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Effects of Root Interaction Between Two Ecotypes of Sedum alfredii Hance on Plant Growth and Soil Zinc
Uptake and Utilization
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Abstract: The hyperaccumulating ecotype of Sedum alfredii Hance has exceptional abilities to mobilize and uptake Zn from soil. The study,
through interplanting non-hyperaccumulating ecotype of S. alfredii Hance as a bioassay, was to test if the roots of the hyperaccumulating e—
cotype can mobilize Zn from less-available pools in the soil and this mobilization of Zn in the rhizosphere of the hyperaccumulating ecotype
of S. alfredii Hance would increase the uptake of Zn and inhibit the growth of the less metal-tolerant plants with their roots permitted to in—
termingle and develop coincident rhizosphere. The hyperaccumulating ecotype of S. alfredii Hance was interplanted with non-hyperaccumu-—
lating ecotype in pots without barrier, or separated by solid barriers or mesh barriers to limit the extent of root intermingling (rhizosphere in—
teraction). The results showed that the biomass and Zn concentrations in the root of non-hyperaccumulating ecotype of Sedum alfredii Hance
varied with different extents of root intermingling, shoot and root biomass of non-hyperaccumulating ecotype was decreased significantly, and
the Zn concentration in the root of non-hyperaccumulating ecotype were increased when the roots of non-hyperaccumulating ecotype were
completely intermingled or separated by mesh with hyperaccumulating ecotype.
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F T. ochroleucum BEAI i BE 22 (H AT $R AR 22>
Y HBEMRRE T.caerulescens WIRCAY L Zn &1 10%,
ULH T.caerulescens BEA G b L IEPXEAZ Zn, 4K
M7, H AR BAEY S b - b xR S TR )
MU T /b AR SIS E 4R i
9T T B F A8 Bh 00 5 -3 b () el SRS (R
SO ) W H 4 R S AR AL AR B | G SR A A
W 4 T 1 et TR - 3 v T BRI ) EE 4 R 1 0
A N AR R BETE fb -3 A S AR R,
SN, 24 4 e nl F I 0 B2 4 @ i AR B I, i T
L A A K R B I, A e B ], 39 e g S R 2
FI R ST 4R 2 0] v] REEE Bk 2 h AP, 23K
PR 22 56F 4 18 o H 4 J 1015 AL AN g i e rp
A RS AR SRR LR Bk . T, A Scdz
HXRE RS« AR AR SRR AR R RE A AU TG 1L
PR S E LR A2 YL SRR R
[l — A HRBR IR ], S REAEIE IS H AR X 14 Zn
MR, PRI, 38 3 3 R R R AR ) B 4 S A IR AT+
{50 AT 1) 1 oz e R R A 4 0t - g v 4 A b
P RE
FATHIBIETE KB, A KA TR AT 2w
PR 5o Rl TRIBAKTEE & Zn Pb F1 Cd 1Y+
R WL SAE0 (A SR H, A TR R 0 2
fiif | MR & 4E Zn (R TT, & —FP Zn Cd B B 4E
Pl JARR | [ N AR e S R IR A TR
WA B2 Zn (TS Bl 72 RRERD e &3 1)
AR R I E 4 Zn (WRE S W (EX LA R e
TR 43 Zn AL ANIERE . S TS ik
i , A SCH R SR AR R A R R A A A AR
BRI, R 3 FIORRIFREE (AR 2 AR 2Ok FRIAR &
PSS HAEM, BICREEE (VPR R e 2 HAE) 400
B Je e B I OR e &R AR, (R e -
TR Z 5 W) AR BRI A1 PVC Aloe 4B T (B
WA R BAE , BT I AR 2 5 W A
P, BRI RIREEE MR R EAEX PR A= S R A< R
SR IR AR R A Zn (52, DO AE3ES
2SR A R AR S AR S KRR Zn A 1

1 MRERE

1.1 Kl
P YR AR AN B A SR AR AR BB A A A
IRrd ER, AR AR B A SR R R 5 R B E Wiy

M BT, JERE AR AR SR A W LN L
B B b | PR A AT B SRR AR A R IR T
W, BARAT, B IR h— B B A TE B A
B 28, K MRS AR R G, TR UE T Ak

