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Effects of Pesticides(Benomyl, Carbofuran, Thiobencarb)
on the Asian Toad(Bufo Gargarizans) Embryo Development'
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F78|(Bufo gargarizans)®] Hjo}E HiFsHHA] Benomyl(4tAll), Carbofuran(4Al), Thiobencarb(A|2A)2] FaF=
probit EAHOZ ZARIAL] 1 A1), Benomyl, Carbofuran, Thiobencarb®] w0 2)&510] -GA1S] AP Aol= 743s)ar
AT} 71888 S8t Benomyl, Carbofuran, Thiobencarb®] teratogenic concentration(ECso)S 212+ 1.03, 8.74,
4.98mg/¢-S o] Benomylo] 713 fdof| 714 wiztslA| HRE519]0m, embryo lethal concentrations(LCs)-& 7.26,
560.72, 16.87mg/{2 YE©] Benomylo] 7P W2 ELofA Hijolr} XAlE= A o2 YERGT) Teratogenic index
(TI=LCs/ECsp)~= Benomyl 7.05, Carbofuran 64.16, Thiobencarb 3.395 Uehfjo] Tiglo| 25 7|FSHE2 2 HAtte=
711 LsoPdem Aol AME w0k 352 27|94 &8 dekH: Carbofurano] 7 733t 27|94 =
kS oF 5+ 9I9lon], okl EApu] Wl opARe] wol ekl n]X| gkt 1 AKgIHS sk Slshe wrh
FAHR <77k g Aow wekdr:

ZQ0]: Benomyl, Carbofuran, Thiobencarb, FETAX, 78R4, 25, MESM, S7{d|, HHOFLAY

(=1

ABSTRACT

In this experiment, investigated toxicity evaluation of chemicals using Asian toad embryos, along
FETAX(Frog Embryo Teratogenesis Assay-Xenopus) protocol. Asian toad, Bufo gargarizansembryo incubated
and investigation of Benomyl(Germicide), Carbofuran(Insecticide) and Thiobencarb(Herbicide) effect by
probit analysis. As a result, depends on the concentrations of Benomyl, Carbofuran and Thiobencarb, along
mortality and malformation rates were increases and larval body length were decreased. The teratogenic
concentration(ECsy) of Benomyl, Carbofuran and Thiobencarb were 1.03, 8.74, 4.98mg/¢, respectively. And
when exposed to Benomyl, larvae responded most sensitively to malformations. Embryo lethal concentration
(LCs) Benomyl, Carbofuran and Thiobencarb were 7.26, 560.72, 16.87mg/¢, respectively. And Benomyl were
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at the lowest concentration of lethal the embryos. The teratogenic index(TI) were 7.05 in Benomyl, 64.16 in

Carbofuran and 3.39 in Thiobencarb, thus TI values were above 1.5, which is the criterion of teratogenicity.

Three of the pesticides used in this study were considered to be a teratogenic substances and Carbofuran was

the most potent teratogen. And more specific researches are needed to investigate the effects of pesticides on

the embryo development of toads and amphibians and their mechanism.

KEY WORDS: BENOMYL, CARBOFURAN, THIOBENCARB, FETAX, TERATOGEN, PESTICIDES,
BIOLOGICAL TOXICITY, EMBRYO DEVELOPMENT

M E

ol AAlskaL Yl AR 5 F78|(Bufo gargarizans)
9] A% AU AFE T8 AXAIR Sh HAlo] o]foF]
A AaoflA] mid ¥HA] W ARES dh= 549 UERs AoR
AeA ek olefeh AR Alet el FoF T e HE
o) =g 7 vljole] wgaprgol] Adrdo] AsiEar, AR
A8 7)a Se) el veh] 4ok el ot
(Wassersug, 1975; Henle, 1981; Nebeker et al., 1994a,b;
Choi et al., 2002).

