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LU EREER, SHPHEXEIYREBAGHEE: T EARRBEEN RN EER. 4 HPHR
1 08 W B AR BE X B IR B B X B EEW. A RP RN EYEANSERER R, TRER
RUMENED, S ANERETNLARARANS RE BN AR BN EER SRAXTRN . RELE
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Effects of Ca and As addition on As, P and Ca uptake by

hyperaccumulator Pteris vittata L. under sand culture

LIAO Xiao-Yong, XIAO Xi-Yuan, CHEN Tong-Bin"  (Laboratory of Environmental Remediation,
Institute of Geographical Sciences and Natural Resource Research, Chinese Academy of Sciences, Beijing 100101,China),

Acta Ecologica Sinica,2003.23(10) : 2057 ~ 2065.
Abstract ; Arsenic, P and Ca uptake by Pteris vitzata L. » as affected by Ca and As additions, were studied

under sand culture. The 3 X 3 factorial experiment was conducted with three As concentrations (0, 0.1
and 0.2 mmol/L) and three Ca concentrations (0. 03, 2.5 and 5. 0 mmol/L). Although biomass of root,
petiole and pinna of Pteris pittata L. were not significantly (p<C0.05) affected by As addition levels,
peticle and pinna dry biomass production responded to As treatments in an identical way, and plant treated
with 0. 1 mmol/L had the highest dry matter weight (22%{ and 26% greater than 0 and 0.2 mmolAs/L

treatments, respectively) followed by planis treated with 0 and 0. 2 mmol/L. When plants were supplied
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with Ca at rates of 0.03 and 2.5 mmol/L, a significant increase in the petiole and pinna dry matter was
observed as compared with those of 5.0 mmol/L. Ca treatment. Addition of Ca at rate of 5.0 mmol/L
significantly increased As concentration of petiole but decreased that of pinna compared to those of 0. 03
mmol /L. Plant treated with 0. 03 mmol/L Ca had the highest As concentration, 4218mg/kg, in pinna
compared to those of 2.5 and 5.0 mmeol/L.. Ratio in As concentration of pinna 1o root enhanced with
increasing As concentration in media, while reduced with increasing Ca concentration, showing that Ca
inhibited As translocation. Pinna suffered As toxicity presenting brown coloration and necrosis at the tips
and margins. Vein became dark and part mesophyll gangrened. because of Ca phytoxicity for the fern.
Arsenic in nutrient solution significantly depressed root P nutrient, however it had less effect on
aboveground P concentration. Comparing to control, As application enhanced Ca concentration in root
(12% more than control) and pinna (13% more than control), reduced that in petiole (22% less than
control). There was significantly interaction of Ca and As on plant As accumulation, and Ca was negative
while As was positive. Added Ca at rate of 2.5 and 5. 0 mmol/L, plants accumulated 6019 and 2014 mg/
pot, respectively, which were 79% and 26 % of total As accumulation by plant treated with 0. 03 mmol/L..
It indicated that excessive Ca in growth media might make against for efficiency of As removal from
contaminated soils where phytoremedition using Pterss vittata L. is applied.

Key words:Calcium; arsenic; phosphorus; interaction; Pteris vittata L.
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PRu R a5 e A R B S| B AT BRMAE (Preris vittata L. )R IT 1R 1H 09 & 51 00 i B £
HY . RERNEEREAM Y, B ATHEBRRE 7 MAR. LRFHHBERESR s1P. B
ER-FERT MNEREY, ERTATREMRBAT ZE448 . BdNPERTFEEKRBE R
BHE—REREGRE TR ARAEAP . EER L MR BIE K LN PR B2 L 08
WA EREABGS . MEECERBE RN X ERENATHS RN EXE
E. AN HTEMMEERAER . ORBRSBEIRBNE 1800 ERHCGEET 1960 FXAORMKAT
R+ EERAREHRLRBBRCL,QBTHE-—BIGERLMBETRKELIR:OEEANIEREL
wEE 2B ERACRYA K,

ERAHYBRERLIOVENBEEER AR AR Y ERHERETPNTAIEEMHX BENBRBER
WHMREHNERSARE. ZAXESADEESHT AREMTENBEREALRKARKEEBHE W,
BRI NESRNEERE.

