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Effects of Ca and Asaddition on As, P and Ca uptake by hyperac-

cumulator Pteris vittataL. under sand culture
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Institute o Geographical Sciences and N atural Resource Research, ChineseA cademy o Sciences, B eijing 100101, China).
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Abstract: A rsenic, P and Ca uptake by PterisvittatalL. , as affected by Ca and A s additions, w ere studied
under sand culture The 3x 3 factorial experiment w as conducted w ith three A s concentrations (0, Q 1
and 0. 2mmol/A ) and three Ca concentrations (0. 03, 2.5 and 5.0mmolA ). A Ithough biomass of root,
petiole and pinnaof PterisvittataL. w ere not significantly (p< 0.05) affected by A s addition levels, peti-
ole and pinna dry biomass production regponded to A s treatments in an identical way, and plant treated
with 0. 1mmolA had the highest dry matter weight (22% and 26% greater than 0 and 0.2 mmolA sA
treatments, regectively) followed by plants treated w ith 0 and 0. 2mmolA . W hen plantsw ere supplied
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with Caat ratesof 0. 03 and 2. 5mmolA, a significant increase in the petiole and pinna dry matter w asob-
served as comparedw ith those of 5. 0mmolA Ca treatment. A ddition of Ca at rate of 5. 0mmolA signifi-
cantly increased A s concentration of petiole but decreased that of pinna compared to those of 0. 03 mmol/
L. Plant treatedwith 0.03mmolA Ca had the highest A s concentration, 4218ng/kg, in pinna compared
to those of 2.5 and 5. 0mmolA. Ratio in A s concentration of pinna to root enhanced w ith increasing A s
concentration in media, while reduced with increasing Ca concentration, show ing that Ca inhibited A s
translocation Pinna suffered A s toxicity presenting brow n coloration and necrosis at the tipsandmargins

V ein becane dark and part mesophyll gangrened, because of Caphytoxicity for the fern A rsenic in nutri-
ent lution significantly depressed root P nutrient, how ever it had less effect on aboveground P concentra-
tion Comparing to control, A s gpplication enhanced Ca concentration in root (12% more than control)
and pinna (13% more than control), reduced that in petiole (22% less than control). Therew as signifi-
cantly interaction of Ca and A son plant A s accunulation, and Caw as negative w hile A sw as positive

A dded Ca at rate of 2.5 and 5. 0mmol/A , plants accumulated 6019 and 2014mg/pot, respectively, w hich
were 79% and 26% of total A s accumulation by plant treated w ith 0. 03mmolA. It indicated that exces-
sive Ca in grow th media might make against for efficiency of A s renoval from contaninated silsw here
phytoranedition using Pteris vittataL. is gpplied

Key words Calcium; arsenic, phoghorus interaction; PterisvittatalL.
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Table 1 Effect of Asand Ca addition on biamass production of Pteris vittataL. (M eant D)
Conc__(mmolA ) Biomass (g/pot DW )
As Ca Root Petiole Pinna Total Shoot/Root
0 Q 03 145+ Q 25 Q62+ Q 34 163021 4 00+ Q 37 176+ Q 21
0 25 Q 61+ Q 13 Q 52+ Q 19 113+ Q38 226+ 071 2 68+ Q 44
0 5 Q33+ 011 Q 30+ Q 38 Q 37+ Q 19 Q 77+ Q 36 1 60+ Q 50
a1 Q 03 137+ Q0 26 Q 91+ Q 09 1 64+ Q 16 3 91+ Q 47 189+ Q 26
a1 25 Q 86+ Q 27 Q 80+ Q 32 1 40+ Q 45 3 05+ 1 03 2 55+ Q 18
Q1 5 Q 34+ Q 12 Q 29+ Q 14 Q 53+ Q 19 1 16+ Q 43 2 48+ Q 67
Q2 Q 03 1 05+ Q 32 Q 62+ Q 25 128+ Q 49 2 95+ 1 05 176+ Q 23
Q2 25 Q91+ Q 25 Q 65+ Q 21 136+0Q34 293+ Q76 2 23+ Q40
Q2 5 Q 24+ Q 16 Q 13+ Q 13 Q 36+ Q 21 Q 73+ Q 50 2 10+ Q 40
Q1 2 5(CaCl2) 105+ Q44 Q 74+ Q 29 133+ Q43 313+ 110 2 06+ Q 48
ANOVA TEST
A s conc NS NS NS NS NS
Ca conc P * ox % ok % ok % ok o
Caconc X A soonc NS NS NS NS NS
DuncanM ultiple Range Test
A soonc
0 Q 80a Q 48a 1 Oda 2 33a 2 0la
a1 Q 85a Q 66a 1 19a 2 7la 2 3la
Q2 Q 73a Q 47a 1 00a 2 20a 2 03a
Ca oconc
Q 03 1 29 Q 72a 1 5la 3 6la 1 80b
25 Q 7% Q 66a 1 30a 2 75b 2 48a
5 Q 30c Q 24b Q 42b Q 88c 2 06b
Cafom
Ca(NO3)2 Q 86a Q 80a 1 40a 3 O5a 2 55a
CaCl2 1 O6a Q 74a 1 33a 3 13a 2 06a