§ORS BAS VJE0R A, HERY, 154, WS4
67 FEEH, AtA9l Benomyl(CAS No. 17804-35-2)2
AEA(IV)o 2 E2Ec) Benomyl-> EA}5F 290.622] HiAY
AREAR AAA oA A 71aEali=]o] carbendazim 0=
H3ls ], Aol —4°H A7 = 2ol 93k mlAl=
Saguoz oA 9ok A=AQl Carbofurand B}
221.38] S48 HE5doR e glon, FloAHzt
Al(cholinesterase) 2] AAIE Fal| 15-2] Aol Pk v|A
=48 dovle= AoR UHA Iti(Kuhr and Dorough,
1976; Ferslew et al., 1992). A=A Thiobencarb2] -“J]—%k
= 257.80|H, 5o FREAL 9lom o] - 2d
A=A MERIA] A3 A NOAEL 0.9 mg/kg bw/day, ADI
£ 0.009 mg/kg bw/day= AASIHCHMFEDS, 2018).

slekEAo] 5747710l tisll Xenopus laevis®] Hlols 2-&-
3= AJgwel Frog Embryo Teratogenesis Assay—XenOpus
(FETAX) o] thefgt Fofl 285 o] ZgEojx|aL 9l
(Fort et al. 1988; Bantle et al., 1990; Presutti €t al., 1994
Morgan €t al., 1996). FETAX Ho] e S48 o=
A}%%(Mortahty)q— 7]%-8(Malformation) 52 =7%5}¢] Jé
ki) AR 1S 1RO R WAL ) o
s (ECso) 2 YR = 7k B2l LCso/ ECso

71884 X|x(teratogenic index, TNZ FA|SHH Ald thAit
=2 ‘Oﬂ Ot TI A|=9] RISIZF 1.5 o 9] 5ol Al
2218 27134 E2E g3 Bantle et al., 1985). o]#gt
FETAX Hhe] wet o] UlollA] Aol /\%‘z‘ﬂ FAFO]

HlolE Bgslo] Bk ASe] 542 Telehe A7t Al
I QJtKGutleb & al., 1999; Mann and Bidwell, 2000). =1jjo]|
A Al vfolE B8 RS SR At A
Y=|l o, FAH]9 HHO}HH:*C’ﬂ 3] Benomyl(Ko, 2013)x}
Th10bencarb(K0 2016)7} B|x]= Fake ARSE v Qlch

E Fof| A= Benomyl} Thlobencarb.J AR ANS
Zharsled, ol A4Sl 7R wijore] AApdd wgS
25t A =] vjole] HHAE o]85le] FETAX 7|59
w2} Benomyl(A#A]), Carbofuran(A3A)), Thiobencarb
(AzANe =4 vla Briskaat gk

L
1. S =E2| 2t 3 HHORRHF

Al3o]| A83F F7H](Bufo gargarizans)= 2019 2€ 3}
oM 39 27 FFgGAl Al MRS SR 27
S MAES A 2 sl Ao Apdufzh
FEston 44 Hioks & *ﬂix‘o] FYHA| Holzl
Hjol5& Aleisto] o s A e |
ujoFsto] Alol ARESIRIT.
2. HHf ol

Hljo}S A|ZskAL vijoF & wi= 6.6g/¢ NaCl, 0.15g/¢ KCl,
0.15g/¢ CaCl,, 0.2g/¢ NaHCO;, 0.05g/¢ Streptomycin,
0.03g/¢ Penicillin G& 2¢51¢ Amphibian Ringer(AR) £

HE Axgt & pHE 742 Y5=0] ARE5%ItHJohnson and
Volpe, 1973).

