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Effect of Foliar Uptake of Azoxystrobin and Kresoxim-methyl on
Fungicidal Activity against Cucumber Powdery Mildew
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Azoxystrobin applied by aqueous WP suspension 50 mg// was slightly absorbed into cucumber leaf
in the absence of activator surfactant 24 h after spraying, but was increased to 25.7% by adding
polyoxyethylene monohexadecyl ether (12 moles of ethylene oxide, CE-12) 500 mg//. Only 4.1% of
kresoxim-methyl WDG 100 mg// in the absence of surfactant was absorbed into cucumber leaf 24 h
after spraying, but was increased to 58.0% by adding polyoxyethylene monooctadecyl ether (14
moles of ethylene oxide, SE-14) 1,000 mg/l. The effect of CE-12 500 mg// on foliar uptake of
kresoxim-methyl at 50 mg// was twice bigger than on azoxystrobin. Fungicidal activity of azox-
ystrobin WP against cucumber powdery mildew was marginally increased by adding surfactants to
facilitate foliar uptake of azoxystrobin, so that the further increase of azoxystrobin uptake into
cucumber plant by the addition of adjuvant was not a practical mean for enhancing the formula-
tion efficacy in view of fungicidal activity. It was not possible for kresoxim-methyl to assess the
adjuvant effect on the fumgicidal activity in a greenhouse trial due to the vapor effect of active

ingredient.
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Azoxystrobin(methyl  (F)-2-{2-[6-(2-cyanophenoxy)pyrimidin-
4-yloxy|phenyl}-3-methoxyacrylate, A% 403.4)2 strobilurin
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Kresoxim-methyl(methyl  (E)-methoxyimino[2-(o-tolyloxymethyl)
phenyl]acetate, %A% 313.4) K3} strobilurinA] AtA| 2 2.0]
o} zkelo] Z7}FHI dl T B A9 AEH g
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FAAE. Azoxystrobin T3HA|[FEY: oju|2E, FEAE
S 10%, AAEIERoWF) A= kresoxim-methyl 943}
A 327 : HUIA], AR TH47%, BEIEHE) AF e A
ZoN T4t} Congo Red(97%)c Aldrich(Rl=)25E -
Jatith AR 38 vlo]2A AWEHA s BT AHE
UE T2 Auks AF712 7REA 21927 polyoxyethylene
o] W ethylene oxide(EO) THEE S0 2 Hr} A} &
2 B9 cthylene oxide THEZE °]F ] % polydisperse
surfactanto]™ 3FEEA (SO ZRE EF WUkth 2ol
AHEAA = TCl(Tokyo Chemical Industry Co., LTD, Q)
AFE TYstd ARS-SIRTHTable 1).

20| Auf. Qo] FTAMA] Wit)], FRIFFTEEE) AE]
T TR SEE-ENAA AE)el gt 1971781 Al
St FHE FSUE 537 ¥4 e 138 #AzWA
66 mm, £°| 66 mm)l| A I, 2 TGN FEES B
T i) 4 WA 59717EA) Alejaigitr. 2ol el 4A
A Otz AR ARgsiler, sk Qo] ¥WA RS =
Aolle s Q0] 9 BYE 7 WA Jelle A 29
= ARESIAIT

% 9d TS 3L A% EFE 5o el =
A). ko] 208 gk HAFE =Ao= Congo Red WE<
ARE-SIRTE™ AHEAA| 2} Congo RedS S750] Zoja] 7zt
7} 5,000 mg/l, 500 mg/l 8NS ZAISII T} Azoxystrobin Y
Aol hEFLE AlFlX F+UT azoxystrobin FAIE Eof

Table 1. Materials tested with aqueous formulation of fungicides

Code Mean molar

Chemicals EO content

Primary alcohol ethoxylates

Polyoxyethylene monobutyl ether BE 3
Polyoxyethylene monooctyl ether OCE 5
Polyoxyethylene C,,-C, alkyl ether C1012 7
Polyoxyethylene monododecyl ether LE 5,7,9,20
Polyoxyethylene monoisododecyl ether IDE 7
Polyoxyethylene monotridecyl ether TDE 7
Polyoxyethylene monohexadecyl ether CE 7,12,20
Polyoxyethylene monooctadecyl ether SE 7,10, 14,20
Polyoxyethylene mono-9-octadecenyl ether OE 6,7, 10,20
Polyoxyethylene caster oil CO 17
Fatty acid ethoxylates
Polyoxyethylene monododecanoic ester LA 9
Polyoxyethylene monooctadecanoic ester SA 9
Polyoxyethylene mono-9-octadecenoic ester OA 9
Polyoxyethylene cocofatty acid ester CFA 9
Other surfactants |
- Polyethylene glycol trisiloxane ether Silwet L-77
Sodium dioctylsulfosuccinate SDSS

Sodium dodecylbenzenesulfonate NaDBS

AEAAA 500 mg/l(-rEE 7)Y dEAS FA|E T
Kresoxim-methyl®] 73%- 4rshA] Feje] Al AE-S 2
A3t 1,000mg! BEAE AT o|#A ZAIRE 2t
Ee] EAS SgEl U RS SHE AT 258 F
o A¥Ag A=, ©lm azoxystrobinZ fr &AL,
Congo Red % HFAE 234 FREZS F&71 50 mg/l, 50
mg/l Z 500mg/l°] U S, kresoxim-methyl> 100 mg/l, 50
mg/l 2 1,000 mg/lo]AT.

