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Co-toxicity of different insecticides against Anomala corpulenta and
screening of synergistic agents mixed with different insecticides
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Abstract In order to screen out the complex insecticides with synergistic effect on grubs, the combined toxicity of
multiple compounding agents against the 2nd-instar of the Anomala corpulenta was determined by the method of
immersing the insects. The combined effects of compound combinations were evaluated using co-toxicity factor
method and co-toxicity coefficient method. The results revealed that the mixtures of chlorantraniliprole with
thiodicarb, chlorpyrifos, clothianidin, fipronil, bifenthrin, imidacloprid and lambda-cyhalothrin at the ratio of
9:2, 5:1, 3:4, 9:25, 18:5, 1:3 and 18:23, respectively, showed significant synergistic effect, with the co-toxicity
coefficients (CTCs) of 169, 248, 335, 144, 195, 185 and 184, respectively. The mixtures of lambda-cyhalothrin
and clothianidin (15:2) showed the highest synergism with the CTC of 166, and the CTC of the mixtures of
bifenthrin with thiodicarb and imidacloprid at the ratios of 5:2 and 5:9 were 216 and 244, respectively.
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Table 1 Toxicities of eight insecticides against 2nd-instar larva of Anomala corpulenta
Bl FER AR ER LCso/ 954 BAEMR/mg - L1 RMECABE)  AHXFEI485(TD
Insecticide Slope#tstandard error mg+ L~! Confidence interval x*df Relative toxicity ratio
AL thiodicarb 1. 375 6+0. 145 0. 368 4 0. 340 3~0. 398 7 6.91(5) 6 335
FEHEM chlorpyrifos 1. 345 3+0. 151 0.598 4 0. 562 3~0. 636 8 5.73(5) 3 900
BE 1 i% clothianidin 1. 467 7+0. 162 2.184 8 1. 986 5~2. 403 0 4.25(5) 1 068
FE G fipronil 1. 424 5+0. 154 4.633 7 4.072 3~5.272 4 5. 36(5) 504
BiZE 24T bifenthrin 1. 375 6+0. 146 5.015 9 4. 622 9~5.442 2 4, 68(5) 465
AR ERE chlorantraniliprole 1. 395 8+0. 152 8.953 1 8.042 4~9.969 9 6.93(5) 261
Ak HLA imidacloprid 1. 340 4+0. 146 9.278 3 8. 218 8~10.474 4 2.72(5) 252
ERA T EZEE lambda-cyhalothrin 1. 379 0+0. 148 23.339 5 20. 648 9~26. 380 7 3. 36(5) 100
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Table 2 Co-toxicity factors of combinations on the 2nd-instar larva of Anomala corpulenta

