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Studies on Toxicological Evaluation of Pesticides(Fungicide, Insecticide, Herbicide) using Tree

Frog Embryos, Hyla japonica*
Pil-Sang Yoon’, Sun-Kun Ko**
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o] HA1EQl BT HjobS BHEato] SokR 350 EAB/MS 18] FETAX(Frog Embryo Teratogenesis
Assay-Xenopus) 7]®Hof whe} A7l=+2](Hyla japonica) o] HjolE B shH Al Benomyl(2htAl), Carbofuran(=s-Al),
Thiobencarb(A| 2A) 2] &3+= probit Ao 2 AT 1 A3}, Benomyl, Carbofuran, Thiobencarb9] 5 xoj
olEste] A A dol= #Ashal A& 71PE& SVt Benomyl, Carbofuran, Thiobencarb®]
teratogenic concentration(ECso)-> Z+2} 1.00, 0.58, 4.75mg/L2 YEljo] Carbofurano] 71852 714 RI73351A|
HE-3-514 0™, embryo lethal concentrations(L Csp)2 7.04, 28.71, 16.12mg/L S YEjo] Benomylo| 714 W = of
A Hjols AARSIeE Ze® yElgtth Teratogenic index(TI=LCso/ECs0)= Benomyl 7.04, Carbofuran 49.50,
Thiobencarb 3392 thekjo] Tigto] W% 7| @42 a s wekshs 71291 15 oAk Uehfjo] Ao g% 5oks
332 7|34 BHE BuEn] Cabofurano] 714 ZEd 74BN 28T o 4 ol

ZQ20{ : Benomyl, Carbofuran, Thiobencarb, FETAX

ABSTRACT

This study used the probit analysis to evaluate the toxicity of three chemicals - benomyl (Germicide),
carbofuran (insecticide), and thiobencarb (herbicide) - with the FETAX (Frog Embryo Teratogenesis
Assay-Xenopus) protocol using theincubated embryos of tree frog, Hylajaponica. The results showed that the
larval body length decreased while the mortality and malformation rates increased as the concentrations of
benomyl, carbofuran, and thiobencarb increased. The teratogenic concentration (ECso) of benomyl,
carbofuran, and thiobencarb were 1.00, 0.58, 4.75 mg/L, respectively, indicating that the malformation of
larvae was the most sensitive to carbofuran. The embryo letha concentration (LCso) was 7.04, 28.71, and
16.12mg/L, respectively, indicating that benomyl showed the lowest embryo lethal concentration. The
teratogenicindex (T1) was 7.04 in Benomyl, 49.50 in Carbofuran, and 3.39 in Thiobencarb, indicating that the
TI values were above 1.5, which isthe criterion of teratogenicity, for all three chemicals. All three pesticides
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examined by this study were considered to be the most teratogenic substances, and the carbofuran was the most

potent teratogen.

KEY WORDS: BENOMYL, CARBOFURAN, THIOBENCARB, FETAX

Henle, 1981; Nebeker et al., 1994ab; Choi et al., 2002).
5ok 71 Bapl A 4 e BHeAEA) o FRE

