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(3 WHTA & B Aol e e, WHT R 3114000
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KRV 2% =P IEAZ W v B AR T T Ny Py K SR ZEAFAKCEST Zny Cd RSP E 5o R IR

K JeHh 38 Zny Cd WBCHEI I . 45 SR, B N LR AR SO i B 2 3, & NBCHEMR P (200 mg/kg N,
60 mg/kg P, ANifi K) ACBEAER SR B FB T IS A KA 31.2 g4 (1.5 kg /75D, RAMACALBER) 3.15 /7%, B K AL 242
Pp SR M L G L Cd R AN 1) E B IR, e K ARER L ANHE K ARFE ML 135 Cd MR I 28.1%:; A Lt

P WA MRl SR I Zn WHE SRR . 4iE

JEAEDT SO R S Zny Cd IO, Auli A R E N. P IEAC

i KO SR AL B (NGPKY), FRRIAER 5ok 253 Zn. Cd AYILHEE />4 11.2 mg/kg + 0.1 mg/kg £ 0.12 mg/kg + 0.02

mg/kg.
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plumbizincicola) REHMEEAFFLE Zn, Cd V54411
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Gy bEmBs e, WEdkit i, EPER, &1
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FiI e,

it JEL i v L B RE ) RO I AR A4 7 e ) R
Sz —, WA ARZUTR WAL L5 R S
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ERER/MHE . KAB—BHHRERNT

3R R AU B06 ) B S8 E 4
JEEES AR 0~ 20 ecm K2, KT, i 2 mm Je BT
o4 M. 3% pH {l 7.28, CEC 11.5 cmol(+)/kg, A HL
W 22.9 g/kg, 48 N. P. K 251% 2.05. 0.46 i1 11.6
g/kg. T 445 Zn Cd 7371 4 248 mg/kg #10.85 mg/kg.
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PrAeeb R 1, R 9 AN, RAGHE 4
WHEE (£ 2). Ha+t 15kg BT, - 5K
6 BEIFE. P OEVESEAR AN, LAk 1/2 {E3E
AL 172 fEIB AL . 056 T 2008 49 H 9 H %2 2009
T4 H 22 HAER o IR = AT . ORI
W sk B B R KR 25 B /K Pe, 105°C AT
30 min, 70°C Mt 48h J5, sk TYE, FIESEE
MFRWREE ;s R R LIRS, K. i 1 mm e
Jebi, e IR MR IES Zn. Cd.

F1 EXREZAEEAERE (mg/kgd
Table 1 Dosage of fertilizers in the orthogonally designed experiment
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Table 2 Treatments of the orthogonal design with 4 factors and 3 levels
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1.3 HRAESHH

PR SR b RE S AN B AN WA LR 8 i >R
HNO3-HCIO, L,  Ji-F IOt i%E (Varian 220FS)
W5E Zn, Cd WKEE. bl R A geat, sk
5 5T K B 4l7K o R o3 Ak R N B S 2
LeW st (GSV-2), s 45 I & B i il 2K

# RN 5 1 mol/L NH,OAcC (pH 7) #% 1:5 (1)
W L LR 16 h, 3000 r/min B0 5 min, #_Eii
WO g, H G IR RGE D E R .
1.4 BBt

K H SPSS13.0 AT AT A R Eils e vt FBefik ik
EM RV (LSD) MHTEREEM T (p<0.05).

2 HR5E

2.1 FHEEXMET ZREDEREREAFTDR
EFEAD)

ZEA T N Py KR FDW AR SR I A K (&
1) RRHRAANIRRIE (R 3D MmN, b
BB 880, A SR A B A RR AR Y N P
K R R s . MG SR A KIE R, i
ks, KAWRI TR, ek A5 i K8
RTINS AR w5t R A KR Cd
WLCRR R (R s 25 AR I, fE— s Va A fE N (4~ 16
mmol/L) FEWI AL R B SERMAEK:, Hh FIFIAR R
AE) R N AP T ST g B0 AR 4
REZARL, Bl N AT R, o B
Ve RN (p<0.01). Ji P B n A% 1 nfEn”
SORML EAAY R, Hmi S EE P IR 2R
R, X5PNEELINE K BRI IIIT P A 4R R
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MR 25 RAR—30
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Fig. 1 Shoot biomass of Sedum plumbizincicola
under different fertilizer treatments
3 HFEXRMEMFESIRE (9/kg)
Table 3 Nutrient concentrations in plant