3. A=EXzE]

Benomyl(s-& 1_%%4, A|5), Carbofuran(Sigma-aldrich),
Thiobencarb(52315 A1) 217 ARGolo] 5]4j5}] A}
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45199tk Benomyld} Thiobencarb+= 0.001, 0.005, 0.01,
0.05, 0.1, 0.5, 1, 5, 10, 25, 50, 75, 100mg/¢, Carbofuran->
0.001, 0.005, 0.01, 0.05, 0.1, 0.5, 1, 5, 10, 25, 50, 75, 100,
250, 500, 750, 1000mg/¢ 9] s 7S A3 T). vljokH
of AldEAde] M LR b2 txd} TR AIFE
AL 2o TS R diEel §14)7] Aol=el
2000l W ol wjeren, 2ol gal gt e
BI04 ok A 2izte] APRE 107)2] vl
HioFsPHA] 24417} A2 Bt} AHEd R welstol
120717 <t wjekstion] e Alee 33] REE 53t

el Al g eR Aol ZIYEo] AlEdo]
TS LirolRl Hiloe] AelSg FAICR A%t 5 vl 244]
itk AldEo] 7] o el o2 wghshA B
T} Hfore] T2 Gosner(1960)2] o] w2} SHEFCY.

2) NUE

APYES] 79 AT d2as v 2447} 2Rls}o]
A viors AAGE F =F 120/ & 2R ANk
sioick 71 @4 Holle 57d0] AW Ald S27t dof
wHols, 7] FE Solle AR Blsol B 2 AAL
H AR st en g o] AFYES AlF=E 120
ARZE 1 WIS 2 A vjole] 42 el wole] 42
Urol AR Hlote] 22l sjote] x100).
A8 5 774 5] olARo. AAelaL Probit HAYS 2
£3510] W2 ARgE(half maximal lethal concentration;
LCs0)2 78F9tHGoh and Neff, 2003).

=

ot AT ol 5 AR ZHAIE AlRlsar 12041
HijoF 3 AEZE vlohs dio® we, A5 B, 1 59
Ueht 78S 7l7 2oz za}aloickBantle ¢ al., 1998).
718E&E 120A17F B8t =g vijo} F AopA] GRS W
MAE 4 MAE Liro] Altslgl om(Hopr] Faks vk
ol A} A Hlob<100) 512 70 $7) oo gl
Probit EATH-E -85} HEod8 e (half maximal effective
concentration; ECsp)S 5l Goh and Neff, 2003).

AFEL 7|88 £41 S]] - Probit AT 2HE
Sl olF Fof HepAabsE 9 W iks s TS

BPIAIE izt FollA 2o dago] offoxl 7)
AE 71E0® FRon, 7P et E4A= A 22
Hoks YA, $lofRle F 32 Zolrt Aol 59
OFAS 18]7])8(Tail Abnormality) o2 HA3IATE 237]
&(Spine Abnormality)2] 7 Z7} o}x|g o2 F|ojx]#
U wolxl= FEY] - 71 o= wsIgicy B5F 555
Ak 237 1e] |, W19 st Fo] EjlE A9 B
7% (Abdominal Abnormality) 22 435I cE T 71A] 0]
&) et 71go] FAlol 21 ¢ E77]1%(Profound
Abnormality) 02 A5Gt Bantle et al., 1991).

5 4¥8

Hiore] APgS Sz I Al miAls AldEEe
FaF= 2RI 18l 120A7F B3 AlFEE ] lEE o] A
HZF7IA] AWESE vljolS thAle 2 AM-423x Dino-Eye2}
Dinocapture 2.0 program (ANMO)2: 0]85}0] Hfjo} & 5A49]
27 E= ARRS 245107 Independent t-test= T2t A
= k] oldE SPSS 20.0 programe: ARES1] AISHRITE

Independent t-test®] =412 TR} 2o, p<0.0194]
ofgt Ao} Gk e WIS

t-value
i mA—mB
2 2
Taa
FHEAKS?)
o2 Z(m —mA )2 + Z(x . mB)2
nAd+nB—2
AR (df)

df =nA+nB—2

6) 7|8 X|s(Teratogenic Index; TI)

7194 Al9x(TD= Probit H41H-S F3l 718t LCsoE ECso
O % Wro|(LCso/ECsp) 7L gko] 1.5 opio& vehtd AR
of| ARG F7Au]2] vjol Wy 2)7134dS el A
o FASIATHASTM, 1993).
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1. Z8Eynry

