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Abstract [Objectives] To evaluate current levels of insecticide resistance in Thrips hawaiiensis, and provide information to
improve the management of this pest. [Methods] The resistance of I. hawaiiensis collected from four populations on Hainain;
Changjiang, Chengmai, Lingao and Dongfang, to ten insecticides was tested using the leaf-tube residual bioassay (TIBS) from
2013 to 2015. [Results] Although decreased susceptibility was observed in all four populations from 2013 to 2015, all four
were still relatively sensitive to the most insecticides tested. All populations were sensitive to traditional insecticides, including
emamectin-benzoate, chlorpyrifos and betacy permethrin, and novel insecticides such as spinetoram, cyantraniliprole, and
spirotetramat (resistance ratios 5). However, all four populations developed moderate resistance (resistance ratios of 15.19,
11.19, 17.46, 13.58 fold, respectively) to acetamiprid compared to a susceptible laboratory strain. All four populations had low

resistance to abamectin (resistance ratios of 9.06 8.95 13.35 6.57 fold, respectively). Moreover, the Dongfang population had
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low resistance to spinosad and imidacloprid (resistance ratios of 7.11, 7.48 fold, respectively), and the Lingao population also
had low (8.28 fold) resistance to imidacloprid. [Conclusion] Excessive use of acetamiprid and abamectin should be avoided.
To delay the development of insecticide resistance in 7. hawaiiensis, insecticides should be used in rotation, and in
combination, to control this pest.
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Table 1 Insecticides information
/
Insecticides Content/Formulations Manufacturers Types
Cyantraniliprole ~ 10% 10% OD DUPONT Benzamides
Spinetoram 60 g/L 60 g/L SC DOW AgroSciences Macrocyclic lactiones
Spirotetramat 240 g/L 240 g/L SC BAYER Tetronic acids
Spinosad 2.5% 2.5% SC DOW AgroSciences Macrocyclic lactiones
Abamectin 6% 6% ME BOSSWELL Macrocyclic lactiones
Acetamiprid 5% 5% EC ZYZN Neonicotinoids
Imidacloprid 45% 45% ME ZYZN Neonicotinoids
Chlorpyrifos 48% 48% EC DOW AgroSciences Organophosphate
Emamectin benzoate 5% 5% ME BOSSWELL Antibacterial
Betacy permethrin 15% 15% ME BOSSWELL Synthetic pyrethroids
13 MRS % 2 HRE5HH
Alfredo  Anthon 2003 TIBS 21 WERBEET
2014
2 10
lmL LCso 0.11 mg/L
LCso 4.89 mg/L
0.11 mg/L
30 48 h 0.17 mg/L 0.23 mg/L
0.26 mg/L 0.34 mg/L
0.43 mg/L 0.65 mg/L
4 10% 1.22 mg/L 3.84 mg/L
4.89 mg/L
14 BIRESHF 2.2 2013 FHEMER
3
EXCEL DPS 2013
10
LCso SE 95 95% CI
R TI
TI = LCso/
LCsy %100
RR = LCsy / 5 4
LCso 9.73~11.73
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Table 2  Sensitivity of Thrips hawaiiensis reference strain to ten insecticides

Insecticides +SE Slope+SE  LCsy 95% 95% CL (mg/L) R
Spinetoram 1.1065+0.02 0.11 0.08-0.16 0.9868 100
Cyantraniliprole 0.9053+0.05 0.23 0.15-0.34 0.9865 209
Spirotetramat 1.1225+0.08 0.43 0.30-0.61 0.9771 391
Spinosad 1.0172+0.03 0.17 0.11-0.24 0.9684 155
Abamectin 0.9784+0.13 0.65 0.44-0.97 0.9558 591
Acetamiprid 1.1913+0.05 0.26 0.18-0.36 0.9778 236
Imidacloprid 2.0299+0.38 3.84 3.17-4.65 0.9904 3491
Chlorpyrifos 2.0150+0.13 1.22 1.00-1.50 0.9804 1109
Emamectin-benzoate 1.0095+0.06 0.34 0.23-0.49 0.9751 309
2.3751+0.42 4.89 4.13-5.79 0.9913 4 445

