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Abstract: A hydroponic experiment was conducted to study the interaction of Cd and Zn affecting the root morphology and accumulation
of Cd and Zn in Sedum aizoon. The results show that S. aizoon exhibits a high tolerance to single stress of Cd and Zn and the
concentrations of Cd and Zn in the leaf, stem, and root of S. aizoon increase as the stress levels increase. A strong phytoextraction

-1 .
. The combined stress

capacity in S. aizoon was also observed for the Cd concentration in the aboveground part reaching 133. 0 mg-kg
of Cd and Zn has a greater effect on the growth of S. aizoon than single stress to which the root is more sensitive. The root length,
surface area, root volume, and tips significantly decrease under combined stress of Cd and Zn; the effect on the tips is most significant.
The low-level Zn application (10 mg+L™") has a synergistic effect on the Cd accumulation in the shoot of S. aizoon because of the
promotion of Cd translocation from root to shoot. However, the addition of Cd leads to a notable antagonism of the Zn absorption of S.

aizoon. The concentration ratio of Zn and Cd also has a significant effect on the Cd uptake of S. aizoon. A high ratio promotes the Cd
accumulation in the shoot, while the latter is inhibited by a low Zn/Cd ratio. Therefore, S. aizoon possesses a strong potential of Cd
phytoextraction and can be applied for phytoremediation of Cd-contaminated soil, while the adjustment of the ratio of Cd and Zn in the
growth medium will help to enhance the phytoremediation efficiency of S. aizoon.

Key words : Sedum aizoon; Cd; Zn; interaction; root morphology; uptake
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0 10 0.39 +0.08a 0.49 +0. 12abe 0.020 +0.007a 1.17
0 20 0.29 +£0.03a 0.37 £0. 10bed 0.011 £0.003be 0.89
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65. 1% ~80.0% , M ¥ EHAENAZ Cd Hhia )
. Cd A RN Zn % Cd B— it ik — A %
T = ERRRK  RFmB AREERR L,
HITE2 mg-L™' Cd +20 mg-L™" Zn H T HAK
(P<0.05). Zn —JhhiE X} =L R RBE RE
T R %K (5% i [R] Cd B — i — 3, A B
ERRARAE I (P <0.05) , T %S 34 B 42 FAR 1A
FRIU 2 7E 10 mg-L~" Zn BF 8% BB 43 942 5 1
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T AR A R B R T 65.2% (P <0.05). 7E5
mg-LflCd Wp 38 R G IS [R) ik E /n, W25 Zn T8N
HBIN = £ R R MR, RIAEFAR
B W A, ELRR AR & T Zn B — a0,
MR- 2 AR T FE A Zn VRN B4 Zn B0 — it
WERE T 30.3% , 108 Zn WIS WA B E
AR

W FE T Z TR R, S LR R KR %
TR, ARARBURIARISESZ Cd | Zn JHlhif () f2 5 5 0
MR AR Zn BN AR, AR S5 AR HR
WF5Z Cd., Zn ZZHAEFM BE M (P <0.05).

£2 Cd,Zn B—PhBREEEERAM=ZELEXRAERSHEME)

Table 2 Effect of different Cd and Zn additions to the nutrient solution on the root morphology of S. aizoon

Cd 7 Zn BN i3IS R HEIR FHERE AR g
/mg-L~! /mg-L~! /cm /em® /mm /em®
0 0 265.0 £64.9a 27.7+9.6a 0.33 £0.05cd 0.23 £0. 10a 125276 +244. 8a
2 0 139.9 £24.2bc  12.4£2.6b 0.2820.02d [ 4 0.0920.02b/ 56008 £129.0c
5 0 92.4 +60, Led 9.6+6.3bc  0.3320.03cd 0.08+0.05h “w 251.2 %451, 1d
0 10 178.1£53. bt 23.1£10.7a  0.41 =0 13ab 0.26 £0.19a 809, 7.4285.7b
0 20 90.2 +38. 7cd 9.7+4.5hc  0.34£0.03bed | 0.080.04b 24}_&’.’8 £92.2d
2 20 8.7 =12l e 2.1%1.3¢ 0.38 £0.07abe | 0,02 £0.01b £79.8 +5040d
5 10 | 52.3514.0cd 7.0x1.5bc (.43 20,03a 0.07 £0.01b 2227 + 44.8d
s S § 2 | 25,1966 #5261 1c 0,83+0.0lcd 0,02 £0.01b 1190 35.8d
/" ANOVA L 8 / & FAEE X+ 1 %)
= o A AT S g 26,51 Jooo03 | hizor 760,74
£ I 38 14 © 17,99 S6.607 Tl 1770 #.51.51 "
Cd%7Zn /34067 1) 1.96 “1.75 1.28 14. 61

