its organization have been perceived. In conflict with pesticide durability in the western 

blossom thrips, quite a few insecticide impedance supervisions (IRM) approaches have been progressing about the 

universe and these conversations. Effective approaches depend on non-insecticidal strategies, for instance, biotic and 

cultural monitoring and steward vegetable durability, to diminish inhabitants’ compressions, alternations amid pesticides 

of the diverse method of labor categories to maintain insecticide effectiveness, impedance observation, specimen to 

define the necessity for insecticide implementation and instruction to guarantee suitable operation. Further cautious 

insecticide utilization is conceivable by the progress of fully-initiated financial sill for extra harvesting organizations. 

Though cultivators will carry on to trust insecticides as a portion of western-blossom-thrips- and thrips-spread virus 

administration added effective administration of these pests will be accomplished by deeming their administration in the 

situation of complete united pest administration, through IRM being the main constituent of those complete approaches. 

Keywords: Insecticide resistance Management; Genetically modified; Cross resistance; Biopesticide. 

 

INTRODUCTION 
Pesticides are an extremely valuable device when it derives from beneficent farmstead production and around 

the community healthiness guides (Karunamoorthi, and Sabesan, 2013). It is fit predictable that an acceptable route 

regulator absolutely influences output, decreasing the exhibition of illnesses (Paine, and Brooke, 2016). Arthropod routes 

ability conveys entirely types of pathogens, as well as viruses, bacteria, protozoa, helminths, and rickettsia (Bowman, 

1999). The deliberation of arthropods as routes conveying of pathogens that reason illnesses is significant together 

domestic animal and individuals, agreed that around of the microbes have zoonotic possible, as in the situation of 

Salmonella spp (Wales, et al. 2010). About arthropods are known as pests and routes on animal output, chiefly household 

flies (Musca domestica), darkling beetles (Alphitobius diapering), fowl red mites (Dermanyssus gallinae), and roaches. In 

the greatest of situations, entirely of them are measured done insecticides implementation. Though insecticides are fairly 

efficient when utilized conferring to procedural suggestions, roughly influences situation their efficiency, for instance, 

the utilize of insecticides of deprived superiority or impure progressions of durability in insects, disappointments in the 

progressions of planning and implementation, between furthers (Karunamoorthi, and Sabesan, 2013). For instance, the 

implementation of sub-medicated insecticides, or the experience of insects to the effect of these poisons, the ability to 

create larger toleration in the upcoming, and then the necessity to utilize an advanced meditation than specified to 

accomplish its fatal impact (Hua, et al., 2014). Diverse pests have established impedance owing to mishandling of the 

insecticides utilized (Zhang, et al., 2022). Durability ability comprehends as the incapability of an insecticide utilized 

rendering to the procedural suggestions to accomplish a suitable regulator of a pest or assembly of pests, attributable to 

inherited alterations in the goal type, which create them fewer susceptible to the practical creation (Sparks, and Nauen, 

2015). The once-a-year lack subsequent since the durability of pests to pesticides is extra than $1.5 billion (Hua, et al., 
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2014). Impedance to insecticides is a trouble that is cumulative. It is assessed that an additional than 1000 insect species 

have the durability to at minimum one insecticide. Amid the arthropods, the highest Impedance arises in the sort Diptera, 

trailed by Lepidoptera, Coleoptera, Hemiptera, and mites (Alam et al., 2016). 

 

By description, pesticides are intended to kill pests, and then their utilization enforces a powerful discerning 

strength on goal inhabitants. As vulnerable persons are removed as a resident, the ratio of entities with durability 

phenotypes will be augmented. As soon as the regularity of Impedance personalities in an inhabitant spreads a serious 

argument anywhere the implementation of a pesticide fails to output a probable scale of the regulator, that residents may 

be labeled ‘durability’ (Karunamoorthi, and Sabesan, 2013). It should be well-known that entities are the singles that own 

behaviors for impedance or vulnerability; consequently ‘durability’ populaces may yet hold a convinced occurrence of 

vulnerable personalities. The development of impedance has extensively been measured as an unavoidable result of 

pesticide utilization (Paine, and Brooke, 2016), and these worries have mostly been enhanced, as the quantity of 

situations of pesticide durability has constant to upsurge above period (Bowman, 1999). Providentially, hypothetical and 

experiential indication displays that the progress of impedance ability is accomplished, and, through correct pesticide 

