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Abstract- Stored grain pests have developed resistance against 

almost all kinds of pesticides and fumigants due to frequent and 

non-proper use of pesticides and fumigants. In postharvest 

ecosystems, the development of insecticide resistance among 

stored grain pests has threatened the global food security. 

Comprehensive detail of common mechanisms behind pesticide 

resistance in stored grain pests has been described in this review. 

The different resistance mechanisms stored grain pests usually 

developed to cope with pesticidal stress, include physiological 

mechanism, behavioral mechanism and biochemical mechanism. 

All the aspects of resistance mechanisms should be known in 

order to design effective strategy for the proper control of target 

pest. 

 

I. INTRODUCTION 

lobal food production cannot be enhanced by only 

increasing the yield of food crops but also reducing all the 

elements which have adverse impact on food productivity. Major 

cause of post-harvest stored grain condiments losses are due to 

stored grain pests especially by insects estimated approximately 

30% of 1800 million tons of stored grain. High rate of 

reproduction and short generation period usually make insects 

most ruinous pest of stored grain commodities as compared with 

pest. Although it is reported that 20 species of insects (excluding 

psocids) out of the 100 are evaluated as most destructive pests 

and are cosmopolitan by distribution (Haubruge et al., 1997; 

Andrew, 2004).  

          Among the stored grain insect pests, T. granarium, R. 

dominica, S. oryzae, Sitotroga cerealella and T. castaneum, are 

ruinous to great extent bringing about at least 5-10% loss over a 

year due to non-proper use of pesticides (Baloch et al., 1994; 

Tubiello et al., 2007).  

          Traditional strategies like use of plant extract, ginger, 

garlic lemon leaves typically are low-cost strategies of post-

harvest handling of the crops but they have limited use because 

of many circumscriptions (Dakshinamurthy, 1988). 

          Mostly insect infestation of cultivated crops, plants and 

stored grain is controlled by chemical control methods with 

insecticides which are deployed mainly for the eradication target 

insect in specific area. Majority of insecticides are very noxious 

that is why specific pesticides with acceptable recommended 

doses for stored grains and possess no health concerns are mainly 

used. On the basis of chemical group present in insecticides are 

categorized as (OP) carbamates, organochlorines (OC), 

Organophosphates and pyrethroids among them organophosphate 

and pyrethroids are deployed on ample scale now days. Other 

pesticides deployed against insect pests are chlorpyrifos methyl, 

primiphos methyl, methyl parathion, lindane, piperonyl butoxide, 

diazinon dichlorvos, pyrethrins and malathion etc. (White et al., 

1995; Lessard et al., 1998). 

          Fumigation is reasonable strategy by which a target pest 

can be killed by taking advantage from its respiration and plays 

very crucial part for the security of stored food products against 

rodents, insects and mites (UNEP, 2002).  Commonly used 

fumigants for stored grain pests are, carbonyl sulphide 

(Desmarchelier 1998; Xianchang et al. 1999), ozone (Mason et 

al. 1999), hydrogen cyanide and ethyl formate (Haritos et al. 

1999) and phosphine.  However, phosphine is most advantageous 

for the proper management of stored grain pest due to cheap cost, 

safe appliance to a lot of stored food condiments, and it is also 

acknowledged as a buildup free treatment on a global scale 

(Schlipalius et al., 2002). 

          Although development of insect resistance among stored 

grain pests has become a universal phenomenon in recent years 

due to frequent and non-proper use of pesticides and fumigants. 

Insect resistance is described as the adaptation that target pests 

have developed in order to makes its survival possible at the 

recommended dose of an insecticide that could be toxic to rest of 

pests in a normal population (Subramanyam and Hagstrum, 

1995; Gwinner et al., 1996). 

          There are numerous elements which contribute in 

conferring resistance to insect pest among stored grain pests such 

as biochemical, physiological and behavioral. Biochemical 

factors govern resistance by inducing enzyme which may cause 

activation and detoxification of insecticides thus ultimately 

makes target enzyme insensitive. Mutations induce 

overproduction enzymes of detoxification system of insects. 

Physiological mechanism confers insect resistance by penetration 

(inhibition of transport of insecticide), and insensitivity of 

nerves. Development of behavioral resistance in insects depends 

on the period of contact with insecticidal residue (Georghiou, 

1972). 

          This study focuses about resistance mechanisms and 

comprehensive information especially on biochemical, molecular 

and behavioral resistance mechanisms in stored grain insects. 

 

Mechanism of development of resistance to insecticides 

          Ishaaya (2001) classified the insecticide resistance 

mechanism into three major groups that are generally found in 
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insects included biochemical mechanism, physiological 

mechanism and behavioral mechanism. Although biochemical 

mechanism of insecticide resistance is divided into two types: 

1. Target site mechanism 

2. Detoxification mechanism 

 

1. Target-site resistance  

          Target-site resistance is major mechanisms of resistance 

among insects by which they handle with several classes of 

insecticides. This mechanism involves the substitution/alterations 

in the sequences of genes encoding for the insecticide target 

proteins, adversely affect the binding property of the toxic 

compound. Conserved target-site mutations have been reported 

in genes encoding for voltage-gated sodium channel for example, 

ryanodine receptor, acetylcholinesterase, nicotic receptor, and 

GABA receptor of insect pests which give different degree of 

insensitivity to the insecticides (Hollingworth and Dong 2008; 

Yu, 2008). 

 

i. Voltage gated sodium channels 

          Voltage-gated sodium channels (VGSC) regulate the 

electrical signaling in nerve cell membranes. It belongs to class 

of large trans-membrane spanning proteins. Such kinds of protein 

usually have one pore-forming α-subunit of about 260 kDa and 

up to four smaller α-subunits of about 30-40 kDa. The α-subunit 

is the main structural element and composed of only one trans 

membrane polypeptide chain with four internally repeating 

homologous domains (I to IV), each with six hydrophobic trans 

membrane segments (S1 to S6) connected by intracellular or 

extracellular loops. S5 and S6 helices form the central pore, 

whilst S1-S4 helices form the voltage sensing domains. Such 

kind of conformation makes the channel permeable to the sodium 

ion that is crucial for the normal transmission of nerve impulses 

(Catterall, 2000). Because it plays crucial role in electrical 

signaling, sodium channels are served as major target for several 

natural or synthetic neurotoxins, like pyrethroid insecticides. It is 

reported that pyrethroids, pyrethrins and DDT act on the VGSC 

and induce a changes in the gating kinetic, usually by reducing 

the rate of deactivation which lead to prolonged opening of the 

individual channel which cause repetitive discharges through the 

nerve and ultimately lead to the paralysis and the death of target 

insect pests (Davies et al., 2007; Soderlund, 2012). 

