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Effects of arsenic and calcium on metal accumulation and

translocation in Pteris vittata L.
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Abstract: Soil As contamination, which is dangerous to plants and human and may cause elevation of As
concentrations in the surrounding waters, is a widespread and severe environmental problem both in China
and in the world. Phytoremediation, which is an emerging plant-based technology for the removal of
pollutants, have been successfully applied to remediate heavy metal contaminated soils. Pteris vittata L. ,
an indicator plant for calcareous soils, is an As-hyperaccumulator newly discovered by Chen er al. in
China. This finding may bring a hope to phytoremediate As-contaminated soils. The accumulation and
translocation of necessary metals involved have not been elucidated. We investigated the interactions of As
and Ca on the concentration and distribution of metals including K, Mg, Mn, Fe, Zn and Cu in Pteris
vittata .. under sand culture condition. A 3 X 3 complete factorial experiment was designed which
contained 9 treatments added with 3 As concentrations: 0, 0.1, 0. 2 mmol/L and 3 concentrations of

Ca: 0.03, 2.5, 5.0 mmol/L.
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It is shown that the Mg and Zn concentrations in roots were significantly reduced by enhancing the As
levels whereas the concentrations of K, Mn, Fe and Cu in the roots were not influenced. There was no
significant effect of the added As on the metal concentrations in shoots, and Mn 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 with increasing As concentration in the medium. The
applied As was benefit to transport Mn 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. With increasing Ca concentration in the medium, K concentration in the roots increased gradually in
the leaves. Applied 2. 5 and 5. 0 mmol/LL Ca caused to reduce Mg and Mn concentration in the shoots
comparing with the treatment of 0. 03mmol Ca /L. Regardless of As and Ca levels, Mn was the only
element among the 6 metals studied which accumulated obviously to the shoots.

The interaction of metals was enhanced gradually from the roots to leaves, and the effect of the Ca
level on other metal elements was very obvious. There was no significant relationship between the Ca
concentration and other metals concentrations in the roots. But the positive correlation between Ca and Fe
concentrations in petioles was very significantly. The K, Mg, Mn 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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s . . ( ) .
(GEEN ) N ,
1
1.1
(Pteris vittata L. ) . Hoagland .
(mmol/L) :N 4.8,P 0.4,K 2.0,Mg 0.25.,Na 0.2,Fe 2.24X10 * ,Mn 2.3X10 *,B 1.15X
107°.Zn 1. 9X 10 *.Cu 8X 10" \Mo 5X 10 ".Cl 0. 2,S 0. 28, 9 , 3(As X Ca)
C D, 4 s Fe
. 0. 03 mmol/L, Ca(NOy),, Na,HAsO, « 7H,O, NO; s
CaCl, s . s
1.2 1
( ) R 2 Table 1 Concentrations of As and Ca treatments in the
s ( experiment
ouh . ) ) As (mmol/L) Ca (mmol /L)
Treatment As concentration Ca concentration
o 12cm,  10cm), 1 0 0.03
, 14h, 2 0 2.5
26 C, 20C, 850+ 3 0 5.0
.3 B N 4 0.1 0.03
3 , ) X 5 0.1 2.5
6 0.1 5.0
85C 1h  ,60C . 7 0.9 0. 03
HNO;-HCIO, , ( 8 0.2 2.5
Analytik Jena AG ,AAS vario 6 ) K. 9 0.2 5.0
Mg.Fe.Mn.Zn.Cu Bl
1.3
SAS .
2.1 N
. 14. 9~25. 4g/kg.
( ) C D,
C 2. ), Clarkson  Hanson
. ( ) . S
(bush bean) s =101 3
. Lombi
|:]I:u o ’
;0.03 2.5 mmol/L Ca ,
5.0 mmol/L Ca C 1. , , 2.5 5.0
mmol/L Ca .
S . Ca
0. 03 mmol/L 5.0 mmol/L, / /. / s

