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Table 1 Basic properties of studied soil

A4 pH(H,0) w(E HLER) (2 kg ™)

b(CEC)/(cmol-kg™)

wlkPR (g ke ™) wGH )/ (mg-ke ™) w(& Cd)(mg-kg™)

IR 1 495 14.15 13.98

139.1 6.70 0.55

1.2 f#HfmFh

TS AT TR 5 110 AR AhZess K R b b
A ERTIE Y, EBOFPRI S Cd B2 a2 4
FeAKRER Z, Bl keRih Cd EBE R A
Wi —S AR FFRE Cd S AR od 2R
B R 7196 ( LU fRiFR(E Cd ShFh ), PR A AL S

H14(150+20) d.,
1.3 Rt

IKFE AR T 2011 4F 5 H a—7 H o hife
RN RKFHRE P IET, R 20 cmx20 cm [¥#4
RHER, Gt 3.0ke, WE S AR+ Cd
A, BN 0. 25, 5, 10, 25 mgkg'. ¥
CdCly2.5H,0 H5EB T/KE AR, BHmBmt
YRR I 5 5 mm TR SRR IR SIS, BN
MNEMEN(C0.1 gkg! ). P,0s(0.2 g'kg™ ) Al K,0( 0.2
gkg!), NKIERLAI RS2 5 I T4 30 d.
2011 56 H 17 H, PR 00 B ik s+ F <=2 fh
Rt —5E LIRS TR, IR FMEZE 48 h
EFTEEE; 6 A 19 HBULREEZER T H &,
FIEFHBIIRAS, FRgh 2 M LR, R
TR88 3 bk, RRKZE (K23 em), IREHEE4E
FERLIETT, 3WREE; 7 H 20 H REERREE S, T
A KAERFR bR AI A BRFE R
1.4 MEFHE
1.4.1 HKHR

7 H 19 HIGERRRT, R HREFIMRFEAS, FEAE
PR . ZEM R, BRSNS AR ZE K Uk
G, HWoKgUgEE, e ALV EYE (FW) K&
AR AR, TRSIZEMTE SO 2R R BOE
RN 4 CUKFEFFMINT B MDA & K A bl

A PRRE AR . FIAEAMRAE SR AL A RISV 26 T4
{EEh 105 “CAT 20 min, 60 CHET, Zr5migE
HALUEY R (DW), BRI AN GS IR R I,
it 0.250 mm i, FE¥RRUH P E S
1.42 MR ZIEHAT , Index of Tolerance)#9 M| £
WARSELF IR, BRI R AR, SR
PRS2, B em. M4 Wilkins ( 1957 ) 1Y
FEHEARRITE, 1T = REFAR R 1F B4 2]
HEAR 2R AE 2 B )< 100%
143 BREEEAfERAFRRYiELZ%E P A
FeArm 2
FREURF IR R RS 2.5 g, BURE T TR IR
H, niE E RS M (pHT7.8 ) UKIGIFES iLAHK
R B (4 °C, 8 000 r/min) 25 min, FIEWHY
i, BIAN [ (MDA ) FULFPMEG AR . mift
B Z R ( TBA ) #:0ll%E MDA, &% UM (NBT )
R I E SOD P, AAIARmENE POD i

M, E SRR E I E CAT WE N,
1.5 Sitoth

% F Microsoft Excel 2003 F1 SPSS 13.0 Z&it4>
B ERAF A AR 4B M 25 5 0 S A
2 HRERH
2.1 BB KBEKEZ TN

M 2 AR, 5XER(CKMEL, M cd
ALPEXRT K FE A 7= A B S 5 RN, PR R AT
farsin Cd AbEET AR AR R 25 5T e AR R
Y ERA BEZES . (HAEZMNRRIE, NN Cd
ALBETT X P SRR AR 2R A AU R B S AR 2R e o 1Y)
SEMRERE NI AR L, AMin Cd BTN, &
Cd AR R A AFEEALT 1, MK Cd A

2 5 Cd XkFEERMERIEIREI R0
Table 2 Effect of Cd on growth of two rice at seeding period

