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Table 1. Sixteen insecticides used for susceptibility examination
Formulationb %AI Manufacturer

Diacylhydrazines (DAH)
Tebufenozide F 20 Nihon Nohyaku Co., Ltd., Japan
Chromafenozide F 10 Mitsui Chemicals Agro, Inc., Japan
Methoxyfenozide F 20 Dow Chemical Japan, Ltd., Japan

Benzoylureas (BU)
Lufenuron E 5 Syngenta Japan K. K., Japan
Flufenoxuron E 10 BASF Japan, Ltd., Japan

Diamides
Flubendiamide WDG 20 Nihon Nohyaku Co., Ltd., Japan
Chlorantraniliprole F 10 DuPont Co., Ltd., Japan

Organophosphates
Chlorpyrifos E 40 Dow Chemical Japan, Ltd., Japan
Acephate W 50 Arysta LifeScience, Ltd., Japan
Methidathion E 40 Syngenta Japan K. K., Japan
Profenofos E 40 Syngenta Japan K. K., Japan

Pyrroles
Chlorfenapyr F 10 Nippon Soda Co., Ltd., Japan

Carbamates
Methomyl W 45 DuPont Co., Ltd., Japan

Spinosyns
Spinosad F 20 Dow Chemical Japan, Ltd., Japan

Avermectins, Milbemycins
Emamectin benzoate E 1 Syngenta Japan K. K., Japan

Pyrethroids
Bifenthrin W 2 Ishihara Sangyo Kaisha, Ltd., Japan

a The IRAC mode of action classification (Sparks and Nauen, 2015).

Classificationa

       Insecticides

b E: Emulsifiable concentrate, F: Flowable. W: Wettable powder, WDG: Water-dispersible granule.
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Chlorpyrifos 1,000 2 100 (30) 100 (30) 100 (29)
(E, 40) 7 100 100 100

4,000 2 96.4 (30) 44.4 (30) 100 (28)
7 96.3 55.6 100

Acephate 1,000 2 37.1 (28) ―e 75.6 (30)
(W, 50) 7 80.8 ― 96.7

4,000 2 3.57 (29) ― 6.70 (28)
7 7.40 ― 25.0

Methidathion 1,000 2 31.0 (30) ― 96.7 (30)
(E, 40) 7 46.3 ― 100

4,000 2 11.8 (27) ― 49.5 (27)
7 20.4 ― 71.0

Profenofos 1,000 2 96.4 (29) ― 100 (29)
(E, 40) 7 100 ― 100

4,000 2 92.6 (28) ― 96.3 (29)
7 96.2 ― 100

Chlorfenapyr 2,000 2 100 (30) 70.4 (30) 76.7 (30)
(F, 10) 7 100 96.3 96.7

8,000 2 3.57 (30) 29.6 (30) 21.1 (27)
7 14.8 55.6 39.8

Methomyl 1,000 2 92.6 (30) 81.5 (30) 93.0 (27)
(W, 45) 7 100 96.3 100

4,000 2 39.3 (30) 77.8 (30) 76.3 (29)
7 44.4 81.5 86.7

Spinosad 2,000 2 55.1 (30) ― 73.9 (28)
(F, 20) 7 100 ― 100

8,000 2 32.1 (29) 51.9 (30) 22.8 (27)
7 100 100 100

Emamectin benzoate 2,000 2 100 (29) 100 (30) 100 (29)
(E, 1) 7 100 100 100

8,000 2 100 (27) 81.5 (30) 100 (29)
7 100 100 100

Bifenthrin 1,000 2 51.9 (28) ― 100 (28)
(W, 2) 7 92.3 ― 100

4,000 2 37.1 (28) ― 87.0 (31)
7 77.0 ― 100

a E: Emulsifiable concentrate, F: Flowable, W: Wettable powder.
b Upper numerals are ordinary dose of each insecticide.
c Corrected mortality by method of Abbott (1925).
d Number of larvae tested.
e No data.

Susceptible strain
(Kanaya)

Corrected mortalityc [%] (N d)

Table 4. Effects of various insecticides on Adoxophyes honmai populations collected from tea fields of Shimada-Yui in the
          Makinohara area of Shizuoka Prefecture
Insecticides
(Formulationa, %AI)

Dilutionb Days
after
treatment 2004 2005

Shimada-Yui strain
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Table 5. Twelve insecticides used for susceptibility examination
Formulationb %AI Manufacturer

Diacylhydrazines (DAH)
Tebufenozide F 20 Nihon Nohyaku Co., Ltd., Japan
Methoxyfenozide F 20 Dow Chemical Japan, Ltd., Japan

Benzoylureas (BU)
Lufenuron E 5 Syngenta Japan K. K., Japan
Flufenoxuron E 10 BASF Japan, Ltd., Japan

Diamides
Flubendiamide WDG 20 Nihon Nohyaku Co., Ltd., Japan
Chlorantraniliprole F 10 DuPont Co., Ltd., Japan

Organophosphates
Chlorpyrifos E 40 Dow Chemical Japan, Ltd., Japan
Profenofos E 40 Syngenta Japan K. K., Japan

Spinosyns
Spinosad F 20 Dow Chemical Japan, Ltd., Japan
Spinetoram SC 11.7 Sumitomo Chemical Co., Ltd., Japan

Avermectins, Milbemycins
Emamectin benzoate E 1 Syngenta Japan K. K., Japan

Pyrethroids
Bifenthrin W 2 Ishihara Sangyo Kaisha, Ltd., Japan

a The IRAC mode of action classification (Sparks and Nauen, 2015).

Classificationa

       Insecticides

b E: Emulsifiable concentrate, F: Flowable. SC: Suspension concentrate, W: Wettable powder,
WDG: Water-dispersible granule.
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Corrected mortalityc [%] (N d)

Tebufenozide 1,000 93.1 (29) 85.8 (29) 42.5 (29) 17.7 (28)
(F, 20) 4,000 60.2 (31) 55.4 (27) 8.80 (32) 0 (27)
Methoxyfenozide 4,000 100 (30) 100 (30) 100 (31) 88.8 (29)
(F, 20) 16,000 93.1 (29) 96.5 (29) 44.4 (28) 18.8 (31)
Lufenuron 2,000 100 (27) 100 (32) 96.2 (25) 91.3 (26)
(E, 5) 8,000 96.6 (28) 100 (28) 88.9 (27) 59.9 (24)
Flufenoxuron 4,000 61.7 (26) 38.5 (30) 81.0 (27) 70.4 (28)
(E, 10) 16,000 41.0 (28) 25.4 (29) 75.5 (29) (93.3)g (29)

Corrected mortalityc [%] (N d)

