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Tolerance and accumulation of four ornamental species seedlings to soil

cadmium contamination
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Abstract: Four kinds of ornamental plants, Symplocos caudate, Morus alba, Spiraea salicifolia, and Camellia japonica
were tested under five cadmium ( Cd) application rate levels that range from Omg/kgto 100mg/kg in a greenhouse pot
experiment. Effects of Cd stress on growth indexes, biomass increment, Cd content of root, stem, leaf, content of
photosynthetic pigment, and content of MDA in them were investigated after one year growth. Tolerance index (Ti),
Translocation factor( TF)and bio concentration factor( BCF) of 4 species are evaluated. The results showed that (1) Cd had
distinct inhibition on the growth of plant, the average tolerance index of S. caudate, M. alba, S. salicifolia, and C. japonica
were 93.99, 82.33, 82.10 and 87.25 separately. (2) With increasing soil Cd content, the 4 species seedlings had a
increase of Cd content of root, stem and leaf. The Translocation factor of these tree species to soil Cd contamination are all
lower than land followed the order of S.caudate > C. japonica > S. salicifolia > M. alba. BCF values of these tree species to
soil Cd contamination followed the order of S. caudate > C. japonica > M. alba >S. salicifolia; The total contents of Cd
absorbed in S. caudate and C. japonica are significantly higer than in S. salicifolia and M. alba. (3) Chlorophyll a/b values
of them were not obviously changed compared with CK, but the contents of carotenoid of them increased with the increasing

Cd concentration. The average content of MDA in M. alba, S. salicifolia, C. japonica and S. caudate increased 15%,
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10. 17% , 9.69% and 12.86% separately and followed the order of M. alba > S. salicifolia > C. japonica > S. caudate. The
study suggested that S. caudate is a good candidate species for phytoremediation of Cd contaminated soil because of its

higher Cd tolerance, transfer and accumulation ability of aboveground biomass.

Key Words; cadmium; ornamental plant; tolerance; accumulation

HA RGP HETC 20 2 EOGE R 82 — KA (Cd) BERBEIG R TTRZ —, f(Cd) F%
RIE TSR SR 55 TS K B HERL R4 A, ROl 2R P e 25 S AR N 5% B8 45 ) B Al o, Xof 26 W 44k fe 3
KU R R B Cd, BB AR BTG Y K A SR E AR, e AR
AT AR B 28 0 AN T BBk Y S 2E R A3, B ARAE ) % B 4 R Y A BE ) R A OAS [ AN
] SR T Y AR S T AR B E B AR L 7R T IR I ARk AR ) 1 e BRI, 2
YR BN B A R U5 YA — i R PUIE , PR R B AT B R WL BN R, SOX Cd A3 B 52 P 1) Pl A 4 R
HEAT T e AR SR AL, RERESE i 4 it SEALPREE, [W]INf L m] AGE bl v H 4 7™ B R Cd 75 5%, EE 2= BEXT Cd
F5 Y X IGR BB ZAER

WAL ( Symplocos caudata) , ILTFFE SRBEAR S NTRAR B TFAE, X5 e BA R e, BA 1R i b
MERAET S B HATFERIM BGRB8 H . AR (Morus alba) , FEHEM IR KPR KK, B
RS  MHME BT B BB, G545 (Spiraea salicifolia) , E B BHETEA , /INMEREE  FL ML, L0
ERkT, BHBE S0, U, R R A AR E A Y . L2 (Camellia japonica) , 1L Z5 Bk H 25 [ A 5l /N
A AER M 22 T MAE R FEAREEY) . HRTR WA XX 4 FAEY) SR SZ PRI SE . ARESE LA R 55
A % 4 T MAE ) T T G2 SR IR Cd 75 4 TSR 3 s ) X 4R AR S0 AR ) AT 138 Cd s i
ZVEXT LSS, FEAHTANIR] Cd VREEAL BT 4 A FP I A= & f A8 4k iR ZE b Cd 19 &, OB % (MDA
SRR, Cd F AL RE T FIALRBE T, X FE 4 A BB RO Cd 3 BT 52 R R LA KA [R] R B2 Y Cd
JHpIE R S XA E B 0 LR AT RS I AR5 B AR e X Cd 38 AR A e T 52 1 R R 1 B ARAE
LA T AR A BT R AR T Gl b IX Pl AR AR T B R R

