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A Possible Mechanism Related with Non-spinning Syndrome of Bombyx mori
that Intimidates the Sericultural Industry in Northern Kyungbuk
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ABSTRACT : Non-spinning syndrome of Bombyx mori has been serious issue in sericulture industry
near Kyungbuk area. This study was focused on the analysis of the mechanism and on screening
candidate chemicals inducing the anti-metamorphosis of the silkworms. Rearing temperatures or initial
body weight of the final instar larvae did not affect a normal larval to pupal metamorphosis of B. mori.
However, pyriproxyfen (a juvenile hormone (JH) agonist) induced follicle patency significantly even at
its 107 M concentration and inhibited metamorphosis of B. mori in both developmental time and dose-
dependent manners. Pyriproxyfen induced JH esterase (JHE) activity and downregulated expression of
JH binding protein of B. mori. These results suggests that pyriproxyfen induced JHE activity as a JH
agonist and that the elevated JHE activity degraded endogenous JH and resulted in JHBP gene
expression. Based on the fact that the JH agonist induced follicle patency and inhibited metamorphosis
of B. mori, follicle patency bioassay suggested that three commercial pesticides including simazine,
molinate or alachlor were proved to give potent JH agonistic effect on B. mori. Further direct exposure
experiments to these candidates are required to determine the chemicals responsible for the non-
spinning syndrome of B. mori.

KEY WORDS : Bombyx mori, Juvenile hormone, JH binding protein, JH esterase, Non-spinning
syndrome, Pyriproxyfen
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Z7H71e Aoz Jehgten, JH A3t 2l (JH binding protein: JHBP)2] f-4=} 2H&-& oA 5=
Aoz vehknt F, flzSA8L Al JH $¥A2 2H8spHA JHE f34 848 A A3
A7k, JHE 84 F7ol whg Al JH &3] FolEoll wel JHBPS 44 848 AAlsk: Hle
2 M E vt FHez Ax rPeAe] Sl FokE Ao s dEAE At $AE AlA
3k A3}, A)2A 3%(simazine, molinate, alachlor)e] JH 84| &35 7X 3 9= Ao= vyelyge}
Yol mlEhg- A FHE HA olEd HE AH xF Y] a7

HHYO : 2pell, w2

R R N EL I CEE R

T A dF5S FAe= § AE 5 o9
A7l vEH(F52 WE %) Hul=
7} FolA B3 Ukl AR FEs £&311
et ol g Il Ftevlel HA e AAA &
Ag 7tHern o= Hs A3} vl A o] A|F3)
ook A\l ol Z3c}.

23] We T b 22 5229 A4 A
gz os) oF7]=ekRiddifford, 1994). §-oF5 2
E(juvenile hormone: JH)o] WHe]E 4| 51= uld, o
| 2H| 2 o] =7(¢|, 20-hydroxyecdysone)x= &u] e} W

£ F=8vh JHO Ex&oA] duiEze|=s
5 295 58 § ok BA AT, =
= wH 7)ol JH £ Hel i Brhs3 s
(Riddiford, 1978). Yol (Bombyx mori)2] 7= ¥
o s=ee) Ase £ $3719 H 3N v
Hely B 4 ¢lvi(Sakurai, 1983; Plantevin ef al.,
1987). JH 3 A4 RS 44 ARe 54
AFIE Fo WRERNAS G fmsie e
Aol o]z A FrHGarel, 1983; Okuda et al., 1985;
Plantevin et al., 1987).

