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At AdEgAd odaiM fFrHE Ford 99 ARUIFe] fe A7 FFE nESh w4 AE 49 AT
4 Arells A=EAY, AE doly cuticular membraneg o}&3te HAFs 4 7o) £ ol§EH 1 Stk 7P
FHZolz 784 A& Congo RedE FHELR ol&ste MEL UFE FMo] ALHUT Foke] g9 HFel A
oJA] Hdje] AL epicuticular wax$} cuticular waxE Zdsle o FHe gaZoln, AR ARAEL oS
limiting skino|2} #27]% gt} sofe] EF3)(molar volume), &3 R RuljAls 52 ofgsty HdL 42 ¢
A AT e mAAR AR AAE Vel Bolw, dwkeld 4 e oud AATAIE ofF AR
%3kt Polyoxyethylene 7|2 7H& AWE 4F AUSHAES BE Fol oistd F& A5AH FIA=Z
A gk AR FAAR AREE AREAATE sk W ARAE FAste dele AR, 7Hes w9,
Fu4 2 VAREGAFE T AUNZEA 2Rl el IA Belske A 2AE ¥k o] AN ARG F
A aapE F ANZAE A8 gaFe H4A FFEY o r gaFe] fEAE SIS A 98
(plasticizing effect)& gt zlo] Wit AHEGA 7L SaFo] 94 AFSH waxdel F540] F71etil, o2
Qlsto] waxs WA weke) oled3 RujAFst et oz Fokel gu AT £nrt wigkgtE Rejrh ey
AagAgAe] 2f7] B2 AE 429 w@hset 15719 ethylene oxide F7HE#E7F Fokel AFA FxlolA

A% &w7) Fore] ARERG Ze

oAufgh qeE sl AAIE BEA AA Gtk dRt AuEgA AAe] g
Aoz A% Yrk(2002d 29 10 U 4, 20029 39 269 )
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R kxZAA(adjuvant)s AE i Eee] gk o iR AWE oA Al Fokgde] A3 3
okl wa, A& 25, AT, old Tol 4 wHA ol Fooll F2 At WFH FFOE JHE o
TIHOR Fok] FFE AT BHow AgHE Bd o7 %9 WAl iAok ¥ Mg AdAe A
& A8, A EAd wlebd spray modifiere} acti- ol oln ZEd Hel diF Az ZHE 7] AsA
vator2 i€ 4 9t} (McWhorter, 1982 ; Van Valken- Foko] |2 RE F4 oA} o THAA YRR
burg, 1982). Spray modifiers §okS A¥sdS o) w  EolshAl HFHolof sk w3 FREE A YojuALt
ok golo] FA Fo] A RAYS] WA HAXA = HEd & A7le dAle] Adeole &7 A% #e AR
FdlA|(spreader), d¢t BAE Fopo] Feu} uig Fo Ulel A2 W2 HFEEA deen of ALite o
=4 a9 o8 A AdEA ¥A s nza A = U Aolb
(sticker), % ©] T 79| AL FAo F8sr| = 3} ey s AEA, 53 o mHogREY IFA
= HM&#Al|(spreader sticker)E FF3lr) Activators %% < F2 FaAEY A FAd o) #e-dr) ol
o b tiAb FWo|A soko) ARE Lol Fo] F= TR ol ol Aol AHQl o W FE|E]
A5 SAAZ 22 Y] Fofol whE A7 o] 2 SaHes 244e vehly] wiEelth Foke] A% o
of =kl stAu Buel GRdhe woke] d& Yo Aol Hx & Halee] WAl Tod A4%e € A
25 79t ulgtol 93 A4S sk dag . FAdo] oFgk okl g s Hsle] QAo g9

ol FATAAE FIGH, AEH BER AUy WAHT HFFS TPIEL . oY E wekd T4
AR AA T A 50U BAE FHRer SAE ol8std AFRE AA FME BE davt
sha gltiKirkwood, 1993). o]o] thsh A= o) AR Hyl SR
Bl Al 9len] 1990 o) Fof wlfg- E4d3lwe} glrk 254 S A(activator adjuvant)e]l 2JajA] Fefel 9l

worel AT ol wote] HEE At Fad  URR AFshs U1 opn WEex] gri(Kirkwood,

£¢1% &htoltt. Glyphosate, 2,4-D 5 thi£2] 2|z 1993; Baur 5, 1999). ol& <lsto] Fofo] A& W A&
A FAA T oFE FXIA9) Al oot das A
A A A sz ol FE olg¥a ot welH FF pAdd
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Aol EFata A E49E SAskE WEd FE Ax

