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Abstract

The foliar uptake of dimethomorph into cucumber was assessed by spray application of aqueous dimethomorph
solution containing fatty alcohol ethoxylate (FAE) or fatty acid alkyl ester as activator adjuvants. Afterward,
the possible mechanism of action of FAE on foliar penetration of active ingredient was suggested by
speculating on the effect of lipophile and hydrophile of FAEs. The amount of absorbed dimethomorph induced
by polyoxyethylene mono-9-octadecenyl ether (6 moles ethylene oxide, CisEs) was linearly related to the
concentrations of surfactant as well as dimethomorph in spray solution, suggesting that it is simply a diffusion
| phenomenon of the solute molecule through a cuticular membrane from leaf surface. Octadecanol attached to
FAE was most effective lipophile on the leaf penetration of dimethomorph. And, the more ethylene oxide had
the polyoxyethylene chain of FAE up to 20 moles, the higher the uptake rate was. Therefore, the role of
lipophile of FAE on dimethomorph penetration to cucumber leaf, probably, is to modify the physico-chemical
properties of cuticular membrane to be permeable to dimethomorph, and the polyoxyethylene chain having less
than 20 moles ethylene oxide, which is moderately permeable to cuticular membrane by its molar volume, 18
to let the physically-modified cuticular membrane to be maintained for a longtime.
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932 stci(Baker, 1980).

ARBAAE 5oF0) A g HEAS FUAAN
& =ol= ¢ ol-& f-83lthKerler?} Schonherr, 1988,;
Bauer®} Schonherr, 1992; Schonherr?} Baur, 1994). 2
7HA 9] d+ Aol st AHE dEe Aw7|E 7Y
X Z4:717} polyoxyethyleneQl AlHEAJA|(fatty alcohol
ethoxylate, FAE)o}| 93] S5+ soFe] 4H 54 A
HEGA7E AEY #HCERY S50 cuticles F3o}
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AAj ol oz 9]

! S5t 5 YHeR Aol AU By
o3t Aoz HQItK(Stevens?} _Bukovac; 1987; Stock &,
1992; Schreiber 5, 1996; Yu 5, 2000).

Dimethomorph((E,2)-4-[3-(4-chlorophenyl)-3-(3,4-dim
ethoxyphenylacryloylJmorpholine, log Pow = 2.7 G
A Q{I_—ﬂ](Oomycefe' funéicide)i Qol9} ¥T O] L H
Ente, 22} 9 3150] Aol tfat B5g AgAR F A}
£51 QI Grayson 5, 1996a; Tomlin, 2000). 250|344
o] A8 gl dimethomorph= 2| 7}A] F7&] H|o|2A A
HEA of o) AFAl0] 2A F2E 4~ Jlom, 1 A} A
=950 gt WA a2yt 24 $4€ 5 YUi(Grayson 7,
1996a; Grayson 5, 1996b; Grayson &, 1996¢; Yu 5,
2001).
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Dimethomorph YA(ELE 98.5%)= THAu}ATOl18(F)
Gl=H2FE BgHeron, Congo Red(97%, 3,3'-[[1,1'-
biphenyl]-4,4'-diylbis-(azo)]bis[4-amino-1-naphthalenesul
fonic acid] disodium salt):= SIGMA-ALDRICH KOREA
28Y UG YA FHE Hlol&4 AUAA

FAE®= X% AYEH €22 Aw7|2 7HAEA 237
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polyoxyethylene®| ¥+ UEE FHOE Ko} AV 22
E49] ethylene oxide(EO) $3=E ©|50{%l polydisperse
surfactanto]#] FEBA(FH) QR RE B WYTHE 1),
A|HFAL o AH| 2= TCI(Tokyo Chemical Industry Co., LTd,
d&2) AEFE FUsto] AREBEGITH

20| XHuf

Qo] FA{MujHtt7|, FREFFTHF) A, A=TE
FERE 5 T(FEAAL AE, =)ol wEste 1977
A Aepstdct. FHE FEAE S T EA Ae 1 &
AW 66 mm, Eo] 66 mm)o| A i, 24 2
A PREE B B5ke] 4 WA SATIZHA] Asietatty. 2
ol ol AAR Iz Aol ARgstA LT, 5ok 2.9
A A5 S0l st 2o A9 2y 7H WA Y

