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Effects of hexaflumuron on phenoloxidase activity in Spodoptera litura

( Fabricius) ( Lepidoptera: Noctuidae)
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Agricultural University, Tai’ an, Shandong 27108, China)

Abstract: [ Objective] To investigate the effects of hexaflumuron on phenoloxidase (PO) activity in the
common cutworm, Spodoptera litura ( Fabricius) larvae. [ Methods] The activities of phenoloxidase
directly reacted in vitro with hexaflumuron and that from hexaflumuron-treated Sth instar larvae of S. litura
were assayed with enzyme kinetics methods. [ Results] The optimum reaction conditions of PO were pH 6. 5
and best working temperature 30°C by using catechol as substrate. Hexaflumuron could directly combine
with enzyme protein, but it was not chelated with Cu®* in the active center of PO. The PO activity in vitro
increased when hexaflumuron concentrations were below 1 153 mg/L, reached its highest level at 138 mg/L
and was inhibited above 1 153 mg/L. After the 5th instar larvae were continuously treated with two
sublethal concentrations (46 mg/L and 92 mg/L) of hexaflumuron for different time, the PO activity was
significantly higher than that of the control at the same treatment time and the activation rates at high
concentrations were larger than that at low concentrations. The PO activity in the hemolymph, cuticle and
head of the 5th instar larvae increased with treatment time. The activation rate of PO at the same treatment
time was the highest in the hemolymph and the lowest in the head. After the S5th instar larvae were
continuously treated with hexaflumuron, PO activities in prepupae and pupae were also significantly
enhanced. [ Conclusions] Hexaflumuron can activate phenoloxidase activity in S. litura.
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H. ¥3E . F#ERSHESEERMNN DAF
o, RERIEFRB XA VU . S ERER AR
HEMEREA R P A BT 2 e F R AR AT S R
(B4, 2003; Unsal et al., 2004; Schneider et
al., 2008) , A HR H VR FHLIE B 58 R AE A B
BN BRXTRYRAE AR R, KEMk
WAMHILT A BETIR, BIEBREIER,
BH A A GEIE % B B2 PE 1= (Post et al., 1974;
Soltani et al., 1984), #t—FWFITUESL, K4hR&E
KR A] TG B A A R 4 38R AR e R P (Yu
and Terriere, 1975; ZBEPLE, 1989; JE{f4e4E,
1991) B3l JLT ol A9y 48 AL B 1 ( Ishaaya and
Yablonski, 1976; =R Fi#HEE, 1992; Bayoumi
et al., 1997) %%, MIEARHUR RIVE FIPLEE oA R 4%,
B HAT R IERATE TR
By A UEEE R R B A R BAE
BEH. ERBFREERSEY, BAKESS
REPEAMBALRE, BUERERNZHALEY
HIE . BAEEREARRL, ME 20,
¥ L-ZREANEZ B, #iElR—R75]E
AV i) 6,2 25 R (Hiruma and Riddiford, 2009 ),
TER B NIRRT, B4R AGEE FDRE L E AP A
My S AR, TEFAB R S50 TR U B AR XA
BRIEY %A 75 2 /EH (Yin et al., 2001; Brown
and Gordon, 2005) . BF 5% {lE 5K K 4y JJf 7 98 BE Jik 7]
PBE F W Musca domestica F1 .Y E KB Ostrinia
Surnacalis F 5z By EAGEE BTG PE, A0 B A AL B S
HARE TR T HREWIEFER, &FBLHFT
HE E R A Z —(Ishaaya and Casida, 1974; ZRI|F1
WHEE, 1992) . {HIH S 2550 % B He Ak A sy 48 AL
TEME ARl 7R S G 3N MR B HRE . AR5
ARSI AR}, A I 8 A R X 5 %4l
B AR A AR VE R, BRITHRE IR 5
4 AR [RIBF ] | A [ 25 28 K% o R B 45 A B
PER AR, B SRS R B S AL A PR R,
WAFRZEAFIERNIE, FRIFRET . &
B LAWHAR R R BRI .