ol Hel) Bl WE AdezA Hefdt At
A 7)= I $ket. o] g MlE FollA A2 Fok A
Z A FellA v]AE oA 8] AFIF P A5 gl
T ddez ASFPI U o|#7 ol iR 9]
Au= BRajde] At Auz|el Al A u)=]e]
A Goz vimA W kY s A7}t o|FA
3 9J7] w&eo)ck(Kim and Choo, 1994). A} vl =]
9] A o] XFoME A 103 o]Afe] Fof A4xrt
o] A3 g1, A A A = AFel whel GeFabA| Rt
d 103]) ojAre] Fofe] FAF I lvh(Lee et al.,
1996; Kim, 1997). o]24& 2}8} oo Abmel uhE
A 27 FAZE ASEHHEAN F2 A7 S 710"
FA4 3 AbEAl] Bohe Q&) Bo qbdsicia W
oA = AEFofelvt FFAAEAA(Insect growth

regulator: IGR)#} 72 IGR ¥¢fo s =zZ4 dA =
I Y AAelt oz 23l IGR A %9 FoF A
2 HFL B Felxlgjgl AW . ol @
IGR A %9 Fof2 39 g3 o] zke 27
FETED Holrh ke Soldt Ael AYL o83
of olg mAgesA W mE QA e 54
o2 o vshg el YA ddes FEPT
gleHCappellozza et al., 1995; Kamimura, 1995; Kim ef
al., 2002). B3] f<4s =2 =8 224 E(agonists) o]
old] Ao Fgsl= ARA FFo AHAAAY
g o WS JAATA "ok FFs= 2L ses-
quiterpeniod F+2& 7M1 U AFz2Eo=A
Zg7)12HA A v 2ol 32 R fAlslg T
o= 37 g)chRiddiford et al., 2003). =, §-32] A&
=24 M2 $4AE o83l e} wWele] #H
A FAAe e AAAIA AFEFACstatus quo’)
&8 7pA 27 ek el AZ7leE AAAAT
&2 % (gonadotropin) © 2. z+-3}ed, 53] gtze) 33}
2 34 d 23 #HE EXAIA "ok (Wyatt
and Davey, 1996). 32}2] §fs =22 zt4 aze] 7
+, frefre 2 Ay s4ARee M2y 224
2 o)&3lgy ®E 3 gJck(Sevala et al., 1995). ©]
28 AMA L 0] 4-3te] JH $-AHR(JH analog) 5] A=)
w54 AFel ¥4} FEIA AND + ANHKim
etal., 1999). JHe] AV =9} & M zor] S&ES
%7} nanomolar ¢3¢l 9)7] W&o =u|eFe] JH &
AR xZolx WEjEse AAE 2T 5 oY
(Riddifford, 1994; Monconduit and Mauchamp, 1998).
= & JH 23 He] 8% 7|zhe2A JHe| dAhs
oA F23F JH o ~H|2Al(JH esterase: JHE)7} o
A=H AN FFsale) e85 FANAFE AH
7} Hol, JH fAHA ¢} Akt $48 BeF7 €.
%, 7129 CzHEA AsiA HEEE s R
24 A9 Wl 238d $= 9ok
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s et JAA= IGR AF Zol
] A A el v}Z =2 H) FE(diflubenzuron) & 7}
3] EAe] A s)E9HKim and Sohn, 2001). ¢
2HlFEoz AH B8dE HAATIE A4 A7
g} 717}kl we) FEEA W B a3E Byv
(Kim, 2002). 5] 2 F-E2] Hel| A 7]2-& A&
A3} JH 44 23 532 ol Aoz e
govt, = FolF o ek o] 84S A &3}
= Aoz Ago] FPekKim er al, 2002). o] = o=
2HlFEo] JH YA}t 24-S ARl ez HelE
AR GAAZId = AW JH7F fR1ge2 W
5ol oj2A 3 Aoz FAHI 9lch 1=y g§)
oo AEA mat eyt AA s7llA vehbs
B3t zpol7} glod, B E2MlIFEo] AHA Aol
3 sl dE ofA A5 BEsjc)

FU AR FollE WAooz {oza R {ARAQ
#|5-2) 7} B (fenoxycarb) 7} wl-$- Ao M e HefE
39 adE ARGy 2AEATHEEEALE). 1
g}, o] Fofe AEFRAGA ATH T QA 9
< AR ol &I WS- FHIA T & 299
3 delozA wHEHA 3} 9o