Tebufenozide 1,000 49.6 (30) 18.4 (28) 10.5 (29) 2.90 (30)
(F, 20) 4,000 8.80 (32) 4.20 (28) 3.70 (32) ―e

Methoxyfenozide 4,000 71.4 (30) 72.2 (33) 76.3 (29) 49.4 (28)
(F, 20) 16,000 21.4 (30) 7.70 (28) 28.2 (25) 0 (27)
Lufenuron 2,000 82.0 (30) 100 (27) 89.6 (28) 92.8 (30)
(E, 5) 8,000 82.0 (30) 73.2 (37) 87.6 (30) 58.9 (31)
Flufenoxuron 4,000 96.0 (26) 88.9 (28) (93.3)f (30) (70.5)f (29)
(E, 10) 16,000 81.2 (29) 88.9 (27) (85.9)g (29) (85.7)g (31)

Tebufenozide 1,000 65.5 (27) 53.6 (29) 14.4 (30) 26.7 (24)
(F, 20) 4,000 24.0 (30) 18.0 (29) 8.70 (29) 0 (31)
Methoxyfenozide 4,000 100 (29) 91.6 (27) 85.7 (29) 84.9 (27)
(F, 20) 16,000 85.8 (27) 23.4 (27) 33.7 (29) 10.4 (30)
Lufenuron 2,000 100 (27) 100 (26) 90.3 (33) 100 (27)
(E, 5) 8,000 96.9 (31) 88.0 (25) 92.1 (28) 81.9 (29)
Flufenoxuron 4,000 61.7 (27) 40.2 (29) 52.4 (27) 28.8 (25)
(E, 10) 16,000 75.9 (25) 35.6 (26) 55.4 (24) (21.2)g (29)

Corrected mortalityc [%] (N d)

Tebufenozide 1,000 7.30 (29) 48.8 (28) 48.5 (32) 100 (27)
(F, 20) 4,000 ― 10.9 (28) 10.6 (31) 89.7 (22)
Methoxyfenozide 4,000 92.7 (29) 100 (27) 100 (27) 100 (26)
(F, 20) 16,000 11.3 (27) 72.9 (27) 55.4 (29) 100 (29)
Lufenuron 2,000 100 (27) 100 (28) 100 (26) 100 (28)
(E, 5) 8,000 81.9 (29) 100 (27) 88.2 (27) 100 (29)
Flufenoxuron 4,000 20.3 (29) 58.2 (25) 51.5 (29) 36.1 (25)
(E, 10) 16,000 0 (25) 20.3 (27) 71.2 (29) 17.4 (24)

Kawanehoncho-Jina
strain

Shimada-Funaki strain

2010 2010 2009

2009 Jun-2011

2011

Insecticides
(Formulationa, %AI)

Dilutionb Corrected mortalityc [%] (N d)

Kikugawa-Kurasawa strain

Insecticides
(Formulationa, %AI)

Dilutionb

Shizuoka-Uchimaki
strain

2009 2010 Jun-2011 Aug-2011

Insecticides
(Formulationa, %AI)

Dilutionb

Shimada-Yui strain

2009 2011

Table 6. Effects of IGRs at 10 days after treatment on Adoxophyes honmai populations collected in tea fields of various area in
          Shizuoka Prefecture

Insecticides
(Formulationa, %AI)

Dilutionb

Kakegawa-
Kamiuchida strain

Iwata-Kasaume
strain

Aug-2011 2009

Makinohara-Nunohikihara strain

Makinohara-
Nunohikihara strain

Hamamatsu-
Yokoyama strain

2009 2010



 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

Table 6. continued

Corrected mortalityc [%] (N d)

Tebufenozide 1,000 100 (28)
(F, 20) 4,000 100 (30)
Methoxyfenozide 4,000 100 (32)
(F, 20) 16,000 100 (30)
Lufenuron 2,000 100 (28)
(E, 5) 8,000 82.5 (24)
Flufenoxuron 4,000 100 (28)
(E, 10) 16,000 100 (29)
a E: Emulsifiable concentrate, F: Flowable.
b Upper numerals are ordinary dose of each insecticide.
c Corrected mortality by method of Abbott (1925).
d Number of larvae tested.
e No data.
f These data based on 2,000 dilution.
g These data based on 8,000 dilution.

Insecticides
(Formulationa, %AI)

Dilutionb

Susceptible strain
(Kanaya)



 
 

DAH 2

 

100 82.0%

DAH 2

90%

2009 2011 6 90%

4

96.0

20.3%

90% 4

BU

2

 

2  

Table 7 2

4

4

100%

100 15.9%

90%



 
 

 
 

Flubendiamide 2,000 100 (30) 96.9 (31) 96.6 (27) 15.9 (26)

(WDG, 20)f 8,000 100 (27) 85.0 (28) 53.0 (26) 11.5 (28)

Chlorantraniliprole 2,000 100 (30) 93.1 (29) ―e 32.8 (27)
(F, 10) 8,000 50.2 (25) 33.1 (28) ― 30.0 (28)

Flubendiamide 2,000 92.7 (30) 52.5 (31) 34.1 (27) 32.0 (30)

(WDG, 20)f 8,000 46.0 (30) 15.3 (27) 7.40 (26) 0 (29)

Chlorantraniliprole 2,000 ― 72.0 (29) 45.6 (29) 21.9 (27)
(F, 10) 8,000 ― 27.1 (30) 10.4 (30) 0 (29)

Flubendiamide 2,000 100 (28) 100 (26) 96.0 (29) 41.8 (25)

(WDG, 20)f 8,000 60.9 (29) 38.7 (27) 50.0 (28) 10.0 (30)

Chlorantraniliprole 2,000 ― 73.1 (27) 100 (32) 63.8 (29)
(F, 10) 8,000 ― 20.5 (26) 63.4 (30) 10.4 (29)

Flubendiamide 2,000 34.6 (27) 100 (30) 100 (30) 100 (29)

(WDG, 20)f 8,000 10.4 (29) 80.8 (28) 78.8 (27) 95.8 (28)

Chlorantraniliprole 2,000 62.3 (28) ― ― ―
(F, 10) 8,000 8.80 (25) ― ― ―

Flubendiamide 2,000 100 (30)

(WDG, 20)f 8,000 100 (29)

Chlorantraniliprole 2,000 100 (30)
(F, 10) 8,000 100 (30)
a WDG: Water-dispersible granule, F: Flowable.
b Upper numerals are ordinary dose of each insecticide.
c Corrected mortality by method of Abbott (1925).
d Number of larvae tested.
e No data.

