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Abstract
Rhyzopertha dominica and Sitotroga cerealella are major insect pests of stored grains in Taiwan. Synthetic pyrethroids and
carbamates synergised with piperonyl butoxide (PB) exerted significant improvements against phoxim-resistant strains of R.
dominica and S. cerealella. Synergistic ratios (SR) for phoximresistant strain of R. dominica to bendiocarb was 12.7 at 20°C, while the
SR to deltamethrin was 10 to 30°C. The SR for phoxim-resistant strain of the S. cerealella to cypermethrin was 28.7 at 20°C, while the
SR to deltamethrin was 31 at 30°C. Combining on of PB with pyrethroids or carbamates is recommended to combat insecticide-
resistant strains of R. dominica and S. cerealella in the future.
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Table 1. Synergistic effect of piperonyl butoxide (PB) on the toxicity of several insecticides to
the Hukou strain of Rhyzopertha dominica at 20 °C and 30 C

20C 0T TRC
Treatment ) o (20°C/
a L“?;;i?; T Slope + S SR LC‘“’?;;% L Spe £ SE SR 5970 )
Phoxim 158 31.5(24.2-40.4) 2.05 £ 0.32 141 126 (89-17.D 172 + 0.23 2.5
Phoxim + PB 196 116.2 (76.3-181.1 119 £ 020 03 108 31.5 (10.7-46) 151 £ 052 04 3.7
Bendiocarb 176 457 (187-7966) 0.78 £ 0.23 103 16 0(121-20.2) 337 £ 050 28.6
Bendiocarb + PB 119 16.6 (11.5-22.D 248 £ 040 275 174 1(41-63 262 £033 32 3.3
Carbaryl 102 116 (72-470) 154 £ 049 147 32 2 (22.7-57.3) 150 £ 0.31 3.6
Carbaryl + PB 160 22.6 (187-21.1 297+ 039 51 114 1440120-17.8 347+ 054 22 1.6
Cypermethrin 196 167.2 (119.3-213.71)  2.27 £+ 0.36 137 71.2 (54.4-93.6) 211 % 0.23 24
Cypermethrin+PB 149 28.9 (22.9-35.8) 255 £ 037 58 172 6.4026-1004 130 £ 024 111 45
Deltamethrin 118 36.3 (25.2-75.1) 149 £ 043 140 47.3(328-72D 162 £ 035 0.77
Deltamethrin + PB 158 6.0 (4874 267+ 035 61 154 1.7 (1.1-2.4) 188 £ 030 270 35
Permethrin 115 1119 (624-3970) 119 £+ 0.32 172 167 (64.1-401) 0.54 + 0.12 6.7
Permethrin + PB 118 281 (122-451) 130 +£ 071 40 140 43.31(292-734) 137 £ 024 39 6.5
® Number of R. dominica used in the bioassay.
b SR (Synergistic ratio), LC50 without synergist divided by the LC50 with synergist.
¢ TR (Temperature ratio), LC50 at 20 C divided by the LCs0 at 30 C.
£T E20R30°CH - FNBNEIPBREERKBEPHNEELARBECEUSTYE

Table 2. Synergistic effect of PB on the toxicity of several insecticides to the Phoxim-resistant
strain of R. dominica at 20 C and 30 C

20 nC 30 nc TRC

Treatment : (20C/

N LCE“()::/;?) U Gope £ SE SR N LC5?;;?}Z”) B Spe £ SE SR 3970
Phoxim 165 >100000 154 31518 (16916-101876) 0.88 £ 0.20 >3.2
Phoxim + PB 187 >100000 196 22477 (16228-33603) 149 £ 021 14 >44
Bendiocarb 199 4437 (291.5-833.3) 1.02 £ 0.21 155 30.2 (23.1-39.8) 217 £ 0.27 147
Bendiocarb + PB 121 349 (277-45.2) 294 4+ 0.63 127 157 6.6 (5.1-84) 228+ 032 46 53
Carbary! 158 1294 (781-2590) 096 + 0.23 117 65.7 (49.1-94.6) 208 + 041 19.7
Carbaryl + PB 197 1394 (102.2-196.2) 147 £ 0.23 93 119 26.0 (22.3-29.9 512 £ 079 25 54
Cypermethrin 159 1017 (781-1283) 246 + 0.32 158 200 (145-25T) 211 + 0.34 5.1
Cypermethrin + PB 119 164.6 (134.2-196.3) 3.69 + 0.56 6.2 194 20.2 (15.9-24.7) 2.80 £ 038 100 81
Deltamethrin 161 42.7 (33.3-56.6) 199 £+ 0.32 118 50.7 (43.4-59.2) 4.24 £ 0.64 0.84
Deltamethrin + PB 160 20.9 (17.7-24.8) 374 £ 047 21 192 7.63 (6.1-9.4) 243 £ 029 67 16
Permethrin 197 14519 (5470-13000D) 0.69 £ 0.16 159 2038 (852-14206) 0.60 £ 0.15 71
Permethrin + PB 193 2690 (1524-5937) 0.86 + 0.15 54 241 538.1 (315-1044) 075 + 011 38 46

