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Abstract 
Little information is available about monitoring resistance to several insecticide classes in field populations 

of the whitefly, Bemisia tabaci (Gennadius) (Homoptera: Aleyrodidae), in Egypt. Thus, organophosphates 

chlorpyrifos-methyl, profenofos and primiphos-methyl, carbamates methomyl and carbosulfan, and pyrethroids α-

cypermethrin, λ-cyhalothrin and deltamethrin were tested against B. tabaci adults collected from cotton fields in 

different Egyptian Governorates. Insecticide-treated adults were compared with a susceptible laboratory strain for 

determining the resistance ratio (RR) and quantifying the activity of the detoxifying enzymes acetylcholinesterase 

(AChE), carboxylesterase (CarE), glutathione S-transferase (GST) and monooxygenases (MOs). Higher resistance 

was developed in field populations collected from Faiyum and Beheira Governorates against chlorpyrifos-methyl, 

with RR50 and RR90 of 19.8, 47.0 and 204.0, 28.0, respectively, and against λ-cyhalothrin, with RR50 and RR90 of 

28.5, 17.2 and 25.0 and 15.6, respectively. Generally, B. tabaci collected from Minya Governorate displayed the 

lowest resistance level. Also, among the tested insecticides, λ-cyhalothrin induced, in general, the highest resistance 

level. There was a correlation between the relative increase in the resistance of λ-cyhalothrin-resistant B. tabaci 

populations and the relative increase in MOs and/or GST activity. This study provides baseline information on the 

insecticide resistance status and detoxifying enzymes activity of whitefly populations in cotton fields in Egypt and 

for monitoring future insecticide resistance development.. 

Keywords: Conventional insecticides, resistance, Bemisia tabaci, acetylcholinesterase, carboxylesterase, 

glutathione S-transferase, monooxygenases 

 

1. Introduction 
The cotton whitefly, Bemisia tabaci (Gennadius) 

(Homoptera: Aleyrodidae), is a pest with great 

agricultural importance worldwide. During the past few 

years, it has become an increasingly important pest of 

cotton and vegetables in Egypt and also worldwide (El–

Kady and Devine 2003). This may be attributed to the 

random use of insecticides and the subsequent selection 

of insecticide resistance (Denholm et al. 1998), changes 

in agronomic practices (Dittrich et al. 1986) and the 

immigration of previously known whitefly biotypes 

(Abd–Rabu 1999). B. tabaci not only feeds on leaves 

resulting in delayed growth and even death of the plants, 

but also deposits honeydew on leaves which often lead 

to sooty mold and reduction in photosynthesis (Zhang 

et al. 2012). Additionally, it is also known to transmit 

various plant viruses (Jones 2003).  

The most challenge in management of B. tabaci 

is its ability to develop insecticide resistance to virtually 

every chemical that has never been used against it 

(Denholm et al. 1998). During the past 25 years, B. 

tabaci control in Egypt has been dependent exclusively 

on conventional insecticides such as organophosphates 

(OPs), carbamates and pyrethroids, and by the late 

1980s, at least some of these broad–spectrum 

insecticides have been failed as a control measure 

against this insect pest (Abdallah 1991; Sobiha et al. 

1997). Nevertheless, monitoring resistance to several 

insecticide classes in field populations of B. tabaci in 

Egypt has been undertaken by a few researchers (El–



El-Sayed H. Shaurub , et al 

 

2 

 

Kady and Devine 2003; Farghaly 2010; Farghaly et 

al. 2010, 2014). The most common reasons for insect 

resistance to most insecticides are enhanced metabolic 

detoxification and target-site insensitivity (Wilson and 

Ashok 1998; Siegfried and Zera 1994; Zhang et al. 

2015). 

Thus, the present study aimed to (1) monitor 

resistance in field populations of B. tabaci collected 

from different Egyptian Governorates to OPs 

chlorpyrifos-methyl, profenos and primiphos-methyl, 

carbamates methomyl and carbosulfan, and pyrethroids 

α-cypermethrin, λ-cyhalothrin and deltamethrin 

compared to a susceptible laboratory strain, and (2) 

quantify the activity of the detoxifying enzymes 

acetylcholinesterase (AChE), carboxylesterase (CarE), 

glutathione S-transferase (GST) and monooxygenases 

(MOs) in B. tabaci adults. This study may be helpful in 

developing and implementing a resistance management 

program against B. tabaci in cotton fields in Egypt 

2. Material and Methods 

2.1 Whiteflies  

Field strains of B. tabaci adults were collected, 

using a mouth aspirator, in the early morning hours 

from cotton fields in different localities in seven 

Governorates (Menoufia, Gharbia, Faiyum, Beheira, 

Minya, Dakahlia and Qalyubia) covering its whole 

distribution in Egypt (Table 1, Fig. 1) (Farghaly et al. 

2014). The collected samples were transported to the 

laboratory in a cool box and identified following the 

taxonomic key described by Martin et al. (2000). The 

susceptible strain collected on cotton plant (Gossypium 

barbadense L.) from Minya Governorate was reared 

without exposure to insecticides for the past 10 years. 

This strain was used as a standard for evaluating the 

magnitude of resistance in field collected strains. All 

insects were maintained on cotton plant (G. barbadense 

L.) in screen cages (50 × 35 × 35 cm) at 26 ± 2°C, 50–

60% RH and 16: 8 h (L: D) photoperiod as described by 

Coudriet et al. (1985). 

2.2 Insecticides 

Eight commercial insecticide formulations were 

used: chlorpyrifos-methyl (EC 50%), profenofos (EC 

72%) and primiphos-methyl (EC 50%) (OPs); 

methomyl (WP 90%) and carbosulfan (WP 25%) 

(carbamates); α-cypermethrin (EC 15%), λ-cyhalothrin 

(EC 20%) and deltamethrin (EC 2.5%) (pyrethroids). 

