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8 E: W p-HIE TR (BABA) BERZEH Cd Whiex g9 e A KR SACIH )3 /R, DA
Cd BUgAE SR il 4:2% Fl Cd BUBALG AL A <BinlPHEE” SHIR5e A, F 1/2Hogland & 75 5%,
5T T 200 pmol - L™ Cd BAXHALBEFT 200 pmol - L' Cd + 0.2 mmol - L' BABA 4LBE RN AN @A A K. 4=
Y. Cd BLBRIFEE . R Cd Wiim L& i MDA & I SR, & m. AR S 2k,
SR Cd eI S A KR SR 32 K4 1, R AN RIS R TR e e, SR IR o A A A 35
i Cd A Biili4:2E" RBIR I FULFE BRI, A0 MBI s MR U, e bRl K& UBE 1Y)
BT UWEIRD K Cd i F/EH . BABA BESGE Cd Wil FAIfRIAER, Z2ff Cd sk .
RACFI APy s (R4 F . BABA JETT I ZE Cd Wl Rty MDA &5 5 (¥ 38 I RIAR A i 5% (1 v, HF
BN RR I SR, T Cd fh Rl “Bhila% R Cd BT KT Cd BUKARL A PRl R
MEBEEZN Cd, UM ZH I AE Cd, HZHFRERIK. BABA AE{LHE Cd Pl FHFXT Cd i
Je L BRI EIZ, AR Cd 7Edh ERAS AL Y AT G W . BABA AL AT AR HE G AL Cd ¥ g
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Effects of p-aminobutyric Acid on Physiological Characteristics of
Chrysanthemum Under Cd Stress

SHI Xu-li, CHEN Fa-di, FANG Wei-min, GUAN Zhi-yong, and CHEN Su-mei’
(College of Horticulture, Nanjing Agricultural University, Nanjing 210095, China)

Abstract: To illustrate whether the toxicity of cadmium to chrysanthemum on the growth and
physiological metabolism could be reduced or not by exogenous S-aminobutyric acid (BABA), chrysanthemum
‘Zhongshan Jinkui’” (Cd tolerant) and ‘Zhongshan Dangui’ (Cd sensitive) were subjected to hydroponic
culture in 1/2Hogland nutrient solution supplemented with 200 pmol - L' Cd, 200 pmol - L' Cd with 0.2
mmol - L BABA. The morphology and biomass, Cd accumulation and transportation, Cd fluxes on root
tip and relative electrolyte conductivity, contents of MDA, chlorophyll, proline in leaves were measured.
The results showed that Cd stress inhibited the growth, biomass and chlorophyll synthesis, destroyed the

integrity of the cell membrane, and induced membrane lipid peroxidation damage in both varieties.
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‘Zhongshan Jinkui’ suffered less membrane lipid peroxidation, thereby showed better integrity of the
cell membrane than ‘Zhongshan Dangui’ , it could synthesis a large number of osmotic adjustment
substances such as proline to alleviate the toxicity of Cd stress. BABA improved the growth, biomass of
chrysanthemum under Cd stress. Meanwhile, BABA reduced the increase of MDA content and relative
conductivity in leaves, but no increase in proline were observed with the presence of BABA. Cd tolerant
variety ‘Zhongshan Jinkui’ has a larger Cd fluxes than the Cd sensitive cultivar ‘Zhongshan Dangui’ ,
the tolerant cultivar accumulated higher Cd than the sensitive one, especially in the base mature leaves.
BABA accelerated the absorption of Cd in both varieties and promoted transportation of Cd from root to
aboveground, but has no effect on distribution of Cd in different leaf positions, inferring application of
BABA could contribute to the phytoremediating of cadmium contaminated soil by chrysanthemum.