0.7~1.5 C 2.
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Fig. 1 Effects of As and Ca on the biomass of Pteris vittata 1.
2 . ( + )

Table 2 Concentrations and translocation coefficients of K in P. vittata L. treated with As and Ca (Mean=+SD)

Treatment
(mmol /L)

K

K concentration (g/kg)

K translocation coefficient

K

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 1.4040. 46 1.1940.28
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 14.944.5 0.64+0. 26 0.92+0.15 0.80+0.04
0.1 0.03 16.5+2.0 20.242.1 19.9+1.9 1.21+0.15 1.2540. 27 1.06+0.03
0.1 2.5 16.941.6 26.0+7.6 16.844.4 0.9940. 20 1.56+0. 39 0.67+0.16
0.1 5.0 20.0+3.8 28.2+7.4 18.042.6 0.9340. 21 1.4240. 30 0.6740.18
0.2 0.03 18.340.8 17.6+£1.7 22.5+6.5 1.45+0. 39 1.4040.49 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#40.51 1.54+1.44 0.4240. 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. 0b 0. 81la 1. 08b 0.76b
I test
As NS NS NS NS * NS
Ca NS NS % % % % NS %
As XCa NS NS NS NS NS NS
NS, p=0.05; x . p<<0.05; » %, p<0.01
N Mg*"
[12] , ,
, / C 3,

[13]
.



1481

3

2.5 mmol/L

(

Ca/Mg

Smmol/L
20mmol /L,
Ca/Mg 2~10 Ll
2. 75mmol/L), Ca/Mg

( + )

Table 3 Concentrations and translocation coefficients of Mg in P. vittata L. treated with As and Ca(Mean-+SD)

Treatment

Mg (g/kg) Mg
(mmol/L) Mg concentration Mg translocation coefficient
/ / /
As Ca Root Petiole Pinna Pinna/root Petiole/root Pinna/petiole
0 0.03 1.9140. 24 1.5740. 32 3.98+0.45 2.13+0. 46 0.834+0. 21 2.604+0.52
0 2.5 2.80+0.25 1.0340.03 2.47+0.13 0.89+0.10 0.374+0.04 2.4040. 09
0 5.0 2.3740.45 1.234+0.70 2.08+0.07 0.90+0.17 0.53+0. 31 2.1941.21
0.1 0.03 1.8540. 07 1.1640.09 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 2.574+0.35 1.1940. 38 0.4440. 14 2.7440. 38
0.1 5.0 1.9140.18 0.914+0.15 2.0140. 14 1.0640.15 0.4740. 04 2.2740.45
0.2 0.03 1.764+0.18 1.2240.16 4.39+0. 64 2.49+0.16 0.70+0. 14 3.6840. 89
0.2 2.5 2.19+0.15 1.0140.19 2.3440.13 1.0740.12 0.4640.09 2.3940. 55
0.2 5.0 1.7340.16 0.99+0. 06 2.07+0.24 1.2140. 24 0.6140.52 1.3340.97
ANOVA test
As
0 2. 36a 1.27a 2. 84a 1. *31 a 0. 58a 2. 40a
0.1 2. 07ab 1. 00a 2. 78a 1. 38a 0. 50a 2. 76a
0.2 1. 89b 0. 99a 2. 94a 1. 59 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¢ 1. 06b 0. 48b 2.21b
F test
As * % NS NS * NS NS
Ca % % % * % % % % % * % % %
As XCa NS NS NS NS NS NS
NS, p=0.05; %, p<<0.05; % x p<0.01; % % %, p<0.001l.
2.2 N
s s o
s C D,
, 138. 3mg/kg., / 5.11, /