? Number of R. dominica used in the bicassay.
bR (Synergistic ratio), LC50 without synergist divided by the LC50 with synergist.
¢ TR (Temperature ratio}, LC50 at 20 C divided by the LC50 at 30 TC.
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Table 3. Synergistic effect of PB on the toxicity of insecticides to the Homei strain of
Sitotroga cerealella at 20 'C and 30 C

20°C 30T TR
Treatment KCs0 (95% FL) KCs0 (95% FL) 20C/
a + b v + .
(ug/m) Slope £ SE SR N (g/ml) Slope = 8E SR 30 )
Phoxim 96 224 (143-351) 156 + 0.29 90 8.1{44-17.2) 1.29 £ 0.20 217
Phoxim + PB 83 417 (280-670) 179 £ 043 05 63 8.3(07-185 118+038 10 503
Bendiocarb 71 254 (167-35.9) 321 £ 0.63 95 22.7 (13.2-55.3) 1.26 + 0.28 11
Bendiocarb + PB 97 9241 (167-327) 296 + 051 11 79 6.03(31-99) 158 £030 38 40
Cypermethrin 64 27 9(169-414) 212 + 045 62 18 5(109-39.6) 170 + 0.41 15
Cypermethrin + PB 53 4 (65-569) 282+ 140 30 54 7(14-132) 067 £032 39 2
Deltamethrin 126 7 (2.8-5.0) 2.33 £ 0.33 120 0 (4.9-19.5) 094 + 017 0.4
Deltamethrin + PB 95 0.13 (0.09-018) 242 + 0.38 285 72 5(0.3-08) 232 £065 18 026
Permethrin 72 17.8(9.3-31.2) 138 + 032 68 15 8 (77-24.3) 198 £ 045 11
Permethrin + PB 76 8 (1.5-5.3) 139 £ 0256 64 68 9(0.1-2.94) 068 £ 029 175 31
¢ Number of S. cerealella used in the bioassay.
b SR (Synergistic ratio), KC50 without synergist divided by the KCso with synergist.
¢ TR (Temperature ratio), KCs0 at 20 C divided by the KCso at 30 T.
=00 7£20 % 30 CB - AR PB REBRBBPHRENCELLARTH 2 EURE

Table 4. Synergistic effect of PB on the toxicity of several insecticides to the Minhsiung strain
of S. cerealella at 20 °C and 30 C

20T 30 C TR
Treatment KCs0 (95% FL) LCs0 (95% FL) (20C/
+ b o + :
(ug/ml) Slope £ SE SR (ug/m) Slepe £ 8E SR 30 °¢)
Phoxim 117 1923 (1347-2501) 239 £ 0.42 118 292 (182-904) 1.64 + 0.42 6.6
Phoxim + PB 118 1124 (789-1511) 198 £ 036 1.7 63 496 (229-T145) 098 + 042 06 23
Bendiocarb 83 177 (145-224) 452 £ 0.86 118 80.2 (65.8-98.3) 54 £ 124 2.2
Bendiocarb + PB 72 120 (85-187) 178 + 035 15 106 24.1(12.2-426) 163 £ 038 33 497
Cypermethrin 104 152 {4.6-27.2) 172 + 044 59 52 5(37.3-63.4) 589 £+ 181 0.29
Cypermethrin + PB 86  0.53 (0.2-0.79) 1.84 & 0.56 287 83 7 (1.9-159) 089 £ 031113 011
Deltamethrin 120 5(5.9-140) 188 £ 0.27 120 20.5 {12.4-33) 1.31 £ 0.22 0.46
Deltamethrin + PB 101 0.61 (0.26-1.14) 0.99 + 025156 83  0.66 (0.42-091) 2.65 £ 07231  0.92
Permethrin 88 21.1(147-33) 221 £ 036 87 142 (6.8-228) 1.62 £ 0.36 148
Permethrin + PB 84 3.5 (15-77) 093 £ 019 60 76 25(099-46 127 +031 57 14
® Number of S. cerealella used in the bioassay.
> SR (Synergistic ratio), KC50 without synergist divided by the KCso with synergist.
© TR (Temperature ratio), KC50 at 20 C divided by the KCso at 30 T.
WBHEERREES S
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Synergistic Effect of Piperonyl Butoxide on the Toxicity of
Insecticides against Rhyzopertha dominica and Sitotroga

Department of Applied Zoology, Taiwan Agricultural Research Institute, 189 Chung-cheng

Road, Wufeng, Taichung, Taiwan, R.0.C.

ABSTRACT

Rhyzopertha dominica and Sitotroga cerealella are major insect pests of

stored grains in Taiwan. Synthetic pyrethroids and carbamates synergised with

piperonyl butoxide (PB) exerted significant improvements against phoxim-resis-

tant strains of R. dominica and S. cerealella. Synergistic ratios (SR) for phoxim-

resistant strain of R. dominica to bendiocarb was 12.7 at 20 ‘C , while the SR

to deltamethrin was 10 at 30 C . The SR for phoxim-resistant strain of the S.

cerealella to cypermethrin was 28.7 at 20 ‘C, while the SR to deltamethrin was

31 at 30 C . Combining on of PB with pyrethroids or carbamates is recom-

mended to combat insecticide-resistant strains of R. dominica and S. cerealella

in the future.

Key words: Rhyzopertha dominica, Sitotroga cerealella, temperature, synergism,

piperonyl butoxide
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