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The uptake and accumulation of Cu in Hippochaete ramosissimum
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Abstract; The accumulation of Cu in different parts of H. ramosissimum, distribution of Cu in root subcellulars and
chemical forma of Cu in its body were studied by means of analysis of field samples and greenhouse cultivation. The results
showed that most of the Cu of H. ramosissimum growing on the Cu mining spoils and greenhouse cultivation were deposited
in the root with the largest content of 1309 mg-kg 'and 1339.75 mg-kg . The average retention rate was 84.98% and
97. 3% , respectively. Moreover, more Cu deposited in the cell wall than that of the other fractions which accounted for
45%—70% in the root subcelluar of H. ramosissimum. The Cu content distributed in the cell wall (F,) and plasma part

with ribosome (F,) has a marked correlation with Cu concentration of the soil, respectively (ry =0.98,ry, =0.98,p <
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0.01). Under Cu stress of different levels, the chemical forma of Cu in the plant was different. The content of Cu forma
extracted by HAC and HCI in the root was the greatest with the rate of 60% — 80% , which was significantly and positively
related to Cu concentration of the soil, respectively (ry, =0.997 ,ryq =0.98,p <0.01) . Meanwhile, NaCl in the shoot
was dominant, while that extracted by water was the lowest in both the root and the shoot. The accumulation character and
detoxification mechanism in which the mass of Cu were intercepted at the root accumulated in cytoderms and formed certain
low dissolvable Cu-compounds, possibly contributing to the reduction of the Cu toxic effect on H. ramosissimum. It was
suggested that H. ramosissimum had a remarkable tolerance to Cu and a potential capacity of Cu accumulation could be used

widely in phytoremediation of Cu-polluted soils.
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EYEERSIAE B RHENEHF AR MR FRE" ™ . HERINEESEY AR Y
PR R R MAEKZB SRS BRFEAENEEYH BB ANEE, i T #
HeRBRIE F AREROEYXE SRR BB MR R, X THRBEE Y A AL, UK
X ESBERIROEREENESREAE T o ERNERHLREFE L

WEY ER—MERERN SR EY R, K L ARERNEY L ENESRA — 2R, X2y
+IFEA A —~EREE G . T LR A T R AR TTARER, s RER, =
L, —TE I, B B HEBOEAR AL, R 100 m, ER K 20 hm , 5 1EHEHAT R 29 10 a, TE A KRN, K,
KR, B ERA T MR . B AN R B, §5 5 3 (Hippochaete ramosissimum ) ZEWTF 1L 4
BW B RABGRMA KIS 3 BB — g ™,

WV ERR TARBRAR MR S 4F 42, B g, Bl b R S T A K
A E SR Y . RSB E R X R E R BGR T 2 A  7EH T e IR
HATIAMEE A B RIFH R B B X IR Cu pMRIK B AR B AR 1 OB 9L B RTAIR 1L
Wi ASCELESMER B P E NI LE, I T Cu 787571 AR A28 B AR B 40 Mo & 4 0 9 AR
R, BARAEE YR N IRAF FL AT, ORI A Cu BT ISCRIAR R4S RO AR L, it —
BT Y T T LR R S8 15 R DR E B RS E AR 2K
1 ##5FEE
1.1 RS

F LB 1L D FEREY R A LR HRRENERA FMRGREERE R, S
BA X (ZRER F B OouRb A #Rh ) FA 4 X (B FRRE o 38 s BUW 35 R B RERA (AR 25) B
BAARIARER e o Rl RBUE AT 8, R LR
1.2 #RER

B RERH DR T RFVE T, TIER DR IRFWAE, BOUME SR ARETERE R, &
AR R BT KR WL E -, AR AR O, pHT. 31, F LR 13.6 g-kg™', Cu AJR(E
25.46 mg-kg ™', ML 2 kg, — MG CuSO,5H,0 B, B L3P Cu & & (L4 Cu 315 4351 500,
100020003000 mg-kg ™", AR Cu fy +3BAE R 2R, GAK 3 AEE, F5E 2 A, BRI 5 K,
FRBUTTE RIS 357 ,60d JSBUET
1.3 ks ananiisor ik
1.3.1 FHERNESET Cu FENE

