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Abstract: To explore the effects of some chemical amendments on the plant growth and phytoextraction efficiencies of
cadmium (Cd)/zinc (Zn) hyper accumulator Sedum plumbizincicola in acid soils with high aluminum (Al) toxicity, a
greenhouse pot experiment was conducted. Different kinds and dosages of amendments including calcium-
magnesium-phosphorus fertilizer (CMP), magnesium carbonate (MgCO3), potassium dihydrogen phosphate (KH,PO,) were
added. The results showed that CMP and MgCOj increased soil pH and decreased soil exchangeable Al concentration to some
extent, while KH,PO, reduced soil exchangeable Al concentration but had little effect on increasing soil pH. Proper
application (9.39 mg/kg) of CMP could improve the biomass and Cd and Zn phytoextraction efficiencies by S. plumbizincicola
but it would inhibit plant growth and phytoextraction performance when exceeding 9.39 mg/kg. MgCO; addition enhanced
plant metal uptake while KH,PO, presented an opposite effect. It suggests that using CMP and MgCO; could alleviate Al

toxicity to S. plumbizincicola in acid soils and maintain relatively high metal extraction efficiency.
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Table 1 Effects of different soil amendments on soil properties

Treatment pH Exchangeable Al (mg/kg)  CaCl,-Cd (mg/kg) CaCl,-Zn (mg/kg)  Available P (mg/kg)
CK 3.92+0.01c 110.00+3.00a 0.59+0.05ab 8.23+0.74a 60.60+6.70b
CMP 4.06+0.04b 99.20+2.90b 0.76x0.11a 7.97+0.32a 107.00+5.00a
MgCO; 4.72+0.01a 8.35+2.80d 0.38+0.04b 2.81+0.30b 78.40+14.20b
KH,PO, 3.98+0.00c 75.00+1.80c 0.57+0.05ab 7.95+0.24a 125.00+5.00a

Notes: data are expressed as X s, n=4. The different letters in the same column indicate that the difference is significant at

the 5% level when tested by the LSD method.
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Fig. 1 Effects of different amendments on the biomass and Al concentrations in different parts of S. plumbizincicola.
The error bars are SE, n=4. Different letters in the histogram of same color indicate significance at P<0.05 under
different treatments. A and B represent the biomass (dry weight) in different parts of S. plumbizincicola. C and D
represent the Al concentration in different parts of S. plumbizincicola.
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Fig. 2 Effects of different amendments on cadmium and zinc concentrations, uptake in different parts and phytoextraction
efficiencies by S. plumbizincicola. The error bars are SE, n=4. Different letters in the histogram of same color indicate
significance at P<0.05 under different treatments. A and B represent the Cd and Zn concentration in different parts in
S. plumbizincicola respectively. C and D represent the heavy metal uptake and phytoextraction efficiencies in different parts in

S. plumbizincicola respectively.
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Table 2 Effects of different CMP application rates on soil properties

Available P (mg/kg)

Treatment pH Exchangeable Al (mg/kg) CaCl,-Cd (mg/kg) CaCl,-Zn (mg/kg)
CK 3.92+0.01d 115.0+4.0a 0.73+0.07ab 7.85+0.39% 48.3+2.4c
P1 4.06+0.01a 97.6+1.9b 0.60+0.04b 6.94+0.41a 94.2+8.9b
P2 4.02+0.01b 92.2+1.8hc 0.64+0.05ab 6.94+0.64a 105.0+13.0b
P3 4.05+0.01ab 89.4+2.5¢ 0.77+0.06a 7.01+0.48a 117.0+6.0b
P4 3.98+0.01c 60.4+2.6d 0.59+0.04b 6.95+0.32a 185.0+8.0a

Data are expressed as X s, n=4. The different letters in the same column indicate that the difference is significant at the 5%

level when tested by the LSD method.
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Fig. 3 Effects of CMP application on root and shoot biomass and aluminum concentrations of S. plumbizincicola. The error
bars are s, n=4. Different letters in the histogram of same color indicate significance at P<0.05 under different treatments. A
and B represent the biomass (dry weight) in different parts of S. plumbizincicola. C and D represent the Al concentration in

different parts of S. plumbizincicola.
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Fig. 4 Effects of CMP application on cadmium and zinc concentrations, uptake in different parts and phytoextraction
efficiencies of S. plumbizincicola. The error bars are s, n=4. Different letters in the histogram of same color indicate
significance at P<0.05 under different treatments. A and B represent the Cd and Zn concentration in different parts in
S. plumbizincicola respectively. C and D represent the heavy metal uptake and phytoextraction efficiencies in different parts in

S. plumbizincicola respectively.
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Z g Al A E] 0.33 cmol (+)/kg B, Al 5t
S EEMEHIE SR ERA Cd. Zn Bk, X
AT SR 2 Al FEFEVE R UL TR TR o A G
WFFEIN O B R U 5 1 pH 7E 5.5
ZiAi, W24 pH<5.5 B, SR AE K E SR
W ISRCR P e 2 2 2 . oM BEE 13 pH 11
A%, HHERm P 20 B SR AR AP
A4 AT 350 ALV R0, $0 ] T AR AR 2R
REMIFWNG ELAETS Y P 5 R
W BB A FE b, 3 pH BERET SRR R AE R
(I BE I RRAR, XA K TR = Rz Al 55
PE R XU o Li 5858 R B0, +3E pH o 3.6 i,
P 5 K A A 2 3 B P, T RE A 4
pH (KT 3 Al BEtEsgsm M0l A 5t R A K
FE B Ik pH L3RBT P e Al % H &
WK, T R SR AE K A E SR 1
ARIEH, CK 4143 pH LT 4.0, HacHe Al (&
R T HABANFE, 35 100 mg/kg (3% 1 FIEE 2);
Pl 5 R R AR P& (R 1.80 glpot (& 1 A&l 3),
BEAE T Wu 25 M4 5 1 8.70 g/pot BT 147K
AR S5 R S AT — 8, RAMES 5 K 0] fig
JE—A Al BURAEY) , ) AERRPE T3 HLR R R vk
b2 B Al FEEER, T 30E 48 B AL
R

