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Research progress on plant lectin and its application in anti-aphid

DENG Qing™ CHEN Ju-Lian™ CHENG Deng-Fa SUN Jing-Rui
(State Key Laboratory for Biology of Plant Diseases and Insect Pests, Institute of Plant Protection,
Chinese Academy of Agricultural Sciences, Beijing 100193, China)
Abstract In the recent years, more and more researches were conducted on the impact of plant lectins on aphid
controlling. In this paper, plant lectins’ classification, anti-aphid effect and mechanism, and qualitative and quantitative
detecting methods were introduced. Then, the application of monocot mannose-binding lectin and the legume lectin family

in anti-aphid, and their impact on natural enemies of aphids were summarized. Finally, lectin’s application perspectives

and potential problems was also discussed.
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Y i EE (PVY) 2 o ph 7 508 o i £ R 30 0 | o i 5K
BER R PR T L F SRR B 3R — LR T Y R
FLRIH T B9 B R B 36 U7 ik ERRALEBIG .
B 96 A AUBCRAT R, T R 25 5% B i EL 2 5 10 4%
B RGO 0 B RO ECRA — R 1
W) B AR 31O ) B A &R G ) i EE A AR
Oy AEAEYIAE KRB B B, LU [A) 19 07 U A )
SZ U M4 o AT AR SR, B R IE 2 PR B BE 4R
R F LA R A A I 4 Al N TR R
FAHPIBESE R B PUAAE T, AT AT 52 L AR
AT PERT ST o DTBFRBOCR I R AR B R B
AHEBER (CNA) fFIJEEEER (Con A) |
wRItBEHE R (ASAL) S REELE R (PTA) 5. 1Y)
BEAE ZAEAR Y TR b 0 1 AR 32 56 1, AR 3
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AU P BE S ZR A 20 26 P HUE T AR RTPLER X
U8 M TR T 2 T A T B IO P R A T O R AT £
W, B R A BN A B B R R AT 9 SR B 4R
%,

1 HEYRER

L1 EYRERNSE

HRE A W BE 2 3R 1 2 L R P 4] f14 m] 5 2
PG ZR AR O g 7 A A B . 2R EE
LERFIR 2- BB RS E AR R &5 LT B
FBESE 2R R 7 H R A S BE A R M
SBEAR R GG B P R B AR R AR R R ORI B
REEHE R Z I (Van Damme, 2008) o FH i, Ko
TR EEE R IR T 01 4 R, 0 e =03 hAy
TREFRERIE B S AL BER R R REE R R
TR MY 45 G B v B0 R R W, 1 ) LBt
ERE TIPSR R Z

M4 BE 5 2% 2 BE X B e 5 0% 45 5 O U A
[, Al BESE R AR B R 2B R S
15k 4R 32N BE 4R 3R (EF HEMESE,2006) .

R BAURE X B AR T 1 1) 0 A R T S A )
BEE R BELS &L — 1k, ML N T 7 2.
AR R FLRE/N-C 2 FUOBE i 4 N-2 T A
MEM A H B bR MR R 2H (B2 G R (8% T
BAF, 2002) , FAESEERXMEI CEERR
TH@EEH A B OBERR TE SR,

2 MAEAE W) v A A 5 R A B 2R F L A )
BEAE R oy g [ A BE AR R ORI T i S BEAE R
(Vandenborre et al. , 2009a) , H 5% W) 5E5E &
R R EATBEAE R . RAER I [ AT BESE RAFAE T
YR T AR BMAEETHEDEFRSE D 4
BIEELE 2 HUA e Y 4 8Lz B R R R ) A A
XU E SRR R . S BEE R XY T
S B A AL T A AR A R 7 AR BB AT Rt A B
HUHREIE T LA Y BE AR R A ARk i K
Wk Spodoptera littoralis ( Boisduval ) £ 4f 5 K
Manduca sexta (Johanssen) n] 75540 &L 7 [ GEFE &
Nictaba ( Vandenborre et al. , 2009b ) . %% 5% 0
Mayetiola destructor ( Say) By %4 G FE 0 i /N E
1) HFR-1 R4 & (Williams et al. , 2002) (R4
45 WF Rhopalosiphum padi L. BB o] $2 & /N2
Fi) HFR-2 ( Puthoff et al. , 2005) fl HFR-3 B¢ 4E
( Giovanini et al. , 2007) 13k