utilization, it is conceivable for a durability resident to relapse into a vulnerable situation. An inhabitant that has 

regressed to a vulnerable situation will yet comprise a confident incidence of entities loading impedance alleles, 

nonetheless, that occurrence will be least sufficient not to reason financial injury. Though, lacking correct administration, 

reutilizing of the similar pesticide(s) would rapidly chief to resurrection in vulnerable (Bowman, D. D. 1999). The 

advance of pesticide impedance is an energetic and composite procedure, reliant straight on inherited, functional, 

communicative, and environmental influences of the arthropod insects, and reliant ramblingly on effective influences 

counting groups of pesticides utilized in addition to the implementation period, degree, treatment and process (Gao, and 

Reitz, 2012 and Alam, et al., 2016). 

 

APPARATUSES OF INSECTICIDES DURABILITY 

Four overall forms of instrument for pesticide durability have been recognized: metabolic decontamination, 

decrease in the dispersion of poisons, variations of aim locations for poisons, and interactive impedance (Kirk, 2002). 

Greatest notarized suitcases of pesticide durability in western bloom thrips outcome after comprehensive metabolic 

depollution paths, nevertheless frequently numerous apparatuses have been recognized as causative to impedance inside 

inhabitants. The tendency for widespread metabolic decontamination to give durability is believed to originate beginning 

in the polyphagous landscape of the western blossom thrips (Mota-Sanchez et al., 2008), and the intrinsic necessity to 

depollute vegetable allelochemicals. There are three overall enzyme organizations that herbivorous pests, including 

western bloom thrips, apply to metabolize poisons: cytochrome-P450-reliant on monooxygenases (P450s), esterases, and 

glutathione S transferases (GSTs). Those enzymes have widespread activities that alter hydrophobic components to fewer 

biologically vigorous hydrophilic components
 
(Childers, 1997). Exceedingly polyphagous types, for instance, western 

blossom thrips, have a tendency to have a superior multitude and assortment of genetic factors that encrypt for those 

enzymes than do types through additional dedicated nourishing rules, permitting such generalists to struggle through an 

array of diverse pesticide groups. Of those three kinds of enzyme organization, P450s seem to be the greatest vital in 

informing metabolic durability in western bloom thrips (Pappu et al., 2009). There is a straight indication for oxidative 

metabolism by P450s grant impedance to a varied series of pesticides, including carbamates, organophosphates, 

organochlorines, pyrethroids, neonicotinoids, and avermectins. Improved effectiveness of esterase has been related to 

pesticide durability in numerous residents of western blossom thrips, nonetheless esterase efficiency unaided does not 

seem to grant impedance. Slightly, esterase effectiveness seems to effort in congruence through extra apparatuses in grant 

durability. Create superior esterase efficiency in western bloom thrips as of inhabitants that were impedance to also the 

pyrethroid acrinathrin otherwise to the carbamate methiocarb (Maymó et al., 2006) Nevertheless, in this research, no 

additional possible durability devices were analyzed for, and the moderately diffident effectiveness in esterase efficiency 

(<2.5 once that of the signal vulnerable inhabitants) may specify the incidence of extra impedance machineries (Reitz, 

and Funderburk, 2012). In extra research, (Maymo et al., 2002) were capable to evaluate separate thrips for together 

esterase and GST effectiveness, and initiate augmented efficiency for equal sorts of enzyme for entities from orchard-

gathered inhabitants through least stages of durability to the organochlorine Endosulfan. Create that methiocarb 

impedance in residents since Danish glasshouses were connected through raising esterase effectiveness. Nevertheless, bio 

analyses by enzyme synergists displayed that suppression of esterase had a lower impact on deactivation of durability 

than did inhibition of P450s (Jensen, 2000). Comparable to consequences that prove esterase to be a constituent of 

durability organizations for precise pesticides in western blossom thrips, GSTs generally have not been created to be 

solitary apparatuses of pesticide durability. In unity inhabitants chosen for Endosulfan impedance, suppression of GSTs 

thru the synergist diethyl maleate (DEM) did output substantial decreases in durability stages, however, repression of 

