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Abstract: To clarify the physiological responses and compare the resistance intensities of two Ardisias pecies
to the treatments of cadmium stress, hydroponic experiment was carried out with 2 years old seedlings of
Ardisia crenata Sims. and Ardisia mamillata Hance. In the experiment, the cadmium concentrations were
designed as 0, 0. 025, 0. 05, 0.1, 0.2, and 0. 4 mmol/L. Several physiological indicators including plant
height, superoxide dismutase (SOD), peroxidase (POD), and catalase (CAT) activities, proline (Pro),
content malondialdehvde (MDA) content, photosynthetic characteristics, and fluorescence characteristics
were measured. The following results were obtained: (1) Plant height, SOD, POD, and CAT activities of
A. crenata and A. mamillata first increased with the increase of incubation time, and then the first two
indicators decreased significantly; (2) After 20 days treatment, the accumulation of Pro content in the two

plant species was induced for low cadmium concentration treatment (T2), especially significant for A. ma-
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millata s which was up to 149. 24 % ; (3) After 20 days treatment, MDA contents increased, with the highest
increases of 169.07% and 122. 70% , respectively; (4) An obvious increase of photosynthetic electron trans-
fer efficiency (ETR) of A. mamillata was observed for low cadmium concentration treatment (T2), while
qP (photochemical quenching coefficient) had no significant change, indicating that A. crenata startes the
energy dissipation pathways sufficiently to avoid the damage of photosynthetic mechanism; (5) Both ETR
and ¢P of A. mamillata decreased significantly after treatment with high concentration of cadmium (T4), in-
dicating that PSII of A. mamillata has been hurt under the high concentrations of cadmium stress with the
increasing of SOD and the damage of chloroplast structure; (6) ETR fluorescence parameters of A. crenata
descended even in early stage of cadmium stress, and the decrease was much more significant in the later
stage. After comprehensive analyses, it is supposed that both A. crenata and A. mamillata increase their
antioxidant enzyme activities to resist stress for treatments with low cadmium concentrations, whereas high
concentrations of cadmium destroye antioxidant enzyme and photosynthetical systems and thus decrease plant
resistance. It is found that A. mamillata had higher resistance to cadmium than Ardisia crenata Sims, and
has high potential for cultivation under the environment with high concentrations of cadmium.

Keywords: Cd stress; Ardisia crenata Sims. ; A. mamillata Hance. ; antioxidant enzymes; stress resistance.

Ve A R Tl sOREZ — AR R R DL S
b Tl A BE A B0 Tz B N T BEE R SR 2R 77 SR
AR T ER R sE A, AR AR LT TR A
W R E AR I F AR R B — s TR AR E R 2 B
FORZE /N iR & iR B ARRE AR 7 A —E W R R
VERT AR 22 32 5075 Je I » b1 I 38 AR A K 2y
T A YR I Ak i 4% ORI ) SEE < T AR 4 5 v
J# 0. 01 mol/L i, Ff 78 & RBEE 45 LT, 5
HEAAE YR HE AR 25 A GURAL AR 2, DT AT Ll o &
Py e AN ARFR R IR Y 5 B AR 5 ke 2
S NIRRT R B RS HE

Ba I m (Ardisia) )2 70 A AR 5 T2 19 5
ARSI HE A, & BRI B STy vh B 25 F R R 254
M AE 45 Bt 0 W B AL ST Horh R AR (Ardisia crenata
Sims. ) FE H 21 (A. mamillata Hance. ) 5&i% J@ #i Y
SIATEIRARL T BRI A 2 T AN (8 s A
PrFh 2 BRI AE 24 A IR BR 15 Y R i i XL 3 2 FE )
TER IR TT e B T el vk g A 1 PO & 45 36 H H 25
HEMVE . R A 5 SRR, A BAR B B,
Zx BLIADIR Vgt /N 0T SRR LT 48 LB (B o s 7 20
TR Ry ar e A8 DR 2 K DR AR B B E , i 55 T %% A
ZLAR N R TR EOIRBE AL R TE 1999 B I R 21
Yooy FARTE AL MWL AE ) 2R 1 A4 R EFR S, BF
B P AR 75 e ARRERA T . At
AN 5846 28 & 3 A A DL R L 3 2 R 43 A1 AR
ZHh X, R T B R TR Y W AR M T AR OR e B W
PUARSR & 1 C ik B B e X5 iRy 6. 3 A% fRTs e X
A F R B 53. 50261 s B A IF 5T 3 WA 4 7E A ) AR
R SRR B e TR R A RO AR R PR R 210 F2 2
IS HAD O AR B B 5 LN 7 ol 1 o BT M A AR

