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Synergistic effects of organosilicon adjuvants on insecticides for the control
of cotton aphid Aphis gossypii
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Abstract: To evaluate the synergistic effects of organosilicon adjuvants on insecticides and improve the
field control efficacy against the cotton aphid Aphis gossypii, the interfacial properties of Silwet819,
Silwet806, Silwet820 and Silwet710 were determined. Their toxicities to cotton aphids and their syner-
gistic ratios with sulfoxaflor and flonicamid were determined to identify the most effective adjuvants.
Field trials were further conducted to evaluate their effects on reducing the application rate of flonica-
mid while maintaining efficacy. The results showed that among the four adjuvants, Silwet806 exhibited
the strongest ability to reduce surface tension and increase maximum retention on leaf surfaces, while
Silwet819 showed the greatest reduction in contact angle of leaves. All four adjuvants displayed certain

insecticidal activity against cotton aphids and exhibited synergistic effects with both sulfoxaflor and
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flonicamid, with synergistic effects positively correlated with adjuvant concentration. At 0.05%, the syn-
ergistic ratios of Silwet819 and Silwet806 with sulfoxaflor were 5.12 and 6.71, respectively, and their
synergistic ratios with flonicamid reached 12.80 and 6.40, respectively. Silwet806 and Silwet819 were
identified as the most effective adjuvants, significantly enhancing the rapid efficacy of flonicamid against
cotton aphids. When the application rate of flonicamid was reduced by 20% or 50%, the addition of
0.02% Silwet806 or Silwet819 achieved control efficacy comparable to the conventional dosage, while
0.05% addition resulted in higher control efficacy than the conventional treatment. These results indi-
cate that Silwet806 and Silwet819 are optimal synergists for sulfoxaflor and flonicamid by modifying
the physicochemical properties of spray solutions and reducing pesticide loss. In field control of cotton
aphids, the addition of 0.02%-0.05% Silwet806 or Silwet819 can reduce flonicamid usage by 20%—50%.
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W A R A5 1 Z2 PR B0 PRI 7 , XTAE ) k™
P (Etd,2003) . HAT, AR LAL2EBTIG
S BRI o — (A2 F P AR S B b 2y
PR 25 708 (R 245 ,2013) I IAJ0 P iy 2%
SR RS YT bt HERR AT T K B 2SR R A A
Bomnak BT DUt pd i A 7 B 2 T AR Ak
BTG RS & (R IR AE, 20165 AR 2SS, 20215 F
BB, 2025) . A2 GBI A T R 2y
FIBTIARCR FRACAR 24 ] B HE 2% T2k (0 &L
Wz —. P, Tk o T & A BH S350 i Bl
FEAFEENILE X

A IR R T P TR AR 0T 4 VA 24
TR BRI BN [R) 4 2500 8 ) e Jr Bh) , L EAg A5 2
T T EARR I SESRAT ) R K18 15 1 A5 oS (TR T
25,2007 ARG, 2011) o A3 HLEEBhFIVE M EEAY
% 55 Bl ) 55 2% RO 85 R AR RS A ) A A T D 4
FHOFIERCR , B4 HLAE Bh 7] Silwet6 18 5 I Hy BRI
EAF FH X 55 48 25 5 Aphis spiraecola B LY & ik
210.2 4% (22402455 ,2017) s A HLEE B Agrowet 820
5 F it e 5 Bk K {6l FHXT 177 R Abuitilon theophrasti
B )7 VA R AT B 7 23.049% (3K B4, 2015) ; ZTH
TR A BT WA ) 55 A AL BRI B il FH AN
REAE B 72 T K 0SS A 1T 3e3A T K08 Bk O 4
AR, 2011) o FRUNE BB S — AR B 2 T R 32

AR S P R R TRURE SRR B 7% 45 AR T e k4
) 30 A A ) O R HE I R R B B H
FA) , TR A T, O R R S S i i = 1
PIHA R BIERCR (R, 2019; F 5%,
2023 ; Wang et al., 2023) . FF & A FHHL il B 70 14 A&
W9 5 A HLEE B ) 2 Befdf 22 m PG ROR e
SRR A ROR A

