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248 Yehlie 338 (peroxidizing herbicide) S0} E}
4 &84 gitiDevine F, 1993). thEZQl A8 o]
&3l RIEZE AA, photosystem [0 2HEH AAE
g slo] GAAAS WX F]E paraquat(Babbs &, 1989;
Hiyama %, 1993), €4, 9424 A 7H4<] protopor-
phyrinogen oxidase(PROTOX)E& A 3llat>] protoporphyrin
IX o|g&}i= photosensitizerS ThF ZHA|A- ol 23 &
A g WA F)E acifluorfen, oxyfluorfen, oxadiazon,
azafenidin S{Kenyon %, 1985 Sato &, 1988; Becerril
9} Duke, 1989; Duke %, 1989; Duke %, 1991), Alsj=
B 9y E vmd =g photosystem I1¢] Qb
sited] Agsle] AAALS Aoz FPULE I
XA GEAS FGA7)E= FEEA atrazine, diuron,
bromoxynil o] SlthBarry &, 1990; Fuerst®} Nor-
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P HE F XA FEHEE AV|ATAR 245
© WH(Vanstoney} Stobbe, 1977, Yanase 5, 1990;
Duke®} Kenyon, 1993; # 5, 1996; A =, 1999; Lee ¢}
Cho, 1996)°] ©]€=H3tk T2y, ol& ¥y nwwz 2
B71(FE, HEYU, BY 5T olggez IUE Yol
AR 8T A FLAE H28 7 mL o]io] QFE, =4
& AsoZ 7t oFoE w3 73 Qe welby,
B FEEES a8402 HAS] 93 A2d dyo
24 Molin?} Khan(1995)& Hjekgdog F&y Axd
S WA BRRHFORA  owell ZANNE HA
| FPsae Ak

¥ o= Molin®t Khan(1995)0] |9kek
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71& A|zA 24+ acifluorfen, oxadiazon, oxyfluorfen,
paraquat, atrazine, diuron, norflurazon, glyphosate2]
G FANYR, ATFPHAGRENE BRBNATE
seEAdATEel M 43k KSC30811, KSC31669, KSC
31673, KSC31675, KSC31676, KSC31679, KSC316810](%
5, 1999) o] &=ick

71 2ol 3-methyl-2-benzothiazolinone hydrazone(MBTH),
ampicillin, FeCl;, phosphoric acidi= Aldrich %=&
SigmaAl2FE| TUE Aloke AHEaIS

A8 Fu|

A EES dimethyl sulfoxide(DMSO)o| =< %
(paraquat= SFT F<), FRT J4std AgE&A
& ZASIT DMSO9] HFwEe 1%7F 9 ¥=F 38t
Ak AlFRAdE A4S =] Y] 50 mg/LY
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5, 1965, Molin®} Khan, 1995). & ujofo] #ud T,
microtitre plated] wjge] pH7} 3~47F HEE 036
mM phosphoric acid §4-& 125 pL Hrislod ¥h$-&
FAANA o7ld 1%(w/v) MBTH 489 125 uLE
Whela, B BolA 3-523 BN F AgolA
ST wgele] 02% FeCl 9} 125 4LE 73kl
1087 Wik 3 670 nmolAe] FFEE microplate
reader(Labsystems Multiskan MS)2 =33tk g2
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Fig. 1. Leakage of MBTH-positive products from cot-
yledon or leaf discs of cucumber and velvet-
leaf incubated in different concentration of
acifluorfen. For experimental conditions, refer
to Material and Method. The absorbance of
coloured solution was determined at 670 nm.
Vertical bars represent the mean values of 4
replications with standard errors.
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Fig. 2. Effect of light intensity on the leakage of
MBTH-positive products from cucumber coty-
ledon discs. Vertical bars represent the mean-
values of 4 replications with standard errors.
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Table 1. Effect of time of light irradiation on the leakage from cucumber cotyledon discs by different

herbicides?
Herbicides Light irradiation (hr)
(1.0 xM) 8 24 48
------ Increased absorbance at 670 nm -----—--

Acifluorfen 0.45*0.06 0.70+0.03 0.74+0.09
Oxadiazon 0.50+0.02 0.78£0.09 0.541+0.03
Oxyfluorfen 0.43+0.03 0.6210.06 0.69%£0.07
Paraquat 0.10x0.01 0.441£0.03 0.73+0.07
Atrazine 0.00x0.02 0.00+0.02 0.00+0.01
Diuron 0.00£0.01 0.00x0.02 0.00%0.01
Norflurazon 0.02£0.01 0.00+0.03 0.0010.01
Glyphosate 0.01+0.02 0.02+0.00 0.02+0.01

“The experiment was performed in the same conditions in Fig. 1, except illumination time. Values represent the

mean values of 4 replications with standard errors.