Aol Aj(ansen S, 1961, Templed} Hilton, 1963;
Jansen, 1964; Grayson %, 1995 Murphy %, 1995)] %

fujojston, Ho| S0l FF AZA ) AdAel A4

(Otsuji, 1986; Grayson T, 1996a, 1996b, 19%c)ol = o] &

w50 lrk olefdt W& ARRgE AellMe woke] A

&3 AFE fUeE 248 3 AR TH 59
A7) ofHr) wEkA dold Ay A8, FEHE, 84

=
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2 HEA FRAA Ao
(Schreiber2} Schonherr, 1992), 59k 2t¥o| Bzl
o wale WA 29E FY FAslez Hup 4839

Ao ANs]E gk

sore) A% gw A4S ARNeE 24T 0 W
A wdar 11¥ BEE AMSE A 74 Ve
(radiotracer technique)o] #¢] 3t Wog ojgr
ATk o] WAV F4 1&g olgw worel gim ARy
AF e oA F R L £ e, olF s
Aot Qi ool BAALR FAT HoEE B9 iz 4
qe F awel ehgol oes Se| 484 fu) &
ogol FEojem Aohle] Geole] WARS s
9lo] epicuticular wax o]9]9] FES x| A(stripping

1

RUSEE=2
S48t 3FE woke 4&
AEEe whgo|tStevens 5, 1988; Field$t Bishop,
1988; Buick %, 1992; Lerke®} Streibig, 1995). o]2{3l 1t
HE ol mue gl FAE] ol UV gl
ARE wofe) Be % F Pt 5 ATRES WY A
g 4+ glom, ol
2 (driving force)& & 4 flovg, FEE, 5% Fa
Q4w A% 2 g 4s QuAe] nde)
o g riSchreibere} Schinherr, 1992).

A HTole A% JoRRH R €I, 32
AR oo A e @y2 AFAISE cuticular membraned]|
WAbY sRdAar FZAY 2EE FFAZ F A &
d(desorption medium)© 2 o)F3l= BEAY FRE &
e ddloz g o]FAS o el UDOS(unilateral
desorption from the outer surface), cuticular membrane
of B gole AT F AUF §ACE oo £
9] F&E& ZAsh= SOFU(simulation of foliar uptake)
S3} g o) sokel n AT Aol ol o4
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Aw, AopolE QA ARAART N AL IFEE
vehdths d 5 %2 9ds 7B dth(Schreiber ot
Schonherr, 1992). 71 Ftoll= EAlo] 9 A3, 4
A FolA geoleer dFHEE #8484 M4 Congo
Red7} ofe] 714 AgzzdsiolA A& do A9 F4H
A E BAS ol8F MRS dYW AR U
‘Congo Red wio] sjutslo} o} 7bx) weke] Az ¢
W AFAAS dAsted o857 Aoy, B g2
AAS Axol & Aoz weltlYu 5, 2001).
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Fig. 1. Schematic drawings of the cuticle and the di-
rections of solute and surfactant flow in (a)
UDOS and (B) SOFU (from Schionherr and
Bauer, 1994).

Foke] d A5A #g A

olo] EHE epicuticular wax9} cuticular wax® ¢
9)eHFig 2)

Epicuticular wax= FE|Z EWHo| Bddd 71524
ZA8, g 38 5L AA FRE olFA 3,
ool AeAS Wi gtk olE &aF2 7 AlE

moko] xbibE, 5918l EfjHEdR, 2HE, FUER
7 e} 9o, ehg Cp G Cool 135 €F, Cu,
Canol ¥l Cpol 27 48, Cu, Cpe B-tilE &
F2 71 AES 7 E 3k, AT, dHsle, 42
5ol FAgRolol H A LR Er, 1990).

