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Physiological Responses of Soybean( Glycine max ) to Cadmium Stress and Its Tolerance Mechanism
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University, Hangzhou 311300, China; 3.Biotechnology Core Faclities, Central South Forestry University of Forestry and Technology ,Chang—
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Abstract: To explore the physiological response and tolerance mechanism of soybean(Glycine max) under cadmium stress, hoagland culture
solution and pot experiment were conducted as a case of 8157 variety, both physiological response and distribution of Cd of soybean plant tis—
sues were studied under different Cd concentrations. Results showed that Cd ratios of shoot was higher, while root obstruction effective of Cd
was poorer. NaCl extractive Cd form was the mainly(account for 89.61% ) in soybean plants tissues, so the Cd biotoxicity was declined. syn—
ergistic effect of Cd—P in soybean seeds was found under low Cd concentrations (0.25~0.50 mg-kg™), but antagonistic effect was revealed
with Cd concentration increasing. The synergistic effect of Cd—Zn in soybean seeds was main, and its antagonistic effect in leaf was found un—
der experimental Cd concentrations. Proline (PRO) biosynthesis was promoted while peroxidase(POD) activities was accelerated and resis—
tivity of soybean plant to Cd stress was enhanced.
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UEBAPC XF Pb RO FEAE F . AR N BR T LUB &AL
Y LA (SOD ) Sk H 0 R 1 1 SR B 18 22 G2 W I BT
A E HESS 0, AR H0, iR FE LI i
g -4t H ik—-NADPH fE¥+ (Halliwell- Asada 3432)
PIFRRIY, B EXHEY A E R L ER, TAEY)
T EE 4R A MBI d R I 2R, IRMEH
BN RE ., KREEN Cd BUS/EY B
FEARWREE CAd AT, RI—EMTT Cd MR E 2=
SRR, RSO RGN Cd fipaf A% A= B N 45 T 4R
WETHETLIE, A Cd 15 54R H 4 2 F] R LR
WA

1 #BE57FE

1.1 #hik#t i SRR
1.1.1 BFREHEHAR

BEBATRLIS . KNSR EFMT (RFR
8157, TR E H kM FEERRMLETAT
S M558 (IR BE 26 °C 1B 75%, 45 H 68 12 h) i i
. WEUE SR —BUNR TR T3A B0 R 2
(K. 58 R34 25.18.10 cm) 1, FEZEIE /K IR
F i HT, 58 1/2 Hoagland B33, M 5 %
BRI MRS 2 X Ena, K H—3
ML ZE SRR Cd ¥R E (Cd H A2 Hr 4 CdCL, -
2.5H;0 ) Hoagland BRIk H4kSLESE, Cd AbIRVREE
>4 0.00.0.25.0.50.1.00.,2.50.5.00,10.00 mg-L", ) Cd
AbBEYE B 0.00 mg- L RyXtBE, MALIHEE 3 ¥k, Ab3E
B HAER LK RBRE R 1 B SR, Cd AbFE S
d i1 15 d BUREIE 4h P A B HR % Cd Fr &
1.1.2 HIEERIEF AR

PR R B TR AR KA 5250 3 B TR
WY R B L, BURIRE RN 0~20 cm, 3

pH5.22, fHES T3 #e & (CEC)8.79 cmol -kg™, A HL Ji
17.40 g-kg™”, 2% (N)1.545 g-kg', 48 Cd 0.105 mg+
kg, WAL Cd 0.040 mg kg,

TR R P 4 B AR KT VEERE L3 5 mm
e85 4m N 0.10 g, P05 0.15 g,K,0 0.10 g+,
DIURE BER A8 S R B IEEE Tk 5
Cd Bl — Bl T PR R AR (ER
20 cm /& 25 cm) , BAZEXT 1 5.0 kg, Cd AbFHYKE
7 0.00.0.25.0.50.2.50.5.00.10.00 mg-kg™ (Cd K
A3HT4E CdCL+2.5H,0), L Cd bR EF 0.00 mg kg™
FXFHR, BALHES 3 K, EHRPRIEH R KSR
(Pl 8157 ) BAREFN 5 6, R A KRN DIZEIRK
GERE ST AR RS ASHTIEIE R, I AER =
HILTE A SR FNBOIR B BBURL A A 743 A U XE
1.2 A E