14 157 -4
acifluorfen 0.1 pM2| F$ L7l BEL45E 2 w34
2 B, 1 uM olgeldE T BERlel o]t Ax)

oSk, wah

Al 52 FE2 APTE A9olE 100
Aol

pmol - m? - sec’ & Zd%ﬂaaob} AEre] AL 200
pmol - m” - sec” & Hojol & Aoz At
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Fig. 3. Effect of light irradiation time on the leakage
of MBTH-positive products from cucumber co-
tyledon discs incubated in different concen-
tration of acifluorfen. Vertical bars represent
the mean values of 4 replications with stand-
ard deviations.
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A o= & FFEAS Yo WEAEE ZAR
Zojob & Aotk o]F 9N BTz FlHUYE 7}
A3 & formaldehydeo] W3t B APzA0AM 9] 9
FRT7 vdone AdsAT 1 A% 04~200 LMk
A Ag) Aepike-S HAriy = 0.008% + 00092, 1 =
0.9978)(1% 5).

Table 2. Effect of concentrations of MBTH and ferric chloride on the colorization of leakage from cucumber

cotyledon discs treated with acifluorfen”

MBTH Ferric Acifluorfen (zM)
(%) chloride(%) 01 1 10
------- Increased absorbance at 670 nm --—--—-—-
1.0 0.2 0.24+0.02 0.38+0.03 048+0.01
2.0 0.2 0.12+0.03 0.27+0.04 0.34+0.07
1.0 04 0.17+0.02 0.41+0.05 0.48+0.03
2.0 04 0.14+0.10 0.25+0.12 037+013

“The experiment was performed in the same conditions in Fig. 1, except concentration of MBTH and ferric
chloride. Values represent the mean values of 4 replications with standard errors.
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Fig. 4. The change of optical density during reaction
of leakage from cucumber cotyledon discs
with MBTH and ferric chloride. Vertical bars
represent the mean values of 4 replications
with standard deviations.
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Fig. 5. Linearity of MBTH assay dependent on form-
aldehyde concentration.
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8|3l acifluorfen, oxadiazon, oxyfluorfen(Kenyon 3,
1985; Becerrila} Duke, 1989; Duke &, 1989; Duke 5,
1991), 2) photosystem [& 2402 3k paraquat
(Babbs 5, 1989; Hiyama &, 1993), 3) photosystem 19}
Qb sited] AdEo] AAHLGE sl atrazined} diur-
on(Barry %, 1990; Fuerst ¢} Norman, 1991), 4) phyto-
ene desaturasea Aajste] FtRE 0= ARYE A3t
norflurazon(Sandmann &, 1989), 5) EPSP synthase
A&)ste glyphosate(Siehl, 1997) Solt}. o]&9 k&
P28 AEs Ay, PROTOX A&fAwr 0.1 pxMolA
$4& 1 B 78 oAl B4l itk 1 M F
oM paraquat’t F7HHog wREAdo]l yehtr] A%
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TFEAIFES AT AR & 4dMet 2ol
AzEA o) A AT FAo] ¢ 2 s A F
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#AE ol AL YT & Y=AE Lotry] Aok
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Table 3. Leakage of MBTH-positive products from cucumber cotyledon discs by different herbicides

Concentration (u M)

Herbicides
01 1.0 10
------- Increased absorbance at 670 nm ------
Acifluorfen 0.27+0.06 0.45+0.06 0.46%0.02
Oxadiazone 0.17%£0.02 0.50+0.02 0.53+0.03
Oxyfluorfen 0.26+0.01 0.43+0.03 0.49+0.01
Paraquat 0.01+0.01 0.10%0.01 0.16+0.02
Atrazine 0.02+0.04 0.00x=0.02 0.00£0.02
Diuron 0.00+0.01 0.00+£0.01 0.00x£0.01
Norflurazon 0.00+0.01 0.02+0.01 0.04+0.01
Glyphosate 0.01+0.01 0.01+0.02 0.04£0.01

Values represent the mean values of 4 replications with standard errors.
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Table 4. Herbicidal activity of newly synthesized compounds against various weeds” in the greenhouseb)

S E A D P S A A X C

O C G I A O E B A A Mean
Chemicals R H R G N L S U N G control

B C S S D N I T S E (%)

| G M A 1 1 N H I H
KSC 30811 20 20 0 30 70 80 0 100 40 95 455
KSC 31669 0 0 0 0 0 0 0 0 0 0 0.0
KSC 31673 60 100 80 100 100 100 100 100 95 100 93.5
KSC 31675 40 80 80 100 100 100 100 100 100 100 90.0
KSC 31676 30 0 20 0 0 0 0 100 70 100 32.0
KSC 31679 30 0 20 0 100 100 100 100 95 100 64.5
KSC 31681 35 0 20 30 40 100 100 100 100 100 62.5

“SORBI : Sorghum bicolor, ECHCG : Echinochloa crus-galli, AGRSM : Agropyron smith, DIGSA : Digitaria sanguinalis,

PANDI : Panicum  dichotomiflorum, CAGHE : Calystegia  japonica,

XANSI : Xanthium  strumarium, ABUTH : Abutilon

avzcenmze AESIN : Aeschynomene indica, SOLNI : Solanum nigrum
“The test chemicals were treated on 12 day-old-seedlings at 1 kg ai./ha. Herbicidal activity was visually
determined at 14 days after application with 0~100% scale system (0=no effect, 100=completely killed).