N

FAuEte FAR] PRRe] AL 2,120 Imn g =8l.om 4
Y % 2 ZAS Ui 347 7ol agion] 24Tt
A= OF 12410] Q= |QiTk o] AHA7RA= 18AKE, zul
7|(blastula)7}Al= 25AF A= A =l om, Ao ARE3Y
& 1] djokz 478 % ek 41A1ZE Fo U] A
t} o} Hiol= BHAI7IRE AR o AdHslr] ARkl o]
3 X7 neural plate), A17<5(neural fold), 41733 neural
tube) 52 FA5k= 7|3F d(organogenesis) Ao A= 1
7|7} vk F7Kste] 2.540. 1 FE8] 715 UEpilon 4
ol% 4lG0] Bl AIZI7HA] oF S8ARE s BeE
Fct 23gol] 7|2 S 3 ey} whEy] AlRleks
ulo}Tail bud)AJ7 |0l vjole] 717 FakA 271elol 14
3.84802mAEe] F7|1E Vel on £4 & t2F 75A17F A=
7 dasich @l Aol Saole] $EAS W) 2
5= Sl TSRS A7)0l A 4.8+0. 1mm =g om 4
3 thfeF AR S0l L] AR o] 9 mlolr} Algstod
APPEIEAIE 713 3ole] Zorbol7} ehd A7lolke 1
AAe] Zo|7} 7.640.3mn AEGO OF 106X AT} A8
Sk mejA| =] &ghA)7ol= L o] 8.3+0.4mn HEo]
51t 128K)7k0] sasion of7tu] FAFEA]0) RS
10.8+0.6mnAE=o|w thek 139A17F A=rF D Qgict oy
Shg A7 7RI 161A1K10] 2070m AR 11.8£0.3mE

UERHcHFigure 1).

2. S| =0 WE XA

120417t vljoF 2 Benomyl2 5mg/l 2] &4 16.7%2]
Hiol7h ZJARE}7] ARSIl em 10mg/l o] FEollAl= 86.7%,
10mg/¢ oVolxl= Bz violrk Z|AREo] Lepkitt. Carbofuran
9] 7% 100mg/¢ 0] “s=ollA] 3.3%2] AARE 77 Uehd7]
AJ2¥ato] 250me/l = 33.3%, S00mg/l 2] o= 80.0%
o] 2JAk-S YERHTE Thiobencarb:= Smg/¢ oA w7} AL

7] AR O™, 10mg/l oA 6.7%, 25mg/l 2] “sEollAl = 93.3%,
50mg/¢ oVdollihi= HE Hliolrt XA} Lepti(Figure 2). ©]
£ 53l Pl ZI}E probit FATHOE SFHRALS AlRHRE A}
Benomyl®] LCsp= 7.26mg/¢, Carbofuran®] 732~ 560.74mg/¢,
Thiobencarb 16.70mg/¢E YUEHNTHTable 1, Figure 2).

3. S22 =0f| ME JIFE

718€-2 Benomyl?] 79 0.5mg/l 9] HEHE] 10.0%2] 1Y
ofellx] 71 TEE]7] At Smg/l ool s Ho}
7} 718< YeRltk Carbofuran 0.1mg/¢ &) 5-%E0] F71o)A]

Typical

appearance

stage time length stage time length
& (hr)  (mm) & (hr)  (mm)
A 3 2.1£0.1 E 65 2.6+0.1
B 12 2.1£0.1 F 106 6.1£0.3
C 18 2.1£0.1 G 139 8.8+£0.4
D 41 2.1£0.2 H 161  11.8+0.5

Figure 1. Embryonic development of the toad, B. gargarizans
A; 2-cell, B; 32-cell, C; morula, D; gastrula, E;
neural tube, F; gill circulation, G; opercular fold,
H; operculum closed. n=30