Shimada-Funaki strain

2010 2010 2009 2011

Insecticides
(Formulationa, %AI)

Dilutionb Corrected mortalityc [%] (N d)

Kikugawa-Kurasawa strain

Insecticides
(Formulationa, %AI)

Dilutionb Corrected mortalityc [%] (N d)
Shizuoka-Uchimaki
strain

Kawanehoncho-Jina
strain

Insecticides
(Formulationa, %AI)

Dilutionb Corrected mortalityc [%] (N d)

Shimada-Yui strain

2009 2011 2009 Jun-2011

Corrected mortalityc [%] (N d)
Kakegawa-
Kamiuchida strain

Iwata-Kasaume
strain

Hamamatsu-
Yokoyama strain

2009 2010 Jun-2011 Aug-2011

Table 7. Effects of diamide insecticides at 10 days after treatment on Adoxophyes honmai populations collected from tea fields
          of various area in Shizuoka Prefecture

Insecticides
(Formulationa, %AI)

Dilutionb Corrected mortalityc [%] (N d)

Aug-2011 2009 2009

f Formulation of flubendiamide in 2011 is 18% flowable because the formulation was changed. 18% flowable represents an
equivalent dose of insecticide.

Susceptible strain
(Kanaya)

Makinohara-Nunohikihara strain

Makinohara-
Nunohikihara strain

2010

Insecticides
(Formulationa, %AI)

Dilutionb



 
 

3

3

100 21.9%

90%

4

 

3  

Table 8 6

4

6 100%

90%

4

90%

2011 8

4

100 12.0%

 



 

 

Chlorpyrifos 1,000 100 (28) 100 (29) 100 (30) 96.0 (28)
(E, 40) 4,000 100 (29) 100 (30) 54.0 (29) 87.6 (27)
Profenofos 1,000 100 (29) 100 (30) 96.6 (30) 100 (31)
(E, 40) 4,000 100 (25) 100 (30) 100 (30) 96.0 (29)
Spinosad 2,000 100 (30) 100 (29) 96.6 (30) 100 (28)
(F, 20) 8,000 100 (29) 100 (27) 64.0 (29) 67.8 (34)
Spinetoram 2,500 ―e ― ― 100 (26)
(SC, 11.7) 10,000 ― ― ― 96.4 (26)
Emamectin benzoate 1,000 100 (27) 100 (31) 100 (30) 100 (30)
(E, 1) 4,000 100 (32) 100 (30) 96.6 (30) 100 (31)
Bifenthrin 3,000 100 (25) 100 (28) 73.9 (29) 35.2 (27)
(F, 7.2) 12,000 96.9 (27) 100 (30) 24.9 (28) 11.5 (29)

Chlorpyrifos 1,000 100 (29) 100 (30) 100 (27) 88.1 (28)
(E, 40) 4,000 93.3 (30) 100 (29) 97.0 (29) 79.2 (26)
Profenofos 1,000 100 (30) 100 (29) 100 (33) 96.0 (29)
(E, 40) 4,000 100 (30) 100 (30) 95.8 (27) 96.4 (31)
Spinosad 2,000 100 (27) 100 (29) 100 (29) 100 (27)
(F, 20) 8,000 96.7 (30) 93.3 (30) 96.3 (28) 94.9 (23)
Spinetoram 2,500 ― ― 100 (27) 100 (29)
(SC, 11.7) 10,000 ― ― 72.1 (25) 100 (25)
Emamectin benzoate 1,000 100 (30) 100 (30) 100 (29) 100 (29)
(E, 1) 4,000 100 (30) 96.3 (29) 100 (29) 100 (28)
Bifenthrin 3,000 47.3 (24) 48.1 (29) 55.7 (25) 12.0 (27)
(F, 7.2) 12,000 18.5 (28) 27.1 (29) 16.2 (25) 10.6 (29)

Chlorpyrifos 1,000 100 (30) 100 (29) 100 (29) 100 (27)
(E, 40) 4,000 90.0 (30) 100 (28) 100 (30) 82.1 (26)
Profenofos 1,000 100 (29) 100 (29) 100 (31) 100 (26)
(E, 40) 4,000 100 (30) 100 (27) 100 (30) 100 (27)
Spinosad 2,000 100 (30) 100 (29) 100 (32) 100 (28)
(F, 20) 8,000 100 (28) 100 (29) 93.1 (28) 100 (27)
Spinetoram 2,500 ― 100 (32) ― 100 (31)
(SC, 11.7) 10,000 ― 100 (30) ― 100 (31)
Emamectin benzoate 1,000 100 (30) 100 (27) 100 (30) 100 (27)
(E, 1) 4,000 100 (29) 100 (28) 100 (29) 100 (31)
Bifenthrin 3,000 93.3 (28) 96.2 (29) 34.5 (30) 100 (31)
(F, 7.2) 12,000 75.9 (29) 92.6 (29) 18.1 (36) 31.3 (28)

Dilutionb Corrected mortalityc [%] (N d)
Shizuoka-Uchimaki
strain

Kawanehoncho-Jina
strain

Shimada-Funaki strain

2010 2010 2009

2011 2009 2011

2011

Insecticides
(Formulationa, %AI)

Dilutionb Corrected mortalityc [%] (N d)

Kikugawa-Kurasawa strain Makinohara-Nunohikihara strain

Insecticides
(Formulationa, %AI)

Jun-2011 Aug-2011

Insecticides
(Formulationa, %AI)

Dilutionb Corrected mortalityc [%] (N d)

Shimada-Yui strain

2009

Table 8. Effects of various insecticides at 7 days after treatment on Adoxophyes honmai populations collected from tea fields of
          various area in Shizuoka Prefecture

2009 2010



 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

Table 8. continued

Chlorpyrifos 1,000 100 (30) 100 (30) 100 (29) 100 (29)
(E, 40) 4,000 100 (30) 100 (29) 100 (29) 100 (28)
Profenofos 1,000 100 (29) 100 (29) 100 (30) 100 (29)
(E, 40) 4,000 100 (30) 100 (30) 100 (30) 100 (29)
Spinosad 2,000 100 (30) 100 (28) 100 (31) 100 (28)
(F, 20) 8,000 100 (29) 100 (28) 100 (29) 100 (27)
Spinetoram 2,500 ― ― ― 100 (30)
(SC, 11.7) 10,000 ― ― ― 96.3 (28)
Emamectin benzoate 1,000 100 (28) 100 (30) 100 (30) 100 (29)
(E, 1) 4,000 100 (30) 100 (29) 100 (29) 100 (29)
Bifenthrin 3,000 100 (27) 82.1 (30) 100 (30) 100 (28)
(F, 7.2) 12,000 89.6 (29) 35.1 (24) 100 (28) 100 (31)
a E: Emulsifiable concentrate, F: Flowable, SC: Suspension concentrate.
b Upper numerals are ordinary dose of each insecticide.
c Corrected mortality by method of Abbott (1925).
d Number of larvae tested.
e No data.