B d7E AF HEAYGA Frt $E3t3 9l
oo HejEsS £l Z]eld izl 23
A HEuAe] we F AA &
28] zgoz J|EA sPdE MYt ol

A& ] g8 s Rl Az
712k B3, o) E viEke 2 fIEAY A
go] o]FAef gic} w|3g- 7]z FHEE A &

1A E gkebs 9 w)3sby eqlozw FR319]
13t 9qle fgs =R ARV e W
AA|9] 7)2H& nigtoz o] A Ho|A ArxE T 9]
= SoE R WAz dEdE FEHE
R ES TR FHI2EY FAT 75E A
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ol mlEg-E fEske 29l 71FE ¥AMEY]
A8, A BB a9l ol njshg HF TheA
A, ez foksaE AR &7 rel] w3

& 2 8 2 73 2N T Zes AN ¥R
Fsrtel =& Aol Ak wobEs fefzaE
2 75 2o A 4 Ak A

AAEE A71EY MREFARIAAA AR
2 AH%E A EE ARACH07 X Z08, B. mori)2]
o
[<]

182 &% 25+1°C, A &= 70-80%, B37] 16:
8h(L:D) 7oA AFALEE AMS3IS L

Al oA

¥) @) = =2 A #(Pyriproxyfen: 4-phenoxyphenyl (RS)-
2-(2-pyridyloxy) propylether)2 98%2] A= (F) F
utel12ollA At JH AL 715 2F89-& 93
FAE oY el AR e PPHE x
28 4 Ut w9 WEe| Al A A
vlele Fo] 5 7}A] 9Ksimazine, molinate, alachlor,
endosulfan, tebufenozide)g #4] Al =efo =z A
sldet. 242k AEH QA R ehd(3kA, vlel <), A%-
ZH A, 553, SR 3A, FHEs), AN
Al 5535, S AF43A, ARHHE A FA
T3] A3 H-

Hlstars 2olo] |88 o Ry £4

Sxsh A Fo] Fole) g3lel MHE Gape BA
3k7) $lsted 22338 20,25, 30°Col A 27} 30v}e) 4
AFgsledE A FUT L% 25°CAA AR
A9l 53 "ololF AFE FAes TAYYAA
P17ke EARA 457128 Wlastde.

HEME JHub3H(Follicle epithelium patency)

YEHd

JH 3384 2z 3 AEHAHoz d2A
x 9] s§ut3kfollicle patency) ¥HH = (Abu-Hakima and
Davey, 1977; Kim et al., 2004)& o] &3}t 73}
A el T9A B2 WEYle AT ABsTdn
S A7), 50mM ALAEA G 4pH 7.0)2. 74
AlA o) o] F 5°C2] Insect Grace’s medium (Sigma,
MO, Usm)el watshelch 249 g0 B A
96 well Z} chamberel] d44% dRZ 1027 AZ)
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ANZc} ol % vlwA @A iz} 2 1% Evan’s blue
o 5-1027F MR F Setel=Fekid Loy
32 50) 2} g2 s Rdn]F el FAsAT}. FEA)
= /jakalg 71 Kim er al. (2004)2] Y-S ajsio)

FASEE O|AHZIHI(JHE) 4 4

FRFEAZ AT 5 U A 712 <] HEPTAT
(methyl I-heptylthioacetothioate)& McCutchen er al.
(1993)¢] whgol meh YA JHE B4 24
3 uk-e gMo=z 10% sucrosed}t 0.025%2 5,5-
dithiobis-(2-nitrobenzoic acid)S Z33}= 5mM QA+
2L (pH 7.4)E ©] &35} 71A HEPTATE 3
2557} 02mMz YYZ Assh EREF 3% 17
o= 405nmelA FFE AolE ¥HFoz DY
243},

o AE|2td &M E4

ol 2EelA] #A)-2- Townson (1972) ¥l ez &4
stk 3= Ajg7) 2we] 50 mM p-nitrophenyl
acetate (80% methanol)9} &&= 3 PBS7}F 1 ml ¢
Ak T4 =2 #HI= 400nmelM ESAH T, 2F4
o} 0 2 p-nitrophenole] ¢)-&= i}