P450 ancestresses did not diminish durability stages (Reitz, and Funderburk, 2012). Nevertheless, in the utmost of the 

extra residents inspected in that research, impedance was initiated to be repressed more by suppression of P450s than by 

deactivation of further metabolic purification arrangements. Extra non-metabolic durability devices, inclusive conclude 

poison dispersion, and insusceptibility to poisons over different goal locations, inclusive giveaway durability, have been 

recognized (Brattsten et al., 1986). Decreased diffusion of a pesticide over the pest shield or intestines barrier is not 
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deemed to be a vigorous impedance instrument, in and of itself (Pappu, et al., 2009). Though, its ability synergizes the 

impact of added durability instruments. For instance, a diminished proportion of entrance of poisons into the pest’s form 

may permit metabolic depollution to arise deprived of the enzyme organizations of the pest being overcome. Confirmed 

such a singularity in a western blossom thrips inhabitant that was durability to the pyrethroid fenvalerate (Zhao et al., 

1995). They originate that the degree of access of fenvalerate into impedance resident’s thrips was one-third of the 

average of entrance into vulnerable thrips. They additionally presented that metabolism of the fenvalerate that pierced 

was extra quick in durability thrips than in oversensitive singles. Subsidiary indication for decreased nerve vulnerability 

to pyrethroids over smash impedance (kdr) has been described for glasshouse inhabitants of western bloom thrips since at 

minimum two topographical provinces (Zhao, et al., 1995 and Reitz, 2009). In these situations, kdr granted durability, 

nevertheless, it was not the greatest significant impedance machine functioning in these inhabitants. This deduction has 

been reinforced by immediate proof since research on the inheritances of pyrethroid durability. Initiate straight proof for 

the occurrence of kdr in workroom residents of western blossom thrips, nonetheless, this instrument supplied lone least 

stages of impedance to deltamethrin (Forcioli, et al., 2002). Modifications in acetylcholinesterase, which is the aim 

position for organophosphate and carbamate pesticides, have been occupied as a device in the status of resistance to 

diazinon (Maymó, et al., 2006) and methiocarb (Herron, et al., 1996). However, in these cases, durability founded on 

acetylcholinesterase in vulnerability has been specified as impartial unity of numerous durability apparatuses in action 

inside residents. An extra category of pesticides through an original method of activity is the spinosyns (class 5) (Gao et 

al., 2012). It looks that the main constituent of Spinosad, spinosyn A, influences an anonymous nicotinic acetylcholine 

pickup that is not the aim condition of another group of pesticides for example abamectin (group 6, avermectin) or 

imidacloprid (group 4A, neonicotinoids) (Espinosa, et al., 2005). Lately, there have been a number of categories of fast 

impedance progress to spinosyns that have been referred to as their overutilize through cultivators who are absent 

effective substitutions (Jensen, 2000; Maymó, et al., 2006 and Bielza, et al., 2007). For instance, the overutilization of 

spinosad (Dow Agrosciences) in hot house Output organizations in southeastern Spain drove durability advance within 2 

years of Spinosad’s overview (Maymo, et al., 2002). The machinery engaged in impedance to spinosyns seems to be 

associated with adjustments in the nicotinic acetylcholine pickup, and metabolic durability does not seem to show a job 

in impedance (Zhao et al., 1995 and Maymo et al., 2002). Notwithstanding conclude that a comparable durability device 

was effective in these situations (Bielza, et al., 2007) resolved that Spinosad durability in Spanish residents was 

monogenetic, however (Zhang et al., 2008) resolved that impedance in a workroom particular origin after Japan was 

polygenetic. Although attitude durability has not been depicted for western blossom thrips, this may be the consequence 

of a deficiency of inspection for it somewhat than its factual nonappearance as a device (Zhao et al., 1994). The 

naturalistic thigmotactic conduct of western bloom thrips, in which personalities especially exist in surrounded, hidden 

areas on plants (Sparks et al., 2012), is supposed to diminish the immediate experience of personalities to connection 

pesticides (Pappu et al., 2009). So, it is conceivable that sprinkle implementations of pesticides could choose to boost 

hidden attitudes. The issue of transmission of touch poisons to thrips, reason by the thigmotactic mood of thrips, 

recommends that pesticides with translaminar or general motion over vegetation may be the greatest efficiency in aiming 

thrips. Nevertheless, of the technique (s) that drive to impedance, the fast velocity through which durability ability 

improve is possible a mission of the r- chosen lifetime chronicle refer of western effloresce thrips and its haplodiploid 

method of sexiness definition (Wales et al., 2010). Western effloresce thrips has a speedy proliferation period, which 