T A R AR E AR A
H2504—H202 (ﬁ’ﬂﬁ, @é)ﬂ%ﬂ-’éﬁ;ﬁtﬁ@%@ﬂ% ’ Cd\Zﬂ FH
JEF IR 53 6 BRI e, il 2R (Pro) & & I
FEIKAGERAEEL, Ho A0 5E ; 1 AL Yy (POD )1 P4
FARLBIAR B LI 08,

KERIAN:F N Cd B L2ETE AR 7 R E
R, BRI KRR N 80% 2 B £ B F K (1.0
mol - L'NaCl ¥5¥ .2%(V/V ) BERL 0.6 mol - L'HCI, f&
wARBOZ BRI CA(F 25), QKIEAC(Fro),
@NaCl 52 Cd(Fya) , @BESBRIZEE Cd(Fue), ®
ERIEIE Cd(Fa)o

2 HBREHZM

2.1 Cd BN K EMBE R ENENRIN
1 REFWM Cd BFr 5dF15d J5, RES
B AVERAAEDL . WRFPATH, HH50 0.25 mg- L™

R 1 EFEMCLEXNAEHEERRERIRM

Table 1 The growth of soybean seedlings under the solution experiments with adding different concentration Cd

Cd b3 5 d Cd4b¥ 15 d
Cd ¥ /mg- L™
LK A /em ARl 11 B, FW g EK R em AR 11 R FW
0.00(CK) 7.1+0.5ab 8.76+0.23ab 45.5+1.0a 47.21+0.65a
0.25 7.9+0.4a 8.8310.21a 18.7+0.8b 16.24+0.17b
0.50 6.8+0.4bc 7.84+0.18b 17.6+0.7bc 14.37+0.21¢
1.00 5.240.3¢ 5.17+0.31c¢ 17.2+0.4¢ 13.51+0.55d
2.50 4.60.4¢d 4.61+0.32d 14.5+0.5d 12.44+0.40e
5.00 3.8+0.3d 3.63+0.25¢ 10.7+0.9¢ 8.37+0.14f
10.00 3.0£0.4¢ 2.84+0.19f 8.1+0.4f 5.84+0.12g

RPN P EAREE (n=3) ; A—FIRRTFRFR 0.05 KERZREEN, TH,.
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2 L8N Cd REX K THE R EW BRI
Table 2 The height and biomass of soybean plants under the pot

experiment with adding different concentration Cd

Cd ﬁfiﬂ%fﬁh/ i fem ﬂt%i%ﬁ/ *E/%:F_}ﬁﬁ/
mg-kg™ g 3B FW g3 ¥R, DW
0(CK) 30.8+4.1a 42.0+2.0bc 1.455+0.126b

0.25 29.1+7.4ab 55.8+3.6a 1.478+0.127b
0.50 28.6+7.1ab 47.2+2.0b 1.701+0.128a
2.50 27.5+3.1ab 48.1+4.0b 1.179+0.116¢
5.00 25.1+1.7ab 36.8+2.1c 1.107+0.027¢
10.00 22.4+2.9b 27.3+4.4d 0.748+0.125d

Cd ¥55% 5 d B, RE AR E (S Cd ABERETHL)
A Yr= 8 (5 Cd AbFEATH) RS & X5 B, 435008
XTRERY 111.3%F1 100.8% , H2E R AR . 2 Cd b3
W E =1.00 mg- L7 B, ST A K & AW = = bE
Cd WEMFRTFREAL, RAVBRMBIER. EE
Cd AbFERFA] AYFER: , 2 15 d B, RS AR E Cd 4k
R Tk S A B E A R E A B
ERFX I, RFRKEHERHKE Cd A K4k
IR A EE

%2 MM Cd AT K EARE AR

(TEIER)RIFEM . KT RRRFE Cd AbHRHR B AT = T
REAIG, BRI AR R, IR R BR—0.993
(n=6), Hh _EEF#T EAEY = EFEMIKE Cd(<
2.50 mg-kg " ) ACHRIAMEFAER , Cd WRETHZE 5.00
mg-kg! RIGMBIER . 5EFRWITFA AL, X
Cd 15 Y A — M E AR A &
2.2 Cd BB KSR EFR Cd HIRIE
2.2.1 %t Cd BRI 43 A 5

