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Synergistic action of cationic adjuvants 1227 and C;,, and the silicone
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Abstract: In order to increase the control effects, reduce the use of insecticides, enhance the safety of
agricultural products, the synergism of two cationic adjuvants (1277 and Cg,,) and one silicone adjuvant
(Breakthru S240) to three insecticides beta-cypermethrin, chlorpyrifos and chlorfenapyr against 3rd-instar
larvae of the Spodoptera exigua ( Hiibner) and Helicoverpa armigera ( Hiibner) were studied by dipping
method, and the influence of the three adjuvants on physical properties of water was determined. The results
showed that; (1) all of the tested adjuvants showed significant synergism to those insecticides, and the
synergism ratio was significantly correlated to the concentration of adjuvant. The synergism ability of tested
adjuvants to those insecticides against S. exigua and H. armigera was Cg,, > 1227 > Breakthru S240 under
the same concentration, except that Breakthru S240 showed higher synergism ability to 1227 against H.

armigera. The optimum synergistic concentration of tested adjuvants to those insecticides against S. exigua
was 900 mg/L, while against H. armigera it changed into 900 mg/L (1227), 300 mg/L (Cg,,) and 900
mg/L (Breakthru S240) , respectively. (2) All of the tested adjuvants showed significant influence on the
physical properties of water. Reducing ability of surface tension, as well as the increasing ability of
expanded diameter and the maximum retention of tested adjuvants to water were Breakthru S240 > 1227 >

C8-10 under the same concentration. In conclusion, the synergism of tested cationic adjuvants (1277 and
Cs0) to three insecticides against both S. exigua and H. armigera was significantly higher than that of
silicone adjuvant ( Breakthru S240) , while the latter showed better ability to enhance insecticide deposition
on plant leaves than the former. These results provide theoretical proofs for the application of the tested

adjuvants.
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F1 PHEFEIF 1227 F1 Cy, R AVEEEIF Breakthru S240 3¢ 3 Fh 3% M 7E B SR i b A& (ER
Table 1 Synergistic action of cationic adjuvants 1227 and C,,, and the silicone adjuvant Breakthru S240 to

three insecticides against Spodoptera exigua with dipping method

255 Bl BhFI ¥R B (mg/L) #IE £ SE LCsy (mg/L) WL
Insecticides Adjuvants Concentration of adjuvant Slope + SE (95% CL) Synergism ratio
0 1.5701 £0.0530  456.34(426.91 —487.80) -
11.11 1.6346 £0.0516  337.69(317.77 -358.86) 1.35
33.33 1.6154 £0.0186  327.00(319.81 —334.36) 1.40
1227
100 1.6712£0.0751  302.30(276.92 —330.01) 1.51
300 1.6091 £0.0519  271.25(254.32 —289.32) 1.68
900 1.6407 £0.0824  231.82(208.55 —257.68) 1.97
11.11 1.5467 £0.0351  313.09(299.59 —327.19) 1.46
&‘ =3
R 33.33 1.5509 £0.0381  256.85(244.35 —270.00) 1.78
Beta-cypermethrin
Caro 100 1.6710 £0.0751  302.28(276.90 —329.98) 1.51
300 1.4273 £0.0264  225.47(216.76 —234.52) 2.02
900 1.5556 £0.0181  189.94(184.95 —195.07) 2.40
11.11 1.3608 £0.0361  451.82(329.59 —619.31) 1.01
A HUEE B 33.33 1.5283 £0.0440  414.85(377.68 —455.69) 1.10
Breakthru 5240 100 1.4294 £0.0885  374.05(305.00 —458.70) 1.22
Silicone
Breakthr $240 300 1.9074 £0.1247  390.03(353.75 —430.03) 1.17
900 1.8383 £0.0684  234.02(166.97 —328.04) 1.95
0 1.9277 £0.1183  412.69(366.29 —464.97) -
11.11 1.9853 £0.1283  371.98(327.19 -422.91) 1.11
33.33 1.7234 £0.1370  298.94(252.30 —354.20) 1.38
1227
100 2.0965 £0.2658  273.02(206.11 —361.63) 1.51
300 1.8757 £0.1606  268.24(221.54 —324.79) 1.54
900 2.0805 £0.2302  260.09(202.41 —334.20) 1.59
11.11 1.6808 £0.0584  340.04(316.82 —364.96) 1.21
i
33.33 1.8586 £0.0444  289.02(274.46 —304.36) 1.43
Chlorpyrifos
Caro 100 1.5911 £0.0611  338.68(313.17 —366.27) 1.22
300 1.8854 £0.1238  267.57(231.01 —309.90) 1.54
900 1.8363 £0.1097  251.25(218.96 —288.29) 1.64
11.11 1.7884 £0.0774  396.82(352.07 —447.26) 1.04
A HUEE B 33.33 2.0523£0.0910  389.33(292.80 —517.69) 1.06
Breakthru 5240 100 1.9029 £0.1502  404.60(333.17 —491.34) 1.02
Silicone
Breakthr $240 300 1.9723 £0.2210  375.17(260.38 —540.57) 1.10
900 1.9627 £0.0928  257.93(158.17 —420.60) 1.60
0 1.6053 0. 0850 24.88(22.42 -27.62) -
11.11 1.8514 £0.0973 20.19(18.25 -22.33) 1.23
33.33 1.8840 0. 1051 18.63(16.73 —20.74) 1.34
1227
100 1.8095 =0. 0450 18.72(17.84 —19.64) 1.33
300 1.8456 0. 0465 17.28(16.45 —18.14) 1.44
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%%k 1 Table 1 contiuned