AL - R A A AR R A AR I T T Y K R
+, HIEAFYERF N pH( £:7K=1:2.5)6.27, 4
N 0.84 g-kg*, 4> P 1.27 g-kg, 4> K 29.84 g-kg*, %k
K 101.43 mg-kg™, B fi# N 49.42 mg-kg, 4> Zn 72.45
mg-kg, 4> Cu 24.30 mg-kg™, 4> Cd 0.32 mg-kg™!, 4=
Pb 81.28 mg-kg,H,0-Zn 0.045 mg - kg FI NH,OAc-
Zn0.105 mg kg, +HEHARK TS, & 5mm i,
65 kg T3 A KR E H SN 81.00 g ZnO(id 100
H), (15 58 5 Zn G820 1000 pg-g™, A
BT K AE A S T Tl K B 60%~70%, HEFT+
Hewikh AR, HEHE ZnO (R RIE T HIA MRPERAR (K
HR IR AR 1.6 mg- LM T —RhRREE Zn i
U8, HANKTEE AR SR AR T AR i s R AR B R VR,
#2100 5, £33 ) NH,OAC(pH=7.0) & B Zn &
TR 67.26 mg-kg?, AKFEEGES Zn 554 0.105 mg-kg?,
pH 7 6.51,
1.2 ZFile

TP A TR B R AU ML X 43 T
B A 2 Rl =, B K, BIEAFP G AR SR AE
TR EE 5o R A R B A AT AR R s K40 | )
MEM B R SIEBRREASR A REMN),B
R R AR R AR, B T . TCRRsAL B, fe iy
WRELAH ;1% 400 B B T i A bl R b8
FE ARV VA B HE 1T . >R A PVC A Al
RouaRIt, A R R WL BEAER W5 5%
WA, 369 MbH, A SR 4 0,3t
36 7%, IR LA 1, ik HHERE SR 10 S, T
2005 4 3 A 8 H K537 i1 580045 K iR gkt
164571(19.5 cmx13.0 cmx10.5 cm), 5 FE IR ) A 25 A
145 %<1 800 g, TohR B B4 k¢ + 1600 g, FHEE
FIKACEBIEA THEWR , {0 FH (B 4K = K
A 7d, 2005 4F 3 A 14 HEW , B2 A P
KP4 Kk, 65 d JF R, 43 I A R 43 AR
REFEMTE, # EEAFRR Zn SEM PN
NH,0Ac-Zn & &,
1.3 MEBHES S 7%

WeakRst , AN S A5 T 0 b 1 51 M 3R, AR
e b FRISCIR S, 37 ZIE A R N -4 2 B R
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& f-/Kkak 1 mol-Lt NH,OAC ¥ (pH=7.0) ,¥k%% 2 h,
U8 SRR SRR E SRR TR Y Zn i,
BlEgeit R SAS8.1 # Ak,

Y 400H fiifiifaFF  PVCHZ IR

no barrier mesh barrier PVC barrier

H H H H H H
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1 iRigit R EE
Figure 1 Illustration of the experimental design

SRIG T RIK 3 e b, bR AR 2 5 58 1K
M 33k, T 60 CHET Z=AEH  iC s H T Y, i
JrBEAN i 60 H e e M a5 AR FIAR R AT
PAARE 4 (B 4 BRAEYD) HEA T SEASE T

FEIRE S R Zn 5 59N SE - SEFRE 0.100 0 g+
SHTERLY BRAE SRS TE 550 CLh ARy h TRk 6 h,
P 1 IHC s, i 08, 2 4, JJm T it
JEREREI ES,

