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, Hoagland 13 ,
0.25 Hoagland 0. 50 Hoagland
15 d,
1 9 , Mn
0.005 (CK) 0.500 1.000 2.000 5.000 8.000
1.1 10.000 12.000 15.000 mmol L°' Mn  MnCly*
, / 245~ 4,0 3 0.1
N255E, 2753 ~ 2803 N, ’ mol L NaOH 0. 1mol 1" 'HCI pH 4.5,
17.4C; 1431.4 mm; 24
Mn B
1 321.7 mm 4d 7 45
10 min,
[12,13] 3 ,
1.2
105°C 30 min, 70°C
( ’ 48 h, ,
0~ 30 cm) 40 ’
1.4
ol : SPSS(V10. 1)
HCO+HSOs  — .2
( AA analyst100, USA, Perkin Elmer) 21
: [14] ( 1)
( 0.15¢) . ICRAES (IRIS/AP, , N K
3 -1
USA, Thermo Jarrell Ash) Mn ; 81.6 x 10'mg kg
1.3 1o (459 mg ke ') 174 ,
(14 h ,
,25C  /20C 70% ~ 75%) ,
1
Table1 Basic properties of soil in Xiangtan Mn mie tailings dump
%
Sail pH Organic matter Total N Total P Total K Total Mn Bulk density Clay
o1l type
v (gkg ") (gks™ ") (g kg™ (gkg ") (mg kg™ ") (gem™) (< 0 Olmm)
. 7.5 32.8 0.8 36 1.5 81.6x 10° 16. 5
Tailing
. (> 10000 mg kg™ ")
5 7 52.5% 10~ 114x 10° mg kg™ ', 81.6x 10°mg kg™ '
(2 . / nB7, I 1o,
, 19.3 (Mn 114x 10°
x 10'mg ke ', 45%x 10 ng k&' mgke ) ,
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Table2 Mn concentratiors in shoots of plants growing on Xiangtan Mn mine tailings dump(mg kg™ 1)

Plant species Family Range of Mn concentrations
Phytolacca acinosa Roxb. " Phytolaccaceae 14 480%1 237(19 300) 2
Alternanthera phil aeroides Griseb Amarantha ceae 6 4371476. 2( 6 924)
Pteridium aquilinum var. latiusaudum Underw. Pteridiaceae 2562E78.9( 2 738)
Chenopodium ambrosioides L. Chenopodiaceae 22581211, 92 489)
Polygonum hydropper L. Polygonaceae 14352113 7(1 541)
Imperata olindrica var. major C. E. Hubb. ex Hubb. et Vaughan Poaceae 1254+67 2(1 316)
Miscanthus floridulus Warb. Poaceae 894. 9 69. 7(963)
Cynodon dactylon Pers. Poaceae 79. 77%46. ¢ 845)
Erigeron annuus Pers. Asteraceae 567. 8E£52. 4( 616)
1) R Mn concentration in leaves of p. adnosa and Mn concentration in shoots of the other plant
species; 2) * ( ) Mean £ SE ( Maximum)
2.2 2.000 mmol L™ 0. 500
( 3), mmol L~ ! R
5.000 mmol L' | : 8.000 mmol L'
8.000 mmol L™ 28d , ,
s P s 5 ;
15. 000 mmol L™ 17d , 12,000 mmol L™
, 1. 000 81.9% 88.5%
mmol L™, , 15. 000 mmol L™ ", . 22d
; ,
3

Table 3  Effed of Mn treatment on grovth and Mn accumulation of P. acinosa grown i mitrient solution

1) 1)

Treatment . )
(ol L) Dry weight ) (g plant- 1) Mn accumulation!) (mg plant- 1)
Shoot Root Leaf Stem Shoot Root

0. 005 17 12£0. 14%a 6.4110 12a 5.09%0. 63a 2 25%0.34 7.34%0 40a 0.86%0. 10a
0. 500 17. 00£0 37 6.5210 18a 85.82%4 5 12 4%0.34ad 97 86%+4.85b 15.20%1 0b
1. 000 16. 140 18b 6.65%0 35a 155.9£20 8¢ 17. 3£ 1. 91hd 173 6£22.7¢ 20 9%0.7¢
2.000 14. 97£0 42 5.3810. 14b 206.2%3 7d 2. 67£2 3lc 235.8%5.7d 2B. 4t 3d
5.000 11.96 0 35d 3.9310 42¢ 213.9£10. 2d M. 27%1 6l 258 2F11. 6e 19 67%0.51c
8. 000 8 59£0.07% 1.6920. 20d 184.8 15 6e 28 52E1 06¢ 213.3%14 & 11 71%2.05¢
10. 000 5.2710 28f 1.04%0Q 1le 140.1£10 2¢ 14. 0010 09bd 154 1£10.2¢ 8 18 1. 59
12. 000 3 10£0.26¢ 0.74£0 06e 84 2t13. b 10. 1520 04bd 94 27%13 2b 7 80960