1 #¥B5FHE

BEMERTFCRAPEIMERE L (ERERARN . AKEBIOMNYNEFEE . SFRKH 3~4 0
N.EREBFAREBERE . ERFARRN IR . EERREBREDIENE P, EALSERPIER.
B &R 14h . B/WBER26C/20C  BER 85% . LISt$5 3 89 Hoagland i 3wl B SF B 1T
BgRE., PRI ETEHRE (mmol/L)KX N 4.8.P 0.4.K 2. 0.Mg 0.25,Na 0. 2,Fe 2.24X107% Mn
2.3x107* B 1.15%X107%2,Zn 1. 9X107*,Cu 8X107° Mo 5X107°,C1 0.2,.5 0. 28, RA IX3ZLiERK
. 3AFKF003.2.5 7 sSmmol /LU TF B RS, PEMESSLAMN 3 HAKE:0.0.1 A
0. 2mmol /LA T B R, PR M FARE), DL Ca(NO;), AHHE, UL Na,HAsO, Z#H K, KB HiF
—~ 2.5 mmol/L CaCl; 1 0. 1 mmol/L Na,HAsO, %3, L HER Ca(NOy), FEEMN NO; HEW ., ERXFE
ML EHEFRBER B TAHFEATRORE HBEEN S.3X10  mmol /L, BB 4d 8 1 K, U
BRFANHEE., APHEDERMGTEK 150d. R - HBH FHEE. SBEHEGR AR . BHE
PRkt 3R, RE R TEEE BEEHAEBE. #458H HNO;-HCIO, G5+ DX . HERERAR
BRPES G, FMETHRHEEFRACENECI(AFS-2202, #)X)., RHGAMEMED. Mg
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BEVRAZEMEHAE S MY BAEREET]. SEAREFRKOERED (FE Analytik Jena AG
2y 7} AAS vario 6 B15), MERGBW-0760DER ST EEREH HEREATRETEA.
HRREEAHAGHNANTFRAESHREEFE N BHTHTES T BN ETEHFRHETKFEHST
ZHE L., BB R H SAS(SAS Institute Inc. , 1996) (PROC ANOVA # PROC GLM) & 4#7 .
2 ZR5HR
2.1 BN PR E A KR
BRBEFACEHEENBRERENEAKRBR HHEADRFTYEORREFEIM p<0. 5 IBEXKTE
W, EEMh A e Y PR BEE X EN B TYRRES T 2% . EMAES K
EHTYERRT 26% (R D, B EHSHBOLERLPFHLEEE, HXERMABMLMLE. p
AREYLELR - ERENTNEDERS BRI Y 5008 B Y B0 5t 20
B, ZEAFRBAKET . B REEKOIERFES - ERSGLHHET BEEYREEE N PWERE
MABWEER D EPHEHET ERAPBABENRPIHREA BT R ELEBRE L
MR THBHE,

Bl FAER.SLRHELEEWERNES (SR IHREE
Table 1 Effect of As and Ca addition on biomass production of Pteris vittata L. (Mean4 SD)