          Several sort of target-site mutations in the sodium channel 

protein have been reported in numerous insect species. However 

few of them have been studied functionally by expressing mutant 

gene in Xenopus oocytes, and their role in reducing sodium 

channel sensitivity to pyrethroids have been ascertained; 

however, majority of them were not characterised (Rinkevich et 

al., 2013). 

          In M. domestica non synonymous mutations were first 

reported and described as “knock-down resistance” as they 

govern resistance to the paralytic effect in resistant insect in 

response to (knock-down) pyrethroids and DDT (Busvine, 1951; 

Williamson et al., 1996). 

ii. Acetylcholinesterases 

          Acetylcholinesterase (AChE) is the enzyme that catalysis 

the hydrolysis of the excitatory neurotransmitter acetylcholine 

(ACh) which is responsible for the nerve impulse transmission 

across the cholinergic synapses. It is reported that 

organophosphate (OP) and carbamate insecticides usually 

denature acetylcholinesterase by phosphorylating or 

carbamylating the critical serine residue in the active site of 

enzyme thus inhibition of AChE activity lead to the 

accumulation of ACh in the synapse causing a continuous 

stimulation and ultimately the death of the insect (Eldefrawi, 

1985; Casida and Quistad, 2003). Modification in the primary 

structure of the AChE due to mutation makes it insensitive to 

OPs and carbamates and provides to the insect some levels of 

resistance (Fournier and Mutero, 1994). In resistant insect several 

point mutations have been reported especially in the region of 

AChE genes (ace) that code for the active site of the enzyme. 

Such kinds of mutations generally govern resistance of different 

degree due to this reason variable effects have been observed in 

response to different insecticide among insects (Fournier, 2005). 

Although, it is also reported that different insects have variable 

number of AChE gene but most of the insect species have two 

genes, ace-1 (paralogous to ace) and ace-2 (orthologous to ace) 

encoding for two different acetylcholinesterases, AChE1 and 

AChE2 while higher Diptera have only one gene (ace) for AChE 

(Fournier, 2005). 

iii. Nicotinic acetylcholine receptors 

          Nicotinic acetylcholine receptors (nAChR) are mainly 

found in nervous system of insects. 

          They are proteins by nature and contain at least two 

binding sites for neurotransmitter ACh. These binding sites 

should be bound by ACh to initiate the channel opening (Karlin, 

2002). Nicotine and the neonicotinoid insecticides activate the 

receptor because they mimic the neurotransmitter ACh and 

subsequently induce the influx of sodium ions with the 

stimulation of action potentials. As it is described above those 

insecticides denature the AChE and thus prevent the destruction 

of neurotransmitter at synapses. Subsequently continuous 

generation of synaptic action potential leads to hyperexcitation, 

convulsion, paralysis and death of the insect (Jeske and Nauen, 

2005). Although, modified nAChR and its correlation with 

respect to alteration in the sensitivity to the effect of the 

insecticides has been evaluated in several insect species (Nauen 

and Denholm, 2005; Crossthwait et al., 2014). 

iv. GABA receptors  

          GABA gated-chloride channels receptors (GABAR) are 

class of membrane-bound proteins belongs to the superfamily of 

ligand-gated channels known as “Cys-loop” and have of 

receptors 5 subunits that form a central ion pore; each subunit 

has a long N-terminal domain that is a part of the GABA binding 

site. They are mainly found in the central nervous system and 

also at the peripheral neuromuscolar junctions. GABA gated-

chloride channels receptors are deactivated by Ɣ-aminobutyric 

acid (GABA) and subsequently nerve impulse inhibition took 

place (Buckingham and Sattelle, 2005). Cyclodiene insecticides, 

usually bound to the GABA binding site, prevent the binding of 

GABA neurotransmitter at the same receptors and subsequently 

inhibit the impulse transmission (Bloomquist, 2001).  

          Target site mutation in GABAR gene makes the binding 

site of receptor insensitive for the insecticide in resistant insect. 

Such kind of mutation has been analyzed in many insect pests for 

example gene called Rdl (Resistance to Dieldrin), have been 

studied from a field collected population of Drosophila 
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melanogaster (fFrench-Constant et al., 1993; Buckingham and 

Sattelle, 2005).  

v. Ryanodine receptors  

           Ryanodine receptors (RyR), which is also known as 

ryanodine-sensitive calcium release channels, belong to class of 

large tetrameric proteins mainly found in 

sarcoplasmic/endoplasmic reticulum membrane in muscles and 

nervous tissue. They have the same basic structure of the sodium 

channels, with 4 homologous domains arranged around a central 

ion pore. RyR is important for many physiological activities such 

as muscle contraction by calcium regulation because when these 

receptors are stimulated by their ligand cause withdrawal of 

calcium ion from intracellular stores (Hamilton, 2005). Efficacy 

of both flubendiamide and anthranilic diamides, have been 

recently determined against lepidopteran pest species. They 

target the RyR activators and adversely affect the calcium 

homeostasis release causing which disrupt the muscles 

contraction of target insects pests, which cause paralysis and 

death (Nauen, 2006). Although resistance to such insecticides 

(flubendiamide and anthranilic) with respect to target-site 

mutation in the membrane-spanning domain of the RyR has 

recently been evaluated in the diamondback moth Plutella 

xylostella, a global lepidopteran pest of cruciferous crop 

(Troczka et al., 2012).  

 

2. Detoxification mechanism 

          Majority of the enzymes involve in the detoxification of 

xenobiotics are part of large multigene families generally known 

as mixed function oxidases, esterases and glutathione S-

transferases (Van, 1962). 

          Generally xenobiotics such as insecticides and other 

toxicants in insects are detoxified by oxidation via mixed 

function oxidases (MFO) that is why such enzymes are very 

crucial. Mixed function oxidases (MFO) govern resistance to 

insect pests against xenobiotics because it is observed that 

resistant insects have high level of MFOs than in their 

susceptible member and such elevated level of MFOs is 

contributed by gene expression not amplification (Carino et al., 

1994; Tomita et al., 1995). The mechanism of detoxification of 

xenobiotics has been correlated with MFOs after the discovery of 

multifunctional enzymes of cytochrome P-450 complex. 

          Although studies have also been revealed that different 

sorts of xenobiotics cause induction of several kinds of 

cytochrome P-450 capable of distinct catalytic properties 

(Cooney, 1967). 

           Approximately, 62 families of cytochrome P-450 have 

been identified in animals and plants and whereas four families 

(i.e. 4, 6, 9 and 18) have been studied among insects. It has also 

been found that cytochrome P-450 oxidases (occur in cluster of 

genes) which is a member of family 6 are mainly involve in 

detoxification of xenobiotics and hence give resistance to target 

insect pest. However, NADPH and oxygen are required for 

proper activity of MFOs (Gunsalus, 1972). 