BV B AR AZEET, S5 B RK B K R E v, RRAEBE T /KFARFEE TS, W TREK
o0 AR SET 108°CRF 30 min, HHRM T JEH, SHIFRBAH 1 ¢, IMARER 5 ml(¥ HNO,: HCIO,: ¥k
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H,S0, =8:1:1) {4k, R F MR/ BB HIE Cu &1,
1.3.2 +3Edh Cu FEHINE

TEERT BT e, 100 B )5, BUER A HCI0,-#k H,SO, M4k, JRF IR bt Bt E &8 &
2,
1.3.3 FHERARAFRHSH Cu & EWE

BUEYIR 1g,50)5 I B R /K 187K R & v, T A 10 mmol -L™"EDTA -Na, fF 4352k, B/ £ B T K v
YT, BTREAS, BT - 20C KRBk G& M. HEAHS R SRAKSER" MEEE" 1
Tk, Ho sy Foh 4 e Ak /> B R mwe ki , 47 F, BB RN M G4k, 453 F R R, d 0 Foh
SRR E AR AR R, &4H45H HNO,-HCIO JH AL, JRF R 4L ETHIE Cu 5 &,
1.3.4 1R .ZE9 Cu BL2ETERT

RAZSRBEGEPI T H EB AL Cu BLEIERD 2, BBHRIAEBURT N 80% 2.8, £ 5
F7K,1 mol-L™" NaCl %% ,2% (4B %0) BE#R,0.6 mol -L ™' Eh R, EARVEN : /3 HIFKEL 0.5 g Hifsthikt,
BUR 1 ~2 mm® 9BEH, B TFHART, A 35 ml $2BUH T shiR% % LR %2 bja, F 30 CHEBMAFRER%
(17 ~18 h) , 3k H BISCHRBUE , A FREAR R BRG] , %12 48 2 h 5 A RIS , ERE 2 K, Bi7E 24 h
PIERER 4 Ko 4 I BRBUB A 150 ml fy5eat s, B R 28 & 23R T, In A — € Hil i HNO,-HCIO, F
DB HIHAZERE, H 10% HNO, B2, R TR ETHIE Cu S &,
2 ZERS54H
2.1 EPMRMF W WEST Cu MR R

HiZE 1 W, W B B EF M LT BARE R, 7E Cu A8 N 318 ~2093 mg-kg ™' B9 3K M AR HE
W+ E&FEPHEERE R AR, B HETRIEN RS A Cu it HAEY TEANNOHFEEURBER N
X, HEEEIA 1309 mg-kg ™', ML Cu FEAMXEE, B & R 137 mg-kg™' o HXAHEE, BRI Cu
FESTIE CuFERERBEFEMR(r=0.86,p <0.01) , MEHHIES 1% Cu FETH BAHXME, BE
WEEREAHBEPETLEN, BMRA T EN Cu MEERNK, BEEREH/NT 1, A B RF
¥1% 81.76% ,FRAT WEH Cu njdh LI EmRE N E, FBEUBRERERE  ARE BEEAY WE
XL EhBAEEETTA(ELD , HEYAT 1, RAFTEX LT H Cu £ EATRHCRIRE/ERN.

®1 ENHNEHTHFPEANEREMRELEST CopngE

Table 1 Content of Cu in every organ of plant and root soil of H. ramosissimum

B Cu kg !
1?1 ff Roo?szlﬁoﬁlﬁ;—snjfﬁsim 1 _ ﬁﬁﬁh&ﬁﬁ % (Crzgin f)la.n)t = Aﬁiﬁﬁn ﬁi fﬁlij:@
i@ypﬁf pH Cu (;ﬁmiﬁ;(nftﬂif l::gu ) gl}iifi Rﬁt ?jﬁiszﬁw coefficient factor of roots
SZ01 1S 7.35 318 (30.41) 22.2 53.80 58.70 0.07 1.77
SZ02 1S 7.04 509 (53.67) 89 469. 60 81 0.17 8.75
SZ04 »+ SS 6.84 834 (72.61) 106 552.70 80.80 0.13 7.61
SZ07 »+ SS 6.59 839 (50.34) 111 429.90 74.20 0.13 8.54
SZ03 »+ SS 6.79 894 (56.20) 93 509.80 81.80 0.10 9.07
SZ08 »+ SS 6.71 914 (55.60) 137 848 83.80 0.15 15.25
SZ05 »+ SS 6.63 940 (51.91) 101 859 88.80 0.11 16.55
SZ06 »+ SS 6.31 1080(126.83) 98 837 89.20 0.09 6.60
SZ09 @RS+ WSS 5.71 2076(311.51) 118 989.30 88.10 0.06 3.18
SZ10  #EHpbt+ WSS 5.68 2093(367.13) 115 1309 91.20 0.05 3.57