MFE 3, FATH, BEIRWM Cd #5350 1500
Cd 4b¥e, KREW ZFA Cd ¥FE Cd 4Pk AT
TGN, R AR Cd W E B & FEM (L), &
FEWON Cd 532 15d, RE Cd Wk HZEnt i 2.7~3.8
%o T3 Cd Ab3E, KRG MGRIIIR &R Cd W E R4 -
T 1.2~4.1 5, BTFZEM G EF)AEYF=25 TR
2, HBWEFK Cd SRR EMEZR/N, BHRE
B Cd #55%, KPR R Cd HEMEST Cd
B 38.16%~54.76% (X HRERSN ) , 3800 Cd Ab3E, X
It BRI R Cd AR ST Cd & 1Y 50.3%
~80.4%, 4 Cd AbFEVEFEEAR (B FRWIEFR A 1.00
mg L7, H3EREFE K 0.50 mg-kg™ A}, M1 R B
) Cd AR R IR Cd B E 4R Rl Cd AL BRYR Y

R3 EFEMCdAERKRELHEE CdER Cd HHHIRME

Table 3 The contents and distribution of Cd in soybean seedlings under the solution experiments with adding different concentration Cd

Cd AEFRYEfE /gL = i A1%
Cd ¥ E /mg kg™, DW Cd BB /mg-11 k! Cd ¥ & /mg kg™, DW Cd BB /mg-11 k!
0(CK) 0+0g 0 0.08+0.02¢g 7.48x107° 0
0.25 21.95+3.16f 0.104 79.28+16.51f 0.116 47.27
0.50 34.85+4.23¢ 0.132 95.38+21.42¢ 0.120 52.38
1.00 53.27+6.74d 0.184 167.80+22.03d 0.152 54.76
2.50 79.86+6.15¢ 0.252 256.80+34.80c 0.224 52.94
5.00 161.20+9.57b 0.500 558.10+26.97b 0.596 45.62
10.00 383.40+8.69a 0.980 1 461.90+29.61a 1.588 38.16

TR A W RELIEZE P Cd SR Gk Cd BETE 8.

R4 LM Cd REXMAER Cd BR Cd 3 FEIRM

Table 4 The contents and distribution of Cd in soybean plants under the pot experiments with adding different concentration Cd

Cd ZbFeE/ mg-kg! L il A/%
Cd ¥ /mg kg™, DW Cd K& /mg-plot™ Cd %% /mg kg™, DW Cd K& /mg-plot™

0(CK) 0.016+0.010f 0.019 0.038+0.020¢ 0.017 52.8

0.25 0.297+0.020e 0.441 0.453+0.110¢ 0.217 67.0

0.50 0.462+0.020d 1.049 0.597+0.130c 0.256 80.4

2.50 0.963+0.100c 1.084 1.126+0.090¢ 0.470 69.8

5.00 1.196+0.100b 1.220 2.459+0.230b 1.060 535

10.00 2.033+0.120a 1.693 8.414+1.680a 1.674 503

R A R EEE Cd B8 AR Cd MERE A
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THETUIEAN, Cd M BESE AR, HH 20 F P B,
PR T AR A JE D R AR VR BE Cd R T R AR R
&9, AR ZXE Cd A BoRT e 3 AR LIz nas . Bl
& Cd YRR, AR AR IE J1055 , WBORI iz BE I
55, BUE RS> Cd FEF BAER BTN
2.2.2 X Cd ALATE MR

£S5 AREM Cd(2.50 mg-L)#E3% 15d )5, K
EHRARAS CAFBE R EE, REH AR
Z TR R Cd E 2L NaCl 3RBCGSTETE, 4351 5
BIREUES Cd B 85.98%7F 89.61% ; LUK N EEER
R Cd, 707 b BRI Cd &8/ 9.11%H
5.97% ; SEIRARIGE Cd Pr & HUfi By, A3 50 o 6 g
BUZS Cd &8 0.48%F01 0.59% . ARMLELA Cd
TR RPIRFFEM B FIAR R H N Fra >Fae>Fuo>
F 28>Fuao

