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B OE: OAHITERAEES RS (Cd) Mo~ r 4B b AR E, SR AR S AR Emr s TR Cd #E [o
(XFHE), 20, 50, 100, 200, 300 mg/kg ] WA BRI EOGE . SR EHG AR R HTIR AR (AsA ) — 3B 7Y
BHEH K (GSH) IR, 450K . BiE Cd RN, Seb R SRR TOH BN, B cd kR
T 100 mg/kg F, HAE B EFEAL, BEE CAMREERIM, MAEOLAHER (Pn) . SILTE (Gs) . ZEBH#ER (Tr)
Bl AR (Ci) SRR I e THE RS Y Cd HeBE A 200 me/kg B, BR Tr J Ci Ab, HAFEHRY
O R EREAIR (P<0.05 ), Cd Wi BRI 5 P I 8 (MDA ) &b, MR MDA & E5eTHERE, R
MR ALY LEE (SOD) | itk (POD) it E L AN (CAT) W RICTHEREEH . X Cd ikIES
) 200 mgrkg B, BRI POD 3EPERFXRAL, HARFEPRI B IR E L. 78 AsA-GSH I, Ffi% Cd HeE
g, Poskimm E AR (APX) . A HIKGAJERE (GR) I YEM AsA . GSH & R THE BRI,
M Cd #e B F] 200 me/kg B, BRIFIAR A AsA 7 8 AR B APX W PEARFXTIR AL, AR T8 bR a8 4] s m . A
FEUERH, VR B AR E BB S BOMPT L R G0N R B e, SRS U LRE Sy, (HREE R, Har e L
G VERNPUSAY T o i R R, RidRZ 8%, HEEEMA T, HIdk B2 AsA-GSH TG RGRHRE & [ H 3L

FHo
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HorbsE (cd) BrEROR, R TR, HW R
WIFEPE . RS BE L KA AT A RN A SR
Ay E B gl Bl Cd AR A R T
W AR RR A A T SR M AL, AR I
B, TYRWBASERSL D, LR HEYEEE
HI. AR e s — 2 A B A A A 7 R
R T LA A T R R A B AR, O A
AR, SBOM Cd TTE & & bR
5% Z R PR, 1S L R K A 2R L R AT
a0 BRI A A 2 2 R B 4 Cd 5
B0 24 T 7

PTEEAESR, BRSEE TR T It il . %

AR EEE: 2024-06-25; RAHA: 2024-08-20

E&WB: amafB4Gim BmE (202301BD070001-089 ),
EEE A EFr (1989-), #lt:, BYRATTER, HFTE05 o B
JBR . LIAEHUS S SO e I B . E-mail: 954485835@qq.com.,
BWAEE: 22LE, E-mail: ynbioenergy@163.com,

— 118 —

BN Cd fE AR, AR RR " B
JREUY L IS T e A (IR
SHEMAAAAEMEEN . A KGNS | YRR
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it E 4 SR AE 0 . R BEME R IO REIRME , RIS L
BRK Y ARG 5 . T F0%RE T, 2R
RS R Ly BRTE N X
R RIFSY 32 B4 TP e Tt AR e e T,
IR TET 4R Cd e B R AL R SE R
WOARBFFE LA Cd G fh BB 25 il p R,
M A AR, DFSOR IR Cd i %) B RO A
e, PUEMLBERSE . A MBI Z R, &
7 WA B JRR I IS Cd Jh3s 10 AR AL WL, S R
1652 7 43 5 Y T R LR 2RI

I HRERE

1.1 g A R
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A AR R E BRI 214
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F1 gl HEEAER

. AT Ko e ] IR AR A i
P (g/kg) (g/ke) (g/ke) (g/ke) (mg/kg) (mg/kg) (mg/kg ) (mg/kg )
5.96 113.5 0.206 0.071 1.180 95.9 49.8 262 0.26