BEER B I N H et e et T HES
% A TR BE 4 3R, P R ML Al RE AT AE 22 57
ZHWET T R RB B R T REE PR b OB
By G T ik DR g 2 3k 1) RS T L Xt 8 A S SRR
YRR R A B X

L2 #EYEEZNANE

T BEAE R T RAE S o R b 25 5 B R
Hfis MRS W0 o0 A, AR B4R R i AE
75 WA, w6 0 A AR FHALEE H A i A 2 RIS 2E
Sauvion %5 (2004a, 2004b) HWF 5% 2 B AL ] & Bk
R T i G WF Acyrthosiphon pisum ( Harris) [ &
LR AR, 8 2o 20 25 5t R AL A S g Ak A 2 uE W
PR R e S A &R E SR ALE T
MBI Z AR 255 1R b B 4 i i ik 4
o Z 3T TR BN B, OF 4 A RSN 5 I AT
S WLEEAIE A H 5 W 20 ) B 4R 2% 0 i 52 1 O AT
SR 53 W o A HXoF B A 2R b 0 4 R A 2 52 SR
VT . L1 SLEEHE R PR AR T KAE W Sitobion
avenae Fabricius 1A P A8 o~ 26 4 1 T A0 5P 5 162
it 9 % P (Sprawka et al. , 2011) o Kops i Fr R
2 (ASAL) 7E Wk 85 Myzus persicae (Sulzer) {4y LN
URE R 2 Ah 5 31 b g IR 2 i 5 4 2 32
- (Dutta et al. , 2005a) , If- 76 Bk BF (4 Il 1R 2% 1
oy e E) T AER ASAL WK 32 AR F i AR
Bpic W J5 ¥k £ ¥ b BF Lypaphis
( Kaltenbach ) I 4 %] T i 52 ( Bandyopadhyay
et al. , 2001) ,

H BT H 55— SR Ik O HE ) BE AR R AT R HL
Jy MW R S B UE AR E bR A 4
WESA  REAR T R0 30 5 1, 52 38 R ) BT I OE R
Wi, R, AE ) BE 4 2R RT REAE B R 1k T N
8y S G TSR AR S = = = B T
BAERKEHEZME, H BT, F &k H R R E
X sl 9y AR T B VE (kR4 ,2010)
2 EYRERNNEFE
2.1 EtE

) 8 B 3R 1 M B A 4 PR K P R
BRI, BR BRKE B9 0 2 T %A DNA
22 %%  PCR ., PCR-Southern . Southern 2% 3¢ . 5 ¥

KA (2006) X 42 BREEFAEEEE R /NEZHITT
DNA 52232 & PCR,iFBHAMNEFLF B &% & 5]/

erysimi



- 270 - W B #2243 Chinese Journal of Applied Entomology 50 &

¢ FeH 2l rh I3 4 PCR-Southern #E 17T T Y0 IIE., %2
M4 (2004) 22 PCR 1 Southern 2238 HERH T 16 #k
e H AL B R B /N A U B AT AP IR
(FS8

K- 1 5E I 5E J7 AT western blot il Ifil
BEiE . Down %% (1996) F] | western blot yiIF B T %%
TAEEBEE DR FIEM RN TBERE A, KD
2R 12 ku, I BEVE BE AT T BE A R 0 E M AT
AT i i A S5 (2006 ) 1 5 i &E vk A6 I 3]
B IEPI/NE M R b 3k 1Y 55 A8 BB R Al 4T 4
ML EERE , HA I R R s v

2.2 EERN

T8 2510 o i 5 A I I oK e
FL UK IR G g8 T B i (ELISA ) | e B3l 45 7 1 o
MY EEEZWBEEIM S FRMEEXR,
Bandyopadhyay 4§ (2001 ) (% iff 5 & W] & £ K 19 #E
I3 P 5 B WA 6 R A S . B A AE (1999) F)
FH I 5 B 358 LTI 5 T B R YT LA KR R R
BEAEE T4 80 3 mg/mL, Dutta %5 (2005a) ]
Elisa )75 20 2 T %% 55 M 58 55 2 (ASAL) (197l 3¢
th ASAL (AR F Y 0.06% ~0.82% , RZ
BESEZ T LU ELISA 3 50 & i A7 8 A, n 21
B BEE R (PHA) (EREBERE R (WGA) i W5
£ FE(LCA) %5 K T FRIL#] 10 ng/mL, J7 i kR
A BRI E . Down 5 (1996 ) F I e % B 3E (4 J5
PE TS AL R R (GNA) B
GNA & Al PEE M 0.3% ~0.4% .