U= A 2 S ALY,

o} gote| XA
9.0 Qlof tgt -s2Fe] HEE F7 o= Congo Red method

)

(Cho £, 1999; Yu 5, 2001)2 AM&3}9ith. FAES}H Congo
RedE FF<ol &3AAA 242 5,000 mg/L, 500 mg/L <
SHg 2A 3190t} Dimethomorph ¥A|IE WA obAlE] 5
©|31 FAE 4833} Congo Red 845 71 the 7=
Arbele W os E7-8 59 §%a AR A4t of
AHEE J7Y 54 S4R 37He %59l dimethomorph
AA| 2k A ofAlEe] =<1 Ty Congo Red -84l
+5 7Fkglet. ol obAlE ) T2 20%(viv)E 23S
o1 Congo Red? 5T+ 25 mg/LE 33 H-

==
o TT

Table 1. Materials tested with aqueous formulation of dimethomorph

Chemicals Code Mean molar EO content (n)
Fatty alcohol ethoxylate
Polyoxyethylene monododecyl ether CE, 3, 5, 20
Polyoxyethylene monohexadecy! ether Ci6En 12, 20
Polyoxyethylene monooctadecyl ether CisEn 10, 14, 20
Polyoxyethylene mono-9-octadecenyl ether Cig-oEn 3,6, 7,10, 20
Polyoxyethylene monoeicosyl ether CxEn 10
Polyoxyethylene monodocosyl ether CxE, 10
Fatty acid alkyl ester
Dodecanoic acid methyl ester LAM
Hexadecanoic acid ethyl ester PAE
Octadecanoic acid ethyl ester STE
9-Octadecenoic acid methyl ester OLM
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o Aﬂ?ﬂoﬂ > HPLC[ZAZ7]: Waters(USA) Model 2487
Dual A Absorbance Detector, Z‘%jﬂ' Waters 717 s
IZ: Waters 510, A&34: Congo Red
497 nm, dimethomorph 243 nm, 7& . Nova-Pak® Cis,
3.9x300 mm, °|F4:: E/OHEYEZ=62/38(v/v), &£
1.5 mL/min, A& $Y%: 20 uL, §-£A|7F: Congo Red
1.3 &, dimethomorph 8.9 & 4 102 £]= EAI5lo Congo
Red®} dimethomorph peak®] M&-& ZARE the 4 (1)9)
o AE4L AL

Autosampler, &

Dimethomorph®] ¥ AELE(%)
={1-[(App/ Ape) A/ Ape)]} X100 (1)
App: tAIZE B 20] Q1 AH o = dimethomorph ] peak
Gk
"Ape: tAIZEE Q0] 9 AJHN 2 Congo Red?] peak 2
0App: 5 215 90] 9 A& M 2= dimethomorph?] peak
2%
Ap: B AT 90 o AHM = Congo Red?] peak
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cthoxylate(FAF) 32 2112t 8|20 o) 20] 9l HE
Aol 3A A% H(Grayson &, 1996a; Grayson &, 1996b;
Grayson %, 1996¢; Dehne, 1997), 20| oo gt =
A BTk 29 HERT Soa ABUAS e Ao
2 YHAHYu 5, 2001). ©]33t dimethomorphe] 0]
HH AEAEL §55l= FAEQ 287]+= Cpx(dodecanol 2
2 lauryl alcohol)5-E Cig(octadecanol 2-2 stearyl alcohol)
7HA] thoFal4ial, 47| polyoxyethylene®] ethylene oxide
(EO) B/ e 20 2 ofsr} ano]gich. 2 o)
+ dimethomorph®] HFAJo] FAES] 27| thE A A
719 219719 AT ofH AT Q= X ZARFHOZA
FAES] 23} =%+ dimethomorph®| HE 7|2-& FE3}
w3} st

Dimethomorphe] ©.0] €8 HE7]20|4] FAE AHEAA
o] 2197]9) APE ok2o| Hhaset 2147] polyoxyethylene
9] ethylene oxide §73 =7 831
FAEER A 1Ho|x FAE AHZ
AR HiAl
ne EO #75d%)02 HA319]

