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FEE IR AR 245 S AR G R E 5 4 R A 1) B U N AR 4R ( CdCL,-2. 5H, 0) BB 2R E T 0 (XFHIRZ) (10 .20 |
50,100 mg/kg 5 NALEE BFSE T HEMNE T RAEMIRRAG S 8 M AR I AR P AR AL FAR ZE 4R A B, IR RN T R ol 0 T e 9 4
(Ti) FEBRE(TH ALY EERE(BCF) , S5HFM . (1) FEFHREH RN 10 mg/ke I, BAEMIAIRS S £ T E R ALY &S
BT RS E(T0) 43500 91. 72 F191. 62, 5 %F FRATAA H TG 3 78 1k, HAY 440 (20,50 ,100 mg/kg ) U 8 341K X ORI B (P <
0.05);(2) +HHRHIE/NT 20mg/kg B, FRAEWIRE R ZE | H-4AFR B4 4300 535 61. 73 mg/kg 163. 04 me/kg, HRABFHL B4 91.05
mg/ kg ; B IIERZE AR B 5 20 9 0 7.9 mg/kg 5. 25 me/kg, I RKAEMIZE 1Y 12. 8% il 3. 2% , A0 AR B v ik
190. 68 mg/kg; (3) BT HESN , BRAEMIAN 1 45350 204 o oM > AR > 258 BB R BT A T 0. 789—1. 513 2 fi]  Hlkm 4 i 45354
ORI > 25 > M BB RE(TH AT 0.037—0. 044 Z i), 7836 /N T RAEMN TF; (4) FREEMNFIANAS 40 7 L AR VR - 10
mg/ kg I} ELA AR 0 A A K30 I P R 1 Bk AR IR AT 0 65 1) e 300 20 R B 0 L ot b3 40 0 S84 14 i S azc ae K T, 2k
WEEFRE(BCF) i — UL T3k — R0k, WFTIER B AEWIRE R FLA AR = i s 1 e RS RE ) S b 130y A B4R 1Y RE T
WA TR TG Y XA e A

SRR BRI s AR 5 40 5 4 5 T 5 R R AR

Accumulation and tolerance of Salix variegate and Pterocarya stenoptera

seedlings to cadmium
JIA Zhongmin'?, WEI Hong" * , SUN Xiaocan', LI Changxiao', MENG Xiangfei' , XIE Xiaohong'

1 Key Laboratory of Eco-environments of the Three Gorges Reservoir Region, Ministry of Education, College of Life Sciences, Southwest University , Chongqing
400715, China
2 Southeast Sichuan Geological Group, Chongqing Bureau of Geology and Minerals Exploration, Chongqging 400038, China

Abstract; Cadmium (Cd) is the most popular heavy metal element in the contaminated soil of Three Gorges Reservoir
Region. Cadmium has significant negative effects on the health of soil-plant system in the research area due to its high
concentration and biological activity. Thus, it is essential to study the tolerance and accumulative ability of plant species in
cadmium contaminated soils in order to protect the ecological environment and plan the reasonable land use. Salix variegate
and Pterocarya stenoptera are two native riparian plants which can be used widely in the vegetation restoration of the hydro-
fluctuation zone in Three Gorges Reservoir Region. In order to reveal the response of these two species to cadmium, five
different kinds of cadmium treatment were applied to determine the growth, biomass and cadmium concentration in various
parts of S. wvariegate and P. stenoptera seedlings. The cadmium treatments were O ( control) , 10, 20, 50, and 100 mg/kg.
The results showed that; (1) The root biomass, aerial biomass, changes of stem length and stem diameter of S. wariegate
and P. stenoptera seedlings decreased with Cd content raised. Tolerance index ( 7i) based on the dry biomass and growth
parameters of two species showed no significant difference in 10 mg/kg in contrast with a significant decrease in 20, 50,