SEHK AT DA 3B 4 b DX, X3 2 FRAE SR AT 25 T T &
i LT LU M, EZIF R RSN E, B
X 2 PR 0 TT & sk R v R A Kl X AR Y
WA S P RS JG IAh 2 R Y B R R
IS5 YL B 52 L A8 25 FH BOWL B (B D7 T AT DA 4 T
W IR BE 15 Ye 358 0 T 5, 20K R 2R 1Y) T 0 i 7E 42 55
FEP) B AE Lok . PR T S ST AR AR 1 AR K 32
BH I A o M i, oAb 28 B A K R F AN IE &
S5 77 1T X A B AL B R R 405 W R S DR AP 1 R R
HAEEEE L,

X AR (% 1 S A P 3 AR T S AR 0 A P S
S H H AR A DG M T b R R Ak i Ak
(SOD) it & 1k 9y i (POD) il i 48 Ak &L B (CAT ) 45 2
ARG UM E B A AR M B R AE AR SR
MEMERXEZENAEN . Har3e s x5 4 4 By e
W AR T D, B R B T R S5 5 W,
AR A FL ) W 7E A R WAl R R BD AR R R 40
A B R K B PE BT, B AR WA iR TE . 2E
JI i A DL 58 4 2F i M ) 2 0 AR R R R 41 S I 5T
X4 AL T g 1, G O RS IR = K 8
R, R T A [ e B 4 Ak B HL i R 4 O A &
SGEEIF IR R W 2 LS4 BEY N E S
& i A 3 ) e S AL PR A X 2 AR AR R AR
(1) Z2 004G AR 22 0] ilF— 25 ARG 2 ok 4 B e 1
9 sk Ji g i I A B AR AR B R A M 1 2 5
BEIE — o He A

1 Mr5TiTk
L1 B R RAE
BB BB 2 K — B 2 e R O



553

KA A A TR SR R0 AR A T LA ) R HC SR T 323

WPAR /AT H ST 250 15 em A4 WA R R T
TP KA R X, Ak 0 r R & b o
R E Y EARSR 28,15 cm, & FE R 20 cm, B 75
SEAETIAR 1 AR, SR 5 B T AR S ek, 0K
Hpt o Tmpad B8 HIEREYN 2 kg, K
CE 2 JERAG. OGBS IR R N RSN 2 S,
RS L E SR WOK B (F KT R s o DA
), R T 6 A Cd e EERS BE (Cd LA CdCl, JE
A A BEFT AL BR L 43 5] 0 (CK) L 0. 025(T,).0. 05
(T,).0.1(T;).0. 2CT,)H1 0. 4(T;) mol/L G 5 ¥
JE 359 R i 0 K R TR S R A I 3 AL A L 3 d
e 1 OB IR, FEAR IR 10,20,30 d. HUE PR
55 3~4 Jit i (TREMD TR G Rt T A A R
PRI E BT H 0.5 g iR (R4 H TR R
I 5 o XSRS 2016 4F 5—9 F b &5 Sk i 7K R
b HE AR 2 B AR 2R SR
1.2 WEFE

kv FH B RGI  5 2+ S0 Ak 4 Bl (POD) 1) 1 MR FH A
BIARB R A B AL (SOD) 1% 4% Fl NBT
SRR 5 D 250 000 5 3ot R Ul (CAT ) 6 PR
FHE AR 5z 5 T3 i (MDA 75 R BRAG E He
Wk CTBAYI & s M3 Z2 3% 77 R &AL = 2R 56 U A
Mk CTTO P 5 il & B2 (Pro) £ 5% FH R 1 B = iR
SR i 5 R 3 R FH AR B s o
BRI HCR B =k R i i 4 2 9B (PAM
—210) W L0 5 ] S i R B3 B 30 min, FEH] F,/
F, Test #ERMER WD (F) Je kD6 (F,) . FF- 41t
TR AR 5k L PSIL 1 d5e KOG Ak 30 % (F,/F,) Ml
PSIT (ARG T (F, /F)M
1.3 #HiELE

FRA W % 3 41 A, T B (R R A A R
2 8 E A PR A SPSS 18. 0 it 84 o B9 Duncan
P AT W 2 M 22 540, OF T Excel 2013 #0441 Or-
igin 9. 0 B A &
2 gR50Mr
2.1 RBRAENRWBRMETAKSRMHRAELE

TR R

2 1 Al A B S R AR R | 4Ltk i 5
CK JC & 3 1 25 5, A #1201 B 35 40 vk B0 19 B Tt
A AR R PR T 2104 Bk a8 T B I i AR AR A (R R D
RE T, WWE THRERK. EHAOE T, IE TR
T A A A A A P T . B R B A A Ak PR
X2 ARyt i SOD &M R EH . KRR
SOD ¥ e KR AL T4 10 K, T, 2 BE4H i SOD
T e CK 380 28. 8%, FR T £1 M i SOD I 4 1 i