1.2 Wik

FHIRI T 2023 4F 4—7 ATE SR E LR
B il 2 AT o 35 U VTR 6 1) B RR D - 22 IR
TR AT 7 Jo IR /K IR 24 h, F 2023 4F 4 A i A)
B HARR T A AR cd ¥ [0 (X ) | 20,
50, 100, 200, 300 mg/kg | ) -3, 44> 4b B
HE 3R, BAEE LA, 184, AR 15
B, PRIV R PO RIFR, MEEW SR, IEW
KB H, 28K B A2 50 em, 7 30 em, BEZEAEAH
R4 20 kg Cd M8 60 d J5, SEHU#ERAK
D) RE I 4 R & i SO G S8 BURRHR
AR BORRIE A 2E— SO RRE 05 3 Rt i &
AR, SeH ARG 2B TR, 1840
TR G B T AGE P R, Al [0 5255 3 T E
FHIEA FHE AR
1.3 FEtnilE
1.3.1 GBI R E

M E SRR OmENE ", ks
B LI-6400XT {48 2O A I A0 e , A
I EFERE R 9. 00—11: 00, 2607 [ AHTR H.
AR S REAR I B S — Fr R IF I ) RS 3
Ait), MEFOCEHEAR (Pn) . SALFEE (Gs) |
KR (Tr) A A ALV (Ci) 4 0%
AAEbr, BEER A 1000 wmol/ (m® + s ) ; AAlkb
PR, BRI 6 Yk, IR RIT Ik
1.3.2 A HA AL AE AR

PR B i ik 09 T e i AR 0.5 ¢, A pH
h 7.8 WIBEER 2 v (0.05 mol/L) 5 mL, 7EVKIA

AR K, SR JE RN B LT, i %
OB MR ER, MR A A B O T, SR
J& 10000 r/min &5 /0> 20 min, B I ¥ W & Y #
B, T 4CTREAE, ERRFW. R
(MDA ) & & R FIBR AR I 1 Z 2 et el 175
AL AL (SOD ) I 14 R FH 0 D s 32k
VT S EARIEG (POD) TR MR P B A
U I EALE T (CAT) W SR FH L2 40w ik
I E D PR MR i B AL (APX) I
W 5E 2 UL SRS 0 BT s A DR H IR R
(GR) W& HEIE 2 M8 Ma 25 12V (51, i S B4
INILER (AsA) SR 2, 4- T ANIEARFLINE ;
iR JE A4S B H K (GSH) 4 # 2R B DINB i 2
ME
1.4 Hshbr

T 56 K4 % JH Excel 2007 B2 SPSS 20.0 # 17 4k
M, 225 WEM TR LSD i,

2 HBREH

2.1 Cd Paxd BRS OG G AR S sz

20 A, BiE CAWRER N, HEOEY
AR o B R Y Cd WK BE O 50 mg/kg
M4 % a, MK (ath) NI R & EILF
e RAE, 5 H A AN 2% 5 B 2 (P<0.05); 4%
R bTECAMREE R 0 I e ok, 135 i T Al &b 3
(P<0.05), 4 Cd ¥ &£ 1K 100 mg/kg I, B4R % a.
M4t b, HEEE (ash) LEWAE PEREHLH
BRI, HSEACTXTR (P<0.05),

R2 CdBEXNERMAEEERSETNHHIMG

Cd¥#%E (mg/kg) M2E& a (mg/g)

H4EZE b (mg/g)

M4 & (a+h) (mg/g) 2 PR (mglg)

0 1.48 + 0.07b 0.67 +0.02a 2.14 +0.05b 0.45 + 0.03b
20 1.42 +0.01b 0.58 +0.01c 2.00 +0.02¢ 0.44 + 0.02be
50 1.78 +0.02a 0.64 +0.02b 2.44 +0.04a 0.53 +0.03a
100 1.17 £ 0.05¢ 0.41 +0.00d 1.58 £ 0.05d 0.41 +0.02¢
200 0.69 + 0.01d 0.28 + 0.00e 0.97 +0.0le 0.27 +0.01d
300 0.43+0.0le 0.12.+0.01f 0.55 + 0.01f 0.24 + 0.02e
e RPN TIIE = P, ASIARR/NG FRZOR AR B 25 B3 (P<0.05). T,
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2.2 CdHHEXERRYT DG B R R

