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Abstract: The subcellular distributions of phogphorus (P) and calciun (Ca) in PterisvittataL. , an arsenic (AS) hyperaccumulator, were examined to
explore the mechanisns of A s tolerance of these plants grown under sand culture conditions The reults indicated that more than 44% of Pwas localized
in the cytoplasnic supematant fractions in rots, petioles and pinnae, and 48% of the aborbed Ca was localized in the plant cell walls Calcium
treaments (5 0 mmol L ") enhanced significantly P contents in root cytoplasnic supematants and in petiole organelle fractions Moreover, the Ca
contents in each P. vittataL. subcellular fraction were enhanced with subsequent Ca additions to the culturemedia These findings indicate that Camay
interfere with the nomal physiological nutrientmetabolisn of P and Ca, andwith plant growth rates The anount of P bound to the organelles aboveground
increased with additional A's treaments, and the percentage of P accumulation in the shoot organelle fractions of P. vittata L. was al®© enhanced
However, the P contents in the oot and petiole cell wall fractions decreased to sme extent Added As al® increased the Ca content root cell wall
fractions, which may help maintain cell wall stability Thus the subcellular distributions of P and Ca acclimated o As stressmay help P. vittata L.
lerate A s phytoxicity, and maintain its nomal grovth rate
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( , 2004; , 2004; 2005).

( , 2004).

: (Kauss
etal , 1987). ,
Spartina alternifora ( Carbonell

etal , 1998) ( Phaseolus wulgaris L. )
(Carbonell et al , 1997) (Marin, 1992)
. Cox (1995) , (B rassica napus
L.) (MWMA
DMA) . )
( 1
2003) ,
(Lietal , 2006). )
( , 2003),
( , 2003).
ATP ,
] A 1
AD; FO;” ,

(Wickes et al , 1976).
(A sher et al , 1979)
lanatusL. ) (Merharg et al , 1994) ,

(Holcus

(M erharg
et al , 1992; Heeraman et al , 2001).

( , 2002b;

, 2004). , Tu(2005)

1 (M aterials and methods)
2 , 30d,
, 4 .
26 /20 , 14h,
85%. Hoagland .
2 3 , :0
Q10 2mmokL ", ;0032550
mmotL ", 9 , 4
NgHA ©, 7H,0, Ca(NO;) .
3 .
Hans (1980) Rathore (1972)
0. 5000 g , ,
300 g 30 s \
20000 g 45 min
4
( :
2005).
10mL HNO; 2mL HCIO, ,
( , 2004) , ( ,
2003). 91%
105%.
SPSS 11 0
2 (Reaults and analysis)
2.1
( 1), 3