JH Z gt Z)(JH binding protein: JHBP)
Uz E2Y

3ol ¢] JHBP -4z} F24-2 7|8l &ejzl ol
JHBP $-AAt2] ORF (open reading frame)2] A=t}
ot Bojm =40 2 (Vermont ef al., 2001) primer7}
3 A= ¢do}: forward primer (5-ATGGC TTCTT TGA-
AA GTATT C-3)%} reverse primer (5-TTAAT TAA-
GA TTTTC GAAGA A-3). 3ol 5322 =7} &
2] 5} ¢] TriPure (Boehringer Mannheim, Germany) 2-Y
©. 2 Chomczynski and Sacchi (1987)2) ¥l o2 A
RNA7} 22lgqe). B2]% RNA 5Sugé RT premix
(ko 2r]e], tH)E o] 4-3ted oligo dT primer (5’
CCAGT GAGCA GAGTG ACGAG GACTC GAGCT
CAAGC TTTTT TTTTT TTTTT TT-3)Z first strand
cDNAZ A3t} o] cDNAZ 7|Z o2 JHBP 44
7} ORF ¢d¥ o] A}7] 5 primerg o] £-3ted FFH
o}, PCRE 94°CollA] 18, 55°CollA 18, 72°CellA 2
2o F71=2 353 FEFHAA $F3 PCR AHE S

43(2), June 2004

pGEM €] (Promega, Madison, USA)el| E21d 5] 0],
() utZEA(M L) 2]F3te] DNA F7|Ade] &
152tk DNA 937]A4 9 %32 DNAstar X273
(Version 5.01, DNAstar Inc, Madison, USA)& ©]-£-3}
Ak

FHA &3 Northern £

Zz=93 JHBPS ORF 9392 Geneclean kit (Q-
BIO gene, Carlsbad, USA)Z A A& biotin-N4-dCTP
(Kirkegaard & Perry Laboratories, MD, USA)S =A
Z}2. random primer extension B}*] ©. 2 probe7| A=}
Hadwk A7 A RNA 20uge] Ar7|edgoz £
%9137, nitrocellulose membrane ©. & A A} Sal-
mon sperm DNA (Sigma, MO, USA)&. v]|Eo]3 #H3I}
£ & & 42°Co||A] hybridizationo] o] A=} A3
% alkaline phosphatase”} £-2 streptaviding& 924
At} o] ¥ CDP-star 7| & Ajofo 2 uh-2-AlAH X-filmel|
eZ A

2 o

k2 HFo| ol o]&E Rl olx= I

WE-2xr) e u|3g fde mAE= s
FA3)15 v Table 1). o] 8t o] f-x oo} v]E}8-0]
Fog 7k ol R A2 "Abe] Qi Bl
Al gho] MHAEy] wjFe|vh 2AE RE USEE
(20, 25, 30°C)ol) A} &3 Wr87)7bel|A) fo)7b Qlele
¥, ushe- Jeldx] dotth(x® =222, df=2, P=
0.3292).

ol & =3 g & 5
Aol 5 299 we 55 2AAsH= ¥ £
ZAA gaqlez 2431A FK(Nijhout, 1975). &
= olEgt AFHIIL o] mg T =8 5
712t Aol JEE FUEAIS Golry] 8 55

Table 1. Effect of rearing temperature on pupation of Bombyx
mori

o Number of Larval period
Temperature (°C) n cocoon formed (days)
20 30 28 31.6%2.8
25 30 28 26.1+£1.9
30 30 25 23.7+23
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Fig. 1. Effect of body weight of newly molted fifth instar (‘L5D1")
of Bombyx mori on developmental period of the last larval instar.