M 3THL, Pn. Gs Ml Tr ZR{LEHE N TG
W, CiZBfbi@H o Tt e bt . Hr Po Al
Gs 1£ Cd ¥ B 4 20 mg/kg B ik 2 W {F, 43 51 43¢
W BN 57.36% A1 111.11%; Tr 7E Cd % & K 50 mg/
kg I IR, OO BREEAN 76.00%; 4 Cd ¥R/

F 300 mg/kg B, Ci X RR, 7E Cd WRIE K 200
mg/kg I I8 B EAE, BN BRI TN 19.89%, 4 Cd ¥
JEIRE] 300 mg/kg, FWOGHTRIRIEZIRALE, Pn.
Gs. Tr Fil Ci 43 7 X AR T 70.47% . 59.26% .
33.11% #1 8.77%

£33 CdMERMASEZRSHHIZT

Cd W Holtf AR AALE ZEE A ) — S A
(mgkg) [ pmol/ (m*+s)] [mol/ (m*+s)] [ mmol/ (m” + s)] (' wmol/mol )
0 12.36 £ 0.34¢ 0.27 £ 0.03d 4.50+0.17d 254.67 +9.61c
20 19.45 £ 0.65a 0.57 £ 0.04a 7.60 + 0.08b 289.33 + 5.86b
50 15.68 £ 0.22h 0.42 £ 0.01b 7.92 +0.05a 295.67 + 5.69ab
100 9.63 £ 0.74d 0.36 £ 0.01c 7.18 £0.16¢ 263.00 + 4.00c
200 4.49 +0.35e 0.21 £0.01e 7.06 £0.21c 305.33 +3.21a
300 3.65+0.15f 0.11 £0.01f 3.01 £0.07e 232.33 +7.23d

2.3 Cd JHa %t BERR S Ve N T o e A5

Cd e % BERRIT . ARTT . (MDA) &Y
AN 1 TR, BERRAE T MDA & B R Cd
JE 1) 15 10 T G A0, 2 Cd WK A B 300 mg/kg
IR B, 00T HEI N 99.52% . BEMRAR H MDA
B Cd V& 3 I S A 2 B SE R N S RIS Y
Y, 4 Cd W EE N 200 mg/kg I MDA 2 4 ik 311
B, XTI 76.12%; 4 Cd ¥ B >4 300 mg/ke
BF MDA & & BE AR, 0K F X IR, % ) fd 3

22.39%,
@i |fR
~ 18 b a
Z 16t c
§114»
g 12t
E o ¢ :
B St s 2
04T BN \
oL AN | BN | [
0 20 300

CAikJF (mg/kg)

E1 Cdi-BERSER B BNEMm
NG FEEARRIFORAHRRBA AR 225 B2 (P<0.05), T,
2.4 Ch e Xt BRRS) T A A BES M: 52 e
2.4.1  Cd JHpai 0t B RR A AP I A0 S 1 1 5 e

Cd B30 % B RR M AR SOD I M 1Y 52 i 4 141 2
Fi7s o BE R KM b SOD J5 P Bl Cd 1k B2 Ay 4%
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TS B e T AR AR A, A5 AL B R 22 7
F (P<0.05), 4 Cd ¥k £ 4 100 mg/kg B 35 2] 1§
B, M SAR P SOD 36 M43 i 50 BEEE I 34.24% F
39.89%; 24 Cd ¥ JE KT 100 mg/kg i SOD 1 P&
WAL, 7E 300 mg/kg T AR SOD 3f P e fi%
A3 AT s D 28.619% Fil 1.55%

@it =i
250

200

(=%

AR TG
(U/gFW)