30 s
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Table 4 Concentrations and translocation coefficients of Mn in P. vittata L. treated with As and Ca(Mean+SD)
Treatment Mn (mg/kg) Mn
(mmol /L) Mn concentration Mn translocation coefficient
/ / /
As Ca Root Petiole Pinna Pinna/root Petiole/root Pinna/petiole
0 0.03 23.445.0 30.1%+5.5 130.5+32.6 5.94+2.28 1.2940.08 4.54+1.56
0 2.5 24.5+2.5 16.941.2 82.5+£12.6 3.3640. 38 0.67+0.04 5.1040. 42
0 5.0 23.140.7 29.2+13.4 90.842.6 3.954+0.18 1.164+0.50 3.9141.66
0.1 0.03 13.44+1.7 19.3+3.2 123.74+4.7 8.14+2.26 1.26£0.41 6.5641.15
0.1 2.5 29.34+18.6 10. 0£3.2 72.44+11. 4 3.12+1.49 0.414+0.17 7.4841.17
0.1 5.0 19.0£3.9 11.34+4.0 75.5+27.1 3.99+1.21 0.60+0.18 6.9041.98
0.2 0.03 18.44£5.6 23.0£1.7 138.3+£37.0 8.54+4.90 1.33+0.38 6.0541.71
0.2 2.5 24.7+5.8 13.446.3 86.7+17.9 3.64+0.98 0.5640. 26 7.0941. 84
0.2 5.0 22.7+8.3 27.6+22.6 85.7+12.1 5.47+3.03 1.2340.17 3.9943.10
ANOVA test
As
0 23.7a 25. 4a 101. 3a 4. 41a 1. 09a 4. 38b
0.1 20. 6a 13.5b 90. 5a 5.47a 0. 82a 6. 98a
0.2 21. 9a 19. 0b 103. 6a 5.47a 0.93a 6. 06a
Ca
0.03 18. 4a 24. la 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 * %
Ca NS * * % % * % * % NS
AsXCa NS NS NS NS NS NS
NS. p=0.055 % . p<<0.055 % %, p<<0.01; % % % , p<<0.001
s B s
C 5. ,0.2
mmol/L As , 1/4, 2/3,  Wallace
, (bush bean) )
s o
’ [\3]0
, N /
s s s s s s
R s s 786mg/kg, s
4 s /. 0.4, 0. 08,

)

L 1, 2003
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Table 5 Concentrations and translocation coefficients of Fe

( + )

in P. vittata L. treated with As and Ca(Mean+SD)

Treatment Fe (mg/kg) Fe
(mmol/L) 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 1.1940. 89
0 2.5 725.2+98. 4 162.5+88.0 238.1425.2 0.36+0. 01 0.22+0.10 1.7840. 85
0 5.0 716.5+188.6 304.84188.3 199.3+75.5 0.28+0. 08 0.42+0. 22 0.9040. 62
0.1 0.03 774.34148.9 201.0430.9 147.1+£37.7 0.20+40.08 0.1040. 05 2.2840. 37
0.1 2.5 785.3+396.2 56.3423.5 142.3+87.6 0.18+0. 06 0.08+0.03 2.1940.09
0.1 5.0 652.54239. 4 63.74+8.4 129.9+30.0 0.21+0.03 0.1040. 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. 0840. 02 2.4940.17
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 0.254+0.08 0.1340.02 2.3440. 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. la 45. 9b 140. 0b 0. 24ab 0. 08b 2. 89a
Ca
0.03 652. 6a 85. 4a 146. 8a 0. 25a 0.12a 2. 38a
2.5 690. Oa 89. 0a 165. 0a 0. 24a 0.13a 2.21a
5.0 711. 2a 138. 8a 169. 0a 0. 24a 0.21a 1. 89a
F test
As NS * % % * % % % % % X%
Ca NS NS NS NS % % % NS
As X Ca NS NS NS NS * % NS
NS, p=0.05; %, p<<0.05; % %, p<<0.01; % x % , p<C0.001
TN o
s B 6 s s
[l . s
, . Liao
. ’ []7]0 ’
s ®
o s s
o s
C 7)., Tang L], s
5.0 mmol/L Ca / N
o N s > > o
( N ) s
(8,161 0.2 mmol/L,