Key words: chrysanthemum; cadmium tolerance; BABA; Cd flux; NMT

FELE Cd HAMRBRIERYE, DYy 8, SEOLA AR, Cd Wit aysdt
AN, S0 e R g . MYME R AIE R Ge e TS B LI b A KO R E S B Y kAL
M PRAR AT B 3 rh F A R K HT 4R (Mohanty et al., 2010). #R1, AEHFLZE Cd (KR KRG
WIABAZ, WREBEER. W BRI KRR (Verbruggen etal., 2009).

B -2 TR (BABA) JE&H MR R/ AER A2 &R (Gamliel & Katan, 1992). IT4kK
KEMFRY, BABA J&) (IS 30, HAEE TS Yk B ), 2 B0 E = X B
Rt R AT CGBRKNRT 25, 20060, R AESFHURTE (Cohen, 2002) FIHYSHAHYIX JEAE Pyl
Biha pitE o /E R (Jakab et al., 2005; Cao etal., 2008). Frictf57 &L, BABA 1% S I+ (Cao
etal., 2009) FIKE (Zahedetal., 2012) Xt 4 )8 Cd Hrid I

MRV R, Aol aPsEdt N, RIGEECOBARE) Cd S RMEE Y. %k
FEFEMRA 2 N o AR R S IR IR 5%, WL T BABA X Cd JHpia i AN 7] 1) 2 4k
Gl M B PHEE B KRIZEBEE. Cd RLER . HIZRAR R Cd R, T
BACH T Cd V54 e 2 AT EE 1 58 .

QY VR SRS DARES

1.1 Ry

RIS A 2014 5 4—8 H, MR R A 57 R 56 it SRS I Cd Mg 4L s Fh Bl 42357
N Cd BUEAL LR Bl tie AR “ A [ E SRR R B ORAE Ty $R AL,
1.2 RIEZiIt

Ve KA —3, RERL. LHHE, K6~ 8 cm %I, 2 ~3 Fsea @It
B, FHET 7GRN, RHEA - BERE = 101 BREIE . FHE AR B R R SRAE 15 ~ 27 °C,
FFAETT S d WERERBUK 2 ~ 4 Ik, B 2555, H5 R8> miK, 4 B ) O Fr 8 O B O
JERN 45, 2013). 15 d JEiEHKHA—30. 8 MR, H BRAKPEEMR R, HAE 1K
ZUREIE3 ~4d, EAACHNRK LG 1/2Hogland & 78075 . AR ERE S, fF4d ¥ 1
UCEFEW, BN 2 d HEE 1 IR pH MH, TR%FFpH 6.5~7.0. TiiFE 7d J5IFaRaEATALHE .
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REBE 4 MEEL: (1) AR, BEAIN Cd A BABA; (2) 0.2 mmol - L' BABA #¥iflikb
O CHRREE %1175 ) (3) 200 umol - L Cd #AplALFE; (4) 200 pmol - L Cd + 0.2 mmol - L' BABA
JEFAb . AbEE 1 d ARSI AR E MR R Cd Wi fe, 8 d el ik ARG E&T bR &
YR Cd (R RS0 Aitsol, AP 0. 2. 4. 6. 8d JFEUI A FIEE 3 ~ 8 Hrogas e il +4
FEIRFRIOME . BRALPE S 6 BRER, R EHE 3 K.

1.3 MEEREMNERZX
Cd ZHME: 7RI 0.5 gt B, MRl B CGE1~3 M), 1 (B d4~6 D). T
G 7 ~9 M) AR AR R 692 (Baietal.,, 2011) il Cd % & .

RS Cd WESE : RIHAEBAG MM E AR (NMT) Wll5E (Lietal., 2012). KM Cd &1,
fE% 50 pmol - L Cd IR 0 5 MR AR TP AS sl 2 1) BRI JEE 2 5 Cd B3 T Ik, R
MageFlux AR  Cd BT MmE A AREAARA R, JEBGHNE AL 5. )R
IR AU - FEPEARSRAN R FE B A4 sk 3 A5 5 R, HUE 5 o s M o RS A B
5~8 AT, FAFEIELN 10 min, 10 min PRI AT S 00 5E 15 .