1) * , n= 3. Means £SE, n= 3;2) (p< 0.05) Values m each wlumn followed by

the same letters are not significantly different at p < 0. 05
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Fig.1 Concentration of Mn in the tissues of P. acinosa grown in nuirient solution
2.3 ) 1. 96x 10%;
1 9 9 9 . 12- (DO
5000 mmolL™' 55,
mmol .~ , 5 ,
8.000 mmol L™ ', ( ) ,
Mn , ,
-1 -1
10.000 mmol L™, 36 1% 10mg ke ,
( 12.000 mmol L~ 36.4x 10° .
1 _
mg kg™ ) ; . 5.000 mmol L'
: : 6. 10, , 12. 000
( ) 60% mmol 17! 3.50;
4 , 0.005 mmol 1, " , 0.500 mmol L~ "
, (Mo Mn 1.000 mmol 1™ ", 1,
4 2
Table 4 Manganese bioconcentration and transbcation of P. acinosa 2.4
grovn in nutrient solution Mn Mn
T reatment / / / / 1
(mmol L™ 1) L/ NV R/ N? L/RY S/RY ( )
0. 005 1964 487 4.2 2.18 Mn , 5. 000
0.500 329 85 3. 87 0.69 mmol T~ ! , 258 2mg plant” 1,
1.000 296 57 5 14 0.85 . 12.000 mmol L' . 94.27 mg
2.000 215 39 5. 51 111 plant 1( 3) Mn
5.000 136 22 6. 10 1.77 Mn ’
2.000 mmol L™"
8.000 77 16 4. 91 1.33
s Mn , 2. 000
10. 000 6 14 4. 60 1.30 1 1
mmol L 23.04 mg plant™
12000 » 10 >0 LA ., 12.000 mmol 17! . 7.68 mg
1) Raio of Mn concentrations in plant_ 1( 3) ’
leaves to that in nutrient solution; 2) Ratio
of Mn concentrations in roots to tha in nutrient solution; 3) ’
Ratio of Mn concentrations in leaves to that in roots; 4) Mn 87 %~ 95% ’
Ratio of Mn concenirations in sems to that i roots Mn
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20~ 500 mg kg (), ,
1 000 mg kg~ '’ , ,
, H202
Baker  Brooks Mn s
( ) Mn 10 000
mg kg~ 113] ; Reeves  Baker ,
S/R> 1 (S R
) [7]
[11] ( 7)
s 2.000 mmol
L, 23.6%x 10" mg kg™ ',

5.000 mmol L™,
258. 2mg plant” '(
) 80% ),
30. 7% 10’ mg kg™

, , 12. 000
mmol L™ ! 55 114 % 10°
-1
mg kg ;
19.3x10° mg kg ' 12. 000 mmol
L, 36.4% 10" mg ke
Mn

Mn (
14. 5% 10 mg kg™ 1)
(36.4% 10’ mg kg™ '),
(1) pH
:(2)
:(3) )

Mn i (4)
Boominanthan 85% ~ 95%
Alyssum bertolonii ,
Thlapi caerulescens L
Bidwell Austromyrtus bidwilli 40%
123x 10' mg kg™ ',
( )
9] Lytle Pota-
mogeton pedinatus L. [ Mn** (H10) 6]
, Mn2+
Mn3+ ,
[ 18]
0.5~ 2.5m ( 0.5~ I.5m
[19]
),
, \ 300~ 600 g plant”™ ' 6~ 9
t hm™ 2,

[ 1] Gerber G B, Leonard A, Hantson P. Carcinogenicity, mutageniciy
and teratogenicity of manganese ompounds. Criticdl Reviews in On-
wlagy/ Hematol gy , 2002, 42: 25~ 34

[2] .

, 2003, 19(4):56~ 59. Cai G P, Ge X X,

Zeng G M. Invesigation and evaluation of the pollution of manganese

sulphate in Huangxing Town (In Chinese) . Environmental Monitoring

in China, 2003, 19(4): 5%~ 59

[ 3] Aydinalp C, Marinova S. Distrbution and forms of heavy metals in

some agricultural soils. Polish Joumal of Environmental Studies,



894

41

[5]

[ 6]

[7]

[ 9]

[10]

[11]

[12]

2003,12 (5): 629~ 633

Lin C, Lin J. Heavy metals in a sulfidic mmespoil: fractions and
column leaching. Pedosphere, 2003, 13(1): 75~ 80

Baker A J M, Brooks R R. Terredrial higher plants whidh hyperae-
cumuhte me allic elements- A review of their digribution, ecology and
phytochemisry. Biorecovery, 1989, 1: 81~ 126

Reeves R D. Tropical hyperaccumulators of metals and their potential
for phytoextradion. Plant and Seil, 2003,249: 57~ 65

Reeves R D, Baker A JM. Metal-accumulating plants. In: Raskin
I, Ensley B D eds. Phytoremediation of Toxic Metals: Using Plants
to Clean up the Environment, New York: John Wiley & Sons, Inc,
2000. 193~ 229

Jaffre T. Etude Ecwlogique du Peuplement Vegetal des Sols Derwves
de Roches Ultrabasiques en Nouvelle Caledonie, Park, Travaux et
Documents de T Orstom, 1980. 124

Bidwell SD, Woodow TE, Batianoff G N et al. Hyperaccumuhtion
of manganese in the rainforest tree Austranyrius bidwillii ( Myt aceae)
fran Queensland, Australia. Funct. Plant Biol. , 2002, 29: 899 ~
905
Proctor J, Phillipps C, Duff G K, et d. Ecological studies on Gu-
nung Silam, a small ulirabasic mountain in Sabah, Malaysia. 1I.