RS RKEMAFRAD CAUFREREEE
Table 5 Cd forms and contents in leaves and roots of soybean

plants under solution experiment

CdIES Fom  Fmo Frna  Fue Fra

B Cd/mg-kg',FW  0.82 173 4954 525 028
HRERAS Cd Bi/% 143 300 8598 911 048
W& Cdimg-kg’,FW 069 251 7465 497 049
IREGS Cd BE/% 083 302 8961 597 059

2.3 Cd BB 3t K SRR SR

F 6 N Cd b3, KT WK B AUk RL
S BEE R AR, K A B 1
N Cd ¥ BE R T T3 0, RN EE A . APk
& BEMRRE Cd(<0.50 mg-kg™ ) RbFR A =5 FXF
M8, Cd WETHE 2.50 mg kg™ BHIE T, HFH Cd
W BE AT T T T PR

300 Cd Ab3E, KE M H e BIRTXE,

+® 6 LTI Cd ABAEM FFkrhihe: a8
Table 6 Phosphorus and zinc content in leaves and grains of
soybean under the pot experiments with adding different

concentration Cd

R SPERER . MR P EFEMRIRE Cd(<
2.50 mg-kg™) ALFHMFEE Cd ¥ B B9 T = T R, 38
R Cd BRI, PE B N TR PR &
BE Cd AbBEYE B R TR TG, (B2 F AR i A
1 Cd-Zn RH—EWFEVUER, BHEES S 1AA
1 GA3 B A& ™, & AP K Cu-Zn-SOD i
A ARy, A TH BR A B /R A 3
Cd 4b38, i T Cd-Zn RYFETUIEA , RE RN B HR
R, M T TAA R GA3 &M, REAERE
XM,
2.4 Cd BMBX K EM F 3 S4MEEE R
ALY L B (SOD ) L i S AL Y i (POD ) L 3
AMHAB(CAT) R AN EEN R EERE, =&
FREL UM, AT ROIE BRI A Gl A P 7 A T
ST RRAR A S S A A i =P, POD [
S 38 R O AR R, HLARR SR ) B P, 7
WA PRI, oA N2 UUH POD {EMAR
PRI ZK A o S 5 B i A R AR e 7 1]

R 7 EFRBM CIAEXELHEHM TR YE(POD)
EMFEEER(PROZE
Table 7 The POD activities and PRO contents in leaves of soybean
seedling under the solution experiment with adding different

concentration Cd

Cd AbBRR s/ POD/U - (min-g)™ PRO/pg-g™
mg-L™ 5d 15d 5d 15d
0(CK) 930+5.0d  768+2.5f  9.99+1.01g 13.50:2.13d
0.25 850+5.0e  1218+25¢ 13.97+1.20f 16.8621.65bc
0.50 935:2.5d  1425:50d 16.68:0.92¢ 18.34x1.26b

1.00 1310£12.5¢ 1 875£10.0c 18.56+1.15d 22.36+2.17a
2.50 1 595£10.5b 2 190+62.5b 23.50+0.85c 21.04+1.22ab
5.00 1 700£53.0a 2 632+83.0a 26.86+1.13b 16.23+2.08c
10.00 1 545+48.0b 2 275+42.3b 28.34+0.88a 14.04+1.04d

F 8 LM Cd AEBAEM /i ELMWEE(POD)
EEMESE®(PROESE
Table 8 The POD activities and PRO contents in leaves of soybean