FH B 5 R AR PR iy FIAR K o B A RE > it 3Rt 38, 2 B8 Tk bk 3 W, WK 480
TRy, FREUERE PR S AR 105 CRIBRTTRTT 2h, RJELE 80 C R, 20 Ak b &EFI b
B )R

- &0 S 2 (0 s SR FHAR N L ey (57, 2000

N (MDA) &8 HlE RAMACE L Z8 (TBA) ik (2487, 2000).

MR RN ZRAESA (20000 177

PR 7 B (1 s SR FH R M B — i L (e vk (Z=A2E, 2000).

N SPSS17.0 B AR £t 1E 47 22 7 0 2 ML 434, R H] One-way ANOVA HLIKI 5 5 2 73 A XS 1
PCOB A A 22 v LU AN [R) A B ) 1) 2 5 Wl 2 1k

2 R

21 Cdif8K%BABAKLIE T Hitit: EERAN T ERCdE E R EAEFRRMAIF R F0
R 1o, Cd o R e ERAE T A RERR Cd, (HI N HIB R & f T B
M Cd wh Al BrLE3E B Cd BURE T Cd MHafug s F BinlifHE’ . Cd + BABA 4EHEE
%1 BABAX CdMMET ‘$hLAHE M ‘$hUSE’ b HEBSHTH Cd MRRMHM

Table1 Effects of BABA on the accumulation of Cd in overground and underground part of ‘Zhongshan Dangui’
and ‘Zhongshan Jinkui’ under Cd stress

o Cd &4/ (mg-kg") Cd accumulation Hh b/ R
ki i Hh 4 Hi R Overground part/
Cultivar Treatment - Rl & P
Overground part Underground part underground part
Bl P cd 523.07+18.70d 134533 +28.03 ¢ 0.39+0.01d
Zhongshan Dangui Cd + BABA 613.33+925¢ 1229.87+13.73d 0.50+0.01 b
Bhilig:2% Cd 718.33£22.06 b 1497.00+37.12a 0.48 +0.01 ¢
Zhongshan Jinkui Cd + BABA 856.80 +18.32 a 144798 +15.51b 0.59+0.01a

F: FAHRARFER NG FRRRZEREE (P<0.05) o BHEI N TIHME £ BlEE i=3) . FH.
Note: Different small letters in the same column indicate the significant difference (P < 0.05) ; Values in the table are mean + standard deviation

of three replicates. The same below.
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Fph Cd JbEEAHLE, B4 A Bl MBS R Cd AR Ee AR N 0.48 1 0.39 T
#0.59 F10.50, ﬂﬁ’h&.‘ﬁﬂlﬂﬂﬂi%ﬁa@ Cd Za¥sgn, KW BABA Refeidt Cd jnth E&isH.

1R, “Bhl4g2% #h B RN Cd BB A fE Rt ot b, 2 b i
s R K, t%ﬂfﬁ ol HANFEAY Cd & EAFAE B 22 5, Cd Sk 3 & Cd + BABA
AEPETR, R Cd AR R EIIAR] 80% LA by T AL PHEET AR Cd FEERRDN, B
AR Cd SrE bl T el g, Hegmb Rk B od S A B 25 . {H BABA 4b
AR Cd £ 385 AN RIS R 43 A

OB Up  m ¥ Middle ™ T Below
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~ =]
625 S0 Fo g s
E\k@g ¥ g 400 E\i} = g 600
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1 BABAF CAdBMET ‘#hlfHE’ (£) # ‘4hUE®’ (F) FAMHAL (E. . F) 1 Cd FENFM
Fig. 1 Effects of BABA on the Cd contents in different leaf positions (up, middle, below) of ‘Zhongshan Dangui’ (left)
and ‘Zhongshan Jinkui’ (right) under Cd stress