)
Y ’
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Table 6 Concentrations and translocation coefficients of Zn in P. vittata L. treated with As and Ca(Mean+SD)
Treatment Zn (mg/kg) Zn
(mmol/L) Zn concentration Zn translocation coefficient
/ / /
As Ca Root Petiole Pinna Pinna/root Petiole/root Pinna/petiole
0 0.03 602.8+£15.7 113.84+37.6 165.7£51.6 0.24+0.03 0.30+0. 22 1.194£0.89
0 2.5 76.4424.1 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 0.9040. 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 1.6540.59
0.1 2.5 45.2+24.9 17.149.0 26.4+3.4 0.714+0. 34 0.4540. 21 1.8540. 87
0.1 5.0 57.4+12.4 25.8+9.2 28.8+5.7 0.5240.16 0.47+0.18 1.1740.23
0.2 0.03 46.9+10.8 19.24+6.8 45.4+15.3 0.98+40. 32 0.4340.19 2.4840. 81
0.2 2.5 53.3+7.8 34.6+7.7 43.7+13.6 0.83+0. 27 0.65+0.11 1. 3540. 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 0.6440.57
ANOVA test
As
0 91. 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. 59 1. 67a
Ca
0.03 66. 2a 29. 1a 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 * % NS * * NS NS
Ca NS NS NS NS NS % %
As XCa NS NS NS NS NS NS
NS, p=0.05; %, p<<0.05; * %, p<<0.01
2.3 N R
8 s Ca K.Mg.Mn.Zn s Cu
. Ca s K.Mg.Mn.Zn s Ca
K.Mg.Mn,Zn . s, Mn Mg.K.Zn ,Cu Zn.Fe K Mg
o s
s Ca Fe C 9, Ca
¢ 10, Mg K.Mn.Fe.Zn ,Mn Fe.Zn
o Zn Cu ,Mn Fe o
, s o
3
@)) (Fe 7Zn ) . ,
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Table 7 Concentrations and translocation coefficients of Cu in P. vittata L. treated with As and Ca(Mean+SD)
Treatment Cu (mg/kg) Cu
(mmol/L) Cu concentration Cu translocation coefficient
/ / /
As Ca Root Petiole Pinna Pinna/root Petiole/root Pinna/petiole
0 0.03 15.64+6.2 6.340.6 7.640.8 0.60+0.17 0.63+0. 26 1. 0640. 36
0 2.5 14.0+£7.5 3.8+1.1 8.9+3.4 0.4740.11 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 9.24+3.8 3.1£1.7 8.04+2.0 0.92+0.13 0.35+0.15 2.2240.44
0.1 2.5 10.2+6.5 3.9£2.5 6.7+2.8 0.8340.39 0.40+0.16 2.1541.04
0.1 5.0 13.7+£4.0 4.44+1.2 9.1+£0.4 0.66+0. 30 0.354+0.18 2.0540. 88
0.2 0.03 10.24+2.2 4.240.6 8.9+3.1 0.8840. 22 0.43+0.13 2.26+1.16
0.2 2.5 7.6+£2.9 4.7£1.1 7.84+2.1 1.034+0.79 0.40+£0. 25 1.26+£0.73
0.2 5.0 25.8+16.0 2.6+0.4 13.54+3.8 0.65+0.29 0.2840.23 2.66+2.26
ANOVA test
As
0 14. 6a 4. 6a 9. 6a 0. 79a 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. Oa 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. la 7.8b 0.97a 0. 48a 2.12a
5.0 17. 9a 3. 5a 11. 6a 0. 75a 0. 26b 3. 01la
F test
As NS NS NS NS NS NS
Ca NS NS NS NS * NS
As X 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 Cu 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<{0.05; % % p<<0.01
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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 —0.093
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. vittata L.

Correlation coefficient

Elements K Mg Mn 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
Mn 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<C0.01

(2) Fe.Cu Zn . K.Mg Mn
(3) s s Ca .
Ca ; Ca Fe ; ,Ca
K.Mg.Mn Zn .
(4)Mn s /. /
1.
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