Conc. (mmol/L) 4 1 | Biomass (g/pot DW) TR
As Ca £ Root H# Petiole P Pinna & X Total Shoot /Root
0 0.03 1. 4510, 25 0.6230. 34 1. 6310, 21 4. 000, 37 1, 76+0. 21
0 2.5 0.61+0.13 0,524+0.19% 1.13+0. 38 2.2610.71 2.6810. 44
0 o 0.33x0.11 0.3010. 38 0.3740.19 . 77 0. 36 1, 6030, 50
0.1 0.03 1.3710. 26 0.9110. 09 1.6410.16 3.911+0. 47 1. 8910. 26
0.1 2.5 0.86L0.27 0. 80+ 0, 32 1. 4040, 45 3.05+1.03 2.55+0. 18
0.1 o 0.3440.12 0.29+0, 14 0.53+0,19 1.16140. 43 2. 4810, 67
Q. 2 0. a3 1.054:0. 32 0.62+0. 25 1. 2840, 49 2.95+1.05 1.76+£40. 23
0. 2 2.5 0.91+0. 25 0.654+0.21 1.36+£0. 34 2.8310.76 2.2340. 40
0.2 ] 0,2440.16 0.131£0.13 0. 3610. 21 0.7340.50 2.1030. 40
0.1 2. 5(CaCl3z) 1. 0510, 44 0. 7440. 29 1.3340. 43 3.134+1. 10 2. 06+0. 48
ANOVA TEST .
As conc., NS NS NS NS NS
Ca conc. ® X ¥ ¥ K % * ¥ % * % ¥ * KN
Ca conc, X As conc. NS NS NS NS NS
Duncan Multiple Range Test
As conc,
0 Q. 80a (. 48a 1. 0da 2. 33a 2.0la
0.1 0. 85a 0. 66a 1.19a 2.71a 2. 31a
0. 2 0. 73a (. 47a 1. 00a 2. 20a 2. 03a
Ca conc.
0. 03 1. 29a 0. 72a 1.51a 3.61a 1. 80b
2.5 0. 790 0. 66a 1. 30a 2.75b 2. 48a
) 0. 30c 0. 24b 0. 42b 0. 88¢ 2. 06b
Ca form
Ca(NO;); 0. 86a 0. 80a i.40a 3. 05a 2. 55a
CaCl, 1. 06a ), 74a 1. 33a 3.13a 2. 06a

NS, $#20.05; #, p<70,05; = #, p<T0.01; *» » =, p<70.001

AP REERENRGENE KA EEREWMR D, £ KERSLHENVEIEREYRB A HK
RPEMPBIGLR, ZLHEBERTED p<0.05 MBEKTFE. HYH RSP EH .0 LB+ AR
HERTHRSLAE, AHEW 237X 195% ., ERERBHLEET HEYLIFRB R/, XKD 60 R IK R
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B EERAEEBN . AAREEES TECOE. HAPEN . SRy 2. 8. EERTHELE . ESF
EBAY Ca(NO,), 5 CaCl, B KM MHW THENER LA LB EE W, IRUAFEEHE X
ARBERENEH . EREYEERNREERETRNER MARHMIRRERLRHMAER,

Handreck A%, B M $ Ca/Mg HEE 2~10 ZE M, A &Y RBELER YA K BN ZH 25
ERYEIRENERY., EXLBEBEAHT . EFRBPHEMD BT, BB (Nephrolepis exaltata
LSk KEEFES BnSERERT#NEsHEY . BEARREH . AP IHREIREZHE
M AR, B GEWREE K 0. 25mmol/L,Ca/Mg=20) 4L FE T R 43 B A M BT R F 45 (Ca/Mg=10) HI
G485 (Ca/Mg=0. IR TFHEYE, FEMY PR HKER. HRBIHE, BRASRENER. HBTE
S B RRERKE SR AEMNEWE E R SRR ERMENRE. RSLEER N PERE
B ZEEQIFELRARLPRERS, BN HHE, P Handreck REMBREMYMIEE Ca/Mg LB R
2~10 MMM ERES FEANE. BLAENSHKEERN EREXERESE#HRVENE KM
W e U o R
2.2 FEINES B IRM R R RIS E

SN EENHEENEZEEM/OEEEFRBPRIMENRE MBI X, EEHALHE D
BRIk N R WA TN 7486 mg/kg M 5. 84 . AR E(F 2). WMEBRMEER ST HHELMET R
HE. ARA>HHE>R, ARBRP.EREFH PR RN 10381 mg/kg (M REMSLH) . &

