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RIMB XT3 T AR IR A (AR R0
ks, RAEE, AH, 2L
B K S A VR 5, 210023

HE: XA 28RKE, SRR 48 FRAO. 1. 5. 108250 mg-kg )i st BRI EALEEE M. A4
A, T GEASERTEERAF AN 0. SR 2id4aiaE, F5RGELAMNHEHPOD). BEA
) S ACBF(SOD) A= it A 2B (CAT)3) Z 47 & B IHIRE9 AL S, (4R 3 TR A8, RSt + 3 A ek 5
(P). AILFHE(G). I COLKE(C) Ak F(T)F A5 £ A B(5F TR 28 LB TrE6#
P, ZRpiA14 AE S LT R, 4ot B EB Kot 5548, AR AAMFE ST F&8(F/F,). A BN
FETFEFVF,) RAFEER(q) AR A T A5 E ik F(ETR)Y H IL T AL, phaanf FA K, T2
AR R, MAERFER ()W R 258 EAB TR YE. RAFERORE(AS mgkgVad TH—&

#y b, w5 KE (50 mg-kg )48 B TR E RS T, B LA KL F.
KA 40 B T, WAL, RAER, TR E A, T E R R

F B AR(Atractylodes lancea) N4 EHEY), HT
B ZEN PR R, AR 42 X E
Z IR (E X 25 2 514:2015). ILHF LG AR
MR ELF . R E PR N E 2, SR
TERREG LR I RS — RAIAR T A
MEAKKAS, BFLEREEKKE SRS
b HEFR AR ANFRAR, T 52 380 7 B A B (58
£P2005). HETEFR 20 s, L
S E A K YO H MR E, R T
AR BEUR ] af A v SR 1T 24 7 SR SRR AR B ORI A
ARk, LI AFIR B OCEE, fE IR
G JE T AN AT R AR R B O R, 201H:
LUK H T Tk wlE R KAV IR 5
AR IR 7K ) RER 5 35 3 rp ) 4 S B AR I,
E B R N . RAIEA T 1 R B (Gao
2:2013; FRAH55E2016). H8(Cd)2—FhagtEse H 5
BRI ESE, @2 E R T ¥ & (Rascio
2£1993), FE M4 K (StiborovaZs1987). & 5540 Ah
(Moral &5 1994) #1541 H1 45 (Baszynski%s 1980;
Clijstersfl1Van 1985; Krupa%$2010), 3% 21T
HIVEE T E0UR LIRSS, mEy e
Ko Al 55 il 2 EUE T B R CEI R . &
TR, UEYE S FRPNE G, 5 PUE 7RIz
BHANM Fr K o S R PRSI %, HARdinZ T -2
HH R BE G PE BRI FEEAE Ik 4 A0 25 7] #(Douchiche S5
2012; MerianZ£1991; Lin%%2007). 4 =-tr &
iR R E TR, AMUFE A KR, LR

RAFDNAI G A =L i B H & BRI, &5
BRI AT AE 30 RS (R 3£ 3R 552014a, 2014b;
25 FMEAE2015), SHAE(201 1) 55 2 B, 4R IiE fE
% Bt DR I 5 A 1 5 ) R s ol S AR i 2D, 3
L R R B B R, AT B R P R
fiKo BEAh, TRZCEESE(2005)HF Fu 45 SR A, Z/KFAE
2 B 4 J8 CA )i FH i 2 75 S PU A RS PE I T
ERIE R E 2, R RE AR BRI e A
HUAE; 4% B8 IR B i = i, PSTIFG T 74 F% K (Bas-
zynski%$1980), gpflg Ul 2 _EFHEHA . L FTIER,
b A BN E Y 52 4 SR AR a T, #8553
T A B AE A B B — E AR R Rl B A 55
2011; B EHRER £ HuRs1998; B o [ 452014; Prasad
2004; XF 1 JEL2007).

HEl, CHPEIIR T 5 G AR+ 5
IS ER A AU R ST S i R R S T S E R K (9
R Pl A R A A b T S P B B PR 2 — (]
2005). J34b, FEARIERN . & 770 FE
IS BT 38 T 1 A H AR A AR AL AR A R IE (7K ST
552016; 2= iy F552015; Fli7r AN562017), K10 H 4
s Pl 36T S A AR ke 14 A 3 A R 2 1 5 e I

ks 2018-05-15  f&E  2018-12-05
BE EKAREIEEE4(81573520), E K ELA T E R M
PR E A R T H (2014-F 5 AK) . 20174 I
ZIAFL DA MRS AN B T A [E] v 24 PR A I H > (4
[2017]1665 ) FIVLJ5 44 LRI 50 1H X (1 SR R4 56 4) -1
T H (BK20171312).
* lEH (jgchaol016@163com).
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AHE . AR FBGET T A BRI
8 1B 5 R A B AR AL SR AR IR, R TS S
X EAR MBS RS % .