1 #MREFHE

1.1 SCEA RS et

ARSZEF 2011 4F 3 H N AR L R FZgg 1L 2R, R CEERE R O =X, /0 RSE O 540mm x
280mm , AR ZLIEATEE, 72 FLIC, FERIHT S AR IR A R AT I R, e Ak IR (2:1) TR A FE I, R R
B, WBAEBUKEEE, iR G Bk TAEE, L4 DR TR MR 2 T IR B i, 3 21 858, PH
fH45.52,N.P K W& &40 1.61,1.98.7.93¢/ke, [RIBPFERAE B £ 50k 6%, K+, FH Smm 5 0 29 5] J5
#H.

SR TR AL Cd 5 g H R SR, 2012 4F 3 AWIR A CACL I RACRE + 456 8 5 b Bk B, 43
51°24:0,10,20,50,100 mg/ke, FiFERE 20d J5 , R K IEAR —BU —FAE LA B A i g e,
i B N 250g, LA NAE R 18em,, FEHLIX A SEEG T, B R AR IS4 3 5 45 b B & 3 K, Bt
300 . A A6 FE R WT VLA 27 L B R T A7 5, S 00 07 ) LT [ o A L, 8 K, B
BOBEIEER IR, SEIRM 2011 4E 3 A FAIJFEA, Zat 1a 1B % H3EA K 180d 575 +434E K S I 4 /MR b
AT AR Y R RS S I AT 2012 4 9 A T RIZ
1.2 FEEIE

TESHAL TR 2 i, TSI 58 — 4R A S AR I ARk e DA SRR G R K A 28 Koi

2012 49 A M A S H H A AR K 180d S5, BUSTEA A S 1 g A7 ik 2R 2 B E T
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2 EREH

2.1 GBXF 4 AT A iR AE Y S
2.1.1 AP EET 4 R4 ) A

& 1 ATLUE 5 CK A7, BEE Cd AR B2 A AR N, LR | L AR S A i 24 i B B E T
FEr a3 78 Cd Wk B2 SN 20mg/kg B3k B IR, 43 50l S % B 125.45% ,117.43% . 110.68% F1 101.46%
106. 88% .105.81% ., Fifify Cd ALFRMREE A3 I, (LA Il 28 4l v AR 25 i A= ) i B 3 R F% . 7€ 100mg/kg B, 43
Bk BE Y 58.18% \75.10% .75.24% K1 69.34% .61.93% .65.81%

FER FLUAGRZEM AW 5 AE Cd AP 10 20mg/kg I, 5 CK X HoAR BB 222 4k B Cd W JE
BB AN, AT CK, ELP A8 i A BV FE 5 PR A I A BV B2 FX B AP A i 3 25 5. Cd AR BVRE Oy
100mg/ kg B, S0 45 £ 245 19 AR 25 i A 4 2t 43 03l ol % BEY 65..00% . 60.61% | 52.17% i1 68.97% . 70.97% .
62.07%,

Cd W 10mg/ kg BEXFILALANILIZ BOARTR A Wy A7 — e IO RE AR ] . Cd MR 20mg/kg I XT 4 S
TR BB A ) A — s AR
2.1.2 FEAFLAAKE Cd W5

55X B HE A, 7E Cd WRBE 10 ,20mg/ kg I, SRAM &I B A5 L 45 41 e 32 25 MR AR A K i g AT R B, L4
AN B 25 A KA LT SR A K AR b, B Cd A BEMREE IR IN , 4 SRR i 3
ZERNIEAR A KA R P 0 R RS
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F1 FEBLERET 4 FEKEDHEKIER

Table 1 The growth indexes of four kinds of ornamental plant under Cd stress

i camp LRI BRLR e, pn FEUR g WEEA
Tree species (me/ke) Stem length Root collar Root Biomass/g . Stem Leaf biomass/s Tolerance
change/cm  Increase/mm Biomass/g index/ %

LB S. caudata CK 24.0+4.8a 1.5+0.3a 1.65£0.08a  2.41%0.12a  2.06+0.14a 100
10 27.2+4.2a 1.4£0.5a 1.94£0.09a  2.67+0.13a  2.17%0.12a 111.76
20 24.5+5a 1.5+0.4a 2.0740.08a  2.83%0.15a  2.28+0.09a 113.91
50 18.9+3.6h 1.1+0.5ab 1.25+0.07b  2.09+0.09b 1.83+0.08b 82.52
100 15.0+3.7b 0.7+0.3b 0.96+0.05¢ 1.810.12¢ 1.55+0.09¢ 67.76