RO AESS 30 K, T, AbFRAH 3% 1 L CK 8l 1T
48.8% ., TEALFRIMIM] LM E Cd /i SR 40 K
AR SOD 36 PE T H. Ty i 8300 e WA LAY /0 336 Pk
AFEE . HBEE Cd ik Y b o b R RS I e s
JE 41 SOD I P fE Cd AbHE R JCiE8 v B = Ik % e R
AR R T RA T E R

2 1 AT R AR I A P S M (POD) 7 4b B
WIRN(T) ¥ 8 CK T, 4% T8 391 09 55 e 184 0 43 i)
g 40.82%,62.13%,332. 06 % , i1 1t 7T B & AR W0 AR AE A%
CA(IT) T BEE N P b S POD T 14 , I B B[] 7 2B
KA b T AL B 30 d B Ry v R Tl T A R 3 0
48,87 %0, 1M1 R 2T POD 1EPEAE Ty B B4 4 il , - Bt vk
JE_ETHmH RS, 5 SOD A fbas—3k,

FEAD PRI (8] A A0 AR il 0% P AR Ab s 3 5 08 5 210 A
L ARREPARAE Ty Ab BRI 48 CK 2 T3, 25 4
301 ) e T B R 43391 Ry 18. 8094 .24, 80 %% 5 34. 80 %% o 24 ¥ JiE
=T, W BRG], Ts VR BE I (3 358 . J8 &
21 CAT 1EPHEX ST E R A CK AR AT B g 5. b3
10 d. T, %8 CK 3440 56. 50 % , 1 =T, I % i {4
22.42% ; 4L BRI ] K 30 d WL T, BAHE N 63. 74 %,
M=T; feE A F T 18, 31% , n] Wik B ik (< T,)
K Hb SR [) A] de KRR 4R v LS R . ALL 14
AT AR (ST A BE 25 S W R A Y CAT
TR B T R s AELAE (] — i) 30010 S 9 ] LA e {1 B A
AN T e 5 T v MR Cd A R AR CAT 3% 4
Xof PR £ il 1) 39 A AR S DA B2 0 T e vk
FERT R4 CAT i& Mo T AR,
2.2 RBAEMNKBRMEFTLMNEH Pro RN

M LA RS AR AR 4T Pro frE7E Ty 4
FI R S AL PR A CK 22 R B35, 43 10 d
BF P53 Pro & BUAE T, W3S, 430 Bt 77.27%
M43.29% , KREPH Pro & T; 4 BLF CK,
ok I B 1R 1A 45, 60 V0 o 17 BT T LA S K T R E B
Ak, 24 b BA ] 3k 30 d B, R AR Pro & i 7E
T, ~T, B3 IE R 32.08% ~56. 56 % . 4@k B =T, it
0070 P B e v L 38 33. 96 Y05 R ZTANAE T, ik g 1H .
HEWE A 149. 21 % S5 Eii e T, & B b 46.03% .,
T, 5 T, WP &k F Pro & 4 MIFKEAR 40, 48 % Fl
72.22% 3% Fm Kk BE Cd RIS S b B ) E) 2 g i
FWE M R Pro LR, 28 BT fERC S RV R
REPARIY Pro & BUGE R LR & 20 N BRI 55—
FE 7K 35 A PRE A B ] J5 , AR DR 45 A 320 Pro % 2 W]
B P2 4069 Pro WA E .
2.3 RAEXKRERMEFTLMF MDA & =/

&l 2 AT R FE 30 d J5 , MDA & kb B 5
CK 22555 KL LT T, 5 CK #0111, 23% . Hrp



324

PSR R

%31 &

W T, 5 T, MDA % &% CK i3 iiF >~ 32. 03%
51.45%6 s A0 FE 3 AN AR BD HRAR AL B 5 CK A He 3
VR A A R LTAE R R K (ST AT 3% 1
T BRI 94.57%~122.70% ., 30 d W}, A b AR 4 4k 2
B CK 43 51 1 64. 2295,78. 4795, 92. 94%,132. 00%

169. 07 %6 s R AT AT, FEARHR B Cd AL FET L 5 3 i i
JIE Aok AP AR R A L B ok 3o 4 R ) R L TR
1 AE AL R B £ W N . MDA £ 8 R TE, vk
JE 5 KR 2 AN B & T DL R R R 4L )R
W1 BRI R A E A