Table 1. LCs, ECso and TI value of B.gargarizans embryos exposed to Pesticides

LCso(mg/?) ECso(mg/{)
Pesticides Exposure 95% confidence limit Exposure 95% confidence limit TI
conc. lower upper conc. lower upper
Benomyl 7.26 6.37 8.33 1.03 0.88 1.27 7.05
Carbofuran 560.72 430.68 755.16 8.74 5.54 12.29 64.16
Thiobencarb 16.87 14.64 19.64 4.98 3.26 8.70 3.39
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Figure 2. Frequencies of mortality ratio according to
Pesticides treated concentration. Bar height
represents mortality ratio and error bars indicate
standard deviation. Asteriks and dotted line
represents half lethal concentration(LCsy) by
probit analysis. (A) Benomyl, (B) Carbofuran,
(C) Thiobencarb. n=30

10.0%9] vlaz 7139 vjolrt ]| AlRksto] 1mg/l o] &
Lolkl= 80.0%9] wlotollA] 7ol IR om, 25mg/l o] =
= HiopollAl= 96.7%, 100mg/¢ o132} Fieoli= M= Hiot
o4 7]&o| &) Thiobencarb= 1mg/f o4 36.7%2] H]
&= 7|3o] Esiglon, 25mg/l o] Feo] k= Hiok=

Figure 3. Frequencies of malformation ratio according to
Pesticides treated concentration. Bar height rep-
resents malformation ratio and error bars in-
dicate standard deviation. Asteriks and dotted
line represents half effective concentration(ECsp)
by probit analysis. (A) Benomyl, (B) Carbofuran,
(C) Thiobencarb. n=30

100.0% 7|3& etk Figure 3). o]& £33 Yol A=
probit FAH O 2 SRS AlSggE A} Benomyl 2] ECsoi=
1.03mg/¢, Carbofuran®] 73-¢- 8.56mg/¢, Thiobencarb 4.98mg
[0E YEFHTHTable 1).
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4, 39| S=0f| E 7Y

Benomylo]| =55 "o &2 0.5mg/l o4 BE715(66.7%),
ER1713(33.3%)0] YERECH, 1.0mg/l o= EH71%(78.6%),
H371%(7.1%), H71%(14.3%)0] ZRI=oH 10mg/l oV
9 Folk= 100% E3F7|3Rto] ket Carbofuran®] 7
- 1.0mg/ L oA ERZ1F(12.5%), 2271%(25.0%), E371F
(62.5%)°] LElom 50mg/l o oA B571%(46.4%),
22718(21.4%), B317]8(32.1%)7F BRI 100mg/t ©]
Afo] oA AT BE tjolollx] 237]ao] Slsich
Thiobencarb= 1mg/¢ “sEoA EE7]13(81.8%), 3175
(18.2%)°] UEPHAL 10mg/l 8] FrollAl= H57]%(68.0%),

A 0.5 @1 M5 Bqg(ng/e)

g 60
0 ~
§ 20 %
: .

o m \

Spine Profound
. B ©1810m@50m100 & 500(ng/2)

% 80
;g 60
;C_’ 20

7!

N1 @5 M10 850/

Patterns of malfomation(%
. ©
NMTTTTY

i Nl

Abdomina Profound

Figure 4. Frequency of malformation patterns according
to Pesticides treated concentration. (A) Benomyl,
(B) Carbofuran, (C) Thiobencarb. Bar height rep-
resents malformation ratio and error bars indicate
standard deviation. n=30

Figure 5. Tadpoles of B. gargarizans exposure to Pesticides
at the gastrula stage. Scale bars indicate 1mm.

(A) Tadpole of control approximately 161h after fertilization.

(B) Tadpole after 120h exposure to 1mg/¢ Benomyl displaying
abdominal abnormality.

(C) Tadpole after 120h exposure to 50mg/¢ Carbofuran displaying
tail abnormality.

(D) Tadpole after 120h exposure to 25mg/¢ Thiobencarb displaying
propound abnormality.

T 1B(12.0%), B718(20.0%)7F SRIFOH, 25mg/e 0]
oAl BE Hlol Ha18e Uit Figure 4, 5).