2.2 CdihEBRBABALLE THILIRRIICIEFIRE

KA Cd B3 PEPE A AR 23 0 52 T B AR 2R 04 200, 400, 600 800 um Abf) Cd 25 ¥ 5t
RIARGAE Cd B i iR, HRARN Cd & it mHad il . K 2 £ A cd &+
MEEEE. REh ME%%T*E?}A%E%W&%% IEAEIZR/RAR 2 ) S AR TR 1

2 vl Cd BUAg A Rl Bl gE FEX R ALHE T AR Cd 4K T Cd UL 35 e
Al BRLPHEET, FH BhL4E AWK Cd BT IAE S . BABA + Cd JEFALE S, PiA
m R Cd B TR s m Tl Cd AR BRI Cd B TR, UiW] BABA REfRHER R X Cd BTk
.

Bt Al /min Time i) /min Time
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b c
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% =50 F abbb W 50
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Fig. 2 Effects of BABA on the net Cd ion fluxes on root tip of ‘Zhongshan Dangui’ (left) and ‘Zhongshan Jinkui’ (right) under Cd stress



WEALEE, BRKEEE AR, EER, BREM.
B - T AT Cd paa R 2 46 A BRI ) 5 .
24, 2015, 42 (12): 2429 - 2438. 2433

2.3 CdimERBABALIETHIHS . RKEEYE

2 2 AT, Cd MRadmd] TAIERAEK, Cd A 8 d ., KRE. HCKANAE Y R Eon
IR, Bl b R R R SR LU X IR A ) R B T 48.18% A1 57.14%, TRE R4
BIRBET 41.51%A1 57.14%;  “Bhli428 Mo L3RR SEERE 520 0 L R % T 39.95%F1
48.21%, THEFRE M FFET 39.47%F1 40.00%.  “Bhilidx2€ M - Ef AR S 6ERE 5 A TR
BRI NT Bl FHEE B Cd ERE Rt YE SR Bl gEE YR N . BABA
ML P S0 G B M . BABA + Cd JLRIACFE S, Sl Cd ACFRAHEL, PN Ak =
MR, H EESRI L N a2 N BRI LN, B BABA REZEMR Cd X 446401 A= K il 48

%2 BABAX CdBMET ‘$hiLfHE” # ‘$4hLER’ ERKBBMW
Table 2 Effects of BABA on the growth of ‘Zhongshan Dangui’ and ‘Zhongshan Jinkui’ under Cd stress

i ¥ fitt /g Fresh weight TFE /g Dry weight
AP JOSE] P ii/em R /em Hb B35 T HB Mo b5 R B
Cultivar Treatment Plant height Root length Overground Underground Overground Underground
part part part part
LIIPR RS X Control  13.76£0.41 a 10.01 £0.152 521+£0.02a  0.77+0.02a  0.53+0.0la  0.07+0.00a
Zhongshan BABA 13.89+0.18 a 10.05+0.10a 539+0.01a 0.80+0.01a 0.54+0.01 a 0.08 £ 0.00 a
Dangui Cd 10.35+0.13 ¢ 6.52+0.11¢ 2.70+0.05¢ 0.33+0.01 ¢ 031+0.01¢c 0.03+0.00c
Cd + BABA 11.83+0.24b 7.58+0.11b 3.77+0.12b 0.44+0.01b 0.39+0.01b 0.04+0.00 b
4% T Control  10.45+0.07 a 8.72+0.12a 3.73+0.06 a 0.56+0.01a 0.38+0.01a 0.05+0.00 b
Zhongshan BABA 10.64 £0.06 a 8.97+0.07a 3.83+0.03a 0.58+0.01a 0.39+0.00 a 0.06+0.00 a
Jinkui Cd 7.68+0.14 ¢ 6.59+0.10 ¢ 2.24+0.09 ¢ 0.29+0.01 ¢ 0.23+0.01 ¢ 0.03+0.00d
Cd + BABA 8.14+0.05b 7.33+0.07b 2.86+0.05b 0.40+0.01b 0.30+0.01b 0.04 +0.00 ¢