F1 EXHRBDBRMEFTIHS RN RELEFENEZ N
o KB B
ﬂ‘d o S0D/ POD/ CAT/ f/ S0D/ POD/ CAT i/
fif [
(Ueg ' FW) (Ueg 'FWoemint) (Ueg 'FWemint) cm (Ueg ' FW) (Ueg 'FWomin ') (Ueg 'FWemin™h) m
(K 12£6.94h 8.99£1, 59he 33.9210,07a 2,331 1la 129418, 31a 231,81478. 864 14,622.97h 12,7052, T5a
T 183£20.21a 11,191, ddahe 63, 0% 15, 63a 18,931, 28ab 129+12. 92 36.0348. 20b 44.341.22b 9,53% 1, 63be
T, 179£9.37ab 12, 8640, 66 14,2414,61a 18,0042, 222 13442198 18,7842, 30 69,824, 77a 9,830, 95he
L S 12,061, 07zb 30,3418, 33 16,7342, 182b 168411, 18 10,6343, 69 641413, 882b 10,702, 28
T, 177ET40eb 0,760, 8lzbe 61,810,312 19,97%1, 17a 18835, 96b 10,6423, 39b 54,68, 27ab 9.20£0, 66be
Ts 17645, 46ab 7.9340,The 35,6213, 86 172621, 26c 131421, 15 5.71£1.37h 56,64, 63ab 10,7623, 0b
(K 219431, 452b 94842, 422b 31,02, 15b 21,2651 11a 11243, 8% 124, 7847, 384 29.8%8. 562 13,343,122
T, 5041730 10,1542, 24ab 38.743.92 19.10£1,28b 161414, 76b 9.69%2.51b 40,94:20,5% 10,621, T3he
. T, 211412, 98ab 11.54%3, 96ab 315134 ab 18,4312, 3dhe 160+10.72b 4,4140,19b 39,647, 70a 10,740, 85be
T 19t 3 15, 3744, 55 29,823, 41ab 19.16£1,91 138410, 20b 14,3520, 245b 35,3412, 75 11.7£2.23b
T, 203£7.6%b 6. 3120, 80ab 26,943 74h 20.46£0.822b 15847, 19 £,07£0,50b 33,320,872 9,800, 69he
To o 194£6.9% 4,440, 42b 25,041 4b 18,401, 40be 13944, 99b 5074074 32,622.87a 11,00£:2, 90b
CK 21948, 60ab 8,390, 38b 33,327, 272b 21,6321, 0a 12749, 10 3.27£2.95 27,3£6,01b 18,2543, 7a
T, 2304664 32,551, %5 14,9%2.39 18,5620, 31ab 16924, 54b 6,521, 69b 36, 722, 36ab 13, 440,52
T, 211 d6ab 36,2551, 72 33,826, 622b 18,9322, 302b 16749, 49b 6.22£0.72b 14,742,188 12,100, 31be
D 1 10,641, 63b 2942384 be 18,902, 11zb 16816, 30b 6,600, 39b 32,324, 83ab 12,032, 05be
T, 19746, 50b 8. 131, 17h 24,642, 22bc 21,43£1,08a 161£19he 4,1010.08b 23.943.42b 10.99£0,79¢
To 15549.80 80320, 41 16, 6£1.05¢ 16,8641, 312b 1984402 5.5220.77h 2774378 12, 48342, 20b
T RS = EE SRR 2 AR/NE FRERR 2R B (P<0.05), T,
< 40 a < 40
? 36 e 4 ? 36 | B
w32 - B CK - w32
w28 F T, w0 28 | 52 CK B T,
Eur =4, - g2 EST mZAamn
W 20 [ bo Mo W 20 [ ES T [mmT
4o 16 ] be @ 16
® 12 ] ® 12, a g a4 bab a
® 8 r W ;c W 8 b bbcc e b bcl Ebe
g a4t = g a4t = % & [
i’ 0 1 1 mz=lN b4 0 - 1 |- 1 g %ﬂ-’l )
s 30 & 10 20 30
AbF S H]/d
B1 EMERLMABRHRFBESRSENEMN
~ 0.08 2 . ~ 0.08 e
E o007 | B CK EZAT, 007 b
0,06 . EZAT a @b w0 | B B T,
3 E=S T [T < T, AT
g 005 bb 7 §09° 1 =1 mmr
ES bb s S L
2004 a2 a b %2 So0.04 a
® 003 FphrhT o0 EEE éE i 0.03 | Lao
5 o o " s — — a
& 0.0z | L lsEE = és 0.02 | 2. 3 Ls
g fooea e — BE
1] 0.01 E3A eE = %E 1] 0.01 e % -
B Lk e -] Al B Elilm B . .
10 20 30 20
Ab 3 E]/d A BB (E]/d

B2 BHEFAMADRHAFA_BSE

2.4 ROEXNRUREEFTLREET IR

Hi I 3 AT, Bl Cd e BE A 39 1R & Z0AR &R0
TP R L B AR E (ST O, mlkE (=T
MBS . M 1A CASTOLAB T . &

MR NE CK

skl

AH LA BB n, H 2 R
(P>0.05), CA(THMHTREIMRAIE NS
CKAHIL B EJt. KRR RTE I 3
e 18y e Ay I e B 3 1 IR B R R IR B RRE .