-3 pH B9MIE e 3 B AT AN 2o
1 mm {0 E 135 pH( i 7Kk=1:2.5)",

F 4 KSR AR NH,OAC RS Zn &7 REAY I
7E PRI 10 g 5 1 mm G 449 KT 3% A 25 mL 2%

2.1 i EEFR BN EYE

WH R T 225 BRI (3% 1) X R A
AR R Py 2 R R AERRE A S E AT AE
HAEAX L FEAAR R T ES TR R (P>
0.05) ; X FAEB A SR A AT AR g 5 K, By =Uxf
M b ERT E R B (P>0.05) iR BAEFEE |
it SRR 2R LR R B 0 A8 T b 35 B R iy
825 (P <0.05), 1 HLFfE 7 =0 AR R 0 BAERREE DL
BT AE EAE X AR 22 35 19 52 M 18 R I8 K
(P<0.001),

FH2E 2 T, MR A S RUA R s KB 8
A RAE SRR 5 K 3 RN AR AR 1R B4
ARE 2 (R EA T H A & B, e 1 SRR 2R T LR
Fot g () >R (D>ARH D), Tk
JEALEE (1), AR BAESA A AR R T 5
.53 3 L L BR80T 23%F1 30%

*1 MRHESREAESRNM EMFRETEN Zn EEMNE RS
Table 1 Two-way analysis of variance of shoot and root day matter, shoot and root Zn concentration in two ecotypes of Sedum alfredii Hance

B RS R R AR
A BJ7 F fi A By F i
B0 2
Ak =X 1 0.008 2 0.03 0.0746 0.34
WARTAEFEREE 2 0.056 6 0.22 0.808 4 3.72*
Ay XXM R AAERREE 1 0.136 0 0.54 13215 6.07*
U 67 0.253 4 67 0.2175
AT E
Ak =X 1 0.000 1 0.04 1 11.710 88.0%**
WARTAEFEREE 2 0.000 01 0.01 2 11.575 87.0%**
By XA R FAERREE 1 0.003 2 2.15 1 8.502 3 63.9***
W 67 0.0015 67 01331
M b3 Zn i
Aty =X 1 2 446 901.76 0.57 54.561 805 0.85
WATAEFEREE 2 19 919 797.40 4.65* 296.636 98 4.64*
By XM R FAERREE 1 16 375 136.60 3.82 35717273 0.06
U 67 4285 227.6 67 63.892 877
WA Zn &4
Ay =X 1 41 426.133 0.03 20991.027 5 0.83
WARTAEFEREE 2 1456 290.109 1.16 127 196.878 9 5.03**
Ay XXM R AAERREE 1 8190 405.428 6.53* 296 278.065 9 11.72%%*
W 67 1254 397.13 25 286.225

. ***P<0.001,** P<0.01, *P<0.05,
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22 EEFRER Zn B

AR R AR AT AN AR R AR AR A AR B R i b
A Zn SRS A (10 12441 717)mg kg Al
(473+8.34) mg-kg™, HI# L1025 # 1Y 23 15 ; AL
A SRR R BAE SR St R AR Zn &ty
S4B 43 51 (4 042+985)mg - kg 1 (875+187)mg -
kg, BiiF# 2025 #10 4.6 15 (3R 3) . A RA ST
i EFB Zn SRR TR, MR RASRI LIAR
R Zn F KT EE,

WH BRI Z W45 R R B 1), Fikt Iy =X Fp
H 7 R BAERR B i 58 BAE FH M A A= AR AR
FAENRRm 5 R B3 Zn & & I%E B E
(P>0.05), {HARZR B AEREEEXTPIRN A S AR 24
AR SR EEB Zn SRt 2 A3 K
(P<0.05), X TR ELESMIMR Zn & it FiiE
J7 3 MR R BAERR X AN i 25 (P>0.05) , (H
H A HAE IR R Z KO X TR R AR
R Zn & R ABAERE AR BEAERE S5FHT
A HAE FH B2 i 2k B 4% 8 2% K- (P<0.01, P
<0.001) , HFE Jr X sZ A B 2 (P>0.05)