Beta-cypermethrin

K3 BREE4NMMEXEEERE D EEFHEA 10 MR BT AMAMEKTE (2013)

Table 3 Resistance of four field populations of Thrips hawaiiensis to ten insecticides in Hainan in 2013

+SE LCso 95%

Insecticides Populations Slope+SE 95% CL mg/L R RR
CJ] 1.140440.05 0.28 0.20-0.40 0.9822 2.55

CM 1.2574+0.03 0.20 0.15-0.28 0.9889 1.82

Spinetoram LG 1.1921+0.05 0.31 0.22-0.42 0.9989 2.82
DF 1.3407+0.02 0.15 0.11-0.21 0.9779 1.36

CJ 1.4302+0.06 0.36 0.26-0.50 0.9999 1.57

CM 1.0485+0.07 0.29 0.19-0.46 0.9963 1.26

Cyantraniliprole LG 1.6897+0.06 0.51 0.39-0.65 0.9977 2.22
DF 1.4168+0.07 0.53 0.40-0.70 0.9994 2.30

CJ 1.7729+0.05 0.42  0.33-0.52 0.9913 0.98

CM 1.7427+0.05 0.50 0.40-0.62 0.9938 1.16

Spirotetramat LG 1.6212+0.06 0.47 0.37-0.59 0.9655 1.09
DF 2.1560+0.05 0.58 0.49-0.69 0.9758 1.35

CJ] 2.1583+0.05 0.56 0.46-0.66 0.9393 3.29

CM 1.5953+0.07 0.64 0.51-0.81 0.9642 3.76

Spinosad LG 2.0205+0.05 0.53 0.44-0.64 0.9620 3.12
DF 1.2002+0.21 1.14 0.80-1.63 0.9593 6.71

CJ] 1.6594+0.48 3.76 2.92-4.84 0.9992 5.78

Abamectin cM 1.1382+0.78 421 2.93-6.06 0.9934 6.48
LG 1.4561+0.87 5.18 3.73-7.20 0.9953 7.97

DF 1.7761£0.33 292 2.34-3.64 0.9847 4.49

CJ 1.7292+0.46 3.39 2.60-4.41 0.9864 13.04

Acetamiprid CM  1.8755+0.27 253 2.06-3.13 0.9350 9.73
LG 2.0955+0.30 2.86 2.34-3.51 0.9835 11.00

DF 1.3445+0.47 3.05 2.25-4.13 0.9855 11.73
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43R 3 (Table 3 continued)

+SE LCs 95%

Insecticides Populations Slope+SE 95% CL mg/L R RR
cl 1.4129+1.99 13.65 10.25-18.17 0.9593 3.55

Imidacloprid cM 1.154942.11 12.69 9.16-17.58 0.9699 3.30
LG 1.134145.16 2349 15.28-36.13 0.9608 6.12

DF 1.1647+5.88 25.96  16.05-40.47 0.9728 6.76

cI 2.3433+0.14 1.69 1.44-1.98 0.9601 139

Chlorpyrifos cM 2.4788+0.15 1.87 1.60-2.18 0.9708 1.53
LG 2.3418+0.18 219 1.86-2.57 0.9943 1.80

DF 2.3052+0.14 1.64 1.40-1.94 0.9789 1.34

I 0.9758+0.09 0.45  0.30-0.68 0.9576 132

Emamectin-benzoate CcM 0.9036+0.08 0.39  0.26-0.60 0.9667 1.15
LG 0.7117+0.10 043 0.26-0.72 0.9821 126

DF 0.77190.09 037 0.23-0.59 0.9964 1.09

cl 1.6660+1.13 10.26 8.26-12.74 0.9943 2.10

Betacy-permethrin cM 2.0378+1.04 10.89  9.03-13.14 0.9724 223
LG 2.0445+1.11 1153 9.56-13.92 0.9915 2.36