Insecticides
(Formulationa, %AI)

Dilutionb Corrected mortalityc [%] (N d)

Susceptible strain
(Kanaya)

Kakegawa-
Kamiuchida strain

Iwata-Kasaume
strain

Hamamatsu-
Yokoyama strain

2009 2009 2010
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Table 9. Five IGRs used for susceptibility examination
Formulationb %AI Manufacturer

Diacylhydrazines (DAH)
Tebufenozide F 20 Nihon Nohyaku Co., Ltd., Japan
Chromafenozide F 10 Mitsui Chemicals Agro, Inc., Japan
Methoxyfenozide F 20 Dow Chemical Japan, Ltd., Japan

Benzoylureas (BU)
Lufenuron E 5 Syngenta Japan K. K., Japan
Flufenoxuron E 10 BASF Japan, Ltd., Japan

a The IRAC mode of action classification (Sparks and Nauen, 2015).

Classificationa

       Insecticides

b E: Emulsifiable concentrate, F: Flowable. W: Wettable powder, WDG: Water-dispersible granule.



 
 

LC50 LC50 LC50  
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Table 10 IGR 5 LC50

LC50

0.415ppm 10 0.846ppm 10

0.180ppm 8

0.067ppm 0.072ppm 10

LC50 2004 23.9ppm 57.7

2011 8 1,429ppm 3,443

200ppm

10

LC50 2004 10.7ppm 12.7 2005 1,841ppm 2,177

50 100ppm

10 LC50 2004 1.84ppm 10.2

2011 8 52.9ppm 294 25 50ppm

DAH 3

3

3,443 2,177

294

2  

10 LC50 2004 0.673ppm 10.0



 
 
 

 
 
 
 

Shimada-Yui strain

N b LC50
c [ppm]

(95% CI)

Slope RRd N LC50 [ppm]
(95% CI)

Slope RR

Tebufenozide 8 150 33.6 2.29 34.5 150 313 1.62 321
(F, 20, 200) (25.7-42.5) (182-1632)

10 150 23.9 2.27 57.7 150 167 2.54 402
(17.4-30.7) (128-257)

Chromafenozide 8 150 16.7 2.31 17.8 150 3908 0.502 4166
(F, 10, 50-100) (12.8-21.2) (153- ―)

10 150 10.7 1.71 12.7 150 1841 0.462 2177
(6.66-14.8) (110- ―)

Methoxyfenozide 8 150 3.28 1.89 18.2 150 16.1 1.64 89.2
(F, 20, 25-50) (1.54-4.71) (11.8-22.9)

10 150 1.84 1.66 10.2e 150 8.59 1.76 47.7g

(0.310-3.21) (5.85-12.0)
Lufenuron 8 150 0.878 1.85 5.85 150 2.28 1.31 15.2
(E, 5, 16.7-25) (0.035-1.53) (1.03-3.48)

10 150 0.673 2.18 10.0 150 1.20 1.38 17.9
(0.004-1.28) (0.223-2.06)

Flufenoxuron 8 150 0.920 0.984 7.36 150 2.28 1.24 18.2
(E, 10, 25) (0.000-2.66) (0.984-3.54)

10 150 0.551 1.13 7.65 150 1.12 1.36 15.6
(0.000-1.96) (0.175-1.97)

Shimada-Yui strain

N LC50 [ppm]
(95% CI)

Slope RR N LC50 [ppm]
(95% CI)

Slope RR

Tebufenozide 8 150 524 0.931 538 117 499 0.833 513
(F, 20, 200) (257->10000) (224-5175)

10 150 282 0.797 679 117 414 0.842 997
(145->10000) (195-2983)

Chromafenozide 8 ―f ― ― ― ―f ― ― ―
(F, 10, 50-100)

10 ―f ― ― ― ―f ― ― ―

Methoxyfenozide 8 150 9.27 2.89 51.5 117 20.7 2.15 115
(F, 20, 25-50) (7.47-11.5) (15.2-30.2)

10 150 7.60 2.38 42.2g 117 18.6 1.78 103g

(5.80-9.74) (13.2-28.8)
Lufenuron 8 120 2.64 2.03 17.6 117 2.39 1.76 15.9
(E, 5, 16.7-25) (1.09-3.90) (1.55-3.41)

10 120 <3.13 ― <44.6 117 0.826 1.29 12.3
(―) (0.241-1.48)

Flufenoxuron 8 ―f ― ― ― ―f ― ― ―
(E, 10, 25)

10 ―f ― ― ― ―f ― ― ―

2005

Days
after
release

20072006

Insecticides
(Formulationa, %AI,
Resitration concentration
[ppm])

2004
Days
after
release

Insecticides
(Formulationa, %AI,
Resitration concentration
[ppm])

Table 10. Susceptibility of Adoxophyes honmai  populations collected from tea fields of Shimada-Yui in the Makinohara area of
          Shizuoka Prefecture to IGRs between 2004 and 2011



 
 
 

 
 
 
 

Table 10. continued
Shimada-Yui strain

N LC50 [ppm]
(95% CI)

Slope RR N LC50 [ppm]
(95% CI)

Slope RR

Tebufenozide 8 113 2016 1.28 2070 150 426 1.79 437
(F, 20, 200) (616->10000) (334-597)

10 113 634 2.47 1528 150 196 2.35 472
(411-2485) (171-228)

Chromafenozide 8 ―f ― ― ― ―f ― ― ―
(F, 10, 50-100)

10 ―f ― ― ― ―f ― ― ―

Methoxyfenozide 8 112 21.3 2.77 119 150 32.9 1.66 183
(F, 20, 25-50) (16.8-27.5) (26.9-42.4)

10 112 16.1 2.81 89.5g 150 27.0 1.78 150g

(12.7-20.2) (22.6-33.3)
Lufenuron 8 114 4.37 2.53 29.1 150 1.94 0.585 12.9
(E, 5, 16.7-25) (2.95-5.66) (0.617-3.38)

10 114 3.44 2.37 51.3 150 0.553 0.506 8.25
(1.97-4.66) (0.029-1.44)

Flufenoxuron 8 ―f ― ― ― 150 0.603 0.997 4.82
(E, 10, 25) (0.175-1.09)

10 ―f ― ― ― 150 0.397 0.865 5.51
(0.060-0.861)

Shimada-Yui strain

N LC50 [ppm]
(95% CI)

Slope RR N LC50 [ppm]
(95% CI)