..
RN

B3

100
Cdikf% (mg/kg)

B2 CdBMEX B4 EE SN B L EE AR

242 Cd JBra Rt BRR I A I IS P 1) 5

Cd W3 %5 BRI, AR POD 33 M 8 52 i 4 &) 3
BT BRI S AR H POD 15 M Bt 5 Cd & B 4 38
TS B e T R AR R R, A b B 22 55
F (P<0.05), 4 Cd¥KEEHN 50 mg/kg i, POD (1) i
PEIA B0 (E, M B AR POD 3 M 43 1) %5 % e
i 31.63% F115.49%; 4 Cd ¥ & K F 50 mg/kg,
POD 75 1 3% ¥ T [, 7E Cd ¥R B Sh 200 mg/kg i,
o POD & PEATS AR K FXF BR,  7E 300 me/kg W JE T
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I K AR POD 36 PE B AR, 43 ) 55 % B Dk 21> 11.04% Fl
19.28%.,
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B3 CdRiHEXERY & SNMEEE TR

243 Cd JPriaonl B pR s Ak S TG 2 1Y) 52 )

Cd JHip 30 %F B BRI . MR CAT 15 M 5 52 i 4 18] 4
FI7s o BEIRRIM BAR H CAT I EBES Cd HeBE A fin
BT S EREARA S, 2 Cd W EE A 50 mg/
ke BF, CAT B i& Mk B0, AR CAT 3% 1%
A3 A X BRI T 45.83% H1 83.60%; 4 Cd ¥ Ji
KT 50 mgrkg, CAT IGVEZW N, 76 CAWRE RN
300 metkg, AR CAT WG PEEAR, 4540t B]
/0 30.03% F 4.52%.,

B @R
~ 250,
E a
=0 200f
=) c c
w150} d
% 100 d o -
w N \ : ¢
S 5ol BN § N\
" \ N AN §

100 200 300
Cdife P (mg/kg)

Bl 4 CdBMEXNERGET SN SEEENIIT

2.5 Cd P38 X BRI HUIR IR — 23 bt H ARG 24
HOpAl

2.5.1  Cd Wr3E X B RRHT IR i 2 2ok 41 00 Tl 1 1 1)
]

Cd W 380 X5 B R BF L AR APX V& M Y 52 e
KI5 T 7. B RR I B AR H APX T 4 B 5 Cd ¥
JE B 3G fm 5 B0 S T S BE AR R e, & Ak
] 22 5 B % (P<0.05), MMt R ORE, M Cdik
J& A 100 mg/kg 5, APX [ 36 M ) K, 5 Xt
B4 M 185.91%; 4 Cd #k £ K T 100 mg/kg, APX

5 PR & W T KE; {H AE Cd ¥ B2 Ol 200 me/kg I,
APX I PR I8 KT % B 2 Cd %k 35 3] 300 my/
kg BF, APX I PR B K, 8% BRE 2 36.50%., M
Wk FH, Y Cdi E 50 mgkg IF, APX 1Y% P
IRBN e KR, BT BRI 83.60%; 24 4h vk & K
T 50 mg/kg, APX {6 k% 7 F ¥, [HFE Cd ¥ B
A 100 mg/kg 1, APX 36 A 2R K FXF R 24 Cd
e 5 3K 3 300 mg/kg B, APX % M AR, A R
WL 48.72%

B S

s 30
;%A 25 i
\%E 2.0 .
W2 st
Ef 1.0f ¢ a b 55
2 d c Y | 15 f

0.0 CPN L AN L BN BN L B

0 20 5 100 200 300
Cdife ¥ (mg/kg)

B 5 CdB-EXERL SR MEE SN YEE AT

2.5.2  Cd JHpE0 0T B RRA I PR Lo il 1% P 119 52 M

Cd i xR . AR GR IETERI I INIA 6 Fr
No BRI KRR GR IS PEREE Cd MR B3 i 2
B STt AR Y Cd MR 100 mg/kg
BF, GR G MR EIE(E, AR GR I M4 il ¢
X BE 1411 94.94% F1 54.32%; 4 Cd ¥ BE K T 100
metkg, CAT % M2 M T B, {HTE Cd ¥ FE 24 200
mg/kg BF, I RAR T GR TR AR KT XTI 24 Cd
WeEEH 300 mg/kg, M AARH GR IGEMHERAR, 435138
X HR /D 8.70% F 22.10%

BIH B iR
1.8 .