1 R 57HEE

1.1 REEM R Rt

PR R NTL 3B )BT SR . S
B2 KPR S S E R E AR EE N
ZRMEY AR [Atractylodes lancea (Thunb.) DC.].
WAECACL,-2.5 H,05 Hrédi .

20164F12 7 G 1L 3 —AF AR R 28 A AR,
P A oA 28 Sk MAR I ZFGA, 12 H KT
T T 5 R R 2 R 2 A B Y, A AT 75
AR A ZE R BT 45, KR 2R T 2 W R
H10.5 h, Z 5 25 H A G R S AR 2, AR R
KHZFGARTE#ITVII. 7201786 H W25 H
A el P 30 B 3 4 A R A AELI v 24 4 ) 038, A
A IS mmid, WE I S S U AR
W B N10.82, 43.57H16.34 mg-kg'. 11
CA®ES/MKEE, 437280 (CK). 1. 5. 10RI150
mgkg' (BTRTEEESHEETREID.

ToH EAEBURAMER —F, 4@ H B %
MR R B IL R, B3k, BAEsE, 3t
207, Fpahde 8 kg, AR LA WA 5% . FFtEd)
A KA E Ja K CACL, 2. 5H,OMC R SR B2, 2515 52 E
i e I 5L TS B o7 N 1 e i 7 S E T UNBYN
14, 21, 287135 dirf i B e A i Dy e -0l 5 1
ZREE. RS WS SH BB T
ERARIR . HT PR FK, K58 I 46 5
JABE— I AR FE IR 22 1 R AT I 5 A il o
1.2 $54RNE
121 TENEEENHEREEE

FRBUE A F0.25g, IS mL pH 7.0/
PBSHBEMRZZ MW, UKIHEHITEE, 9 982xg #0215 min, HY
o I AE MR T R s D, SR R
AR TR A w1 ) A I R A A I
(superoxide dismutase, SOD) It % Ak & i (catalase,
CAT); i &Y (Peroxidase peroxidase, POD) K HX
AR LN E ; 273 K F AmonyZ(Amon 1949).
1.2.2 B RMFERERAESH

I FH 5 B FE DR 2 ) 2B 77 (R LI-6400 84 (5 45 A0k

G A, EREA RS, BETE20~30°CA
£, F9:00~12: 005 AE AR M RN HH i 22 BH Y6 e TR
HEEF0.5 h, T A E3 TFA20 min 5 XX 233017 b5 58,
LI AE IS A, D IR Rk, A S
LRI B B AR (P, pmol ms™), AL
JE(G,, mol-m™s™). Z&JEH (T, mmol-m?s™). 4
f B COK E (C,, pmol-mol). i F & T 7~
BRI (F,/F,)) YK R
(qp) ARG K R H L (qn) BRI GE TR
HERETR)EHIE, T HE G HERIRZEEN, B
TERN20 minfg, 5 R E R W
PR RE /F, A A SR, 45 e M
S MRS LTSRS
1.3 HENTE

K FExcel 20102 1| 5%, LASPSS 16.0(LSD
For 56 5 Dunnetth 56 14847 8088 1 2 E LU AT o

2 LR

2.1 $RAMBXFBEAR PRI EEGE AR

FH B 1-ART R, 50 A8 R I C AT 14 [ 6% Ak 2
FERISE R 258 EFHE T RRRE S, B AL I (3] 1E
K-, 1 mg-kg 5 Ab FE [ CATSE M3 b, 76 b 335 dik
Ay, B T HARALFE; 5~50 mg-kg 48 &b B 1)
e LIS TR, Hr50 me kg AL FE I CAT R
PR EC T HA AL FE . PODIE I 5 CAT#a 343k
oL, FEIME S35 RN, #5156 BE I PODE 4 351 3] 2
F % 5(P<0.05) (E1-B).

1 BT 1-C o] 1, 2545 AR 1 SOD Y P it £ b 2 ik
FERI R 2% BTG FRERESR, S5HTE A
(2, o B A AS [R) 66 B ¥ SODVE M (BR CK 4h) 3
2 BT, T35 RKIA B HAME, 7 2T A
f£1108.76%. 112.17%. 108.52%%1100.82%.