553

KA A A TR SR R0 AR A T LA ) R HC SR T

325

MG AT LA Y A B W R 8l LR R 06 1 %2
A4 1 A P AT LA 220 T A R e v TR P I

1.2

~ 2D CK T, 8

= 1.0 } T, AT, a

megp BT

w e

£ 06 [ =

3 s

s 0.4 | EZ be

W oo ek = =k

X : =

0 ' _ '
20 30
AER R E/d

& 3

2.5 RAEXMNKURREEFLHFRRENF I
H22 2 Al B 3R B4 10 RAIAE 20 REF, R0
MR R L A A A i R Z PO S AR
HAXNBAMILIF TR EEZES, @R, B4
TESS 30 R 2 B A& 3L, 2R 0 AR & Wk B Cd 4b FE 21
F,//F,".qP 45t CK &K T 23. 30 % il 45.50% .
F,/F, Wl 1T PSIL S rbvaC ) B4l 46 0 fig i 1%
BTy W B Cd (AR BPAR it 7 9 PSIT 2 3 e A7 %)
THiHE., mukEAIE oP T FERE B ER K, P
M3 > e ~ PSIT JF G 9 /e R oot ) fir =

By 32 ) 5 4l L P n] DLAS R T AL AR &R %) Cd
A B0 P R A0 AR B 5
1.2

RASH

1.0

0.8
0.6
0.4
0.2

RARES/(mg+g" + b

0

AR E LMK RIRRFE NI

5 CO, [ By HF 9k 2>, X F b i) /9 95 20 SR 25
5 A HL T 39 i T U 55, o I R 2 B Ot A
HRRE M ETR 92840 — 30, AR E Cd 4b 3
XFPET LI S R a i By M, 1T RS I
JZES AR E .30 d B EwE Cd AP, R AR
o CK BEMK T 70 %, 3% 156 W i e Cd A B 2K )
F I F gl A 4% 3 ) PSIT e 7 O 1O B B IR
S N MR B L ok | G o | Ak QA (1 /A AN ]
2 M AH 5C S BUOAH X Ao B it HL X6 469 Ak 6 T 3 M
T AR .

R2 BLBEMNAWRREEFTIMHERRI LB M

b B KA ‘EA
) fib 7 M4 E a it/ M2k E a f it/
fif ] /d ETR qP ETR qP
(mg+g " (mgeg ")

CK 13.533+1.20 a 0.1494£0.01 a 2.2840.04 a 20.167+2.14 ab  0.196+0. 02 ab 1.4240.10 ¢
T 16.93342.69 a 0.186+0.04 a 1.534+0.25 b 23.033+1.82 a 0.216+0.03 a 1.7840.02 ab
T, 17.06740.45 a 0.1714+0.00 a 2.1640.06 a 22.367+3.22 a 0.208+0.03 a 1.92+0.07 a

10 T, 16.7674+2.79 a 0.164+0.03 a 2.12+0.19 a 14.70040. 66 b 0.137+0.01 b 1.5640. 13 be
T, 20.500%£2.05 a 0.201£0.02 a 2.14%0.14 a 17.933+2.19 ab  0.163%£0.02 ab 1.63%£0.13 abc
Ts 18.400£2.07 a 0.17740.19 a 2.284+0.14 a 17.06741.64 ab  0.16740.01 ab 1.714£0. 13 abe
CK 22.333+1.94 a 0.23640.03 a 2.36£0.02 a 16.733+2.15 b 0.1724£0. 03 ab 1.76£0.22 a
T 16.2334+1.92 ab  0.18940. 00 ab 2.11£0.02 ab 15.4334+1.83 b 0.1444£0.02 b 1.6740.14 a
T, 14.80042.00 ab  0.15240.01 b 1.7640.24 b 23.900£1.33 a 0.2324£0.01 a 1.7540.10 a

20 T, 12.6334+4.63 b 0.12540.04 b 2.2740.10 a 12.6334+0.97 b 0.13240.02 b 1.6540.22 a
T, 19.83342.05ab  0.19940.02 ab 2.37+0.13 a 16.433+2.27b 0.151£0.02 b 1.6540.18 a
T 17.96740.56 ab  0.17440. 00 ab 2.244+0.07 a 12.200+3.87 b 0.123£0.04 b 1.57£0.18 a
CK 19.76743.01 a 0.200£0.02 a 2.36£0.08 a 17.133+2. 14 a 0.163£0.02 ab 1.08+0. 12 be
T, 12.633+£1.47 b 0.16540.01 ab 2.174£0. 29 ab 12.433%5.49 a 0.119£0.05 b 1.1940.05 b

. T, 12.300+1.56 b 0.14640.01 b 1.58£0.08 b 17.98343.91 a 0.240%£0.00 a 1.8940. 06 a