2.4 CdiBRBABARLIE T HEIMEX B S RFINIMDAS £

3, A\ B R, CdWHaACEE, MR AN R B, Bl 4P A R I g,
MGt PHEE 2. a8 d, ‘Bl FHE EEATRERE N T 59.10%. BABA + Cd LA 40FE R,

2] X Control M cd
[] BABA B Cd+BABA

leakage
leakage
=] ) =
=1 [=1 f=1
[ve]

FAX HL R/ %
Relative electrolyte
=

FAX HL R/ %
Relative electrolyte

MDA/
(nmol - g 1 FW)

MDA/
(nmol - g 1 FW)

ffE)/d Time i) /d Time

B3 BABAX CdBHET ‘$hllAHE’ (£ M ‘L&’ (FH) HAEMNEZEN MDA 2B
Fig. 3 Effects of BABA on the electrolyte leakage and MDA contents in leaves of ‘Zhongshan Dangui’  (left)
and ‘Zhongshan Jinkui’ (right) under Cd stress
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el PR EMRERT 4d N, X SRE T Cd MY, HE5XIEREER, 2MEE 8
R, HEHM Cd ARBEIRAK T 15.76%; “Bhili<x3%” 7EMMEFT 6 d AT FEL5: 28 5 00) MEORH T A0 G i 25 22
Sty e 8 d I A, HEL s Cd AR T 6.23%, F W] BABA AEZEfiR Cd X 41 g ik &5
R RE S, i B e S 55, HAEMIE J 306 Cd BUR A b “BhilPheE” i
.

HE 3, C. DAL, Cd W FFEM - MDA I e bEE i i (a4 2 Rpal bbb
4:%%" MDA e phaa fee B ‘el PHeE” 2848, Cd Whd 6d, “BRiliPHEE” A g
42257 43 LU R 77.43%F0 40.14%, HEEE 8 K, 2 ml LA IS T 100.79%F1 52.21%, 1t
Cd e “hilPhee wh et A FH R BB K . BABA + Cd LA 4b 2 5, MDA 5 =34t
B Cd A EERHAIE, AbHE 8 d JE, BRMLFHEET AU Bl 4dET 1A MDA & EAH L EU Cd AR EE )R
BT 17.21%F1 10.97%; A MDA &AL Sl Cd AbFE R BE 7. 3F— K W] BABA REZE#H Cd i
MR EAPER, HoX Cd Bug sl “Blil P MR e B2

25 CdirBNBABALMETHEBMEFESE

4 R, CdMHa R, BANSPIIIEEER av 43 by HEREE a + b (17 bl A 30 i (] 1) 34
KR FFEE N IE. /2 CdAbBE 8 d I, “BliliFHEE Mog3 av HH4RE by HH4EE a + b S E 5K
TEAEE 235 F % T 45.50%. 60.94%#1 50.60% (K 4, A. C. E), ‘#hli43 25 N T 12.33%.
28.01%%11 17.33% (18 4, B, D+ F), KW Cd e xt il PHE" mh28 35 & A E - 5K . BABA
WFEIRLE T Cd MR R MBIR, B8 d 5, “Bilifhe:” M4E% a. 4R by M4EFK a+b HE
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Fig. 4 Effects of BABA on the contents of chlorophyll in leaves of ‘Zhongshan Dangui’  (left)
and ‘Zhongshan Jinkui’ (right) under Cd stress
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L AL, 05 R T 15.99%. 31.81%K1 21.36%, #W] BABA AbHL L E 22 T Cd ALFEX;HH:
SREINBEE; B4R AR as MHERE by ME4EE a+b SR S5 EM L5 T T 7.82%-
16.67%A1 10.64%, St Cd Ab3FAHLL, JCW 3 2%, KU BABA X Cd B4k “Bhili42%’
7E Cd Wi B IR 2 R FH A B

26 CdirERBABALETHHBMBRERSE

WiE s fror, Cd rha R 72 en 7 WA M S . JErpimb e i d < Bhilia:2%" XHra i
Wi BERGE,  H AR A R s TR Al Bl . Cd i 8 d, LIPS R R
IO A 117.38%, ‘B4 o st 196.72%.