These insecticides were regularly used in cotton fields 

in Egypt against B. tabaci. 

2.3 Bioassay protocol 

The collected whitefly adults were tested within 

2 h of arrival in the laboratory. Bioassay methods for 

obtaining concentration–mortality response lines were 

followed using a leaf–dip method according to Feng et 

al. (2010) with some modifications. The insecticides 

were dissolved and diluted with distilled water 

containing Triton X-100 (0.1%), as non-ionic wetting 

agent, to obtain the desired concentrations (100 mL 

each). Cotton leaf discs (55 mm diameter) were dipped 

for 10 sec in the insecticide solution and were air dried. 

Treated leaves were placed with their adaxial surface 

downwards on a bed of thin layer of agar (2%) in a 

small Petri dish (55 mm diameter) placed in a small 

cage. Control groups were performed using cotton leaf 

discs dipped in distilled water containing  

Table 1. Collection sites of Bemisia tabaci strains 

from different Egyptian Governorates. 
Strain/Governorate 

(collection site) 

˚N ˚E 

Menoufia 

(Berket El–Sabaa, 

Ashmoun) 

30.52 

(30.63, 30.29) 

30.99 

(31.08, 31.03) 

Gharbia 

(Zefta, Kotoor) 

30.88 

(30.67, 30.97) 

31.06 

(31.23, 30.95) 

Faiyum 

(Sinnuris, Atsa, Ibshway) 

29.30 

(29.41, 29.25, 

29.39) 

30.84 

(30.86, 30.69, 

30.63) 

Beheira 

(Etay El–Barud, Wadi El–

Natrun) 

30.61 

(30.90, 30.43) 

30.43 

(30.68, 30.24) 

Minya 

(El–Idwa, Samalut, 

Mallawi) 

28.11 

(28.69, 28.29, 

27.70) 

30.11 

(30.76, 30.70, 

30.80) 

Dakahlia 

(MitGhamr, Bilqas) 

31.03 

(30.71, 31.23) 

31.23 

(31.25, 31.36) 

Qalyubia 

(Qalyoub, Benha) 

30.41 

(30.19, 30.46) 

31.21 

(31.20, 31.18) 
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Fig. 1. Map of Egypt showing the collection sites of Bemisiatabaci in the different Governorates. 1.1: Berket El–Sabaa; 1.2: Ashmoun 
(MenoufiaGovernorate); 2.1: Zefta; 2.2: Kotoor (Gharbia Governorate); 3.1: Sinnuris; 3.2: Atsa; 3.3: Ibshway (Faiyum Governorate); 4.1: Etay 

El–Barud; 4.2: Wadi El–Natrun (BeheiraGovernorate); 5.1: El–Idwa; 5.2: Samalut; 5.3: Mallawi (Minya Governorate); 6.1: MitGhamr; 6.2: 

Bilqas (Dakahlia Governorate); 7.1: Qalyoub; 7.2: Benha (Qalyubia Governorate).  

Triton X–100 only. Twenty adults were placed 

onto each leaf disc. Seven serial concentrations of each 

insecticide were tested. Each insecticide concentration 

was repeated five times. The dishes were inverted for 

the insects to orientate normally and confined in a large 

controlled room at 26  ± 2°C, 50–60% RH and 16: 8 h 

(L: D) photoperiod. Handling mortality was estimated 

within 1 h. Mortality was recorded after 48h. Resistance 

ratio (RR50 or RR90) of the collected strains was 

obtained by dividing their calculated LC50 or LC90 

values, respectively, by that of the susceptible 

laboratory strain (reference population). The following 

criteria proposed by Mazarri and Georghiou (1995) 

were adopted to classify the resistance level of 

populations: low (RR < 5), moderate (5 < RR < 10) or 

high (RR > 10).  

2.4 Detoxifying enzymes assay 

2.4.1 Sample preparation 

Since it was not known which insecticide the 

whiteflies collected from the field had developed 

resistance against it, λ-cyhalothrin was selected where 

bioassays in this study revealed that the highest RR in 

B. tabaci adults treated with this insecticide had been 

developed. B. tabaci adults collected from the above 

mentioned seven Governorates were treated with the 

LC50 of λ-cyhalothrin using a leaf-dip method as 

described above. The survivors were homogenized 

separately in distilled water (50 mg mL-1) using Teflon-

glass homogenizer surrounded with a jacket of crushed 

ice. Each homogenate was then centrifuged at 7656 g 

force for 15 min at - 4˚C using cooling centrifuge. The 

resultant supernatants (enzyme and protein source) were 

labeled and stored at -20°C till use for further 

determination of AChE, CarE, GST and MFO activity, 

as well as total protein content compared to the 

susceptible laboratory strain. Each assay was repeated 

three times. 

2.4.2 AChE assay 

AChE activity was measured according to the 

methods described by Simpson et al. (1964) using 

acetylcholine bromide (AChBr) as a substrate. The 

reaction mixture contained 200 μL of the enzyme 

solution, 0.5 mL phosphate buffer (0.067 M, pH 7) and 

0.5 mL AChBr (3 mM). The test tubes were incubated 

at 37°C for exactly 30 min. One mL of alkaline 

hydroxylamine (equal volume of 2M hydroxylamine 

chloride and 3.5M NaOH) and 0.5 mL HCl (one part 

concentrated HCl: two parts distilled water) were added 

to the test tubes. The mixture was shaken thoroughly 

and allowed to stand for 2 min. Then, 0.5 mL ferric 

chloride solution (0.9M) dissolved in HCl (0.1M) was 

added and mixed well. The decrease in AChBr resulting 

from hydrolysis by AChE was read at 515 nm using 

double beam UV/visible spectrophotometer (Milton 

Roy Spectronic 1201 UV-Visible, USA). 

