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Effects of arsenic and calcium on metal accunulation and

translocation in Pteris vittata L.
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Abstract: Soil A s contanination, w hich is dangerous to plants and human and may cause elevation of A s
concentrations in the surroundingw aters, isaw idepread and severe environmental problem both in China
and in theworld Phytorenediation, which is an emerging plant-based technology for the removal of
pollutants, have been successfully agpplied to remediate heavy metal contaminated «0ils Pterisvittatal. ,
an indicator plant for calcareous ils, is an A shyperaccunulator new ly discovered by Chen et al. in
China This finding may bring a hope to phytorenediate A ssoontan inated ils The accumulation and
translocation of necessary metals involved have not been elucidated W e investigated the interactionsof A s
and Ca on the concentration and distribution of metals including K, Mg, M n, Fe, Zn and Cu in Pteris
vittata L. under sand culture condition A 3x 3 complete factorial experiment was designed w hich
contained 9 treaments added with 3 A's concentrations 0, Q 1, @ 2mmolA and 3 concentrations of
Ca 003, 25 5 0mmolA.
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It is show n that theM g and Zn concentrations in rootsw ere significantly reduced by enhancing theA s
levelsw hereas the concentrations of K, M n, Fe and Cu in the rootsw ere not influenced Therew as no
significant effect of the added A son themetal concentrations in shoots, andM n concentration in petioles
and Fe concentration in shoots A decrease of Fe translocation from underground to aboveground and an
increase of that from petiole to leaf were found w ith increasing A s concentration in the medium. The
goplied A sw as benefit to trangportM n from petiole to leaf and Zn from root to leaf.

The results show that the accumulations of Fe, Zn and Cu were not significantly affected by Ca
levels W ith increasing Ca concentration in themedium, K concentration in the roots increased gradually in
the leaves Applied 2 5 and 5 O mmolA Ca caused to reduceM g and M n concentration in the shoots
comparing with the treatment of @ 03nmol Ca A. Regardless of A s and Ca levels, M n was the only
elenent anong the 6 metals studied w hich accumulated obviously to the shoots

T he interaction of metalsw as enhanced gradually from the roots to leaves, and the effect of the Ca
level on other metal elenentsw as very obvious Therewas no significant relationship betw een the Ca
concentration and other metals concentrations in the roots But the positive correlation betw een Ca and Fe
concentrations in petioles was very significantly. The K, Mg, M n and Zn concentrations in leaves
decreased as the Ca concentration increased
Key words hyperaccumulator; Pteris vittata L. ; arsenic, calcium; metal, accumulation; translocation
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Fig 1 Effectsof A sand Caon the biomassof PterisvittataL.
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Table 2 _Concentrationsand translocation coefficientsof K in P._vittataL. treated with Asand Ca (M ean+ D)
T reatment K K
(mmolA) K concentration (g/kg) K translocation coefficient
/ / /
As Ca Root Petiole Pinna Pinna/root Petiole/root Pinna/petiole
0 0.03 16.7+ 4.4 21.8+ 2.8 25.4+ 3.0 1.60+ 0.44 1. 40+ 0.46 1.19+ 0.28
0 2.5 18.9+ 4.3 31.0+ 8.4 22.8+ 2.8 1.58+ 0.63 1.67+ 0.40 0.70+ 0.18
0 5.0 24.1+ 3.1 22.0+ 2.9 14.9+ 4.5 0.64+ 0.26 0.92+ 0.15 0.80+ 0.04
0.1 0.03 16.5+ 2.0 20.2+ 2.1 19.9+ 1.9 1.21+ 0.15 1.25+ 0.27 1. 06+ 0.03
0.1 2.5 16.9+ 1.6 26.0+ 7.6 16.8+ 4.4 0.99+ 0.20 1.56+ 0.39 0.67+ 0.16
0.1 5.0 20.0+ 3.8 28.2+ 7.4 18.0+ 2.6 0.93+ 0.21 1.42+ 0.30 0.67+ 0.18
0.2 0.03 18.3+ 0.8 17.6+ 1.7 22.5+ 6.5 1. 45+ 0.39 1. 40+ 0.49 1.13+ 0.43
0.2 2.5 23.4+ 6.0 23.2+ 1.6 17.2+ 1.6 0.75+ 0.14 1.22+ 0.54 0.84+ 0.21
0.2 5.0 19.9+ 5.0 15.5+ 3.1 15.2+ 7.1 0.85+ 0.51 1.54+ 1.44 0.42+ 0.34
ANOVA test
As
0 19. 9a 25. 0a 21. 0a 1.17a 1. 33ab 1. 24a
0.1 17. 1a 24. 8a 18. 3a 1. 10a 1.48a 1. 56a
0.2 20. 5a 20. 1a 18. 3a 0. 95a 1. 04b 1.67a
Ca
0.03 17.2b 21.2a 22. 6a 1. 35a 1. 28ab 1. 10a
2.5 19. 1ab 26. 7a 18. 9b 1. 06a 1. 50a 0.73b
5.0 21. 3a 21.9a 16. Ob 0. 81a 1. 08b 0. 76b
F test
As NS NS NS NS * NS
Ca NS NS *ox *ox NS *
A sx Ca NS NS NS NS NS NS
NS, p2 0.05 *, p< 0.05 * *, p< 0.01
’ M g? ,
[12] , ’
, / (3