# L6}
gg 1.4+
= 1.2F c
ggﬁ‘e c H

g 08 =y i N
EEut S BN \
éﬁ 0.4 Egi§ § §

CdieJE (mgkg)

B 6 CdBMEX B R4 e & Bt H AT R EEE R R0
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2.5.3  Cd JHle 0l BRI JERITTIR IR 75 5 1 52 )

Cd B3 F X BRI, MR AsA £ (1 52 TR
K7 HiR. BERRIT MR o AsA & i bl 5 Cd IR
() 1840 2 0 S T S BRI . A R
F, Y CdHE N 50 mgkg I, AsA B & HEIARK
18, BXF IR0 43.48%; 24 Cd #E KT 50 mg/
kg, AsA F BT T FE; HAE Cd R EEH 100 mg/
kg BF, AsA &8 K TXFG 24 Cd W EE R 300 mg/
kg B, AsA & itk g IRME, B0 FAI 2> 29.88%,
MR SK A, Y Cd ik BE 20 me/kg, AsA % & ik
P RAE, BN BN 38.47%; 4 Cd W E KT
20 mgrkg I, AsA S BT M (HAE Cd W R
100 mg/kg BF, AsA & s AR KT X IR 4 Cd ik
JZ 4 300 mg/kg BF, AsA S ki IRIE, Hoxt IRk
/> 35.41%,

~ @i =R
E 200 .

2 180F . b
=160t .

g 1408 d S

120 N

é&f 100} §

= 80} N

K ool §

5 40t \

w 0 & 1 b

; 20 50

Cd¥kJE (mg/kg)
7 Cd BMEXTE R4 &R BRI R S E 1 0E

2.5.4  Cd JPraf Rt B BRI S RS2 D H R 2 i i 52 e

Cd 38 T X BERRI . AR GSH 25 5 A 5 i n 4]
8 . BEERRM KR GSH &5 Cd W i
I TS S AR R N Rk E, Y
Cd % 50 mg/kg F, GSH By & ik RIH, 8
ST R 30 170.97%; 24 Cd #k K T 50 me/kg I,
GSH & it & M T B; {H 76 Cd ¥ JE 24 200 mg/kg
F, GSH & & K T X ;4 Cd ¥ % 3K 3 300 mg/
kg I, GSH & & ik AR ME, 00T BRI 7D 35.48%,
MM FE, 24 Cd ¥ N 100 me/kg I, GSH A&
IR R KA, BRI 143.90%; 4 Cd R
KT 100 mgrkg, GSH & iz #i T [ 24 Cd iR &
4 300 mg/kg B, GSH & i R T XFIR, 06 IS
7.77%.
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3 e

3.1 Cd A X E R EDEA R S R 5

EARSHSHEYPOCEER, ATk, %
HOGHE, MW LA AR FEa kA2,
— E TR T AT LS AR W B S 7 B G E R
AR OGS B RTEA AP fEEE R, B
A BB B s A, H A SR Cd
T ERPDEA O R A 2 EE], X 5HAX
ERRESF3E 2 ok P e g R — B, X T
REAE RN m vk B 3 T e rh 2R g (RS54, (]
B T B SR 2R R R A i A R R S T T i
PGP, MDA GRS TR,
3.2 Cd BB X E R OGS R

A VERRAEY A K IR, MPITE Cd Wrid
THEREIS I SZEE W, — Bk, S35
A A FH R AT A 48 LB i R 3B AL R R A D
K, Ci 72k HmT IR PR S LR R <AL
BRI e 27 AR, 4 ad #BE /N T 200
me/kg I, Cd X BE BROGA AE HT 52 SR A2 v 400 1 B
%, SR Y RS R 8GRI RG
BN BRI A R A e, R ULRT
FERSAFENRERSBOCEEH TR, 2 Cd
WeEEK T 100 mg/kg B, AHYIM) Pn Fl Gs B HFEAK,
I Ci W T, R IR E 22 L E
B TOCEVER, XS PRE 2 e a S AE Ay 3
B2 0 IS A R — B 2 Cd WE R 300 me/kg
Bt FOUERURIMSEONRANME, HBERRAERRZ
PRI RN, i LRSS S R ] B2 = vk
JE Cd Wb 2 SECEE R B LT BE Db 22 50 M
TR AN, P TE R K AR