Azoxystrobin?} kresoxim-methyl®] 20| ¥ AFAS A3
Hlwsl7] 9% oM £5-8 52 39 5
7} Congo Red®] &%t REF S0mg/= 31+ polyoxyethylene
monohexadecyl ether(CE-12, o|€dl A= HA THE 12
Y2 Z+2F 500 2 1,000 mg/ =A SHch.

Q0] g9 IAEE& 4. 2°] &FE spray booth(Model SB-
6, 8001VS +%x=Z&, R & D Sprayers Inc., USA)ll YL 7
712] o deelg Q0] A 290 100 /had] FEo2 £F3)
Gtk 2% A% o] s7e| AL A7t Aste] NGBS
32 mm, Z2°] 200 mm)l 23 oM EVEZ 8 (60%, v/v)
1L5miE 718 & rPRE 95 603|429 £E2 287 =9
AEF3AT A 29] 4F= 25 21-26C, AUk
70~90%% ZHE dano] HASHAM 2447 Fol Sdd Y
HeZ AAFE & F48 AEE ARSI

T FEARY 7171843 AR A= o ARG T
5 FaAEF Congo Red® §%E HPLCHZE7]: Waters
(USA) Model 2487 Dual A Absorbance Detector, 5 71:
Waters 717,,, Autosampler, H2Z: Waters 51012 733131t}
oluf azoxystrobin®| 73-F- ZHH-2 pBondapak® Ciz 3.9x300
mm, ¢} oM EYER E=37/63(v/v), 5 3.0 ml/min,
HZE342 Congo Red 497 nm, azoxystrobin 224 nm®|3].2.H,
kresoxim-methyl®] 7-5-° ZHE-2 Nova-Pak® C;;3 3.9x300
mm, ©| 34 oHEVERE =48/52(vvV), 52 1.7 mi/min,
&332 Congo Red 497 nm, kresoxim-methyl 214 nm©|$)
T} Congo Red®l A+A peakd| HAE ARG v 2Dl
o) HFEES A&, o2y HAA|et RFEHAE A=

SFT

woe] G AFE(%) = (1A A/ Ayl A)1}x100 (1)
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$- Q0] A AlHY T FF| peak WA

& Qo] ¢ % Congo Red®] peak T3
H ARA F 5% peak HE

A MAHY F Congo Red?] peak T4

& 4
Agk A LolE e Fo VS AA WEAIZH
ojF W WAl HET} fARRE 20 AlSE FEfo] AEAIEE
ARESIATE R SAE ek sFAAlN o) dk 2.0
7N WA 98 AP fsliM 7 AES Bl 3lAe)
2 HFEA 2218 AMSAAAZAM CE-129F polyoxyethylene
monooctadecyl ether(SE-20, €3 SAO|= Hi T 208)
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E FE8YeE 7z} Hrlete] e FEAFe]l 100 mg/l, CE-
127} 800 mg/iE-S SE-20 400 mg/l)?] &oF HErNE A1)
o ojils oAl = 3Nl olHnt e FEe| Fof 9
B-S AT ik 8.2 ©hA] Zhzte] AE-S Eof 3
At AT A7FEH o] XA AT 45:9] Q0] Yo
= 7718 ARRSl sk 98 ZRUE AxE E5
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o v Y AEE @ AR ¥ A 3= A (2
olg] At=siit. WAIZIERE HEx|9} EFHEAE ok,
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Azoxystrobin®] 2°] @Y IFA. T7E o] A& &)
o 21EA Rz AFse dole 59 F83l%, octanol/
water Al (K= Log P,,), cuticle/water SWAIGF(K) T
FaAdEe] olgehy EA4do] B IS VA= Ao=E Uy
A JTk? Azoxystrobin & =7 6 mg/e] . SERE/E E
AT (K e 2.52 3A] &tk 31 844 dgo=z Abx
Hoz ool THoeRE EAEE ZisE] yra I
S0 & Y % g AL AT oA