30 T, 10.500%1.22b  0.13520.01b  1.33+0.15be  17.533%£3.25a  0.169+£0.04 ab  1.0820.13 be
T, 13.367+1.55 b 0.14040.01 b 1.4840. 11bc 16.100+1.05 a 0.110£0.01 b 0.90£0.06 ¢
Ts 14.56740.38 ab  0.13940.00 b 1.06+0.35 ¢ 18.90040. 96 a 0.19840.01 ab 1.01£0. 03be

3 W . Cd VR FE AT 5 D) R RS 5 19 F A 760

TEF YA K Z R R8T S5 00 b, i Cd B a] ™
50 AR ) 40 AR ROS (G S IR R e &
(Ca®™ \Mg" )WL, I e 2 LIS H: I 8 AR K L X BB E
AR P S W AR S 22 06 P SR P AR R X AR 4
1E Cd AbPEF 175 1 A I 2 R AL BE 0% 8 . H i
AN R BRI 25 A —2, X Al g5 Cd Ab # A [a] K

R

ARWFFERW] R Cd AP AEE S AR AV AR 3 Fiffii
A8 26 3 S A AH DG B M 1 BT 3% 5 Sun 5 R
(14T 4P Bl 36 P 7 B0 4 07 90 S 17 2 N £ &5 2R A
—H R Cd b R A2 SRR /N TR L X n]
AEIE Cd e BB 8 T SOD 2 i 5| kL 1Yy 48 1k Ak 2



326 KPR R

%31 &

1o T 22 BT B I AR BT R AT R R D AR 2
MY SOD R 59 L A9 I A AR R - pe g B A SOD i
A KRB 225, B SOD 1Y 16 Pk 76 5 ik B 5
Wt FR e e AR S B RO R AT
X IR B G2 5 8 VR BE R R 7 41 SOD . POD 1 P4 A i b
PR FE (19 00 R W78 /N, CAT 3% #: W 75 Ik Cd K
(TR BT, HAR R T A b A H il 05 1 5w
B K A0 M R GE T4 AL B AN 0 3E Lo A8 (Verbena
tenera Spreng) #& Al F A5 CAT 7% M. & B
CAT FEbus st B A 8 2A4E L I 45 A 52 7 4L
CAT 5% PR AR B R 5R %  TA S 7E 3T 48 Ak 7 38 s B v
CAT W] BEJ2 P& 7 210w 1y 5% Ak B %) DG S g . by Jtk AT LA
e, A R Y Bz R MLEE AT RE R . 7E AL BE T B,
SOD.POD.CAT % # t A ALV T - i 75 i 391 H Al 778
P AR CAnL IR M B2 — 4 ot H AR (AsA— GsHD 3%
1) B WG o R BRI R AR B B R
S0 It T TR Ak B AT b T R KT

I 2R I 1 AR A AR ) A0 ML B PN 08 3 R T W A
M TERGE A W) K 53 45 1 B A1 40 TR Pk e B 2 o
LA R A Ry B St PR 9 1 240 A A 3 i A A5 O T S B T
AR, B EI R R EMEE Cd
i /NZE (Triticum aestivoum L. )% i Il & 8 (Pro)
TEZEE . wE Cd WA KR A, Gill
=021 D) /N 3% (Brassica rapa subsp. Chinensis) N
WA R WAESE Cd Al SR AR 1) 2. fERE
BV BT Pro 19 R S 1 0 0 B 0 o 25 S, AT
B AE SR 2% At B8 A B B FE AR . Pro AT IE BR
¥ B RS B RS RS R AR . R
XTAHP AR TR 21 Pro % & 19 4F F &%0CR 32 %2 X ) )2
B e B K P 38 W 32 B0 E PR R LR P AR
S AN B PRI BT SE AR 3R PR AR D AR RN R T ATt
J R Pro & 2 7R AR M B2 ¥ 161 A AR 58 AT fef 4 K il 4K &%
T PEAEARAR T b 0 e 49 T B 1 Y 2 2 BRI AT e
JE % Pro & 5 T8k, B Pro 1 3 i & Ak il 75 S AL
PR R 25 A8 AR AORF D0 48 A 2R G0 -1

MDAy 2E YK B R 4R T 16 5T 09 s 0z
2=y, Hfr o mT R M R IR i R AR OK R R R
FE) MDA [ 23 350, B[] 8 4 5 3 5 ey A
W52 005 IR R RO R . AR A R e TR R Y
Cd #ffi 2 FAE Y it i MDA & & Jt . #oR 1 HAE
R b S RE T R E I AE SR S R
R 3 SR Ak 5 TSR A A 000 A F G 45 56 A A R
P, CAMFRERN, Cd ZEFE YRN8 5 i 2R > 25
IR T S T 40 43 24 R 4 RO S
X AR FR AR R B R AE S (AN ] b 1) SR P T 49
PEA AR KA 22 5 i PR 5 A ) A 8t A i s 1 AR A= 9