BABA HUMAR BRI R I AT PR A3 4 d 5, Bl SRR 5 i T I,
F5 8 R, MK FET 19.93%; 4F 6 d 5, ‘#hli&% WHERSREHM T, 8
RIFAHEEXS I R % T 16.06%. BABA + Cd SLIANH G, 58l Cd AbFRAHLE, PN SR IR & &
AP R “BmLPHEE” A 4. 6. 8 RIH&M &0 it Cd ML EER FIE T 4.70%-
12.36% 8.5%, ‘Hhili&¥% (EALHZE 2, 4. 6. 8 KIF4rJjtL Cd PAAALEE % T 5.73%. 5.71%-
11.76%. 14.59%.

7] %JR# Control Il cd

[] BABA B Cd+BABA

E 120 S 120
=5

o100 B 100
) ® oo 80
2T 60 ® 5 60
= Ay 3 =

® 40 & 40
® 2 g 20
= 0 Z 0

bR Rl/d Time Kb El/d Time

E5 BABAX CdEMET ‘#lfAH#E’ (X fl ‘4hLEE’ (A) HRBRERSEHXE
Fig. 5 Effects of BABA on the contents of proline in leaves of ‘Zhongshan Dangui”  Cleft)
and ‘Zhongshan Jinkui’ (right) under Cd stress

3 e

Cd TEAHA AR A AN [ 25 B TR AR SRR 90 A1 BRUAS [ AR 490 AR [ B R 409 PR A ] it By 5 ( Grant et all,
1998), KZHAHYWI) Cd EER ZAEM A (Simon, 1998; Zhang et al., 2000). AHFFYH KL,
S Cd B A R A AR . i Cd PP bk MRARRI Cd IRE )RR, okl b
AL A R Cd ¥y T Cd BUBALE AP BlLPHEET, H O “Bibi43E b BRI Cd BERE
FABRTEZ b, Tk Cd XS B k4 5, FRERAE 2 i 1) Cd K B A 22 It 7 T e 1kt A4 48
Mk Cd WRERE R 55 o WG By nd Reyd b LI ¥ Cdo PRk, % Cd SR AN T
Cd V54 B M F1. BABA + Cd JL[RbH 5, Hb B3 Cd & 50 FE Cd & 5 e Ess i,
# W] BABA ik Cd [ E i . BABA ] LU w49 1ExF Cd ¥5 % 3845 52 (11

PR MRS A St R AE Y e A Febs (JRIREE, 20065 45 4%, 2008).
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HEpN & (2009) [AFFUR ] Cd A0 T ) H 224l i A sRAILLAE (2005) RILBEHE Cd KL
BN, AN AR SR AR RS (2005) HRE, Cd A SUE AT KRR RN, SR
HRAEKEAL, 8 PR AT RIL Cd hiadiil 7 e, RN MK EKZEE, iy
FE. P E, ¥k, AL, M BRI AR R T RS TR W Cd B SR il 42

AR Z IR AR T Cd BUE AL A BllfHET o BABA FRUAC AN 456 K . BABA + Cd
WFER Cd B HEFR A RART A Cd AR, FEFhREIR B, FRm. MK, b BRI R A
W) B T Cd /PR, £ BABA BEIREE Cd WrE s 55 46 AL K i vE H .