AR AF] dedos FH-X2]g azoxystrobim X2 24
A7 Fof] Q0] HollM A 3rHo] A HFHA g A
o= YehgthFig 1). 22t Fsid e oy 71 A
AGAE 2} 500 mgy/l E88te] A8 we HAEE0]
A F7RINeH, 2 Z7)e AREEAS] FFe wet e
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Fig. 1. Effect of surfactant on foliar uptake of azoxystrobin into
cucumber plant 24 h after spraying with aqueous WP suspension
containing 50 mgAl/l, surfactant 500 mg// (Temp. 24-26°C, RH 85-
90%).
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Fig. 2. Effect of EO content of surfactant on foliar uptake of
azoxystrobin into cucumber plant 24 h after spraying with aqueous
WP suspension containing 50 mgAl/, surfactant 500 mg// (Temp.
24-26°C, RH 85-90%).

g3t} 21-4-7|(lipophilic group)?] =717} 7Hg 22 OCE-5
(polyoxyethylene monooctyl ether, JEd FAlo|= HAFTHE
521 azoxystrobin®] FA FZlol HE 7|oAskA] Zeiitt,
diHe 213719 A717} F7HERE ARA 21 23 S
ke A%e Hol FUL, 2 SE71e] gaaTt 167) ©
Q1 CE-12¢} SE-20°] F7HNE W= 44 25.7%, 25.5%]
A9 5 AEES UEhfo] 7P JAFAY 7 33t 2
Aoz et I HE o]o] OE-10(polyoxyethylene mono-
octadecenyl ether, V€ SAlo|= HAFUE 10&)3 LE-
20(polyoxyethylene monododecyl ether, o€z SAlo|= FH
ZT 208)0] azoxystrobin®] HFAE A FIAZHY R
7] polyoxyethylene2] A2# SAlol= FREE ol &7
A 108 WA 20E°] azoxystrobin®] F4d F3lol| By &34
Aol A thFig. 2). FF717F A4k LA-9(polyoxyethylene
monododecanoic ester, €@ ZAlo|= HAFFIE 95), SA-
9(polyoxyethylene monooctadecanoic ester, 2 & SAle]=
TFUE 95), OA-9(polyoxyethylene monooctadecenoic ester,
el JAlo|l= HAFHE 9=), CFA-9(polyoxyethylene
cocofatty acid ester, A A= FFFHE 9F) 59 3
7F AAE 9 WA 16%2] AF-E5 HolFo] g7t 167 ©
A ARE dEE VIR THRe AMSEAEY 3R
FREIN7E 24 Ut 9 e FE ke AFAIE

4 A= Aoy dHA e AeEA AHEAAAR]! Silwet L-
77 AFEA =52 237t vl 2 T3 SDSS(sodium

dioctylsulfosuccinate)2} NaDBS(sodium dodecylbenzenesulfonate)
5 2ol ARNBEAIES F Y ALt o] H]o]
2 AHZAAART d F340]YT.

Kresoxim-methyl®] o] g9 IFA. JdrshA| d8de
2 55 A¥3 kresoxim-methyk> 2417} Fof Qo] gloz i
Bl 96.2%7t 3]Eo] 3.8% S48 YR Kresoxim-
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Fig. 3. Effect of surfactant on foliar uptake of kresoxim-methyl
into cucumber plant 24 h after spraying with aqueous WP

suspension containing 100 mgAl// and surafctant 1,000 mg// (Temp.
22-25°C, RH 71-83%).

methyk> S7|9°] Hlwa & A02 434 AATH23x107
mPa, 20°C),” W|HAP} ol dEE Ael2 AxEHouz 3
ol o3k &2 uhg S Aotk ulEby 9] &4 F
A7} Fdhol] o3k &R o} 7HESIER S azoxystrobin o}
50l H & AL B AFEL SN BERo-
2713 i RE-2] AREANAEL kresoxim-methyl®] FFAL
8l JE-go] Hi 58.0% Z3th 25 /717 Cl6
©]4<1 primary alcohol ethoxylate®} fatty acid ethoxylateS©]
AR X 23t ¥ & AR YRt LAY, SA9 ¥
OA-9 5 azoxystrobin®| 542 FXlsk=t] € &3 0|3d
fatty acid ethoxylateE = kresoxim-methyl®] ZFAEL =4 £
ZIXNAA kresoxim-methyl®] 25 4L azoxystrobin T £
ofgt Zo® jEpyiTH

Kresoxim-methyl2 83| %= (2 mg//)’} azoxystrobin(6 mg//)}.
o} eB7k ZRR|9E octanol/water FHNAIT(K,, T 342 azoxystrobin
o] K, 2580 AthF oz =3 w3l Exlgo] o Zoja] ¢
o] gl thgt IFAe] o & AR HESHUYY o] F oA
arfrel Qolele thet AFRAEE HEY FX18 AEAAY
71l e AR F2 GAE AE IR A% AN
azoxystrobin> 2°| Slol] Ao MFFHZA e ALE Jehd
BHHO|| kresoxim-methyk® 4.1% ZEFH 702 YeEPtow, A
HAEAAA CE-12(500 mg/lyel| <3t AFA S2 a3 B3k )
o]/l