O (BEPHFESESEHPHSENEZMB)/MBMEPHSE x100% (Cu content of root — Cu content of leaf ) / Cu content of root x 100% ;
Q@ BRAPEEE / EFEPHEUSSE Cu content of root / available content of Cu in soil; T [7] the same below; S: soil; SS; sandy soil; WSS:
wetland sandy soil ; 355 N EUE 978 2L 4F B Numbers of brackets means available content of copper

hitp : //www. ecologica. cn



1568 =3

&4

% #® 28 %

2.2 FENFERAMHFTHTEN Cu TR R

WK 2 AR, EENERAMT A BEHET T RERIMZERL Co FENNEHTHNRA, FHR
HXTHRAY 20. 50 F5F0 1. 75 £, BAERERBEIAR, BHAHTERE, T EREE Cu & 25 Cu 5ERIRER
BN B T, SR B EIIEM K (rp =0.95,p <0.01) , 25 Cu FEFE Cu W INHERKAFAN
B, P F T AR M (rs =0.73,p >0.05) . B4h, A T HWEARGEX Cu KR SHRERNRA
BEESR, KT Co ERHHRR BN B BT (s-test, p <0.05) ,FHJRZEHH T BAY 43. 50 4, FHHr g R
P 97.30% ,MABEETHIRT 1, Bos HEYREN R -PHRBRERRRS . X5 BB
T RS Cu BRCR R IERBH — B ER

£2 FHETARE Cu YL E (mg-kg™') CFWHE + I7AER)
Table 2 Content of Cu in different organs of H. ramosissimum (Mean + SE)

P Cu 4bFEYEBE Concentration of Cu (mg-kg™!) B H R

Organ 0 500 1000 2000 3000 r@ P Regression
(51.72) (107.43) (208.66) (314.94) equation

# Root 42.50 £1.94° 392.85+5.64° 848 £11.03° 898.88 +11.40° 1339.75+40.88¢ 0.95 0.01 Y=229X-312.41

ZEE Shoot 11.50 £1.46* 18.85+0.76° 17.28 +1.04> 23.68 +2.01° 20.30 +1.72° 0.73 0.16 —

mgz;( %) 68.05 95.20 97.96 97.37 98.48 0.66 0.28 -

Retention rate

BRAERET

Accumulation — 7.60 7.89 4.31 4.25 — — —

factor of roots

[Fl—f7 ¥ 4E ] SNK-¢ 856, AR FHHBE RS ENZEE B2EFZ5F (p <0. 05) Same letters within each line indicate no significant
difference at p =0. 05 level, according to SNK-g test

2.3 Cu P WERAMSHS PRI ARE

B 1 AT BEE Cu AbZRWE RO, W ERAMA S F,F, JF A F 508 & B2 B AR R
o Hpdsy F M F RS EIEE Cu LB ENE M 2E T & (B 1a) , WENERBEEMX(ry =
0.98,p <0.01;ry =0.98,p <0.01) , i £H 53 F, A F5 iy 6 & B FE Cu 402 TUHA BAE L (B 1-b) , I RITL 2
F RS

—h— 1 —@— T4
700 — 45 —
3 . 3]0
ws 0F ?3
én; 500 %D; "l
= e B = s 30 |
Iy .2 e .=
@ g 400 - w25
S = ==
O = O = 5 L
@% 300 |- @%
< e 15 |-
& 2 200 - 2
25 25 10
= g =
58 100- g £
S B: O
Q 0 1 I I 1 ] Qo 1 | I | ]
0 500 1000 2000 3000 0 500 1000 2000 3000