1 #MBFAE

L1 AUl aram

HYLHE RV B B R DE ST P dR i, 72
2 PR B fl A AT 2855001 00 F N ARk (R
5, 2000) 46fQHAISR, Wtk S k4 R ALAR A, 17

FE&MR 27°C+1°C, RH =75% , YGJEHAM14L: 10D
HEHREEFRAE
1.2 BHLZ5FHFni

98. 5% FE IR SR 2 ( 3% [ B IR £ AR 3 B AR 77,
EEEAEARAF E), PR (CRET
BB AR A RAF ™M), PR S, B
PR M AN AL R ( R E T B A 2210 A BR A 7]
o), FEHSE G250 (Sigma ), T HE
JEAN(DMSO) ( Sigma i) , P9 R SF HAt 157 3 4
B = M el
1.3 SmERLGESHHRFE

W R R E 25 55 A VF DMSO %%, AW
R (PIER: 2588 7oK =0. 2: 1) B ) il— E W i B
WA o ARTERR IR 4= 210 FA RSO IR 5 14 i
BFEIIME LR (LCs, 2y 441. 82 mg/L) , #EFH 46 mg/
L (LCy) #1192 mg/L (LCy ) W BE B MKZGAE N I
BOEHIE ., BATHEBIRA 1 em® /NTHR, 4051
B A 46 mg/L 192 mg/L FENRZGWH 30 s, B
T EMATSEE P& MR &R RIR
TRHERA B, BB 4 ~12 h ER K
BB S5 1843200 3%, YUR2 h 5, BMEE
Bl 1 kg, BRER-KELHHA
Thkt, BRI AL, BAMER 3 K, 20
Fr AR R A SRR |
1.4 BYEAEEEANESZ

SRR A SR (2004) B 7 R IR VR . BUARY
SRR 5 W ahH, %5 mL/g B EL AN B B9
0. 1 mol/L BEMRZE th¥ (pH 6.5) , TEVKIRHSINK,
T 4CKF N E 30 min J5H1$E, #HIRKLE 4°C.
10 000 g 54 FES.0> 30 min, B FI3E W AEEEIE 00
EM

2: 18 Sugumaran FiI Nellaiappan (2000 ) {75 2
ERTE 1. RABREMAR, 7E 3 mL JEE R
FE&AH 2 mL 0.1 mol/L B ER 2% rp ¥k (pH 6.5)
0.8 mL 37.5 mmol/L £4F "Bl 0. 2 mL B, X
NFE 30CHE IR 4514 T i# 47, i F§ UV-2450 #1245t
IIEIGEETHE 420 nm L SE 120 s NG BE N
EAfL I K 4R, B 20 s iIg R —NRGEE,
B —KEZ, NEXWAPRRBZENG . UE
SR S BOL R 0. 01 & o 1 VB
WEHHRAL(U), HFLIHER 3K, T,
1.5 EEAEEREFENE
1.5.1 pH {EXI By A ALEEE 1) A e g mm . el
ANIE pH fH 9 2% v ¥ W: 0.1 mol/L #7 4 MR-
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0.1 mol/LAF B ER 4N (pH 3.0 ~5.0) F11 0. 1 mol/L
NaH,PO,-0. 1 mol/L Na,HPO, (pH 6.0 ~8.0), 7E
3mLIEMEN E KR P, AR pH 52wk
2 mL, FEAIA 0.8 mL 37.5 mmol /L 4F % — Wy, &
T 30°C/KiA 30 min 5, AIAO.2 mL B, WEAR
7] pH T B A ALERATE 770 B2 mL ANJF] pH B/ 5%
M5 0.2 mL BSR4, BT 30°C KA 30 min
&, FfMA 0.8 mL37.5 mmol/L 48— W, T=
BT RAL, WEAR pH E T B A BRI E T
1.5.2  JREEX My S AL E ) RS E R e TS
#2mLO0. 1 mo/L R ZE h (pH 6.5, T )5
0.8 mL 37.5 mmol/L 4 7K — B} 7£ A 5] ¥ B (20,
25, 30, 35, 40, 45, 50, 55°C) F4#JE 30 min,
T4 HIMA 0.2 mL B, W5 A [R)R BE T M A Ak
BRITE 770 44 BB WRAE L3RR [F]IR BE T B4 10 min
J5, 0.2 mL 43515 2 mL 0. 1 mol/L BEERZE th ik
F10.8 mL 37.5 mmol/L 4§ — By fE = 1R TR,
W 5EA [RIRLEE T M R AL B AR E 1 o
1.6 $EABSF(Cu’ ") Fulg il xS IR B K Uil
< 20