2.2 wWIMEFEARPAREF NN

1 E12-AFIB Y] 1, fEREYIACETR), CHIT,
SR OB iR ip N b =R I =R i}
5 Ty AL B[] PR RE K, CR T 0 9 A J A B2 ) 38 K 2
LR BRI AGERC T BRfR R B 2, T e
35K BRI HARAE; CAEMEEE14, 28F135 KN %
BEFE IR IA 3 B 22 57, TAEMHESE21/I35 KA
R (RIS B B B M 5

KR AR (TR, PGB b BRI FE 1
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Fig.1 Effects of Cd stress on antioxidant enzyme
activities of 4. lancea
ANFVNEG FRE R IR ARG AN RN 7] [ Ak B 2 5 i 3 (P<
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IR K, PRIG R %, FREIRE R oK, T
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JlpiE B2 LRN3S R Iy 25 1o P TR B 22 S M i 3%
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FT I 3- AT 0, 4R B S35 B 5 15 R
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Fig.2 Effects of Cd stress on photosynthesis indexes of A. lancea
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HH EI3-B AT %1, g B4R AL BRI 5 138 X 2B
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K T-CK; B 1 T 8] R B, 80 P AL g B 2
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Fig.3 Effects of Cd stress on chlorophyll contents and chlorophyll fluorescence parameters of A. lancea

8, 735 ZCK102.37%. 105.73%. 92.36%A1
87.66%.

H K3-CHID AT 41, F/F, FIETRBESE B Tk J&E
T 2R BRI A, RIREE(1RIS mg ke ™) HI4E
AbFE R PR L P R BE (10150 mg kg ) IZE1E,
TR PSR N (ARG, T AR RO, AR AL R A
P I 2 s AR, T A AE SR 28 KA B B
PEZE S, FESE35 R T I BIRANME, F/F, EH35 KN
b TR E oy ) CK 4 199.04% . 98.19% .
96.89%F196.13%, T ETRYE 535K I 25 Ab R A i 4>
WIFECKZH1184.21%. 71.01%. 58.23%F156.02%.

H EI3-ERFE R A1, F,/F,' g B85 A0 3 1)
WRE FREEA . SETRAE M, M- E K
REK, FV/F, Filg, I B 0 MR B2 AR X 2218, Fohid w3

(7R [ R B () 6 A B 2H P41 T~ CK, [ B ) ZE
K, & AbHRA T B T B sk, HAE 35 RAA B
WEMZER . F/F, 15535 KA R E 148 4k
R A JECK91.36%. 81.32%. 76.87%7H166.39,
g TE 5535 RIS AN [F) TR BE T 6 25 - A 343 il 2 CK
93.26%. 84.68%. 76.12%7%170.11%.

3 Wit

)2 B 4 RN, 2l Hia i R,
HEL A A A 4 A D ROOARS 0 0 B S P LB Sk
SEEBITE, MHTA RS EE S
i %8 56 B (1R 4 2014) . BFAE, M40 TR
o o 4 4 A R A, B T RO JE R G
PR, H,O,7E 40 rh BRI 2, 41T T it 5 5%
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K AL & 4 (Schiitzendiibel £52001) . A< iR &,
B8 JE PR AR R SRS M (SOD. PODAI
CAT)¥) 2P e BT Ja T B AR A R, 7450 25
TR BERAR(IFIS mgkg I, FEARBA 2 F W]
B E, U E S A KA AEETR AR DL
DL R, B A T HUEER B e, 42 B R b
TELHE R B 1 T 1 SEU(ROS) SE W TR 5 5 AR
A3, UL AR R B T — N 52 P, X
H5RRNEFEQOITHT L RERL. g ArfE
R E (50 mg kg™ ) AUAR BT, 3/NBEE T H L
BER TR, FRRN P EETET
AR AR B, T2 RHEYIE T AN ] 8
RS, SR E TIREET TR SRR
1L 22 45(SOD. PODMICAT) 470 P 1 775 R i 1,
ML EEIERKKE .

HEER R —AEE AR R, W
i PR T R 2 5 ORI R Tl 45 14 11 5078 R ) R P ik
I, HE Bl R A i (Vassileva52004) . HR I
ARG BRI S A AR T LA S H AL
FUEE KA, a6 i (8] i 2 K AN 3 T IR FE 1 T
5 S ECr AR ot AU SR KL, L8
7 dJF, FERMFHGHT LB EHAR L
#, HIRFEB T B R, Hoi E2-BFID W]
0, ASFLBE A7 1 TR K 3 i ) B A S5 s A B
[, HIESE3SR T M B IRARE, JHAT 5
Z 5, Ay AR R ZH 199.00%F123.33%, 1% i B A
REEWMETHES T ORISR $hEL
TR BIKARIL, Bk B G R S 8Co,
BEREUR/D>, BRI S ORI S IR R . riE
Ji CfE BRI/ SO 8 45 A 1R 5 WP I 5 82 g e
i, FIBT AL Bt 2 B2 B, Ui 7E K 2 Hih
LR GACHE A AE I ARG A BIAE T . H
b AT WL B T S AR L A, TR
FKSRIFHZR TR BRICO, MK B FRAR, THAEY) Fr
T8 52 0 EE P KN e 25 L BE 0 38 I AR BE (Yor-
danov 1997). 7EHHE I, (KK Z(1A15 mg-ke )i
XA AR P A — R SAEH, Bas7R
JE Rk BE TR TS me kg 4R TR, A S
ARk P 2 R R, X =R TR T
PR FHEARE, FRAIKT 2515 AR 5 6
WSO RE 77, TR 35 BR RE 4 00 ' G 3 P 9 LA
T} T B R BE (1) 40 B ) ) FEAR (R £52012)