under the pot experiments with adding different concentration Cd

Cd AhHRk R/ B(P) & &/% BE(Zn) 8/ mg-kg Cd AbFRvg E/ POD/U - (min-g)™ PRO/pg-g™
mg-kg! w KPhL i FPRL mg kg LhHi g3 Ul LT I
0(CK)  0.215:0.008b 2.985:0.022c 362.0:84a 164.2+2.7a 0(CK) 365:58d  518+73cd  16.45:0.73d 15.15:0.46d
025  0.223£0.003b 3.757:0.111a 326.6+11.6bc 166.4+32.8a 0.25 345:9d 4255584 23.90:0.75¢ 23.81:0.82b
0.50  0.226+0.028b 3.309+0.012b 282.7+71.8¢c 166.6:0.6a 0.50 430:69cd  493:55d  26.45:0.76ab 28.75+0.73a
250  0.234:0.001b 1.132+0.327d 281.9+11.4c 182.7+3.7a 2.50 528+13bc  595£75hc  28.33:0.76a 17.40£0.53c
500  0.238+0.008b 1.052+0.298d 321.0+3.2bc 170.2432.a 5.00 585:61ab  702489ab 24.76:1.65bc 16.87+0.48¢
10.00  0.276+0.018a 0.948+0.118d 344.0+4.6ab 178.9x4.3a 10.00 675:43a  796£70a  24.65:+1.84bc 15.51:1.49d
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I, BFRBA IR E Cd(0.25 mg-kg™)IEFE 5 d, K
G A E ALY S (POD ) T PR X4 B], 3hn Cd 4k
PRYREE, POD {1 THE, X4 Cd kEH 2 10.0 mg L™
i, POD TEME A BT T B (B TX . FEE
WEFRNARIER, = 15dE, BB, KEM A
POD YEW ST E , FHE RN 37.3%~52.4%, +1E
b Cd 4b3E (3% 8), KRG 4 i #Ant i POD {&#:7E Cd
SEFEVR N 0.25 mg-kg™ B T-X0 B, Cd AbFvE B2
g fm , POD iEMZEW A=, 24 Cd #RE =>2.50 mg-L™
i, POD VR B R TR, FEREMERKRT,
EIRFEH, POD {EM ST, FHEIEER 12.7%~
41.9%. HF POD {EMFHES , AT A R al T B
Wik B B2k B, NMIEE Cd XRG4 iinE
YEFA, KRG E—EWE Cd il T A E TR
HIET S
2.5 Cd BB KEMFFEHERSENN

i Z R (PRO ) ZAEY)E H R A 73 2 — , FE SR
ST R DY S AR S B, RS MR AR
FR BT BE AR S N B R BP, E SR Cd
RS 5d(ERT), KE F &R (PRO) & &
Cd b FEMR TR g, 55Xt B LRI B Y
EZ5M. FEERRREMER, Z 1545, PRO &
FEARVRE Cd AbFEBT 4k STt , Cd WREHE 2 2.50 mg-
L7 B, PRO & 8B Cd VB R3G I ik, 3Ehm
Cd REFRM (& 8), RELH BN PRO S EHE
EETXE, X4 Cd bR EBAKET , PRO & 2B Cd
ALFRVE B F T R TGN, Cd YR BE R 2.50 mg-kg™ B ik
BRAE, 4RERHEhn Cd ¥ E ,PRO & BRI T M
FOEAMBER TR EERCNAERLT, 2
#1, KGR PRO & &7EAL Cd Ab3EAT AR fh /)N, Cd
AEFRVE BEHE N, PRO & EZ WAL, 5 POD A, K
532 %] Cd W38 )5 , PRO N7 i 338 35 () 2 1 52 45
LB SR R R A

3 itig

R T RIERITHETFOTE, B 20 4 90 441
DIk, BAEYRT Cd #Z2 kXt Cd ML 5%
AT, HBUS B BRY, HIEEFRIAE
FKH, RKRE Cd A KEMAERKEEA —EMN
“EIERON” , XFEE R RS INE T Cd A
Al bt IS, R IR A 30,
NIRRT IR B DECER 1B AR, 2 T X
YA K = IR E R T ZE R EFR

HERXHEY N EER A 2%, 5
RO R AL B N g R S - L /U LN P S VA
HI B LA R G5 B TS K AR IS R B, BRI
Cd #5355, WA Cd WRE IR 2.7~3.8 £, +3Em
Cd b3, R A Cd ¥R M B 1.2~4.1 5, BTAR
FXT Cd WBHAAER, fE— R LREAR T #h B
FVER Cd W R T XM SR E R EEA

K Cd #8758 55 AR (B TP & N 1Y
Cd & &, 5 Cd ILFE S A BYIRR  Eia g
SEAF K E SN Cd 22 S5 R0, Mk N 2
PR S AUKIEEA Cd S BE R, $i CdEED
AHXTELES , & 2K A BT Cd BB A58 . AHE
RKEW, KREHFFRZEPH Cd FZ L NaCl $21
B RNETE, BB AR Cd HixED ., FHAREK
WY Cd AR B A [, 2R A A s A A
—SBfEENT Cd B TR5R ISR AT, FERE ik N LI
A MKR(CAd-PCMIE AR, MRS~
HW TR Cd S &, RREa s,
R EY O EE R B — T, Cd B RE S
RNMEEMTIREE AL A, TIREIIMTIRE, &l
A AR IHEEAL, AT A M IE R 25 -