and 100 mg/kg (P <0.05), when compared to the control respectively. (2) The cadmium concentration reached up to
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61.73, 163.04, and 91.05 mg/kg in stems, leaves, and roots of S. wariegate in turn when treated with cadmium less than
20 mg/kg. However, in the same treated condition, the highest cadmium concentration was 7.9, 5.25, and 190. 68 mg/kg
in stems, leaves, and roots of P. stenoptera, respectively. (3) Cd accumulation in S. wvariegate was highest in leaves and
lowest in stems except in the control, with the translocation factor ( 7f) between 0. 789 — 1. 513. Very differently, Cd
accumulation in P. stenoptera was highest in roots and lowest in stems also except in the control, with the translocation
factor (Tf) between 0.037 — 0. 044. Thus, the translocation factor ( Tf) of P. stenoptera was far less than that of S.
variegate. These characteristics indicated strategies of cadmium uptake and translocation by two plant species growing in Cd-
contaminated soil were not totally different: Cd tended to be immobilised and held primarily in the roots of P. stenoptera,
whereas it was more easily translocated to the aerial tissues of S. wvariegate. The tolerance of species to cadmium was
demonstrated by these two strategies so that the plants were able to survive and had a high productivity. (4) The results
indicated that S. wvariegate and P. stenoptera seedlings had a high capacity of growth adaptation and tolerance under 10 mg/
kg Cd stress, and also, the capacities of translocation and cadmium accumulation in aerial parts of S. wariegate seedlings
were higher than that of P. stenoptera seedlings, which verified that the differences in accumulation of cadmium were not
correlated with tolerance ability of plants. Such a behavior in the seedlings of two species was further confirmed by the
calculation of the bio-concentration factor ( BCF). The study suggested that S. wvariegate had considerable potential

application to those cadmium contaminated areas in the hydro-fluctuation zone of the Three Gorges Reservoir Region.

Key Words: Salix variegate; Pterocarla stenoptera; seedlings; cadmium; tolerance; accumulative characteristics

=g X BE 2 H AR ER L 2 R A A R R AR S X R 2 RS R A A B TR L AF
FE X IR 15 4% (0. 2—0. 6 mg/kg) KR AP (0. 6—1 mg/kg) LA ET54Y; Wi TR R VTR 6 5%
B, ER0.15—2. 14 mg/kg AFTEZELLMh R EEG YL, Kb B DL E( > 1 mg/kg) 1554 4 36% ; %84 b
RV b it A 2 — e 2 DX R VTR R UTAR Y AR TS G i E 2 A

SR XS XA TR A I R AR RO, th T S K RISz, LiER TR K R
PR A P X I T BRI BAFUURR, SR S R 4 M c Z AR Bt — B8 J5 | T = % Rk
(R IREE 25 F , I X 4 S i ) AR A PR i AR B e e i K R TR T 4 v e S B LR Y
A AT OGS 0T PR DX T T 1) - SRR ) R G A T RS I R T Y A ) bR R O 2 R R R AR T B
SLEMAERER ., Hk, A5 AR AR Y0 8 4 Jm AR A AR R 68 0, X = e 2 IX AR AR AR T %
iy A R R B Ei SR S

FKAERN ( Salix variegate ) SEAZMIRIIIE ZAEAMEAR) | TRAKHE | A2 T 0 BT R, 10 WL 47 S 377 B g Aol
FE = I X T A 3N )2 93 A . A ( Prerocarla stenoptera ) W REBARA & 5T L e AR R TR H
WEARGHE B IX [ & ARl T KT S, AR, 32 AR Y ik, B BERE J7 & LTI R RE A XY L DA
FEXTRRAEMI AR FT 3 B4 PP EHE K A5 R AR AP0 5 AR R KA & & B RO AR AR 7 17 5
ORI 5 0] 5 LA e KR AR i AR K RO AR FRAR AL 50 B AR o B 4 AR TR AR
R A R I SR AV K, SRR T s DX R K A2 5 o A T B R OSSR BT T A7 7K B
AKIBARE SO X T2 AR IS Y i X OR U, R B R L E A BT e fe ), BB RHR N E 4R LR
HEJI .

ARG DAFK AW FNAAS 47 S A 2l A X 4l ik A SC e, X AR 4 R R AR B A A e 1 T
WE5E, B 5P R T PERE 45 7R RECIA W s 42 2R 80, WIBA PR oI 75 5L A 2050 v 1 o 46 s 4 i 1 TR
Rie S, AR E R 252 BB, LRI WA Fh o2 75 A 50 i F T =0 J2E DX V& i B T e DX Bl A A 4
B,
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1 #R5FEZ®
1.1 etk 5iit

ARSEH T 2009 4F 3 H FEFRAZAT, BT S 8] 45 52009 4F 4 7 WITEAUES 52 B LI A U IR
— 31 500 HREKHEM Y AE AR S AR B Al 1] S0 SE b A T TG 5%