Some forest process. Joumal of Ecology, 1989, 77: 317~ 331

, 2003, 23(5): 935~ 937. Xue S G, Chen Y X, Lin
Q, et al. Phytolacar acinosa Roxb. (Phytolaccaceae)- A new man-
ganese hy peraccumulator plant from Southern China (In Chinese) .
Acta Ecologica Sinica, 2003, 23(5): 935~ 937

,1993, 12(5) : 230~ 232 Guo Y, WangK

[13]

[14]

[15]

[ 16]

[17]

[18]

[19]

R, Hu R G. The status and improvement of manganese contaminated
fammland on manganese mine in Hunan Province (In Chinese) . Agro-
1993, 12(5): 230~ 232

environmental Prot ection Sinica,
1993, 12(4) : 268~ 272. Fu F H. Acid water pollution in Xiangtan
Manganese Mine and its prevention and control (In Chinese) . Hunan

Geology, 1993,12(4): 268~ 272

, 1999. 107~ 240. Lu R K. ed. Analytical Methods of
Soil an Agricultural Chemistry (In Chinese) . Beijing: China Agricub
tural Science and Technology Press, 1999. 107~ 240
Hoagland D R, Arnon D I. The Waterculture Method for Prowling
Plants Without Soil. Califomia Agriculture Experimental Station ( Ci-
cular 347), Berkeley, CA, USA, 1950.1~ 32

, 1990. 358. Chima National Environmental Monitor-
ing Centre. ed. Background Value of Soil Elements in China ( In
Chinese) . Beijing: Chinese Environmental Science Press, 1990. 358
Boominathan R, Doran P M. Organic acid omplexation, heavy meal
distribution and the effect of ATPase inhibition in hairy roots of hyper
accumulator plant species. Journal of Bitechnology, 2003, 101:
131~ 146
Lytle CM, Lytle F W, Smith B N. Use of XAS to determine the
chemical speciation of bicaccumulated manganese in Potamogeton
pectmatus. J. Environ. Qual. , 1996,25(2): 311~ 316

( ) : .
19%. 14~ 20. Tang C L. ed. Flora Republicae Popularis Sininicae
(Vol. 26) (In Chinese) . Beijing: Science Press, 1996. 14~ 20



6 : ( Phytolacca acinosa Roxb. ) 895

MANGANESE TOLERANCE AND HYPERACCUMULATION OF
PHYTOLACCA AQNOSA ROXB.

Xue Shengguo' Chen Yingxu”™ Luo Yongming® Roger D Reeves® Lin Qi
(1 Dpartment o Eironmental Engineering, Zhgiang Unversity, Hangzhou 310029  China )
(2 Sol and Ewironment Bioreneliaion Research Cenire, Institue o Soil Science, Chinese Academy of Sdences, Naging 210008, China)
(3 Institute  Fundamental Sciences- Chanistry, Massey University, Palmerston North, New Zealand )

Abstract Identification of new hyperaccumulators is of great importance to successful phytoremediation of the environ
ment contaminated with heavy mdal. A new manganese hyperaccumulator plant, Phytolacca acinosa Roxb. , was found growing
in Southern China through field surveys on Mn mine tailings dumps and greenhouse experiments. This species has na only re-
markable tolerance to Mn, but also an extraordinary capacity for this element. With the maximum Mn concentration in the leaf
reaching 19 300 mg kg~ ', the plant grew well on Xiangtan Mn tailings dump with Mn concentration being as high as 114 000
mg kg™ '. Under hydroponic conditions, the manganese concentration in the plant leaves could reach as high as 36 380 mg kg™ '
with the bioaccumulation coefficient of 55 at a Mn supply level of 12.000 mmol L™ ', P. acinosa could grow quite well hydre-
ponically with Mn supplied at a level of 8.000 mmol L™, although its biamass was less than the plant’ s in control with Mn sup-
plied at 0.005 mmol L', With the Mn concentration in the media increasing, the manganese concentration in the shoots i
creased, but the bioaccumulation wefficient gradually decreased. The total Mn accumulated in the aerial parts of the plant rose
first and then declined. At the Mn cncentration in the solution reached 5. 000 mmol L7 ', the Mn accumulation in the aerial
parts of the plant was the highest (258. 2 mg plant h. Partitioning of Mn between the aerial parts and the roots showed that
87% ~ 95% of Mn was transported into the former in all the treatments of the experiment, demonstrating the great capacity of the
plant transporting Mn fram the roots to the aerial pats. P. adnosa therefore offers great potential for use in phytoremediation of
M= contaminaed soils and waters.

Key words Manganese; Hyperaccunula ion; Phyiolacca acinosa Raxh. ; Tolerance; Phytoremediation