permits multiplied proliferations to happen inside a singular cultivate time of year (Herron, and James, 2005: Bielza et 

al., 2007 and Weiss, et al., 2009) feminine ability be prolonged subsist (Zhang et al., 2008) consequently that offspring 

interfere (Fig 1). Such interference may allow impedance feminine to intermarriage by their durability offspring, 

moreover enhancing chosen of impedance alleles in the inhabitance (Reitz, 2009). The feminine is extremely fertile, 

which existent twain troubles for IRM. Firstly, the altitude fertility and quick growth average permit resident’s eruption 

to happen quickly. Accordingly, farmers can potentially spread pesticide handling in attempts to avert bursts. Secondly, 

the rise multiplicative product of western bloom thrips supplies additional occasions for the output of durability 

offspring. In addendum, the haplodiploid propagative method of thrips participates in impedance growth in order for any 

alleles for durability in the hemizygous males to be immediately uncovered to be chosen. Vulnerability alleles will not be 

loaded on in males, and accordingly, impedance alleles will turn into constant further quickly than in creatures through 

diploid proliferation (Brattsten et al., 1986 and Bielza et al., 2007). 
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Fig 1: Insecticide implementation ability synthetically choose for durability insects 

 

In this figure, the primary progeny occurs to possess a pest by a raise impedance to an insecticide (red) next 

insecticide implementation, its progenies appear a greater ratio of the residents in order to susceptible insects (white) 

possess been eclectically deaden next reiterated implementations, durability insects may encompass the popular of the 

inhabitants (Yang et al., 2007). 

 

CROSS-RESISTANCE 

Where one durability technicality grants durability to pesticides through various methods of activity (pass - 

impedance), the domain of effective pesticides turns into extra restricted for farmers to employ. despite divergences in 

their methods of vigor, numerous categories of pesticides are aquaphobic alchemical that ability is transformed to least 

deleterious aquaponic components via enzyme efficiency (Braga et al., 2011). In order for P450s and other 

decontamination, enzyme owns a comprehensive activity that alters aquaphobic components to least biologically 

vigorous aquaphobic components, pests through a multitude of those enzymes own the possibility to depollute a domain 

of diverse groups of pesticides, guidance to pass durability (Webster et al., 2011). For instance, reinforcing the 

effectiveness of P450s has been involved as the prevalent technique of impedance in confirmed western bloom thrips 

inhabitants to carbamates (method of activity group1A) and organophosphates (group1B), together who are 

acetylcholinesterase Suppression, and to pyrethroids (group 3A), whose are sodium canal alteration (Hansen et al., 2003 

and Reitz, and Funderburk, 2012). In singular of the initial certified issues of pass- durability, residents of western 

blossom thrips as of Denmark, Kenya, and Switzer territory had impedance to the carbamate methiocarb, regardless of 

ever possessing been uncovered to that pesticide. Those methiocarb durability inhabitants had evolved altitude stages of 

impedance to organophosphates next reiterated processing by acephate and dichlorvos (Gaum et al., 1994). While the 

technicality (s) of organophosphate durability were not defined for those residents particularly, the predominance of 

reinforced P450- foundation impedance to those pesticides proposes that as probable mechanization. In order, the 

popularized activity of P450s permits the decontamination of carbamates additionally. Was capable to elucidate this kind 

of pass-durability in a lab inhabitant chosen for diazinon impedance (Zhao et al., 1994). The P450- intermediate 

durability to diazinon awarded varying stages of pass-impedance to bendiocarb and the pyrethroid cypermethrin. 

Although planes of durability to pesticides through the various procedure of activity may not needs be of the equal 

quantity, cultivators would yet own a few options nevertheless to avert utilize of these items’ exhibition any grade o 

impedance (Gerin et al., 1994; Hulshof et al., 2003 and Bielza et al., 2007) own suggested occupation characteristics of 

the popularize kind of P450 depollution as a denote of iterating or raising vulnerability of western bloom thrips to 

pesticides that are purified by P450s. This could be achieved through synergizing the pesticides through confirmed extra 

insecticides that may not be poisonous to western blossom thrips but nonetheless are as well metabolized by P450s. In 

this screenplay, the poisoning of the essential pesticide would be boosted in order to vie repression of enzyme substrata 

after the synergist. They initiate that death rate since acrinathrin in an acrinathrin- chosen durability inhabitants raised 

since 0.7% in the loss of a synergist to 93.2% in the existence of the carbamate synergist methiocarb, who’s through 

itself solitary encouraged 6.1% death-rate. This utilization of synergists could then assist vanquish impedance or delayed 

the average of its evolution to a particular pesticide. Nevertheless, the felicitous utilization of this process requires a 

foundation in which durability mechanization is existing to invest through suitable synergists. The singular method of 

activity of spinosyns manifests to posse preserved pass-durability since evolving amidst Spinosad and another category 

of pesticides in farm inhabitants to appointment (Price, 1991; Zhao, et al., 1995; Denholm, et al., 1998; Jensen, 2000; 