255 Bl BhFI R BE (mg/L) R + SE LCso (mg/L) R L
Insecticides Adjuvants Concentration of adjuvant Slope + SE (95% CL) Synergism ratio
900 1.7401 0. 0650 17.04(15.84 —18.32) 1.46
11.11 1.7084 0. 0668 20.86(19.35 -22.49) 1.19
L 33.33 1.8157 £0. 0691 17.44(16.20 - 18.78) 1.43
Chlorfenapyr
Caro 100 1.5353 £0.0593 13.24(12.21 - 14.35) 1.88
300 3.8523 £0. 6895 12.44(10.06 —15.39) 2.00
900 1.5926 0. 1240 10.47(8.75 —=12.53) 2.38
11.11 1.6542 0. 1434 23.92(22.60 -25.32) 1.04
A HLEE B3 33.33 1.6734 £0.1097 23.25(17.87 -30.25) 1.07
Breakthru $240 100 1.7957 0. 1367 24.63(18. 16 —33.40) 1.01
Silicone
Breakihr $240 300 1.7394 £0. 1188 21.45(18.07 —25.46) 1.16
900 1.8900 =0. 0882 15.08(10.33 —22.01) 1.65

JH Abbott ARALIEAALFRFET-5, ] DPS v7.05 HEAL I RG5iH5E LCsfH. 95% BE5MR; 2 [F], In all experiments, mortality was adjusted by
Abbott’ s formula, LCs, and 95% CL were determined by DPS v7.05. The same for Table 2.
*2 PAEFEIF 1227 70 Cy,, R AEHEERNF Breakthru S240 3 3 7 3% I 7AEAR ¢4 R _E RYIE34E A
Table 2 Synergistic action of cationic adjuvants 1227 and Cy,, and the silicone adjuvant Breakthru S240 to