2 7 99 F oo AE 3PS 717kE
A8l ekFig. 1). 1FALER AFERE ol 58x
7] AFL 412.6 mgell A 1,616.0mg7hA] o 4wl 2] 2}
o]& HBth Tt o] Y TAE Ao, i
12t ZFol= SlSTHF=1.05; df=1, 44; P=0.3119).
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2|z EAHS 0|38 fEol olXs dauz

A2 QoA siels el He e
g AT e A BAs] A FTAZ )
AT R I
M) 10° M7} Z& 3 FRAME dohbe A
$A% 5 YNTHFig 2). oJHT A FelzeA
o) JHs} §A1% B AVT ok 71Ee) A4
& Fdsin), =g £ QTN JHFSA EHel o
S A A 2P AlolN FEE
ek A G4 4 Ao

olelgt WelZEAANE e FES ol 5ol
A7dE SRS A 250 AR A
£ A4 $AW v04E $BAHSHFig 3A). o=
S wal 198 AR Aol sHE e
e Aoz BRHA 22t 59 1193k 50%+
B4 TAE FAskAE d, ol AM o ofv]
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Fig. 2. Effect of pyriproxyfen on follicle epithelium patency of
Bombyx mori. Each treatment consists of 5 measurements. Ditfer-
ent letters above the errror bars indicate significant difference of
the means at Type I error=0.05 (LSD test).
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Fig. 3. Inhibitory effect of pyriproxyfen on pupation of Bombyx
mori (A) on different ages of the fifth instar larvae with 1 ug of the
JH analog and (B) on | day-old fifth instar larvae with different
doses. Each treatment consists of 30 individuals. Different letters
above the errror bars indicate significant difference of the means
at Type I error =0.05 (LSD test).
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Fig. 4. Effect of pyriproxyfen on developmental period of 4th
instar in Bombyx mori. The JH analog was applied topically at the
newly molted 4th instar larvae. Each treatment consists of 30
individuals. Different letters above the errror bars indicate signifi-
cant difference of the means at Type I error =0.05 (LSD test).

glo] P4 U 4 glvhe RS vehie
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3}4-& FUAF 2B o] o]3)e] yEoME A
4 437} o= Aol vt Frtsigd
gz ngg f8 &I o] A7} HH
A A Aok el fEA, ol E R 2
5% o)ate] 7] HF A$ 53 7I17He A4
2 4 e 719E £ glek ARz 8 sk
ANME A8 FF717H8 = 92 I8 de=z 5
75'81 911:} 2 °4%L°ML oAl 438 27 Mz o
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2 4332 Fr HzTe vjsiA {3 7]7ke] A
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= ¢ltiFig. 5A). 7|A 2 HEPTATZ /‘]—-9-6}93—‘?—
32 Michaelis-Menten & 4812 e & b]-ﬂ-‘;ﬂt}.
713 A=K7 76.22uM, HHuhE H=(V,,)7h
142.86 uM/min/ml 2. 29 Holc). T8 x4 B4
Hoz IZEAM] AFEHNE S dH=M
JHE®] &4 Wbyl A= SelFig. 5B). £l A
S TE VRE S3elA 9} o] F7] 27 ¥A
Z7Fe Bl 57 5, 64A o= YelAer) A
A A7) AAe] HH oA Ao Folele A
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rulo =
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Fig. 5. (A) Enzyme kinetics of juvenile hormone esterase (JHE) in
the hemolymph of the fifth instar, Bombyx mori. The substrate of
JHE was HEPTAT (methyl 1-heptylthioacetothioate). Effect of
pyriproxyfen (1 ug) on hemolymph JHE activity (B) and general
esterase activity (C) of the fifth instar larvae of B. mori.