Bl oA Tshs FHE 9lon, T JFL
NEOR AR, HERY, NEA, BEYOR THE
5OFR 3 Ab@AI9l Benomylo] Hapae 200629 vl
AEAZ 38y-> Methyl1-[(Butylamino)carbonyl]-1H-
benzimidazol-2-yl carbamate(CAS No. 17804-35-2)¢]w,
2o Tag YYA7|= A7 AAE Y8l ARk
sofo= A Qlrk Benomyl>: AAA A A 7
=0} cabendazim .= Wstn o] FZEo] FoFe] FaE
oz deA Q). ZhbHo|EA MR ASAl= gl
Carbofuran(2,3-Dihydro-2, 2-dimethyl-7-benzofuranol N-
methyl carbamate)(Kuhr and Dorough, 1976)-2 HZ=A]
HARSA I ez 25 o, 542 5= 21
of 2~ €| 2tA (cholinesterase) & A Aol o3l A sl A4
T a0 fizt g mA= Aoz dEA
(Ferdew et al., 1992). A|zA)|2l Thiobencarb®] Ex}4]-2
Ci2H1sCINOS(IUPAC: S-4-chlorobenzyl diethylthiocarbamete,
S-4-chlorobenzyl diethyl(thiocarbamate)) = &=# Qlth
BAjepe 25780\, tik A5y U AESH 15FS
e itk Fe) B¢ AERAE BET Qo] %
AT BhEo 2 21 v EAEer AFelA] NOAEL
0.9 mg/kg bwidayE =&30m, sd A Bg3te]
ADIE 0.009 mg/kg bw/day & 414 3}ICHMFDS, 2018).
stslE o] S4%7le B eqEde] B4 9 /g R
o3 AFelFel wobe 2k Algel Frog Embryo
Teratogenesis Assay-Xenopus (FETAX) ®io] thokst &
o #gwo] del AHgElojx|I Qlrk(Fort et al. 1988;
Bantle et al., 1990; Presutti et al., 1994; Morgan et al.,
1996). FETAX W] wg S4fd ofe= ANE
(Mortaity)1} 7] 8 -&(Maformation) 5= =%slo] H713H
o AFGET 7] RS 71RO WA E(LC) D

FEE(ECso) = e = 2ho] Hl&2l LCx ECse
1363 2| $>(teratogenic index, TI) 2 FEA|sHH A|E o)
P o] o3 TI #4=9] HJ7} 15 oo Z-9-ofl Aldth
pEge B o3t 27194 AR ByecBantle
et al., 1985). o|2|gt FETAX Wiio] wzf ofz] vhalojA
Aol AAFe) FAT ol Bgstol etEUSe
/35 Hofsh= AF7F AL IrHGutleb e al., 1999,
Mann and Bidwell, 2000). =l A= A7) Q] wjol&
g3t shslEe] Z4%7E ARKo, 20127} AE Yo
o, A7e] o] wjopddtol ths Benomyl(Ko, 2013)x}
Carbofuran(Yoon, 2008)°0] 1| x|+= QJaFS AR v} QlTh

2 Ao A= Benomyl} Carbofuran®] A3 d-+2
= Zarsto], el AAEel A7l wjobe] A
g S wEstHA ZoY wfore] MHEHAE o] &
sto] FETAX 7]¥ o] w2} Benomyl(4t++A]), Carbofuran
(A5A), Thiobencarb(A|2A) <] H/d& vlaL B7lstazt

st

%
3

N

o oX

LRI

o

Ao A8 3772l (Hyla japonica) 20184 5
9 sheol M 69 27 YEYA] A HAAE A
o

o= ny Fol AAES YUV R 2L B3 A

2, 22 U HHo} N3

Aol A8 Hhobe] A9 THE AR Fel4 AA
o Al fEstgon S48 ok 3 Aol
FUsA ol tholES Aiste] ZAOR AeES
2eF02 AAG F AP A dul717HA wks

At

3. oy

ol A &skA L w8 wji= 6.6g/L NaCl, 0.15g/L



7N wiohs E-8Rt s (it

L AA, A=A

=37 A 180

KCl, 0.15g/L CaCl,, 0.2g/L NaHCO;, 0.05g/L Streptomycin,
0.03g/L Penicillin G& &3}3}o] Amphibian Ringer(AR)
NS Ax3 3 pHE 742 SH5o] AR8-8FItH(Johnson
and Volpe, 1973).