ARHIF ST 38 2L RE 4 Fh A AR B A0 1 T S T
JEERFT X 24550 A 3 s LEE 5 3 1k 28 N B 1 I SE
M AS TR v B A5 AL B 790 Xof S ety 0 g e I
FBERCVE T, DA HR O S 38 501 FH S 2 i B, O —
3 Ao FH () 2452500 DA XA 3 37 B I 245 7910 9
WE HE R 8 5P L DA A AT LR B 550 AE A 1 1Y)
JHE IS AR PR 0 ) s s5 B s S (A P
ARIHE,

1 HRS T E

1.1

HEAR T FIAR AL - AR A AE i R o Al R 215t
I, b E AR B AR ) A i o Ak 2 bt 4
S N AR AL 4l A AR AR 5, 10 1A AT feT 25 AL
15 4% 03 H A T A I = RS FH A AR AE i
Tl A A 49, 35 5% 2 4 i I A S TR IR R
(25+1) C FHXREE (50+£5)% SGJEA B 16 L:8 D 5%
PR RER . W RN H AR AL SR Rkl 745,
DL E PR AR AL T340 A Y iR s

M3 By 700 FN 245 700 - A7 AL EE Bl R Silwet819,
Silwet806 . Silwet820 I Silwet710, 13 KA HLEEH K}
() AMRAT . 95.9% F bE B I (sulfoxaflor)
S 24, Bl AL BHE AT R DT 7 5 98.5% FUNE H
Pt (flonicamid) 524 , IARAIAARZY Tl A FRA ]



21 XI55 AT LR DR X0 2% ORI B A AR B A S A0 A 521

TRFVFISE AW FE BT FHR X2 A [ 7= oAl
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X RELH , HL[RIRE-S5 Bl B 52 A5G, P Silwet819
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B 750 5 T ok ik A 40 s 5, Silwet710 &b Fi ) 422 fish
FAUE /N R 2.04°, Silwet806 | Silwet819 Fl Silwet820 4b
FHLR) 2 fal A 0Nk 0°, 2 BH B 391 B2V e i 7 22 A

HIBE S K FN/N K Silwet819>Silwet806>Silwet710>
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APPSR AEARAE T B L i e KRR 37 B
it B 5771 o 85 7 A A — 2, Silwet806 XA TR AEM A |
Y fe KRR e R A A HE H e i 2, B S BRI asim
5L IEAAE, 100 mg/L F11 000 mg/L Silwet806 AL FH
R R B R S o T R BRI A 1 000 mg/L
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Table 1 Effects of organosilicon adjuvants on the physicochemical properties of ultrapure water

= S =N =) SR T=N
i gemgn SED gy ST RO
N ARfY R i fa O Maximum AR
Bl Concen- Surface Concen- k% Concen- . . .
. . . Surface ten- . Contact . foliar Maximum foliar
Adjuvant tration/ tension/ . tration/ o Contact angle tration/ . .
(mg/L) (mN/m?) sion change (mg/L) angle/(°) change rate/% (mg/L) retention/ retention
& rate/% & £ e (mg (mg/cm?) change rate/%
HERAtIK 0 72.33+0.09 a 0.00 0 37.84+0.85a 0.00 0 7.49+1.06 cde 0.00
Ultrapure
water
Silwet806 10 30.50+0.46 ¢ -57.83 50 26.33£2.44 be -30.41 10 8.46+1.28 bed 12.99
100 21.70+0.25 i -70.00 100 20.04+3.31d -47.05 100 9.96+0.41 ab 32.97
1000 20.88+0.08 ki -71.14 1000  0.00+0.00 e -100.00 1000 10.63+0.98 a 41.93
10 000 20.73+0.07 1 -71.34 — — — — — —
Silwet819 10 36.62+0.39 ¢ -49.37 50 19.42+2.13d -48.67 10 6.41+0.38 ef -14.37
100 23.78+0.03 g -67.12 100 18.31+1.18d -51.61 100 6.47+0.54 ef -13.58
1000 20.95+0.06 jkI ~ -71.04 1000  0.00+0.00 e -100.00 1000 6.25+0.31 ef -16.54
10 000 20.76+0.05 1 -71.29 — — — — — —
Silwet820 10 34.25+0.97d -52.65 50 28.97+0.62b -23.44 10 5494044 ¢ -26.67
100 22.49+0.06 h -68.90 100 25.384+2.01 ¢ -32.93 100  6.98+1.40 def -6.79
1000 21.49+0.01 ij -70.28 1000  0.00+0.00 e -100.00 1000 6.96+0.89 def -7.09
10000 21.30+0.05 ijkl ~ =70.55 — — — — — —
Silwet710 10 45.26+0.26 b -37.42 50 25.25+1.89¢ -33.29 10 8.87+1.67 bc 18.41
100 25.70+0.53 f -64.46 100 23.85+3.29 ¢ -36.99 100  8.56+0.82 bed 14.27
1000 21.46+0.03 ijk  -70.33 1000 2.04+1.79¢ -94.61 1000 6.05+£0.78 ef -19.19
10000 21.00+0.06 jkI ~ =70.96 — — — — — —