2.4.3 CarE assay 

CarE activity was measured following the same 

methods used for measuring AChE activity (Simpson et 

al. 1964), except the use of methyl n butyrate (MeB) as 

a substrate. The decrease in MeB resulting from 

hydrolysis by CarE was read spectrophotometrically at 

515 nm. 
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2.4.4 GST assay 

GST activity was determined based on the 

technique of Habig et al. (1974) using 1-chloro-2,4-

dinitrobenzene (2,4-CDNB) as a substrate. The reaction 

mixture comprised of 10 μL reduced glutathione (GSH) 

(10 mM) in sodium phosphate buffer (100 mM, pH 6.5) 

and 10 μL of the enzyme solution. The reaction was 

initiated by adding 10 μL of 2,4-CDNB (6 mM in 

methanol) resulting in a final volume of 30 μL. The 

plates were immediately transferred to absorbance 

microplate reader (BioTek Instruments, Inc., Winooski, 

VT, USA). The reactions were allowed to continue for 5 

min and absorbance readings were taken at 340 nm 

automatically once per min against blanks (wells 

containing all reaction components except the enzyme 

solution). The increase in absorbance was linear 

throughout the 5 min reading interval. An extinction 

coefficient of 9.6 mM-1cm-1 was used to calculate the 

amount of 2,4-CDNB conjugated. 

2.4.5 MOs assay 

MOs activity was detected through the 

transformation of p-nitroanisole to p-nitrophenol 

through O-demethylation via the enzyme p-nitroanisole-

O-demethylase based on the methods of Hansen and 

Hodgson (1971) with slight modifications. The standard 

incubation mixture contained 1 mL sodium phosphate 

buffer (0.1 M, pH 7.6), 1.5 mL enzyme solution, 0.2 mL 

NADPH (final concentration 1 mM), 0.2 mL glucose-6-

phosphate (final concentration 1 mM) and 50 μg 

glucose-6-phosphate dehydrogenase. The reaction was 

initiated by the addition of p-nitroanisole in 10 μL 

acetone to give a final concentration of 0.8 mM and was 

incubated for 30 min at 37°C. The incubation period 

was terminated by the addition of 1 mL HCl (1N), and 

p-nitrophenol was extracted with CHCl3 and NaOH (0.5 

N). The absorbance of NaOH solution was measured at 

405 nm. An extinction coefficient of 14.28 mM-1cm-1 

was used to calculate the concentration of 4-nitrophenol. 

2.5 Total protein 

Total protein content was determined according 

to Bradford (1976). 

2.6 Statistical analysis 

The percentage mortality of treated larvae was 

corrected against that of the control using Abbott’s 

formula (Abbott, 1925). Then, the corrected mortality 

was subjected to Probit analysis (Finney, 1971). Data of 

the biochemical assays were analyzed using one-way 

analysis of variance (ANOVA). When the ANOVA 

statistics were significant (p< 0.05), the means were 

compared by Duncan’s multiple range test. All the 

analyses were computed by IBM
®
 SPSS

®
 Statistics 21.0 

(IBM Corp., Armonk, NY, USA). 

3. Results 

3.1. Resistance studies 

3.1.1. OPs resistance 

Based on the RR50, B. tabaci field populations 

developed resistance ranged from low to high to 

chlorpyrifos-methyl and primiphos-methyl. However, 

low to moderate resistance was obtained against 

profenofos (Table 2). High resistance level (RR50 and 

RR90) was developed to chlorpyrifos-methyl in B. 

tabaci populations collected from Faiyum and Beheira 

Governorates and primiphos-methyl in samples 

collected from Beheira Governorate. Moderate 

resistance was developed to chlorpyrifos-methyl 

(Dakahlia and Qalyubia Governorates), profenofos 

(Faiyum and Qalyubia Governorates) and primiphos-

methyl (Faiyum and Qalyubia Governorates). Low 

resistance was recorded to chlorpyrifos-methyl 

(Menoufia, Gharbia and Minya Governorates), 

profenofos (Menoufia, Gharbia, Beheira, Dakahlia 

Governorates) and primiphos-methyl (Menoufia, 

Gharbia, Minya and Dakahlia Governorates). In general, 

B. tabaci displayed the highest resistance to 

chlorpyrifos-methyl in the majority of the regions of 

cotton cultivation in Egypt (Table 2). 
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Table 2. Resistance of Bemisia tabaci strains collected from different Egyptian Governorates to the 

organophosphates chlorpyrifos-methyl, profenofos and primiphos-methyl, compared to the susceptible laboratory 

strain.  

Strain 

 

Chlorpyrifos-methyl Profenofos Primiphos-methyl 

LC50, 

LC90 

(ppm) 

95% CL 

(LC50, LC90) 

Slope 

± SE 

χ2 

(df) 

RR50, 

RR90 

 

LC50, 

LC90 

(ppm) 

95% CL 

(LC50, LC90) 

Slope 

± SE 

χ2 

(df) 

RR50, 

RR90 

 

LC50, 

LC90 

(ppm) 

95% CL 

(LC50, LC90) 

 

Slope 

± SE 

χ2 

(df) 

RR50, 

RR90 

 

Suscep. 
82.5, 

297.9 

61.2–108.3 

211.3–495.7 

2.3 

±0.31 

1.6 

(5) 

–, 

– 

87.7, 

217.2 

68.6–112.5, 

160.3–358.5 

3.2 

±0.5 

1.1 

(5) 