4. NS EXE

Benomyl(=272154 A|%), Carbofuan(Sigma-aldrich),
Thiobencarb(-s-2334 Alg)= 22 AREo]| 3]435}o
AR89 e 1 0.001, 0.005, 0.01, 0.05, 0.1, 0.5, 1, 5, 10,
25, 50, 75, 100mg/L 9] &= 7k AAskoich uljekeo]
AEEH] AE 2FEA] 2 d2ad sEERE AYE
S xghE Addde e ® tiEe HA7] Ao
Q1 25T of B Hjols Hjgom, oo FFo] e
SYE SollA wjefe AR Z2He) At 10749
HjohS uljoFslH Al 24417kttt A 22 ol Al =E
2 ugkste] 120417t 5ok wjeFstlon He AlRle 33
HhESkGI T

2) NYE

AEES] 4 Al tiERats vl 24417k 29l
of AR wlobg ARt H =g 120A1RF & AYERT ATk
WS 71 @4 Aol 540l gAY A=l &
7F dofd wjohs 7|Ho] FAH Fole= A HEol
HeE AS AR AR BHetglen ¢ sk ANgES
AFE A 12047} w=EE wjolS F MM vjole] 55
w2 vjobe] 42 Lo} AHSHTHAIARE Hjoke]
Z=E Hjore] x100). Al sk 732 57 o] =
Akl Probit BAMS Bgatel W ALs (half
maximal lethal concentration; LCso)E -35F%1th(Goh and
Neff, 2003).

glt‘

(o3

I

T [l

3) 7188

et AA2Y ot F XA AHE Aefska 120
AZE Wi F AEG HlolE AfoR vel, AF, B,
we] Foll Ut 713e 22 R9jeE 2AsHgichBante

et al., 1998). 7|3&2 120417k -5t =4 o} & Ao}
A G W2 AAIE B HA R o] Atsgl o
(HobAl FakS W2 vfjol g/ A& vijopx100) &= 1t
2 5] ooz Asto] Probit £AHS Tgte] Wi
Feks(haf maxima effective concentration; ECsp) & -
5} tHGoh and Neff, 2003).

2) 718YH
YA 22 SN FYHOE o] o] R0l
Mg 71z FRom, /YPe melt BAXE A

e mopg UehiZILh Folxe o 32 Zol7t ot
A= 59] okANS WE]7|3(Tal Abnormdity) o 2 435}
STt 257]%(Spine Abnormality) o] 7% 257} o}
o2 HojA AL Fol Fejel B¢ 7P o2 W3
th BRI} SEEAY A81we) e, RgT)e) Be
So] gl AH$ BE7|E(Abdomina Abnormality) &
AT 7 7HA] o] vt 710l FAlol 2l
3% E3l7]3(Profound Abnormality) o2 #Asich
(Bantle et al., 1991).

)

5) MHE

Hjobe] AS SAl o2 W Aol njA= AldEE
9] Fke FIsk] S8l 220471 52t AlF=Eol| = o]
AlE 2871 AE3)E vjolE ko & AM-423x Dino-Eyeo}
Dinocapture 2.0 program (ANMO)S- o]-85}o] Hjjo} 2 324
9] A7 T A S45o] Independent ttet= ot
AR 7k o4 SPSS 20.0 program ARg-5to] oA
akgiet.

6) 7|8 X|$(Teratogenic Index;Tl)

7187 A4(Tl)= Probit EAHS &3l 3 LCxoE
ECs0 22 Uo}(LCso/ECs) L gho] 1.5 oo =2 et
H Aol AREE ZiE] 9] wjol Wb ol 2794
U= 202 IAsHITtHASTM, 1998).

1. Zoadotd A

ANtE] wfote] WXl FEFE dobr7] Sl Al
AHEE 7 (Gastrula) Hok= 7ol o] Fojzl & of
18AIZE o o]l Weht7] AlFstod wjed 2] 5.9] Hfjoje} Hls:
3 2791 1.2+0.1mmz -A)5kch SRI8kelck 724
(organogenesis) THA1¢l A7 <5(Neurd fold)7HA]= oF 444
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ko]l Aaxiom ujole] =7]7} tha £713F 1.5+0.1mmE
Uk giek. of7buloll 4 Feje] B8-S Bholg 4 9l of
7H|=2hA] 7](Gill circuldtion)= 74 $- oF 68AIF 1 %
SRl om, A2 52403mm= Yehf it ebdgh &
ol o] Hej2 L= of7}u] 2hel(Operculum complete)
N7V 44 3 138A)710] 2agon, HARL 69:03mm
£ Yegick(Figure 1, Table 1).