BERHNAET . PHHAMTERAR. A HETRER . REPHAZTRIFL.
B2 AFH.FHENELHEMAEPHER CEHWLHFEE
Table 2 Effect of As and Ca addition on As concentration of Pteris vittata L. (Mean+S5SD)

Cone. (mmol/L) B As conc. (mg/kg) P/
As Ca ## Root H-#§ Petiole ¥t Pinna o Pinna/Root
0 0. 03 615 919 24118 4,43 3. 00
0 2.5 634 8§+2 17144 3.7412. 36
0 5 5+1 22124 1215 2.1940. 86
0.1 0. 03 913-+139 10891196 42191328 4.714+0.78
0.1 2.5 836+173 1156+ 316 3558 +519 4. 351 0. 8C
0.1 7 8554945 1525+138 39941743 4,78+ 1.43
0.2 0. 03 13441672 16401221 8410+ 1855 6. 92+ 1. 99
0, 2 2.5 14064447 1697+ 378 67791772 5.291+2.12
0.2 5 13761183 23944425 72681753 5.31:40.45
0. 1 2, 5(CaCl;) 8094168 11084130 37711329 4.8241.08
ANOVA TEST
As conc. I I L I I EE R *
Ca cone. NS * ox o * » NS
Ca cone. X As cone, NS * NS NS
Duncan Multiple Range Test
As conc,
0 B¢ 13c 18¢ 3. 45b
0.1 868b 1257b 3923b 4. 61ab
0.2 1375a 1910a 7486a 5. 84a
Ca cone.
0. 03 754a 913b 4218a 5. 35a
2.9 750a 953b 3451b 4, 46a
5 745a 1314a 3758ab 4. 0%9a
Ca form
Ca(NO3); 836a 1156a 35508a 4. 36a
CaCl, 809a 1108a 3771a 4. 82a

NS1 p;.?-{}- 05; L P{O- {}5; E I p{\’:{}- 01;

x % %, p<C0.00]
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S IE P 0-03 AAE P 5. Ommol/L RMEREMKEXLRELL HAFHRERR . BRN
b e 7 KR L X USRS TR B AR SR I RS S MR A KA — S P A 53 SRR M R
4IE o BF KR AR 1) 30 - B0 F% 8 R (SR 20, 45 B G MR 4 B0 o B K B B A A IE ST LR

Tu fl Ma £ -5 &4 T3 7TRBE X Ca; (AsO,), . AlAsO;, FeAsO,, Na,HAsO, #1 K,HAsO, %
FREAMGBRKAEEHRRBREEZY PR Ca:(AsO,), B B8 TP A o B Ik 5 B &5 . B 1 fib 117 #E 0
45 {5 S5 S Fh A P 0 BB AR 3B 0T), — e STAE R R 4 B 5 45 A W AT LA 4R R R A X B 9 TR W
XA 1 pH k0B AG IR B, 3 0 T LR BR A A B M A& B, Xie #1 Huang RIS ¥
1038 B X KRR A B L R T RO, 440 i 1) B J03E & B, 5 T 48 W A o R Pk B L 90 R e R OK
hitiE, AW ESH P A FH ARG L BEE, BEMN A e RastE. Rk, B Ea0 ik
EFH/MAEEEY PR ELBES G- SR

EARRY . ARPADERETRBRETYHBEL, BNHERBEEFBRE, RELERAHK
iR FHMLEGED TERSHBRERBAIMEP XBIESI BN, DR REKELAZERB TR,
ERENER,SLBRZEHPHREELERYRRE . AEKABEKE SN B> A, X

HHaaBBEFER.
N3 FEN . SHENREERREGEN (FHRIRES)
Table 3 Effect of As and Ca addition on P concentration of Pteris vittata L. (Mean+SD)

BEE P conc. (mg/kg)