three insecticides against Helicoverpa armigera with dipping method

255 B BRIV B (mg/L) R + SE LCs (mg/L) AL
Insecticides Adjuvants Concentration of adjuvant Slope + SE (95% CL) Synergism ratio
0 1.6912 +0.0700 22.14(20.49 -23.93) 0.00
11.11 1.8769 +0. 1469 15.27(13.02 -17.91) 1.45
33.33 2.3241 £0.2780 15.58(12.24 - 19.84) 1.42
1227 100 2.2858 +0.1499 12.43(10.74 - 14.38) 1.78
300 2.3190 +0.2471 14.30(11.44 - 17.86) 1.55
900 1.9496 +0.0526 12.32(11.60 - 13.09) 1.66
11.11 1.7473 £0.2013 15.23(12.04 - 19.26) 1.45
Biﬁijﬁfin 33.33 2.1001 0. 3769 14.14(9.70 -20.61) 1.57
Cau10 100 2.0378 £0.0999 12.23(10.96 - 13.65) 1.81
300 2.2705 0.1930 12.08(9.97 - 14.63) 1.83
900 2.1719 £0.2611 12.19(9.31 -15.97) 1.82
11.11 1.5838 +0.0261 20.69(20.30 —21.09) 1.07
A HUEE B3 33.33 2.0885 £0.7559 20.31(13.37 -30.85) 1.09
Breakthru $240 100 2.5134 +0.0722 19.59(18.96 —20.24) 1.13
Silicone
Breakihra S240 300 2.0087 +0.2192 16.52(14.63 - 18.65) 1.34
900 2.5134 £0.3777 14.19(11.89 - 16.93) 1.56
0 2.0270 £0.0340  228.08(220.84 -235.55) 0.00
11.11 2.1099 £0.9640  226.11(207.07 -246.91) 1.01
33.33 1.7084 £0.0944  244.58(219.94 -271.99) 0.93
1227 100 1.4274 +0.0533  240(223.38 -257.85) 0.95
300 1.7243 £0.0566  300.45(281.63 —320.53) 0.76
900 1.6591 £0.0745  216.37(198.38 -235.98) 1.05
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%% 2 Table 2 contiuned

255 Bl BhFI ¥R B (mg/L) #IE £ SE LCso (mg/L) R
Insecticides Adjuvants Concentration of adjuvant Slope + SE (95% CL) Synergism ratio
11.11 2.0644 £0.1619  207.88(178.52 —242.07) 1.10
i
33.33 1.6591 £0.0745  216.37(198.38 —235.98) 1.05
Chlorpyrifos
Caro 100 1.95150.2774  121.87(87.44 —169.85) 1.87
300 1.6909 £0.1180  135.69(116.20 — 158.46) 1.68
900 1.6406 £0.0979  156.89(138.46 —177.78) 1.45
11.11 2.0885£0.7559  211.19(139.04 —320.77) 1.08
A HUEE B 33.33 2.0885£0.3175  230.38(191.64 —276.93) 0.99
Breakthru 5240 100 2.5134£0.0722  203.64(197.10 —210.40) 1.12
Silicone
Breakthr $240 300 1.1589 £0.2192  193.29(156.41 —238.87) 1.18
900 3.2221£1.3697  164.09(101.78 —264.54) 1.39
0 1.9856 =0. 0800 73.13(67.66 —79.04) 0.00
11.11 1.9465 £0.1078 69.71(62.61 -77.10) 1.05
33.33 1.8566 0. 0851 63.98(58.46 —70.03) 1.14
1227
100 1.8015 =0. 1392 53.86(45.89 —63.21) 1.36
300 1.7410 0. 1524 51.50(42.83 —61.92) 1.42
900 1.6823 0. 1393 47.71(39.85 -57.10) 1.53
11.11 1.7671 £0. 0628 62.18 (54.20 ~71.33) 1.18
WRIE
DRI 33.33 1.8147 £0. 0476 63.79(60.58 —67.17) 1.15
Chlorfenapyr
Cato 100 1.6464 £0. 0626 49.84(45.96 —54.05) 1.47
300 1.9994 0. 2509 41.12(30.72 -55.03) 1.78
900 1.8082 £0.0793 38.83(34.97 -43.11) 1.88
11.11 2.4076 £0.9516 67.71(39.12 -117.19) 1.08
A HUEE B 33.33 1.6989 0. 0926 74.62(68.76 —80.99) 0.98
Breakthru 5240 100 1.6989 0. 3981 83.10(56.28 —122.58) 0.88
Silicone
Breakthr $240 300 6.1888 +1.2537 65.29(49.73 -85.72) 1.12
900 2.5134 £0.0722 50.43(48.81 -52.11) 1.45