AL 3l Ao g

A agge
13} 20] CuE(m A5 92 B,
oV 2 ek

OFM| 89| Ci=9Ec2} dimethomorph?| S 0f| M2
Q0] oI x| E

H i =-I—

2N = dimethomorph®] E =7} Z+2 62.5 mg/L, 125

200
® 62.5mga.i./L
© 125 mga.i./L
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Fig. 1. Effect of polyoxyethylene mono-9-octadecenyl ether (6
EO, Cis-9E¢) and dimethomorph concentration in spray solution
on foliar uptake of dimethomorph into cucumber 48 h after
spraying of aqueous acetone solution containing Ciz—9E¢ and
acetone 20% (Temp. 21-22°C, RH 85-95%).
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mg/L ¥ 250 mg/L2 4AY o Q0] §HAY dimethomorph
AEES A5 50 BEEEHN 718 polyoxyethylene

mono-9-octadecenyl ether(EO 6 &, Ci39E¢)2] %o v]d
&t S7FSIRTHIE 1). ZF dimethomorph =9 A Cis—Fs
&% 5710 W& dimethomorph AE&F0] AAZEE b2
el Sft AHAASE Ak vmelets o 217} 0088,
0.18 % 04302 vehta 27N 2£9] dimethomorph?)
5L $7KH62.5 mg/L, 125 mg/L ¥ 250 mg/L)& dtja
whegaka 9lgik

S E ST2 FIME XI4L of| AR 29t FAEN of3t
20| gH ZEH

Dimethomorph-OtA| & 4=8-olof] vt o AE| 29} 717
thE EO #7k=+E 7« FAEE 27} 750 1M =2
7181992 © dimethomorph®] Q0] €W =g 73 291
Zo| Uetth AHkAlL o AH 2 polyoxyethyleneo] H7}
H AHEYA E T} dimethomorph®] Q0] HH HFA
a7t wj$ Z9kom, 1% LAM(dodecanoic acid methyl
ester)ol O3 AT} 714 ATt B Bkt 220t &
At PAE(hexadecanoic acid ethyl ester, 2A}2F 284.5),
STE(octadecanoic acid ethyl ester, 2A+F 312.5) ¥ OLM

(9-octadecenoic acid methyl ester, £23F 296.5) F0||A]
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Fig. 2. Influence of hydrophile and lipophile of FAE surfactants
and fatty acid alkyl esters on foliar uptake of dimethomorph
into cucumber 72 h after spraying of aqueous acetone solution
containing 250 mg/L, adjuvant 750 uM, and acetone 20%
(Temp. 22-25°C, RH 72-88%).
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oA STES] 3=} 53] Wol £ AL & ¢ FH|A
7} St what -2 Al7F Yiofl STEZL A& E o
3 27 2ARAG 4B T % Q3] Yo
28718 A HA 4712 polyoxyethylenes
ARZAA ) ofgt AT 4 Aok 79
EO R7tE7t 3718t Wb 24 S71stieH, EO &
7HRES 20 Bof| HEErE AFREE SR AR =oE
t}. EO7} 20 & 3718 AHEAA =9 23 dimethomorph
o) oo @ HERE 45 velAS 0 du HEA 2
237} 7 2 AL CigEaodt CisExol 2™, CisoE ¥
Ci2Ex9 2= YERIT CigExd CraEaokdth 28)| o] 4]
g A4 24 BNE Hol 2tk ¥RA 27 B
Fa 2 ABLRAY A7) SaALe Bol7t A 1)
octadecanolo|gl o, Bth AREo] 714 &2 dodecanolS %
712 7ML Sl CoEr 54 4897} 78 24Tk

Polyoxyethylene®] EO H71=47} 10 W#] 12 ZojHA,
A5719 gaprt 27 o2 AHBAA CisEn, CisEi,
Cis-9E10, C20E10 ¥ CEjo0f 23t 20 §H AF&2 vl
st 1 W77 Cud b WEAH 2R EI} o5
Rt 71 ool A= BE 558 FastHaL Cow A9
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Z| =
qE

i

ot

IN

Lo

EO F7lEr7t LI

Q0| gE HES
Hgolo] 750 uM 52 polyoxyethylene®] EO -7}

=571 T2 CEn®t CisoEnE ZH7F 71515 S o Fig. 33

ZAE 4

45 SE7F AR GEA yERG 3
4+7] polyoxyethylene2] EO H71&7} A2 AHEAAE
AAHNAL e BEA F 12402 Yelolq A% 5
37} Alebent BO 20 o 271 ARl A7) A
2t YE4E7} oha E8Ele SN e ¥ 72402
PHIE 1 T} A&t o) ALE 2407 59 A5