[13] [6]
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Table 3 Concentrationsand translocation coefficientsof M g in P. vittataL. treated with Asand Ca(M ean+ D)
T reatment Mg (g/kg) Mg
(mmolA) M g concentration M g translocation coefficient
/ / /
As Ca Root Petiole Pinna Pinna/root Petiole/root Pinna/petiole
0 0.03 1.91+ 0.24 1.57+ 0.32 3.98+ 0.45 2.13+ 0.46 0.83+ 0.21 2.60+ 0.52
0 2.5 2.80+ 0.25 1.03+ 0.03 2.47+ 0.13 0.89+ 0. 10 0.37+ 0.04 2.40+ 0.09
0 5.0 2.37+ 0.45 1.23+ 0.70 2.08+ 0.07 0.90+ 0.17 0.53+ 0.31 2.19+ 1.21
0.1 0.03 1.85+ 0.07 1.16+ 0.09 3.75+ 0.02 2. 31+ 0. 06 0. 62+ 0.05 3.63+ 0.58
0.1 2.5 2.43+ 0.05 0.95+ 0.16 2.57+ 0.35 1.19+ 0.38 0.44+ 0. 14 2.74+ 0. 38
0.1 5.0 1.91+ 0.18 0.91+ 0.15 2.01+ 0. 14 1.06% 0.15 0.47+ 0.04 2.27+ 0.45
0.2 0.03 1.76+ 0.18 1.22+ 0.16 4.39+ 0.64 2.49+ 0. 16 0.70+ 0.14 3.68+ 0. 89
0.2 2.5 2.19+ 0.15 1.01+ 0.19 2.34+ 0.13 1.07+ 0.12 0. 46+ 0.09 2.39+ 0.55
0.2 5.0 1.73+ 0.16 0.99+ 0. 06 2.07+ 0.24 1.21+ 0.24 0. 61+ 0.52 1.33+ 0.97
ANOVA test
As
0 2. 36a 1.27a 2. 84a 1.31a 0. 58a 2.40a
0.1 2.07ab 1. 00a 2.78a 1.38a 0. 50a 2. 76a
0.2 1. 8% 0. 99 2.94a 1.5%9 0. 54a 2. 80a
Ca
0.03 1. 84b 1.31a 4. 04a 2.22a 0.72a 3.18a
2.5 2.47a 0.97b 2.46b 1.01b 0.41b 2.51b
5.0 2.00b 0. 95b 2. 06¢c 1. 06b 0. 48b 2.21b
F test
As *ox NS NS * NS NS
Ca P * % x - - -
A sx Ca NS NS NS NS NS NS
NS, p2 0.05 *, p< 0.05 * * p<0.0L * * *, p< 0.001
2.2
. ( 4
, 138. Ing/kg / 5. 11, /