AbF A XA RAB LI KNG BT /g MR BTt /g SRR AE Y g
CK 1 Cd &L la 1 be 11.53+1.74 abc 0.68+0.11 ¢ 12.21£1.69 ab
fik cd fhFh la 1bc 12.94+3.18 ab 0.73£0.096 ¢ 13.68+3.26 a
cdl 5 Cd f 0.93+0.08 a 0.93£0.19 ¢ 8.78+2.68 ¢ 0.53£0.10 ¢ 931278 b
Ik Cd b 0.99+0.25 a 1.22+0.14 a 13.36+1.24 ab 0.79£0.20 ¢ 14.15+1.06 a
Cd2 5 Cd S 0.95+0.07 a 0.94+0.15 ¢ 9.13+0.82 be 1.66£0.30 b 11.23+0.94 ab
& Cd f§hFh 0.95+£0.25 a 1.14+0.25 ab 12.17+2.56 abc 2.10£0.34 a 13.83£3.26 a
Cd3 5 Cd g 0.92+0.19 a 0.92+0.10 ¢ 9.77+2.46 abc 0.50+0.12 ¢ 10.27+2.56 ab
ik Cd ShFh 0.94+0.18 a 1.20+£0.23 a 10.86+1.62 abc 1.83£021 ab 12.69+1.83 ab
Cd4 1 Cd &L 0.91£0.19 a 0.92£0.19 ¢ 8.88+0.70 ¢ 0.73+0.18 ¢ 9.61+0.58 b
fik cd s Fh 0.95+0.18 a 1.17+0.20 ab 9.33+1.57 be 1.63£0.11 b 10.97+1.51 ab

[}—F PRI RAAEIE P=0.05 /K 245 5% (LSD, P=0.05)
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RAEBRRENET 1.

MAMIT Cd 355 5 mg-kg' B, KFEHERAR 2 fif
i R TR, (BN Cd AbELZ (A1 B
E5ATE Cd AF TR Cd MA R R R B E S
T Cd P, Z55RFR, ARSLE Cd B
BN, BAMUKREERE KRR Z 25 E, (AR
Cd fuFpAHLE, K Cd MFRaZFMIn Cd B2/,
HAR FR T 32 8B 2 6 o o il 2 5 T Cd
2.2 iEhMBXI/KTETAAZE (MDA ) SERNE

) A PR 3 3 A ) PR R T 5 ]k R A A
EAER, MDA EEREN AN FE Yz —, H
BRI A R EE MR, s A =
Fgtrz —. SRR (K 1), f@hia iRt
K 2 AKAES R MDA S EAVE E A, (H5 Cd
FaFREI T B MDA &8 TR Cd Mk,
Cd RZI & K REIEAE 1 EALVE T, XHIE Cd i
Th 7K A8 B2 M R T i Cd SR, SR Cd AP
5 mg-kg"! CdKF T, HANEM A MDA & 400 1]
BEHNT 17.1%, Mi44Mm Cd 82 10 mg-kg 1), %)
B H MDA 6 FESINGE 48.5%, RIHmERIEN
Cd fE#t MDA L&, hEgniEn gk, Cd
JlE Xt MDA 5 5t 1) 5 W L R 7R (R A7 A B 25 5%
DA Cd S AhZ5midsc ke, 40 10 mgkg' Cd T %k
R MDA & LU RS 48.5%, AHM MR Cd
ST BRI 12.8%

g O RWFA W BB

" sl
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X 4r
&
fa)
S 2
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0 I L L
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w(Cd)/(mgkg™)
(W ShFh A D Cd BB, Al B MR Cd Al MDA Fatld
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E 1 CdiMEXAFEM 5 MDA 2213
Fig.1 Effect of Cd on MDA concentration

in leaf of two rice at seeding period

2.3 REMEXIM FRIPEEE AR

SOD J&iHBRMR A H th 3L R 50 i 2 —
Fhiifi, SOD 5 POD. CAT ZEEtIp[RI/E I ] b5 A%
P AR A AR PR X A R R S 5
IR AR E | RS, BompUABTTE, K
R D REIA . IR A5 R, IR Cd Mha R (2.5
mgkg'), & Cd SFFIX IR, H SOD i1k
£ B FEE, BEESMN Cd K ER$EE, SOD ik
WETHE, ARG R TR, Rk, 7