P58 V5 A5 R 7 B, R R AN ] ) 5 4 38 X A )
{14 I 2T 241 0 958 4 S 17 % 1 R TRD PR O Sk £ 40 i
(PR A% R, i B R RE T s, K
7 G LUK T EL AT M B R M e A O
SERVE AL IR B A o Tl IR S g WL BE (ELISA) o
938 EIV ST ELAT MO B v L BOER R v (FR R AR 1Y
Rl
3 EMBEERNAGIERTRS N
H

I 7 B X M o o 28R L A B R
)& T i H R B A S B AR R KN R 2R
EERE, T FEBENAX 2 ANRGEREEZN
B -
3.1 BFHHEBEARERRK

MBS AR EREG S - KAAH
B RS S A B R W HAT R A BT
BRI ERZ R, FEATIERER
GNA, KFIERZEEE4E F ASAIL, FRMHE4EZ ASAL
I H B R PTA,

e T R R 3R 0.1% 55 46 3% Bt 4 K
(GNA) Re vl 22 WF i (% & & 5 1h 3 23 A4S A= i J8 0
HOWCE B GNA 9 A T4k a] DL R AR 7= 4155 5 3
65% MM I GNA (1) 1 bk 1) 73 Bk woF Ji o, 25 M A
FHUT & B, 7747 2 HBEAR T 14% (Down et al.
1996) . Hilder % (1995 ) i it % GNA HH & 5 {4 i
B L R A ) R UE B T % GNA AR =8/ T Bk i
FRE R, B T RIS B 18], 22 )5 GNA 3 i
Jo (9 Ak BF A AR X GNA M B &R, Down 25
(1996) 15 2| () 7 GNA I 8 2 | Bk iF 1) B ot 7= 7
B> T 60% B REECE UN T 4 A, AR B
B8 22X Bk IF B F 41 1 Ve BE 2 630 wg/mL, 7 1 500
pg/ mL 55 4S5 B AR W N TR 5 (4 Bk 8 7E
%8 RIYAET R L X HRE T 30% ( Sauvion et al. ,
1996) . HF4E (2004 ) WF 5 £ BHFL 1L T GNA JLH
18 /DN 22 X8 AR A4 i A8 MR A e A X A ED e A B 2 1Y
BEAAEHT 5 08 22 445 i D ¢ 9 Ry o A4 ke O 92 O
ELREAR T BT 7 1 o B 0% 3, 78 A SR IR AR
T, RF I 2 i I A IR R B T — s 0 4 AR
FH o i 55 (2006 ) ZRA5 1) I PR 4 Jf 4 55 2R 35 1)
i GNA B[R /NZ B B4 23K 8] 1 47%

JH 4 nmol B55MHEESE R ASAL 1AM E | i 48
h ZET-% ik 79. 8% ( Bandyopadhyay et al. , 2001) ,
Dutta % (2005a, 2005b) 1 WK 4 38 4 25 0 3 45 %
(ASAL) (9l 2 %1 8 b W5 A Fr 2 b 1k, O 16 5%
ASAL H8 5 ) ok i 1) 356 b R B 6 d 5 Bk EF 1Y
B R N 16% ~20% , i 35 A% T AR 5 36 R = 1
1 75% o HHRFREEHE TR (ASA) X 5 & 0F 14 55 1%
A — E By ) R, ASATL b ASAT i,
ASAIL7E 2 mg/mL B} 48 h J5 %8 T- % ik 5] 45%
(Fitches et al. , 2008) . #% ASAL FiI ASAII {4 B2
B2 AR () B I BEAR T 40% AT IEK T
AT AR RE I A5 B R (Sadeghi et al. , 2007) o
B ASAL JH % L Bk BF 09 £F 15 RN 18.9% ~
26.7% , 1 X%t B8 & 74. 8% ( Chakraborti et al. ,
2008) . #HEEAE 2 ASAL X 8 17 0F (4 2 3 5E ik
JEE 3017 pe/ mL, %% ASAL JLPH M T 3 d 5 Wi
TR RE R 1% ~26% (XIS 79% ) ,7 d
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JE ) B 5 1 X BRI 28% ~ 42% ( Chakraborti
et al. , 2009)