S

(T
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SeE TS RN, RIS I SN ) TG T 2 R
BASEOCA R, TRk

[, B & 325 Cd ¥ BE /N T 100 me/ke
B, JCAESEEROT IR, XRWERRET ., 1K
WRE Cd e e v] LIRS R I ZE B AT, AR ik
HREBIISCE FRC RS 5RE s, Xl BEt e B
fit Cd BJEHZ—,
3.3 Cd WrE X BRSBTS S 5

MDA 5 it F A AR 400 40 A A ok AR R 1
FabR, MR T AR (4 AR AL AT LA S WA 47 8 52 30 5%
DB, A5, MR MDA i Cd ik
FERHE ARG I, S BORNS  AARR BE R, il
A Z AR IR, EANEBE PR R, R T8
RPN RE IS, X SR IIASE D
WIS R —50 WARA MDA & BE Cd W 138
RSB S R R, X5 Maria 25 3
XTARACTE A S e 25 5 — 3, R T BB AE =
WEE CdE T, EMIRAREEKRE Cd, FHEELA
LR TN 52 BE AR, LA S i pfIsET
3.4 Cd MrE Xt BRI B PT A AL RS PR Y 50

YRS R PRNE T 27— R R,
XTAE AR PN 4 A0 MRS 5l A 11 43 AR IR, 1 AR
ek, mitEfb RS 3 3 E i (SOD, POD Al
CAT) A LUAH B e A (AR AR P 10 305 1 SR 28 0 o
FRERARACT, M A 53 2, AHF
SR, BRI XA A SOD, POD HI CAT i %
& Cd WIS ME I ST R RRn s, Xk
WO AT — @ iiae gy, AR ERA —&
BREE, X SRME R/ S 7 Ak
B SR VN B0 3 BTG T, (BE R
JEE 30 DU G 2 0 P 3 bl 0% 7 I AR 1) 1F 52 45
— 5 ERE M AW E (300 mgkg) N BRI K
HEAY 3 Bl % M Oy e IR (EL,  BONT R B 35 R, D
PR AT R J2 R A PN 7 180 R 0 32 B R vk B Cd iy
i, AW TE A A RO TR R S
EBRRE ST, TASRERH LR A b FEAE A 40 P 1 22
L, AR AE o A, A AN S M REZ
NP, FEGCEA Gz B S T
BEAG 0,
3.5 Cd Wria X B RRZ B B sp e — 4 e H ARG 2R
) 5]