Cu ¥ J& Cu concentration Cu 3K J& Cu concentration

Bl FHERARSEHS CudE
Fig.1 Cu content of each fraction in the root cell of H. ramosissimum
B2 BARTHHERMAMSHS S Cu FBEBBE S, ERREHYLAS P G BB,
H BN 45% ~T0% sF MR, S BEHDH 15% ~28% ,FE 2 MLy G B T0% ~90% , BFEE +
B Cu WREHIEID, — & Br i B 2 L AA SN S T F, 70 Fy 220408 8 BT o LB/, BEE 13 Cu ¥
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BRI, 8 BT o E A AR U S
2.4 CufEWWHBARER LTS OF1% W F4% E F2% B F3%

3 WA, FEAVRE Cu JbTE T ARERANZERB P 200 o e B
KEENRF RS TFRIOKT. EHHRERE, 0 = 0 = B
L HAC EUGE W 2, A A BRI 42 2%, 2 |
39.43% ,41.28% F1 48.93% ; HCl £ BURRZ, FHEZ ﬂfﬂ g 60 -
AL HB R 60% ~80% s HRATRY, THEM 23 [
WRRERAMLRERSY S B 5 @K §2 |
B AR I A (e =0.99,p <0.0Lirg = £5 20|
0.98,p<0.01), WiZEZEHS, Cu HBL NaCl RIS ST =5 || | | | |
PR EH BB 34, 55% .28, 44% . 24. 32% FI § 0 SOE&ECW t 2:)00 3000

31.06% , HYK 2 HCl #2508 (230 5 MEASHES &

3 Co ARTRVR BRI T AR B2 HHERMRESS Co S RITEA

3 iﬂ-% Fig.2 Percentage of Cu content of each fraction in the root cell of H.
HEBAMAYIEAN A EBRER, —R KIS ramosissimum

BRI B —FRERARBKMELSB RIS 1% 45 F1E& R 5 B & RITE /ML Percentage of Cu

A -3 BLBAMAN SR NEHYIXI B  conent of FI fraction; F2% . 815 F2 f& RPT & BASMA S RNE

WS LR RERB AR TIERE S D

T 5HMERNYRNESTESESD, ABkEN, T -

T RBINTRES  RERNATEREAE T, THE o of M4 fraction

A RAA BRI RIER B T — AR ik P 4

HRAF(S ~20 mg-kg™ ) HPBABWBEF VERBEANEE IR, HEE K 42.5 ~1339.75

mg-kg ™', HF B R TR i5 84.98% ; i H 34 BEBMK, KA E W 11.5 ~ 137 mg-kg™' o BBFE™ 5}

FRI, YR AXT RSB HH B, TTRERMAY ) —Fh B RIRP T, LB AT BN ESBHEAZET, B

REBWEEEM. TIEURAHEHENOREUE T W W ET R EL RS Cu i LERAMERRES,

Pl & Cu X HMAREWEFEEA, ARt Cu 8,

£3 FHEANTELERSY Co 8 (ng-kg™')

Table 3 Cu contents of different chemical forms in H. ramosissimum

Cu dRBE AR Cu fLEREHEE
Content of Cu wE Contents of different Cu chemical forms (mg-kg™')
1 Organ

(mg-kg ™) Fy F, Fyaa Fiac Fra
0 #2 Root 4.14(12.80)  3.08(9.52)  13.02(40.26)  4.76(14.72) 7.34(22.70)
S35 Shoot 4.84(14.39)  3.60(10.70)  12.66(37.63)  4.58(13.61) 7.96(23.66)
500 # Root 23.50(19.29)  9.46(7.76)  11.32(9.29)  51.32(42.12)  26.24(21.54)
S35 Shoot 6.26(14.46)  5.47(12.61)  14.96(34.55)  5.20(12.01)  11.42(26.37)
1000 #2 Root 44.20(20.41)  15.68(7.24)  12.92(5.97)  85.38(39.43)  58.36(26.95)
S35 Shoot 6.80(15.60)  5.92(13.58)  12.40(28.44)  6.98(16.01)  11.50(26.37)
2000 # Root 95.20(18.50)  24.92(4.84)  15.94(3.10) 212.46(41.28)  166.14(32.28)
S35 Shoot 7.60(16.99) 8.76(19.58)  10.88(24.32)  7.78(17.39) 9.72(21.73)
3000 # Root 103.80(16.70)  9.17(1.48)  13.18(2.12) 304.20(48.93)  191.30(30.77)
S35 Shoot 7.92(19.19)  5.33(12.91)  12.82(31.06)  6.47(15.68) 8.73(21.15)