Azoxystrobin®] IFA F33 Qo] A/IEY WA &3}
A el 20] HEE AujalEa SMRHE A DA
A AETE Fd3 AR Adsie] AAJgE Qo] 3
7 A A olA Al AEQ] azoxystrobin FEA =
20 mg/l ©/de] FEAlX 80% o] 53t BAIVNE R
ATt 2HT Tt BolAtEls WA 3= §55] X &
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Fig. 4. Effect of EO content of surfactant on foliar uptake of
kresoxim-methyl into cucumber plant 24 h after spraying with
aqueous WP suspension containing 100 mgAl//l and surfactant
1,000 mg// (Temp. 21-24°C, RH 70-89%).
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HAoh

o g I
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31t} o)+ AFA AR CE-128 AT 45 fFaAdE
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2 AL AR 345 FHES sl JAFEo] 2 H
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128} Xggde] o AN 5 AR 3t gof Fae]
A 743 dlo] 1 9le] I Ae=E FFEUG

o|¢} Z+o] azoxystrobin ZF/3E FXslHARE Q0] I7IF
Wol T3k WAl A3t ZA ZERE 2Tt o)E Q0] ¢
o] oju] F7}FEHo] AFHA AAE A AL U=
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Fig. 5. Effect of adjuvant on foliar uptake of strobilurins into
cucumber plant 24 h after spraying with aqueous WP suspension
containing 50 mg a.i./l.

HlE2 w5 Atke AL oulsls ZAoE B 4 Q). o|#dt
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olel #4255 & WAPE Sl doju= Al7)9 7
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AFEE= Ao T Holr)

Kresoxim-methyl®] JAFA S35 o] {718 WA &3}
Kresoxym-methyl 973734 Hgrld] oo 7kx] HFEAG 57
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g o E et 24 W 2o] EVIEY WA AdeM=
oS AN Y /’\]@“TLOHHE AlZro] Al met W3
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polyoxyethylene monohexadecyl ether(CE-12, | € #l-2-A}0]
128 $HE)E 500mg/! H7IFeEN ATl £5F 244
ol 25.7%7HA F7HetATE 3 UAAE &0l 3 st
100 mg//e] F=2 A3 kresoxim-methyl 4.1%%r0] Qo]
Qo)) XA polyoxyethylene monooctadecyl ether(el|€#l
SAlE 148 SEEYE 1,000mg/ H7I8IGE W HFEo]
58.0%71A] Z7ekdth. AlHEAA CE-12(500 mg/lyell &3 &
o] JH FFSLE 7L FEAHE F(G0mg/hellA kresoxim-
methyl®] azoxystrobint.t} 24} o] =t T F7E A
HIANAE H718 azoxystrobin T84 HEHLS 314 X2

zTEY 24 W Qo] 7 A a3E S7MAIRAIR

a 7‘(}0]-‘: A ). 2 EE azoxystrobin®] 73-F-oll= 3

Ex ZZ]O] Qo] 7 g WA 2IAE IA =Y &
A= ALHQl L oA}, v kresoxim-methylS
‘*é%g 2 718 "l 527 duEE 24 JeXe 3
=X =20 W o] &rl=y v g3 Wals £HT &
AT

Key words: azoxystrobin, kresoxim-methyl, 2.°], A|HEA

A, A7, A7
Al =
T ATe FETOIM AR w7 leEAREe] aEH
AT

Table 2. Effect of surfactant on fungicidal activity of azoxystrobin against cucumber powdery mildew

A b Control value+SD (%)
ZO()IZ;IE " Al : CE-12" Al': CE-12" Al : CE-12" Al : SE-20? WP
(1:8) (1:4) (1:2) (1:4)

100 91+3.5 86+5.2 89+3.6 88+5.0 87452

20 84+4.0 84+6.7 82+5.0 85+3.5 84+3.1

4 79+6.3 84+3.1 79+3.7 82+4.7 78+4.1

0.8 65+7.9 72412 67+9.7 6249 4 56+11
ECs 9.4 5.0 10.6 10.4 16.4

YComposition of spray suspension was 100 mg a.i.// of WP and polyoxyethylene monohexadecyl ether (12 moles ethylene oxide) in water. The ratios
of active ingredient to CE-12 in suspension were 1:8, 1:4, and 1:2. An aliquot of this suspension was diluted by adding water for preparing specified

suspensions.
“Polyoxyethylene monooctadecyl ether (20 moles ethylene oxide)
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