30 )
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: / :
2.5mmolA Ca ./ / 0.03mmolA Ca
4 ( * )
Table 4 Concentrationsand translocation coefficientsof Mn in P._vittataL. treated with Asand Ca(M ean+ D)
T reatment M n (mg/kg) M n
(mmolA) M n concentration M n translocation coefficient
/ / /
As Ca Root Petiole Pinna Pinna/root Petiole/root Pinna/petiole
0 0.03 23.4+ 5.0 30.1+ 5.5 130. 5+ 32.6 5.94+ 2.28 1.29+ 0.08 4.54+ 1.56
0 2.5 24.5+ 2.5 16.9+ 1.2 82.5+ 12.6 3.36x 0.38 0.67+ 0.04 5.10% 0.42
0 5.0 23.1+ 0.7 29.2+ 13.4 90.8%+ 2.6 3.95+ 0.18 1.16+ 0.50 3.91+ 1.66
0.1 0.03 13.4+ 1.7 19.3+ 3.2 123. 7+ 4.7 8. 14+ 2.26 1.26+ 0.41 6.56+ 1.15
0.1 2.5 29.3+ 18.6 10.0+ 3.2 72.4+ 11.4 3.12+ 1.49 0.41+ 0. 17 7.48% 1.17
0.1 5.0 19.0+ 3.9 11.3+ 4.0 75.5+ 27.1 3.99+ 1.21 0.60+ 0.18 6.90+ 1.98
0.2 0.03 18.4+ 5.6 23.0+ 1.7 138.3+ 37.0 8.54+ 4.90 1.33+ 0.38 6.05+ 1.71
0.2 2.5 24.7+ 5.8 13.4+ 6.3 86.7+ 17.9 3.64+ 0.98 0.56+ 0. 26 7.09+ 1.84
0.2 5.0 22.7+ 8.3 27.6x 22.6 85.7+ 12.1 5.47+ 3.03 1.23+ 0.17 3.99+ 3.10
ANOVA test
As
0 23.7a 25. 4a 101. 3a 4.41a 1. 09 4. 38b
0.1 20. 6a 13.5b 90. 5a 5.47a 0. 82a 6. 98a
0.2 21.9a 19. Ob 103. 6a 5.47a 0.93a 6. 06a
Ca
0.03 18. 4a 24. 1a 130. 8a 7.92a 1. 36a 5.72a
2.5 26.2b 13.4b 80. 5b 3.37b 0. 56b 6. 48a
5.0 21.6b 20. 4a 84.0b 4. 05b 0.92b 5. 14a
F test
As NS * NS NS NS *ox
ca NS * x % % - - NS
A sx Ca NS NS NS NS NS NS

NS, p2 0.05 *, p< 0.05 * *, p<0.01 * * *, p< 0.001

( 5 ,0.2
mmolA A's , 1/4, 2/3  Wallace
, (bush bean) (1

[13]

, , 786mg/kg, ,
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Table5 Concentrationsand translocation coeff icients of Fe in P. vittataL. treated with Asand Ca(M eant D)
T reatment Fe (mg/kg) Fe
(mmolA) Fe concentration Fe translocation coefficient
/ / /
As Ca Root Petiole Pinna Pinna/root Petiole/root Pinna/petiole
0 0.03 602.8+ 15.7 113.8+ 37.6 165.7+ 51.6 0.24+ 0.03 0. 30+ 0. 22 1.19+ 0. 89
0 2.5 725.2+ 98.4 162.5+ 88.0 238.1+ 25.2 0.36+ 0.01 0.22+ 0. 10 1.78+ 0.85
0 5.0 716.5+ 188.6 304.8+ 188.3 199.3% 75.5 0.28+ 0.08 0.42+ 0. 22 0.90% 0.62
0.1 0.03 774.3+ 148.9 201.0+ 30.9 147.1+ 37.7 0.20+ 0.08 0. 10+ 0.05 2.28+ 0.37
0.1 2.5 785. 3+ 396. 2 56.3+ 23.5 142.3+ 87.6 0. 18+ 0. 06 0.08+ 0.03 2.19+ 0.09
0.1 5.0 652. 5+ 239.4 63.7+ 8.4 129.9+ 30.0 0.21+ 0.03 0.10+ 0.03 2.04+ 0.34
0.2 0.03 580.8+ 222.3 41.8+ 9.2  127.5+ 33.2 0.17+ 0.01 0. 08+ 0.02 2.49%+ 0. 17
0.2 2.5 559.7+ 83.4 48.1+ 15.9 114.6+ 28.1 0.21+ 0.07 0.09+ 0.04 2.45% 0. 26
0.2 5.0 764.8+ 264.8 48.0+ 20.4 178.0+ 35.5 0. 25+ 0.08 0. 13+ 0.02 2.34= 0.04
ANOVA test
As
0 681. 5a 193. 7a 201. Oa 0. 29a 0. 27a 1.43b
0.1 737. 3a 73.5b 139. 8b 0. 20b 0. 09b 2.24a
0.2 635. 1a 45.9b 140. Ob 0. 24ab 0. 08b 2.89%
Ca
0.03 652. 6a 85.4a 146. 8a 0. 25a 0.12a 2.38a
2.5 690. Oa 89. 0a 165. Oa 0. 24a 0.13a 2.21a
5.0 711. 2a 138. 8a 169. Oa 0. 24a 0.2l1a 1.8%
F test
As NS P - * * % % *
Ca NS NS NS NS *ok ok NS
A sx Ca NS NS NS NS * o NS
NS, p= 0.05 *, p<0.05 * *, p< 0.0L * * *, p< 0.001
; 6 ' ;
[16]l ,
L ia0
y 17 ’
(7 Tang (81, ,
,5 OmmolA Ca /
, > >
( ) ,