–, 

– 

24.1, 

177.3 

13.02–36.4, 

109.9–403.2 

1.5 

±0.3 

4.3 

(5) 

–, 

– 

Me 
158.0, 

1084.3 

97.2–221.0, 

670.9–2721.2 

1.5 

±0.28 

1.01 

(5) 

1.9, 

3.6 

107.0, 

521.7 

81.4–137.6, 

372.9–835.2 

1.9 

±0.20 

8.3 

(5) 

1.2, 

2.4 

35.6, 

335.6 

32.4–46.2, 

182.6–5396.8 

1.3 

±0.23 

2.8 

(5) 

1.5, 

1.9 

G 
294.0, 

2393.2 

198.9–412.7, 

1424.3–5774.7 

1.4 

±0.21 

3.71 

(5) 

3.6, 

8.0 

89.8, 

640.1 

63.2–121.5, 

419.5–1213.2 

1.5 

±0.19 

3.7 

(5) 

1.0, 

2.9 

119.0, 

751.5 

79.6–200.2, 

498.7–1450.0 

1.6 

±0.23 

4.6 

(5) 

4.9, 

4.2 

F 
1631.9, 

14011.7 

1100.2–3524.7, 

5343.2–27118.3 

1.4 

±0.36 

1.1 

(5) 

19.8, 

47.0 

623.3, 

5768.0 

450.9–909.0, 

3195.0–9351.9 

1.3 

±0.16 

3.8 

(5) 

7.1, 

26.6 

212.3, 

3464.3 

132.1–325.4, 

1566.3–7404.8 

1.1 

±0.19 

2.5 

(5) 

8.8, 

19.5 

B 
1679.9, 

8421.0 

1219.6–2857.2, 

4257.8–12135.7 

1.8 

±0.40 

2.1 

(5) 

20.4, 

28.3 

195.1, 

2024.8 

138.3–270.2, 

1232.7–4328.8 

1.3 

±0.14 

10.3 

(5) 

2.2, 

9.3 

303.2, 

1706.3 

217.4–408.6, 

1069.3–3965.3 

1.7 

±0.28 

7.7 

(5) 

12.6, 

9.6 

Mi 
129.4, 

656.9 

85.3–182.8, 

412.9–1442.9 

1.4 

±0.22 

1.23 

(5) 

1.6, 

2.2 

299.2, 

536.8 

212.4–409.3, 

355.8–1352.1 

1.6 

±0.27 

2.6 

(5) 

3.4, 

2.5 

59.6, 

363.8 

43.8–79.0, 

243.7–657.3 

1.6 

±0.19 

3.9 

(5) 

2.5, 

2.1 

D 
723.4, 

5113.2 

522.3–1421.16, 

2894.3–13281.6 

1.5 

±0.33 

8.5 

(5) 

8.8, 

17.2 

242.1, 

3637.5 

100.0–422.2, 

1392.6–8696.9 

1.1 

±0.31 

2.1 

(5) 

2.8, 

16.7 

108.1, 

1094.0 

63.7–157.2, 

681.9–1628.4 

1.1 

±0.23 

1.2 

(5) 

4.5, 

6.2 

Q 
594.2, 

4246.5 

415.6–841.8, 

2370.7–8328.5 

1.5 

±0.27 
1.5 

7.2, 

14.3 

598.3, 

3622.6 

439.6–894.4, 

1966.7–6786.9 

1.6 

±0.16 

1.8 

(5) 

6.8, 

16.7 

189.0, 

1685.1 

135.7–263.5, 

990.9–3878.3 

1.3 

±0.17 

6.4 

(5) 

7.8, 

9.5 

RR: Resistance ratio = LC50 or LC90 of field strain/LC50 or LC90 of susceptible strain; 95% CL: 95% Confidence 

limit; B: Beheira Governorate; D: Dakahlia Governorate; F: Faiyum Governorate; G: Gharbia Governorate; Me: 

Menoufia Governorate; Mi: Minya Governorate; Q: Qalyubia Governorate 

 

3.1.2 Carbamates resistance 

Resistance, based on the RR50, of B. tabaci to 

methomyl was moderate in samples collected from 

Faiyum Governorate, while it was low in samples 

collected from the other Governorates. Resistance to 

carbosulfan was high in samples collected from Gharbia 

Governorate. However, it was moderate in samples 

collected from the other Governorates, except in Minya 

and Qalyubia Governorates where the level of resistance 

was low (Table 3). 

3.1.3 Pyrethroids resistance   

B. tabaci collected from the seven Egyptian 

Governorates exhibited low to moderate resistance to α-

cypermethrin, and low to high resistance to λ-

cyhalothrin and deltamethrin, based on the RR50 (Table 

4). High resistance was developed to λ-cyhalothrin in 

samples collected from Faiyum, Beheira and Dakahlia 

(RR50 and RR90) and Gharbia (RR50) Governorates, 

and to deltamethrin (RR50) in samples collected from 

Faiyum and Beheira Governorates. Moderate resistance 

was recorded to α-cypermethrin (Faiyum and Beheira 

Governorates) and deltamethrin (Gharbia, Dakahlia and 

Qalyubia Governorates). However, low resistance was 

recorded to α-cypermethrin (Menoufia, Gharbia, Minya, 

Dakahlia and Qalyubia Governorates), λ-cyhalothrin 

(Menoufia, Minya and Qalyubia Governorates) and 

deltamethrin (Menoufia and Minya Governorates) 

(Table 4). In general, among the eight tested 

insecticides, λ-cyhalothrin induced the highest 

resistance to all the collected strains of B. tabaci (Tables 

2–4). 
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Table 3.Resistance of Bemisia tabaci collected from the different Egyptian Governorates to the carbamates 

methomyl and carbosulfan, compared to the susceptible laboratory strain.  
Strain Methomyl 