2} Eserines)= AA5o] g Aoz Jehdt
3, DDVPe] dsiie 107M ol sxolA o)
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M A S LKV I LV F ¥V F A R Y V A S D G D A LZI3
CATATGGCTTCITTGARAGTATTCCTOOTTTITGTCTTITGCTAGATACGIGGCTTCCGAT GRAGATGCTE Vi
LR N SO FRUEC TN S SO U G GRS IR N 48
TTOTAAAGCCCTOCAAACTTGGTGACATCCAATGCCTTAGCAGI GCGACAGAGCAGT i TV TRGAGAALAC 1410
S K Gk PoQ Y LW Py P VoY S L Y] i
CAGTAAAGGGATACCACAATACGACATA | CGCCTATCGATCCACTAGTTGIGACGTCAT VICATGTRATT 2i¢

Q X
r(‘T(~ (‘ACC AI(A(C(J(‘»\AI('LMATA( ACl'l‘»«‘\AAAT‘{ A ( CA(C’\(‘(‘\CTTYM\I‘GALQCA LBER

T
TATLT” H L(,AAAHLALAUAAA((’(;AALA ((Tb(]c" AAG/'\CCA//\(‘(CLMTTT"CAT/‘TT(T A0
G ooV o b Ly S Ky F G Y A iy YN 1
TGGECACATTGTAATCGAGT TGACCGAACAATCE AAGTCCTTCACAGGACTT TACACGGCC GATACA AAT 420

VI(i/\\/KY(FYNXk\I)DDGVQHIVV(‘)"l"ﬁ
GTTATSCOAGCT GICAGG 1 ALGGE TACAATTIAAAAAAT GATGATGACGCAGTTCAALATTTIGAAG "CC 497

P Foe bos b GoR P K OV T LS 8 D LS S A 5]
AGCCGGAAACGTTTACH T GIGAAAGEA LI GRAGAACCGAAGCTTACTCTCAGFTCAGALTIGAGIAGGHE H6T

LB K o S G N N S Lo L P D M £ P LK T LR 0O A
ATTGOAAAAAGATTCCGGTAATAATTCCTTAGAACCOGAT ATOGAACCTT TG AARGCG L L AAGAC ARG
A 1o KoboA oA ¢ Y s Vov H N TR A S A K |23
GCTATTTGT AAAATAGCTGAAGCGTGCTATATCAGTGTCGTGCACAACATTACAGCTICGGCOAALATCT 7uU
POA SN S o N N 244
FACCCGOGTUANGCTTCTTCGARAATCTT AATTAAGCGGCCGC 743

® MASLKVFLYFVFARYVASDGDALLKPCKLGOMQCLSSATEQFLEKTSKG! Majority
.................................................. Bm(Korean)
.................................................. hJH g—;
PQYD WP IOPLVVTSLDV { APSDAG!Y IRFKNLN 1 TGLKNQQ | SDFQMDT Major ity
51 Bm(Korean)
hJHBP-1

KNDDNGVQHFEVQPETFTCES | GEPKYTLSSDLSSALEKDSGNNSLEPOM Major ity

................................................. Bm(Korean)
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Fig. 6. (A) cDNA sequence and predicted amino acid sequence of
a Korean Bombyx mori juvenile hormone binding protein (JHBP)
(B) Amino acid sequence alignment of JHBPs of Korean and
Japanese (hJHBP-1 and hJHBP-2, GenBank database under acces-
sion numbers AF098304 and AF098305, respectively) B. mori
(Bm)

He d4e Rgoiulauxa) 23y, JelzEa)
Ho] Ml F3-2 wl-¢ Folg &4 PFe nyde
Al XE)F 294 JHE 84 o] Helgehr} ohA] 27}
ated ol vl SulzkA 9] BAE wde) o]
g4 W3 i e = EelE rkFig.
5C). e Zv)EAl= il ol2deiAle] ASe o)
ZT-9} AT Atelol]l A =7] Aol ¢lAINF FA
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Fig. 7. (A) Northern analysis of the expression of hJHBP (hemo-
lymph juvenile hormone binding protein) in the fifth instar larval
of Bombyx mori when the larvae were topically applied with
pyriproxyfen (1 plg) just after the fifth instar molt. Each lane was
loaded with 10 ug of total RNA. (B) hJHBP transcripts (1.3 kb)
were quantified in their band intensities by an image analyzer.
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e AP TE 53] o] 58] ARgA)7) 9 Yut
A dEn Az Al A viErE Fol 37Fx] FoF
(endosulfan, simazine, alachlor)& ¢j|2] w38 £t
o)Al poko g Mubsle] BB o] o]9fof IGR
A 52 tebufenozides} Fb-F FH Azt go] A
E5 AlzAe) d24< molinateE F7FAAHA JH %
A 237 e A £k TH 5384 &a3e
AT AYSH £z vm LAAcKFe ). S5,
A o AAR FrlIM AxHE AL} Al ES
o] &3 o] A8} 371%] A Z=A|(simazine, molinate,