FEES ALY 958 Ao e oFe o, F
A= izl 07~13.5molt) A& welr FA2 AL 30
7t 98 AR g Ao Aug A& A9 0
me] AVA = AL ok FEIEL cuticular wax2},
e} Cis®) Ao 2RE f=d 23t el
2ot A8 FEoR o]FojHAM &4 F
31 gIA|¥} epicuticular wax® o= FAo) & A
] 9le}. w3k cuticular waxi= #U¥ & FA4E
1 Shri(Baker, 1983; H K[ 4srd, 1990). TFE|Z
THoRRE YR A4E o2 o] Hi Fo
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Fig. 2. Schematic drawing of cross-section of epicuticular membrane (from Pesticide Science Sdciety of Japan,

1990).

o)A 722 /A tiHolloway, 1982; Schinherrs}
Riederer, 1988; Tyree &, 1990).
Cuticular wax+s Z%HolA FFE|EQ 10%9] E3}sl%|

ok sekel AEAe dojMe gt AAE FEHEe
1/10 olate] Expe v FIgo]  wrri(Schonherrs}

Riederer, 1989; Schreiber®} Schonherr, 1992; Schreiber,
1995; Baur %, 1996; Schreiber 5, 1996). wejr] £2<9]
202 A3el= AL F2 cuticular waxgtal s o

A ZFeE Holm low, dF dAFREL oAlE
‘limiting skin'e]g} F27]%  dtiBaur?}t Schonherr,
1992).
Be dpdsel @b okl 2d H38 o8
s AT Bk Ag 99 YEAL ATE 23
]

I
olghd, QoA FAiAHoZ Bgld FE|Zo st soke]

AFEAE ol FHES% 2702 s (log Paol H

#ate oz e tHSchonherre} Baur, 1994). 59k
FEATTL LSS EE Sehs/E RS 24
Fokel FEIE/E WuiAlTE AAM dm el Ak
(Kerler2} Schimherr, 1988a, Schinherr9} Riederer, 1989).
wa od omiy pey feZe Fige FuS
/ 245, & Y3 (molar volume)7} 2H-e-4

= ATt

Z Aoz yepgtow(Kerler?} Schinherr, 1988b), 2.
Ao} F2 15 I}2(green pepper fruit)ZHE] E2|3h
FEFA §42] ol &4 & Rit 255 &
oA F2 UaAE YeEhiti(Bauerst Schonherr,

i,k

1992). ek olahera el A ThE Be Feol o
o b A8 o sl RAl 9FS vAE ¥

o Aze] ofel 7| AAES ZANIAE

sk ¢ Qe

a
o Wijg VAR AR el
%4 2AA7 A
SEIEE B!

Add Al 28 =
AT

AREEAE Foke] tES
o] BAzM o7 B¢t AR oigit) ofn I
ARA GHolut AVFER whE £ dEAS {719

HaAleh el Asge W A3 42 <ol

S oksirl Z7lKlthe AT w3k gtk ol sepel
nl ARAo] AT A FAolth Sl &
Soll glold sobel ARAel Ml Fade A4 &
olo] wAlgEloll} PE2el et BEel VRO AT

Solzits Apale] wrE AWM L ZEE I TH]Janssen
%, 1961). Freed9 Montgomery+ o B¥o] ZHgf #4&
S3jo] olg] FRel AWBYAIL mHRE As wnsl
MdHoz Azd olege] ARAS Apasiace 2
52 wof Fen, I5S Y SAT AzAst Aud
AR Azatgel W g AstErt o Fasu
58 FeAs  sRnn ZEAUtHFreedst
Montgomery, 1958). AzA 221} AUBGA S Fsxt
€, ol ¥ Ax¥ T e AxAQ 24D &

olEZS ArR 3 Algd ez dHFth T &
o]  LH#A(wetting), 2HA(spreading) B LA
(sticking)2 ‘o] AFAMrE WA Raee] ¥
n Atk 2y AZBAE FAATE ARSEAY =
= EEYE T AudEe] Askny) Adshs s
P4 B0 web dzdol 08 Hel okl AR

2
Z7F 4 #EEo) glge] FHattta sigirk(jansen,
1964).

ARgdAs g B del] dgriek AR715 97 7t

A glold atAlsh A, halsh oAl 5 olajek 7)A)t
2 ek ZEe HE 4 Ee AW FEe v

FRh AVBRAE T2

[+]
Aol ol3) $FF ) 15719 ool wehy wlole
X, ol ed, ol B WicleHo® U & gtk ol
S 7 ANE daee AR AR, A7

ethylene oxide FHPAZ o]Folzl wjol2A AHDAA
(ethoxylated fatty alcohol surfactant)’} 53] oo ¢
il ZR%E ARe dE oA ok