HTE T, BZEARERGERE 2R, A
HLEEB57 Breakthru S240 7E 11. 11 ~ 300 mg/L B} 2R
Bt RIS AEM, 78 900 mg/L B ISR FI 4K
WIS, T FHES 3RS M 7E 33. 33 mg/L 2 BoR
I B E R, R DILEEXT A HUR] A 1S ZOpL ) AT
AES PH S R TG MR S S8R AR TR] , RS S8pL
WHRH— LT,

FHES 7RI 15 57 Cyyo, 1227 A HLEE BY
Breakthru S240 7£ 900 mg/L it ¥ n] iV /K F1E 7K 11
R 35 mN/m AT, AT iR i i 51k 7 (4925
mN/m) , {EHGRAESILB B MR, Wi
58 24 YR B0 TR K o BB 0. [RIEE, 3 Bl 5] 900
mg/L B Al B EIEIE KNP R AR, w2507
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Table 3 Effects of cationic adjuvants 1227 and Cq,, and the silicone adjuvant Breakthru S240 on physical properties of water

RMEK S PRER BRAFER BRFER
By EE TRER . :
. KWK REARAE SR B Maximum B
B Concentration of Expanded .
Surface tension Decreasing rate of Increasing rate of retention Increasing rate of
Adjuvants adjuvant diameter
(mN/m) surface tension expanded diameter amount maximum retention
(mg/L) (mm) .
compared to water compared to water (pg/em®) compared to water
17K Water 0 72.75 +£0.026 a 1 64.23 +0.85 m 1 1.85+0.01 1 1

11.11 64.19 +0.026 ¢ 1.13 64.01 +£1.00 m 1 2.77+0.31 h 1.5

33.33 60.07 £0.052 e 1.21 65.80 £0.63 1 1.02 3.56 +0.24 g 1.92

1227 100 48.14 £0.036 h 1.51 86.80 £0.68 j 1.35 4.49 +0.44 ¢ 2.43

300 36.58 £0.017 j 1.99 92.00 £0.50 i 1.43 4.52+£0.40 e 2.45

900 32.10£0.044 1 2.27 94.60 £0.82 h 1.47 5.02+0.15d 2.72

11.11 62.36 +0.035 d 1.17 103.83 +0.51 g 1.27 2.96 +0.45 h 1.6

33.33 55.02 £0.020 g 1.32 81.60 £0.36 k 1.4 3.86+0.32 f 2.09

Cs.10 100 36.38 £0.036 k 2 104.20 £0.71 g 1.53 4.57£0.31 e 2.47

300 25.98 £0.026 m 2.8 104.60 +0.47 g 1.63 5.07 £0.24 cd 2.74

900 21.97 £0.010 o 3.31 107.20 +0.88 f 1.67 5.34+0.25 ab 2.89

11.11 66.14 +0.017 b 1.1 115.00 +0.86 d 1.71 3.58+0.12 g 1.94

A LA B 33.33 56.44 £0.030 f 1.29 110.00 £0.69 e 1.79 3.98 £0.37 f 2.15

Breakthru $240 100 37.63 +0.036 i 1.93 117.60 £0.55 ¢ 1.83 5.16 £0.24 bed 2.79

Silicone
Breakthru S240 300 25.88 £0.020 n 2.81 129.67 £0.92 b 2.02 5.32 +0.33 abe 2.88
900 19.20 £0.035 p 3.79 177.33 £0.87 a 2.76 5.51+0.26 a 2.98

% Duncan [ ERERE:, FHEIEE AR FZ BRI Z B2 55 832 (P <0.05) . The data in the same column followed by different letters are

significantly different at the 0.05 level by Duncan’s test.

FRURYSEBR LA R A — 22 A IS S

P70 BH B 5 Bl 57 A1 AT AL B35 Breakthru S240
AN SRS  FEE T8 R S 7E RH SR AR
Fitnst i E A HEESAEA, BRA R
FRSEARAEYII b L o3 SRR AR i P ) 4 R
HAE B4R T+ BRI B85 ) S B B A
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