Carbosulfan 

LC50,  

LC90 

(ppm) 

95% CL 

(LC50, LC90) 

 

Slope ± SE χ2 

(df) 

RR50, 

RR90 

 

LC50, 

 LC90 

(ppm) 

95% CL 

(LC50, LC90) 

 

Slope ± SE χ2 

(df) 

RR50, 

RR90 

 

Suscep. 401.7, 

1470.1 

192.2–765.2, 

844.16–3963.3 

1.2±0.68 2.08 

(5) 

–, 

– 

6.3, 

169.9 

2.5–10.3, 

73.9–217.7 

0.9±0.27 2.5 

(5) 
– 

– 

Me 811.5, 

2864.8 

496.1–1248.3, 

1494.3–4223.6 

2.0±0.39 1.36 

(5) 

2.0,  

1.9 

39.0, 

338.5 

23.8–56.0, 

187.0–1165.4 

1.4±0.27 3.1 

(5) 
6.2, 

2.0 

G 974.5, 

6107.7 

698.4–1458.2, 

2767.3–53287.4 

1.1±0.23 4.65 

(5) 

2.4, 

4.2 

64.8, 

325.6 

48.4–87.3, 

205.4–732.7 

1.8±0.29 2.3 

(5) 
10.3, 

1.9 

F 2212.2, 

13596.1 

1571.0–3959.1, 

6323.6–19581.0 

1.6±0.37 1.02 

(5) 

5.5, 

9.2 

53.9, 

303.9 

39.3–70.37, 

205.9–535.4 

1.1±0.22 1.9 

(5) 
8.6, 

1.8 

B 1862.9, 

9114.7 

1299.5–3220.1, 

36749.9–11370.0 

1.5±0.37 3.06 

(5) 

4.6, 

6.2 

57.7, 

230.8 

44.3–74.6, 

158.0– 425.8 

2.1±0.31 2.8 

(5) 
9.2, 

1.4 

Mi 612.1, 

2646.2 

239.5–994.0, 

1450.8–5673.1 

1.4±0.56 2.06 

(5) 

1.5, 

1.8 

17.1, 

202.7 

9.4–25.6, 

114.3–591.3 

1.2±0.21 4.7 

(5) 
2.7, 

1.2 

D 920.4, 

6155.1 

528.1–1327.2, 

2783.3–8211.2 

1.8±0.29 1.72 

(5) 

2.3, 

4.2 

46.8, 

225.5 

32.2–63.8, 

143.7–533.9 

1.9±0.34 6.6 

(5) 
7.4, 

1.3 

Q 822.8, 

5281.2 

485.2–1158.9, 

3019.7–11004.2 

1.6±0.37 1.07 

(5) 

2.0, 

3.6 

24.2, 

424.8 

14.6–33.5, 

184.8–644.3 

1.8±0.31 3.4 

(5) 
3.8, 

2.5 

RR: Resistance ratio = LC50 or LC90 of field strain/LC50 or LC90 of susceptible strain; 95% CL: 95% Confidence limit; B: Beheira 

Governorate; D: Dakahlia Governorate; F: Faiyum Governorate; G: Gharbia Governorate; Me: Menoufia Governorate; Mi: 

Minya Governorate; Q: Qalyubia Governorate 

 

 

3.2 Detoxifying enzymes activity 

3.2.1 AChE activity 
Table 5 shows that AChE activity of B. tabaci 

collected from Minya Governorate was significantly 

increased (p< 0.05) due to treatment with the LC50 of λ-

cyhalothrin compared to the susceptible laboratory 

strain. Whereas, field populations collected from 

Menoufia, Faiyum and Qalyubia Governorates showed a 

significant decline (p< 0.05) in AChE activity.  The 

change in AChE activity of the other Governorates was 

insignificant.  

3.2.2 CarE activity 
Treatment of B. tabaci with the LC50 of λ-

cyhalothrin revealed a significant decrease (p < 0.05) in 

CarE activity of the samples collected from Menoufia, 

Gharbia, Faiyum, Minya and Qalyubia Governorates 

compared to the susceptible laboratory strain. Whilst no 

significant change in CarE activity was observed in 

samples collected from Beheira and Dakahlia 

Governorates (Table 5). 

3.2.3 GST activity 
B. tabaci collected from Beheira, Minya, 

Dakahlia and Qalyubia Governorates showed a 

significant increase (p< 0.05) in GST activity compared 

to the susceptible laboratory strain due to the stress of λ-

cyhalothrin. On the contrary, GST 
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Table 4.Resistance of Bemisia tabaci collected from the different Egyptian Governorates to the pyrethroids α-

cypermethrin, λ-cyhalothrin and deltamethrin, compared to the susceptible laboratory strain.  