KbBE N P K
NoPoKo 6.28 ¢ 091f 435b
NoP1K1 534e 2.16 b 4.18b
NoP2K> 5.38¢e 2.73a 5.72a
N;PoKy 13.7¢c 0.68 g 3.77¢
N:P:1K; 8.40d 1.63d 4.45b
N1P2Ko 9.27d 1.75cd 230e
N2PoK> 179a 0.64¢g 5.34a
N2P1Ko 9.23¢ 1.1% 176 f
N,P,K; 12.7b 1.86¢ 2.98d

e FISIARVNG PR RIRAE p<0.05 K PZER B, T,
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PR SR B AR Dosr N BCHEIC P AR B
(NPiKo) M, i 31.2g/%, SEARMAL (NoPoKo)
AbFE (9.9 g/%h) 11 3.15 1, HIRK 9. 6. 5 A,
gt EoR, N P RECE AU & N BLitE P Xy
e B R R W i, 1T Py KR NS K it G
B HAR . LY N IRy 5 B4
SR N, RN PO ] s
W 5OR M B i . Wil NS Py KIS R4 N AH
M HIFE IR E SRR 2 BT (p<<0.01), X NoPiKy 4k
K PR AR T X6 i NoPoKo AL EE, X A g S H T+ A
5 K A R0 LU = T
2.2 11E pH RERRSFIBISHRIRET K

R 4 PR SORJE 1 38 pH & NH,0AC 2
A Zn, Cd W% . SAbH ) -4 pH 2= RAW 8, ©
18 NH,OAC $ S Zn W BERR w34 0 ANit P AL 3L,
A5G NoPoKos NiPoKy Fll NoPoK, LB . NoPoK, 4b ¥
NH,OAc #HUZE Zn WREEHAR, B AR THF T
22.5%. Tu 25 NP aF 5t 8, Jti ] KH,PO, 80 mg/kg
FAAR T 438 rh Pb A1 Cd IR R ) AT e A
ifiy Kaushik 253 Ry 57 41 5L KH,PO . 33 i ] i
BPE LI R AR GRS . ANLES LR IR h &5
A& Zn, Cd &, LEBEMEREEE. KESH
AN Zn, Cd EFF. PRIk, PR 44 A )
TEH &R P RIS R 3 43 8 Bl KON [ 1 A5 BT 22 5+
U], A Zn WIS LML, T3 NH,OAC
PRI Cd At LUK NoPoKo FIT NoPoK, Ab 2 fz i
{H Cd W JE BRI A NPy K, b2, A3 NH,OAC &
A Cd 14 0.09 mg/kg, #exti 0.16 mg/kg FF% T
43.8%, FWAEMETMERE N JEF P AEREOL R, &Y
Bt KR RTIEn el RoR B A R IR,
HBEE R, SRR T R K ST A
A 2Zn. Cdik)E.

#4 L1EpH % NH,OAC $2EIZS Zn. CdiKkE
Table 4  Soil pH value and NH,OAc-extractable Zn and Cd concentrations

Ab 14 pH 3 NH4OAC #2HUA Zn. Cd (mg/kg)
Cd Zn
NoPoKo 7.58 bc 0.16 a 2.66a
NoP1K; 7.44d 0.15a 2.29 bed
NoP2K; 7.54 cd 0.14d 2.07d
N1PoK; 772a 0.14 cd 2.51ab
N1P1K; 7.67 ab 0.09 f 2.14 cd
N;P,Kjo 7.66 ab 0.12e 2.38 abc
NPoKs 7.46 d 0.16 a 264a
N2P1Ko 771a 0.15 abc 2.45 ab
NoPoK; 7.66 ab 0.14 bed 2.21 bed