FER M. alba CK 8.5+2.1a 1.240.2a 0.20:0.02a  0.3320.0la  0.23%0.02a 100
10 6.9+2.3ab 0.9+0.4ab  0.23x0.04a  0.35£0.04a  0.21x0.01a 98.39
20 8.2+2.5a 0.7+0.2b 0.24+0.01a  0.32+0.02a  0.22+0.03a 102.27
50 5.3+2.4h 0.6+0.3h 0.18+0.05b  0.2620.04b  0.17+0.02b 76.26
100 2.7+2.7¢ 0.3+0.2¢ 0.13£0.03¢c  0.20£0.03¢c  0.12+0.04c 52.39

Z54%46 S. salicifolia CK 11.2+4.3a 1.7+0.4a 0.29+0.01a 0.31+0.05a 0.29+0.06a 100
10 9.9+3.8ah 1.3£0.3ab  0.274£0.02a  0.29£0.0la  0.27%0.03a 92.04
20 11.0£4.1a 1.6+0.6a 0.30:0.04a  0.30£0.02a  0.28+0.05a 98.75
50 7.4+4.4h  1£0.5b 0.23+0.03b  0.250.04b  0.21x0.04b 74.61
100 5.6+3.6h 0.7+0.4b 0.20:0.02b  0.22£0.06b  0.18+0.02b 63.00

112 C. japonica CK 24.9+4.3a 1.740.7a 1.37£0.02a  2.18%0.03a 1.55+0.04a 100
10 25.5+5.7a 1.6+0.6a 1.38+0.05a  2.30+0.02a 1.5420.02a 102.00
20 26.4+5.4a 1.4£0.8ab 1.39£0.03a  2.33%0.07a 1.64+0.06a 105.04
50 18.5+5h 1.3£0.8b 1.11£0.04b 1.67+0.01b 1.23£0.05ab 77.82
100 14.8+5.2b 1.1£0.9b 0.95+0.01b 1.35£0.06b 1.02+£0.03b 64.13

BRI AR 22 | (6] — 8 v B A TR] 7 RER R B3 25 5% (P<0.05)

Cd Ty P48 B R WA AT Cd A2 58 100 /0N, i e B0 AR P AE Cd 15 G4 35 4514 N AR SR R 15 25
AR, USRI W AE K218 AR /N, BiE Cd BRI, LR LU 2% i 48 2038 56 B THE TR, 1
AAE 10me/ kg Bf BIRIE(E , ILBLTE 20mg/ kg IR BNIEEAE  JF HAE Cd WREEIK T 20mg/ kg I, PR i 14 i 413
KT 100, AL FW G523 RN A5 () -S4 PR 48 2050 514 93.99 ,82.33 ,82.10 il 87.25, 4 FhEIAAE YT Cd
P RE 1 B NI AL B> LS > R >S5 263
2.2 4ADWRPAIEERZEM Y Cd S R REEY SRR
221 MHCd&&E

1 ATE 4 DR AR R Cd & BEARREE I Cd W R I n 2 B0 G 25 B ka9, SR AE 1Y
R Cd &R TH5ERMR Cd 825K, LAY Cd &H7E 10,20 .50 mg/kg 3 AAEFREE R ¥R T IL Y
MR Cd &, 7E 100 mg/kg AFEHEE T, INALAYAR Cd /DT ISR Cd &,

222 ZECd &=

AR R S5 45 IIASIZE Cd & RS Cd AbFRYR BESE N4 N, 76 Cd ¥REE A 100mg/ kg B 1k 3]0
18,53 31i551:75.3 40.4 45.5 49.7 mg/kg, 4 DTG ZERY Cd & =2IUT N IS5 >R > 102%
223 M Cd &g

4 ABIFRGTE I Cd 7 AR Cd Ab BV B 38 i 3, 3478 Cd WREEH 100 me/kg B 14 E) 5 K MH,
AR b 52848 (IR AINT Cd S i RME 254 :139.8 .59.4 47.4 109.5 mg/kg, 4 HFPLNTEMAY Cd &
T RIS 1 A8 > 2656 >,