ERHE i 1, # [ LGP Z&IET-R/ % WEET R/ % bR/ Y SRR T

Composite formulation Ratio Mortality derived from LC-P line Theoretical Actual Co-toxicity
A+B A B mortality mortality factor
S R e A U 9:2 13.9 48. 6 62.5 78. 16 25. 06
chlorantraniliprole—+thiodicarb 45:4 25.4 42. 4 67.8 89. 32 31. 74
45:2 33.8 35. 8 69. 6 60. 2 —13.51
90:2 40. 4 27.2 67. 6 74.55 10. 28
225:2 45.7 15.4 61.1 55. 96 —8. 41
S HL A Y i e+ i A 3:1 13.9 45. 8 59. 7 77.92 30. 52
chlorantraniliprole+chlorpyrifos 15:2 25.4 40. 7 66. 1 89. 82 35. 89
15:1 33. 8 34.3 68. 1 83. 36 22.41
30:1 40. 4 26. 1 66. 5 60. 62 —38. 84
751 45.7 14. 8 60. 5 67.71 11. 92
S HL S i e+ 1 L 9:10 13.9 43.2 57.1 75. 64 32. 47
chlorantraniliprole—+clothianidin 9:4 25.4 37.7 63.1 50. 21 —20. 43
9:2 33.8 30.9 64. 7 71. 87 11. 08
9:1 40. 4 22.5 62.9 57. 60 —8. 43
45:2 45.7 11.5 57.2 50. 92 —10. 98
S H A Y e+ SR N 9:25 13.9 47. 4 61.3 80. 66 31. 58
chlorantraniliprole—+fipronil 9:10 25.4 41.5 66. 9 69. 19 3.42
9:5 33.8 35. 1 68.9 50. 39 —26. 87
18:5 40. 4 26. 4 66. 8 80. 68 20. 78
9:1 45.7 14. 4 60. 1 78.18 30. 08
S H S i e+ 1 4 T 9:25 13.9 45. 6 59.5 67. 47 13.39
chlorantraniliprole—+bifenthrin 9:10 25.4 40. 4 65. 8 73.75 12. 08
9:5 33.8 33.9 67.7 69. 19 2. 20
18:5 40. 4 25, B 65.9 82. 06 24.52
9:1 45.7 14. 2 59.9 79.15 32.14
S HL S e b S B 1:5 13.9 45. 1 59. 0 60. 28 2.17
chlorantraniliprole+imidacloprid 1:2 25.4 40, 4 65. 8 83.23 26. 49
1:1 33.8 33.7 67.5 62. 92 —6.79
2:1 40. 4 25. 6 66. 0 76.11 15. 32
9:1 45.7 14. 4 60. 1 60. 23 0. 22
S e+ A R R S e 9:115 13.9 45. 3 59. 2 78.53 32, 65
chlorantraniliprole+/ambda-cyhalothrin 9:46 25.4 40. 1 65.5 69. 27 5.76
9:23 33.8 33.6 67.4 61. 04 —9.44
18:23 40. 4 25, 3 65.7 79.11 20. 41
45:23 45.7 14.0 59.7 63. 29 6.01
T AR R B 1 - g i 23:10 14.0 43. 2 57.2 64. 95 13.55
lambda-cyhalothrin+clothianidin 23:4 25.3 37.7 63.0 58. 28 —7.49
23:2 33.6 30. 9 64.5 89. 78 39. 19
23:1 40. 1 22 B 62. 6 71. 11 13.59
115:2 45.3 11.5 56. 8 62. 08 9. 30
THE R 4 1R T SUK, 5:2 14.2 48. 6 62. 8 81. 32 29. 49
bifenthrin—+thiodicarb 254 250 & 42.4 67.9 64. 79 —4.58
25:2 33.9 35. 8 69.7 85. 46 22. 61
251 40. 4 27.2 67.6 65. 39 =& 27
12522 45.6 15.4 61.0 73.13 19. 89
6 A= A4 TS+ i ol 19 14.2 45. 1 59.3 59. 84 0.91
bifenthrin+imidacloprid 5:18 26, B 40. 4 65. 9 86. 74 31. 62
5:9 33.9 33.7 67. 6 83. 95 24.19
10:9 40. 4 25. 6 66. 0 56. 19 —14. 86
25%9 45. 6 14. 4 60. 0 67.06 11.77

1) i WU, 3 ST o Je R U BB A T L S R P T e bt et bk 2 280 S R A4 i T e B2 233012 0. 4,0, 6,2.5.5.9.9.23 mg/L,
Concentrations of thiodicarb, chlorpyrifos, clothianidin, fipronil, bifenthrin, chlorantraniliprole, imidacloprid and lambda-cyhalothrin
were 0.4, 0.6, 2, 5, 5, 9, 9 mg/L and 23 mg/L, respectively.
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Table 3 Co-toxicity coefficients of different combinations on the 2nd-instar larva of Anomala corpulenta

R BHE AR o A R RERR
Composite formulation e t,t Slope=standard L(JSO/ﬂ I f&jﬂa?& . (CT(./). CHHED
AL Ratio error mg -+ L .A'clu.al Tl.qc.orc.ucal (,oflo'x%cuy D