alachlor) 5= JH 534 &35 7Ixa Qigie 1t
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Fig. 8. Screening of commercial pesticides sprayed on the mul-
berry trees for their juvenile hormone agonist effect assayed by
follicle epithelium patency (see Materials and Methods). Each
treatment consists of 5 measurements. Different letters above the
errror bars indicate significant difference of the means at Type I
error =0.05 (LSD test).
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el Ar3:A| 2 AM-EHE tebufenozidevd endosulfan-&-
JH 534 237} e Zle= A5t

&

Kl

AR FRAHS sl AiE FE vshe £
Ao oz AUA o] AlFE HAlR HFE
o B dtE olE @ ol mEg 08 S JH &
A (analog) =& EZA)(agonist)ol] 23+ FH= =
@3k, o5 SR 713 A9t 9dA 23
Qe RS Ful 583 FooME ol#id Yol
n)3hg- A 2A vl A= HevE WAl #eA
FIHE F4 YUA2 AEsle rHCappellozza et
al., 1995; Kamimura, 1995; Leonardi et al., 1996;
Monconduit and Mauchamp, 1998). 121} 1990 ¢}
FHbo] & o] kA7) Sl Algte] HA] b2 Akl A,
Fdg7te) wiEg slErb st S 1
o, o] Foks AJNAZ TFer)l e FE7F Uk &
AFE TN ARE e sRlzSAEes Y JlE
2 Asdeh. ok o ohAl7} dubdez wel%s)
gAYy Loz N REglonj(McMullen, 1990;
Langley and Hargrove, 1990; Yamamoto and Kasamatsu,
1990), NN A7 Ee ) PufrbRe] 5 A4
A Aol AEE ™, JH §A 2 A7) 2HS W53}
I 347] wEelet

I ZEA|9 e o7 pello] w]|3g FE 7S
EAE7] Aol 4 vzt gqlo] Fello] w34
frtel] #Aoshe A5 BASIAT B2 ol F7hl
A Bl 2Hg-2] fodo] AZELY] wel] Aol £]3t vl
38 fUIAE el B g8 55 AR 7|zbEet
AR 2= §31-8-2 wlwslol M ARl
A BFE ol o]l £33 ol2gt e
AR oF2] AL 2ANAM ALEZ AFM = FAMS}
Al Hel-HKim, 1993), A2o] AHH oz v|3}g
ol Hdle] & 4 g&& AAsaL ol

T o HEEH u)Ekg- flel aqlew &
o AF A3HE AZE 4 e ol £
Hel 7 352 A FFeht AF 5o ookst AR
5 59 o8 €9 R 3 A8 A 1
“H(Nijhout, 1975). & Q7oA F3 27|18 A Fo
geksiAl veldeh 48 638 AAVE sislovt =
¥ AAAez g3l om, T30 el 27)

[o)