© MBTHE o|&3 #AAMY 01 pMolA 05018 BT
Al go] 60~65% AEYA KSC316797 KSC31681-&
035u)¢], FigAlgo] 30~50% AELA KSC316767}
KSC30811& 0.1¢]3te) §3=E Bgy, AxBAHo| A
@ KSC31669+ A3 uH3-& yehiix] go} F FAzA
Aol Afr) ol YA AFE RAFUL. I AP
1 pMoNE ZITHE 5).

ojatel y|& méﬂﬂ-ﬂ%ﬁ*ﬂﬁé% T3 s
og] 7k AlFEe 29E & o, B whge PROTOX A
A 2 A 19 ARE 2 AxA 5L ARE
H 5ol4 e 7 Aoz dAdEgen x7|9 7EEe
£ 1~10 pgMo] A3E Aoz AZEYL) = ujx)e) 2

Fo] 1~10 pM F=olA Aol Hold ol ALAQ
Fao Tddte gdEgAzARAY JlsAel Jun
A}

o F
SUFAEe 71 AXE e & APT
g *J—’E A AAgesN 9N Frskies A
$T&E Foled 9] WRel Aol Fuynrhe A3
289 Siglel T2 g ReiPth HuaAe A
z_ ASE HBA AXE F3e] YR AXDS FE

Al71|(Devine 5, 1993) oleidt +&& FARAEZA o]
$3l) et AR st wmHez AgEe & 7
ANE AEE FEHEE AVAEER X/\]-s]-—— 720]%
THDukeSt Kenyon, 1993; 7 5, 199%; A 5, 1999; Lee
9} Cho, 1996; Vanstoned} Stobbe, 1977, Yanase =,
1990). 22y, o] WHe APEdo] HAd 7 mL o
a7EY YAA FE 207“ o} AgHER Huy & &
JNEE, AEUSH, 3% F)E ol&3 Ho FUE B

Table 5. Effect of different concentrations of newly synthesized chemicals on the leakage of MBTH-positive

products from cucumber cotyledon discs

Concentration (M)

Chemicals
0.1 1.0 10
-—---- Increased absorbance at 670 nm ------
KSC 30811 0.07+0.04 0.12+0.03 0.31+0.02
KSC 31669 0.002-0.01 0.000.02 0.00+0.02
KSC 31673 0.51+0.04 0.62+0.09 0.67£0.07
KSC 31675 0.50+0.03 0.51+0.04 0.69+0.04
KSC 31676 0.10+0.04 0.26 £0.02 0.47+0.04
KSC 31679 0.3610.04 0.46+0.05 0.62£0.05
KSC 31681 0.33+0.05 0.34+0.05 0.40+0.01
Acifluorfen 0.29+0.03 0.45+0.02 0.51+£0.01

Values represent the mean values of 4 replications with standard errors.
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Spectrophotometric microtitre assay for rapid screening of membrane-disrupting herbicides
Ok Kyung Kwon , Jin-Seog. Kim and Kwang Yun Cho(Screening Research Division, Korea Research Institute of
Chemical Technology, P.O. Box 107, Yusung, Taejon, 305-600, Korea)

Abstract : This study was conducted to establish an efficient screening method of membrane-disrupting
herbicides, based on the result that membrane leakage leading to evolution of carbonyl compounds and
aldehydes could be colorimetrically assessed by formation of stable chromophores with MBTH and ferric
chloride. Assay conditions including plant material, light intensity, irradiation time, concentrations of

reagents for colorization, and reaction time were optimized, and activities of different types of known
herbicides were investigated with cucumber cotyledon discs. That result indicated that this assay was
sensitive to membrane-disrupting herbicides, such as protoporphyrinogen oxidase inhibitors (acifluorfen,

oxyfluorfen, oxadiazon) and an electron interceptor from photosystem I(paraquat). With seven compounds
newly synthesized, highly positive correlation was observed between herbicidal acitivities measured by
greenhouse bioassay and MBTH method. Because only a single disc(4 mm diameter) from cucumber
cotyledon in 60 L of incubation solution was required to assay, a large number of herbicides could be
tested simultaneously using 96-well microtitre plates. But the assay efficiency is not likely to significantly

increase because of the boiling step during the reaction.
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