Cd XA RSB AFEAT) , AR IR B S Cd 45
BT B R BRI RR Cd YITE, Cd BILE WA AR
i, ATE AW Cd A fhE . Cd YRETHE , XFhEE
RN T REEZER L, YK Cd a4 F B o
5o ABFFEI, LA Cd ¥ EH 0.25~10.0 mg-
ke B}, KEMHH v Cd-P RIUBREIVER, *ekiP
Cd-P 7EARHR & Cd AbEETRIONEER, RWkE
Cd b3 W A8 A BUVE T - X FT RESE: Cd AbFEVR
FHE AP Cd Jiraf i) 2 B8 7 BRAEG , A= AL BE K
B B IR B B RE IS RS

Zn 5 Cd HAE HFEIRZS N TR, {22 Btk
AL, TE B R AP AR A . KREFIMNAE
BSOS IR B BB T  HIR 5 TR B
FRA3EF Y Cd, Tife 43, Rl 2 s 338 P e fin
B, W42 BA B AR 3 Cd B AR B, ABF
X, F RN 0.25~10.0 mg-kg'Cd B}, K E 0 A
H Cd-Zn RI—EWIEPER , £ Cd Bhax K=
W ORI 12 A — S8 B BHLRSAE FE , Rk R A A Ak P
BahR@MMEERITTR, B HEME RN Cd
ARFRET , K E - R 35 2 B IR e SR A SRR REAR o

4R a8 v RECEY AR NE A S B3, T
1 AL (POD )AE A HE 4 PN R A4 15 1 IS BRI, B
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BRI BRE M R 2 ARRFRARK S, DT> Xt
RREEFY AT RE A BEIR, 7 WF9E P93 B POD #£ Cd &b
PR AT X 240 BT S AR B B AL o o R SR B
Fo ARIERI , B IR0 Cd #5357 15d J5, 1A POD
TEME T IR B, HLBE Cd ¥ B RO T+ o g i
BWEZMRABENZERM, HERINLEE Cd
(0.25~0.50 mg-kg™) ,POD iEM: SRR Z R A B,
XJE N Cd BA —EREARNRI . B RGN
AIFMIE Cd 76 Tl VA R UOE BESR (456 TR
EXM DT BARRIEES, KT Cd 4
Yt , Cd T, 135 Cd A RRE—ERIR
5, KT HIEER , POD &R M B 19 -7+
o

TR ERIE KR R EER, HAKEN
KERET, HHaY BRI TR ML e, R KER
BEARFH MR HBFK, REFIEE K, Rl
Yysxat S5 B T A RS B R B . {E A A ST IA
KBS EE T IR ER A B R E R, A E
YER— A PitEeiR. AFRRMA, EaHEREE Cd
Jirif, K= H PRO & BB & T X R, Ff& il i
B B SE R AT Cd MR BE AY3E N, PRO S EE R TR,
BRI T s, 228 Cd BB X K E&) PRO K
A BN RN, BAE A K E Cd 38 i USSR
AREFHE—H5

B E 3k

[1] Greger M, Lindberg S. Effects of Cd** and EDTA on young sugar beats.
1. Cd* uptake and sugar accumulation[]J]. Physiol Plant, 1986, 66 ;69—
74.

20 # 3, KFF, & B2 COLIXI R TRHEM S A K #
WALT]. Al BRI 2224, 2004, 23(1) :60-63.

CUI Wei, ZHANG Fen—qin, JIN Zhi—xue. Effects of treatment with Cd*
on seedling growth of two beans|]]. Journal of Agro—Environment Science,
2004, 23(1):60-63.

[3) EiEW, BMIZE, HIRE, . WA KR EAERK MRS EN
R[] FIERLEE, 2006, 27(7) : 137-140.

HUANG Yun-—xiang, LIAO Bo-han, XIAO Lang-tao, et al. Effects of
Cd** on seedling growth and phytohormone contents of Glycine max[J].
Environmenial Science, 2006, 27(7) : 137-140.

[4) XEHE, XIRAL, 222 B, 45, TR R P2 55 3 v 0 %o 4 i SRR Bt
FEL). A FRETRI 23R, 2009, 28(9):1789-1794.

