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Abstract; Effect of soil with Cd adding amounts of 0.0 (CK), 0.1, 0.3, 0.6, 1.0, 3.0, 6.0, 10.0
and 30.0 mg + kg™ on growth and antioxidant enzyme activity of Panax notoginseng (Burk.) F. H. Chen
was studied by pot experiment method, and DNA damage in root-tip cell of P. notoginseng under Cd
stress was analyzed by Comet assay. Results show that with rising of Cd adding amount in soil, survival
rate, plant height, compound leaf number per plant, leaf area per plant and dry and fresh weights of
root, stem and leaf per plant appear the trend of first increasing and then decreasing. In which, survival
rate and compound leaf number per plant of all treatment groups are higher than those of the control,
while plant height and leaf area per plant are higher under low adding amount of Cd and are lower under
high adding amount of Cd than those of the control. And dry and fresh weights of root, stem and leaf per
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plant under Cd adding amount of 30. 0 mg + kg™ are all lower than those of the control with no significant
difference. With rising of Cd adding amount, SOD and CAT activities in root system appear the changing
trend of “enhancing-reducing—enhancing—reducing” , while overall, POD activity enhances gradually.
In which, SOD activity of treatment groups with Cd adding amounts of 0.6, 1.0, 3.0 and 30.0
mg + kg™ is extremely significant or significant lower than that of the control, while POD and CAT
activities of all treatment groups are generally higher than those of the control and have extremely
significant difference with the control under Cd adding amounts of 1.0-30.0 mg - kg™'. Comet assay
result shows that there are some differences in tail length, tail DNA relative content and Olive tail moment
in root-tip cell of all treatment groups, in which, these three indexes are higher under higher adding
amount of Cd than those of the control with no significant difference. It is suggested that there is no
obvious injury on growth, antioxidant enzyme activity and root system DNA of P. notoginseng under soil
Cd stress with lower level, but there is an inhibitory action on growth and antioxidant enzyme activity and
a serious injury on root-tip cell DNA under soil Cd stress with higher level.

Key words: soil Cd stress; Panax notoginseng (Burk.) F. H. Chen; growth; DNA damage; Comet

assay; antioxidant enzyme activity
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Table 1 o1
notoginseng (Burk.) F. H. Chen (X+SE)V

T Cd BB =tk 4 AN ERIERRARIN ( X£SE) Y

Effect of soil Cd stress on four growth indexes of Panax

Cd #im . it "
GOV g pipisem  REITEC S RARIE
H/mg * kg .. Compound 1 A/ em

. Survival Plant

Cd adding . leaf number Leaf area

rate height

amount per plant per plant

0.0(CK) 56+7 18.90+2.05 3.88+0.43 12.37+1.39

0.1 7245 20.85+0.87 4.94+0.18+ 14.08+1.69

0.3 688 23.19+1.55% 4.86+0.05% 16.39+1.52

0.6 806 20.21+1.12 4.72+0.13 14.20+1.85

1.0 84.+7 21.95%1.22  4.90+0.47+ 14.20+1.85

3.0 88+8x 19.18+1.31 5.01+0.09% 13.74+1.40

6.0 72+5 19.35+1.27 3.94x0.49  9.91+0.73
10.0 68+10 16.34x1.75 4.65+0.29  9.83+1.49
30.0 68+5 15.81+1.35 4.68+0.15  9.57+1.28

Do, HXFIE2E 5 ¥ (P<0.05) Significant difference to the control
(P<0.05).