Slope RR

Tebufenozide 8 180 977 1.50 1003 150 2834 0.983 2910
(F, 20, 200) (697-1631) (1422-14317)

10 180 475 1.98 1145 150 (733 1.75 1766)e

(387-605) (586-995)
Chromafenozide 8 ―f ― ― ― ―f ― ― ―
(F, 10, 50-100)

10 ―f ― ― ― ―f ― ― ―

Methoxyfenozide 8 180 55.1 4.31 306 150 46.2 2.09 257
(F, 20, 25-50) (50.9-60.1) (39.9-54.4)

10 180 30.8 3.49 171g 150 25.3 2.59 141g

(27.5-34.1) (22.4-28.6)
Lufenuron 8 180 (3.27 1.33 21.8)h 150 9.61 1.28 64.1
(E, 5, 16.7-25) (2.55-4.13) (7.10-13.3)

10 180 3.36 1.75 50.1 150 1.43 1.57 21.3
(2.52-4.36) (1.16-1.81)

Flufenoxuron 8 180 (0.512 1.05 4.10)h 150 4.57 1.17 36.6
(E, 10, 25) (0.372-0.680) (3.43-6.00)

10 180 (0.302 0.976 4.19)h 150 1.63 1.14 22.6
(0.205-0.419) (1.11-2.22)

2008
Days
after
release

Insecticides
(Formulationa, %AI,
Resitration concentration
[ppm])

Insecticides
(Formulationa, %AI,
Resitration concentration
[ppm])

Days
after
release

2010 Jun-2011

2009



 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

Table 10. continued
Shimada-Yui strain

N LC50 [ppm]
(95% CI)

Slope RR N LC50 [ppm]
(95% CI)

Slope

Tebufenozide 8 150 (3500 1.34 3593)h 150 0.974 1.83
(F, 20, 200) (2213-8382) (0.502-1.37)

10 150 1429 1.73 3443 150 0.415 1.74
(1103-2032) (0.061-0.742)

Chromafenozide 8 ―f ― ― ― 150 0.938 3.56
(F, 10, 50-100) (0.772-1.13)

10 ―f ― ― ― 150 0.846 3.87
(0.695-1.01)

Methoxyfenozide 8 150 61.6 4.49 342 150 0.180 2.67
(F, 20, 25-50) (56.3-67.8) (0.085-0.243)

10 150 52.9 4.06 294g 150 <0.195 ―
(48.0-58.3) (―)

Lufenuron 8 150 6.22 1.80 41.5 150 0.150 0.848
(E, 5, 16.7-25) (5.10-7.67) (0.072-0.279)

10 150 3.90 1.69 58.2 150 0.067 0.827
(3.16-4.83) (0.026-0.129)

Flufenoxuron 8 150 (3.94 0.866 31.5)h 150 0.125 1.96
(E, 10, 25) (2.86-5.49) (0.076-0.167)

10 150 1.58 1.17 21.9 150 0.072 1.77
(1.20-2.08) (0.024-0.111)

a E: Emulsifiable concentrate, F: Flowable.
b Number of larvae tested.
c LC50 values were calculated by probit analysis.
d Resistance ratio: LC50 of each data point/LC50 of susceptible strain.
e RR of methoxyfenozide on 10 days are calculated by LC50 of susceptible strain on 8 days.
f No data.

Aug-2011
Susceptible strain (Kanaya)

h Numerals in the parentheses are reference data, because of no significance by chi-square test (p >0.05).

g RR of methoxyfenozide on 10 days are calculated by LC50 of susceptible strain on 8 days.

Days
after
release

Insecticides
(Formulationa, %AI,
Resitration concentration
[ppm])
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2011 8 3.90ppm 58.2 16.7
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LC50 2004 0.551ppm 7.65

 DAH 3

2011 8 1.58ppm 21.9 25ppm

 

IGR

2004 11 8 IGR 5

Fig. 1 2 2005

LC50
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2004 1

p < 0.05

0.172 0.174 0.0877

0.0039 DAH 2 BU 2

 p < 0.001
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0.99  



 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

Fig. 1. Annual changes in resistance ratio at LC50 of Adoxophyes honmai to IGR insecticides. Tested
populations were collected from tea fields at Shimada-Yui in Shizuoka Prefecture, Japan each year.
Resistance ratio was calculated on the basis of LC50 of 10 days in Table 10. Dotted lines indicate
regression lines.
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Table 11. Two diamide insecticides used for susceptibility examination
Formulationb %AI Manufacturer

Diamides
Flubendiamide WDGc 20 Nihon Nohyaku Co., Ltd., Japan
Chlorantraniliprole F 10 DuPont Co., Ltd., Japan

a The IRAC mode of action classification (Sparks and Nauen, 2015).

Classificationa

       Insecticides

b E: Emulsifiable concentrate, F: Flowable. SC: Suspension concentrate,
W: Wettable powder, WDG: Water-dispersible granule.
c Formulation of flubendiamide in June and August 2011 is 18% flowable because the formulation
was changed. 18% flowable represents an equivalent dose of insecticide.
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Table 12 2 LC50

10 LC50

1.54ppm 1.28ppm

10 LC50

2007 16.2ppm 10.5 2010

110ppm 71.4 100ppm 2011 8 161ppm

105

10 LC50 2010 25.3ppm 19.8 2011

6 50.0ppm 39.1 50ppm 2011 8 98.8ppm 77.2

LC50

2007 4 2010

2  

2006 11 6 2

Fig. 2

2006 1 p < 0.05

2

0.242
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N b LC50
c [ppm]

(95% CId)

Slope RRe N LC50 [ppm]
(95% CI)

Slope RR

Flubendiamide 8 120 6.92g 1.41 3.95h 120 13.6 2.70 7.77
(WDG, 20, 100)f (0.693–13.1) (10.6–17.2)

10 —i — — — 120 16.2 2.78 10.5
(—) (12.9–20.6)

Chlorantraniliprole 8 —i — — — —i — — —
(F, 10, 50) (—) (—)

10 —i — — — —i — — —
(—) (—)

N LC50 [ppm]
(95% CI)

Slope RR N LC50 [ppm]
(95% CI)

Slope RR

Flubendiamide 8 120 55.5 2.79 31.7 180 35.2 2.24 20.1
(WDG, 20, 100)f (49.1–63.7) (30.1–42.0)

10 120 41.8 2.81 27.1 180 24.4 2.16 15.8
(37.1–47.2) (21.4–28.0)

Chlorantraniliprole 8 —i — — — —i — — —
(F, 10, 50) (—) (—)

10 —i — — — —i — — —
(—) (—)