Strain 

α-Cypermethrin λ-Cyhalothrin Deltamethrin 

LC50, 

LC90 

(ppm) 

 

95% CL 

(LC50, LC90) 

 

Slope 

±SE 

χ2 

(df) 

RR50, 

RR90 

 

LC50, 

LC90 

(ppm) 

 

95% CL 

(LC50, LC90) 

 

Slope 

±SE 

χ2 

(df) 

RR50, 

RR90 

 

LC50, 

LC90 

(ppm) 

 

95% CL 

(LC50, LC90) 

 

Slope 

±SE 

χ2 

(df) 

RR50, 

RR90 

 

Suscep. 
12.0, 

105.0 

6.2–18.8, 

52.2 – 322.1 

1.4 

±0.33 

2.4 

(5) 

–, 

– 

4.3, 

24.1 

2.9–5..8, 

15.4–52.9 

1.7 

±0.27 

3.3 

(5) 

–, 

– 

9.4, 

53.3 

3.4–15.5, 

38.2–90.3 

1.7 

±0.74 

2.6 

(5) 

–, 

– 

Me 
30.8, 

144.3 

22.9–40.6, 

95.6–291.7 

1.9 

±0.29 

3.2 

(5) 

2.6, 

1.4 

7.2, 

28.4 

5.4–9.3, 

20.8–45.7 

2.2 

±0.29 

2.5 

(5) 

1.7, 

1.2 

29.3, 

69.7 

23.7–35.3, 

54.8–103.3 

3.4 

±0.53 

2.1 

(5) 

3.1, 

1.3 

G 
40.2, 

123.9 

31.1–49.8, 

93.3–195.9 

2.6 

±0.4 

1.7 

(5) 

3.4, 

1.2 

51.8, 

258.8 

38.7–69.3, 

164.7–469.1 

1.8 

±0.29 

3.1 

(5 

12.0, 

10.7 

89.3, 

360.8 

67.8–118.8, 

232.1–660.1 

2.1 

±0.38 

1.5 

(5) 

9.5, 

6.8 

F 
71.1, 

270.3 

55.2–91.1, 

189.1–482.4 

2.2 

±0.31 

2.7 

(5) 

5.9, 

2.6 

122.7, 

413.9 

94.1–156.62, 

290.6–787.4 

2.4 

±0.41 

1.1 

(5) 

28.5, 

17.2 

138.1, 

491.7 

107.2–192.7, 

309.4–935.9 

2.3 

±0.42 

2.4 

(5) 

14.7, 

9.2 

B 
96.1, 

326.1 

75.5–126.9, 

220.4 – 646.7 

2.4 

±0.31 

7.1 

(5) 

8.0, 

3.1 

107.5, 

375.8 

84.5–146.4, 

242.2 – 579.6 

2.4 

±0.41 

1.2 

(5) 

25.0, 

15.6 

105.2, 

322.9 

81.0–172.0, 

189.6–681.9 

2.6 

±0.65 

1.5 

(5) 

11.2, 

6.1 

Mi 
23.9, 

169.6 

17.2–35.0, 

90.8–387.0 

1.5 

±0.27 

3.2 

(5) 

2.0, 

1.6 

12.3, 

39.4 

8.9–14.2, 

28.5–65.2 

2.4 

±0.31 

1.1 

(5) 

2.9, 

1.6 

15.9, 

56.4 

11.8–20.3, 

41.2–93.4 

2.3 

±0.35 

2.0 

(5) 

1.7, 

1.1 

D 
59.7, 

136.2 

49.8–72.1, 

106.2–203.8 

3.8 

±0.52 

1.7 

(5) 

5.0, 

1.3 

52.9, 

254.4 

33.0–73.9, 

166.9–550.2 

1.9 

±0.35 

4.4 

(5) 

12.3, 

10.6 

63.4, 

372.9 

46.2–87.3, 

222.7–965.6 

1.7 

±0.28 

2.4 

(5) 

6.7, 

7.0 

Q 
23.2, 

151.1 

16.8–33.4, 

83.9–370.5 

1.6 

±0.27 

1.7 

(5) 

1.9, 

1.4 

10.9, 

49.7 

8.2–14.1, 

34.8–85.4 

1.84 

±0.25 

1.8 

(5) 

2.5, 

2.1 

54.4, 

187.2 

42.7–71.9, 

124.7–402.3 

2.4 

±0.41 

2.61 

(5) 

5.8, 

3.5 

RR: Resistance ratio = LC50 or LC90 of field strain/LC50 or LC90 of susceptible strain; 95% CL: 95% Confidence limit; B: Beheira 

Governorate; D: Dakahlia Governorate; F: Faiyum Governorate; G: Gharbia Governorate; Me: Menoufia Governorate; Mi: 

Minya Governorate; Q: Qalyubia Governorate 
 

Activity of B. tabaci collected from Gharbia and 

Faiyum Governorates was significantly declined (p< 

0.05) compared to the susceptible laboratory strain. The 

Change in GST activity of Menoufia strain was 

insignificant (Table 5). 

3.2.4 MOs activity 
Exposure of B. tabaci collected from Beheira, 

Minya and Dakahlia Governorates to the LC50 of λ-

cyhalothrin resulted in a significant increase (p< 0.05) 

in MOs activity compared to the susceptible laboratory 

strain. By contrast, MOs activity of the strains collected 

from Menoufia, Gharbia, and Faiyum Governorates was 

significantly decreased (p< 0.05). The change in MOs 

activity of the populations collected from Qalyubia 

Governorate was insignificant (Table 5). 

4. Discussion 
B. tabaci has developed high resistance to some 

commonly used insecticides (Ahmad 2007; Bacci et al. 