ZMREESF (2007) M7, BEABUE. BR
BIRIEZ5 /> F DMSO ¥f@fa, FAP R (I ER:
EBETK =0.2:1) Foil i —E W E RS . U
SE Cu® * X6 GAR IR B8 K W M K S Wi PR Y WRLAR R &
A 1 mL 0.6 mmol/L CuCl, ¥ . 1 mL 0.1 mol/L
BERRZE WA 1 mL 1 mmol/LIRBIRVE W, Cu’' 7E
7€ fA & R BE S 0.2 mmol/L, U 58 Bl V%
BRI R WA R VS A R &R 0.2 mlL
B, 1.8 mL 0.1 mol/L BEFR ZZE vP ¥ A1 1 mL
I mmol/LI B R E WM. M HBERSTH 2 mL
0.1 mol/LESERZE th ¥ A1 1 mL 1 mmol/L M IRIE
Wo 7E30 CHER/KEHEE S min j5, HEG
JEGRE T B R e, 7E TV 1K R o DMSO
WEE/INT 3% , LATHBRIATEEIE J1 520
1.7 S¥EERNHEUEET NI
1L.7.1 R IR oA Ab 3 & o B 4810 B 0 77 5% i«
BRABRRROEENAERKEE —BW 5 B4R
(1d)6 ~8 3%, MEFERASRKKI LK, 7£3 mL
MFEARRF, A 1.9 mL BEERZ b, B ERY
SPAE vk E (0. 8 mL, 37.5 mmol/L) FlfiN A BFI&K
#(0.2 mL), F4HIMA 0.1 mL A [F¥EE (0 ~
13 833 mg/L) FIFAELIRVER, U028 UL R X 3 LAk
BETE 1 2, By S AL BE S W kA 1.4,
ENGE

1.7.2 A8 IRALHE 4 AN [5] B ) B 4 Ak B 0 7
AN TEBFE ) B AL B F 4 B p B fR 12 h 5 B0
KEB—BS5~6kghm, 272 h IH6 K, it
R4 HFRE G TS BERR 2 BRI TE K& |
FASIRASRARS K, ARBEBD TR KEOE
H, IMABERZ i, 7E4°C. 10 000 g KT 5
030 min J5, B EIEWAERIEGR .. LAAH R %
T B2 Ak FHL % A O BT [ ) 40 R BBV Sl 3t R
1.7.3  FARNRALFEXT 4 B A [R] 20 2 9 S AL B )
W ArH1T 24, 48 F172 h BN TEBBE | &AL
LR ERAERKET B S5 ~6 kgh, fft
RECRRI A8 By A AL ESESW FH. 2 IR Wappner %5
(1995) W EE SR BRM MK B . Sk FP AR K Hh i B 45
BRI . FEVKA: B B B4t B 4 dUiE R AL,
Bl R FH B4 X A O AR M E 0.5 ~ 1 mL,
AT ELE T . AT S mL 0. 1 mol/L
HIBEERE M, 7E 4°C. 10 000 g T &L 30 min,
B WRAERIUEG . HREBUI )5 B 5 14 B
FRAEVK B HAgH] . B R IRIARE NINNEY, BT T
KEBo BRI AR LB AR T, £ER
21 g, SPHIBATE WBEIES KA, A S mL
0.1 mol/L BEFRZZ WK, TEVKIETH K, SR W%
AR B LEY, EMEFSGTES, B EER
VERFINESWR .  LAAH [RIVE TR & 2 A 38 A AH L B 1] P 4
B[] 2R BB R R
1.7.4  SEARIR X F90 5% 740 % By SR AL BB TS e .
PB4 38 N TARDRI AR 1R 5. 6 %
L R FE A BRI . 43 BOR /N — B T R
W, P AR 1, 3, 5, 8 dEE3 ~4 3k,
FRCH FOUURE P P 098 RO BERR 22 BB VR IR TE UK & |
FASIRASRARS K, ARBEBD TR KEOE
H, IMABERZ i, 7E4°C. 10 000 g KT 5
030 min J5, B EVEBAERFINES B . LAAE [R5
B B A0 T A L B () ) AR A0 P B RLAE g X R
BURRTHIA AR, KA/, BT IE &
KW, TGN A TGRS 12 h M4,
1.8 FEEARKENE

KA D HT = ¥ G250 3£ ( Bradford, 1976),
A4 ILVE 2 H (BSA) AnEE H o
L9 HER/KESLSR

SR SPSS 17. 0 34 X 3 F0CHiE 47 -0 56 0
BRRFZEST. RIEERE 20 s IEFHERITE
WA LB TEYE, RN E—EE W FYEEE, &
JG FAIR—¥R B 3 IRE E AT P E T A R 2
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By 22 57 B EPE LB (P =0.05) .