          Whereas, alternations in activities of different esterases are 

also correlated with pesticide induced resistance among insects 

(Needam and Sawicki, 1971; Hughes and Devonshire, 1982). 

Esterases usually catalyze the hydrolytic reactions which involve 

the cleaveage of halide esters, peptides, thioesters and amides so 

it is concluded that insecticides usually have esters of substituted 

carbamic, phosphoric or cyclopropane carboxylic acids that is 

why they are hydrolyzed by these esterases (Devonshire, 1991). 

          There are six families of esterases found in the form of 

gene cluster on same chromosome (Cygler et al., 1993; Russel et 

al., 1996; Cambell et al., 1997). Point mutation in just one 

member of gene cluster, transformed the esterases into 

insecticide hydrolase. It is also observed in resistant population 

of insects that elevated activity of esterase is responsible for the 

detoxification of insecticides (Oppenoorth and Van, 1960; 

Casida, 1973). Likewise, Carboxyl esterases, acetylcholine 

esterases, aryl estearse and choline esterase are also involved in 

the neutralization of neutralization of xenobiotics and govern 

resistance to insect (Ellman et al., 1961; Fournier and Mutero, 

1994). 

          Glutathione S-transferases are usually crucial for the 

detoxification of cyclodienes organochlorines and 

organophosphates by resistant insect (Yu, 1996; Yu, 2002; Boyer 

et al., 2007; Fragoso et al., 2007). Many organisms possess 

several kinds GST; it is taken into account that that elevated 

catalytic activity of GSTs is correlated with resistance to 

insecticide. It is also proposed that GSTs may act as binding 

proteins or may elevate the activity of other detoxification 

enzymes like esterases (Grant and Matsumura, 1989; 

Kostaropoulos et al., 2001). Gene of GST are also found as 

cluster of genes that shuffled through recombination of genome, 

and so a member of multiple genes responsible (Grant et al., 

1991; Ranson et al., 1997; Prapanthadara et al., 2000). 

          The role of GSTs has been demonstrated in insecticide 

resistance in the mite Varroa jacobsoni (Hillesheim et al., 1996), 

Helicoverpa armigera (Hubner) in German cockroach species 

(Wu et al., 1998) and in Plutella xylostella L. (Yu and Nguyen, 

1996; Ali and Turner,2001). 

 

3. Behavioral resistance  

          Behavioral resistance developed in insects when they learn 

to repudiate pesticide. This phenomenon is required stimulus and 

resistant insects become able to identify the danger and simply 

avoid feeding or leave the treated area, walking or flying away. 

Usually such kinds of insects possess well developed receptors 

by which they can detect even lower concentrations of 

insecticide as compared with susceptible insects (Yu, 2008). 

 

4. Physiological resistance  

          Physiological resistance involves the interactions of 

various metabolic factors. Mainly specific genes conferred 

physiological resistance to insecticide that is accomplished either 

by increased metabolism or reduced sensitivity of target sites that 

are usually acetyl cholinesterase, gamma-amino butyric acid and 

para-sodium ion channels (Miller, 1988). 

 

5. Other resistance mechanisms 

          Main mechanisms of resistance among insects are target 

site and metabolic resistance. Although there are many other 

mechanisms of insect resistance that are given less important 

because they are considered to confer minor resistance to 

insecticides. However, they may be only modest role in 

insecticide resistance can be manipulated by conjoined with 

major mechanisms in the same insect. 
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1. Pgp pumps  

          P-glycoprotein (Pgp) transporters are integral membrane 

proteins and member of ATP binding cassette (ABC) 

superfamily. They translocate several kinds of metabolites and 

xenobiotics across cellular membranes with the expenditure of 

the energy derived from hydrolysis of ATP (Hollenstein et al., 

2007). The role of Pgp pumps in the removal of variety of toxic 

compounds from cells have been demonstrated in term of 

mechanism of antibiotic resistance in bacteria and of fungicide 

resistance in fungi. Although its physiological role have not yet 

been properly understood in insects (Lage, 2003). However, role 

of ABC transporters have recently been studied in insects as a 

putative mechanism which govern resistance in insects by 

facilitating efflux transport of insecticides and their metabolites 

derived from phase I and II reactions (O’Donnell, 2008). The 

role of Pgp pumps in insecticide resistance has been evaluated in 

term of increased expression of genes encoding ABC transporters 

in many insect species (Porretta et al., 2008; Aurade et al., 2010; 

Bariami et al., 2012). Dermauw and Van Leeuwen (2014) has 

recently been reviewed many cases of survey which suggest the 

involvement of ABC transporters in insecticide resistance. ABC 

transporters govern resistance to insecticides by several kind of 

mechanisms based on the quantification of transcript or protein 

levels and by synergism studies using ABC inhibitors (Buss and 

Callaghan, 2008; Dermauw and Leeuwen, 2014). However, in 

different lepidopteran species a mutant allele has recently been 

recognized with respect to its role in conferring resistance against 

the pore-forming Cry1Ac toxin from Bacillus thuringiensis (Bt) 

by a mechanism that causes the the loss of Cry1Ac binding to 

membrane vesicles rather than toxin extrusion (Gahan et al., 

2010; Heckel, 2012). 

 

2. Penetration resistance 

          Penetration resistance is a sort of adaptation which 

prevents the insecticide to reach its target by penetrating through 

the cuticle of resistant insect. Penetration resistance develops due 

to physico-chemical alterations in the structure of cuticle that 

subsequently decrease the absorption of the chemicals thus the 

modest amount of the insecticide can pass through such physical 

barriers. Although, this mechanism govern small degree of 

resistance to insect despite of the fact that it protects insects from 

many kinds of xenobiotics. Rather, it exerts its impact through its 

combination with other resistance mechanism, intensify their 

effects. It is suggested that detained and low rate of penetration 

may provide more time for the detoxification of the xenobiotics 

(Oppenoorth and Welling, 1976; Scott, 1990). 

 

Development of resistance in insect pests against insecticides 

 

1. Mechanism of resistance to organochlorines 

          The organochlorines are primarily detoxified by 

dehydrochlorination and microsomal detoxification (Agosin et 

al., 1961). Dehydrochlorination is mainly catalyzed by enzyme 

dehydrochlorinase and it was first discovered in 1950 in housefly 

(Sternburg et al., 1950). After that it was also reported in other 

species. Such enzyme is considered under the control of Semi 

dominant gene (Deh) in houseflie.  