Conc. (mmol/L)

As Ca # Root 4% Petiole ™ Pinna
0 0.03 6622+ 2871 3311452 28741 566
0 2.5 72031810 29631315 26851205
g D 92761987 3245173 25221298
0.1 0. 03 48254915 30811291 23314211
0. 1 2.5 4407 1602 2841+ 282 24261653
0.1 3 67172537 29134551 26541565
0.2 0. 03 4994+ 2161 3105+149 2656+514
0.2 2.5 4275+ 711 26864399 2493+ 242
0. 2 3 8492+ 4134 34201348 26414311
0.1 2. 5(CalCly) 557211674 29794290 23004293
ANOVA TEST
As conc, * % NS NS
Ca conc. * * NS
Ca conc, X As conc, NS NS NS
Duncan Multiple Range Test
As conc.
0 7701a 3173a 26%94a
0.1 5316b 1945a 2470a
0.2 5921ab 3070a 2597a
Ca conc.
0. 03 5480b 3163a 2620a
2.5 5295b 2830b 2535a
5 8§162a 3192a 2606a
Ca form
Ca(NQO3), 4407a 2841a 2426a
CaCl, 5572a 2979 2300a

NS, p=20.05; *, p<l0.05; % #, p<{0.01; » » *, p<70.001

R 760 R i 0 0 AR 5 4 B AL R 0L, B 1 A B8 A Y (30 Holcus lanatus L. F) KRB MR E L 2T
FERABE, GRERBNETHEY EXFR P LEHNBEAEELR THAREE ARFGE
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W B GRS M SRR e, A HRIN R R 00 B R B RG £k 0B R A0 R 3 2ot 4 ) Al R i T B A
1538 o ET A0 L e b RBAEE ), MM EE R R L WA RR T A A M | AR AR A Fu R AR WA R
B BREMEE SR ERNERAES.

B 4 PATETE W, A 5 Bk A 0k B 60 B2 06 R AR B P o 3R, 2o AR AR A5 M E RS o R A B
B EKF(H<<0.05), Aot iR P BB LT p<<0.05 WBEAKFEW, P &K EEB p<<0.01 B9
BEALEHE, SHERSHOWKREMGRBHAR . RHEYESERSHYRMBRETEREMRBER. 5
S BRAL A L R MR B RB M BE 120 MPH (KX EE 137 ERE, HEOH AT HSRE (L
X R A 2296)(F 40, BRI MR B 02 0 B A ROBC (R SS Y R W B RS . RS HR B A E R R

BERBEYERE AEASHHREXIHRARGENAYGSERERNEARE.
¥4 IAEH SHENRCESEENESE (PR HEEE)
Table 4 Effect of As and Ca addition on Ca concentration of Pteris vittata L. (Mean=+-5D)

Ccone, (mmol/L) W B Ca conc. (mg/kg)
As Ca H Root M #g Petiole P H Pinna
0 0. 03 72231458 2722+ 238 7826 1-400
O 2.5 1355511193 6044+ 762 1640841262
0 5 12915+ 1068 90693 3578 17855+ 2326
0.1 0.03 106131582 2379295 112231744
0.1 2,5 1367712816 46361634 19586+ 3125
0.1 5 149914145 629411432 1953942152
0.2 0. 03 6446+ 883 22334441 7398378
0.2 2.5 163054+2980 56541+ 867 188414475
0.2 5 13612+ 1841 7912+ 648 1881041311
0.1 2. 5(CaCly) 1097641142 51641812 17943+ 2023
ANOVA TEST
As conc. NS * ’ * %
Ca conc, x % ¥ x % % x x *
Ca conc. X As conc. NS NS NS
Duncan Multiple Range Test
As conc,
0 11230b 584ba 14030b
0.1 13094a 4436b 16783a
0, 2 12121ab 5266ab 15017b
Ca conc.
0.03 8094b 2445¢ 8816b
2.5 14512a 5444b 18278a
5 1383%a 7758a 18735a
Ca form
Ca(NQO;), 13677a 4636a 19586a
CaCl, 10977a hl6da 17943a