Figure 1. Embryonic development of Hyla japonica. A;
fertilized, B; 4-cell, C; Blastula, D; Gastrula,
E; Neurd fold, F; Gill circulation, G; Tailfin
circulation, H; Operculum complete. Scale
bar=1mm

Table 1. Change of Embryonic development time and
body length according to stagein Tree frog

embryo.
Gosner stage time(hr) lr?g:fgg;
1(fertilized) 0 12+0.1
4(4-Cdl) 2 12+0.1
9(Blastula) 14 1.2+0.1
12(Gastrula) 18 1.240.1
14(Neura fold) 24 1.240.1
18(Muscular response) 44 2.4+0.1
20(Gill circulation) 68 5.2+0.3
22(Tailfin circulation) 109 6.2+0.2
26(Operculum complete) 133 6.9+0.3

2. 349 =0 WE X|AlE ZAL

120A17F vij%F & Benomyl-> 1Img/L 9] =0l 4] 3.3%2]
otz 2AE7] AJ2He}9. 00 SmylLe] RolAE 16.7%,
10mg/L 9] 5= o] A= 90.0%, 25mg/L o]t A= mE H)
o7} x| AtE]o] YERsiTh Carbofurane] 74-9- 1Img/L 2] &
ol 4] 3.3%9] XA A7 BHelE7] Al2kskel 10mglL
o = 20.0%, 50mg/L ¢] o A= 100.0%2] A AL
e Qlc}. Thiobencarbe 0.5mg/L of| A uljo}r} 2] ALE] 7]
AlAFsER L, 10mg/Lofl A 10.0%, 25mg/L 9] 5ol A=
93.3%, 50mg/LojAtoA= =E Hjolrl  XAFEATH
(Figure 2).

3. U =0 WE JIYE =A

71882 Benomyl 2] 7<% 0.5mg/L 2] H=HE 10.0%
o] ufjotoll A 7] o] 2= AlAFste] Smg/Loldell A=
2E ozt 718& YeERY ¢l Carbofuran2 0.1mg/L 9]
we] TN 100%9] ul&E 7199 vkt BakEy]
A2t} ImglL o] ol 72.8%9] Hjotol A 7]%e]
TEEon, Smgll o] Fof =EF Hjolo = K
= 71§ o] e QITh Thiobencarb= 1Img/Loj|A] 37.9%2]
H& =2 7|go] &dstqlon, 25mg/L o] F=of &% uf
o}= 100.0% 7|32 JEl A ck(Figure 3.).

4, U9 ko ME I =A

Benomylo| &% HjolES 0.5mg/LojA EE7|H
(66.7%), =3171%(33.3%)°] Uekpt e, 1.0mg/lolA=
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SH719(78.6%) S371%9(21.4%)0] 2el= gl Smy/l
ol g9l soAE 100% =97 1FRto] BEE it Cabofuran
o] ¢ 1L.Omg/Lof| A E771%(20.8%), 215717 (25.0%),
S4719(G4.2%)0] Uerstor 25mylL o] oAM= 23

719 (18.2%), 591719 (81.8%) 7} 2= 2131 50mg/L of| A]
AERE B ot H3r1Re] 2HelE it Thicbencarb
Img/L-s oA =771%(81.8%), £97]%(18.2%)0]
LERAIL 10mg/lL o] solli= 557713(72.0%), 222|179
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Figure 2. Frequencies of mortality according to Pesticides
treated concentration. (A) Benomyl, (B)
Carbofuran, (C) Thiobencarb. Bar height
represents mortality and error bars indicate
standard deviation.