Whereas, microsomal enzymes are also reported in various 

strains of European housefly and other taxa of insects and such 

enzymes are under the control of DDTmd gene which is a semi-

dominant gene as well. This gene governs resistance to DDT and 

diazinon by microsomal detoxification. Although such findings 

showed coexistence of DDT and diazinon resistance in few 

strains of the housefly, while this gene is not common in this 

insect taxa. Substitution and alternation in kdr and super kdr gene 

is also correlated with resistance to organochlorines 

(Oppenoorth, 1965; Oppenoorth and Houx, 1968). 

2. Development of resistance to organophosphates and 

carbamates 

          Acetylcholinesterase (AChE) is the target site for 

organophosphate and carbamate insecticides and mutation in this 

enzyme usually govern resistance against them (Fournier and 

Mutero, 1994). However, resistance to organophosphorus 

insecticides is also correlated associated with the depleted 

activity of carboxylesterase (CarE) in Musca 

domestica and Drosophila melanogaster species (Campbell et 

al., 1997). 

3. Development of resistance to pyrethroids 

          It is observed that DDT and pyrethroids attack on the 

central nervous system of the insects, induce convulsions, 

paralysis and subsequent death, this phenomenon is called 

knockdown. Although, unlike DDT pyrethroids have not harmful 

concerns regarding environment, animal and human health that is 

why they have widespread use. Just like DDT single amino acid 

substitution in protein encode for the voltage gated sodium 

channel in the central nervous system, is considered as the main 

pyrethroid resistance mechanism (the knockdown resistance 

phenotype, kdr) (Martins, A.J. and Valle, D., 2012). 

4. Fumigants 

          Fumigants kill insects by neurological, metabolically or 

oxidative stress. It has been observed fumigants toxicity is 

temperature dependent. Generally high temperature increases the 

respiration of insects thus more fumigant is inhaled whereas low 

temperature has inverse impact (Ahmdani, 2009). 

a. Mechanism of phosphine toxicity to stored product 

pests 

          Mechanism of phosphine toxicity has not yet been clearly 

understood although physiological and biochemical alternations 

which occur as a consequence of phosphine exposure can be 

classified as neural, metabolic and redox related response (Nath 

et al., 2011). 

          Phosphine inflicts neural response via increasing 

acetylcholine neurotransmission by the denaturation of an 

enzyme acetylcholine esterase (Al-Azzawi et al., 1990; Potter et 

al., 1993). It also is proposed that activation of acetylcholine 

signaling by phosphine leads to increase in metabolic output and 

also raise the metabolic demand which subsequently result in 

hypersensitivity to phosphine (Valmas et al., 2008). 

          Phosphine toxicity is correlated with disturbance in energy 

production mechanism by mitochondria as well (Chefurka et al., 

1976; Jian et al., 2000; Dua and Gill, 2004; Singh et al., 2006). 

Phosphine hinders respiration by mitochondria as a result 

insufficient amount of energy is generated which causes 

mortality of insects. Though, there is a correlation between 

energy metabolism and phosphine toxicity. (Chefurka et al., 

1976; Price and Dance, 1983; Schlipalius et al., 2006; Dua et al., 

2010). It is considered that phosphine exerts its toxic effect either 

via increased rate of metabolism or energy depletion inflicts 
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mortality of insect after phosphine exposure (Valmas et al., 

2008). 

          It has been reported that phosphine brought oxidative 

damage to biological macromolecules (Chaudhry and Price, 

1992) by cytochrome c inhibition. As a consequence reactive 

oxygen species (ROS) is generated which decreases energy 

metabolism, so this is evident to ascertain that insect may 

become resistant to phosphine by metabolic suppression.  

          The possible mechanism can be linked with uptake of 

phosphine is either availability of oxygen (Because when oxygen 

is absent phosphine is not absorbed and loses its insecticidal 

potential) or rate of respiration and metabolism i.e low rate of 

respiration and metabolism may be proposed as mechanism of 

resistance to phosphine in S. granarius (Bond and Monro, 1967; 

Bond et al., 1969; Monro et al., 1972; Kashi, 1981; Pimentel et 

al., 2007).  

II. CONCLUSIONS 

          The main objective was to give inclusive detail on the 

resistance mechanisms of stored-product insects. It is suggested 

that understanding of all elements of resistance mechanisms 

among stored grain pests are very important for the planning of 

effective strategy in order to combat resistant insect pest. 

REFERENCES 

[1] AGOSIN, M., MICHAELI, D., MISKUS, R., NAGASAWA, S. AND 
HOSKINS, W.M., 1961. A new DDT metabolizing enzyme in the German 
cockroach. J. Econ. Entomol., 54: 340-42. 

[2] AHMDANI, M. S., 2009. Phytosanitary management of Trogoderma 
granarium everts with methyl bromide alternatives to ensure food security 
and safety. PhD. Thesis, Entomol. Fac. Crop and Food Sci. Pir Mehr Ali 
Shah Arid Agri. Univ., Rawalpindi Pakistan.  

[3] AL-AZZAWI, M., AL-HAKKAK, Z. AND AL-ADHAMI, B., 1990. In 
vitro inhibitory effects of phosphine on human and mouse serum 
cholinesterase. Toxicol. Environ. Chem., 29 (1): 53-56. 

[4] ALI, N. AND TURNER, B., 2001. Allozyme polymorphism and variability 
in permethrin tolerance in British populations of the parthenogenetic stored 
product pest Liposcelis bostrychophila (Liposcelididae, Psocoptera). J. 
Stored Prod. Res., 37: 111-125. 

[5] ANDREW, J. H., 2004. The major insect pests of stored cereals and pulse 
grains in Somalia and their control. Ref. manual. Nairobi, UNA. 

[6] AURADE, R.M., JAYALAKSHMI, S.K. AND SREERAMULU, K. 2010. 
P-glycoprotein ATPase from the resistant pest, Helicoverpa armigera: 
purification, characterization and effect of various insecticides on its 
transport function. Biochim. Biophys. Acta., 1798: 1135-1143.  

[7] BALOCH, U. K., IRSHAD, M. AND AHMED, M., 1994. Loss assessment 
and loss prevention in wheat and storage-technology development and 
transfer in Pakistan. Proc. Intern. Working Conf. Stored Prod. Protec., 2: 
902-905.  

[8] BARIAMI, V., JONES, C.M., POUPARDIN, R., VONTAS, J. AND 
RANSON, H. 2012. Gene amplification, ABC transporters and cytochrome 
P450s: unraveling the molecular basis of pyrethroid resistance in the dengue 
vector, Aedes aegypti. PloS neglected tropical diseases, 6: e1692.  

[9] BLOOMQUIST, J.R., 2001. GABA and glutamate receptors as biochemical 
sites for insecticide action. In: Biochemical sites of insecticide action and 
resistance (Ed. I., Ishaaya) Springer, Berlin, pp. 17-41. 