T GRER  SXIRAAA L, B 3 Cd B
(RGN, =LA R BTG 25 MR i | BRbR B I BSORT PR
A T S R AR A H, FE Cd e &
PR = AR PR B R X IR HAE Cd BN
0.6.1.0 F13.0 mg - kg™ A5 T AR MR UG 258w ()
T 80% ) , 2 = TR IR (P<0.05) , T H A AL #H2H
MR R ST 25 . 76 Cd IR 0.1 ~
6.0 mg « kg™ S50 AR A TR BR TR Cd AR
10.0 #130.0 mg « kg™ 2508 T Bk W P4 F X6 B
HOE Cd 3N 0.3 mg - kg & Tk K
(23.19 em) HB 3 & TXF R (P<0.05) , HAx b BR A
bk S BRI JC 3 22 5, A5 A B Y SR Bk A N
B LT, o Cd BN 3.0 mg » kg™ AbFRZ
MRS B 22 (5. 01 1) 76 Cd B AN 0.1.,0.3
1.0 Fi13.0 mg - kg™ 50 F Bk R M40 3% 2 T Xt HR
(P<0.05) , HoAx b 312 ) Bk 52 450 5 0 R 22 S 8
WFE, 7ECABEME 0.1 ~3.0 mg - kg &M F =+
LR (14 PR P TR v X BELTAE Cd BRI 6.0,
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Table 2  Effect of soil Cd stress on weight of different organs of Panax notoginseng (Burk.) F. H. Chen individual (X+SE)"

R Root 2% Stem Mt Leaf
Cd %3t /mg « kg™
Cd adding amount fitf FT it/ g Tt/ /g fitf FT it/ g Tt/ fitf FT it/ g TRk /g
Fresh weight Dry weight Fresh weight Dry weight Fresh weight Dry weight
0.0(CK) 3.06+0. 14 0.81+0. 19 1.64+0.25 0.30+0.04 0.91+0. 16 0.37+0.08
0.1 2.97+0.39 0.86+0.09 1.96+0.26 0.34+0.04 0.56+0. 11 0.32+0.03
0.3 5.12+0. 71 1.17+0.23 1.12+0.32 0.28+0.06 0.95+0.07 0.35+0.01
0.6 3.09+0.75 0.97+0. 16 1.84+0.89 0.30+0.13 2.25+0.99 0.33+0.08
1.0 3.54+0.38 0.97+0. 18 2.05+0.32 0.38+0.06 2.43+0.38 0.66+0.57*
3.0 3.93+0.46 0.94+0. 12 1.85+0.37 0.35+0.09 0.61+0.22 0.31+0.06
6.0 3.25+0.34 0.55+0. 16 1.40+0. 15 0.31+0.04 0.61+0.18 0.43+0.02
10.0 3.37+0.48 0.66+0. 04 1.62+0.37 0.35+0.06 0.60+0.21 0.33+0.06
30.0 2.77+0.28 0.57+0.05 1.29+0.27 0.29+0.06 0.58+0. 11 0.27+0.04

Do, HXF M2 5 3 (P<0.05) Significant difference to the control ( P<0.05).

1-9. +3ECAd%s & 4> 51 25 0.0( X #E) 0.1.0.3,0.6.1.0.3.0.6.0.10.0 F130.0 mg - kg™' Adding amount of Cd in soil is 0.0 (CK), 0.1, 0.3,
0.6,1.0,3.0, 6.0, 10.0 and 30.0 mg - kg™", respectively.

E1 L CdBHERGT=tERKRKRMLLE

Fig. 1 Comparison of growth status of Panax notoginseng (Burk.) F. H. Chen under soil Cd stress
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PRAR ZEFTn i R T S R A H AR e FRZEARZRAN I DNA S HUL% 3,
TR FRER AL RE S, = b BARRAR ff o 5 A0 A 2 AR . oA 324 =B AR A4 i DNA
e BRURR 2R G T R T T A BRSO T RRBLH RIE R PEOERL, TSZ A DNA NI B E R
AR RAE 230 A R Cd SN 0.3, 1.0 F1 RHE, MR 3 WA R -4 od a4
1.0 mg - kg™ ACBRE , H U RRAR SF B B RN BRARTE (R =-EARR 4N M DNA MR A — e 22 5%, 1
TRUE MR 5% A B3 2% 55 (P<0.05) , Ay SdetrSxt iy ee s, Hh HREKLI1.0 A
IEPRAE S IR AR SR IC i E 255, I Cd 6.0 mg - kg™ Cd b FRA Fe K, SF 18 4 H13A 5] 0. 24
TSI 30 mg - kg ' Z5F T, BAARAR AR BEETE F10.23 wm;10.0 F130.0 mg - kg™' Cd AbFRA £
K B/ N A 22 R R K SEEE S 95 0. 18 F10. 19 pum, B & T
M B A KR AR AT UL 7E 1 Cd AKSERBARIZ: XFIR(0. 15 wm) . 3 DNA AHXF & &L 6.0 i1 10.0
TR, = L&A K AR & T XTI, RKK mg - kg™ Cd b B2 5 i, 7 ¥ H 53 0 0 14, 16% F
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Fig. 2 Comet image of DNA damage of root-tip cell of Panax notoginseng (Burk.) F. H. Chen under soil Cd stress