T EE B R ER . [FSIA /NG RS R 25 Duncan [GHT &2 M 22 HE 46 56 2% 5 i 25 (P<0.05) . Data are meant+

SE. Different lowercase letters within the same column indicate significant differences based on Duncan’s new multiple range test

(P<0.05).

2.2 BHEBFIXIEGTHNE D
Silwet806 X HLF(AEE 15 , LCs, 4 203.04 mg/L;
Silwet820 ., Silwet819 FI Silwet710 XJ #i 4F Y LC,, 53+

5k 259.36 .294.24 F1 669.27 mg/L (£ 2) , F Wi
4 PR B B DGR 24T — R 1935 7T o

R2 AFEVERFERTHES

Table 2 Toxicities of four organosilicon adjuvants to Aphis gossypii

AR PR HEERE 5% Xl
Organosilicon adjuvant Slope+SE 3 Correlation coefficient ~ 95% confidence interval/(mg/L)
Silwet819 2.17+0.51 294.24 0.949 205.99-420.29
Silwet710 2.03+0.20 669.27 0.990 556.04-805.56
Silwet820 1.81+0.16 259.36 0.993 226.05-297.58
Silwet806 2.14+0.31 203.04 0.980 162.30-254.01
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4 T LA Bl 700 2 B2 5 JUneE H R %o A I 11
B 77, H IR RVE H -5 Bl (04 78 i 522 E A G ¢
%, 0.02% THNET , Silwet806 X JRUNE H eI (19 5%
VBT T4 3B, 3 3% b ik £1) 3.74; Silwet710
I Silwet819 A RAE R Z , AR L4331 3.20 il
3.03; Silwet820 YHGRL LA 2.35(K3) . 0.05% H
T, Silwet806 X JUE H e A 1 1 0 VE FH i =i, %
AR B 2550 R (1) LC,, FEAIR 2 1.70 mg/L, 3ERL 1L
ik 6.71; Silwet819 {34 &5 /E HI 55 T Silwet806, 15 4%
[tk 5.12; Silwet710 F1 Silwet820 F4 3% 4% Lt 43 591

3.28 F12.59(5£3).

4 T AL B 700 350 R e FRUE H Tk Jrde o AV A 1)
B 7, HHEROVE R TR AE e B 700 5 o St 7 358 g 1
Ko 0.02% F10.05% M I T, Silwet819 X Fi b
Pk R 3 Ak L A R v, 43R 4.77 1 12.80,0.05%
Silwet819 55 F B HL I iz 6 FH X AR IS i) LC, BRI 22
0.35 mg/L, X 24 70 A 15 80V FH B 4 e T L 4% 3 Ay
FI(F3). 0.02% A Silwet806 ., Silwet820 F11 Silwet710
X FUE I e R385 LL A 301 A 4.31.2.68 F111.24, 111
0.05% ) Silwet806 . Silwet820 I Silwet710 X F e H1
PP (R BE R L A3 301 h 6.40 2,77 FT1.91(F3) .