[10] BOND, E.J. AND MONRO, H.A.U. 1967. The role of oxygen on the 
toxicity of fumigants to insects. J. Stored Prod. Res., 3: 295–310.  

[11] BOND, E.J., ROBINSON, J.R. AND BUCKLAND, C.T., 1969. The toxic 
action of phosphine, absorption and symptoms of poisoning in insects. J. 
stored Prod. Res., 5 (4): 289-298. 

[12] BOYER, S., TILQUIN, M. AND RAVANEL, P., 2007.  Differential 
sensitivity to Bacillus thuringiensis var. israelensis and temephos in field 
mosquito populations of Ochlerotatus cataphylla (Diptera: Culicidae): 
Toward resistance. Environ. Toxicol. Chem., 26: 157-162. 

[13] BUCKINGHAM, S.D AND SATTELLE, D.B., 2005. GABA receptors of 
insects. In: Comprehensive insect molecular science ( L.I., Gilbert; K., 
Iatrou and S.S., Gill) Vol 5, Elvisier, Oxford, UK, pp. 107-142. 

[14] BUSVINE., J,R. 1951. Mechanism of resistance to insecticide in houseflies. 
Nature, 168: 193-195. 

[15] BUSS, D.S. AND CALLAGHAN, A. 2008. Interaction of pesticides with 
p-glycoprotein and other ABC proteins: a survey of the possible importance 
to insecticide, herbicide and fungicide resistance. Pestic Biochem Physiol, 
90: 141-153.  

[16] CAMPBELL, P.M., TROTT, J.F., CLAUDIANOS, C., SMYTH, K.A., 
RUSSELL, R.J. AND OAKESHOTT, J.G., 1997. Biochemistry of esterases 
associated with organophosphate resistance in Lucilia cuprina with 
comparisons to putative orthologues in other Diptera. Biochem. Genet., 35 
(1-2): 17-40. 

[17] CARINO, F.A., KOENER, J.F., PLAPP, F.W. AND FEYEREISEN, R., 
1994. Constitutive overexpression of the cytochrome P 450 gene CYP6AI 
in a house fly metabolic resistance to insecticides. Insect Biochem. Molec. 
Boil., 24: 411-418. 

[18] CASIDA, J.E., 1970. Mixed-function oxidase involvement in the 
biochemistry of insecticide synergists. J. Agric. Food Chem., 18: 753-772.  

[19] CASIDA, J.E. AND QUISTAD, G.B., 2003. Organophosphate toxicity: 
Safety aspects of nonacetylcholinesterase secondary targets. Chem Res 
Toxicol., 17: 983-998. 

[20] CATTERALL, W.A., 2000. From ionic currents to molecular mechanisms: 
the structure and function of voltage-gated sodium channels. Neuron, 26:13-
25. 

[21] CHAUDHRY, M.Q. AND PRICE, N., 1992. Comparison of the oxidant 
damage induced by phosphine and the uptake and tracheal exchange of 32P-
radiolabelled phosphine in the susceptible and resistant strains of 
Rhyzopertha dominica (F.) (Coleoptera: Bostrychidae). Pestic. Biochem. 
Physiol., 42 (2): 167-179. 

[22] CHEFURKA, W., KASHI, K.P. AND BOND, E.J., 1976. The effect of 
phosphine on electron transport in mitochondria. Pestic. Biochem. Physiol., 
6: 65-84. 

[23] CONNEY, A.H., 1967. Pharmacological implications of microsomal 
enzyme induction. Pharmacol. Rev., 19: 317-321. 

[24] CROSSTHWAIT, A.J., RENDINE, S., STENTA, M. AND SLATER, R. 
2014. Target-site resistance to neonicotinoids. J. Chem. Biol., 10: 1007. 

[25] CYGLER, M., SCHRAG, J.D., SUSSMAN, J.L., HAREL, M., SILMAN, 
I., GENTRY, M.K. AND DOCTOR, B.P., 1993. Relationship between 
sequence conservation and three dimensional structure in a large family of 
esterases, lipases and related proteins. Protein Sci., 2: 366-382. 

[26] DAVIES, T.G.E,  FIELD, L.M., USHERWOOD, P.N.R AND 
WILLIAMSON, M.S. 2007. DDT, Pyrethrins, Pyrethroids and Insect 
sodium channels. IUBMB Life, 59: 151-162.  

[27] DAKSHINAMURTHY, A., 1988. Effect of certain plant after evaporation 
in the medium deter insects from feeding products on storage pest of paddy. 
Tropical Sci. and cause very high lethality in insects. Morespecifically, 28: 
119-122. 

[28] DERMAUW, W. AND LEEUWEN, T., 2014. The ABC gene family in 
arthropods: comparative genomics and role in insecticide transport and 
resistance. Insect Biochem Mol Biol, 

[29]                   45: 89-110. 

[30] DESMARCHELIER, J.M., 1998. Potential new fumigants. In: Stored grain 
in Australia. Proc. Australian Post-harvest Technical Conference, (Eds. 
H.J., Wright and E.J., Damcevski). Canberra, Australia, pp. 133-137.  

[31] DEVONSHIRE, A.L., 1991. Role of esterases in resistance of insects to 
insecticides. Biochem. Soc. Trans., 19: 755-758. 

[32] DUA, R., SUNKARIA, A., KUMAR, V. AND GILL, K.D., 2010. Impaired 
mitochondrial energy metabolism and kinetic properties of cytochrome 
oxidase following acute aluminium phosphide exposure in rat liver. Food 
Chem. Toxicol., 48 (1): 53-60.  

[33] ELDEFRAWI, A.T., 1985. Acetylcholinesterases and anticholinesterase. In: 
Comprehensive insect physiology, biochemistry and pharmacology (Eds. 
G.A. Kerkut and L.I. Gilbert). Pergamon Press, Oxford, vol 12, pp. 115-
130. 

[34] ELLMAN, G.L., COURTNEY, K.D. AND FEATHERSTONE, R.M., 1961. 
A new and rapid colorimetric determination of acetylcholinesterase activity. 
Biochem. Pharmacol., 7 (2): 88-95. 

http://ijsrp.org/


International Journal of Scientific and Research Publications, Volume 7, Issue 8, August 2017      280 

ISSN 2250-3153   

    www.ijsrp.org 

[35] F-FFRENCH-CONSTANT, R.H., STEICHEN, J.C., ROCHELEAU, T.A., 
ARONSTEIN, K. AND ROUSH, R.T. 1993. A single-amino acid 
substitution in a Ɣ-aminobutyric acid subtype A receptor locus is associated 
with cyclodiene insecticide resistance in Drosophila populations. 
Proceedings of the National Academy of Sciences of the  

[36] FOURNIER, D. AND MUTERO, A. 1994. Modification of 
acetylcholinesterase as a mechanism of resistance to insecticides. Comp 
Biochem Physiol., 108C: 19-31. 