AN Cd A FHAF 25 mg-kg ! BT E T4 I 23.1%,
BLAIK Cd a3 hn T & Cd A AP SOD &,
T Cd fan s FUR S IS R A3 i AL B A BRI E
A ED MRS, ABEAZM Cd W
WEEMEN, X— S IEAEIE T AT HAR
MDA X —4518. | 2 s, ik Cd Bha R,
B Cd AR T A B RRDRE ), BRI
SOD 1%, M T FEARAR 40 S P 336 PR 48 1 P X o
ARG i E A E B33, deRRan s o RS e
e, HAESMIN Cd 153 25 mg-kg' i, H
TEYERRAG, A9 A BB RIEME R RE RIS, JFiR
ZEGE MK Cd KFESFIZESMIN Cd T R IERAR
A FEAMIN Cd AFET, SOD i A%t B i [
I, X FPEFI LA 25 mg-kg ™! Rt ARTF3F 1R 26.8% ,
B Cd WraXHIL Cd ROk 1 AR, A
Bt Cd Pl & E R it A PR
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Fig.2 Effect of Cd on SOD concentration in leaf

of two rice at seeding period
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Fig.3 Effect of Cd on CAT concentration in leaf
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of two rice at seeding period
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M 3 A%, FEsmn Rt EE AR 2 KA
Bl CAT 15 A BEAH LA AN AR b #, & Cd
rn PR BE Cd ACFRMREROIMSCH SR, 7E 10
mg-kg " RHAFIEE, MG TXIERE T 1 1%; ik
Cd fhFPAE 2.5, 5. 10 mg-kg' Cd BT FIxt IR G
FH2E5, HAE Cd AbFIYE N 25 mg-kg! T H: CAT
TR E TR, A BRI T 38.07%.

POD EAHYARN —FEZ YA B, &l
PIVEBRIRNAY HyO00 B 4 WIFRH, ST
PR f Pl POD T 4 A% REAH L X B Bl Cd b PRk
JERE NSRRI , BT Cd AbBE R AL AR AR
] . %5 Cd # AP POD JHHELE Cd W E N 5 mg-kg
FIAFNEME, HxXFIRRE I 78.22%, Tk Cd & A
16 Cd e N 25 mg-kg! FIkFE(E, Hoxf rEHhn
62.10%, ULBHKRSIARP POD 3 PEXHF AR 56 /Y 21
i cd e R A ER, miH 2 A SRR ]
AEREZES, & Cd MFdh POD JEME 34 N2
= TE Cd fFp .

Sr affA  mEFB
0
24T
=
33
s
8 2t
A~
il
=1
fey
0 | | | |
0 25 5 10 25

w(Cd)/(mgkg™)
(7 AhFh A o Cd SRR, SR B IR Cd Sl )

E 4 CdiHEXT/KEEM F POD &t Im
Fig.4 Effect of Cd on POD concentration in leaf

of two rice at seeding period

3 it
EIEH TGN T, MY A B34 5%
KA T sh 5, mMAEY— BAFARIA T, X
i oF-fr il B IR, FARENS FEUHPIRN -0, . -OH .
H,0, F1 'O, B2 AU A fge 4 e, iminia
R % MAP -0, Fl Hy0, RFH, HIF A H,0, 134
A FEAR R RS PRI I v S i P 4 3
A SRR EAER, BN BIIE S T2 &
A AN RN I PR B el S8 A i, AT i S 174
PG IR, B R G 58 B k2210, MDA TE 2
Bt AL A S =1, H A R RO I B R A 4R
AR RE B AR AR, ARSI SRR, FR
AR Cd &E1) 2 AKFESF A MDA & &
WEER, XK Cd MR KRR ESE T 5 Cd
A PEIERTLOA Y, fE Cd FEEY R R,