PUIR LR — 450 H KOG 2 4 R 20 9 A Ak
JEOF- R A IR DAL, FZERPTA DI AsA Fl

GSH 5 CHEEE APX A1 GR Z4HAL, APX DL AsA Wi
Yk H,0, i85 H,0, GR ZAIE GSH 75 it e
fitg, VUEILRIVERT, 7EPiAsiiag | EhRIE A
RS R E AR ABFgEd, APX.
GR TG A AsA . GSH &bt Cd WA AT 5
B FTFE TR RS, x5
SEAE Cd a8 R AR T 45 R —20. BRI APX I
GR TG PELE Cd MR B2 h 100 me/kg B35 S 0E(H, AR
APX 1 GR 7% 7 43 9l 78 Cd ¥k & >~ 50 A1 100 mg/kg
BHAFIIE(Y ; EREH Y AsA FI GSH e Cd Mk
47 50 mg/kg B iR FIUEME, AT AsA F1 GSH & 47
SITE Cd He 3 K 20 F1 100 mg/kg I3k {2
T, AR BE Cd 38 F AsA-GSH 7§ 3 &b T 7 %%
TARRZS . TCISARIE RN APX 6 P 15 5] i (15 )
JOIRE VR BE A AsA 7 f T8 B DR I b VR B v, IX
ARESEH T APX TGP TR N T X AsA (53,
TPRE H,0, 5, SR BRI A Ak E R GR T
PE5 GSH Bt 1 21 WA i 1) T 360 e JE AR — B, 3k
—HAESE T GR JE4E GSH & & 1 L2, Y
Cd ¥ BE TR F] 200 me/kg B, PUZE PI(ELZE T F%, (0
BRIFRIR Y AsA 25 i SRR APX 3G PEAR T BE A1,
HAPRPR R TR, RAERRIE (200 ~ 300
mg/kg ) Cd BT, BRI F 25 AsA-GSH Tf
RTE DR AR N T 2 T PR AR

4 Z5ig

ABEFELL HEE 257 NIRRT
HeSE Cd JHipIELXT B JRR4J7 v I MR 2% 0 A= B AR AR AR b
AR 2R, BRI 7R IE Cd a T,
AN TR B PR 0, SR TR SR L BE
J1, HBEEHPZRIE M, FOLEEZ 2, bt
SAACHEYE TR, PUALR Sl T, bRz 3
Afpa RN EFERR, HAEEPHET, Hk
EEGBHUIR MR - 43Dt H I3 R GRS A
R B

SE Wk
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Effects of cadmium stress on physiological and biochemical characteristics of castor seedlings ( Ricinus communis L. )
WANG Pei-qi, HU Zun-hong, YANG Bo, HU Xue-li, YANG Jin, LI Wen—chang* ( Industrial Crop Research Institute,
Yunnan Academy of Agricultural Sciences, Kunming Yunnan 650205 )

Abstract: In order to investigate the physiological responses of castor bean under heavy metal Cd stress, a greenhouse pot
experiment was conducted to investigate the effects of the different concentrations of cd* (0, 20, 50, 90, 100, 200
and 300 mg/kg ) on the photosynthesis, the activity of protective enzymes ( SOD, POD and CAT ) and the ascorbic acid-
glutathione ( AsA-GSH ) cycle in castor bean seedlings under stress. The results showed that the change of chlorophyll
content had no obvious regularity with the increase of Cd concentration, but when the Cd concentration was more than 100
mg/kg, its value decreased significantly; As the Cd concentration increased, the photosynthetic rate ( Pn), stomatal
conductance (Gs ), transpiration rate (Tr) and intercellular CO, concentration ( Ci ) all showed a trend of first increasing
and then decreasing. When the Cd concentration reached 200 mg/kg, except for Tr and Ci, all other indicators were
decreased significantly compared to the control ( P<0.05 ). Cd stress led to the increase in the content of Malondialdehyde
( MDA ) in the leaves of castor, and the content of MDA in the roots increased first and then decreased. The activities
of superoxide dismutase (SOD ), peroxidase ( POD ) and catalase ( CAT ) in leaves and roots increased first and then
decreased. When the Cd concentration reached 200 mg/kg, except that the POD of leaves was higher than the control, the
other indicators were lower than the control. In the AsA-GSH cycle, with the increase of Cd concentration, the activities
of ascorbate peroxidase ( APX ), glutathione reductase ( GR) and the contents of AsA, GSH increased first and then
decreased. When the Cd concentration reached 200 mg/kg, except the AsA content in leaves and roots and the APX activity
in roots were lower than the control, the other indexes were higher than the control. Results indicated that Cd stress induced
a significant increase in the antioxidant system activity, improving their antioxidant capacity of castor. However, as the
concentration increased, the activity of antioxidant enzymes and the content of antioxidant substances decreased, causing
toxicity to the plants. Moreover, plants mainly depended on AsA-GSH cycle to resist the toxicity of ROS under severe stress.

Key words: castor; Cd; photosynthesis; antioxidant enzymes; AsA-GSH cycle
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