PR AR (1997) e R AE 58 3 BN T ARDRE R 35
WSV B2 B R TR A WF Aphis gossypii
Glover Bk Uof F1 42 195 i 0% AR W 0T [ 6 F B BE
R (PTA) B9 AR W 4T 37 s o A7 35 0 9 48 0 4 o
FEEP PTA R 0GR B 5 b 41 i Bk i 1 A= G R AR
45 (2010 ) JH A A A B A 502 3R A% 19 % PTA
AR B Xof Bk AF ) AR A A R IR FR 3k 77.02%

AT ) ek ) W 28] 2 R DR A 6 4 ) B -
HEEma SRERN M R ERK KF KA
— € BYFZI , 10 HL X T AN ) A& 7 B B ry 5F 5
N GE A AR TR, W 5T 60 B ) b R S W K
WF Rhopalosiphum maidis ( Fitch) | i & W 85 N 1F
AR BF

3.2 ENERERRIK

URRBFEREOR A T U REY R — K F K
HH LR B A S0/ A a0 o FLE/N-2 Bt
FFURERE S S AL o XA G EHGE B A BT
HOR A ] L BESE R ConA ML G BEHE R
PHA 4§ X WF dt gy 52 me £ A LI 3 AT 1) X
NG A VR B DA A A SR R R 2 ) R
SRR AT A 25 0 T i R TR O R AR AR RO Y
M) 33 ) Xof 05t f) SO AT Ry AR 52

£ 7] G %k & Concanavalin A ( ConA) 2 i F-
MAEY) 3 Bt ok ) — R A W BE AR R o AN [a] Fh 26
(18 g XA T S AR R 0 SRR R B S A
3 J S8F Macrosiphum albifrons Essig % ConA B
&%, Rahbe % (1995) it il £ 7 & B R X o o
WEOMEWFL W B S L MR L SR KR W
Macrosiphum euphorbiae ( Thomas ) . 7 JG K U
Aulacorthum solani (Kaltenbach) 6 Fpif b4 5 4,
XF 9 S0 A 2 BOPE VR B 310 pg/mL P e 0
& 330 pg/mL, Bk BF Y 2 Bk BE 2 1 200 g/
mL, HARW 3 Fh iy Ak B T 1 500 pg/
mLi3F HLAE & ConA 5 T 750 pg/ml (9 A T4l K4
NS AGR R IRR)- ISK % o et [ S N
TR EAT 0.0125% ~0. 1% (W/V) B J] S EE
B AWk F 1 R AR AR 35% ~ 65% 5 SE K
BB DI SRR NN T 30% 5 et 0] SRR R
5 2 B B F A R BB D> 15% ~ 45%
( Gatehouse et al. , 1999 ), Sauvion % (2004a,

2004b) [R5 3 W AF T 5585 R 6 B G i B R
AR 0O A0 TR R A SRR RN 40 2 RE L OF
SIEBCETT AR,

Sprawka &5 (2011) Y BIF 58 & W] 22 1< 48 0F 76 %
1.5 mg/mL 215 G #E4E = PHA 95k BAE K 15 d
Jo FETE RAL N KRR 11, 66% , H 35 7= A1 Kbk i
D T 30% , PR AT T SE G T 65% |, F B AR
JAME T 66% , £1 ¥ SLEEE R PHA /b 1K
VA (EL J5) 1Y 23 W6 A9 B IO (E2 %)
PHA Y& JEAIKT 250 wg/mlL i fEWLEE 2 22 1< A8 BF 58
BBEPIE , AMET 500 wg/mL WA E P
IR B A R 00 TR, 2 KA I TR AR B R Y T
BOBOR B 22, ) % 45 S 0 I E] 8Ok 8K (Sprawka
and Golawska, 2010) ,

TLPF SRR AR 205 0 He R 2 ) A F 5T — HLab
T S 56 5 A % K il = R T S 6 K, D) Ot el
KT B K 56 0 58 0 A 17 e IT

4 1EY S R X R E 200

e B DR W %ok R R ) 5 ) R B2 B OGS
T EEE R B F R b i pF R 2 AR )
12, BRI Bk 4 3% nT LAAE Dy — b 42 il oF 1R i) 9%
T, AEL 2 HCXF 5F H ORI 1Y) 5 i i A7 AR i, X B
HEEEER W Z Mt AL e RN 2 REE A
Ko