Jun-2011j

N LC50 [ppm]
(95% CI)

Slope RR N LC50 [ppm]
(95% CI)

Slope RR

Flubendiamide 8 180 100k — — 150 1,174 0.927 671
(WDG, 20, 100)f (—) (454– 10,000)

10 180 110 1.30 71.4 150 141 2.04 91.5
(80.8–173) (119–176)

Chlorantraniliprole 8 180 26.3 1.80 16.8 150 64.6 2.24 41.1
(F, 10, 50) (21.2–33.8) (55.4–78.0)

10 180 25.3 1.96 19.8 150 50.0 2.16 39.1
(20.7–31.9) (43.2–59.0)

Table 12. Susceptibility of Adoxophyes honmai populations collected from tea fields of Shimada-Yui in the Makinohara area of
          Shizuoka Prefecture to diamide insecticides between 2006 and 2011
Insecticides
(Formulationa, %AI,
Registration concentration
[ppm])

Days
after
treatment

Shimada-Yui strain
2006

Insecticides
(Formulationa, %AI,
Registration concentration
[ppm])

Days
after
treatment

Shimada-Yui strain
2008 2009

2007

Insecticides
(Formulationa, %AI,
Registration concentration
[ppm])

Days
after
treatment

Shimada-Yui strain
2010



 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

Table 12. continued
Shimada-Yui strain

Aug-2011j

N LC50 [ppm]
(95% CI)

Slope RR N LC50 [ppm]
(95% CI)

Slope

Flubendiamide 8 150 196 3.03 112 145 1.75 2.76
(WDG, 20, 100)f (175–221) (1.36–2.23)

10 150 161 3.11 105 150 1.54 2.92
(144–181) (1.03–1.97)

Chlorantraniliprole 8 150 114 2.79 72.6 180 1.57 2.48
(F, 10, 50) (101–132) (1.36–1.79)

10 150 98.8 2.48 77.2 180 1.28 2.55
(86.7–114) (1.10–1.47)

a W: Water-dispersible granule, F: Flowable.
b Number of larvae tested.
c LC50 values were calculated by probit analysis.
d Confidence interval.
e Resistance ratio: LC50 of each data point/LC50 of susceptible strain.

g These data are from 7 days after treatment.
h RR is calculated by LC50 of susceptible strain at 8 days.
i No data.
j Shimada-Yui strain was collected twice in June and August 2011.
k Could not be calculated.

f Formulation of flubendiamide in June and August 2011 is 18% flowable because the formulation was changed. 18% flowable represents
an equivalent dose of insecticide.

Insecticides
(Formulationa, %AI,
Registration concentration
[ppm])

Days
after
treatment

Susceptible strain (Kanaya)



 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

Fig. 2. Annual changes in resistance ratio at LC50 of Adoxophyes honmai to diamide insecticides. Tested
populations were collected from tea fields at Shimada-Yui in Shizuoka Prefecture, Japan each year.
Resistance ratio was calculated on the basis of LC50 of 10 days in Table 12. Dotted lines indicate
regression lines.
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78mm 44mm 6

2 3 10
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Abbott 1925 LC50 Polo 

Plus version 2.0 LeOra Software 2002 Bliss 1953

LC50 LC50 S LC50



 
 

 

F1 F1′ D Stone 1968  

D  (2X2  X1  X3 ) / ( X1  X3 ) 

X1  log10(R LC50 )  X2  log10(F1 F1′ LC50 ) X3

log10(S LC50 ) D = 1 0 < D < 1

1 < D < 0 D = 1  

Tsukamoto

1963 F1

F1′ R S 8

50% 5.0

F2 F2′

25% 75% 4.3 5.7
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1 R S  

Table 13 R S

R S LC50

595ppm 4.46ppm R 133 S

Fig. 4 R S

R 4.57

S 5.73 Table 13 F1 : 3.41

F1′ : 2.86 R S  

2 F1 F1′  

F1 F1′ LC50 83.3ppm 88.0ppm Table 13



 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

LC50

(ppm) (95% CI)b Slope ± SE RRc n d df e χ2

R 595 (522–711) 4.57 ± 0.73 133 182 13 12.5
S 4.46 (3.59–5.40) 5.73 ± 1.09 1.00 145 10 10.5

F1 (R × S) 83.3 (67.0–108) 3.41 ± 0.38 18.7 259 22 46.1
F1' (S × R) 88.0 (62.4–113) 2.86 ± 0.57 19.7 256 22 26.3

F2 (F1 × F1) 78.7 (58.2–100) 1.91 ± 0.22 17.6 403 37 35.8
F2' (F1' × F1') 103 (74.8–132) 1.96 ± 0.27 23.1 374 37 30.6

Backcross
BR1 (F1 × R) 223 (160–286) 2.67 ± 0.45 50.0 227 19 20.2
BR2 (F1' × R) 191 (150–233) 2.71 ± 0.36 42.8 292 25 22.1
BR3 (R × F1) 178 (136–223) 2.70 ± 0.36 39.9 240 22 24.8
BR4 (R × F1') 173 (134–220) 2.69 ± 0.49 38.8 189 16 16.3
BS1 (F1 × S) 32.3 (15.0–52.7) 1.84 ± 0.38 7.24 181 16 37.7
BS2 (F1' × S) 24.2 (18.6–31.0) 2.00 ± 0.22 5.43 280 25 31.3
BS3 (S × F1) 28.2 (21.6–35.3) 2.27 ± 0.26 6.32 276 25 31.3
BS4 (S × F1') 25.9 (20.9–31.9) 2.04 ± 0.22 5.81 277 25 21.1
a The strains used for crossing (male × female of a strain).
b Confidence interval.
c Resistance ratio: LC50 of each data point/LC50 of S strain.
d Number of larvae tested; including controls.
e Degree of freedom.