2 Cis=oEn A7MA|A7} CioEn H7F AA| KT =4 Ve T

A2 dxiof| 28t dimethomorph2]

o] dimethomorph

A]

1

x}
=

al

Cis-oE¢®] 28] 7%= dimethomorph®] 20| HH A&
B 25Y 29 CisoEe®] =7} =255, dimethomorph
Tt 22 E SIS, o2t At 4 R RE
Aoz A2 4= AUE TE o AFHoIUAHZE ).
j= 290] 9o EFAH CisoEs©| cuticular membrane
Yz A5

FH CisoEso] 2Jaf| ojafsra A2

= FHA} 3

— 1o

ul

O




Fatty Alcohol Ethoxylated 2laf SEE= DimethomorphQl 20| §H Al 714 131

o] Y3} cuticular wax2S £33} membrane YHE=2
dimethomorph”} 253 Soi7l= @A B ds] E¢3<
SHh WAL mhEths S olait). 2, Ficke] 2] Bt
A1 2] of| whA] cuticular membrane WE-2 dimethomorph
7 A=) Bk &5 BN EHoJA] dimethomorph
52 CisoE62] Fx)ofl v st Sh4kA 2f(cuticular waxZ
o] F=)e}t B4t A dimethomorph 3-8 Cj59F) 2] EH
sjof whul2gicis Zlolch

29 2014 % 4 SJ%0] S5 350k Golo] Arfat bl
AFE FE FAES] B 557} 28 1) 254 5ot golol
=4 QPgAdo] Rt STE 37} Al&E A|<J8HH dodecanoic
acid 25 o] A8 28t5]o] WS|4 LAMS] oJ3 HEEL
of -3 WrE WhH hexadecanoic acid ethyl ester(PAE)S}
9-octadecenoic acid methyl ester(OLM)9o] &}t R E&2
T FO 8 wobgnh o3t HIF2 polyoxyethylene?] EO
R7RES7E 20 BE ZOWA AR717F AR TOHE FAE 9
gt dimethomorph?] 20| ¥ JF&|x Ij2 A-gx|of
CisE20, Ci6E20 H Cis-9En0) &3t A T8 CiaEx®f H|3j
i =Tk B3 20] Yo T3t dimethomorph] %27] ¢
H AFESEE & 1 CisoEndll 93 AFEET} Cpbn it ¥
A W2, JAEEE JA S7I8IAtH1E 3). o= 0o 9 &
HollA cuticular wax 2] 42-S dimethomorph®] &7} 4]
A= WFO =2 vt} = S} CREnRr} CisoEs 0] &
A Aths Ae oujgict ol#dt Ay Sle 2= & 1
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Fig. 3. Influence of surfactant on uptake rate of dimethomorph
into cucumber overtime after spraying of aqueous acetone
solution containing 250 mg/L, surfactant 750 uM, and acetone
20% (Temp. 22-25°C, RH 72-88%)).
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L. octadecanol>hexadecanol>octadecenol>dodecano
qom, 14719 Badrt CuRth o AQ A9 HEA
271 g7} oA Zashe Ao 2 2o} dimethomorphd] 3
2ol 7} 34 o] = cuticular wax 2] o3]S HBHA]
2 4 9lE A7+ octadecanold 7HsAdol Wi =t

X479l polyoxyethylene®] EO {7}&9 wehA
dimethomorph®] §H HF&0] Gepiitks A2 243 20
ol EHol|lA dimethomorph7} &I} 2 AE3| Yafir=
HAEA SAA ) AR 420} EO7F 57 polyoxyethylene
o] Basjche AS onFEHTH 2). o AVEAA] 24
43S Hodl= polyoxyethylene chain®| cuticular wax3- W+
oA matrix®| 7kAdE SHAZIAE K3HE Bk (Schonherr,
1993), @40 AFAES FAANE & e T8I G4E 9=
gtk Aolth

ojfgt oA E5& s &Nl M7t FAES| EO #
7o) we} dimethomorphe] &¥ AS 4o 2|7} 9]
the A2 AF7143 geisto] FAES] 92of # 53
HAE AFIHIE 3). W2 FAEE s 37 &4
ol o ERlo) oA 9 AT F 4 A7 olhel 7
B34 Fa 9 YR Bolz 4 ok A02 YURn &
EO 871247} 22 FAEE 12 Y2 Bas i 455
A, EO ¥7H247t 2 FABS B 3317} 4] 34t ot
ALyl AHE o2 gtk A o|tiStock?} Holloway,
1993).