A SRR p s RSP R AR R AR A
PR R Zn & i AE 3 PO [RIFR AR 2R A8 B AR b 3
B A 22 S 2, DA TC R 1 )> i A B o (1) > 58 4=
FE(I) (3% 3), BN FPAE S AR /e 52 R AR R 58 58
HAEH SRR, AR RAESRIR R Zn %

i R, FLR R AT RE R A R AR ST AR R R
HEZR AP T HESLREIR I | 3 SEAR 3R 43I AiE a0 -
HERAS Zn AR, TP Zn B RGN, A
M T RA SR SRR Zn G R
RGN, I BRSO AR I E
Hopth b AR R AEYRREAL (R 2), REMR AR Zn
TR T (H B Zn SRR WA, Xt
VR AR R A TR e s K 1) b b 340 e AL Hi 4
JRARE ST WARME, HHIRIL Zn LS S HAE R 2
TS ANE
2.3 FEEXX Zn SEMEIEER

KM R Zn #e /358 NH,0AC $2BUA Zn ¥
(RIA) M E3B Zn WREEMR R Zn WeFE (SIR) FlHb 34
Zn WK R AR A Zn WS (T / T)3 NS Fk e
AN Ak BT P A AT AR R e R W 398 Zn A
i A E Zn BRI IRE I, B 4 WL RIA (SIR
I Ts /T YLUHERN R A 8RR B 5 K o o | E A AR
SUEZSHL, i HARR B S RIAR S KIRIRY Zn A
98%~99% iz i F &8, 1P EAN A SRR
FAAL AR RN R AR AT i () R+ 3 Zn (YR
I3, HA R SR A ) AR Zn (RE

UK R Ty 2250 B0, Py =X AR R AR
PLE AT BAE XA R A SRR o K R/
A SIR Fl TyT YA 25200 ; SR, MR R HARRREE |
MR 2R EAERR 5 Rl 7 =0 28 AR I XHE A R4

R2 AERAEEFH TAMESEFAESR R EHMIRATELR(9-F27)
Table 2 Biomass of shoots and roots of two ecotypes of Sedum alfredii Hance under interplanting conditions(g/half pot)

e FHI s WA
I 1 m I 1 m
AN B AR HF 2.62+0.24 a 2.84+0.35a 2.95+0.30 a 0.13+0.03 a 0.14+0.02 a 0.14+0.03 a
Eeil 2.80+0.70 a 2.82+0.30a 2.66+0.51a 0.12+0.03 a 0.13+0.02 a 0.12+0.03 a
IR B A AR HF 2.13+0.26 &b 2.30+0.31a 2.39+0.31a 0.10+0.03 a 0.09+0.02 a 0.10+0.03 a
EFh 1.63+0.21b 2.27+0.29 a 2.55+0.49 a 0.07+£0.01b 0.11+0.02 a 0.12+0.02 a

T TARTERmbiab B, 1 H55R 1 400 H S e i AibaT, I8 R S8 2B, LUF 248 i RIR SRR . 28 4 KRR 1P H AR e

22, [l —ATRARRALA [R5 B3R 7R 5%K P 3 225 (LSD i)

*3 WHAESHAES RN FHFRE Zn SB(Mmg-kg?)
Table 3 Zn concentrations in shoot and root of two ecotypes of Sedum alfredii Hance (mg-kg™?)

A DEN oL WA
I I | I I |
T2 HFp 11649+1317a  10086+178la 9497+1505 a 4412+531a 3552529 a 37144852 a
£Hh 11725+1 544 a 9193+600 a 9439+1793a 4765£1357 a 4 439+605 a 3964+265a
B2 R e HFp 472.9£2.24 a 468.5£2.03 a 480.6+4.29 a 996.0+131 a 790.8+42 a 755.8+70 a
=Hh 471.7+7.64 a 468.9+11.8a 472.7+6.14 a 1109+148 a 926.5+55 ab 796.3+8.31 b

TR 4 WER AP IR 22 | A — AT AR AL A R T B 0R 5%/ PR35 22 5 (LSD i),
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(Sedum alfredii Hance)tR Z ELAERON X HE AR AR 4 B RSCRI T 1= 38 Zn 59520 20084F 1A