£3 1 CdBBEEHET=ZEIRRMM DNA RGSELE (XSE)
Table 3 Comparison of DNA damage parameters of root-tip cell of
Panax notoginseng (Burk.) F. H. Chen under soil Cd stress ( X+SE)

cd 7 FEH DNA AT

B/mg - kg™! HE K/ um SR/ % 0&‘]\:%35

Cd adding Tail length Tail DNA i
amount relative content moment

0.0(CK) 0.15+0.03 12.98+1.21 0.12+0.02
0.1 0.14+0.03 13.63+1.05 0.25+0.05
0.3 0.09+0. 03 12.92+1.18 0.15+0.04
0.6 0.13+0.03 12.55+1.19 0.24+0.05
1.0 0.24+0.02 13.98+1.35 0.14+0. 04
3.0 0.16+0.04 11.81+1.03 0.21+0.05
6.0 0.23+0.07 14.16+1.16 0.45+0. 14

10.0 0.18+0. 04 15.05+1.21 0.34+0.09

30.0 0.19+0. 03 12.49+1.37 0.33+0.05

15.05% , Y0 & i F % P8 (12.98% ) , Olive B4 LA
6.0, 10.0 F130.0 mg - kg™ Cd ZbF4H 5 K, V-4 {H
SRR 0.45 .0.34 F10.33, B8] B T AR 0.12)

ULIWATE 118 Cd AR n & 85 i 19 25 5 (6.0,10. 0
30.0 mg - kg™ Cd),Cd Xt =-EARKRANM A DNA #5405
2.3 :ti;% Cd BHEX =R AN ELEFEEN RN
SR I Cd BB ab RS —=-ER & SOD
POD Fll CAT TEPEM AL W3R 4, 45 R KW Bl Cd 7S
hnf4E R, =B & b SOD , POD I CAT 7P A
W18k HAR A 22 5%, SOD GPEE I 7t
J5 T ARG HGE AT R B sh A, o
0.3 mg - kg™' Cd AbFELH Y SOD % 1 8.3 ( P<0. 05) 15
FXFRE, 1M 0.6.1.0.3.0 F130.0 mg - kg™ Cd AbHELH
() SOD 1% PR i3 (P<0. 01) B¢ i 3% ( P<0. 05) & T
XTHE, POD JEPE B LRl 38 Cd 8 i i 2 = 1
5,42 0.1 mg - kg™ Cd ZLFELH A POD 16 PEAK T X}
W AR AL BRAL %) POD 16 PR & X I Forpb 1.0,
3.0.6.0.10.0 #130.0 mg - kg™' Cd AbEZH 1 POD 7
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55 % B B 3 25 5 (P<0.01) , 4 10.0 mg - kg™
Cd AbFEZ Y POD MR . CAT I M98 Ak ki
B ETHEMA TR LT TR B shiE s, 45
AFRLL Y CAT FEPEY R F X B, o 1..0.3.0.6. 0,
10.0 F130.0 mg - kg™ AL HZHAY CAT % Pk 5 X} 1Ay
Wi FEEZR (P<0.01),LL 6.0 mg - kg™ Kb BRZ ()
CAT WM

WIEERF AE Cd WINEERM&AAT, =t
R ZH SOD POD 1 CAT i ¥4 Ard s , {8 Cd B
St I — s BRI, W A A S M 22 B, AN
fiti Y Cd BRHIE A A, =L # & SOD , POD F1 CAT
TEPER Cd BRHNMES 34 0.3 .10.0 F16.0 mg « kg™,