[8, 16]

0.2mmolA ,
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Table 6 Concentrationsand translocation coefficientsof Zn in P. vittataL. treated with Asand Ca(M ean+ D)
T reament Zn (mg/kg) Zn
(mmolA) Zn concentration Zn translocation coefficient
/ / /
As Ca Root Petiole Pinna Pinna/root Petiole/root Pinna/petiole
0 0.03 602.8+ 15.7 113.8+ 37.6 165.7+ 51.6 0.24+ 0.03 0. 30+ 0.22 1.19+ 0.89
0 2.5 76.4+ 24.1 28.0+ 1.4 42.2+ 19.1 0.56+ 0.25 0. 36+ 0. 10 1.41+ 0.79
0 5.0 94.2+ 22.1 32.3+ 7.2 33.7£ 9.4 0.39+ 0.19 0.55+ 0.35 0.90+ 0.45
0.1 0.03 48.8+ 11.7 28.2+ 8.6 43.8+ 10.8 0.74+ 0.13 0.60+ 0.23 1.65+ 0.59
0.1 2.5 45.2+ 24.9 17.1+ 9.0 26.4+ 3.4 0.71+ 0. 34 0.45+ 0.21 1. 85+ 0.87
0.1 5.0 57.4+ 12.4 25.8+ 9.2 28.8+ 5.7 0.52+ 0.16 0.47+ 0.18 1.17+ 0.23
0.2 0.03 46.9+ 10.8 19.2+ 6.8 45.4+ 15.3 0.98+ 0. 32 0.43+ 0.19 2.48+ 0.81
0.2 2.5 53.3+ 7.8 34.6x 7.7 43.7+ 13.6 0.83+ 0.27 0.65+ 0. 11 1. 35+ 0.66
0.2 5.0 74.8+ 34.3 68.7+ 6.9 46.3+ 7.0 0.54+ 0. 07 0.87+ 0.76 0. 64+ 0.57
ANOVA test
As
0 9l. la 33.4a 39. 3ab 0. 50b 0. 44a 1. 24a
0.1 50. 5b 23.7a 33.0b 0. 73ab 0.51a 1. 56a
0.2 58. 3b 29. 2a 45. la 0. 85a 0. 5% 1.67a
Ca
0.03 66. 2a 29. la 43. 8a 0.83a 0.53a 1.77a
2.5 58. 3a 26. 6a 37.5a 0. 70ab 0. 50a 1.57ab
5.0 75. 5a 30. 6a 36. 3a 0.55b 0. 48a 1. 08b
F test
As *ox NS * * NS NS
Ca NS NS NS NS NS *o*
A sx Ca NS NS NS NS NS NS
NS, p= 0.05 *, p<0.05 * *, p<0.01
2.3
8 , Ca KMgMn Zn , Cu
Ca , KMgMn Zn Ca
KMgMn Zn ,Mn MgK Zn ,Cu Zn Fe K Mg
: Ca Fe (9, Ca
( 10 Mg KMn FeZn Mn FeZn
Zn Cu Mn Fe
3
(1) (Fe Zn ) ,
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Table 7 Concentrationsand translocation coefficientsof Cu in P. vittataL. treated with Asand Ca(M ean+ D)
T reatment Cu (mg/kg) Cu
(mmolA) Cu concentration Cu translocation coefficient
/ / /
As Ca Root Petiole Pinna Pinna/root Petiole/root Pinna/petiole
0 0.03 15.6+ 6.2 6.3+ 0.6 7.6+ 0.8 0.60+ 0.17 0.63+ 0.26 1. 06+ 0. 36
0 2.5 14.0+ 7.5 3.8+ 1.1 8.9+ 3.4 0.47+ 0.11 0.35+ 0.23 2.55+ 1.18
0 5.0 14.3+ 7.5 3.6+ 1.7 12.3+ 12.0 0.45+ 0.24 0.35+ 0.14 3.33+ 2.39
0.1 0.03 9.2+ 3.8 3.1+ 1.7 8.0+ 2.0 0.92+ 0.13 0.35+ 0.15 2.22+ 0.44
0.1 2.5 10.2+ 6.5 3.9+ 2.5 6.7+ 2.8 0.83+ 0.39 0.40+ 0.16 2.15+ 1.04
0.1 5.0 13.7+ 4.0 4.4+ 1.2 9.1+ 0.4 0.66x 0. 30 0.35+ 0.18 2.05+ 0.88
0.2 0.03 10.2+ 2.2 4.2+ 0.6 8.9+ 3.1 0.88+ 0.22 0.43+ 0.13 2.26+ 1.16
0.2 2.5 7.6£2.9 47t11 7.8+ 2.1 1.03+ 0.79 0.40+ 0.25 1.26+ 0.73
0.2 5.0 25.8+ 16.0 2.6+ 0.4 13.5+ 3.8 0.65+ 0.29 0.28+ 0.23 2.66x+ 2.26
ANOVA test
As
0 14. 6a 4.6a 9. 6a 0. 79 0.35a 2.28a
0.1 11. 0a 3.8a 7.9a 0. 82a 0.37a 2.52a
0.2 14. 5a 3.8a 10. 0a 0. 90a 0.43a 2.50a
Ca
0.03 11. 7ab 4. 5a 8. 2ab 0. 78a 0. 41ab 2.23a
2.5 10. 6b 4.1a 7.8b 0.97a 0. 48a 2.12a
5.0 17.9a 3.5a 11. 6a 0. 75a 0. 26b 3.0la
F test
As NS NS NS NS NS NS
Ca NS NS NS NS * NS
A sx Ca NS * NS NS NS NS