BHYZREE R0 SIR T T/ T (5200 15 3] i 25 bl
FKE ABXT RIA BN 83 (25 SR ARF ) . 4
PR BT S KRR 2R 58 228 AR T ECR T 400
H e e i An b ras, AL B A AT RIA B35,
SIR S FAK, T DRI7E T AR R 1458 Zn Y5
RO (B AR R E Zn IRE T IRAR
WY Zn FEAEAAAER R (3R 4),
2.4 13 NH,O0AC IRELZ Zn 2T

+HEA ZnO 537 10 )5 ,NH,0AC £ BUE Zn
75 A 67.26 mg - kg, 2GR AR A R AR R
J& , -3 NH,OAC $EEUA: Zn (& 34 i R AR (36
5), HJR R 2z — e FAE e e s H ) RSN
1 ZnO JIn A -3 rh P-4 T 10 i, £ Fh Zn A Z (A
FEA FIRB T shA VA, BAERL IR 2R FIAR PRl A9
FIVERR, FTRE T 30 Zn 5ok AGEA#T, A RIEZS
Zn KAEEAL T A RS Zn FET R LR R T ER
AHRE G, NI RBCA RS Zn S REpEken, g
S5l &, FRBURA SRR R R0 g F
NH,OAC $2 B Zn & & fIK TR AR AR R A S
13 (P<0.05), X FEAE TR ERMA B KRR
HA R 2R Zn (YRR

XL 243 B B BH (2 6), X i i o A S TR AR
R 48 FhdE = MR BAERREE DL
AR 3R NH,0AC $2HUA Zn S RIGEA B
FRZMA (P >0.05) ; SR1 , 24 WAl A= TR e 5 K A AR
ROt B AR R BT A AR A SR AR AT £
Herp NH,O0AC RIS Zn & & H H SRR I FRAIG,

HERIFARZE,
2.5 11 pH EHETL

TP ESEITRMIEERIE T2 R, 1T
RIAEPERT | A3 pH A ALIE [ i 67 35FN 11K 43
HiE B4 Ho K eS¢ 118 pH &5+ g rh
Zn AT — AN EE M S5, — RIS T, 145
PHT i S48 i - 3550k X Zn (AR B, BRITATREAER T Zn
BT ES  ARFST & B, XA B A SR AR
HAFFREEXT 1358 pH A 2 250 (P <0.01) , AN AE Iy
A FiE Dy X SR B R A 58 B AN 135 pH
P W2 520 (P >0.05) ; SR, Fhid 7 =0 MR R B
VERREE LA K 35 1 52 ELAE TR A A AR 2R AR 2
9 -5 pH S8 AR (P>0.05) (R 6) . WUk
Ve AN FR ) 31 pH #FJETE 6.5~6.6 Z [A] (£
7), SRR YA (6.51) M FL A BB Ak, HRA
Z— Al RS e  ERE SASZ FE AAR PR 458
AT B 1) e LA M I 5 7R g e R X) 1 48 pH (5%
], A8 FLE PRI L2 e 5 X I 200 R B A A5
98 HL R R 2 — AT g IR A AN R AR R
A SRR st RIS A RIS 38 Zn B9 8L,
Bernal S5U8 995 iy 15 772 U0 2 B, pH {E52 00 Ni R
ZHEY) Alyssum murale AR Z2 BT T AR RRAG A K
2 pH {EH 7.0 (%3] 6.0, £ A.murale 2 Bl 1
W T (Raphanus sativus)H 2 B 5+ E.5 pH
{EREF] 5.5 A8/ ; (HF 5 2200 WA o T B0 25 5%
AR/ A R DGEIAR B pH {ERFIRE R. sativus 5 5
SIEBIHLEH . XT T. caerulescens HiFR pH AT LTS