LIU Chuan—juan, LIU Feng—zhi, CAI Yan-ming, et al. Sensitivity of
different vegetable seedlings to cadmium(J]. Journal of A gro-Environment
Science, 2009, 28(9):1789-1794.

[B) RIaE, B F, £, & KFEAR TR Cd BBCRRI 2 5

FIHLBEBIFE(I]. A543, 1999, 19(1):104-107.

WU Qi-tang, CHEN Lu, WANG Guang-shou, et al. Differences on Cd
uptake and accumulation among rice cultivars and its mechanism [J].
Acta Ecologica Sinica, 1999, 19(1) : 104-107.

[6] Belimov A A, Safronova V I, Tsyganov V E, et al. Genetic variability in
tolerance to cadmium and accumulation of heavy metals in pea(Pisum—
sativum L. )[J). Euphytica, 2003, 131.25-35.

[7] Salt D E, Prince R C, Pickering I J, et al. Mechanisms of cadmium mo—
bility and accumulation in Indian mustard([J]. Plant Physiol, 1995, 109
1427-1433.

[8] Blamey F P C, Joyce D C, Edwards D G, et al. Role of trichomes in sun—
flower tolerance to manganesetoxicity[J]. Plant Soil, 1986, 91.171-180.

O1#ESR, 8 RPN ESRE OB A S AE, 1994, 13
(6):20-26.

YANG Ju -rong, HUANG Yi. Mechanism of heavy metal tolerance of
plants[J]. Journal of Ecology, 1994, 13(6):20-26.

[10] Grill E, Winnacker E L, Zenk M H. Phytochelatins, a class of heavy—
metal-binding peptides from plant, are functionally analogous to metal—
lothioneins[J]. Proc Natl Acad Sci USA, 1987, 84 :439-443.

[11] Gupta S C, Goldsbrough P B. Phytochelatin accumulation and cadmium
tolerance in selected tomato cell lines|[J]. Plant Physiology, 1991, 97 .
306-312.

[12] Elstner E f. Oxgen activation and oxgen toxicity [J]. Ann Rev Plant
Physoil, 1992, 43(2) : 73-96.

(131 % #%, 2  Ft, W, WPHEx R B REAREIOLEE
FARIFEWA. AL FRIERL =244, 2010, 29(2) : 211-215.

HUANG Hui, LI Sheng, GUO Jiao-li. The influence of cadmium(Cd?*")
to the antioxidant system and photosynthesis of seedling of Zea mays L.
[J). Journal of A gro—-Enwironment Science, 2010,29(2):211-215.

[14] Jimenez A, Hernandez J A, del Rio L A, et al. Evidence for the pres—
ence of the ascorbate —glutathione cycle in mitochondria and peroxi—
somes of pea leaves|J]. Plant Physiology, 1997, 114:275-284.

(151 SR EhAR, TG EHT, AL AL, SEMEX K ERTH A ARG E
THEERRIFE IR M A IR, 2001, 17(2) :30-34.

XU Qin-song, SHI Guo—xin, DU Kai-he. Effect of Cd** on antioxidase
system and ultra—structure of Oitelia alismoides (L.) pers. leaves|[]].
Rual Eco—Environment, 2001, 17(2) :30-34.

[16] B, BAISE, EEM. AR K E MR8 F RO K i 48 2 5
PR BRI A 24 (B SABLERR), 2008, 34(5):519-524.
HUANG Yun—xiang, LIAO Bo—han, WANG Zhi—kun. Cadmium toxici—
ty and differences in tolerance to cadmium of various soybean varieties
[J). Journal of Hunan Agricultural University (Natural Science Edi—
tion), 2008, 34(5):519-524.

[17] & fn3. - el Ak~ A7 7 R IML AL « o B AR OE B AL,
1999:30-32.

LIU Ru-kun.Analytical methods of soil and agro—chemistry [M].
Beijing: China Agricultural Science and Technology Press, 1999.30-
32.

(18] 4R B, BhifE3C, TZ 5 AH Y AL B2 S IR M) AL BT . U RURZE R
#t, 1990.

ZHU Guang-lian, ZHONG Hai—wen, ZHANG Ai-qin.Experimentation
in plant physiology[M].Beijing: Beijing University Press, 1990.