224 M ZE M Cd EFE R
AL b Z52k3g LU 4 DRIB LI TR ZE M Cd & R7E 4 DMEFRE T BRI > >2K
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225 4WRPAIETIY Cd B8 R B4 Y w4 R 8

Cd R FIE L HIRE )1 SRF I BIA R R R 4 DR Cd 58 RZE(TF) A=Y s £ 2 8(BCF) ,4
ABFD TF S 2R EVE F R 0.35—0.75, WAL S 52645 | 1L 28/ Cd 7% 7% RECE¥ME 23 5120 :0.7 .0.44
0.48.0.50,4 MFF Cd F R BE S s B0 - LA > 1 2 >S5 4 4 > 35, U BA LB | 1L S A o A 30
XF Cd BYFERSRE J1 3, BEF IR 2 10 Cd 38 36 B ZE 25 1 3504% , RE S AR I A0 3a S A 2%, X Cd AY Tt 32 BE 1 5%
SR, T SRARRT Cd Folb3i 14 I 6T BE T 5555 5 4 AR AR 0 6 48 R AL BCF i 28 Akl 0.46—7.01, LA 52
GEAAG 2R E A A R BCE YA ) 2.83.1.2.,1.29 . 1.69 , 1R R AE W m 4 R BCE 509 K 3.99 .,
2.78.2. 69 .3.82, FKHIXS Cd 1 RFHEE ST H = B < LR > LA >R >S5 2%
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J FM FLH bz i
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E1 4/RMAERZIME CdEE

Fig.1 Cd content of root, stem, leaf of 4 species

2.3 Cd XF 4 AP A AR bR 5
2.3.1  Cd X4 MR E AR S RN

MY EEA EE e LA AR &, &S RRAYOCEERER, R 2 R, Cd A BWEREM
AN I BUANL A B 4R R o RIS R b s B ETHE TR, LA M43 a b i
76 Cd AL BEHE B g 20mg/ kg ik B 5 KAG, 70518 7.97 3.58 mg/g B 435 % BRAY 1.099 4% (1. 095 1% 1L
AU RIS E a T RAE Cd WRIE 20me/kg B IA B R K (H 3.87 mg/g BEE X HRAY 1.142 £, 4K b S i
WITE Cd ¥R 10mg/ kg B A B KAH 5.02 mg/g fEH, X HRAY 1.118 1% FERE Cd AR FRVER FE AR in , )
MBELAGDEIGEE a b S EIFEEL, Cd WE 100me/ kg B, 2R IS L E T EE a b & EE
B/ ME 43900 3.86 .3.12 mg/g BT 3.48 2.67 mg/g BE T

2R a,b S AR LSRR, PERE Cd Ab3EVR BE A WG I, S0 54848 | LA — /MRl i i 250
B NES RS Cd YR RS EET1 , 78 Cd VR 100me/ kg B 5 CK FEFEW] 5 25 5 T LB AY B 3 B
R Cd VR B3 B B NG RS 78 Cd MR 20mg/kg BHA B R AE

B Cd WREEMII R MGELAITRER o/ E b EY R TP, 7E Cd W 20mg/kg B, 1L
2R a/ MR b HE SXT KA B 25 MILZE 2R o/ 5 R b a5 %5 BUHE A Br L7, wi s
TR,
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T TS OB Cd AR (0 RS T 1 T Sk P A f R T 263 Cd AR BRJR 4 AR i
BN o 3 Cd WA BEERELRE HOTHG 3 bk, 260085 D A A2 1 Cd Mt R