Maymo, et al., 2002; Forcioli, et al., 2002 and Zhang, et al., 2008). Chosen a lab resident for Spinosad impedance, and 
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this inhabitant offered least to intermediate stages of pass- durability to prothiophos (group 1B), chlorfenapyr (group 13), 

and thiocyclam (group 14), regardless of the Spinosad impedance being founded on modifying nicotinic acetylcholine 

pickup. This pass-durability may mention the existence of another unrevealed technique, somewhat than merely changed 

acetylcholine pickups, that assists to grant durability to Spinosad and accordingly permit impedance to these another 

alchemy (Table 1). It is evident since the empirical directory that the presence of each single durability technicality does 

not hinder integral durability mechanizations to the selfsame pesticide as of being existing in the selfsame inhabitants. 

The existence of manifold durability technicality to private pesticides likely raises the likelihood of pass- durability to 

unconcerning pesticides happening. Consequently, it is indispensable for the IRM approach to estimate the range and 

landscape of impedance inside western blossom thrips inhabitants and then to define how preferable to use obtainable 

pesticides inside these situations. Maintainable yield defense performs a vital function for present and outlook diet 

security to nutrition for the expected nine billion universe residents by 2050 (Reitz, 2008). Though, the activity of the 

implant defense alchemical recognized as insecticides is a menace to the development of durability insects and has turned 

into the main and frightening interest in the agricultural state. The development of insecticide impedance driving growing 

implementations of alchemical for yield safeguard (Godfray, et al., 2010) and the reason for considerable inclusion in 

together humanoid healthiness and the climate (Foster, et al., 1998 and Mondal, and Kole, 2021). regrettably, the 

specificity of the modernistic eclectic insecticides through the topical to minimize nongoal influences creates them 

susceptibility to evolve durability to the proposed aim insects (Brødsgaard, 1994; Hawkins, et al., 2019 and Biswas, et 

al., 2019) because defeat this screenplay, it shall be indispensable to realize the operations that intermediate the growth of 

durability and there is a requirement for experimental study on the techniques grant impedance to modern alchemical 

collections to struggle the futurity intimidation. The significance of incorporated pest administration requirements to be 

reentered over through substitutes to alchemical insecticides, particularly the utilize of bio-insecticides should be 

confirmed in incorporation through another process for example pest or sickness durability yield assortment organizer 

mensuration in the utilize of traditional alchemical insecticides may furthermore be fostered to relieve the insecticide 

durability (Fig 2). 

 

Table 1: Classifying resistance of most pests against insecticides due to mutation in acetylcholine esterase 

enzymes; this type of modification changes AChE into modified acetylcholine esterase 

Species (pests) Insecticides Mutations Results 

Myzus persicae Carbamates and organophosphate AChE MACE 

Musca domestica __ 5- types of mutations in (ACHE) __ 

Drosophila melanogaster ــــــ (SNP)-point mutation ــــــ 

 

 
Fig 2: Signifying that amplification of metabolic enzymes detoxify the insecticides before reaching their target 

region and causing resistance in pests (Yang, et al., 2007) 

 

CONCLUSIONS 
In urban ecosystems, developing sustainable IRM strategies relies on continued investigation of the status and 

mechanisms of insecticide resistance as well as understanding the biology, behavior, physiology, and ecology of the 

target insect pests. Many operational factors such as categories of insecticides used, the application time, rate, coverage, 

and method are also very important in designing IRM strategies. Recent advances in genomic and genetic technologies 

have facilitated the development of alternative tools that provide great potential for ecologically benign and species-
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specific insect population management. Moreover, biopesticides have varied mechanisms of activity that could contribute 

additional defenses against the development of insecticide resistance. There is no single technology that will provide a 

comprehensive solution for IRM. IRM must incorporate multiple tactics to achieve acceptable urban pest management 

and reduce the development of insecticide resistance.  