Strain (cross)a

Table 13.  Susceptibility of 2nd and 3rd instar larvae of Adoxophyes honmai  to tebufenozide



 
 

P>0.05 Fig. 4

F1 F1′ R S

Fig. 4 F1 F1′ D 0.196 0.219

0 < D < 1

 

3 F2 F2′ 8  

F2 F2′ LC50 78.7ppm 103ppm Table 13

Fig. 5

25% 75% 4.3 5.7

 

BR1 BR2 BR3 BR4 4 LC50 223ppm 191ppm 178ppm

173ppm Table 13

4 R F1 F1′

50% 5.0

Fig. 6 BS1 BS2 BS3 BS4 4 LC50

32.3ppm 24.2ppm 28.2ppm 25.9ppm Table 13

4 S F1

F1′ 50%

5.0 Fig. 6  

F2 F2′ 8

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4. Dose responses of Adoxophyes honmai R, S, F1, and F1′
strains to tebufenozide.
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Fig. 5. Dose responses of Adoxophyes honmai F2 and F2′ strains to
tebufenozide.
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Fig. 6. Dose responses of Adoxophyes honmai backcross strains to
tebufenozide.
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1 R S  

Table 14 R S

R S LC50



 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

LC50

(ppm) (95% CI)b Slope ± SE RRc n d df e χ2

R 129 (96.7–168) 2.34 ± 0.43 39.6 135 10 6.43
S 3.26 (2.59–4.42) 2.95 ± 0.52 1.00 141 10 8.15

F1 (R × S) 32.4 (24.0–43.3) 2.68 ± 0.45 9.94 147 10 11.4
F1′ (S × R) 33.5 (24.4–41.3) 4.16 ± 0.90 10.3 139 10 8.80

F2 (F1 × F1) 10.8 (7.74–14.3) 1.87 ± 0.27 3.31 191 16 12.0
F2′ (F1' × F1') 13.3 (9.72–17.8) 1.79 ± 0.25 4.08 188 16 13.1

Backcross
BR (R × F1) 42.0 (30.0–60.0) 2.26 ± 0.24 12.9 251 22 38.3
BR′ (R × F1') 36.6 (25.1–50.9) 2.02 ± 0.26 11.2 242 22 26.4
BS (S × F1) 6.30 (4.80–8.27) 1.91 ± 0.23 1.93 220 19 11.6
BS′ (S × F1') 8.58 (5.56–11.7) 2.45 ± 0.42 2.63 224 19 21.8
a The strains used for crossing (male × female of a strain).
b Confidence interval.
c Resistance ratio: LC50 of each data point/LC50 of S strain.
d Number of larvae tested; including controls.
e Degree of freedom.

Strain (cross)a

Table 14.  Susceptibility of 2nd and 3rd instar larvae of Adoxophyes honmai  to flubendiamide
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Fig. 8. Dose responses of Adoxophyes honmai R, S, F1, and F1′
strains to flubendiamide.
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Fig. 9. Dose responses of Adoxophyes honmai F2 and F2′ strains to
flubendiamide.
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Fig. 10. Dose responses of Adoxophyes honmai backcross strains to
flubendiamide.
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Table 15 R S
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1.53 S 1.99 Table 15  

2 F1 F1′  

F1 F1′ LC50 11.6ppm 9.82ppm Table 15

P>0.05 Fig. 11

F1 F1′ R

S Fig. 11 F1 F1′ D



 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

LC50

(ppm) (95% CI)b Slope ± SE RRc n d df e χ2

R 48.2 (31.5–73.5) 1.53 ± 0.28 36.2 159 13 13.3
S 1.33 (0.864–1.79) 1.99 ± 0.41 1.00 146 10 8.92

F1 (R × S) 11.6 (9.12–14.7) 3.30 ± 0.45 8.72 168 13 14.4
F1′ (S × R) 9.82 (7.15–12.8) 2.82 ± 0.55 7.38 140 10 7.89

F2 (F1 × F1) 12.9 (9.80–17.1) 2.07 ± 0.24 9.70 219 19 19.4
F2′ (F1' × F1') 10.4 (8.06–13.4) 2.13 ± 0.25 7.82 225 19 16.1

Backcross
BR (R × F1) 28.2 (14.9–68.0) 1.63 ± 0.21 21.2 220 19 68.6
BR′ (R × F1') 15.9 (11.7–20.7) 2.86 ± 0.40 12.0 197 16 18.2
BS (S × F1) 4.93 3.63–6.72) 2.08 ± 0.22 3.71 255 22 29.1
BS′ (S × F1') 4.83 (3.24–6.57) 2.02 ± 0.35 3.63 230 19 12.5
a The strains used for crossing (male × female of a strain).
b Confidence interval.
c Resistance ratio: LC50 of each data point/LC50 of S strain.
d Number of larvae tested; including controls.
e Degree of freedom.

Strain (cross)a

Table 15.  Susceptibility of 2nd and 3rd instar larvae of Adoxophyes honmai  to chlorantraniliprole



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Fig. 11. Dose responses of Adoxophyes honmai R, S, F1, and F1′
strains to chlorantraniliprole.
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Fig. 12. Dose responses of Adoxophyes honmai F2 and F2′ strains to
chlorantraniliprole.
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Fig. 13. Dose responses of Adoxophyes honmai backcross strains to
chlorantraniliprole.
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Factor Potential for resistance development
Adoxophyes honmai Plutella xylostella

Genetic factors
Occurrence of resistance gene Higher Higher
Number of resistance mechanisms Higher Higher
Gene frequency Higher Unknown
Dominance of resistance Higher Lower
Fitness of "R" individuals Unknown Various
Cross resistance Higher Higher
Past selection Higher Higher
Modifying genes Unknown Unknown

Operational factors
Activity spectrum of the pesticide Lower Lower
Pesticide application rate Higher Lower
Application coverage Higher Various
Systemicity Unable to be judged Unable to be judged
Treatment frequency Higher Higher
Presence of secondary pests Higher Higher
Life stages treated with related pesticides Various Various
Proportion of population treated Unable to be judged Unable to be judged
Persistence Higher Higher
Number of crops treated Lower Lower
Crop sequence Various

(Higher in the Makinohara area)
Various

Pest control tactics Higher Higher
Non target effects Lower Lower

Biological factors
Population size Various

(Higher in the Makinohara area)
Various

Reproductive potential Unable to be judged Unable to be judged
Generation turnover Higher Higher
Type of reproduction Lower Lower
Dispersal Unknown Higher
Seed bank Unknown Unknown
Pesticide metabolism Unknown Unknown
Number of target sites of the pesticide Unknown Unknown
Pest host range Higher Lower

Total number of factors corresponding to "Higher" 14 to 16 10

Table 18. Potential for resisitance development in Adoxophyes honmai  and Plutella xylostella  assumes
          the case of using the IGR and diamide insecticides. (based on FAO, 2012)
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Summary 
 

Studies on insecticide resistance of the smaller tea tortrix, 

Adoxophyes honmai Yasuda (Lepidoptera: Tortricidae) 

 

Toru UCHIYAMA 

 

The smaller tea tortrix, Adoxophyes honmai Yasuda (Lepidoptera: Tortricidae), is one of the 

most destructive lepidopteran pests of tea. The damage caused by the larvae of this species 

delays the growth of new leaves and reduces yields during an outbreak. For several years, 

frequent occurrences of A. honmai have emerged as a serious problem, particularly in the 

Makinohara area of Shizuoka Prefecture. Development of resistance to insecticides is 

generally considered to be the cause of the frequent outbreaks. In this study, I investigated the 

insecticide susceptibility of A. honmai populations collected from tea fields in the Makinohara 

area of Shizuoka Prefecture and from various other tea-producing areas of Shizuoka 

Prefecture. I clarified that the development of resistance to insect growth regulators (IGRs) and 

diamide insecticides caused a remarkable decline in the susceptibility to these insecticides in 

A. honmai collected from Makinohara. Furthermore, I investigated the inheritance of resistance 

to tebufenozide and two diamides in A. honmai by performing crossing experiments between 

resistant (R) and susceptible (S) strains of A. honmai obtained from Shizuoka Prefecture. 