(Kirkwood, 1993; Stock<} Holloway, 1993).
Stock$} Holloway: o3 d7AtEe] 994 24 &
S olgslo] P& Aol ozt ANERE AltE A
gAA 2dN FEEE s IF 7SS 99
FoF AR A} dojd ¢ Yok LB FH
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g 29 AT 5 b 29 Sk

AVGAS Fhohs Fob Golol FEZ melo] ¥3
© 7 ok ARAl FUHAS B AULAA o]
B4 ol 5 98 Aow FgHE 95w 1) 9 %A
A weF Golol WE WY F71 2) FEFF HY 9a
o gaf F& B3, 3) AT FolAe] wopel 7183, 4)
RAE FolH 23 PP P B2 A4, 5) FEEE
o3 RAE Y £ 7, 6) /1o YFEE 5
g9 AR E1 Fo| F2 AArsgcHollowayst

Stock, 1990; Kirkwood, 1991).
olEAow AL W Fob fohe] B Mo FAE
5% FE2S 9§49 A FR0t FUE Aow o

FEA, FF §Ae FHete Ao £iE AFE

o)
A eje] B2 wga) Anagad o 54 St

Atojo] URbElgl 4 ol ol A3 AR LAHA &
Skc}{Schonherr 5, 1991; Stevens$} Baker, 1987). M3t
T AR FAAEN A8ste ANSEAT o 394
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L A Eet AREAdAE FEE o
/7R R HEHES
A oA FoFel HUFA
AZY=[ e De Luiter %, 1
v dakdn g og Ak ofd Ao Mn ebo
52 2ol oMol dxe wsh & AMZAgAle] o4
dolkeAle g &4hs A 1% 4 gldrk(Stevens
9} Bucovac, 1987D).

FoF go] ool A 3 AEZA o ofgh Foke
7HEEer g AR Sl WAE et Alws
ATE 2x YriTemple®} Hilton, 1963; Nasseta %,
1991). Flamprop-ethyl {18t} &2 ofg FHAE 335}
= glyphosate -§-o& A2fgh AYPAA AA o] YHEUE

2

uwidch vgdd o AFEE Foke] U¥o] o wr}
(Maclasaac 5, 1991). ol o HWo] Fagl FoFgdd
A Fol Fuetel weEl AMBAA) sEE, FEF
AHEYA ] Gujgale] s woke] 7MgslEER wof
of IFAol TR RAoE FAHHAUL e} K9
T80 ATVt Ao R Fold E guE R =

A

2 7 FEEE E 5SS Tween 2000} Tween
804# %57} polyoxyethylene<] ethylene oxide *7}%
Y7k AN FEAL M e ARSAAEd o
AFAdol SHAE, ofeldt A7 AR AWNDA
Aol o3 AFA ZAol HE B F Lk o)l
A71H A Cook %, 1977, Otsuzi, 1986; Holloway$}
Edgerton, 1992). vl 283 Ao oAz I®A

32 53t a4 gome ARNBUAY FEAe] WA

noop

2 A9HE T A 28 b ALy,
g jREY] w2 vl FRIIT gomw ojgt
ol&g Fdiste] & & A& Aotk
2] AA-E(Fielde}l Bishop, 1988; Stevens 5, 1991)
o) o3} 5oF elo] g = /TS okl M U )
1

FE AR 5 olve ARe] a9Aed, ol M1Ee
£ wofel v AT vA AR Ask L) ulg
=2 Silwet L-77(polyoxyethylene trisiloxane ether)z} %

& frdEEA AdEAAE FRReEs Thesitt
(Buick %, 1992; Roggenbuck %, 1993). ole{gt AMgA
Ae o) FY TUFAL 20 mN m 7 BE £ 9l

o el dojd & g WF AES W
A Hzel Aol FEZ) BhE S0 ot B
oItk Stock F& olelA Y b5yl we slgEE
1) Feigel Aol ok A¥Il golsAE WHow
Wzl 2) 2l Qlolx FEE A% B4, 3) A+ A
B & 44 AR 243 4 AxTe Fi= 2
5 AREgA skl FF T o8 EUTHStocks}
Holloway, 1993).
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RREAE ghEel gE AANE Aesas
u sore) ARE b} ANBAA ARE % §