F4 18 Cd BB = £ R R B SOD, POD #1 CAT & 149 %
(X+SE)V

Table 4 Effect of soil Cd stress on SOD, POD and CAT activities in
root system of Panax notoginseng (Burk.) F. H. Chen (X+SE)"

cd &

- o SOD i POD i CAT i
Eﬂcfi”;%dll‘fg /U g /U g emin H/U -g™" »min™!
amount SOD activity POD activity CAT activity
0.0(CK) 151.113.18 30.00+4. 41 93.33+3.66
0.1 111.18+10.04 15.00+2.45 132.35+6.76
0.3 205.88+4.47+x  37.50+4.06 217.50+9.06
0.6 61.59+31.39++ 48.53+2.06 233.82+20.50
1.0 89.59+19. 89 57.69+4.28#x  184.62+17.51*x
3.0 101.1128.42%  97.30£9.77#x  385. 14443, 92+
6.0 145.75+9.43 125.00+7.23%%  475.00220. 18+
10.0 152.35+9.24 146.25+8. 88+  363.75+36. 31
30.0 108.42+7.84%  138.24+3.48+x  358.82+39. 94

Do, HXFIE2E R (P<0.05) Significant difference 1o the control
(P<0.05); ##, S5XHERHEE(P<0.01) Extremely
significant difference to the control (P<0.01).

3 it fesEib

SLERA RN Cd X = A A B A A 2
a7 LAY BE VR A MR AR AR BE 26 AR i AR
TE s WL A T i =B AR, mifE HAb A h d
UG RHEE Cd Wt R SRR AR K B
JE PR AR Cd A48 oy i AR 2% F) B 2 A A= £
JRE, NI HEAR FR AR s A e 3 PO DO IRk
JE Cd a X R B A KAT — & M P2 HEAE FH , A3 56
FPINS Cd BITE . (EARZR B I A DA I AP A
Iel i 5

i H R SR ATST Cd B 25 0F T =-EHR% DNA

P07 , AR o R IR SR T T AN i DA 2% b B 2H 1) 5 2 &1 1R
HOR B e R B4, T H AR R L Cd Ab PR 1Y
DNA $iith 80w B 5 X RIC 25 7, i 5
PIAEE A . H—, HA A7 & ' 2 Cd Hhis i
FEALPRRE Y0 2L, WA 58 % H A0 38 5 ik 22 f Cd
£ | AN = 5 872 9 ) 12 10 B £ e = 119 R K
REZ U Cd BRI R . R AHR ST R ALK
Bior s =L ARSI AN ML A, 40 A% 1Y O3 B RUR FTREAS
A, DTS2 e £ B S R 45 8 A R R A D ek (i
Bk ) BEATHE— DT SE . 2R =, — S AU &
A FLLCRE IR A 2 T, X B I 2 1 T F G 1
HETMIPELAS DNA 7837 h i 81 (1 =LA P 2
W E A XL M — LT, A, AN R AP b
e KA [l 5 B ) 2 2 S i 4 R AP AR AR K22 5%,
1E Cd Bril 254 T, ¥ A (Allium cepa Linn.) 200 Fwi
(Vicia faba Linn.) 20 K i 5 ( Pisum sativum Linn.) "
() DNA 5 45F% B[], 1M EL Cd X 58 S AR 3 DNA #)
PG R T HXF 0T A DNA B4, X se &8
Xof B S 4 R A S

SOD ,POD HI CAT 2 Vi KR A WA N 15 VA 1 BT A
ATt PERE A 38 5 Bt A A R AT A A 0 M 1Y
FRUER NIl 306 58 R 7 XS LR i 453 . 7E Cd Wria
FAET PR AR M A LAY 3 B R, X
FPEFA Y Cd Bha A O AR s h, = EAR
Z I SOD F CAT T PEBE Cd 78 i 14 £ 12 22 9 2l
A R AR Y R 2 b WA R BI A, I Cd
il 54 B ( Typha angustifolia Linn.) ' H
SOD F1 POD i Pl Cd e BE#i s ARk BEF BT
VI B R A AR Al R A0S AL B an S R N2
( Triticum aestivum Linn.) #J SOD  CAT F1 POD i 4 f
STV A OB DI N T o= 05 S 1S = S 0 N
LS PR AT B2 « TEARVR W0 2570 T A 1A N i 4
AL FR G52 BIT5 S, A VA i DAV R i 1 3% 1
B85 T 225 300 KPR S 38 st A AR P ) 3 P AU
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