2009 4E 4 A R KT BB FE R 83 5975 5 mm 07, DL CdCL, - 2. 5H,0 ERIE R0 AR, B8 5 b
#1:CK(0 mg/kg, XF ) [ T1(10 mg/kg) . T2(20 mg/kg) T3 (50 mg/kg) Al T4 (100 mg/kg) , FEIFE —1H
Jei , BEHUA: K BEAR— B BRI RN S AR T BEALAS R A AT & i B3I 82D . 45051 20em, INA& 25em, 7
WNJZEEEZI 18 em, BAMACEE 4 & B4 2 bR, TR LS T 70 g R = P X A S A 2 B
SR S I M R R, A ST AL A T R R B B A R K BRI HAb I R L
#1,

SEHr 2009 4E 6 H 6 HIFAG, 285 120 d J5 BUBKEEMI AR 2l B 04T AR G A 1 1 AR ZE 0 B e D e
AT 2009 4 10 A 7 HEEH,

F1 TEERBUMER

Table 1 The basic physico-chemical characteristics of soils

: , WA - . L R
R Ly 25 am o PR e waw i
pH {H Organic - - - Alkali . ) - Available
Total N Total N Total N Available P Available K Total Cd
pH value matter /(&/kg) /(&/kg) /(&/kg) hydrolysable N /( ke) /( ke) /( ke) Cd
/% &/'kg &/'kg &/'kg /(mg/ke) mg/kg mg/kg mg/kg /(mg/ke)
7.13 2.45 1.408 1.003 17.804 132.74 31.73 129.54 0.152 0.049

1.2 YRR AR Y ATAL B

TESRAL ST FIHURE I 53 B X B AL RIARAZ i A 2 B 2SR AT i 3130 32 2R KA I K i BURE
JEAERR A AR 25 0 3 A, B Al K e AR EBH 20 mmol/L EDTA Na, ¥t 5 min, SR )5 s FEB ALK whik T
Ve, MEAET 80 C TR ML R AEE  FRE S AN WA TR B 3 60 H R JEH , it TR AR &
1.3 FERRAR 25 RS RN E

FTI 32— 53 B TR W SRR ) 2% 30 3R A T3 45 0. 2000 g, TR & R (HNO,: H, 0, =3:1, 240 2%
4fi) 8 mL,7E ETHOS A/260 Wik 1 f#{% ( Milestone, Italy) "Rl , SR J5 F TAS-990 7 845 J5 1M i 436
T AEREEAT, ) I E R &
1.4 Hdlaor

FERKBA (em) = SLEPEER R (em) - TRRFRLIE H & (em)
SRR (mm) = SRTENES () — FFAABRALIRITIEZE ()

it 47642 ( Tolerance index, Ti) I AE K Agbr b E2X KA FEY & (RZE0)  H DB IERN A

A
Ti(% )= [ (LS + WR + WS + WL)/4] x100

Ao, LS AR 4R a0 32 25K AR A0 5 %0 R4 = 22K AR i Ul ; WR WS WL 43l AR 48 %
IhIE AR 2K AR Y T S RO A Y T R

%% Z2%0( Translocation factor, Tf) FEAN A 5 RAPEA A AR W A 4 1 b0 B R i

R FRE(TN) = M b5 S B (mg/kg) /AR50 & i (mg/kg)
FEEBFIHD_| 35858 4 ) & 48 250 ( Bio-concentration factor, BCF)#% Fi/AR I * &,
W EERB(BCF) = MR FA8 % i (mg/kg) / TP E R (mg/kg)

FIHIGE 3B spss13.0 Fl Excel 2003 #E4T 5256 040 Y AL BRFN 5347 . SR HI B IK 22 07 22 73BT ( One-way

ANOVA ) 4578 B XTI RN A Y AR AR ) B AR ZE 43 & 52 19520 . H] Duncan 22 8 04 ( Duncan's

http : //www. ecologica. cn
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multiple range test) A3 AN A5 INE 412 AEAR AR AR B RRZE M AR B 25 57
2 ER55H
2.1 X RKAEMI IR &) i 2B e R b3 A K s )
2.1.1  EXRKAEMN AN ) v A= 1t )5 )