1 BT E R SRR AR W (P <. 03) s AHE M, « 4R P <005, 1 R P <001, 1 HR

Pl<0.001 | 5 ’ SR

2.3 RIF Cd, Zn WHEEMAR =LK G, Zn ]
W2 i 5

Zn XPAN[A] Cd W& B R = £ 5K Cd,| Zn
W sZmanE 1 iR, i, =L R R4S
o Cd VRBERIBE Cd Wr3E 9 14 I B 25 4w, Cd #E
FAL P BT A > 25 > i Cd RE R 2
mg+ L™ BFRIN20 mg- L' Zn X =-ER KM 25 R
tCd A I, Hrh2irh Cd &8 R
48.7% (P < 0.05), 1M WJE Cd B T (5
mg- L™ ) BN Zn ff =L 5K Cd F i i 2 PG
T25.1%, 2% Cd S EREFEHINT 41.1% (P <
0.05), XTRH Cd M EEI A WM. 7E Zn ¥
JEHR 20 mg- L7 ZMFFEIN 2 mg- L~ Cd 34 4 E k%
KT =R fzEd Zn G, B ER S TR
1 Zn FH(P<0.05); MfES mg-L7'Cd IRANHE %
PR X =B R RAS AL Zn WA 35520,

76 Cd A E R 5 mg- L~ 540 F B INAS A v
B Zn Xt =L R HL Cd, Zn FEBEIANE 2
FR, IWHRT AL, Cd il — @& &, BiE Zn
BRI, =B RH T Cd SR

J& B, 7E 10 mg-L™" Zn NG T Hot | 25+
Cd 8% 5 mg- L' Cd 3o —fihia W & im T
41.9% F11188.0% (P <0.05) , AR Cd 740
F AR 50. 9% (P <0.05) , 20 mg-L~" Zn ZRHNI%F
HAA AL T Cd MIHEA B ER . —LsR&
A Zn WL RE Zn W38 RGN HE 5, Zn WK
910 mg-L7'AFRAN S mg-L™" Cd X =R K441
2 Zn ST RIAREIAER, HAR Zn &5 WP
fik 46. 5% (P <0.05) , 1fii Zn #EH 20 mg- L~ HL
U Cd X =S LU Zn WY R I 34 R 3R
IR
2.4 A Cd, Zn WEMHEXT =L 5K Cd, Zn $
B 52

ANTA] Cd R BE A T3 20 mg-L~" Zn X} =&
FR Cd, Zn $REGE 2N E 3 FiR, Ihal A,
fE Cd B—pa ~, =R ZEAME T Cd $2HL
S IIBE Cd WE 38 0 w25 80, W0 Zn XF Cd
IR EE I (2 mg-L™") O T =L HR &L
Cd FEBCRIECA WM, W Cd ha T (5
mg-L™") USAN Zn fEHA | 2SR T Cd SR 3



VAR T 38.4% . 32. 4% F173. 8% , H AT ZEFIAR Y F4E
R A B B E K (P <0.05). 1E Zn IRINE R
20 mg- L' HISHET, ASIA] Cd R BE

CK. Zn10 il Zn20 43513E7R Zn BAIEE A 0, 10 F120 mg-L. 7!
E2 CdiMEBTHRMARRE Zn =t R XRZHA Cd, Zn SENHM
Fig. 2 Effect of Cd on the Cd and Zn absorption of different tissues of S. aizoon under varying Zn stress for 16 d

FHL Zn ERIGE, BR S mg-L™' Cd
ﬁﬂﬂﬂ‘%1ﬁ$ﬁ%5’l‘, HoAb A AR IR B 2K (P <
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# Flg 3 Effect of Zn on the Cd ar.)d Zn accumg-l'auon of different tissues of.?‘ aizoon un&qr varying Cd stress for 16*d
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~ Hj}uw“ﬁs w1 A
' .?‘[U;-'ZHXT LR RS A Cd Zn %mﬁ@ﬂiﬁ"
ﬁnlzlztﬁﬁfr }Mﬂ’ﬁl Cd M B2 Zo
EI’Ji,?ﬁﬁu, = LR Rz T Cd U RIS T
W&, AN 10 mg-L~" Zn i B354R8 T 87. 4% Al
141.7% , 1 20 mg-L~" Zn FIFEAER T HM-F2Ed Cd
FRECE, B SRR IR R 8 W E K F (P <
0.05). Cd Ml FHIMAFEWE Zn BT =L
SRR Cd #2800, HAES Zn BN 27 B3
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2.5 Zn/Cd HRPE HBIN = £ 5 KA KA Cd Wiy
Al

XF Zn/Cd R IR E HES = £ R K& 4
AU R S H Cd ., Zn & EEIE ST AEE T
gEIRANFR 3 WK, Zn/Cd W HLE S =B Kb I
LU AE YRy | Cd T Zn Bve R R U 1Y
HARCC R, HEM | 25 Cd W 7 il &2 0 2%
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0.05). Zn/Cd WE IS = LR R4 EHM Cd
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Zn Y FE W Al B 3 IEAH G (P <0.01).

£3 Zn/CAdFMRELFS=LEREKM Cd, Zn REEEHNBEESTD (n=9)

Table 3 Pearson correlation analysis between the Zn/Cd ratios and growth and the Cd absorption of S. aizoon

AR E7hy Cd #epE Zn e E Cd $EHUE Zn $EHUR
- -0.520 -0.714* -0.197 -0.653 -0.389
£ -0.361 -0.874 " -0.196 -0.790* -0.733"
R -0.667* -0.297 0.911** -0.733" -0. 106

1) #*FmRP<0.05, * =35 P<0.01
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