2 HREGH

2.1 pH ENE X R 90 % % 4h B | 1L B iE
BT RN

PASRIR B 4, W FER IR pH fHZE o i
TR SRR I B AL T S . S5 SR R B, 7E pH
5.0~6.5 Z 8], EHEMEREE pH EA MM, X4
pH 6.5 DB, S HERE pH (7 i PaE T B
faEMESLI F, 76 pH 6.5 B MR EM R IT
(B 1: A), QUK 8 B A 4k B 19 & & pH B
$76.5,

DASRRE By Y, 7E 20 ~30°C Z[a], FE§IE
MEREE R W F R W, & 30°C T, ERIEE
D B3R B T T T oo O VR ZE R [ BE T TR
10 min f5, 7£20 ~40°C g B R A K & R E
P, Hop 30C B R Aa o, V0R B R A B W
92.2% ; IRETEA0CLL L, BHEERETHE(E L,
B) ., 30°C RSB IR B A MBS IR

=55 77 PO activity
—m—fiFa et PO stability

120 p A

Relative activity of PO

F AV B AR T (%)

5 55 6 6.5 7 75 8
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B S AL BEAR X TR (%)
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Bl 1 pHfH(A)FREEE(B) X RIS 4 i
B AT P L AR e R
Fig. 1 Effects of pH (A) and temperature (B) on the activity

and stability of phenoloxidase of Spodoptera litura larvae

2.2 Cu™* FE i 3o 98 $4 R 55 K MR M e 4 1)
o BRI GRS IR 15 AT LA B R e R SO B B 4R
BRSSP B HR B 1, 78 SRS IR W 20 S A

Cu®* FIEWBUT , WA 285N e i A 1k i ] 2
ATLAE Y, FEIRTE 225 nm Kb A5 58 SR i e
WA REWBMBEIERL, RURRIKEAE SHE
WP RFE T4, WHRBRIRAREL
LB}y e i T e (S S

30 p
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Fig. 2 UV-visible spectrum of hexaflumuron mixed
with Cu** and PO solution

HhHek 18 M2 IR H i il &8 Curve 1 was the UV-visible spectrum of
hexaflumuron; £k 2 FHNA Cu® * J5 WA R ML Curve 2 was
the UV-visible spectrum of hexaflumuron with Cu® * ; Hi£k 3 i A By

FALEE G A IR i & Curve 3 was the UV-visible spectrum of

hexaflumuron with PO solution.

2.3 SR RO R MR Ab HE 4 R B S AL B R
RIS

DASBZR B oA, X BRSO 100% ,
RE I ELEE T ISR 2R 51 B A SOy 48 A
YRR, B 3 AT LR, A IR BEAE O ~
138 mg/L i, P48 A0 G 1 Bl 9 B% R VR B2 38 K
MR . WE, FEE RIS K, BT
ETFEBESE . HRBREE KT 1 153 mg/L B,
BTE PEAR T X, RV MHIVER . SRR BETE
0~1153 mg/L Z[H], BEEMERIRE TR, LMK
TE G B ¥ B P X R SO M T 4R AL T LA T

ﬁEJEHO
2.4 SFELRLIEARFE R E RS REL HEBRL
B E R

FAPIAS MEBOE5 8 % IR AL 2 FR) N\ Tk i S
TIN5 fgh iy, R 12 h JUE — kB A AL BTG
GERRM . RPN R AL EE 4 o i B A AL B 2
BERTXE, HEEEZFICHENEER, TR
AR 1R Pt B g 5 o s 79 B SRR IR B 8 1
i TG R AEIEER, =72 h i, 46 mg/L ¥
JEE A P &y e By SR AL B PE R R T 95. 0%, 92 mg/L
WPEIRR T 105.2% (K1 4) .
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Fig. 3 Effects of hexaflumuron on phenoloxidase activity in 5th instar larvae of Spodoptera litura
CK: #mA DMSO 7%} Mixed into DMSO as the control; 0; %% 5%} Blank control.
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Fig. 4 Chang in phenoloxidase activity in 5th instar larvae of Spodoptera litura after exposure to hexaflumuron for different time