A ) 58 B 3R O0F il B Pk R ORI AT A A R EER AT
—EMIFZI . Down 45 (2003 ) A& 0. 1% 9 AN T4
kLA 3% 69 Bk B 4 M B B0 L Adalia bipunctata
(L) Mg i WF5E 32 B0 GNA X — B Bl 4l doik Ay
B E MR 5 {2 Birch 45 (1999) I HUCE # GNA
Th AR B Bk B R M R B g R 12 d R
B3 O RS AL RE 3 AN 77 i B KRR, GNA R 3d i
BB R REIER H2 5 GNA %5
R A HEREFEIMEM. 1%/ GNA 1A
T ek xF BF o K &k B 8 Chrysoperla  carnea
( Stephens ) . — & 5[ i 1 &£ 2 B[ & Coccinella
septempunctata L. {501 27 W1 5 1 B
B T X3 R K B8 % (Hogervorst et al. |
2006) ., Li #l Romeis(2009) #F 55 & M1 & GNA ) A
T X R A A i A S I, X BRI A L H
By 7 B ORI G 7 OB AN RS B GNA ik B2 A7
KR GNA 1R 4 SRy k& D B A2 K
MR GNA 1 &l H 3P4k i Of 1Y g He 1) & 7 B
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0T 2457 B0 R S O A e BR B AT AT 4 X
. ¥ B 78 Y /N ¥ Aphelinus
(Dalman) , 7% 4= #Y 5% CNA Eh % 28 B iYL R/ X
095 /)N e B e LG R AR TR /INAT 3 ] 42 B 52 ) ( Couty
et al. , 2001), Romeis %5 (2003 ) M BE 5 2 Wi . 5
fir  EEGH 0 P K PE LA T AESE T GNA X
oF ¥ W Aphidius colemani Viereck . H W 7% % ik HR 6
Trichogramma brassicae Bezdenko K 3% H5y M 25 4§ B
1 Cotesia glomerata (L. )3 Fl 2 Hz & 1) 52 W), 2%
F W] GNA X 3 F 25 Az 0 1 52 ) AS 58 42 A [\] , GNA
X3 T A A U 1 A I AR AR AR W) 5 RE R B e
YRR, 00 iy e 5 0 I IR 5 AR T o R e
BEL 3, TH X B e A B 0 AT S

TR A 2% 00 05 H ORI 52 ) R RE R H T I U
B EBHE R R U Y S A& RS
FEARBL T B, KB B IR A B ) H2 52 we AT A=
K& T Z R (Couty et al., 2001) . H A i 52
AR AR S A AL = K, R RE AR R R A Ho Al
MBI AT, RETHER th TEEEE RSB EY
AN 2 BB AN R 50

5 EYREENNTNATNSERGT
TE ) iD) &
5.1 MARS

) B B 2R S AT W R (), X v A5 gh 4 A G L
B A i HO R 2 B ORIk
J A W HL BT 96 1 A Y A, B I N T
Fr AR TR Yy 5 4 R A I O 1k AN T B ROk
2 ) A A R AR A T OO SR b . R 4
FIWIF & o] W J7 10 AT« (1) T e Al P A B & da
B W BEAR 22 R (2) K 0 2k 1 1 9 WA 28O 4 1Y)
e F AL I AR S A b
501.1 #HYMABEMEEE [ M 1888 4F
Stillmark & YK 76 B R B 7 H 43 2 4l A0 2 £ ) =%
HEE (ConA) LK, CHBA MMM EEERGS T
aifesres P UORHEY T A S MEER S &
Ew, SRR ELT S, ENA T a8 A
20 000 ~70 000 %4 2= i, 47 W] 52 1 E 4k %
(2009) 75 64 3 &b 5T BE U5 b R AR R A
Ik E] 37,5 mg/g, W 5% WA 4lifb 75 B 0 5 1L
HERER T GBER KGEER aF Uk
R AEX W M AENG A MR AT A T
M

abdominalis

K R o T A A R R 2, A
Hh 15 3] 1) B AR 2 4R U X B o B AT R TR
BOCAE M o W w21 5 (1998 ) B BIF 58 4 WY 43 il %
0.12% 15 0. 15% 124 2 5204 T4k R A def
o Bk s A S BOREAE . KRS AL A R R
I (AMA) FE ARV B2 (1.0 g/ L) I B XS A 45 A7 B
8 BV AN AR A ] & R A A
TEHEAR FAR MUY (GHA) £ 2. 0 g/ T B X 4 157 A5 1R
SROVIMEIE R (BH 5, 1999) . w16 K p A 4
Z(ACA) BB #E 1.5 g/L f1 2.5 o/L Bif i 46 i
AR AMESEIE M IR 1.5 o/L 1) ACA B IR
)R EF 2 B 7 0 A T R R 30% |, R v 04t 1
B JE R 4 d (20 R A%, 2000), W& R4
(2004 ) FATF 5% % B i 2 058 4 2R 4 ) 6 7 I A
R EEHMSEER, H 1% B EER MR
W3 d BET- R IK 89% AR T A 5l R, 1 4 2 7
Pal/