2007; Roditakis et al. 2009; Farghaly 2010; 

Caballiero et al. 2013,; Avicor et al. 2014; Farghaly et 

al. 2014). Abdallah (1991) found that low levels of 

resistance to primiphos-methyl and profenofos in 

Egyptian whiteflies were noted in 1989/1990. 
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Table 5. Activity (mean ± SD) of acetylcholinesterase (AChE), carboxylesterase (CarE), glutathione S-transferase 

(GST) and mixed-function oxidases (MOs) of Bemisia tabaci strains collected from different Egyptian Governorates 

and treated with the LC50 of λ-cyhalothrin of the respective strain compared to the susceptible laboratory strain.  
Strain 

 

AChE 

(μg AChBr/min/ 

g protein) 

CarE 

(μg MeB  × 103/min/g protein) 

 

GST 

(nmol 2.4- CDNB   

Congugated/min/g rotein) 

MOs 

(nmol pNP produced/ 

min/g protein) 

Susceptible 0.11 ± 0.003a 12.83 ± 0.502a 22.06 ± 0.740a 1.11 ± 0.007a 

Menoufia 0.06 ± 0.004b 1.26 ± 0.115b 20.63 ± 0.547a 0.93 ± 0.052b 

Gharbia 0.13 ± 0.009a 1.42 ± 0.136b 18.19 ± 0.588b 0.73 ± 0.010c 

Faiyum 0.09 ± 0.004c 8.39 ± 0.282c 17.53 ± 0.600b 0.80 ± 0.012bc 

Beheira 0.13 ± 0.009a 13.80 ± 0.411a 28.08 ± 0.305c 1.53 ± 0.037d 

Minya 0.20 ± 0.004d 8.96 ± 0.240c 28.32 ± 0.495c 1.45 ± 0.028d 

Dakahlia 0.13 ± 0.012a 13.03 ± 0.126a 29.00 ± 0.387c 1.56 ± 0.042d 

Qalyubia 0.08 ± 0.005c 2.21 ± 0.202d 29.25 ± 0.733c 1.14 ± 0.013a 

AChE: Acetylcholinesterase; CDNB: 1-Chloro-2,4-dinitrobenzene; MeB: Methyl n butyrate; pNP: p-Nitrophenol. Means 

followed by different letters in the same column are significantly different (p< 0.05) using one-way analysis of variance 

(ANOVA), followed by Duncan’s multiple range test for comparison among the means.
 

Some years later, B. tabaci collected from cotton 

fields were found to be 2– to 5–fold more resistant to 

primiphos-methyl and profenofos than a laboratory 

standard (Refaie and Ayad 1998). In comparison, our 

results indicated that B. tabaci collected from cotton in 

Egypt was 1.47– to 12.57–fold more resistant to 

primiphos-methyl, and 1.02– to 7.10–fold more resistant 

to profenofos than the susceptible laboratory strain. El–

Kady and Devine (2003) reported that Egypt is 

considered one of the largest consumers of pyrethroids 

worldwide, and most of them were used on cotton, with 

10 to 12 applications per season were common in the 

cotton crop. They also reported that carbamates are 

widely used to control B. tabaci in Egypt, and in 1994 

this class of insecticides accounted for 31% of the total 

quantity of insecticides used on cotton in this country. 

Therefore, it was expected that a considerable resistance 

against pyrethroids and carbamates would be present. 

Farghaly (2010) pointed out that resistance of four field 

strains of B. tabaci in Egypt to pyrethroids was higher 

than that to OPs and carbamates during the seasons 

2006 and 2007. In comparison to our results, Avicor et 

al. (2014) found that the LC50 of B. tabaci collected  

 

from field vegetables in Ghana to λ-cyhalothrin, using a 

leaf dip technique, was 0.12-0.55 mLL-1. 

The higher resistance developed by B. tabaci to 

chlorpyrifos-methyl, primiphos-methyl, carbosulfan and 

λ-cyhalothrin and deltamethrin in samples collected 

from Faiyum and Beheira Governorates might make the 

control of B. tabaci in these Governorates is a major 

problem. Accordingly, it is not recommended to use 

these insecticides in these Governorates. On the 

contrary, the application of the tested insecticides in the 

current investigation in Minya Governorate would not 

impair field performance against B. tabaci, where the 

lower level of resistance was developed. The lower 

resistance developed by whiteflies collected from Minya 

Governorate (an Upper Egypt Governorate) compared 

to other Governorates (Lower Egypt Governorates) may 

be due to lower agricultural development (pesticide 

application) paid by the Egyptian government to Upper 

Egypt Governorates compared to that paid for Lower 

Egypt Governorates. Though insecticide resistance to λ-

cyhalothrin has been reported in B. tabaci populations in 
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this study, this insecticide continues to be effective in 

reducing populations of some homopteran species 

(Salem et al. 2009) including B. tabaci (Li et al. 2009, 

Salem et al. 2009).  

Since the susceptibility status of B. tabaci to 

insecticides could alter from year to year (Ahmad et al. 

2010), monitoring of their resistance status to the 

insecticides tested in the current study and other 

insecticides should be sustained whilst farmers are 

encouraged on the judicious use of insecticides. 

Typically, enhanced metabolic detoxification 

among insects may contribute to insecticide resistance 

(Low et al. 2007), the metabolic detoxification system 

in insects consists of three major groups of enzymes. 

The phase I detoxification enzymes, acting on a broad 

range of substrates directly to reduce their toxicity, are 

represented by cytochrome P450. The phase II enzymes, 

including GST, UDP-glucuronosyltransferases (UGTs), 

and CarE, facilitate the excretion of hydrophobic toxic 

compounds by improving their hydrophilicity. Several 

studies indicated that increased levels of detoxification 

gene expression are known to result in increased levels 

of detoxifying enzymes that are responsible for 

insecticide resistance (Karunker et al. 2008; Liu et al. 

2011; Schuler,2011; Gong et al. 2013,; Zhang et al. 

2015). 

 Pyrethroid resistance in field populations of B. 

tabaci is primarily a consequence of the overproduction 

of esterase isozymes that metabolize and sequester 

pyrethroid insecticides (Young et al. 2006). B-type 

esterases hydrolyze pyrethroids and their enhanced 

activity confers resistance in whiteflies (Byrne et al. 

2000). Resistance to pyrethroids in whiteflies has also 

been associated with mutations in the para sodium 

channel gene (Morin et al. 2002; Farghaly et al. 2010) 

and L925I and T929V, VGSC gene (Gauthier et al. 