2.5 EEBENRLEELS RARARHILEF
MR RN

FAPIAN BB B TS IR VIR Y f e 4 i 5
fih 24, 48 F172 h J5, SrHIIE MAkE . FH
SR E LB RITEE (R 1), SREH: H 46
mg/L 192 mg/L FEACH G, 5 #4 %) sk i B B
SALEGIE M 24 h 4 B4 105.8% 1 127.3% ,
48 hJy 128.8% F1 134.7% , 72 h Jy 134.6% FiI
149.4% , %M F B A ALEEME 24 h 51
34.1% F141.0% , 48 h 3y 44.5% F180.2% , 72 h
K 79.7% M 115.2% , & d LM A ALEHEME 24 h
AR E 11.7% F1 31.9%, 48 h Jy 43.3% F
70.6% , 72 h 3 79.3% F1 88.7% . W% 255 4b 3
BRI RE R, SRR IR B B AL B A S VR th 2
Wi ke 255 AbHE G AR R B[R], 92 me/L &
it T 48 AL T8 P ST VE 3 1R T 46 mg/L SR BSOS

YER . A LUERRl R . AREEAR ] Ia] A ] 22
LW A MBS PESS R, ATLAEH, SRR 4 B
HE B EE B EARKR, REKRZ, kil
o EIRZIREZM, WS R R IR EE B2 W
4 B R AR RIS B A AL 1, XA RIAHA
B S AL B ) B VR T AN A o
2.6 SECHRXT A [E & R B V90 A% A0 0 B 4R 1L Bl i
3 A
FAPIATEZLBE 5 8 SRR 1o B Akt i
SRIANR S KR 6 WAL, H LN HUE IR IR
330 RE PO RO O B A ] R S ) B SR L
EPE(R2) . 45REW, F 46 mg/L 192 mg/L 5
RACBEE , TR RSl R B AR R F 4R
1 44.0% 1 83.2% , WHHHR S 80. 7% F1140.2% ,
felEfE 1, 3 d #18 d 43335 35.5% 1 77.8% ,
32.7% #174.2% , 61.8% F1115. 1% , 46 mg/L kb
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F1 WRIFLCEFEREF RS R4 HmMME ., REF LB AUEEEEL
Table 1 Chang in phenoloxidase activity in hemolymph, cuticle and heads of 5th instar larvae of
Spodoptera litura after exposure to hexaflumuron for different time

SR WRAL P4y HL I 1]

Exposure time of 5th instar larvae to hexaflumuron

2RI
L . 24 h 48 h 72h
oncentration
Body tissue
(mg/L) BHEME(U)  EREMRESHR(%)  EHEHE(U)  EREMRERE(%)  EHEEU) EREERESR(%)
PO activity ~ Activation rate of PO PO activity ~ Activation rate of PO PO activity Activation rate of PO
iRz Nt 0 34.92+2.79 a 40.07 £4.54 a 42.64+ 3.32 a
Hemolymph
46 71.87 £5.58 b 105. 8 91.70 +4.35 b 128.8 100.05 + 31.24 b 134.6
92 79.39 £3.9%4 ¢ 127.3 94.06 £2.21 b 134.7 106.36 + 28.57 b 149. 4
E33 0 30.19 +4.12 a 34.23 £3.46 a 38.09+ 4.03 a
Cuticle
46 40.49+1.13 b 34.1 49.46 £5.67 b 44.5 68.44+ 5.12 b 79.7
92 42.57+4.77 b 41.0 61.67 £5.21 ¢ 80.2 81.91+ 6.50 ¢ 115.2
Sk#R 0 15.39£2.17 a 24.45 +£5.39 a 26.99+ 3.42 a
Head
46 17.19 +4.63 b 11.7 35.03+2.59 b 43.3 48.40 £ 5.49 b 79.3
92 20.30 £3.34 ¢ 31.9 41.72£1.74 ¢ 70. 6 50.93 + 6.50 ¢ 88.7

RPEHE R AP HE + AR, Fl— R AR - NEEEARNE FRRREFBE (Tukey KK, P<0.05), Data of

phenoloxidase activity are means + SE, and those in the same column of one body tissue followed by different small letters are significantly different by

Tukey’ s test (P<0.05).