X SR A 2R 0 BIF 9T SRy O 0k R L R AR A B
B Sy P I o S N 1 S L O DIV c B s |
HAR A
51.2 BERREIMEDEESZS HYEER
(e 0 Ty 18 Ay e f W =X e B B PR A ) F O 4
T B B — R B RN T Bt AR
RS R L T AN 5 7= Ak, B n] DL e A
INFE KRR AR S5 VR W A R B A W L i
2 sf g X B L T AR B 3 B[R] A
400 1 P A A XL ) 2 R LR 40, 2 B o e 3R I
VEI B RhEO BT VR . O 23R 45 1O I0 05 5% 2 X RS )
GEHEWESERME SR E NE K M
ANEE AP IN-R-E IR AN S P
F U ORI S B H OB RN R )
BEAE R A B RS AE R R B R B R
MRS, — 24 A K iE . 2002 4
2005 5 AR E R /N E B LT T A B
BEHCIZ I, AN ASAE BH o IF A 4 o] 5 S i L i 4
/N BT (R B AF, 2003, 2005) , H FadE
252005 ) 7 35 % A0 HT )G 2 A dh 2R 00 5% 2 B e 4k
RILIAAEAN 1 A5 &R I 7% K g S v A R L A
TEHEAT T Huif % e, 25 SR R WX 3 A 5 R X A
IF RN L, 2003 4F I 2004 4 1E KA 1T
THERE R E R R TR K, 45 1 R 5%
LR R P00 E T  BR OF B SR G
A Bl AR (22 BLAF, 2005), 2007 4F i i X
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GNA&Bt & PR A5 £ 1y K Bt 15 1 F 5% 3 W1 0010 At
B X B 53 0 LU AR DR D 54.51% |, LE AR
Bt A8/ 13.85% (%L, 2007 ) . EKBFAER
KEET 0.22% % GNA B F K B P41 F
ik 7 46. 9% i B[] 2 50 B 3 P4 422 ik g 45
—3((Wang et al. , 2005) ,

5.2 GHEEEMRE

AR BE A W BF A BT C 218 3 T 6T
FEUE, IF B 5C T A A BE 4R & i vk LR 5 4
J7 A I o M B 2 (H AT SR AT — LB ] AT
TE o BESR 2R PU L RR BRBE 4R 3R A0 ok O M Ok
(4, fel T — 7 e JBE I A oF 398 A 0 4 4 ( Fitches
et al., 2008 ), Ik ¥ & f £ = fE fe ok BF AR R
(Sauvion et al. , 1996) . #EHE 3 (14T HUCR B
i Y O 2R SSRGS H B PR A ) A TN B 4R 3R R Ik A
— S Y BER, JEHC JE p 30F eh 3o 288 o i 5 L £
], A0 FE 2 BB K S DR B S 2K 11 Sk DA A AR W ) R
PSP R IR B A

— LE H A i S A R 4R A LR AR B IT I O %
TR AR 2% 1 A B FR ) X 5 A5 DR B ey 40 R Y
ERMBA I

FRBE AR AL N I 22 R B AR KA L
VR L 5 32 O3 Al die B A LR )L R R A5
2 W e B A 3R RE DR AR W 1) A 201 R A B A 1
A (H B ik DRV B A0 DR RE A B 3 A B, T RE
SECH Y I A2 B A A AR (T IE ST T,
2001) o F i R WO T 5 A SRR A K S
0 2 DR P i 2 BRI AR fE RO i . FRBESRE R
HHAUGT RN T EAE AR ZF KT, H
AU 12 T8 5% T3 48 3 Bt 5 28 A1 W %0 0 7L 3h 1 B A
f& % (Down et al. , 1996) 7 S92 55 144 T X K 4
LA HAZK S F (Couty et al., 2001) o HoAlh 5E 52
R e e DA W 0 i L s 0y 0 AR T B 3 LAY R e
] 1 AN TS 2, T HL — BBk = 50 T R A R R N AR
Yoxh A S IR BE R 2 A VRV T T . FRBER R AN
PEMIA R AR H be 3 R AR 25 30 355 19 ¥ 7E KU
W 2245 B R RS AR E— 25 Al
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