R 3 BAEEBN X FUE B AR RS TN SUE BB AR IR R E R

Table 3 Synergistic effects of organosilicon adjuvants on the efficacies of sulfoxaflor and flonicamid

2455 O?ﬁ“maiﬁﬁ?fﬂ ﬂﬁ_?ﬂJ% o *ﬁa‘@%éﬁz 95% A7 X [H] is‘?ﬂz.tt_
Insecticide rgat}os1l1con Ad]uvapt SlopeSE LC,/(mg/L) Correlagon ?5% confidence Synerglstlc
adjuvant concentration/% coefficient interval/(mg/L) ratio
FNE BN — 0.00 2.11£0.35 11.42 0.974 8.51-15.33 -
Sulfoxaflor Silwet819 0.02 1.66+0.31 3.76 0.967 2.61-5.41 3.03
Silwet710 0.02 2.12+0.58 3.57 0.932 2.05-6.23 3.20
Silwet820 0.02 1.88+0.14 485 0.994 4.30-5.44 2.35
Silwet806 0.02 3.14+0.19 3.05 0.996 2.71-3.43 3.74
Silwet819 0.05 1.49+0.34 223 0.951 1.29-3.86 5.12
Silwet710 0.05 3.02:0.64 3.48 0.958 2.39-5.09 3.28
Silwet820 0.05 1.78+0.18 441 0.990 3.69-5.26 2.59
Silwet806 0.05 5.12+1.43 1.70 0.930 0.70-4.14 6.71
FNE e — 0.00 1.50+0.31 4.48 0.959 3.22-6.23 -
Flonicamid Silwet819 0.02 0.86+0.13 0.94 0.977 0.49-1.81 477
Silwet710 0.02 2.40+0.23 3.62 0.991 2.99-4.39 1.24
Silwet820 0.02 1.76+0.19 1.67 0.989 1.38-2.03 2.68
Silwet806 0.02 2.22+0.19 1.04 0.993 0.84-1.29 431
Silwet819 0.05 1.41£0.29 0.35 0.959 0.14-0.87 12.80
Silwet710 0.05 1.84+0.51 2.34 0.930 1.51-3.62 1.91
Silwet820 0.05 1.77+0.26 1.62 0.979 1.00-2.61 2.77
Silwet806 0.05 1.47+0.47 0.70 0.911 0.15-3.24 6.40

2.4 BHLEEBIFIRT EIE HELRR AR 2 IER
SEIE RN 75 g (ad)/hm>EHUHE T .25 1d
F13 dXTAREF BT IARCR 53518 39.68% F179.02%; 24
FF A 20% (60 g (a.i.)/hm?) f150%(37.5 g (a.i.)/hm?)
Rl b 43 50 E 0 0.02% F10.05% 1 Silwet806 £l
Silwet819 J& , XARIF (4 B AR AT LAk 2115 28 1ot
FRIE HUE R R B A BIARCR , L PR AT P
Bl 351 357 5% S e SRR e A B S R G AR PE L Hep
Silwet806 X J5UNE HL Ik i (138 % AE FH AL T Silwet819
(F4) o IFH,BIBIR ML = T FE R R X

iS00 10 SR T , s 20% FHZR A 0.05% Silwet806
AEFRS 1 A BHARCR C R A A S 3 d iy
BIARCR (£ 4) .

B e R R o (75 g (a.i.)/hm?) ZbBRAH
L, 90 E H I i e i 20% (60 g (a.i.)/hm?) J5 A8 N0
Silwet806 F1 Silwet819, 24 J5 1 d X i 4 ity b5 13 580
PEE T 14.78~32.19 H 43 1, Hirf1,0.02% 11 Silwet819
il Silwet806 55 5 BE HL I i 60 g (a.i.)/hm’ (I8 7
20% ) A AEHE , XFRRISE (1 Bl 1A 25CR - 5 JRUE H I
BRI 2 19 Bl A AR 20T 5 0.05% Silwet806 Fl e



524 oW R P 2E W 533

LR 60 g (a.i.)/hm?(Jf i 20% ) B G0 FE T, 24 )5
1 d X AREE A B VR RO =3k 71.87%, 35 75 T %
FHEEXS G 255 3 d W BITR R IR 2] 90.28% , #°H #I
FHEXTHRR R T 11.26 [0 (6 4).