F2 WEARCIERGR S BF0 6 Hh4h RS TSN AR S AL B
Table 2 Phenoloxidase activity in prepupae and pupae of Spodoptera litura after
exposure of 5th and 6th instar larvae to hexaflumuron

R IRYE B Hexaflumuron concentrations

S RO
KB CK (DMSO) 46 mg/L 92 mg/L
Developmental stage

R HE(U) BRHE(U)  BHERRR(%)  BRRPE(U)  BRREREAER(%)
PO activity PO activity Activation rate of PO PO activity Activation rate of PO

TUFRTH Early prepupa 30.92 £2.27a 44.53 +3.66 b 44.0 56.64 +4.12 ¢ 83.2

Tk Prepupa 55.39+2.94 a 100.07 +8.03 b 80.7 133.06 +5.68 ¢ 140.2

1 d %§ Pupa 5.81+0.59 a 7.87+1.18 b 35.5 10.33 +1.43 ¢ 77.8

3 d 4§ Pupa 4.62+0.23 a 6.13£0.37 b 32.7 8.05+0.84 ¢ 74.2

5 d i Pupa 1.78 £0.52 a 1.94£0.49 a - 2.27+0.24 b 27.5

8 d % Pupa 8.80+0.25 a 14.24 £0.93 b 61.8 18.93+1.07 ¢ 115.1

RPEHE R A P « R, F—1TRNERE ARG FRRRER B (Tukey KA, P<0.05), Data of phenoloxidase activity

are means + SE, and those in the same row followed by different small letters are significantly different by Tukey’ s test (P<0.05).

HES d MRS A AL BB E ER, 92 BE T 46 mg/LFIEKEIEIER . NEBmBEE AT
mg/L AbBREIEMER® T 27.5% , ZREEF. WA LA, TURHBRALEEERS, RERBIEME
TWEFEH B R IR L) dUG AR S PR ARG, FBEK; G 8 d Ik, 5 d&/h.
SAALEEETE, 92 me/L 5B X By S A Bl 4 B0 1F
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3 g

2 SE5 ] 46 mg/L 1 92 mg/L AN EAEH| 2
BRI S Wy, By A ARG TR BEE AL 2 1]
P K EAKREES, SHEMNREEREKX,
ML L P SR AT i, AR IR XS I bk B2 Hh By 4
BS99 S AR AR K, X5 R R FER
(1992) FH#UAE BRI 72 0 Y1 T K HE &) He fry 45 SR F A
—B, FARNKIESACIRL RS, TR A B A L
TEVES B B T X B, 10 B S R 45 2 A e ]
K, BA—-EMERNL, FRNREMSL)HEREHA
ENJE, SEEILEERREE SHE—PRAR. 7
4 AR N A IRV BEEAE IR IR B A F) 1153 mg/L
HIERT, MELIBYI R, BAE—RIFLH
T, BN R RAENBEAEEEREA L REH
TR

R B SR T BEX My SR TL B i S 8 R e
BRI THTEROEIER, IIAEEE T B LR T
YRR . BT RIA RN AR, B
WAERIEY), IR R RETRARE . 1E
W R AR B, My AL EE R s T R A T
PR A ALEE, RERMEY A, FH7EH AR
LT, & —RINERMELSRE, BREARE
B B 0 7R 6 2R K )5 W) R B B A% SE (Ashida and
Brey, 1995; Yin et al., 2001) , R WR7EK R B Bt
AR X SR 200 T SR A W ) T R T T 08
EVER . FRIRIE I —Fho Ry Bk A B ik, dn]
REBCR AN REFR SR 7R, BIlRERS,
B SRS & B3, RIBEMETEEA
B AR B ALE R — T R B M AR RS,
IR R R T RETE B Hu R N & (s ek
51, TiFEE FEIRER AN RBRE®EL, ~
REW e A B SRR AR, IRV FEN, o
Z Bl A ALRELE B R AR Y AT B AL 2 B TR, TR
XM AR . BRIRFERISUR kL) AT BE
HHAIZHB SRR RS A K,

SZRQMRAEIG , 4 BRERAERTETF LR U B
BT, T HCKHE HEAREN G
BHKWAR, REEARE, #HkRBAL, RIDFE
B 2 BIPHAF (Unsal et al., 2004), B HUKAE
AL EE K 32 B W Kz ¥R %5 1 4% (Hiruma et al,
1985) , RANREET] T4 B o A oA 1R 2l 3803 gt B2
MR (ZEILSE, 1989; F{R4ESE, 1991),

FEIR T RE B FUMER

TS IR TR B RIS A HUR A9/ LB EL B A2
7%, BHEWZ B BIFERE IR R
SR A AR, A BT 5 R Gt B B 2R B
FIBIERIPLEE . FEE X HAE YL R ARTE, &
B E BN AR, ERRFRER
TERBHEE S, BRI 2 KD BORR R & 2
I H
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