 

Acknowledgments 

The authors would like to thank Mustansiriyah University (www.uomustansiriyah.edu.iq) Baghdad -Iraq for its 

support in the present work. 

 

Conflict of Interest Statement: "The authors have no conflicts of interest to declare." 

 

REFERENCES 
 Karunamoorthi, K., & Sabesan, S. (2013). Insecticide resistance in insect vectors of disease with special reference to 

mosquitoes: a potential threat to global public health. 

 Paine, M. J., & Brooke, B. (2016). Insecticide resistance and its impact on vector control. In Advances in Insect 

Control and Resistance Management (pp. 287-312). Springer, Cham. 

 Bowman, D. D. (1999). Georgis parasitologi for veterinarians. DANSK VETERINAERTIDSSKRIFT, 82, 894-894. 

 Wales, A. D., Carrique‐Mas, J. J., Rankin, M., Bell, B., Thind, B. B., & Davies, R. H. (2010). Review of the carriage 

of zoonotic bacteria by arthropods, with special reference to Salmonella in mites, flies and litter beetles. Zoonoses 

and public Health, 57(5), 299-314. 

 Hua, J., Jones, D. K., & Relyea, R. A. (2014). Induced tolerance from a sublethal insecticide leads to cross-tolerance 

to other insecticides. Environmental science & technology, 48(7), 4078-4085. 

 Zhang, X. C., Jiang, M., Zang, Y. N., Zhao, H. Z., Liu, C. X., Liu, B. R., ... & Zhang, F. (2022). Metarhizium 

anisopliae is a valuable grist for biocontrol in beta‐cypermethrin‐resistant Blattella germanica (L.). Pest Management 

Science, 78(4), 1508-1518. 

 Sparks, T. C., & Nauen, R. (2015). IRAC: Mode of action classification and insecticide resistance 

management. Pesticide biochemistry and physiology, 121, 122-128. 

 Alam, M. Z., Crump, A. R., Haque, M. M., Islam, M. S., Hossain, E., Hasan, S. B., ... & Hossain, M. S. (2016). 

Effects of integrated pest management on pest damage and yield components in a rice Agro-ecosystem in the Barisal 

region of Bangladesh. Frontiers in Environmental Science, 4, 22. 

 Gao, Y., Lei, Z., & Reitz, S. R. (2012). Western flower thrips resistance to insecticides: detection, mechanisms and 

management strategies. Pest management science, 68(8), 1111-1121. 

 Kirk, W. D. (2002, December). The pest and vector from the West: Frankliniella occidentalis. In Thrips and 

Tospoviruses: Proceedings of the 7th international symposium on thysanoptera (Vol. 2, pp. 33-42). Canberra, 

Australia: Australian National Insect Collection. 

 Mota-Sanchez, D., Whalon, M. E., Hollingworth, R. M., & Xue, Q. (2008). Documentation of Pesticide. Global 

pesticide resistance in arthropods, 32. 

 Childers, C. C. (1997). Feeding and oviposition injuries to plants. Thrips as crop pests., 505-537. 

 Pappu, H. R., Jones, R. A. C., & Jain, R. K. (2009). Global status of tospovirus epidemics in diverse cropping 

systems: successes achieved and challenges ahead. Virus research, 141(2), 219-236. 

 Maymó, A. C., Cervera, A., Dolores Garcerá, M., Bielza, P., & Martínez‐Pardo, R. (2006). Relationship between 

esterase activity and acrinathrin and methiocarb resistance in field populations of western flower thrips, Frankliniella 

occidentalis. Pest Management Science: formerly Pesticide Science, 62(12), 1129-1137. 

 Reitz, S. R., & Funderburk, J. (2012). Management strategies for western flower thrips and the role of 

insecticides. Insecticides–pest engineering, 355-384.  

 Maymo, A. C., Cervera, A., Sarabia, R., Martínez‐Pardo, R., & Garcerá, M. D. (2002). Evaluation of metabolic 

detoxifying enzyme activities and insecticide resistance in Frankliniella occidentalis. Pest Management 

Science, 58(9), 928-934. 

 Jensen, S. E. (2000). Insecticide resistance in the western flower thrips, Frankliniella occidentalis. Integrated Pest 

Management Reviews, 5(2), 131-146.  