TSR, MR RWESH R T HA W B %
FIR I RO B R I R R T B )2 18
M (#P5352013), PSIESGA/EH St E % 2R
AT, 2R 5 T 52 3085 P A S O e
77, B4 E R S EUR O F R E
HL 1A% 326 R0 (R (Prasad 45 1991) . At vt
MRS REmN, EYHIEKEEHLENR
PR, M A O A R Re TR, A5
sER R, R E R T B AR B R £k
RO RKNIEE A, VIHES RS TR T 4t
RSk, J0) T R RS B RE K, X 55
D6 A HI IS (20 10) A BiF 98 45 SR AHBL . ETR A 40{E
EFBEARET WG G — B2 R, £HPSIT
LI N TN VAEE 1 SERS SN 2 e v N U 0]
LA s R 52 B, S 1R RE R AL i I AR .
RS E/F FIF,)/F, B R R B
%, FIETR L — B AR %y, SH7E M a f5 5535
RIS BN ARAE, U095 5 7 Re 3 B AR B B i
VPRI T B, JERe R R RCR A LA R R,
NI 7352 B4, X 5 850 SR iE - F BCO, fit
ik b, SR B KA B VAR R 45— B
Jannssen%5(1992) i 5T\ JgyJt = E G B 4R iR
il T AR B A d, RIS S R g R LT
BRI A, IE SR M A A SRS RS AR O A
B AEIBRCR, SHATRS R —8. ¢JxBt TPSI
JEHTHLF 52 R Qu IR JFUIR A, Rl kg, K, PSII
SREE P BRR, g FRARARER S AR o kil it
B MAFEHOR R MG, 20 1 % RE 0 #E HiOS 72
TS B 52 2045 5

e IS ) SER RS- A 1B 2R N U SNV EAN
FAREEEPE . SR AA R 5 7 DL R g 1 ek 2
e MRS A E I AR SRR S R (1)
A= BRATLE, H 2P 15 AR R B — o R T 4R
TER, N T IR E 48 CAX F AR IR, fE
% B8 2 WL AE B B SR AR R 2 R AR I, JE Sk gk 4k
b{[Dr=R B (=Y NI B /s S LSV 45 a1 2
JEAT AR AT
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Effect of cadmium stress on physiological and biochemical
characteristics of Atractylodes lancea

SUN Yong-Di, CHAO Jian-Guo', GU Wei, WANG Ma-Bo

Laboratory of Traditional Chinese Medicine Resources, School of Pharmacy, Nanjing University of Chinese Medicine,
Nanjing 210023, China

Abstract: A pot experiment was conducted to investigate the effects of different cadmium (Cd) concentrations
(0, 1, 5, 10, 50 mg-kg™") on antioxidant enzyme activities, photosynthesis, chlorophyll content and chlorophyll
fluorescence of Atractylodes lancea. The results showed that under cadmium stress, the activities of POD, SOD
and CAT of A. lancea increased firstly and then decreased. With the increase of cadmium ion concentration, the
parameters of P, G,, C; and T, in photosynthesis increased first and then decreased at the initial stage of stress (7
d), and were lower than those of the control after 14 days of stress. The cadmium stress reduced the chlorophyll
content. The maximum photochemical efficiency of PSII (F,/F,,), actual photochemical efficiency of PSII (F,’/
F.), photochemical quenching coefficient (g,), electron transport rate (ETR) showed a downward trend, and
the longer the stress time, the more obvious the downward trend was. While the non-photochemical quenching
(gn) was increased firstly and then decreased. It indicated that 4. lancea has a certain tolerance to low concen-
trations (1 and 5 mg-kg") of cadmium stress, while high concentration (50 mg-kg") of cadmium stress caused
damage to plants and affected their growth and development .

Key words: Cd; antioxidant enzyme; photosynthesis; chlorophyll content; chlorophyll fluorescence
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