Figure 3. Frequencies of malformation ratio according to
Pesticides treated concentration. (A) Benomyl,
(B) Carbofuran, (C) Thiobencarb. Bar height
represents malformation ratio and error bars
indicate standard deviation.
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(8.0%), E-31713(20.0%) 7} ol .on, 25mg/L o] o]
AMe e ot 5371%8& YeRl Siek(Figure 4, 5).

A

005 N1 @5 B10(mg/l)

Patterns of malfomation{%4)

Abdominz Profound

B0.1 R1 @5 8510 B25(mg/L)

Patterns of malfomation{%)

=
=]
[=]

Patternsof malfomation{%)

. LA

Abdomina | rofound

Figure 4. Frequency of maformation patterns according
to Pesticides treated concentration. (A) Benomyl,
(B) Carbofuran, (C) Thiobencarb. Bar height
represents malformation ratio and error bars
indicate standard deviation.

Figure 5. External morphology of Hyla japonica embryo
exposed Pesticides. Arrows indicate anomalies.
A: Abdominal abnormality appeared on
benomyl 1mg/L, B: Profound abnormality

appeared on benomyl 5mg/L, C: Spine
abnormality appeared on carbofuran 1mg/L, D:
Profound abnormality appeared on carbofuran
25mg/L, E: Tail abnormality appeared on
thiobencarb 10mg/L, F: Profound abnormality
appeared on thiobencarb 25mg/L .

3%l tigt FFa A Sl tiat 307HA 2} Al
W 5 A ANT QS BAOR 2HS AN
2o AL AAFo] 6.9£0.3mm=E e 21, Benomyl
o] - 05mglL oJste] srolA= et A AolE
UeRR] ¢Fkoy Img/L 5 ¥ 6.5+0.3mm= z}o]E e}
7] AJAsle] Smg/L oA} o Al 4.3+0.7mm=zE 2 x}o| &
LrEb itk Carbofuran®] 79~ 0.5mg/L o]812] 5= of| A
= g zaty) 2pol7t A9 glglon; Img/LFE 6.5+0.4mm
2 2jo|= Uehf7] A|Zste] Bmgllis oA 6.3:0.4mm
2 Aol Ui 212 B2l 2 4 9I9ick. Thiobencarb
10mg/L 7P thtat vlsat A4S Lep oL, 25mlL
ollA= 530772 A<} s Rl 4 ddet t2+t
3} AETe] 94 Be1s] $15) Independent t-test
24310 Benomyl-2 1mg/L, Carbofuran2 5mg/L 9
= =FE HjorollA HRIy AolE uERleH,
Thiobencarbo]l = Hljol= 25mg/L o 5o A 2ol &
e %A th(p<0.01)(Figure 6).
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Figure 6. Measured tadpole body length of exposed for
each Pedticides, A. Benomyl, B. Carbofuran, C.
Thiobencarb. H. japonica embryos were
cultured for 120hours in petri dish contained
10ml. Bar height represents mean and error bars
indicate standard deviation. Asterisks indicate
significant difference(**p<0.01, independent
sample t-test)

M N

6. 2ol 2

9

7198 Xl =AL

7Nt whool| =2% Benomyl, Carbofuran, Thiobencarb
o &3t LCsp& 72} 7.04, 28.71, 16.12mg/L & L}ElRiT).
ECs02 77} 1.00, 0.58, 4.75mg/lL & Uelyton, 7134
A5 UElE Tl= 242 7.04, 4950, 3395 YR Sith
(Table 2).

1 E
ALeRe] FAS HES vjole} &3o]o] Ho 77]
9} Bo| s}y Lol3t BHT ¥HE 7x 1 glow, o
3} 23o] Al7|ole SFolA M W Aol o]=ofTh
Ho|ZE0] A Lol B4 O] Ho|S 2a HHsi=

o vl el welet Hels g4 vl
2ol ATALE AT o] BT FEA U
27} ololA chopst o.gE Ao wEw7] 4]

o

K e
ilﬁm Ay
o xx oX
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=
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A=A &gt AR F A 8, YA 8,
Asl, 71954, 71FulE 5= B7H EUHE AE=
L5310 QltH(Wassersug, 1975; Henle, 1981; Nebeker et
al., 1994ab).