(Stevens®} Bucovac, 1987). 53 ARBHA7} F
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*éi% } T 71"1
AH a*éxﬂ U}Ol**“’ oA} v Az
FEEE T4 & giok A% AAHANM ojwd A5 7
T ‘3111”&, LA BA
k S0 A7(Stock
7} o] Folx] =

F 3 2hgo] Yol =
Aol ARFHAE

Foe Aese

=
o} Holloway, 1993)01] o8] A% 7;1,5—
e AuggAe e B4

A= AR FAsA) Stock
WA AL F AHE A AL Ta Eore
4d%  Fsto]  polyoxyethylene alkyl ether(alkyl
ethoxylate =& fatty alcohol ethoxylateg}ix 3h= 2

o] FEIE KU FL FUZ trold wor] BEE 4

olatAl ek A8 G, o AR Aol F
FORE MR e N BAYFE g0 HH

Gl Ao vehith of 49 Sal] oL 14
7] polyoxyethylenee]l ethylene oxide ¥71&8%w7) 2h&
A8 AR ES 2 EulAT(log Po)E 7ML ¥
okt A Ael@ W AL FE|Z, A2 ofx
ZEZ] AF 2] FujEE s S FE
Reletn skl
71744 Stock So] A3 uvle}
018 A}Q_ob )dzﬂoi o]a{ AR 7]73}
9

5&3}. ‘L}E}H "FL"ﬂ ’-\lg UL B HE
epicuticular wax& ZLtiE 7pAaL Q&
o7 FEeAY g7t AAR FEIES ven, 2
2y 3RS ddez T J1FS wIua Axd =
&0 o BaE )

gAadog HElg cuticular membrane?] 9)& o g HE]
o2 §4do] sl A4S dArsls wyel UDOS
AREEE AFollM=  polyoxyethylene alkyl ether?}
24-De] TS AA FASALE 24-De] o)A g
ARG A ] qite Algle] g2 Frkeiglen, AW
YAE A 2 o)A 24-De) o)Ado] Hol
A Az FEHEUTFE F7hehltiSchonherr, 1993a).
Ak o] ghAFUE L GRUE G, G 2 ol
24-De] ol3A] FHel| gxHoelflen], 1 TilE FEEF
el AldEdxlel ol nlysisict e} 24-De) F
Bl digh ol 54E AWdAdale] HLBY HEIZ/E31e]

HAZE A1k

RAAFSH A

-

i =
RN

E3k 24-D2) cuticular membrane ©]EAlo] vlxj= 7
HL=Z, polyoxyethylene alkyl ether 2 glycole] &S
A8k =F(Schonherr, 1993b)olA] Co o]le] Atz o
T2 Hagvh STHEFE 24D o)F A4S A e
MME‘% Go ool garrt $71855 24-De] o5
4 F0 Eaph 939 gasiath AME 923 vaw

=2 =2
W} polyoxyethyleneo] ¥-7p¢l AW 422 24-De] o]%
2]

de o ol A %3}3’2% ¥ ofz} ethylene
oxided] F7+E@ et SR 1 gale 2 Ao

skt ek glycol obf-#l °§ e mHA
elah Antate FEZo] uig 2o of

z3
Z34d

- AAsk

“

A A= LZo] i3t polyoxyethylened] #7b= &
g Rolw, AulE GFolu} ethylene oxide7} H715
g AWE G2e cuticular waxo] F5EO] AAS
Roq 3 Flojgtar AlQteksiTh
w) QoM FEW 9az ATHY dadel U 2
4 A7 (Schreiber, 1995)0l[A AlHGAdA o]t %‘ oko]
AE= 7}052’4 o 070.]1,}11], = :rLzo] B]7]~ o] o
e dojubA v Aoz vERTh 3 3}.’:? ‘—H°ﬂ
ARGAAG Eoko] SA)o] ZAT w AL £rs} =j}
2| g, gAF o2 RE] AHSYAV AL 73—?* A5
= ARl mEka - Schreibers AAZAIA 7}
Eoke] MEAS 223 AL Az gk Al S A
? 7haAl & Hreversible plasticizing effect)
sttt
spectroscopy & F38+ ¢

AL oo FFEA

Electron spm resonance(ESR)
%L(Schrelber 5, 1996)0 A A
S ) cuticular wax2] S-E440]
S7hstEz ARSAAL 7L’t2ﬂﬂ_‘§ PEgrhs Aol
WAk Bauer S(Baur 5, 1996)& AWEAo] glE
chlorfenvinphos= FE|ZZ2| et2of disfr 7haA] ¥