A HLEEBh 7 Silwet806 F1 Silwet819 5 J e H ik
[ 37.5 g (a.i.)/hm® (B i 50%) B AR, 2505 1 d
XA P B T R0 e T S P B i U FH o) B

BI 6 28R T 4 135 6.01~27.12 11 43 15, Hir, 0.05% 1Y
Silwet819 Fil Silwet806 X J5 e H B iz () 48 %4 VF FH i
2505 1 AR BB RCR AT IA 61.75% F166.80% ,
S TR R T R 2405 3 d, RURE H R ek
50% FERE 70 Silwet806 5%, Silwet819 Zb 3R |, X}
RRACF (R B ¥ A5 5 U R 5 0 P %o IR 2
WA (R 4) .

R4 BHLEEBN IR S R ERRAY E i8R 218 E A

Table 4 Effects of organosilicon adjuvants on reduced application and enhanced efficacy of flonicamid under field conditions

DIREESE S
Qb ZhFI & B3 Control efficacy/%
Treatment Dosage/(g (a.i.)/hm?) Adjuvant ZiE1d 24fE3d
1 d after treatment 3 d after treatment
H L H & Conventional dosage 75.0 - 39.68+0.40 ¢ 79.02+3.09 b
T 20% 60.0 0.02% Silwet819 54.46+7.69 abc 76.13+8.53 b
20% reduced dosage 60.0 0.02% Silwet806 61.56+9.40 ab 79.84+2.00 b
60.0 0.05% Silwet819 63.92+8.74 ab 86.79+2.18 ab
60.0 0.05% Silwet806 71.87+£3.77 a 90.28+2.58 a
T 50% 37.5 0.02% Silwet819 45.69+6.45 bc 76.51+1.01 b
50% reduced dosage 375 0.02% Silwet806 52.78+2.74 abe 74414816 b
37.5 0.05% Silwet819 61.75+£2.67 ab 82.07+1.58 ab
37.5 0.05% Silwet806 66.80+2.80 a 84.92+2.51 ab

B Y B RR ELR . RPN EING TR 3R 28 Duncan FGHT 58 A 25 46 56 22 7 I % (P<0.05) . Data are mean+

SE. Different lowercase letters within the same column indicate significant differences based on Duncan’s new multiple range test

(P<0.05).

3 it

FEPI M 3 B s T 2 it /K P Ak, AN ) 24
WAEE 7 LR 7EAR 24 RO A G 3l A 2 T 9 4 7
B A AR 227 501 B0 A S 0] R0 5 e 174 S B (O] o 5 4
2021) o 259 AR TH 7K 7 AR KA B 12 5 e L
Y OCEE R 2, 2GR sk IR AR I A2 1
K I, 25 IR AEAE Y R IE W B, R, 2T
Py 3R ISR O SRk, 1 RGIRTE 1 3 2K (Wang et al.,
2018) . B4 %5 (2019) K ILBEL Silwet408 i it vk
JEE RSN, BEHG RIT k 8G SR 24 Y 3R T 5K T 2R TR )
P ELAR T B KA I B B 4 R, X AR T 5 e oy
Paracoccus marginatus B3 5UE A HE T, X 5 AW
FAR T AT L B SR P ERERIR R Z A
AL Bly0) B e BE 50, Silwet806 Fl Silwet819 X
TRV WA T 5K 7 2 i ) 18 BTG B T RN e KRR B i
1 B2 T RE 7 S A, 3 5 X 24 50 (0 3 R T 4G
(Silwet806>Silwet819>Silwet710>Silwet820) — F ,
I Silwet806 F1 Silwet8 19 Bl 7713 iof PR 245 i 1) 22