BApgFo] Ao R AL CisoEed 4H T &7}
CisoFpoHtt 302 B 250 ME S cuticular waxZ30]
AEsto] waxZ9] o|3FtAlS HSHA|Z 224 dimethomorph
o] AW AEAS A AT 4 AT, tfFEY CisEs
o| cuticular waxZ><& E35t9 cutin 30| EE3FRS O
cuticular wax @] 422 ¢} Aefoll 7HEA 2lEE Aol
o|2 9l3to] MY o} gl dimethomorphe T o4 3

o]

e

53 4= giA deh whHo| CisoEr > S7HEl & FH = <3}
o QE A% 57 LARN waxEite] A go] He}
Qe F¢ frAHER dimethomorphe] HH HF= A&2
T US Aot(Baur 5, 1999).

O

ojxol Auts FYdte] & uj FAES 57|17t A& ¢
FEHY cuticular waxof| 283l 74 dH JFE S5
HolA| 7|, oju] Z{7]9 g Akl EA metd AW
A5A A 537t 24 gepzlth ol ofmfk cuticular
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wax3 YEZ e FAEQ] #-8-7]9 ¢34 dimethomorph
off tigt wax 2] A&t EufjA4 log P)o] GetAjs= o ¢

olo} 9l Aojtk. E3H AU Ao} H71% polyoxyethylene
L ZZ cuticular waxo]| T3t FAES| B3l £ & =20

H wax 2 H3lE AHE QEH —r,-X] A AA dimethomorph&)
AEAQ AF7L 7Hs3HA st ALE FE 1o &
AR Ao A o = Q%o ;ﬂ;%} EO F7h= o]itoAl=
EAHESS & F) S7to| stagsiel AWSAA AA| Q]
SHiHyo) ASHEE A3 oS RIHOE HIT
ol 929 55 93] ofdpiozn 5ais) ge

454 27 a3} 257 24T Aoz ARuL
>> /&8 /=79
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AR AT ko] 2R WS ATAE]
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Q o HEA FZ 2= fatty alcobol ethoxylate(FAE) £-& AHHL o AH|2E 818-5l= dimethomorph 48985

of Qlof &5 dxdtel AREE A3, FAEY Z7] tp2 EAhy Ag7|¢eh 25719 /ol @E dimethomorph] ’él—Er
&3 XA 2N FAEY) 93} S =5 dimethomorph®] & 713 2231t} Polyoxyethylene mono-9-octadecenyl
ether(ethylene oxide Y7154 6 &, CisoEe)0) 98] 4L % dimethomorph®] 20] G HAEFL EFH £9] Ci39E62]
X2} dimethomorph %o H]# 85t wels FAES gd &9}t 12 95t 4L &= dimethomorph?] AEAL
§ BHORRE YRS st dojuh thedt A FAYUS & QYT FUT E SR AV AL o AE 29
FAES 0|83 A3 oA dimethomorph?] 20| 9 HEA ZA o= Z§7]|2 octadecanolo] 7P &7 o]¢lon, o7
7 Z427] polyoxyethylene-2 ethylene oxide(EQ) E71=2=7} 20 E71A 271348 ¢ & a7 0|t} uelA FAE
A A) 9] H-F7]= dimethomorph®] BAF A&7} LolgiR 2 F2 Q0] 99 cuticular wax 2] 0|35 A& H3}
APIE S8 10l 20 & 01| EO7} 71 17 polyoryetylene FAES] 318 371902 FAE A3
g4t A% £8 %31 cuticular membrane ol 2.2 HEA T EH dimethomorph®] A FE7} §ol3te% G710
o)) ﬁi’r% cuticular wax®| °|gStg 2 Fo FASte A4S = AR FAHU

MO10{ dimethomorph, fatty alcohol ethoxylate, A%A, 1-8-7], B4t