, (As Ca 02 25

mmot L) ,
, 2445 5299 mg kg ',

43% 60%, 51%. ,

1237 2374mg kg *, 22%
41%, 33%. 694 2368
mg kg ', 11% 25%. 9

. , As Q1
0.2mmol L ! ,
( ) 66% 62%( 2). ,
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50
mmot L~ * , 5 0mmol L™* ,
0.03 2 5mmol L™ * 72%  109%. Q 03 mmot L™* ( 2.
1
Table 1 P contentsof the various subcellular fractions in P. vittata L.
wp/ (mg kg *)
/ (mmot L~ %)
As Ca
0 Q03 27384479 2374353 7414593  2091+322 8004502 4384118 14434115 766 +174 354 +89
0 25  3083+1022 2225+1628 1266+211  1985+244 875338  250£146 12484343 540 167 834 145
0 50  5209+3020 233741617 2368+168 15464268  874+77 7934237 1034495 969 +312 569 +99
a1 Q03 26344892 19504227 694+136 11734277 1168+167 970+119 9264219 920213 623 +239
a1 25  2445+1182 2097 +231 966+273 22064555  397+33  208+133 1031303 759 272 971 +333
a1 50 43852952 1458+306 12174315 14144680 551192 1011453 1077 +537 1098 +223 659 +118
Q2 Q03 281042320 1237+1091 10194265 2073+102 342476  575+53 1113498 656 156 755 +50
Q2 25  1200+344 1783+361 831+110 10854219 35046 913 +91 932172 48617 869 +120
Q2 50 44162222 19204501 873+101 1770621  629+18 1247374  1532+401 44043 778724
+ (n=4).
(1085 85%.
2206 mg kg *) 35% 75%
( 1. :
Q2mmot L™t ‘5 Ommot L™* ,
( 2). Q03 2 5mmot L™* 15
0 2mmok L* 20
2
Table2 P contentsof the various subcellular fractions in P. vittata L.
w, / (mg kg™ 1)
/(mmol L 1)
ANOVA Test
As
0 3707° 23127 1458° 18747 846° 494° 12427 758% 586°
a1 3155° 18387 959° 1598° 705% 760% 10117 926° 7512
Q2 2808? 1647° 908° 16437 441° 912° 11927 527° 801°
Ca
0 03 2727° 18572 g18® 1779° 770% 661° 11612 781% 577"
25 2243° 2035° 1021® 1759° 5412 487" 1070° 595" 892?
50 4700° 1905° 1486° 1577° 686% 10172 12147 836° 6697
F test
As NS NS * NS * * NS * NS
Ca * NS * NS NS * NS NS NS
CaxAs NS NS * NS NS NS NS NS NS
NS p= 005 *: p<Q 05 * *: p<Q 01; (n=12);



(0 2mmot L™ %)

50%,

48% 42% (  3).

6 957
, (1 2).
, 36% 2.2
58%, 44% (- 1).
, 4571 12788 mg kg ',
0.2 mmol- L* , a1 45% 73% ( 3); ,
mmot L * , , 16% 40%;
, 9% 28%. ,01 Q0 2mmot L™*
:0 2mmol L™* , 38% 34%( 4). ,
37%. 2 5mmol L * , ,
, Q 03 5 0 mmol (0 03 mmot L) ,255
Lt 76%  71%; Ommot L™ *
2 , , 10 .2 5mmotL* ,
, 2
, ( 4).
3
Table 3 Ca contentsof the various subcellular fractions in P. vittata L.
Wea! (Mg kg™ )
/ (mmot L~
As Ca
0 Q 03 1461 £113 4571 £513 915 +158 751 +£48 1664 +2204 423 £71 2299 +184 4434 £1408 1300 £1174
0 25 3689 £328 6030 £94 3536 +1533 2000 £400 3615+1230 748 +15 7424 +1335 8272 +1116 1794 £ 21
0 50 4884 £857 5967 +161 1526 +164 3552 +811 4348 £1237 1356 +460 7995 +2453 8193 £615 1206 =35
Q1 Q 03 1713 +68 7443 £817 1185+8 583 £125 1228 +241 426 £19 4528 £903 5243 £741 1040 +744
Q1 25 3101 £1421 10841 £234 1124 £417 1506 +58 2276 £575 719 £199 9222 £1324 7320 £171 1899 £174
Q1 50 3904 £1195 8849 +1613 1602 £716 2285+732 3292 +1566 738 £101 8146 £1049 10079 £28 1265 +712
Q2 Q 03 2772+79 6340 £2566 948 +498 472 £56 972 £104 453 £85 3038 +440 3364 +297 876 +588
Q2 25 4360 £477 12788 £1122 1719 £1186 1918 £323 3264 £495 306 £129 8811 +350 8919 +594 1450 £221
Q2 50 3794 £2062 6072 £77 3759 £912 6216 £3536 5616 £3205 650 +369 8227 £2500 8770t54 2321 £1142
+ (n=4).
Q 1 mmotL* 37% 10
. , (As Ca ( 4).
0250mmotL ") , ‘5 Ommot L™*
, 972 4348 mg kg ', , Q03 25mmot L}
46% T72%, 56%. , 67 22
472 3552 mg kg ', Q03 2 5mmol L™* 21 15
25% 39% ( 3).010Q2mmolL"* ,
25%  45%. 9 ,
40% 56% 28%
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. 25 , :
5.0mmol L* , ( 4.
0 03mmot L~* 15 10