FEOG) PR3 2 A o 0 M S PE (W R bR (XMRFE 45, 2011). Cd B S iR e i & 4,
MITHIRIRL A K GRS i m, 20000, 4 8 Mhid ™ 40 Mo B5 s v i AR Ak ik 55 AR ik S A R
AR KRN, E4&EP oS FERYIEG LA WA/ERH (Zhao & Tan, 2005; #%2, 2012).
Shah %5 (2001) &3, 500 umol - L™ Cd FHUKRER AR I 4L F5 br MDA 45 5 22 7 & . Hou %% (2007)
A TR, VR EE Cd A BES 51 MDA & & 1. ABFSCh &I, Cd JiMa~, 4§47 MDA
Ty AR L A L AR B T, B Cd e 80T e B s e SR AE o TR Cd
Bl Lg% m A MDA FIS B A FL S R T Cd MU Ar Bl R B4
257 M WA R R, A R AR 588 . BABA + Cd ARBER, BN SRR MDA £
ARG H 5 0 AR T80 Cd AbFE, W) BABA AEZEi# Cd WMEAT 40 I 45 K9 (15 2, 5 BABA
REVRAR Eh Wi AR T I 25, YR SR W 10 0 440 RS ) 47 3, BARAE R UM R PRI A RS P (10 &5 SR Cfi]
AKHY 2, 2010) 5.

AT R I Cd B R 25 42 25 Fr e B A A I ) 39 K i S 2 A, S A diiE Cd e R
oK NERAEBRRLN, (BRANLE 4, 20055 XIEEHT, 2005) AHIA . 4k B R FRAC AT B Ty
I8 51 AR A A Sk PR 5 A RN TH RS BB IR, LRI STREL, RRRD, SHuT
FH M EK (Burzynski & Klobus, 2004; Lopez-Millan et al., 2009; Malec etal., 2010), Hr]fE
& Cd AR S, S-Sk a G o SR IR EE & % SH I/ 454, Nl 1 B i3, 3ot
WA G A7 N % (Ekmekgi et al., 2008). AHFFTH, BABA HUBlAL BG4 44 I 4 25 15 5 G,
BABA + Cd 4B 5, Mok &5 RIS T 50l Cd 4P, Cao 5 (2008) TR, (K )
BT BABA TUGELMRIRE SF 4 ht g R T, (HAEAEWME T BABA TRALEEFFHAT
2R Sa, ARG HRYS 22—, BABA AFS, Cd BUgBisgieih Bl fHE 4% a
FIFER 2 b (1 E AR AN 5 WI(Cd Wi 4 d J5) KTk Cd AR B, T Cd 2SS b il 4:2%°
EACI S IS Cd Bl B 22 S AN W3, M BABA X Cd B N Cd BB A Bl PR
W2 25 I AR 1 O A FH S R

IR AE DR N B A — A IE T, el R i ) stk Ry s+, 3
DA 55 T B K AR, 2202 R AR SR 2 R DR 00 458 2% A1 1) — o P s N, VF 2 A/ 05
JME TR S A R (Wu, 19950, KEMFFTIESS, MY E S8 P T2 R0 B 2R .
ZERAEE (1998) KIL Cd AbBE ), HARN M2 R & =38 0. Mehta F1 Gaur (1999) H] Cd Ab#
ANEREE, FLAN AL N I R & AN R R T 4 f . ARSI ER M, fE Cd WA R, it Cd H%
AednAh il AR i T IHT DR bR A P I 2R ) B SR AE Y. Cd B A RIS, R
W RS AL 32 Cd B TR B EZ/EN . BABA + Cd JLAAIS, WA IEM A R R &
EAME T HA Cd AbBERAL, Sk IS (20100 KIL BABA 2 FRARERMME 730 2 IR & st 7L 45
F—3, Jakab % (2005) HEHRIE, BABA 7E75 T S HUERAIT 2 s i 4 I AN BEXE hnd ik
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