& Hepdo 9tk ole oo dd HEAHS 54
sl activator adjuvant9] ©]8}5}% EX4do] AWAE A3}t

I3 B ANBYAE S5 olg X 4Tk v
& Aojehs 348 715 Pk

A7 %‘— Az /\}%

Polyoxyethylene lauryl ether&

dta, UDOS Wyies 3 7k 2dl 33tee FEZ
HAE Alde dFHBaur 5, 1997)0lA4 pol oxyethylene

lauryl ether: ethylene oxide2] ¥7Va3tert 71845
Fapdo]l gasllon, w3k 2d 39kEe FEdE A

3tk o) ethylene oxideo| F71E53wrt 22 AW
AAE FEIZo] W &2 F5E A5 ethylene oxide
o WAFHE T AVBYAE FEZ O FrEE

7b =27 WEd Aolekal sigick g FEET oA
32 diAlz &3 -F4(lipophilicity)#} F
&2 = 97t &

At 75 #As] A v
t}. %, 34 Aol cuticular membraned FY3F 2439
A AuEcE  HAe]l AERR  Av] AT %(size

selectivity)7} A% A Yepdtl= Aolt}. ubHo 74]‘:1
477} cuticular waxoll F %W polymer matrix®]
ol F7ksted Aol #asta, ol Ut e F

S g4l olExel grlelen, olF4 22 Ade 47
o & %ub 245 o 2 depck eldlch o))
FE}Zol} cuticular wax el A g9} o]FAd S F7HA
7% adjuvanty= 53] Y7o} ‘accelerator adjuvant' )3l
% ghel(Schonherr, 1993b).

Cuticular membraneo| #5% AHEAA = polymer
matrixth cutin#} st A3 ALL Edlo] £29 olE
S 16} 443} oiA|(activation energy)E =7 @&

458 o) o3 BRE 829 oTH AN Ln
g ol ¥y ARE a9 A YArkBaur F,
1999). A& Ao] 2|3t cuticular membrane o} A2
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Fig. 3. Reversibility of the effect (A) of GP C-050 on
the time courses of desorption of bifenox
from Melicoccus cuticular membrane (CM) and
(B) of CI2E6 on the mobility (slopes of
desorption plot) of bifenox in Citrus CM.
Desorption of the same set of CM was
started with PLS (phospholipid suspension)
followed by desorption with surfactant for
one to two days and again with PLS for
three days (from Baur, Schonherr, and
Grayson, 1999)
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Review of the study on the surfactant-induced foliar uptake of pesticide

Ju Hyun Yu, Kwang Yun Cho, Jeong Han Kim' (Bio-organic Science Division, Korea Research Institute
of Chemical Technology, Daejon 305-600, Kores; "School of Agricultural Biotechnology, Seoul National
University, Suwon 441-744, Korea)

Abstract : Research trends in the measurement of foliar uptake of pesticides and the recently proposed
action mechanism of the surfactant-induced uptake of pesticides were reviewed with the related reports and
studies. Major techniques used in those fields are bioassay, radiotracer techniques with leaves or cuticular
membrane. Recently, a new method using Congo Red as a tracer was proposed. The limiting factor in the
pesticides uptake into leaves is the waxy layer which consists of the epicuticular and cuticular wax.
Physico-chemical parameters such as molar volume, water solubility and partition coefficient of pesticides
have limited influences on the pesticide uptake into leaves. Polydisperse ethoxylated fatty alcohol surfactants
are well known as the good activator for many pesticides. It is now generally agreed that uptake activation
is not related to the intrinsic surface active properties of surfactants such as surface activity, solvent
property, humectancy and critical micelle concentration. Recent studies using ESR-spectroscopy revealed that
the surfactants have an unspecific plasticising effect on the molecular structure of the wax and cuticular
matrix, leading to increased mobilities of pesticides. Penetration of surfactants into waxy layer altered the
pesticide mobility in wax and the partition coefficient of pesticide, and then the pesticides penetration into
leaves was enhanced temporally. The enhancing effect of surfactant could be significantly different
depending on the carbon number of aliphatic moiety and the number of ethoxy group in polyoxyethylene
chain of surfactants. It is suggested that the rate of penetration of surfactants should have a significant
relationship with the rate of penetration of pesticides.
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