2 o
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FZ 5T Zfols MolA] gdol, o] e9l® of o)
u)3hg el 24N 7HEE £ glgde
ol mzkg 2] Z]2bE A EA 7S
a2zl AMF JH FAMAZ) v)3hg fdg dodd &
Ut 7HAel| 71x3te] B EHRA] Aol A2 A
H3 e JH A Fokel F2|ZSA)EE Hate
2 vshg 8 '3 9 e V1R =AY
o fr%ol A=A ugS AT 4543 =
71 AAl §#F717F 93, 23 717 Y ¢
3% 3¢ S WReE 2 U 53]
58 27] A9 AS 001ugd] 22 Mz &
3} A4 &EIAE el Ao el AAld w2
242 22 79 Y G2 R = v)E §
o] Fhedttty FA AN FARE A7) Seollol A
o9& JH fAHI]L slisAITtEe A B s, o|2st
AR S0l JH AA Bl AR 32 sxofA] n)3hg-
£ a4 gldkwr ¥ 37Eked o (Monconduit and
Mauchamp, 1998). Y-ol|2] 7-¢- Z28] %7] 34 F<
JH 8% =7} 3437 Zdaste 4dA8des &5
X o]3tR olX|A Ht}(Sakurai, 1983; Plantevin et
al., 1987). 7] JH 74717 3¢ g3 =25 JH A
e AFPE HAS AAATIA Hof, ekl 27
He Ao zels v=g Y4 gk £3710
94 =t FEH3E U HAokAkai and
Kobayashi, 1971; Sakurai, 1984; Okuda et al., 1985;
Sakurai et al., 1989).

2 =FAHe] We A &= 324 F /A 7}
Aol o3 8¢ 4 3ok 4L o] FAIZF JH o
g2t 2 JAIAA A JH =5 AF3H st ¥
B Z2 73S JAAE $ ke sHdeld ey
g2 ZFAH-L JH o| 2H2HA S AAIEA] gston,
238 A& Alzatdd. fARE 2ot H=A7kE
M= eldtHDedos et al., 2002). &A] A% JH
dxdetAlE AW JHE 238 AAAFE o o
&g $YYE Aoz, o] A7l A JH A
9] o] Fojry ooz M oR FH3le
E $ Qldh &, SY=ZSAH L] JH o Ad e 84
A AAH R Yo WHefAA = AAAT)7] o]
Het o MR FEA7ker) JH $8A1 24 24
3led AW JH 5= w2 Lok 7Hd ol FlE)
ZEAE L H5A71Re F-AFSHAl phenoxyphenyl 3}
FE F2E A, GEAE RS fEste] &
M= JH 5384 &3 Aduti £ 4 glH. o

Hat =29 IFERA gHoR FARA 7 H
Hrzre] M MsaEs JH 284 535 Ko
o, A2 Gz JH 5430 AAPos A
22 WHHKim er al., 1999).

o] o] |z E Al W AFHEAE FH3L,
EE FAI7FE ] AT AHE I ZFAH ] )5}
4 8 73 atete] 2ok fas =l dEzs

ARE He dAe T A 21719 Fellel AF
3k, JH A A17)(ZFA A7)l 9 22 TH 53
Ag FYA7IE Aol ol AFAe 4L o
AA7) 3L, o] D4 Ard o]z 22 A
A Bl #HE el 55l olzA Aotz A=
o} J22v sz S Adle] el m]Ehg fodel] A

U
A A=tz B Flr) s ol o] F
ofe] AEBRA G HujFE 722 st o
(Nl mAALR), SqFRe|al AgH ole) A vl A F
WA Jepda qls ol w3 AEE Ay
7lel= 83 A5Ee ] 23

T Z 582 22 JH A7} rolle] #Hell &
AANAZ = Qehs AMLE AEREA A oFds
o FEE & & e HFEES 23 et
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et ol & ] o] A Gl A o] x=FH 5 S
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B EEES A & 5 B A VA 5
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ot 25 A EA AlFo2A FEAEe] X ekl o
EA 2] molinate, E&] o} A2 simazine, S22 o}A
E opdele]=A| 9} alachlorzM A3 FEH 33 +
25 AR AAE 4k 2B o] Al 7k BEE
Al HEnAmstEEEde defx3 glvk(Keith,
1997). & Aol E o] Al 71A] 5ofe] FEAZAN
st EAMHE B8 JH 584 adg 712 4 e
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o7 £ 9lE A= F& EA Yol FalFo]of Fr}

Ab AL
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