[37] FOURNIER, D. 2005. Mutations of acetylcholinesterase which confer 
insecticide resistance in insect populations. Chem. Biol. Interact., 157(158): 
257-261. 

[38] FRAGOSO, D.B., GUEDES, R.N.C., GORETI, A. AND OLIVEIRA, M., 
2007. Partial characterization of glutathione S-transferases in pyrethroid 
resistant and susceptible populations of the maize weevil, Sitophilus 
zeamais. J. Stored Prod. Res., 43: 167-170. 

[39] GAHAN, L.J., PAUCHET, Y., VOGEL, H. AND HECKEL, D.G. 2010. An 
ABC transporter mutation is correlated with insect resistance to Bacillus 
thuringiensis Cry1Ac toxin. PLoS Genet., 6: e1001248.  

[40] GRANT, D.F. AND MATSUMURA, F., 1989. Glutathione S-transferase 1 
and 2 in susceptible and insecticide resistant Aedes aegypti. Pestic. 
Biochem. Physiol., 33 (2): 132-143. 

[41] GRANT, D.F., DIETZE, E.C. AND HAMMOCK, B.D., 1991. Glutathione 
S-transferase isozymes in Aedes aegypti: Purification, characterization, and 
isozyme-specific regulation. Insect Biochem., 21 (4): 421-433. 

[42] GEORGHIOU, G.P. AND SAITO, T., 1983. Pest resistance to pesticides. 
In US-Japan Cooperative Science Program Seminar on Pest Resistance to 
Pesticides: Challenges and Prospects, Palm Springs, Calif. (USA), 1979. 
Plenum Press. 

[43] GUNSALUS, I.C., 1972. Early reactions in the degradation of camphor: P-
450 hydroxylase, In: “Degradation of Synthetic Organic Molecules in the 
Biosphere,” pp. 137–145, National Academy of Sciences, Washington, D.C. 

[44] GUNNING, R.V., MOORES, G.D., AND DEVONSHIRE, A.L., 1998. 
Inhibition of resistance-related esterases by piperonyl butoxide in 
Helicoperva armigera (Lepidoptera: Noctuide) and Aphis gossypii 
(Hemiptera: Aphididae). In: Piperonyl butoxide ( Ed. G., Jones). Academic 
Press, London, UK, pp. 215-226. 

[45] GWINNER, J., HARNISCH, R. AND MUCK, O., 1996. Manual on the 
prevention of post harvest grain losses. Post harvest Protection Project, 
GTZ, Eschborn, FRG. 

[46] HAMILTON, S.L. 2005. Ryanodine receptors. Cell Calcium, 38: 253-260. 

[47] HAMMOCK, B.D. AND SODERLUND, D.M. (1986). Chemical strategies 
for resistance management, In: Pesticide Resistance: Strategies and Tactics 
for Management, Committee on Strategies for the Management of Pesticide 
Resistant Pest Populations, Board on Agriculture, National Research 
Council (Eds.). National Academy Press, Washington, D.C., USA. pp. 111-
129. 

[48] HARITOS, V.S., REN, Y.L. AND DESMARCHELIER, J.M., 1999. 
Regulatory toxicology of alternative fumigants. In: Proc. 7th Int. Working 
Conf. on Stored-product Protection, (Eds. J. Zuxun; L., Quan; L. 
Yongsheng; T. Xianchang and G. Lianghua), Sichuan Publishing House of 
Science and Technology, Chengdu, Beijing, China, 1: 356-363. 

[49] HALLER, H., FORGE, L. AND SULLIVA, W. 1942. Effect of sesamin 
and related compounds on the insecticidal action of pyrethrum on 
houseflies. J. Econ. Entomol., 35: 247-248. 

[50] HAUBRUGE, E., L. ARNAUD, AND MIGNON. J., 1997. The impact of 
sperm precedence in malathion resistance transmission in population of the 
red flour beetle Tribolium castaneum (Herbst) (Coleoptera, Tenebrionidae). 
J. Stored Prod. Res., 33: 143–146. 

[51] HILLESHEIM, E., RITTER, W. AND BASSAND, D., 1996. First data on 
resistance mechanisms of Varroa jacobsoni (Oud) against tau-fluvalinate. 
Exp. Appl. Acarol., 20: 283-296.  

[52] HOLLINGWORTH RM AND DONG K., 2008. The biochemical and 
molecular genetic basis of resistance to pesticides in arthropods. In: Global 
pesticide resistance in arthropods (Eds. M.E., Whalon; D., Mota-Sanchez 
and R.M., Hollingworth). CABI,Wallingford, UK, pp. 5-31. 

[53] HOLLENSTEIN, K., DAWSON, R.J.P. AND LOCHER, K.P., 2007. 
Structure and mechanism of ABC transporter proteins. Curr. Opin. Struct. 
Biol., 17: 412-418.  

[54] HODGSON, E. AND LEVI, P.E. 1998. Interactions of piperonyl butoxide 
with cytochrome P450. In: Piperonyl butoxide (Ed.Jones G). Academic 
Press, London, UK, pp. 42-53. 

[55] HUGHES, P.B. AND DEVONSHIRE, A.L., 1982. The biochemical basis 
of resistance to organophosphorus insecticide in sheep blowly, Lucilia 
cuprina. Pestic. Biochem. Physiol., 18: 289-297. 

[56] ISHAAYA, I., 1993. Insect detoxifying enzymes: Their importance in 
pesticide synergism and resistance. Arch. Insect Biochem., 22: 263-276.  

[57] ISHAAYA, I., 2001. Biochemical processes related to insecticide action. In: 
Biochemical Sites of Insecticide Action and Resistance (Ed. I., Ishaaya). 
Springer, Berlin-Heidelberg- New York, USA. pp. 1-16. 

[58] JESCHKE, P. AND NAUEN, R. 2005. Neonicotinoid insecticides. In: 
Comprehensive molecular insect biology. (Eds. L.I., Gilbert; K., Iatrou and 
S.S., Gill) Vol. 5, Elvisier, London, UK, p. 53. 

[59] KARLIN, A., 2002. Emerging structure of the nicotinic acetylcholine 
receptors. Nat. Rev.  

[60] KASHI, K.P. AND CHEFURKA, W., 1976. The effect of phosphine on the 
absorption and circular dichroic spectra of cytochrome c and cytochrome 
oxidase. Pestic. Biochem. Physiol., 6 (4): 350-362. 