1520 BB : KSR I8 B A B N R i AR AL R R

201148 A

[19] VFEEHE, BTF, SR 2R, 55 RAEVIR A4S R SR L8 5 1F
TR, 1991,2(3):244-248.
XU Jia-lin, BAO Zi-ping, YANG Ju-rong. Chemical forms of Pb, Cd
and Cu in crops [J]. Chinese Journal of Applied Ecology, 1991, 2(3):
244-248.

[20] 5828 SC ALy A AR AL 30 R (5 = 0 (ML IR« BlA i i, 1984
125-127.
HAN Bi-wen. Advances of physiology and biochemistry in plant (third
edition )[M]. Beijing: Science Press, 1984:125-127.

[21] Marschner H. Mineral nutrition of higher plants(2™ ed. )[M]. Academic
Press, 1995 .347-364.

[22] Scandalios J G. Oxygen stress and superoxide dismutase[J]. Plant Ph—
ysiol, 1993, 101(1) . 7-12.

[23] Bower C, Montagu M V, et al. Superoxide dismutase and stress toler—
ancel[J]. Annu Rev Plant Physiol Plant Mol-Bi-ol, 1992, 43 .83-116.

[24] BAHEK, RAKE, $58 . WELE. YRR TR RH
FR ). £AIRE, 2005, 14(2) :282-286.
ZHAO Zhong —qiu, ZHU Yong —guan, CAI Yun -long.Transport and
transformation of cadmium in soil-plant systems and the influence fac—
tors[J]. Ecology and Environment, 2005, 14(2) :282-286.

[25] 3k £ 75, 4E 1214, Gerard Burkard A8 YT 242 JB HLELA 53 3 ()] 4
Y23k, 1999, 41(5) :453-457.
ZHANG Yun-xiu, CHAI Tuan—yao, Gerard Burkard. Advances of tol-
erance mechanism to heavy metal in plants [J]. Chinese Bulletin of
Botany, 1999, 41(5):453-457.

[26] Iskandar I K, Adriano C. Remediation of soil contaminated with metals[M].
Advances in Environ Mental Science, Science Revivws, 1997.

[27] Yang J R, Zhang S Q. The distribution and binding of Cd and Pb in

plant cell[J]. China Environmental Science, 1993, 13(4) :263-268.

[28] Klobus G, Buczek J. Chlorophyll content, cells chloroplast number and
cadmium distribution in Cd—treated cucumber plants[J]. A cta Physiologic
Plant, 1985,7(3):139-147.

[29] Yang J R, He J Q, Zhang G X. Tolerance mechanism of crops to Cd
pollution[J]. Chinese J Applied Ecology, 1995, 6(1).87-91.

[30] Abdel -Sabour M F, Mortvedt J J, Kelsoe J J. Cadmium-zinc interac—
tions in plants and extractable cadmium and zinc fractons in soils[J].
Soil Science, 1988, 145(6) : 424-431.

[31] Oliver D P, Hannam R, Tiller K G, et al. Heavy metals in the environ—
ment:The effects of zinc fertilization on cadmium concentration in
wheat grain[J]. Journal of Environmental Quality, 1994,23.705-711.

[32] Zhu Y G, Zhao Z Q, Li H'Y, et al. Effect of zinc—cadmium Interactions
on the uptake of zinc and cadmium by winter wheat( Triticum aestivum )
grown in pot culture[J]. Bulletin of Environmental Contamination and
Toxicology, 2003, 71:1289-1296.

[33] BB IE. Mot EAL ST 4R SR B TE R k=AY s
R, 1986(2):1721.

CAO Xi-qing. Effect of lipid peroxidation on cell and organism[J]. Ad—
vances of Biochemistry and Biophysical, 1986(2):1721.

[34] ERER, BHA, SUEW, 4. AL N ARNE LA sEpLH]
TRHI] SR 2R, 2002, 22(4) :524-529.

WANG Hong-bin, WANG Huan—xiao, WEN Chuan-hao, et al. Some
detoxication mechanisms of different wheat varieties under cadmium
treatment[J]. A cta Scientiae Circumstantiae, 2002, 22(4) :524-529.

[35] Liu J P, Zhu J K. Proline accumulation and salt stress induced gene
expression in salt—hypersensitive mutant of Arabidopsis|J]. Plant Physiol,
1997, 114:591-596.