2014). 

 AChE is one of the most conserved enzymes of 

higher eukaryotes (Russell et al. 2004). It is widely 

known for its role in hydrolyzing acetylcholine, but it 

also has another much less studied role in the 

development, mutation and maintenance of vertebrate 

and invertebrate nervous system (Grisaru et al. 1999; 

Ranson et al. 2002). The F331W mutation in the AChE 

enzyme ace1 gene associated with resistance to OPs was 

fixed in B. tabaci (Vassiliou et al. 2011; Gauthier et al. 

2014).  The increased activity of AChE may arise from 

a quantitatively increased production of the enzyme 

(Fournier et al. 1992) or a qualitatively modified 

enzyme with a higher catalytic efficiency (Walsh et al. 

2001; Vontas et al. 2002a; Weill et al. 2003).  

GST played a major role in the detoxification of 

profenofos in B. tabaci (Kandil et al. 2008). This might 

be attributed to conjugation of lipid peroxidation 

products (Vontas et al. 2002b). However, several 

authors did not found a significant increase in GST 

activity of insecticide-resistant B. tabaci populations 

(Rauch and Nauen 2004; Zhang et al. 2012). 

The present study showed that there was a 

correlation between the relative increase in the 

resistance of λ-cyhalothrin-resistant B. tabaci 

populations and the relative increase in MOs and/or 

GST activity. In agreement with this finding, several 

authors found that the major mechanism in B. tabaci 

appeared to be enhanced detoxification by cytochrome 

P450 MOs (Rauch and Nauen 2003; Karunker et al. 

2008). Kandil et al. (2008) found that piperonyl 

butoxide synergized profenofos toxicity in resistant 

strains of whiteflies. Moreover, they also elucidated the 

role of diethylmaleate as inhibitor for GST in 

profenofos-resitant whiteflies. 

In conclusion, of the seven Governorates studied, 

it appears that moderate to high resistance in B. tabaci 

populations against the studied insecticides had been 

occurred in Gharbia, Faiyum, Beheira, Dakahlia and 

Qalyubia Governorates (~57% of the regions of cotton 

cultivation in Egypt), making resistance is a national 

problem. Development of resistance depends in part on 

the occurrence of "refugia" for susceptible populations 

(Georghiou 1994) and on gene flow among populations 

colonizing different habitats in a given area. Studies on 

the genetic structure of the B. tabaci population together 

with the identification of resistance genes will allow a 

better understanding of the evolution of resistance. The 

development of a resistance management scheme is 

being considerate through the area–wide 

implementation of integrated pest management. This 

study provides baseline information on the insecticide 

resistance status and detoxifying enzymes activity of 

whitefly populations in cotton fields in Egypt and for 

monitoring future insecticide resistance development 
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 الملخص العربي

  الذبابة البيضاء آفةزيمات إزالة السموم في مقاومة ونشاط إنللالحالي  ضعرصد الو

  )(.Bemisia tabaciGennر.مص بعض محافظات في

 د. عزه داؤد د. عمرو عبد السميع ، د. سيدة فاروقأ.د. سيد شورب

 القاهرة جامعة العلوم، كلية قسم الحشرات،

 المعمل المركزي للمبيدات ، مركز البحوث الزراعية، الجيزة، مصر

 بيالملخص العر

في مصر قليل من المعلومات المتاحة عن رصد المقاومة لعدة أنواع منن المييندات الحينرفة فني ممناف م افحنة ال  ا نة 
سننيالالو رفن و دلتننا مي ننرفن و ممموعننة الميينندات ال وسنن ورفة  λ –سننايير مي ننرفن αالييضننام م ننل مر  ننات الييرو روفنندات  من ننا 

 وس مي يل , اخيرا ممموعة الكاربامات ومن ا مييدي المي وميل و  اربوسول ان.يروفينوفوس و يرفمي  -من ا  لوروبيرف وس

وقد تم تمميع آفنة ال  ا نة الييضنام منن حقنوف الق نن فني  عنت محاف,نات مصنر , وقند تنم ايضنا مقارننة لن   العينا ر 
 السلالة المعملية الحساسة لتحديد معامل المقاومة و دراسة نياط إنزفمات إزالة السمية م ل اسيتيل  ولين استيرفز ,  اربو سني 

 ي مينيز .استيرفز و مونو س -S-استيرفز و ملوتا يون 

وقد حددت أعلي مقاومة فني عينيرتي محاف,نة ال ينوم وال حينرة للمر نس ال وسن وري  لوروبيرف نوس مي ينل و تحديند قيمنة 
مننزم فنني المليننون علنني التننوالي لمحاف,ننة ال يننوم  ,  47,0و  19,8% مننن العيننيرة   90%  و  50معامننل المقاومننة القاتننل ف 

 ل حيرة علي التوالي.مزم في المليون لمحاف,ة ا 204,0و  28,0

و ص ة عامة ومد أن آفة ال  ا ة الييضام المممعة من محاف,ة المنيا  أ, رت اقل مستوي من المقاومنة , وأيضنا منن 
سنيالالو رفن وقند ومند أيضنا ان  λيين  ل المييدات المختيرة ومد ان العيا ر المختل ة قند أ, نرت  مسنتوي مقاومنة عالينة لمييند 

 . GSTو   MOsادة النسيية لمقاومة السلالة المقاومة ل  ا المييد والزفادة في النياط الانزفمي ف لناك علاقة يين الزف

لنن   الدراسننة تمنندنا  معلومننات اساسننية عننن المقاومننة للميينندات ونينناط الانزفمننات المزفلننة للسننمية فنني العيننا ر المختل ننة  
 .ال  ا ة الييضام في مصر

 