4

Table 4 Ca contents of the various subcellular fractions in P. vittata L.

wea ! (mg kg™ *)

/(mmot L~ 1)

ANOVA Test
As
0 3345a 5524° 19922 21012 32097 842° 5906% 6966* 14332
a1 2906° 90442 13042 14582 2266° 628 7299° 75472 14012
Q2 3642° 84017 2142° 2869° 32847 466° 6692° 70182 1549*
Ca
Q03 1982° 6118° 1016° 602° 1288° 434° 3289° 4347° 10722
25 37172 9886° 2126° 1808° 3052° 591° 8486° 8170% 17142
50 4194* 6962° 2296° 4018° 4418* 915° 8123 90142 15972
F test
As NS * NS NS NS * NS NS NS
Ca « % - NS . . . NS
CaxAs NS * * x NS NS NS NS * x NS
NSp= Q005 *:p<005 * *:p<001, * * *:p<0Q 00L (n=12);
, mmot L * ,
R R , 32%, Q03 25mmokL*
13 18
( 4). 2 5mmok L™* ( 16%),
2.3 Q03 50mmotL* 16 19 .25
mmot L * ,
1 (0 03 mmol L") (p<
0.05) , (5 0mmok L™ 1)
( = x : ) :
> > . , ( = X
44% 56%, 29% : ) 48%
36%, 15% 23%. , 65%, 27% 48%, 6% 9% (
, 2),
: > > )
> > .01 Q2mmotL™* ; (15% 31%) > (6%
, 11%) > (1% 6%), :
25 26 = >
14 17 . , , . 2

50 y ’
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Q 03 mmot L~* 65%  46%.
(0 2mmol L") , .
(p<Q 05), ,
Q 1 mmol L* 62% 63%. 2550
mmot L * , (p<0Q 05).
70% 70%
0%l o5 me L O AR 60% | ok waRHaRE O 41
50% | 50% |
% 40% | 40%
§ 30% 30% |
20% 20% ||
10% 10%
9 i 2 0.03 25 5.0 0.03 25 5.0
pa/(mmol-L™) Peq/(mmol - L)
1 (ANOVA Tes)

Fig 1 Percentage of P accumulation in the various subcellular fractionsof P. vittata L. treated with Asand Ca (ANOVA Test)

70% 70%
60% | offy R wAME O M 60% offyF mAI B C A HaEE Nt
50% | 50%
=
R 40% 40%
7
% 30% 30%
20% 20%
10% 10%
0 - N ” il m - |
01 02 0 01 02 0 0.03 25 50 003 25 50 003 25 50
Pas/(mg-L7) Pca/(mg-L™")
2 (ANOVA Test)

Fig 2 Percentage of Ca accumulation in the various subcellular fractionsof P vittataL. treated with Asand Ca (ANOVA Test)

3 (Discussion) X ( SRXRF)(
, ) ,

( , 2003).

44% ( 1. , , ,

: , ( , 2002b).
( 2. (2004) (2005)

DX (ESEM ) , , 78%
80%, 61%: (Q 2mmot L) ,

24 © 1994-2009 China Academic Journal Electronic Publishing House. All rights reserved.  http://mmw.cnki.net



960

26

(Jarvis,
1982).
48% ( 3).

: ( 4).
: (5mg L")
(Carbonell et al , 1997), (a 8
mgL™*)
(Marin, 1992).
10mgL™* ,
50%.

(2004) )

(2003)

RXRF (Pteris

nernvosa) ,

(5 0mmot L)

(0 03
mmot L™ %) ( 2).
800 mg kg ,

(Lietal , 2006).

3 1

, Ca

(Hepler, 1985). ,

4 (Conclusion)

1) ,

2) (5 Ommot L") ,

“ 863"
“ 973" 40
200 18
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