HZMBA A RIS RS A Y T
fath, A Cd Whais LAy ihd B =A% [
HXHEYIIRA U3 FEMEH, {3 SOD. CAT 1 POD %5
PRI EGERAEAE DR N B RIVE R, B a rhig bR
AR, dEREIR TR R . AR
¥, IR —E R M | V8% s A
Bl ERY, SOD ik O, % A Ak S5 ik i it
PrREFEMEE, B pead f R = A ) H0,
Wi CAT ., POD 25335 ) A SR (25 Sk
& Cd S AP e Cd a R, SOD JE A AT 44y
), BT ARRRAR R P T BR H B 2R IR
hfe, MR Cd SR P AR 0 2,
ASZS 2 ASKFG S FIAE Cd B T CAT 1& 17284k
KF, 7= Cd SLFPEPEIA WA Wik Cd SR
BT D) R B, 16 CAT 36 Ik B 44 s s S5 /R
AP A2 Cd SRESA S, PN ANIR] R A 1 5
JriE TR A - O 1 BB SE AN Y, TR i
il SR, 10O M REIH] CAT (il ),
B 2 SOD fY7ZE 1k K & 3 CAT HZAb A L, ik
SRR A RPYIX 2 BRSPS AT AR el X
FR O EAE AR AR G Az A 305, RN 32
Cd ey & BEER .

AGRIGNT 2 AN Cd MEAS R A K R S AR O AF S
5E LR AR Cd M5 /K R fh A Py SOD  CAT .
POD G T Cd fhff, 3% S5 a2 R
I) s P 4 9 P LR b 4801k i o 4 o
IR 25 R —3 (ARSI S ok E, I
EFTA MEEERE Cd FhE B s AR b — B 2
o g Cd fh AP SOD TEME . CAT ihiMERE Cd 4b#
WG SE I J5 %, 76 10 mg kg™ I ik 2I{E , POD
TEPE A ek EH , E Cd W N 5 mg-ke IFkE]
(R ; I Cd fAPBEE AN Cd /KP4, 3 Fli
TR R — SR ARkt B3 PR Y
76 Cd AN 25 mg-kg B BLERE () &, 0
SOD &Mk X BRREA 26.8%, UiH HIG 23] T
[FEREE IS, rTRERE R Cd T T Hor 74544
BCAE T H A (Rl 2 R e AR B TR PR E i R
TEfHERREE S, SOD iR MHARTHE M4 RS T
J7 AN G5 R T CAT T PR 0t B
JnT 38.07%, POD {4 B0 RS fim 62.10%. H
HHE MR BT (RAIR) AR B I
Cd fhfl, RIARRESFTEARR SN Cd KT X
TEPER I R A —EU, R E R TR )
PRYPPERWARER, X TFmE Cd fFh, CAT. SOD
FIAPE LB ARE T POD, % Cd ShFhEsMin Cd
M 25 mgkg! BF 3 R ERGSE R IR R T AR
ARIGAL LT, 3 Fhhr A AL 0 BB R R -
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Effects of Cd on different rice growth and antioxidant enzyme system

SHI Jing', PAN Genxing”, XIA Yunsheng', ZHANG Shiying', ZHANG Naiming'"

1. College of Resources and Environment of Yunnan Agricultural University, Kunming 650201, China;

2. Institute of Resources, Ecosystem and Environment of Agriculture, Nanjing Agricultural University, Nanjing 210095, China

Abstract: Rice is concerned as a food crop that significantly accumulates Cd in grains. To examine the genotypic difference in the
alternation of three antioxidative enzymes(SOD, POD and CAT) and the MDA contents, a pot experiment during the seeding period
was conducted with two cultivars of hybrid rice, Zhongzheyou 1(high grain Cd accumulation) and J196 (high grain Cd accumulation),
Cd was spiked at 0, 2.5, 5, 10, 20 mg/kg, respectively. The results showed that: Cd stress altered malondialdehyde (MDA) content
and activities of superoxide dismutase (SOD), calase (CAT) and peroxidase (POD) in rice. Two rice cultivars responded differently to
Cd stress in terms of MDA contents and antioxidant enzyme activity. Generally, the activities of SOD, CAT firstly ascend then
droped with increase of Cd level, contrast to POD. While MDA contents would be more produced in J196, but SOD, CAT and POD
tend to accumulate in Zhongzheyou 1. The higher MDA and less antioxidant enzyme contents were found in J196, indicating that
J196 was more sensitive to Cd stress than Zhongzheyou 1.

Key words: cadmium; rice; antioxidant enzyme system