=Uol] AAlekar Sl 7Nl 3~4Y FHA 7o
U S5 AlEsE Ao Fojsth WAl 6~TH7HA
ojojA|H o]% ZF7|E 7HIth FH7|= 10~11979
A|ZHE T gh ol Aldsh= WAl 4= ¢F 600~7007074 &=
2 Uepgom o2 Abgt A of= e w Qlokr) AJRE
o] Ay 7}efek=(globular mass type) Ao 2 A& A 3
tH(Yoon, 2008).

oX

=

Table 2. LCs, ECs0 and T value of H. japonica embryos exposed to Pesticides

L Cso(mg/L) ECso(mg/L)
Pesticides Exposure 95% confidence limit Exposure 95% confidence limit TI
conc. lower upper conc. lower upper
Benomy! 7.04 6.19 8.06 1.00 0.88 1.20 7.04
Carbofuran 28.71 24.87 33.77 0.58 0.46 0.74 49.50
Thiobencarb 16.12 13.92 18.99 4.75 2.92 9.43 3.39
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Benomyl ©] A& A3t ImglLefA| 24 AH7E 217
AlAFsEG o m 25mg/L o) ol A= BE Hijobrk XA Qi)
o] 5, 10mg/lL 0.8 A3} Fw7} Rol A A4 A
vl &% 16.7%, 90.0%E Z7}5t= 2S ehyiglc). Edt
Carbofuran©] A% 23+ Img/L ol 4 3E| X|ALg wjoke] u]
0] 3.3%= LE}7] AJZFsHe] 25, 50mg/L o2 ‘w7t
oA HA 26.7%, 100.0%= H|& = Z7}6t= ASE L}
Eligich Thiobencarb S A] 0.5mg/L 9] s ofA] 3.3%9]
H&=2 2JAHE 7hA17F 2RlE7] AlZFste] Smg/l, 10mgiL,
25mg/L 2 =7} Z71gke] we) 6.7%, 10.0%, 93.3% =
Z|AREo] F715FR o1, 50mg/L ©]A+e] Thiobencarb 5=
of leE¥ vjole2 BF AAbE Ao FlEo] Al
AR FOF 3F K 9 St wet AAkEol Frts)
= A% ek

Ao 72 Benomyl &) A% A} o) %7(6.9+0.3mm)
I B uFPS o =7t 05, 1, SmglL 2 F=7F F7Hetel
uje} 9ol FAto| 6.8+0.3, 6.6+0.3, 2.6+0.5mm= 745}
gou] Imgl ol4te] o4 $o142l Hol2 Lerygl
t}. Carbofuran?] A|@Z3t%E tfztol| |8 %7} 1, 10,
Mgl 2 S ulo] whal S-A8o] AIAke 6.6+04, 64403,
6.3+0.6mm= 7+Aslo] Ul on] 10mgll o]Ake] o
At} ZfolE Kl Thiobencarb SA] tj ko] H]
3 %%} 10, 25mglL 2= Z7}at~E 6.9+0.9, 5.0+02mmE
Fassto] Uepyton] 26mg/l s oA thxdtit Aol & K
Ak NREA] Sw7t Z7Hte] wheh X|ARgo] b i
Aol ikl Aol Al AMEE & FollA 3%
Aog Yetfltt. ol oE dAet vjas] ¥ o
Benomylo]| =% Xenopus laevis7} 20y Mof|A] A XA}
om, 104 M9] koA 100%9] Hl&= 7|3o] W
=t A A M= 10n Molde] o ARy izt
2tol& Hets A= SRIEITHIn 2005). ol=gt A}
Feof weh AR 7198E9 S7F 9 AdRe] A=
AddolA vehd Axet fARE A3 YE ot
Aol ARG ATl vl =2 sEolA] AAF Y
JgAHNY FFE = AS ¢ 5 AU
71352 75 Benomylof| A 713 7HA= 0.5mg/L o 4]
U] AlARSEe] w7t S7hetel| wek 713 & 716t
em Carbofuran®] xj2] A} 7132 0.1mg/L o] 4] ¥
10.0%9] &= Yeh7] ARSI 713&% 1, Smgll o
2 oy} olxwA 1 H]LE 82.6%, 100.0%= zkzt
%7Vttt Thiobencarb?] 79~ 1Img/L 9] =3¢ 37.9%
O] HIEZ 7|go] ERRIE]7] Al&tsto] 5, 10, 25mgL 2 5=
7} 27V wet 60.7, 92.6, 100.0%= =9 wet 7|5}
= oA EHelslSith Hynobius leechii o] Hjol= benomyl
of eEAIRE o 1u MO oA HE ThAoA AL