 Brattsten, L. B., Holyoke Jr, C. W., Leeper, J. R., & Raffa, K. F. (1986). Insecticide resistance: challenge to pest 

management and basic research. Science, 231(4743), 1255-1260.  

 Zhao, G., Liu, W., & Knowles, C. O. (1995). Fenvalerate resistance mechanisms in western flower thrips 

(Thysanoptera: Thripidae). Journal of economic entomology, 88(3), 531-535. 

 Reitz, S. R. (2009). Biology and ecology of the western flower thrips (Thysanoptera: Thripidae): the making of a 

pest. Florida Entomologist, 92(1), 7-13. 

 Zhao, G., Liu, W. E. I., Brown, J. M., & Knowles, C. O. (1995). Insecticide resistance in field and laboratory strains 

of western flower thrips (Thysanoptera: Thripidae). Journal of Economic Entomology, 88(5), 1164-1170. 

http://www.uomustansiriyah.edu.iq/


 

Zaid Naji Hassan et al., South Asian Res J Bio Appl Biosci; Vol-4, Iss-4 (Sep-Oct, 2022): 86-93 

© South Asian Research Publication, Bangladesh            Journal Homepage: www.sarpublication.com  92 

 

 Forcioli, D., Frey, B., & Frey, J. E. (2002). High nucleotide diversity in the para-like voltage-sensitive sodium 

channel gene sequence in the western flower thrips (Thysanoptera: Thripidae). Journal of economic 

entomology, 95(4), 838-848. 

 Herron, G. A., Rophail, J., & Gullick, G. C. (1996). Laboratory‐based, insecticide efficacy studies on field‐collected 

Frankliniella occidentalis (Pergande)(Thysanoptera: Thripidae) and implications for its management in 

Australia. Australian Journal of Entomology, 35(2), 161-164. 

 Espinosa, P. J., Contreras, J., Quinto, V., Grávalos, C., Fernández, E., & Bielza, P. (2005). Metabolic mechanisms of 

insecticide resistance in the western flower thrips, Frankliniella occidentalis (Pergande). Pest Management 

Science, 61(10), 1009-1015. 

 Jensen, S. E. (2000). Mechanisms associated with methiocarb resistance in Frankliniella occidentalis (Thysanoptera: 

Thripidae). Journal of economic entomology, 93(2), 464-471. 

 Bielza, P., Espinosa, P. J., Quinto, V., Abellán, J., & Contreras, J. (2007). Synergism studies with binary mixtures of 

pyrethroid, carbamate and organophosphate insecticides on Frankliniella occidentalis (Pergande). Pest Management 

Science: formerly Pesticide Science, 63(1), 84-89. 

 Bielza, P., Quinto, V., Contreras, J., Torne, M., Martin, A., & Espinosa, P. J. (2007). Resistance to spinosad in the 

western flower thrips, Frankliniella occidentalis (Pergande), in greenhouses of south‐eastern Spain. Pest 

Management Science: Formerly Pesticide Science, 63(7), 682-687. 

 Zhang, S. Y., Kono, S., Murai, T., & Miyata, T. (2008). Mechanisms of resistance to spinosad in the western flower 

thrip, Frankliniella occidentalis (Pergande)(Thysanoptera: Thripidae). Insect Science, 15(2), 125-132. 

 Zhao, G. Y., Liu, W., & Knowles, C. O. (1994). Mechanisms associated with diazinon resistance in western flower 

thrips. Pesticide Biochemistry and Physiology, 49(1), 13-23. 

 Sparks, T. C., Dripps, J. E., Watson, G. B., & Paroonagian, D. (2012). Resistance and cross-resistance to the 

spinosyns–a review and analysis. Pesticide Biochemistry and Physiology, 102(1), 1-10. 

 Herron, G. A., & James, T. M. (2005). Monitoring insecticide resistance in Australian Frankliniella occidentalis 

Pergande (Thysanoptera: Thripidae) detects fipronil and spinosad resistance. Australian Journal of 

Entomology, 44(3), 299-303. 

 Weiss, A., Dripps, J. E., & Funderburk, J. (2009). Assessment of implementation and sustainability of integrated 

pest management programs. Florida Entomologist, 92(1), 24-28. 

 Braga, L. S., Correa, A. S., Pereira, E. J. G., & Guedes, R. N. C. (2011). Face or flee? Fenitrothion resistance and 

behavioral response in populations of the maize weevil, Sitophilus zeamais. Journal of Stored Products 

Research, 47(3), 161-167. 