FRAMIN L B AR AL B i 7 R TR R 10 .20 mg/kg B 5 X6 BEAR iR AH L I8 2 35 A8 1k, 7 5BV B 4 50,100
mg/ kg & FFE(P <0.05, & 1A) . BUAm 4 AR A ) i ZE ARV B O 10 mg/kg B 55 60 BERE MR A LU 0 AT 2%
Ak FER IR BE R 20 .50 100 mg/ kg B AKX R, HL 3 AN EEMa 412 (a4 B 22 5% (P <0.05, & 1A) .
FaE 120 d J5,T1 T2 T3 T4 ZHRKAEMI A 41 1 i AR A 0 1t 33 S okt B 101, 44% [ 74. 69% .60. 16% |
55.19% H1101.92% 72% .60.15% 26.71% . 10 mg/kg ZH 48 M0 X5F 1y Fh AR ELAT — & B9 “ A ik VR .

T1 ZUARKAEAIN R 2y i M L3R A= Wy it BR AR VR R 10 mg/kg B 50T HEAH LL AT I 35 25 b AR 45 4
R AR 55 0 BEAH L34 S 38 R (P <0.05, 81 1 B) . T1.T2 T3 T4 A RKAEMIFNNAG ) i b b 350 0 2 Wy 1 43 50 Ky
Xof BRZH A BRI 96. 06% .65.76% 40.79% 34.59% F196.8% 80.7% .78.26% 30.39% .
2.1.2 FERKBAFEEN K&

RRAEHINLI) B FIBRAZ 2 i 3 25 AR fb R i 25 1 Kt Bl 2 R Ak B A 15 n 2 B 3 R B 3 (P < 0. 05, B 1C,
D), BAEMIY T2 KATE AL ZEE K R 5 MBI 2 () A B 22 57 (P <0.05) , Bdgahly £k
A AL I ZE K B ARV N 10 mg/kg B 55 0 BEME HL 1845 16 35 8 1k, {HFE 20 .50 ,100 mg/kg B 2 AKX
JiEE2ER =07
2.2 EEJEEN AR ) v T 8 E s e

FRAEHIFIARA 4 4 5228 ¥ H T PR 50 ( 10 ) Bl S0 B v B 1 T o T 20 8T T B8, ELA AR AH ) 1 A8 A b s 34
(F1E) . T1 41(10 mg/ke) FKAEMNFNAGAE R Ti 5% FE AL AR AR HL A 35 25 55,1 T2 (T3 T4 ZLRKAEMIFN
WgAEAR Ti 5% IR AR RRAR L2 35 R (P <0.05) , ELFIIAP B IR E A 22 R K, T1.T2 T3 . T4 4 FKAEM
FURAZ 4 P TS B0 51 g %o BB A AR B9 91. 72% 65.78% 48.45% 37.55% F191.62% 71.79% .45.13% .
38.12% .
2.3 FKHEHIRIRAZ Sl i AR S (4 i
2.3.1 WRmSE

FRAERIN RIS G 4F S A P AR A0 2 B 2 T MR 7 s A B I imi 5 n , (L Py T2 T3 | T4 21 22 [ AR AR AR
e A WAL (P >0.05) ) W E XTI RT T1 ZH(10 mg/kg) (1 2A) 4 N5@ a0 LRk AR RN
WG4 T AR o 43 1 42,54 91.05 .143.5 152. 23 mg/kg F1 113. 87 .190. 68 213. 82 240.97 mg/ kg, FkHE
MR & =L/ N T AR AR 5 5
2.3.2 EWoE

T HEF S R 10—100 me/kg I, BREEMDL 1 2540 & @ A 784k, T 50,100 mg/kg A% 41 1 2550
FHREEET 1020 mg/kg HAE S (K 2B) , 4 D HAMHE 4RI RTINS 2 25450 5 0 3ok 38,57,
61.73.51.88.55.57 mg/kg F14.04 7.9 13.49 13.48 mg/kg, BKAEHIZESE SRR T W& &
2.3.3 MESE

T2 T3 T4 HHRKHEMNSE AR T 40 2 B 8 s TR BB RN T1 26, (ARG 40 1 4 2 B 7E A N e 2H 22 ]
A ER(E 2C) o 4 DRI E RN FRAG S G 58 & 52 0 85. 2,163, 04 158. 15 ,205. 48 mg/kg
f15.25.5.09 4.69.5.00 mg/kg, BKAEMIH-58 & 4 K TG 6 & &
2.3.4 RErFHE