e e oo

S

O

Jojy}om LDsy(half letha Dose) 600~800nM & &+0] o]

o]
2 Aol =EE P W soA] FEkE v
AS & 4= 93k Carbofurane]] =% X. laevise= LCx
434mg/lL, ECx 0.1mg/L 2 H7f8] Bt A= 58 5
oA doftort, 7190l B R oA fHEE AL
2 RlI=|glom, Tl 4345 A7ite]ol vl =& 7|34
& UERItHLee, 2003). A|Z2A[<1 Thiobencarb®] 7-9-
X. laevis®] LCsp7} 1.3~6.5mg/LE L}E}Y 0 m(Saka, 1999),
Slurana tropicalis= LCsp7} 0.752~1.77mg/L 2 21 %] o]
2 Aglo] 16.12mglL & Y=t Hls] 5 Wzt Fk=
UehdS o 4 AU tH(Saka, 2010).

webs], Aol AR FoF 3% L A7) vijof
ol 271944 = Agote AS 1 T 5= dslo
53], Carbofuran®] 79~ 0.1mg/L 9] 5=7-¥ 7|go] el
wo] ThE FOfHTH W2 oA A7ite] wlolol] W
12 A= UEstom TIgho] 495% £1lE o] Benomyl
7.04, Thiobencarb 3.399] v]3}] 7}&3t 7| PAHERZ 28
o g 5 Utk

S, 7134l 735 Benomylof k==l H. leechiiof 4]
FREFYY7Y, B5RE, L7RR=nBg871E, 1
, RFAEA), HAZIR(FFE) Fol =N en
(Choi et al., 2002), X. laeviso| A= #2778, 1|73,
3719, BT (st F45%) T ek 7=
Uetl= 2oz 2RI e Jdin, 2005). Carbofuran®] 73-5-
X. laeviso| Al F57]1%(Gut miscoiling), =32 471%, 25
718, ME718E& Uetlle 2 o= gelE it (Lee, 2003).

H Asle 53| Carbamated] s9FF<Ql Benomylz}
Carbofuran, Thiobencarb= A 7)L2] vfjolo] sl 27|3
e = 2851, Benomyl2 AR 2 A 44 2t
ol 71 91zsHA ¥Eg-shele, Carbofurans 713
= EFE 7|l 7 wAehA ek o 4= SISl
=Ujol] AAlsk= A7iAte] ] WA Al7]2k Aol ARS-RIE
T AREAIZI7E AL UA|S Ao ® o AfEojA] 2
Aol ARERE FFREY ARBAIZIZE SR E o] o]5Y
S5/ a T (synergic effect) 7t UEhd 7Hs/dol & A2
2 gEo 2] ofof digt Aak= ob] §itt. Carbamate?|
FF7E AN R AR ol ol m|R|= Gkt
1 A7 k] flsiAle Eok FAA R At
o] Fasiohal weE
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