5K ) Az fl A, 3 = 250 e e AT Al R
e, EmHRE T 2GR AR AL T e LB AN
5 AR TG PE . A MLEE Bl B D0 A SRR PR
el 24 e T T TR, LR B4, SRR 7K )
J158,, BEIE U/ N 5 T T A L B AIG 2
AT K T SEMZGR Y TR B 4R = 2 TR
T, (S 5 2 Y Aok i T L S ) R, e
IR B4 R 200 H ) O=R SERFI ST AR 1998 5 17
4 2019)

TERREF BT 254 H 25 I A9 75 5t F (Wang et al.,
202052022) , B 70X Ak 24 24 1 B [ 3 251 FH A &
TERBIAPL LTI R BE T VR R AR TR AR ST . ARDFAY
% B HLRE BY 7] Silwet806 AT Silwet819 Xif i e H Fijk
il ELAT e Y OVE L 4 SRORE HR I g Dt 209%
50% I, %311 0.02% 1) Silwet806 il Silwet8 19 Xif i i
(14 B 36 0 AT 3k 5 R 25 7K SF | T8I 0.05% (1)
Silwet806 F1 Silwet819 X 2457 HA7 Bt 38 351 H
Hird1,0.05% Silwet806 -5 9 e HL B Az EB A feff FH X 4
A 1) BT O e A, RE HR R U i 20% F110.05%
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Silwet806 It JH XA IF 1) By v 280 R s H: i L]
X HE AT R 7R 11.26~32.19 1 43 a5 o L ) 55 4 44 47
PSR T Frankliniella occidentalis FI18E i i T
Thrips hawaiiensis I, %5 N7 HLAE B 77 Silwet408 [A]
FERTE 450 g/L itk AL s 209 (171N g
45,2024 ) ; Silwet408 Syt 10% (14 55 HUK H I e
T A I A 8 FH U B . 2 4 w24 0] 0 e an v e gk
Tuta absoluta IR IAAR (M4 A 55 ,2024) , ik 54
WA R — 2, AP RER] 4 FioA LAk B )
X KU YA — o W RE 7, I AR BILAE B3R AT LA ik
WAL 245 Y02 ik 7 R0 2R T 5K ) 2 T 24 R A R B 1
55 o% W3R 5 0 R B HS Y g G AP T . e
Silwet806 il Silwet819 Xof J6 BE H iz if 1 FEUBE R It JHie
1) 25 PN 8OV P e Y 3 ) i 3 e TR I e B
FR I FEAE TR 0.05% Silwet806 BY Silwet819 Bl ,
DA e 245 550 X6 A A 1) FH TR) B9 28R, S Ak 27 AR 2Y
R

R A S R GE G 5 36 K R FCR, X 2R
T oF R S OO B B B 45 AR
(Zhang et al.,2004) , TEMRAEH B EE IR T A5G
WEIRE. PRI RIS 4 v KA 45 A E
AAAT DAysi Ao 24 550 0 el T AP A S, 2t
e BTk, EAA B TORRRR AR R
SRR E (Bl BERE, 2012) o 24U (2023) 4 109%
RUIE HL P iz VT 3 R0 B T 50 X AR B P 8 Aphidius
gifuensis 557 A5 Harmonia axyridis 1) 45 % 43
2 55.22 F18.88 , 7 W] UE HUBBE IS KA 22 4=
B A HIA R T I RA VIR G 5 A E G AR P
WHRZEE PR Mo, AR fif Ao 45 R =
A HLEE B Silwet806 F Silwet8 19 X i Al 34
B KL 53R Hippodamia variegata 1) % 4
P ver, FH ()7 570 5 A9 Silwet806 il Silwet819 X 3
E2: N T SRR R YT S op T
S (X ) 7%45,2025) o [RLMG, U0E R v 5 A HILRE
7 Silwet806 . Silwet819 HE-A i FHITEA LB i #AR
F HUR [T, AT 2 B AR A 2 24 30 X R A AR
FH DA B Ak 2 Bl iG55 R RCRR LR R & BE 2219
MERS, A Bl TP = Bl I A% 25 35 L, 7200 RAEAEY)
BiiG S AR 7 B ia BOR B SR, i kA 24
e FHOCBORIdE
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