 Webster, C. G., Reitz, S. R., Perry, K. L., & Adkins, S. (2011). A natural M RNA reassortant arising from two 

species of plant-and insect-infecting bunyaviruses and comparison of its sequence and biological properties to 

parental species. Virology, 413(2), 216-225.  

 Hansen, E. A., Funderburk, J. E., Reitz, S. R., Ramachandran, S., Eger, J. E., & McAuslane, H. (2003). Within-plant 

distribution of Frankliniella species (Thysanoptera: Thripidae) and Orius insidiosus (Heteroptera: Anthocoridae) in 

field pepper. Environmental Entomology, 32(5), 1035-1044. 

 Gaum, W. G., Giliomee, J. H., & Pringle, K. L. (1994). Life history and life tables of western flower thrips, 

Frankliniella occidentalis (Thysanoptera: Thripidae), on English cucumbers. Bulletin of entomological 

Research, 84(2), 219-224. 

 Gerin, C., Hance, T. H., & Impe, G. V. (1994). Demographical parameters of Frankliniella occidentalis (Pergande) 

(Thysanoptera, Thripidae). Journal of Applied Entomology, 118(1‐5), 370-377. 

 Hulshof, J., Ketoja, E., & Vänninen, I. (2003). Life history characteristics of Frankliniella occidentalis on cucumber 

leaves with and without supplemental food. Entomologia Experimentalis et Applicata, 108(1), 19-32.  

 Price, N. R. (1991). Insect resistance to insecticides: mechanisms and diagnosis. Comparative Biochemistry and 

Physiology Part C: Comparative Pharmacology, 100(3), 319-326. 

 Denholm, I., Cahill, M., Dennehy, T. J., & Horowitz, A. R. (1998). Challenges with managing insecticide resistance 

in agricultural pests, exemplified by the whitefly Bemisia tabaci. Philosophical Transactions of the Royal Society of 

London. Series B: Biological Sciences, 353(1376), 1757-1767. 

 Reitz, S. R. (2008). Comparative bionomics of Frankliniella occidentalis and Frankliniella tritici. Florida 

Entomologist, 91(3), 474-476. 

 Godfray, H. C. J., Beddington, J. R., Crute, I. R., Haddad, L., Lawrence, D., Muir, J. F., ... & Toulmin, C. (2010). 

Food security: the challenge of feeding 9 billion people. science, 327(5967), 812-818.  

 Foster, S. P., Denholm, I., Harling, Z. K., Moores, G. D., & Devonshire, A. L. (1998). Intensification of insecticide 

resistance in UK field populations of the peach-potato aphid, Myzus persicae (Hemiptera: Aphididae) in 

1996. Bulletin of Entomological Research, 88(2), 127-130.  

 Mondal, R., & Kole, R. K. (2021). Monitoring and evaluation of pesticide residues in aquatic systems. 

In Sustainable Agriculture Reviews 47 (pp. 91-143). Springer, Cham. 



 

Zaid Naji Hassan et al., South Asian Res J Bio Appl Biosci; Vol-4, Iss-4 (Sep-Oct, 2022): 86-93 

© South Asian Research Publication, Bangladesh            Journal Homepage: www.sarpublication.com  93 

 

 Brødsgaard, H. F. (1994). Insecticide resistance in European and African strains of western flower thrips 

(Thysanoptera: Thripidae) tested in a new residue-on-glass test. Journal of economic entomology, 87(5), 1141-1146. 

 Hawkins, N. J., Bass, C., Dixon, A., & Neve, P. (2019). The evolutionary origins of pesticide resistance. Biological 

Reviews, 94(1), 135-155. 

 Biswas, S., Mondal, R., Mukherjee, A., Sarkar, M., & Kole, R. K. (2019). Simultaneous determination and risk 

assessment of fipronil and its metabolites in sugarcane, using GC-ECD and confirmation by GC-MS/MS. Food 

chemistry, 272, 559-567. 

 Yang, Y., Chen, H., Wu, Y., Yang, Y., & Wu, S. (2007). Mutated cadherin alleles from a field population of 

Helicoverpa armigera confer resistance to Bacillus thuringiensis toxin Cry1Ac. Applied and Environmental 

Microbiology, 73(21), 6939-6944. 