[61] KOSTAROPOULOS, I., PAPADOPOULOS, A.I., METAXAKIS, A., 
BOUKOUVALA, E. AND PAPADOPOULOU, M.E., 2001. Glutathione S-
transferase in the defence against pyrethroids in insects. Insect Biochem. 
Molec. Biol., 31 (4): 313-319. 

[62] LESSARD, F.F., VIDAL, M.M. AND BUDZINSKI, H., 1998. Modeling 
biological efficacy decrease and rate of degradation of chlorpyrifos methyl 
on wheat stored under controlled conditions. J. Stored. prod. Res., 34: 341-
354.  

[63] LAGE, H., 2003. ABC transporters: implications on drug resistance from 
microorganisms to human cancers. International journal of antimicrobiam 
agents, 22: 188-199. OPPENOORTH, F.J. AND VAN A.K., 1960. Allelic 
genes in the housefly producing modified enzymes that cause 
organophosphate resistance. Sci., 132 (3422): 298-299. 

[64] MARTINS, A.J. AND VALLE, D., 2012. The Pyrethroid Knockdown 
Resistance. In: Insecticides - Basic and Other Applications (Ed. Dr. S., 
Soloneski; M.S., Larramendy), InTech, Rijeka, Croatia, pp. 17–38. 

[65] METCALF, E.R., 1967. Mode of action of insecticide synergists. Annu. 
Rev. Entomol., 12: 229-256. 

[66] MILLER, T.A., 1988. Mechanism of resistance to pyrethroid insecticides. 
Parasitol. Today., 4: 8-12.  

[67] NAKAKITA, H. 1987. J. Pestic. Sci., 12: 299-309. 

[68] NAKAKITA, H., KATSUMATA, Y. AND OZAWA, T., 1971. The effect 
of phosphine on respiration of rat liver mitochondria. J. Biochem., 69: 589-
593. 

[69] NAKAKITA, H., SAITO, T. AND IYATOMI, K., 1974. Effect of 
phosphine on the respiration of adult Sitophilus zeamais. J. Stored Prod. 
Res., 10: 87-92. 

[70] NAKAKITA, H. AND KURODA, J., 1986. Differences in phosphine 
uptake between susceptible and resistant strains of insects. Journal of 
Pesticide Science, 11: 21-26. 

[71] NATH, N.S., BHATTACHARYA, I., TUCK, A.G., SCHLIPALIUS, D.I. 
AND EBERT, P.R., 2011. Mechanisms of phosphine toxicity. J. Toxicol., 
http://dx.doi.org/10.1155/2011/494168. 

[72] NAUEN, R. AND DENHOLM, I. 2005. Resistance of insect pests to 
neonicotinoid insecticides: current status and future prospects. Arch. Insect. 
Biochem. Physiol., 58: 200-215. 

[73] NAUEN, R. 2006. Insecticide mode of action: return of the ryanodine 
receptor. Pest Manag. Sci., 62: 690. 

[74] NEEDAM, P.H. AND SAWICKI, R.M., 1971. Diagnosis of resistance to 
organophorus insecticides in Myzus persicae. Nature (Lond.), 230: 125-126. 

[75] O’DONNELL, M.J., 2008. Insect excretory mechanisms. Adv. Insect 
Physiol., 35: 1-122.  

[76] OPPENOORTH, F.J. AND VAN A.K., 1960. Allelic genes in the housefly 
producing modified enzymes that cause organophosphate resistance. Sci., 
132 (3422): 298-299. 

[77] OPPENOORTH, F.J., 1965. DDT resistance in the house fly (Musca 
domestica) dependent on different mechanisms and the action of synergists. 
Meded. Landb- Hoogesch. Gent., 30: 1390-96. 

http://ijsrp.org/


International Journal of Scientific and Research Publications, Volume 7, Issue 8, August 2017      281 

ISSN 2250-3153   

    www.ijsrp.org 

[78] OPPENOORTH, F.J. AND HOUX, N.W.H., 1968. DDT resistance in the 
housefly caused by microsomal degradation. Entomol. Exp. Appl., 11: 81-
93. 

[79] OPPENOORTH, F.J. AND WELLING, W., 1976. Biochemistry and 
physiology of resistance. In: Insecticide biochemistry and physiology (Ed. 
C.F., Wilkinson). Plenum press, New York, pp. 507-551. 

[80] PAPACHRISTOS, D.P. AND STAMOPOULOS, D.C., 2003. Selection of 
Acanthoscelides obtectus (Say) for resistance to lavender essential oil 
vapour. J. Stored Prod. Res., 39: 433–441. 

[81] PIMENTEL, M.A.G., FARONI, L.R.D.A., TOTOLA, M.R. AND 
GUEDES, R.N.C., 2007. Phosphine resistance, respiration rate and fitness 
consequences in stored‐product insects. Pest Manag. Sci., 63 (9): 876-881. 

[82] PRICE, N.R., 1980a. Some aspects of the inhibition of cytochrome-c 
oxidase by phosphine in susceptible and resistant strains of Rhyzopertha 
dominica. Insect Biochem., 10: 147-150. 

[83] PRICE, N.R., 1981. A comparison of the uptake and metabolism of 32P-
radiolabelled phosphine in susceptible and resistant strains of the lesser 
grain borer (Rhyzopertha dominica.). Comp. Biochem. Physiol., 69 (1):129-
131. 

[84] PRICE, R. AND DANCE, S.J., 1983. Some biochemical aspects of 
phosphine action and resistance in three species of stored product beetles. 
Comp. Biochem. Physiol., 76 (2): 277-281. 

[85] PORRETTA, D., GARGANI, M., BELLINI, R., MEDICI, A. AND 
PUNELLI, F. 2008. Defence mechanisms against insecticides temephos and 
diflurobenzuron in the mosquitos Aedes caspius: the P-glycoprotein efflux 
pumps. Med. Vet. Entomol., 22: 48-54. RANSON, H.,  

[86] POTTER, T., GARRY, V.F., KELLY, J.T., TARONE, R., GRIFFITH, J. 
AND NELSON, R.L., 1993. Radiometric assay of red cell and plasma 
cholinesterase in pesticide appliers from Minnesota. Toxicol. Appl. 
Pharmacol., 119 (1): 150-155. 

[87] RANSON, H., PRAPANTHADARA, L.A. AND HEMINGWAY, J., 1997. 
Cloning and characterization of two glutathione S-transferases from a DDT 
resistant strain of Anopheles gambiae. Biochem. J., 324: 97-102. 

[88] RINKEVICH, F.D., DU, Y. AND DONG, K. 2013. Diversity and 
convergence of sodium channel mutations involved in resistance to 
pyrethroids. Pestic Biochem Physiol, 106: 93-100. 