NS, p=20.05; %, p<<{0.05; = %, p<{0.01; * * =, p<70.001

AR BRERMBAT I MEAGENTEEE . Cox PR FT I, BXH ¥ (Brassica napus LM L
WS E SMBENEEREKEBX™. Marin ERBNHABH KB PEERERERT X BB,
Carbonell-Barrachina 23 i 75 G R Y (Phaseolus vulgaris 1. )85 ¥k & BE A 5L o B 3 BE 49 18 b i 2% o2,
HYZHEREN G EINEHYESERLIIARTERARAPNERN . EHEEREAY P . HYENHT
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RELAERBEI M ENEA.

2.3 HEHOES B AR A5 B SR B A B
x5 AWM. ELHENELEMRREBAOENE (EHELHREE)
Table § Effect of As and Ca addition on As accumulation of Pteris vittata L. (Mean+3D)

B BB As accumulation (mg/pot)

Conec. {mmol/L)

As Ca B Root H-# Petiole 38t Pinna E i Total
0 0. 03 543 718 3622 48+ 14
0 2.5 4+4 4+2 20411 2816
Q 5 2t1 2t1 hx1l 8§L5
0, 1 0. 03 12601 341 9953230 6934+1195 9189+ 1589
0.1 2.5 718+ 283 0021425 487411426 649512096
0.1 5 253+122 448+ 254 20911645 28321900
0,2 0. 03 150331014 084 1 360 1123215439 137206705
0.2 2.5 13254675 10521195 91571 2289 1153512470
0.2 S 3141213 2954286 2592+1533 32012025
01 2. 5(CaCl;) 8331362 825+t 364 505941810 6717 £ 2406
ANOVA TEST
As conc. * *® * X % # X % % *
Ca conc. * % * x % * * % % * %
Ca conc. X As conc. NS NS % % *
Duncan Multiple Range Test
As conc,
0 3b 4b 20b 27b
0.1 757a 782a 4633a 6172a
0.2 1048a 7774 7660a 9485a
Ca conc.
0. 03 923a 662a 6067a 7652a
2.5 683a 652a 4684a §01%a
5 203b 248b 1563b 2014b
Ca form
Ca(NQO3); 718a 903a 4874a 6495a
CaCl, 822a 825a 5059a 6717a

NS, p320.055 * , p<<0.05; % %, p<<0.01; * x x , p<<0.001

RUERTHYRERFRHEZAEPHKERNSGSKEORY ., EERENRAMK RREREGRE
EHm. BPSARESA A - REE 5 5k 5336 #1 1811 mg/pot, RIKHB TR 79. 25 H
27% ., TEARGAL IR, B M REAB S SR RBRENERFAN 79. 3% .. R I RHLAE(78. 6 X ) ¢4t
W (78%), B AEMESSALM RASREB R (7562 mg/pot ), H KR 45 4L B (6019 mg/pot) A1 8 §5 4b 3
(2014 mg/pot) (R 5), MAEGHMAKFXERBE PN+ RABMAKEH RHARYERENLEEN,
KP4 06 32 B2 R » 8 O 1IE 32 B AN .

BROCHFEZH . BESTEEDRENCY, BXMEETEARVE BB APEKELW
LEMNBAEE FHYBEEREEKEASBED . YRBE TN pHARAO. FMAKKNSTESENRLT
s 3 RSB R E TS NS . EERAE. TRESEKEDRERRR, A3 E
HBEREET.

3 &

BIHAREYH .FEENHPHEENAR BRERNMEE AR ERAEYRK BN R8s
REANNPRAENER . BEAABRE. D REER D LMY RER. SRS ESFER
MENRARERFAPRER, SPFEERHAES KA, mMaphFBEREHREY LA L&,
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