Finally, I analyzed the characteristic of insecticide resistance in A. honmai on the basis of the 

information obtained in this study and considered the causes why this species of the 

Makinohara area developed rapid and multiple resistance. 

 



 
 

  Between 2004 and 2008, I investigated the susceptibility of A. honmai populations 

(Shimada-Yui strains) collected from the fields of Shimada-Yui in Makinohara to 16 IGRs, 

diamides, and other insecticides applied on A. honmai of tea plants at registered concentrations 

and four-times-diluted concentrations. In the Shimada-Yui strains, the corrected mortalities for 

each of the three diacylhydrazine (DAH) analog IGRs—tebufenozide, methoxyfenozide, and 

chromafenozide—were lower in 2008 than in 2004. A decline in susceptibility to the three 

DAH analogs was observed. In the case of benzoylurea (BU) analog IGRs, lufenuron and 

flufenoxuron, no clear decline of susceptibility was observed between 2004 and 2008. 

Mortalities of the Shimada-Yui strains due to the two diamides flubendiamide and 

chlorantraniliprole were lower in 2008 than in 2005. A decline in susceptibility to the two 

diamides was observed. For the other seven insecticides, chlorpyrifos, profenofos, 

chlorfenapyr, methomyl, spinosad, emamectin benzoate, and bifenthrin, mortalities of the 

Shimada-Yui strains for the registered concentrations were more than 90% in 2004 and 2005. 

In addition, mortalities of the Shimada-Yui strains for registered concentrations of 

methidathion and acephate were less than 90% in 2004 and 2005. 

Between 2009 and 2011, I investigated the susceptibility of A. honmai populations (a total 

of nine strains and 16 populations) collected from various tea-producing areas of Shizuoka 

Prefecture to 12 IGRs, diamides, and the other insecticides at registered concentrations and 

four-times-diluted concentrations. In many of the A. honmai strains, susceptibility to both 

tebufenozide and methoxyfenozide decreased, and the degree of decline was higher for 

tebufenozide. Although the susceptibility of many A. honmai strains to flufenoxuron 

decreased, no strain showed a decrease in susceptibility to lufenuron. Susceptibility to 



 
 

flubendiamide and chlorantraniliprole decreased in only A. honmai populations collected from 

Makinohara. With respect to the other six insecticides, susceptibility to bifenthrin decreased in 

several A. honmai strains. 

 

  Between 2004 and 2011, I investigated the susceptibility of the Shimada-Yui strains to five 

IGRs by calculating lethal concentration 50 (LC50). LC50 values for all three DAH 

analogs—tebufenozide, chromafenozide, and methoxyfenozide—showed an annual increase, 

exceeding each registered concentration in the last investigation year. In addition, the 

resistance ratio showed a 3,443-fold increase for tebufenozide, a 2,177-fold increase for 

chromafenozide, and a 294-fold increase for methoxyfenozide. The LC50 value for 

methoxyfenozide was lower than those for the other two insecticides. In contrast, LC50 values 

for the two BU analogs, lufenuron and flufenoxuron, was maintained at a level lower than the 

registered concentrations. The development rate of resistance to IGRs was estimated to 

increase by 1.48-, 1.49-, 1.22-, and 0.99-fold per year for tebufenozide, methoxyfenozide, 

lufenuron, and flufenoxuron, respectively. 

  Between 2006 and 2011, I investigated the susceptibility of the Shimada-Yui strains to two 

diamides by calculating LC50 values. LC50 values for both flubendiamide and 

chlorantraniliprole showed an annual increase, exceeding each registered concentration in the 

last investigation year. Only four and two years were required for the LC50 values of 

flubendiamide and chlorantraniliprole to exceed the registered concentrations of the diamides 

in the tea fields, respectively. The development rate of resistance to flubendiamide was 

estimated to increase by 1.75-fold per year. 



 
 

 

  I investigated the inheritance of tebufenozide resistance in A. honmai by performing 

crossing experiments between R and S strains obtained from Shizuoka Prefecture. LC50 values 

(ppm) of tebufenozide in the R and S strains were 595 and 4.46, respectively. The results of F1 

and F1′ strains suggested that resistance to tebufenozide was inherited as an autosomal and 

incompletely dominant trait. Furthermore, the results of F2, F2′, and backcrossed strains 

showed that the resistance was controlled by polygenic factors. 

  I investigated the inheritance of resistance to diamides in A. honmai by performing crossing 

experiments between R and S strains obtained from Shizuoka Prefecture. LC50 values (ppm) 

for flubendiamide in the R and S strains were 129 and 3.26, respectively. LC50 values for 

chlorantraniliprole in the R and S strains were 48.2 and 1.33, respectively. The results of F1 

and F1′ strains suggested that the resistance to the two diamides was also inherited as an 

autosomal and incompletely dominant trait. Furthermore, the results of F2, F2′, and 

backcrossed strains showed that the resistance to the two diamides was controlled by 

polygenic factors. 

 

In this study, I clarified for the first time not only the high level of resistance to IGRs 

(Chapter 2 and 3) and diamides but also inheritance of resistance to these insecticides (Chapter 

4) in A. honmai. I multilaterally considered the insecticide resistance mechanism in A. honmai 

with respect to three factors—genetic, operational, and biological—involved in the 

development of resistance on the basis of the information obtained in this study. Each factor is 

considered to play a role in resistance in A. honmai. Genetic factors include the inheritance and 



 
 

cross-resistance between insecticides operational factors include the registered concentrations 

of the insecticides, presence of secondary pest (Homona magnanima Diakonoff), residual 

activity of the insecticides, and the particularity of tea cultivation; and biological factors 

include the wide host range. The causes why A. honmai of the Makinohara area developed the 

rapid and multiple resistance was considered to be involved multiply in the rare inheritance, 

the peculiarity of the tea cultivation, the high-frequency insecticides application, and the other 

factors. These studies will be able to be used worldwilde as important information that leads to 

insecticide resistane management in other pests not only A. honmai. 
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