[89] RUSSELL, R.J., ROBIN, G.C., KOSTAKOS, P., NEWCOMB, R.D., 
BOYCE, T.M., MEDVECZKY, K.M. AND OAKESHOTT, J.G., 1996. 
Molecular cloning of an α-esterase gene cluster on chromosome 3R of 
Drosophila melanogaster. Insect Biochem. Molec. Boil., 26 (3): 235-247. 

[90] SCHLIPALIUS, D., COLLINS, P.J., MAU, Y. AND EBERT, P.R., 2006. 
New tools for management of phosphine resistance. Outlooks on Pest 
Management, 17 (2): 52-56.  

[91] SCOTT, J.G., 1990. Investigating mechanisms of insecticide resistance: 
methods, strategies and pitfalls. In: Pesticide resistance in arthropods (Eds. 
R.T., Roush and B.E,Tabashnik). Chapman and Hall, New York and 
London, pp. 58-96.  

[92] SODERLUND, D.M. 2012. Molecular mechanisms of pyrethroid 
insecticide neurotoxicity: recent advances. Arch Toxicol 86: 165-181. 

[93] STERNBURG, J., KEARNS, C.W. AND BRUCE, W.N., 1950. Absorption 
and metabolism of DDT by resistant and susceptible house flies. J. Econ. 
Entomol., 43: 214-19. 

[94] SUBRAMANYAM, BH. AND ROESLI, R., 2000. Inert dusts. In: 
Alternatives to Pesticides in Stored-product IPM. (Eds. B.H. Subramanyam, 
B and D.W. Hagstrum). Kluwer Academic Publishers, Boston, USA. pp. 
321-280. 

[95] TOMITA, T., LIU, N., SMITH, F.F., SRIDHAR, P. AND SCOTT, J.G., 
1995. Molecular mechanisms involved in increased expression of a 
cytochrome P-450 responsible for pyrethroid resistance in the housefly, 
Musca domestica. Insect Molec. Biol., 4 (3): 135-140. 

[96] TROCZKA, B., ZIMMER, C.T., ELIAS, J., SCHORN, C., BASS, C., 
EMYR, T.G., FIELD, L.M., WILLIAMSON, M.S., SLATER, R. AND 
NAUEN, R. 2012. Resistance to diamide insecticides in diamondback moth 
Plutella xylostella (Lepidoptera: Plutellidae) is associated with a mutation 
in the membrane-spanning domain of the ryanodine receptor. Insect 
Biochem. Mol. Biol., 42: 873-880. 

[97] TUBIELLO, F.N., SOUSSANA, J.F. AND HOWDEN, S.M., 2007. Crop 
and pasture response to climate change. PNAS U.S.A., 104: 19686–19690. 

[98] UNEP., 2002. Information Paper on the Montreal Protocol Control 
Schedule and its Evolution. UNEP DTIE Ozone Action Programme, Ozone 

action information clearinghouse. Tour Mirabeau quai Andre Citroen 73759 
Paris Cedex 15 France. pp. 39-43. 

[99] VAN A.K., 1962. A study of housefly esterases by means of a sensitive 
colorimetric method. J. Insect Physiol., 8 (4): 401-416. 

[100] VALMAS, N. ZURYN, S. AND EBERT, P.R., 2008. Mitochondrial 
uncouplers act synergistically with the fumigant phosphine to disrupt 
mitochondrial membrane potential and cause cell death. Toxicol., 252 (1-3): 
33-39. 

[101] WHITE, N.D.G. AND LESSCH, J.G., 1995. Chemical control. In: 
Intregated Pest Management of insects in stored products. Marcel Dekker, 
Inc., New York, USA. 

[102] WILLIAMSON, M.S., MARTINEZ, D., HICK, C.A AND DEVONSHIRE, 
A.L. 1996. Identification of mutations in the housefly para-type sodium 
channel gene associated with knockdown resistance (kdr) to pyrethroid 
insecticides. Mol Gen Genet., 252: 51-60. 

[103] WILKINSON, C.F., MURRAY, M. AND MARCUS, C.B., 1984. 
Interactions of methylenedioxyphenyl compounds with cythocrome P-450 
and effects on microsomal oxidation. Rev. Biochem. Toxicol., 6: 27-63.  

[104] WU, D.X., SCHARF, M.E., NEAL, J.J., SUITER, D.R. AND BENNETT, 
G.W., 1998. Mechanisms of fenvalerate resistance in the German 
cockroach, Blattella germanica (L.). Pestic. Biochem. Physiol., 61: 53-62. 

[105] XIANCHANG, T., XINGWEI, H., LIZHEN, C. AND JIANCHUN, W., 
1999. Research on carbonyl sulphide as a fumigant for control of stored 
grain insects. In: Proc. 7th Int. Working Conf. on Stored-product 
Protection, (Eds. J. Zuxun, L. Quan, L. Yongsheng, T. Xianchang and G. 
Lianghua). Beijing. Chengdu, China: Sichuan Publishing House of Science 
and Technology, 1: 567-571. 

[106] YOUNG, S.J., GUNNING, R.V. AND MOORES, G.D., 2005. The effect of 
piperonyl butoxide on pyrethroid-resistance-associated esterases in 
Helicoverpa armigera (Hübner) (Lepidoptera: Noctuidae). Pest Manag. 
Sci., 61: 397-401.  

[107] YU, S.J. AND NGUYEN, S.N., 1996. Insecticide susceptibility and 
detoxication enzyme activities in permethrin selected diamondback moths. 
Pestic. Biochem. Physiol., 56: 69-77. 

[108] YU, S.J., 1996. Insect glutathione S-Transferases. Zoological Studies, 35: 9-
19.  

[109] YU, S.J., 2002. Biochemical characteristics of microsomal and cytosolic 
glutathione S-transferases in larvae of the fall armyworm, Spodoptera 
frugiperda (J.E. Smith). Pestic. Biochem. Physiol., 72: 100-110. 

[110] YU, S.J., 2008. The toxicology and biochemistry of insecticide. CRC Press. 
Boca Raton, FL, USA, pp XVI+276. 

 

AUTHORS 

First Author – Uzma Ramzan, Department of Zoology, Wildlife 

and Fisheries, University of Agriculture, Faisalabad, Pakistan. 

Email: Uzmaramzan99@gmail.com 

 

Second Author – Anjum Jabeen, Department of Zoology, 

Wildlife and Fisheries, University of Agriculture, Faisalabad, 

Pakistan. Email: anjumjabeen36@yahoo.com 

 

Third Author – Dr.Muhammad Rauf Tahir, Allama Iqbal 

Medical College, Lahore, Pakistan Email: 

Dr.Rauftahir26@gmail.com   

 

http://ijsrp.org/