5. 52| =0 E HTE

‘ol gt kS 2ABE] f18l thxt 3078A19F Al 5
AERL ARt RIS tVde R S8 AAFCE tixte] AP
2 11.8£0.3mm= LERF O™, Benomyl2] 7-9- 1, 5, 10mg/{ 2
L7} Z7¥sle] uet 11.6+0.3, 8.4+0.7, 5.3£0.9m=E ==
7} 7kl whet APgo] ZAsilom Smg/l o)) FEollA
Qolu|g}l zfolE ERHTE Carbofuran® 7% 10, 100, 250
g/l 0] EEOl|A] Z2F 11404, 11.620.4, 9.9+0.8mm= A}
Atz Fde UERLOH, 250mg/l oo sollA] iz
2} 9|9l 2pol= LyERLE Thiobencarb:= 1, 10, 25mg/
£9] oA ZFEZF 11.8+0.5, 11.8+0.3, 10.2+0.7mn= A7<9]
g SRIT 4= qlSlom, 25mg/l o FreollA] QJu|Qli= Ajo]
£ YEMItK(Figure 6).

6. S0l 2fgt 7

o
o
0x

x|

74| vjjolo]] :=Z%] Benomyl, Carbofuran, Thiobencarb
o] ot LCspS 217k 7.26, 560.72, 16.87mg/0 2 LFERTY.
ECs& 712} 1.03, 8.74, 4.98mg/f & UreRon], 7|54 2|22
UE = TI= Z12F 7.05, 64.16, 3.395 YERJ It Table 1).
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Body length(mm)

0.01 0.1 0.5 1 5 10 (mg/€)

-
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n

-1

3

Body length{mm)

500(mg/€)

14 4

3 O

12 4

10 4

Body length(mm)

con 0.01 01 1 5 10 25(mg/€)

Figure 6. Measured tadpole body length of exposed for
each Pesticides, A. Benomyl, B. Carbofuran, C.
Thiobencarb. B. gargarizans embryos were cul-
tured for 120hours in petri dish contained 10ml.
Bar height represents body length and error
bars indicate standard deviation. Asterisks in-
dicate significant difference(**p<0.01, independent
sample t-test). n=30

d!
2

S7l] 749- 9He Szo] Flo} 43 Slofl wgRsom, ko]
olsolAlE Xelg AEHOR o]83ke BAE 7Ha 9lat
7 2.1mi710] e ote] e o o] oF 12,000~14,000
) 7 ARtske Ao el 9lrkKo, 2016)