2.3 FMAREWNET X EEERIRENZNE

BEAE N LB S, AR SR B Cd Ik
JERE N (p<<0.05) (B 2), R4 K5I
TR iab, it Fi IR 22 )5 3% pH (10 LT, i s
W AT s Cd A AR th e o 3t P
AW I KIR NoP1Koy NoPoKiy NiPoKoy NiPiK, b B,
FESEAR Y 71 3 Cd IR EEARIRAR, NoP1K, 402 Cd
WS (2.4 mglkg) OMXTHE (19.4 mg/kg) 11 12.4%,
VR JE PR AT A e FH N5 b A e 1 2 46
RN T 2 SRS, 5 gt g k], S5
FI N IESCRARRL, it P A AT SR B3 Cd W EER
WE T (p<0.0D), HEE N AERG i P S AR T
PR SOR B3R Cd WSR3 w1t T it KO
ik 3 Cd Wk 23 B (p<0.05). HAMITE R
FRL, Tk APV e 2R 56 07 9 KB Cd A 2
R e FE A KA 2 Cd (F 9T 4t &0, KCI e
IR AL BRI BLAR G R bl BT A EIER, (HAE
BER RS B Cd R E .
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Fig. 2 Cd concentrations in Sedum plumbizincicola shoot

under different fertilizer treatments

3 AAIF AL AL AT SR M B3 Zn IR FEAR
Wttt 55 Cd REEAAARLL, A0 SR F3E Zn ik
P Bt i NS 22 R B (p<<0.05), Zn K%
BARAIAL N ECEAR P AREE (NPiKo), Hih b
BhoZn WRFEAL A 486 molkg, A Zn UK B i Ak PR
(NoP1Ky) 1) 38.3%. P JESTAEA S A B35 Zn S
QFEIA T Cd ARBL, ANt P IR A 5ER Zn i B
(908 mg/kg), Jiti P2 BRAKHE B35 Zn R EE (p<
0.05), HitiHKE P BN SR T HE0" SR Zn 11
Wl Merry 2 AW 35, i P Bk B2 AKCOT I
A7 W 0 BARAE A R N T 4 B iR P PR T o 6T KO TS
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o i K OIS RARHE R SO Zn R, it
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Fig. 3  Zn concentrations of Sedum plumbizincicola shoot

under different fertilizer treatments
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Fig. 4 Znand Cd uptakes of Sedum plumbizincicola shoot

under different fertilizer treatments
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Effects of Nutrient Regulation and Control on Plant Growth and Zn/Cd Uptake
by Hyperaccumulator Sedum plumbizincicola
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Abstract:

An orthogonally designed experiment was conducted to investigate the effects of different N, P and K levels on plant growth and

the uptake of Zn and Cd by hyperaccumulator Sedum plumbizincicola. The results showed that the addition of nitrogen fertilizer was the main factor

in increasing plant biomass, and the highest dry weight (31.2 g/pot) occurred in the treatment of N,P1K, (200 mg/kg N, 60 mg/kg P, no K), which was

3.15 times of the CK (NoPoKy). K application was the main factor in enhancing concentration and uptake of heavy metals, especially Cd by Sedum

plumbizincicola. Cd concentration in shoot of the treatments of 160 mg/kg K was 28.1% higher than the treatments of no K addition, and the

phytoextraction efficiency could be improved when low amount of P (60 mg/kg P) was applied. By comprehensively considering the biomass of

Sedum plumbizincicola and the uptake amount of Zn and Cd, it was proposed that the best treatment was low N and P but high K (N;P;:Ky), and Zn

and Cd phytoextraction rates in one season of Sedum plumbizincicola were 11.2 mg/kg and 0.12 mg/kg, respectively.

Key words:

Nitrogen, phosphorus and potassium, Growth, Zinc and cadmium, Uptake