101 A § 7
09 ¢ a = 2 B a
5 08| e ©
2 07} = #®E s
S 06| =] i 2
e =N ]T 4
RE 05t =N g
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Fig.2 Cd Translocation factor (TF) and bio concentration factor ( BCF) of 4 species
xR2 CdX4MpMEERERENTM
Table 2 Effects on the content of photosynthetic pigment in four tree species under Cd stress
\ Kb N & I W% b et e
B T PERE a PRED g wuragn K0 R ETAIL
T (me/ke) Carotenoid/ chlorophyll a/ chlorophyll b/ Chl a/Chl | Carotencid .
rees m. ), \ \ s D arotencit ercentage
Bk (mg/g BEE)  (mg/g )  (mg/g BET) pereenas
WAL S. caudata CK 1. 20£0. 5a 7.25+1.30b 3.270.31ab 2.28+0.61a 8.78+2.10a
10 1.36£0.32a 7.35+0.90b 3.56£0.57a 2.15+0.59a 9.36+1.09a
20 1.45+0.04a 7.97£0.79a 3.58+0.32a 2.28+0.43a 9.48+0.98a
50 0.96+0.03b 6.90+0.47b 3.28+0.22ab 2.12+0.29a 9.58+0.23a
100 0.89+0.07b 5.28+0.36¢ 2.99+0.02b 1.77+0.13b 9.78+0.09a
ZM M. alba CK 0.19+0.02a 5.34+0.09a 3.78+0.34a 1.43+0.15a 1.78+0.34a
10 0.21£0.05a 4.98+0.14a 3.80+0.20a 1.32+0.11a 1.96+0.85a
20 0.27+0.08a 4.39+0.76a 3.53+0.12a 1.25+0.26a 2.02+0.60a
50 0.39+0.04b 3.90+0.39b 3.42+0.22a 1.15£0.19a 3.29+1.40b
100 0.45+0.06h 3.86+0.46b 3.12+0.08a 1.24+0.18a 3.45+£2.10b
LA S. salicifolia CK 0.16+0.08a 4.63+0.35a 3.69+0.41a 1.28+0.24a 2.10+0.87a
10 0.23+0.09a 4.80+£0.45a 3.87+0.46a 1.27+£0.27a 2.40+0.45a
20 0.28+0.05a 3.96+0.08b 3.99+0.20a 1.00+0.27a 3.12+1.20b
50 0.43+0.06b 3.78+0.16b 3.16+0.10b 1.20+£0.09a 3.76+1.95bc
100 0.50+0.07b 3.48+0.32b 2.67+0.20c 1.22+0.22a 4.20+1.12¢
112§ C. japonica CK 0.19+0.03a 3.39+0.32a 4.49+0.56a 0.78+0.17a 1.42+0.30a
10 0.21+0.05a 3.40+0.10a 5.02+0.34a 0.68+0.07a 2.10+0.83bc
20 0.27+0.07a 3.87+0.50a 4.37+0.26a 0.90+0.17a 2.39+0.46b
50 0.39+0.03b 2.98+0.23h 3.87+0.19b 0.77+0.10a 2.79+0.56¢
100 0.47+0.06¢ 2.67+0.10b 2.95+0.50¢ 0.74+0.19a 2.90+0.78¢

BRI g bR 2 | R — 5 B[R TR ROR B 22 5+ (P<0. 05)
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232 CdXf 4 DR MDA % #5200

MDA (PR 8 ) 2 S5z e 440 B o ok 480 Ak K g — A
HEIEDS , E %I R T AR R Y A ST
BT HRAn A A iE SRR B 2 . FRIE 3 W LIE ), R
& Cd Ve BE R ANWTHG I 4 SRR MDA #9555
PR BT a3, 5 Cd ¥R A7 16 0 3 10 IE AT 56
MDA 55 52t 38 T % 7 200 i J6E 245 44 2 58 495 i 1 344 o, A . =Nl N
OB R e i DR s e P o O I7 - v B L O i A TR 0, R FLH i e
2 LA ILE MDA & 535 ETHA E 4 He 4l B3 Cd B 4 MEREE(MDA) & RO
K 15% ,10.17% \9.69% 12.86% , 1t 4 T AIAIH) Cd &b Fig.3 Effects on the content of Malondialdehyde (MDA) in four
VR AP, MDA B L FH g BEI 5 R AL > 111 25> 5% landscape trees under Cd stress
W>GE2k2

COCK BTI BT2 T3 BT4

S

LTI, =

MDAG®
MDA content/(umol/g #£ )
O = N W kA LN 0O

3 it

HIP X 4 B AT 52 8 0 R AT AR Y R R A A BTG B B I RE R B A Y L M AR 2 5
Cd 152 )5, i e I e AR K AR BIR 25 MR IEw A K A TS Z 2w 2l i ] b
# Cd AbFRVR B ARG, LA ISR ZE it AR Yy i 25 0GB TH A R R 3, W B AR R A
TS TCH WA )E TR, 7E Cd W 10—20 mg/kg I, %F L BRLFN LSS 04 20 KA AR FEVE T, Tl g2 4 T %)
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