MQCOg & — Rl ok R, 7E Rt 14 I it
AL REAS H2 125 - 58 pH L IR RE AR 0 25 K 3L
Mg . 453, MgCO; WG 148 i il
4340 OH™, HCO3 il CO5™ 45 & g im0 | @ 541
T3 pH I FRAIE T 4 rh s Al X 5T
N HRFFE—3 B, SRR 5 KA Cd f Zn B4
MR AR B RS (B 2), HER, —Zam
MgCO; i fi 1 48 i 5 & J& TE A AL W U0 , PR AIG
EYERNE; Ak, pH TR G LM YR A

% : 010-64807509

Hay A e A B S 3ok 2 A A FE B — s 5 4
FREY, SEEEIE LS Wl LG T R,
WEEAR T Cd A1 zZn AR, MH TR KESR
I AR 2, HAE I HLE S A R AR, MgCO;
ALPETR R 5 M AL VR = X ], H2E A
Al e AR T30 B, B2 Mo il AR 4 28 [l 6415
F ARG Ee B o a8, —E R ErIE
T Al PR ok F AR . A AL R EE T
= AT RESE T MgCOs s Infe i T st R R A
£ (B 1) FITE o pysgne, R R B MO RE ) 3
i, MM ZE Al JEAMR4IHEA . MgCO3 BN
Ja 44 pH B3 LT, SR T AR Al TE
A&, fHEIE Al S|, A Y RE I I I
Al, HRE Y A2,

CMP & —Fh ZIC KGR RL, BR & A B2
(PO 4b, ik REARHE KR Y Ca Fl Mg 50 %,
D] L 7 5 AR 2 el T 3 B T o R R 4, AR
e, IINARYE CMP 5, +3 pH EJF, H
TR, it A ] AT RE R — N
PRI BT b As 4 Al S B CMP VR INiZ
WAL (% 2), s RASEERIE T P FnH e h g
e AL E VR RT3, AR s R,
EfE (18.8 g/kg) B9 CMP Ab 3 i 4k 1T REA 5
RERKMESER K (8 3 MKl 4), XATfEs
CMP HR 45 B A0 s i, HEL A WSS 5% R 24 £ e
PO Ay Sk s & R CMP Sl R (G
REAE . A AUIE R A 5F) Lt L5t CMP X R
P A R P A Ky ek )R AR SE VR i A
R PR CMP RE TR A i i B ) B L
i, TR S RO . A LT CMP,
KH,PO, X} 133 pH MRS 2miR /N (8 1), X2
HF HoPO, B HL 25 K KA, i HWR K+ OH™
e B HOA W SR R . BRI, R KH,PO,
AV IR 3 AR T e e AL i B T+
BERR RS, b MR SR I E AL KRR AT
1, Al TSRS, M T s R E K
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FE 4 R . T CMP AR —Fh ik sk R, —
FEFERE AR 5 R Y AR R EE 4 T WA AR
158 pH Y A ARG O, 43 AT A L CMP
HI KHoPO, PRI A R 5510 1) 32 22 o0 A b 2= o5 4
W pH 1 _E TR #E AR 5 R AE KA Cd. Zn
W e T L, T P AR
AN BRTE L AR IR BTk Y L AR e R R
KH,PO, #h, CMP il MgCO3 #ik 3% 1 B fe i 3f:
REAS T L3 sc s Al &t JELL MgCOg X 3R
PR GE R VIR . WNEDIAERKNMAES, E&
CMP il MgCO; ¥JREB AL - 5t RAEK A E 4
@i, Horp CMP N 9.39 mg/kg B, fEE 5
RXF Cd AW & & T XA, Zn IRIGOC 2 5
(B 4), HAFRAPELL K i MgCOs NI R A
B2, AR I Es R, AT AR —E
SEFEPE SR BT A AR 2 e A AR A
Bk Al ALTEAR I A K 0 — B BOW R A 7 A=
VR, D0 R e R R A R s s (2
MU, A LA FEE— 22 5T, kb,
B RAFRE L, GHLCER (&I, sk
i VE BRI FIA LR SE) BETE S0 N 8 n
3% pH. BEAR AL VR EE ST b A IR, {H O
8 pH (R R A R R SRR A B S
WIlh pH (&N R AR AR S b vk
B —BmB RAIA K, BEAEE, HiRef
FEYIRERE — . FR 2 REOME AT R Ak
— SR K R R AN K A SRR G L RN IR TOERE . A
KFRILRE R LIRS — RIS 0 TR E YR
I R RS T Tz B T S, ARk T
T R R 2 4 3 FH Rt 2 IR R

4 G

AN T) B R RS I 3P AR b B 3R ]
PEEEWEIE AN MgCOs W5 3% pH _EJ, et
Al WREETFE . KHPO, MY B FEAIR T 3 58 4
Al, {HXf +3E pH Jo &5 . E i BEw I Al

http://journals.im.ac.cn/cjbcn

BERSMT R RAEYEM Cd. Zn WlH., &
I 9.39 mg/kg X — FH RIS I 4 = A E 0 =
K Cd Wtk & F b Sl s ok AR Kk
M Cd. Zn Wi i 25 A it F MgCOs REd2
F PR R R AR A CdL Zn W, Jiti ] KH,PO,
TR SR A K
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