NS, p=2 Q05 *, p<QO05 **,p<Q01 ***, p<Q 001

(1 :
, p< 0.05 ,
, 237%  195%
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Table 2 Effect of Asand Ca addition on Asconcentration of Pteris vittataL. (M eant D)
Conc_ (mmolA) A soonc_ (mg/kg) /
As Ca Root Petiole Pinna Pinna/Root
0 Q 03 6t 5 9+ 9 24+ 18 4 43+ 3 00
0 25 6+ 4 8+ 2 17+ 4 3 74+ 2 36
0 5 5+ 1 22+ 24 12+ 5 2 19+ Q 86
Q1 Q 03 913+ 139 1089+ 196 4219+ 328 4 71+ Q 78
Q1 25 836+ 173 1156+ 316 3558+ 519 4 35t Q 80
Q1 5 855+ 945 1525+ 138 3994+ 743 4 78+ 1 43
Q2 Q 03 1344+ 672 1640+ 221 8410+ 1855 6 92+ 1 99
Q2 25 1406+ 447 1697+ 378 6779+ 772 529+ 2 12
Q2 5 1376+ 183 2394+ 425 7268+ 753 5 31+ Q 45
Q1 2 5(CaCl2) 809+ 168 1108+ 130 3771+ 329 4 82+ 1 08
ANOVA TEST
A s mnc * k% * * * * * * *
Ca oonc NS *oxox *o* NS
Caoonc x A soonc NS * NS NS
DuncanM ultiple Range T est
A s oonc
0 6¢c 13c 18¢ 3 45b
Q1 868b 1257b 3923b 4 6lab
Q2 1375a 1910a 7486a 5 84a
Ca conc
Q 03 754a 913b 4218a 5 35a
25 750a 953b 3451b 4 46a
5 745a 1314a 3758ab 4 09a
Cafom
Ca(NOs)2 836a 1156a 3558a 4 36a
CaCl2 809a 1108a 3771a 4 82a
NS, p20.05 *, p<0.05 * *, p<0.01, * * *, p< 0.001
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Table 3 Effect of Asand Ca addition on P concentration of Pteris vittataL. (M eant D)
Conc  (mmolA) P conc  (mg/kq)
As Ca Root Petiole Pinna
0 Q 03 6622+ 2871 3311+ 52 2874+ 566
0 25 7203+ 810 2963+ 315 2685+ 205
0 5 9276+ 1987 3245+ 73 2522+ 298
Q1 Q 03 4825+ 915 3081+ 291 2331+ 211
Q1 25 4407+ 1602 2841+ 282 2426+ 653
Q1 5 6717+ 2537 2913+ 551 2654+ 565
Q2 Q 03 4994+ 2161 3105+ 149 2656+ 514
Q2 25 4275+ 711 2686+ 399 2493+ 242
Q2 5 8492+ 4134 3420+ 348 2641+ 311
Q1 2 5(CaCl2) 5572+ 1674 2979+ 290 2300+ 293
ANOVA TEST
A s conc *ox NS NS
Ca oconc * * NS
Caoonc X A soonc NS NS NS
DuncanM ultiple Range Test
A s conc
0 7701a 3173a 2694a
Q1 5316b 1945a 2470a
Q2 5921ab 3070a 2597a
Ca conc
Q 03 5480b 3163a 2620a
25 5295b 2830b 2535a
5 8162a 3192a 2606a
Cafom
Ca(NOs3)2 4407a 2841a 2426a
CeCl2 5572a 2979 2300a

NS, p2 Q05 *, p<QO05 **, p< 0.0l

[23]

* * * p< 0.001

(

H olcus lanatusL.