toxicity index toxicity index coefficient
LU e UR 3:1 1.404 740,135 0.9867  23.654 1 17.793 6 133 4.69(5)
chlorantraniliprole—thiodicarb 9:2 1. 203 640. 149 1. 009 6 23.117 6 13.651 7 169 3.62(5)
15:2 1. 348 6+0. 156 2. 266 3 10. 298 5 9.753 5 106 4, 45(5)
45:4 1. 408 3+£0. 211 2.022 9 11. 537 6 7.565 8 153 5.27(5)
15:1 1. 231 240. 167 5.503 8 4,240 6 6. 403 5 66 3. 68(5)
Ll R TR Ae 311 1.228 740.139  0.8914  26.1830 117059 224 6.15(5)
chlorantraniliprole-+chlorpyrifos 5:1 1. 354 6+0. 161 1. 085 3 21.505 1 8.672 9 248 4, 97(5)
15:2 1. 306 2+£0. 145 2.984 8 7.819 5 6.888 8 114 5. 88(5)
10:1 1. 129 340. 139 5.098 7 4.577'5 5.915 6 77 7.69(5)
15:1 1. 341 0£0. 148 2.958 9 7.887 9 4.881 6 162 5. 54(5)
U e sk 1:2 1.362 540144 2.8898  8.076 5 7.990 7 101 4.62(5)
chlorantraniliprole+clothianidin 3:4 1.333 4+£0. 121 0.964 4 24,201 1 7.221 6 335 6.37(5)
9:10 1. 397 0%0. 325 1.879 3 12.419 3 6. 857 3 181 4.51(5)
1:1 1. 310 74£0. 195 3.847 3 6. 066 5 6. 644 8 91 5. 78(5)
3:2 1. 374 3+£0. 149 3.955 7 6.564 0 5.837 2 112 6. 06(5)
LU T e SRR 9:25  1.249 1£0.139  3.6968  6.3134 4.393 7 144 3.72(5)
chlorantraniliprole—+fipronil 3:5 1.235 9+0. 178 4,907 4 4. 756 0 4,125 6 116 2.89(5)
18:5 1. 386 7£0. 141 6.136 1 3.803 6 3.1351 121 3.07(5)
6:1 1.327 4+£0. 116 10. 229 2 2.2817 2.954 0 77 3. 68(5)
9:1 1. 317 640. 175 7.637 8 3.055 8 2.849 9 107 3. 54(5)
Lok R I A 311 1.256 7£0.195  4.8343  4.827 9 3.118 4 155  8.21(5)
chlorantraniliprole+ bifenthrin 18:5 1. 347 4+0. 171 3.913 2 5.964 3 3.0517 195 8. 54(5)
6:1 1. 353 3+£0. 163 8.023 6 2.908 9 2.899 2 100 7.65(5)
9:1 1. 238 540. 123 6.284 0 3.714 1 2.8115 132 7.92(5)
10:1 1. 236 5+0. 152 10.997 9 2.122 2 2.792 9 76 7.38(5)
U T i sk 1:4 1.382 8£0.149  8.0675  2.8930 2.533 8 114 5.94(5)
chlorantraniliprole+imidacloprid 1:3 1. 227 6£0. 164 4,971 4 4,694 8 2.538 3 185 5. 63(5)
1:2 1. 345 340. 138 6.334 1 3.684 7 2.545 9 145 4. 31(5)
3:4 1.479 5+0. 139 11. 145 5 2.094 1 2.554 7 82 5.09(5)
4:5 1. 303 3£0. 145 7.735 1 3.017 3 2.556 1 118 6. 48(5)
ek I R B 3:50 1,223 340,146 29,0515 0.803 4 1.091 0 74 9.23(5)
chlorantraniliprole+/ambda-cyhalothrin 9:115 1.128 2+0. 133 19. 685 2 1.185 6 1.116 6 106 8.79(5)
9:10 1. 441 3+0. 184 11. 692 8 1.996 1 1.761 1 113 6. 98(5)
18:23 1. 265 52£0. 201 7.446 2 3.134 4 1.705 5 184 8.26(5)
1:1 1. 301 140. 162 10. 719 1 2.177 4 1. 803 4 121 7.94(5)
R R A T st 15:2 1468 740176 6.5734  3.550 6 2.139 1 166 7.12(5)
lambda-cyhalothrin—+clothianidin 10:1 1. 238 7£0. 159 13. 624 8 1.713 0 1. 880 2 91 5.34(5)
23:2 1. 357 740. 187 9.549 0 2.444 2 1.774 6 138 6. 78(5)
25:2 1. 317 440. 128 13.669 8 1.707 4 1.717 2 99 6.35(5)
15:1 1. 491 9+£0. 164 19. 829 8 1.177 0 1. 605 2 73 5.79(5)
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’ . bR RS LH RS
amas e L, i RERE SRR oy
) . (L4548 LCso/ S G IR R (CTO)
Composite formulation . Slope+ standard _ . . . (HHED
Ratio mg e+ L7} Actual Theoretical ~ Co-toxicity .
A+B error L. . .. Xz(df)
toxicity index toxicity index coefficient
A W OUE 3:2 1.446 440,132 0.5012  46.5672  28.133 3 166 4.32(5)
bifenthrin—+thiodicarb 5:2 1. 316 2+£0. 165 0.504 7 46. 244 3 21.424 7 216 5.87(5)
5:1 1. 304 94£0. 174 2.023 8 11.532 5 14. 436 5 80 3.75(5)
25:2 1. 283 540. 172 2.683 4 8.697 7 9.001 3 97 6.36(5)
20:1 1.330 4+£0. 135 4.059 8 5.748 9 7.448 4 77 4. 24(5)
TESEAGTG + e oA 1:6 1.224 640,169 122115 1.911 3 2.820 9 68 3.36(5)
bifenthrin+imidacloprid 5:18 1. 246 0+£0. 158 4,438 6 5.258 3 2.980 2 176 4. 62(5)
1:3 1.571 340. 164 8. 665 0 2.693 5 3.049 9 88 2.97(5)
5:9 1. 306 2+0. 139 2.916 9 8.001 5 3.278 9 244 4.15(5)
2:3 1. 329 4+£0. 141 5.990 9 3.895 8 3.370 5 116 3.49(5)
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