KRR AKX — R AW 58 R, 7 5 b 2R
TRE AR R RTE S5, deah X5 2 i ik
PEAT I SR IO B BT A5 B I 25 R R L e 4 Ak 2R
TESF B AR RME RO S RA oP RO
G T A (ETR) 1Y W] W A8 4k, (H = 35 470 5% i i
A —ERREM 2 5. [F It 26 WA W 4K o9 35 7E R
FE R gk E PST RS L N B L Ho 7]
i3 2k A B 11— NADP ' 38 J5U il % 388 , #7 NADP®
A5k NADPH £, i 7 5 1% % 45 v 7 &8 i
O, o Kl Cd ¥ B K Ak BB [B) 386 Jin » p2 & 200 R e &
VE RTS8 B A b 35 B 3 B AEHT 20 d, 6 2 B B
Berh PSIL £ G0 09 J5 01 ' g i #5803 30 1A 32 3 4 1
Wl Zm . AbFE 30 d J5 . S B PSIL 5 H) ' e i 6 &%
R RPN 12228 F,/F, & ETR %7 i
B T [, PSTT W AE 36 P (F,/Fo) B R 22 T R 1
PO ZERRE, MWW 0.4 mol/L B,
BAEF AL . AHIESE 78431 52 » 4 A 1 = 82 5 1o 10 1
RN CO, [k BN 24 R & i . CO, IR
AR I A ok R A A AR FRAREE, OGS Rl 4R ) NAD-
PH/NADP" it 5l 254k 6 & CO, [a 4k AE H 32 52
() ML 3L 55 Ty 1] 3 75 2 0F — 20 5T

L PR LT MR AP AR R B0 45 R R L 7E Cd Ab
BN 2 FAE P38 45 ke AR A W kAR AL N 0 L B R Aot AR
VL RO Rie 4 4 o I BRI AS [R) e B A6f 85 17 46 Ak 34
SR LD FUR A AR AT M) 4 i BOHAR N TR PR 2
5506 M R P R is T . o L R
KLY CO, Wbz .6 #A Fik 51 NADPH/NADP®
BRGE A E T (O, ) i A A A (H,O0,) fl N —
i (MDA) & i3 InA ¢ . HUE 7 A 12 B2 40 4b 1
T W A N 0 R ST 200 RSP 1) 3 T AR B S A A
WA 2 YT A OGPk
4 5w

20 L R 9 P A A o R RR R T e SRR ot AR A
i A B R D AR R B LA ) RN BOAR
YRR A PRSI [) X 2 Fof A ) R i B T — o R
958 4 o ALV Ve 2 450 T A 0 AR R B 78 40 1) A R I 41D
il AR B S AR . AR B AR AL R
AR AN BT 20 34 ] 28 2o 48 Bk & SOD, POD,
CAT.Pro. Y5 ETR 45 Iif M 45 it > #1000 396 5%, 1 5 v
J3E 5 S Kb B 8] F2E < 0] 23 X6 A 4 b R 48 B i R
M . ZRA & Tebn 5 AT B SR [] ) 438 XY i vk
ET, AL bR<<T, . A HE ] 20 d N, ZBA F
T bR AR 30 5 i HEA BE ) BRIk B =T
Jo R T, kb BRI ]S 2 30 d. 2 Fhos B 3R £ 3% 3
TR .



553 KA A A TR SR R0 AR A T LA ) R HC SR T 327

Xf R AL 5 AR AR B4R 1 1 i 58 R AT R EE 0 T
BRI LA B A R R R R A B R X A
BT EA SR AR5 RE ) S Y A AR A #e o IR A
Je SEHEAT R OC L AR 15 YL A8 2 RE A D A Bk b T
PR IR AL N T R 5 DA AR BB A ey 1) A 2 S 2 5 LA
B2k
[1] Chen X, Wang J, Shi Y, et al. Effects of cadmium on

growth and photosynthetic activities in pakchoi and

mustard [ ] ]. Botanical Studies,2011,52(1):41-46.

(2] Z7J5 . 0 HIF, N8, 5. B xh/NER 7 k4
B AR A B A PR AR R s o ). R Ml R R R 2 A 4
2005, 24 (H H : 17-20.

(3] Xk, FAHAIREER. M5 Y e HAEYBZ 5
HERELTT. b Al A= 12 41, 2008, 27 (4) : 357-361.

[4] Hu X, Zhang Y, Luo J. et al. Accumulation and quan-
titative estimates of airborne lead for a wild plant (Aster
subulatus)[]]. Chemosphere,2011,82(10);1351-1357.