)
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Table 4 Effect of Asand Ca addition on Ca concentration of Pteris vittataL. (M eant D)
Coonc  (mmolA) Caoonc (mg/kq)
As Ca Root Petiole Pinna
0 Q 03 7223+ 458 2722+ 238 7826 £ 400
0 25 13555+ 1193 6044+ 762 16408+ 1262
0 5 12915+ 1068 9069+ 3578 17855+ 2326
a1 Q 03 10613+ 1582 2379+ 295 11223+ 744
a1 25 13677+ 2816 4636+ 634 19586+ 3125
a1 5 14991+ 145 6294+ 1432 19539+ 2152
Q2 Q 03 6446+ 883 2233+ 441 7398+ 378
Q2 25 16305+ 2980 5654+ 867 18841+ 475
Q2 5 13612+ 1841 7912+ 648 18810+ 1311
a1 2 5(CaCl2) 10976+ 1142 5164+ 812 17943+ 2023
ANOVA TEST
A soonc NS * *ox
Ca oonc * ok % * % * * ok %
Caoonc x A soonc NS NS NS
DuncanM ultiple Range Test
A s conc
0 11230b 5945a 14030b
a1 13094a 4436b 16783a
Q2 12121ab 5266ab 15017b
Ca conc
Q 03 8094b 2445¢ 8816b
25 14512a 5444p 18278a
5 13839a 7758a 18735a
Cafom
Ca(NO3)2 13677a 4636a 19586a
CaCl2 10977a 5164a 17943a

NS, p2 Q05 *, p<QO05 **, p<0.0L ** *, p< 0.001

Cox , (B rassica napusL. )

[29] [30]

M arin

CarbonellBarrachina (Phaseolus vulgarisL. ) 131

’ ’ )



10 : 2063

2.3
5 ( ES )
Table5 Effect of Asand Ca addition on Asaccumulation of Pteris vittataL. (M eant D)
Conc  (mmolA) A s accumulation (mg/pot)
As Ca Root Petiole Pinna Total
0 Q 03 5+ 3 7+ 8 36+ 22 48+ 14
0 25 4+ 4 4+ 2 20+ 11 28+ 16
0 5 2+ 1 2+ 1 5+ 1 8+ 5
Q1 Q 03 1260+ 341 995+ 230 6934+ 1195 9189+ 1589
Q1 25 718+ 283 902+ 425 4874+ 1426 6495+ 2096
Q1 5 293+ 122 448+ 254 2091+ 645 2832+ 900
Q2 Q 03 1503+ 1014 984+ 360 11232+ 5439 13720+ 6705
Q2 25 1325+ 675 1052+ 195 9157+ 2289 11535+ 2470
Q2 5 314+ 213 295+ 286 2592+ 1533 3201+ 2025
Q1 2 5(CaCl2) 833+ 362 825+ 364 5059+ 1810 6717+ 2406
ANOVA TEST
A s conc - * % % * % % ok %
Ca conc ok % * % % * % % ok %
Caoonc X A soonc NS NS *ox *
DuncanM ultiple Range Test
A s conc
0 3b 4b 20b 27b
a1 757a 782a 4633a 6172a
Q2 1048a T77a 7660a 9485a
Ca oonc
Q 03 923a 662a 6067a 7652a
25 683a 652a 4684a 6019a
5 203b 248b 1563b 2014b
Cafom
Ca(NO3)2 718a 903a 4874a 6495a
CaCl2 822a 825a 5059a 6717a

NS, p2 Q05 *, p<0.05 **, p<0.0L, ***, p< 0.001

5336 1811 mg/pot, 79. 2%
27% , 79. 3% (78.6%)
(78%) (7562 mg/pot), (6019 mg/pot)
(2014mg/pot) (  5)
[32]
, pH ,

[33, 34]
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