7iA|2] 2|AK= Benomyl 1mg/¢ oA EH1E]7] AZlslo] 35

7} olAJEA] AL ARle) Bl g Z7leke AR Lkt
t}. F3} Carbofurany} Thiobencarb SA] ZF2}F 100mg/¢, 0.5
ng/0 9] S04 JARE Hlobr} BRI ARsto] o] 1
ol AAEE £71819 2™, Benomyld} Thiobencarb®] 73
- 217} 10mg/t, 25mg/l 8] oA AXAL Bz A o= 2Rl
St 71371412 73S Benomyl 0.5mg/¢, Carbofuran 0.1
mg/¢, Thiobencarb 1mg/¢ 2] FE=HE ERIE7] AJZste] A
of AN EOF B e S0l wet 7|Fee] Sk
< YEHIC] Benomylof] =E-5(Hynobius leechii) Hljo}E =
SAI7] A3} 2| ARsE(LCso)= 600~800nMofA] Hojuh=
Aoz gRIEglom, 1y MY soA= B 7iAPF 2|ARe
o] & Aol FRIE FAR|S] A7t 10mg/l 2 et
SF7B1] vfope e seol FEFS vh= 2e 4 o ATk
(Choi et al. 2003). o]@jo|= X lagvis?]| Carbofurang =ZA|71
ATt LCs 43.4mg/l, ECsy 0.1mg/l & =70]0] wjopac ulzks
A W sH A0 SiIglon, TI o) 4342 7ule] 2t
Q1 64.165 T} =2 71 o= 2RIE|ItK(Lee, 2003). Thiobencarb
O] - X laevisg tdo® Hark Ao =W LCs 1.3~
6.5mg/¢ (Saka, 1999), Slurana tropicalis®] 7-$- LCs 0.752~
1.77mg/¢ &2 Har%|o] F7An] 9] ARl 16.87mg/( o] H]SH
o Wiz vkgdhs AE & 4= 9U%ItkSaka, 2010). E3,
PHhels thdo= Algst Avjet vlugls uf Benomyl 7.04,
Carbofuran 49.50, Thiobencarb 3.392] TIZFS LERJ O]
Carbofurang A|2J3t Benomyl¥} Thiobencarb-2 & £o| &
ARRE FEOA G = AS ER1 & 4= 91%leH, Ly
Benomyl 7.04, Carbofuran 24.87, Thiobencarb 16.12, ECs
benomyl 1.00, Carbofuran 0.58, Thiobencarb 4.75= LCs
3} ECso 9JA| FAu]0] 12 Carbofurano] T =2 5o
A 43FS YeRH Al Benomyld} Thiobencarb= -FARSH 5=
oA FaFe rAl= AR ZRIEITkYoon and Ko, 2019).
gk Aol AME 50 358 B T1 150K Uehiol
inle] Hjofarerol] 27|94 %0 ek A ol o
T Ao E3], B AgoA= Carbofuran} Thiobencarb
7} 0.1mg/¢ 0] FL=RE 7]3o] 221%|o] Benomyl =t} 2
FollA] FAR] ol ke WA= Ao UEpton TI
Zro] 64.152 3H1E|o] Benomyl 7.05, Thiobencarb 3.399]|
Hjal| et 27|gded= 489k & 4 AU
718 7% Benomylof| =2k o X. laeviset =5
(H. leechii)ollA] 35408 7|y, B5719, 227|130
gRlE o, =ggwollA 239719, X laaviselil= A5
7180o] Z}Zr 712 Eelgitk(Jin, 2005). 3}, Carbofuran©|
2% X laevis HlolollA =328 /9718, 37|, B3,
He7|% 59 71F0] ElEoi(Lee, 2003) & Ao =¥
ARG 71T fARE e UEtle 202 SRl Sich
Apgol 749 AF=E= AME 520 el wet At
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o] ZHAdl= o] EelE]glon, Benomylol =% X. laevis
7 104 Mog] 5] st 2jol Lehh 4447
37} ot Ao & Flelx|Qith(Jin, 2005). o)At AES
Feof weh Aakeat 719e9) S 2 Aol AsiEE 2
AollA Sl At FARE Foks Uehli= Aoz gkl
EJoJR|u} i) Ayt FAH|| vfole] Bl W Ewo
A IS AAF 71, ARl o ke B A
o} 2= 9loit}.

H /‘E‘?‘é‘ 2 =3} Carbamate#] ‘52?1 Benomyl¥} Carbofuran,
Thiobencarb =5 74| wjopdbdo] Qlof Z7|gPdEA= 2
o= A0 Uelleh. gk ANE W Aol 7R uizt
81A Bhg8lH= 52 Benomyl 2 ERIE|Q]on, 7|g-Hir U
2718 Alof| TaA= Carbofurano] 7F3 Wizdsk Ao 2 lolx]
Sk olefgt Az njolol Frjule] wWAly] B 2hE7o]
A]«Q_E]‘.:_ lr_Ol:EQ,] E—"JH /K}- = H]Q,] k]/ﬂoﬂ Of]‘é‘b—- U]X] 2
515 Ao elsol, ANEA717} vt 5ote] 54 4 ok
3 500l EatElo] R A9 0}50] BB AT (synergic
effect)?} Ltefit 7o) 2 A0 FRIFlopAI} olof cieh
ik o) girk Tk Carbamate?] 35057} 7] 51 9]
0] o} o] v]AE St 1 <8714 TR Si)
Ao Hrh P 971 e Aow wekEr:
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