* 4 AEMRREEEGTAMESERE SRS LI Zn BT IR
Table 4 Zn uptake and translocation of two ecotypes of Sedum alfredii Hance under interplanting condition

s TPIEN ! L I
RIA SR TJT RIA SR TIT RIA SR TIT
R Hph 90.9£19.4 2.75:0.68 0.98+0.01 73.6+14.7 2.83+0.30 0.98+0.00 77.24225 2.77+1.00 0.98+0.01
Sl 101+30.7  2.27+041 0.98+0.01 933127 206+0.19 0.98+0.01 83.2+22.3 223+0.30 0.98+0.01
LR Rl 195:2.87 048:0.08 0.90+0.02 159+34 062+0.15 094+0.01 14.9+224 065:0.09 0.94+0.03
Sl 22.4+541 0.44+009 091+0.03 19.8+181 051+0.03 092+0.01 15.61+1.36 059:0.01 0.93+0.02
T RIA R AR Zn WREE/INH,OAC B Zn e ; S/R - b 38 Zn MREEMR R Zn VB ; To /T b B3 Zn WICE AR AR B Zn MOBCE:
x5 Wikt iE HiE D NH,0AC 32 Zn &8 (mg-kgt)
Table 5 NH,OAc extractable Zn concentration in soil after harvesting plants(mg-kg™)
A R gy 2 I Il m
R A 4851+1.35a 48.79+3.87a 48.14+18la
B 4757+2.28a 47.70+1.90a 47.65+3.08a
I R A 51.04+152a 50.11+1.72a 51.97+1.29a
B 49.73+1.32a 49.12+2.13a 53.22+0.68 a

TR R 4 WER AP ELARER, [T EUR A R 7 0K 5%k -3 22 5% (LSD %)

PDF SCH# ] "pdfFactory Pro™ X RAG)E www. Fineprint.cn



http://www.fineprint.cn

5527 B 1 VAN AT A 97

% 6 WEIREW S £ NHOAC IREXZS Zn 280 pH KN E E 537
Table 6 Two-way analysis of variance of NH,OAc extractable Zn concentration and pH in soils after harvesting plants

R R AR R R AR
A BJ7 F fi A By F fi
NH4OAc #2834 Zn F i
Ak =X 0.864 300 60 0.15 1 0.3242 0.04
WARTAEFERE 1.081 459 03 0.18 2 18.245 2.06
By XA R AAERREE 3.922 314 88 0.66 1 0.1296 0.01
U 67 5.948 144 6 67 8.850 5
-4 pH
Ak =X 0.015 238 10 2.66 1 0.003 809 52 0.62
WARTAEFERE 0.031 896 83 5.57** 2 0.014 404 76 2.33
Ay XA R TAERREE 0.015 238 10 2.66 1 0.011 009 52 1.78
U 67 67 0.006 175 12
1 ***P<0.001, **P<0.01, *P<0.05,
Fz7 WHREWELE pH WK
Table 7 Soil pH change after harvesting plants
s I I i}

RS Hph 6.53+ 0.06 a 6.63+0.13 ab 6.49+ 0.04 b

=Hh 6.59:+0.08 a 6.52+0.07 ab 6.47+0.04 b

R RAESR Hph 6.64+0.09 a 6.58+0.08 ab 6.53+0.09 b

=Hh 6.60+0.13 a 6.59+0.07 a 6.56+0.10 a

TE . R PEERY 4 EEAFIE AR ERS R —FTREURE R ] LSD HEAT 2 3 ML A IR PR UERAE 5% K-8 B 25,

R 25882,
3 i

(1) YRR AE TR m e RERNET , AN [F) R AR
FAHAEXHE A R A SR = K EE AR R
FA e MR AR Zn A B A 400 HE B
i AT B FE PR AL ST R B SR AR R I AR AR R A
SEMR R Zn SREE R, Hil EIFR R A
R X R R A SRR 5 KR R
REASIE fL I M S Zn,

(2) P PR A ST AR R s K, 3R NH,0AC
PEHGS Zn 3 B2 HURMR A 5 PR, AR R A
ZA BRI 43 NH,OAC #EBUE Zn & &K TRk
JE AR SRS AR R E 7 SRR 3R B
Xf 3 NH,0AC FEIUE Zn & 54T B 52,

(3) Fi P A= ST AR 5 KU, 13 pH 284k
PIELG0, ARIAR PR 3 R IE AR AR = KB R
Zn By E L],

S 3Lk
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