[5] Solgi E, Esmaili-Sari A, Riyahi-bakhtiari A,et al. Soil
contamination of metals in the three industrial estates,
Arak, Iran[]]. Bulletin of Environmental Contamination
and Toxicology,2012,88(4) :634-638.

[6] Ndontsa B L, Tala M F, Talontsi F M, et al. New cy-
totoxic alkylbenzoquinone derivatives from leaves and
stem of Ardisia kivuensis (Myrsinaceae) [ J]. Phyto-
chemistry Letters,2012.,5(3) :463-466.

(7] skwmlm . mdEoe, Wk, & MiE S IT R AR Sk
ARBARECHY R ARSI b E AR A,
2010,18(1) :136-140.

(8] kA ¥ s . Wb BH b IX o £0 1 AR 4K 5 1y Bt 52 4
WFgE)]. b7 2, 2010(23) :100-102.

[9] Jday A, Ben R K, Slama I, et al. Effects of exogenous
nitric oxide on growth, proline accumulation and antiox-
idantcapacity in Cakile maritima seedlings subjected to
water deficit stress [J]. Functional Plant Biology, 2016,
43(10):939-948.

[10] Ma L, Li W, Wang H, et al. A simple and rapid
method to identify and quantitatively analyze triterpenoid
saponins in Ardisia crenata using ultrafast liquid chroma-
tography coupled with electrospray ionization quadru-
pole mass spectrometry[ ] ]. Journal of Pharmaceutical
and Biomedical Analysis,2015,102(1):400-408.

[11] Wang R, Xiao X, Wang P Y, et al. Stimulation of au-
tophagic activity in human glioma cells by anti-prolif-
erative ardipusilloside 1 isolated from Ardisia pusilla
[J]. Life Sciences,2014,110(1) ; 15-22.

(127  SREH, B05 5% B BR. 56, T 5038 0 58 4 2R 0 il A
AR RRZ LT ] K - PRErR . 2015, 29(2) . 278-282.

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

B E IR 422, K. SR 38 %) SR T 4l i Sk R 4] DNA £
AYERFENELT]. T E RN, 2012,32(5) :892-899.

Ee YA A AL L g R R R (M. 5 2 W
b5t AR AL, 2006.

WL B, B . mh KRG b s
USRI TN BE = 4 BC A B e [T 0. b I K R R A
2005,19(4) . 338-342.

Rodriguez-Serrano M, Romero-Puertas M C, Sparkes I, et
al. Peroxisome dynamics in Arabidopsis plants under oxida-
tive stress induced by cadmium[ ] . Free Radical Biology and
Medicine,2009,47(11) :1632-1639.

AT 42 3 AT #6535, T2 BH BH 45 AN [R] i 4 7K 8 &) v R 3R %
80 ot 30 PRI 25 B R B L) ] A AR A4 2011, 31(2)
522-528.

Sun R L., Zhou Q X, Sun F H, et al. Antioxidative
defense and proline/phytochelatin accumulation in a
newly discovered Cd-hyperaccumulator, Solanum nig-
rum L. []J]. Environmental and Experimental Botany,
2007,60(3) :468-476.

Chen M, Zhang L L., LiJ, et al. Bioaccumulation and
tolerance characteristics of a submerged plant (Cerato-
phyllum demersum 1.) exposed to toxic metal lead
[J]. Ecotoxicology and Environmental Safety, 2015,
122(12) :313-321.

VKB, 2%, B %, L it 25 2o (Verbena tenera
Spreng) X 4 B TH P4 A1 5T AR RRAE DT 52 [T 1. A A R 8 2
R ,2016,25(6) :1054-1060.

Gill S' S, Hasanuzzaman M, Nahar K, et al. Impor-
tance of nitric oxide in cadmium stress tolerance in
crop plants[J]. Plant Physiology and Biochemistry,
2013,63(4) :254-261.

BRI, . Cd® il X /N 22 4 v ok B
AR B B e [T . PG U AR B 2 i 2009, 29 (10D
2031-2037.

Gill K K, Sandhu H S, Kaur R. Evaluation of lipid
peroxidation and antioxidant status on fenvalerate, nitrate
and their co-exposure in Bubalus bubalis[J]. Pesticide Bio-
chemistry and Physiology,2015,123(9) :19-23.

TR IF BRAE L B R A SRIT E N) TT 3R A L L8 A Ry
PELL R R AR 2 25 v my & [ ], 4R0lk 30 B R 22 2 4
2016,35(3) :432-439.

JBAR AL EFERE i, SFL 4 b B bR X L R T
Bening 32 VL], RS2 4,2015,35(8) :2536-2544.

Koruk M, Taysi S, Savas M C, et al. Oxidative stress
and enzymatic antioxidant status in patients with non-
alcoholic steatohepatitisJ]. Annals of Clinical and La-

boratory Science,2004,34(1) :57-62.