NS, p= 0.05, *, p< 0.05

8

Table 8 Correlationships between concentrations of each metal in the pinnae of P. vittata L.

Correlation coefficient

Elements K Mg Mn Ccu zn Fe Ca

K 1 0.513"°  0.439"° - 0.118 0.271 0.123 - 0.540"
Mg 1 0.784" " - 0.142 0.274 - 0.128 - 0.854" "
Mn 1 0.027 0.456"* - 0.036 - 0.734""
cu 1 0.374" 0.329° 0.032
zn 1 0.240 - 0.339°
Fe 1 - 0.029
Ca 1

* p<QO05 * *p< Q01
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Table 9  Correlationships between concentrations of each metal in the petioles of P. vittata L.

Correlation coefficient

Elements K Mg Mn cu zn Fe ca

K 1 0.316" 0. 067 0.109 0.148 0. 061 0.163
Mg 1 0.520°°  0.342" 0.332° 0.186 - 0.003
Mn 1 0.210 0.453°°  0.502"° 0. 209
Cu 1 0.274 0.020 - 0.141
zn 1 0.176 0.163
Fe 1 0.560" *
Ca 1

* p<0.05 * * p< 0.01

10

Table 10 Correlationships between concentrations of each metal in the roots of P. vittatalL .

Correlation coefficient

Elements K Mg M n Cu Zn Fe Ca
K 1 0.121 - 0.185 0.211 0.147 - 0.282 0.123
Mg 1 0.232 - 0.163 0. 204 - 0.029 0. 308
M n 1 - 0.100 0. 296 0.499* *  0.273
Cu 1 0.366* 0. 246 0.019
zn 1 0.182 - 0.076
Fe 1 0.196
Ca 1

* p<0.05 * * p< 0.0l

(2 Fe Cu Zn , KMg Mn
(3 , , Ca
Ca ; Ca Fe ; ,Ca
KMgMn Zn
(4M n , / /
1
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