# Fy:80% ZBHRIRA T, . BB TAKBIE ; Frag : 1 mol FALBRINA ; Fypc : 2% BRRRIZ ;Fy :0. 6 mol HERIZIMA  Fy: Extracting

form of alcohol; F, : Extracting form of water ; F ¢, : Extracting form of NaCl; Fy, (. : Extracting form of HAC ; Fy, : Extracting form of HCI
w w FESNEENTEEL %R (% ) Numbers of brackets means distribution ratio
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R EERHEY E X T VEERAE KT RZAEEEEYOER, EWEEREHT L
R EEELBANER RS BITE, BRARKIRITR A RS, ML E™ ™ a2
HUNRATEE T EAREE B & BRI AE N " o BT LA R K88 , & BT 17 R34
MRABEREETHAT 1, X8R T RN 1R Co RA R ERMEM, W% Bk A v iz i+
REEMEE YT

Bk AR R E R M Wagner ™ S 9 BHIT R, WA BE R B & B B T BOA — ERBAIREA,
Y E SRR E M AR R ERRRNER SSRETHS S U ERE L TURRES
BXEYREEEM. B, ERFRET, N Cu BT AT T ERARSHT FEIMBILRE , B RERTH
Cu JLIETESRSMAR A BE v (F 200 ) , i BB E 45% ~T70% , HK 25 S BRMEE A i A K R (FL45)
HRSS A, X T4 M R B DA R AE RS T — S Lok ik, S a0 HER D, PR R
10% o EFLULAZE Cu BA T, I AR MU BE W] BB R R A — e W BHIRVE A, MBS S W3 TR 4S5 E
BYER B RE Cu N ZER MR BRAMA P, BH 1L 2 B AR T BEAJRAE Rf e , e A AR i g 8
Cu RBS HP R LEARMELS S, R EEANESRASER, DILFR Cu B TR M LR
gk ep B, — 07 R T ARG ETTR O ER S, RERIEF R FERREEYIEE, 5
— BT LS BB Cu K-SR R P b i BB B F (30 Mg™ ™ ) BT 06 A R A AP AR R 20

THEX Cu [ EFEE WA S, TR SHE T AR AFERNLEESE —EN KR R
RGN EERUB TR RN MESSHNLRTRAEEMEBEHHRE™ ™, AP
R BERIAT AYRANELEART S&RBETHA, UREELaR0mEE, 230Mas
REY, Cu fE T, I EAREEY Cu LTS PB R i (B B AR BUS AR BB BUS y E B4, 1 B3R
B9 Cu £ LA NaCl SRSy 3 , MK A B S AR S 2530 B B 778 LU B A S B by BT L, KRB S
THRES T ERRPRFEEY RE STV T R U BE EIREE 3 Cu, IR ML RITIEME
i, AT BB R B IR AR BT Cu 13 BB RN EER R —, KRR T B TR ME%
Ry, A8 R AHY Cu DMEETE R R THEYRES; a2 B Cu XZMEAEEARAE, 5818
RSB ARE, U RANFE Cu & &, B IEHARE RS, 2R E L hEF R Y22
Cu BEMEM, B BB THARMNE , RIEEZBR D EMER N> Mk FHHER AR
6, 3 bR RS AT E/ 3t T B A RS S i b ARas S R B — 5 T R, A SR TR

TWESA] I, A K AGE , TR )58, 78 pHS. 68 ~7.35 B 3R il M K 215 R iR s b X BB IE B
K, BAREX EHEEREY, BRYRAXN T RPHEBARGRNREARER S, XUHRATHE
FEMYMER T IR N DA B B
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