DF 2.0530+0.87 930 7.74-11.17 0.9991 1.90

Cl] CM LG DF
CJ, CM, LG, DF indicate Thrips hawaiiensis populations of Changjiang, Chengmai, Lingao, Dongfang. The same below.
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Table 4 Resistance level of four field population of Thrips hawaiiensis to ten insecticides in Hainan in the year of 2015

+SE LCs0 95%

Insecticides Populations Slope+SE 95% CL (mg/L R RR

cJ 1.138120.04 0.32 0.25-0.42 0.9836 2.91

CcM 1.4865+0.03 0.25 0.19-0.33 0.9771 2.27

Spinetoram LG 1.2496+0.07 0.45 0.34-0.61 0.9837 4.09
DF 1.1295+0.03 0.12 0.08-0.18 0.9912 1.01

cJ 1.1936+0.07 0.43  0.32-0.58 0.9689 1.87

cM 1.3131+0.04 0.31 0.24-0.41 0.9651 1.35

Cyantraniliprole LG 0.9523+0.11 0.54 0.37-0.79 0.9952 2.35
DF 1.1328+0.11 0.60 0.43-0.85 0.9963 2.61

cJ 1.2609+0.06 0.43  0.32-0.57 0.9925 1.00

cM 0.9151+0.10 0.51 0.35-0.76 0.9594 1.12

Spirotetramat LG 0.8702+0.16 0.71 0.45-1.12 0.9882 1.65
DF 0.9684+0.13 0.63 0.42-0.94 0.9510 1.47

cl 0.9809+0.18 0.79 0.50-1.24 0.9751 4.65

cM 1.1287+0.16 0.83 0.56-1.22 0.9680 4.88

Spinosad LG 1.0909+0.17 0.82 0.55-1.22 0.9694 4.82
DF 1.01050.31 121 0.74-1.98 0.9899 7.11

cl 1.4422+0.76 5.89 4.57-7.58 0.9958 9.06

Abamectin CcM 1.179620.89 5.82 4.31-7.86) 0.9969 8.95
LG 1.0644+1.69 8.68 5.93-12.72 0.9992 13.35

DF 1.2810+0.59 427 3.25-5.61 0.9922 6.57

cJ 1.2445+0.57 3.95 2.98-5.23 0.9868 15.19

Acetamiprid CcM 1.2174+0.46 291 2.13-3.97 0.9930 11.19
LG 1.2473+0.64 451 3.41-5.95 0.9994 17.46

DF 1.3632+0.48 3.53  2.70-4.60 0.9776 13.58

LJ 1.5084+1.94 15.82  12.43-20.13 0.9852 4.12

Imidacloprid CcM 1.3256+1.92 12.99 9.73-17.35 0.9966 3.38
LG 1.862443.62 31.81 25.44-39.77 0.9890 8.28

DF 1.7387+3.29 28.71 22.94-35.93 0.9902 7.48

cJ 1.323120.47 239 1.62-3.52 0.9670 1.96

Chlorpyrifos M 1.2786+0.49 242 1.62-3.61 0.9817 1.98
LG 1.0439+1.03 3.57 2.03-6.30 0.9725 2.92

DF 1.2964+0.36 1.95 1.36-2.79 0.9723 1.60

cJ 2.1313+0.06 0.65 0.54-0.79 0.9968 1.91

Emamectin-benzoate cM 1.5492+0.06 0.53 0.42-0.68 0.9964 1.56
LG 1.5485+0.06 0.48 0.38-0.60 0.9837 1.41

DF 1.6762+0.05 0.45 0.36-0.55 0.9948 1.32

cJ 1.446442.15 17.21 13.47-21.99 0.9980 3.52

Betacy-permethrin CM 2.0281+1.66 17.58 14.61-21.14 0.9997 3.60
LG 2.2310+1.82 20.86 17.59-24.75 0.9895 427

DF 2.0377+1.34 12.50 10.12-15.43 0.9927 2.56
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