FKAEHIS P AR 2L 48 B B 7E T HEARVR Tl 10—100 mg/kg RN > 4 > 22, MG 4 &340 & =
FERR SN 10 mg/kg BERIUMAR > I > 25 ZEFR& 0 50—100 mg/kg BRI > 25 > ([ 2A .B.C),
4 A0 ZH R MIAR AR & 28/ T B 1 it T RK AR ZE 40 & B R T A i B i

http : //www. ecologica. cn
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Fig.1 Effects of the different Cd concentration on biomass, stem length, stem diameter and tolerance index of S. variegate and P.
stenoptera( Mean = SE)
CK: 0 mg/kg; T1: 10 mg/kg; T2: 20 mg/kg; T3: 50 mg/kg; T4; 100 mg/kg; FH4F—4RaMk BEKE b A ARl FBE B 4 A0 B2 [0 5 2% 5
(BEHAKF-P=0.05)

2.4 FKEEMIRIRAG S i (0 5 B R B0 ) e B R AL

T1.T2 T3 A Z MR AR A Y & L RECC B & 22 5%, MR & = T T4 kR ; TL T2 5 liia
HWGA R S E R E ST T3 T4 4 (K 3A) . 4 EEIHE 4 RCAENIAR A Y 5 4 2500/ TR

T1.T2 S8 KM LT L3R o B s S R AR 3 5 T T3 T4 b B ) s 4 R A4 A5
H A2l B 3R A B S R BRI R E NI (B 3B) o T RK AR M 5503 A s B R B R g
A E SRR

4 AR A RS RS S i R i B R A TC 22 7 (P > 0. 05, K 3C) , b il i i 7 R B0
T 0.037—0. 044 2 [a] , FKAEMSRE S 2B T 0. 789—1. 513 Z[a], =% 1Y 18.62—34.6 %,
3 itig

AR AL R ) 32 B a6 5 e e 2 B0 H %) AT D g 107 R R Y ) MR L ok B G ) 1 4
B AR AR S R I P R AR A6 L 242 (Picea asperata ) BT TE 46 2 mg/kg () H3Eh A K 18 JA]
506 R b, AR R ZE 03 A W B 24 45% 5 JEAE SR (Ficus carica) TESRTG Y L3P A K 90 d, HIPIIR K
F LS A= e 25 AR Y Z BRI, S5 me/ ke £ 0] B JCAE A 0 1 A= W Bk /D 309 ), AR IR B0 2% R
UL R R T AE 10—20 mg/kg Z B HEAMERT , A i 2 00 I KA MR BAZ 40 B 0 A T #E 10 me/kg
AR HADRIERIEA B3 B SR —E RS E R, LR R AR AL E, X5 Greger! " 45 A 5T
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Fig.2 Cd content of root, stem and leaf of S. variegate and P. stenoptera( Mean = SE)
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Fig.3 Translocation factor and bio-concentration factor in roots and aerial parts of S. variegate and P. stenoptera( Mean = SE)

WA F e 7 2R HTE 4 AR IT0 4L 22 57 % A Dunnett’s T3 158

A2, GIRRY] KRNI RIS 4 e 0T 5 00 38 2 30 ik i) A

IR YEE SR IIA T, S MHIR R SEOEY AR K GAG A=Yy iyt i1 A ) DU A 52
o RIS | PRI 50 R Sz WA 40 A ot B 4 Ja T 1k R /N — AN AR Lux 88 A 7% 2t
WA TCIE RTE Ti > 60 IFE XA ZL0HE 35 > Ti > 60 B oy Fp 2R B 2t v ) AR AN R4, & 2
¥ ( Mimosa pudica) .45 Ui ( Tradescantia sillamontana ) FIH T 15 U8 ( Porulaca afra) B9 21 14 78 K553 591 A
105.57 81. 35 .79. 88" ik Jy % 4% E A v 2Lt Pk 5 1117 %% 5 3% ( Meristotheca papulosa ) " F1E 3 ( Acorus
calamus ) " WF- BT B0 R 52. 6 59 XA 2 HEFAG, AHSCHFIE 156 b BV 5 AR 56 AR, Ab
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FRA [R] A /N FARSEES , AR aE 120 d J5 , BREEMIRIRAS S 76 3840 & 20 20 me/kg IHTBSR B 505
(AR LT (PRI A Ti 435028 65. 78 .71.79) , JEH R 10 mg/kg W T 52 PE T i (PRl 10 43 531 Ry 91. 72
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