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3£ ( Dicranopreris dichotoma ) 175 75 1 - 1
s 14 DX B AL R DY, R IXAE S R GER A #
Hi iR A S B R S B P MR AR A B
FPH TR R PSR 3l R AR
HEAEY RN TG 0 R T RN 20 mg - kg ~
30mg - kg™, HZ A, SEM £ 20 &Ik
3358 mg - kg ''* R RGBT RRR 0 X HLEL G
B, AR, 2 F AN I 0 A SRR R
fET ARIERAE R R R n R B ARAEY 2 AN
(1 ST . SR, ORI I A A KRR AR
i & i RIE S SRR ) AR B S AE 45 A dL IR
PRSI AR B B ELAE T A RIS G DL AR

AR SORE R AR 0 A KRR S AR N
TICR M E RFESS G — R, MRS [R5 #EAF R
W 0 XA 3 A AR a3 IR 0 X R
PSS AE R R A5G S HAR R LT
F0 R SR R o R ae gy, Bl
ANT1TE YRR EE R 0 X T 75 A R A 4 BT (8], SR e
D5 B TR £ DA BRI S

1 A58 KR

WFFE XA A KT BT A (116018 ~
116°31" E,25°33" ~25°48' N) , J& F{T {1 L iF Aol
DA, ZHIX DAL Fr B 25 M 32 R = O
YR 300 m~500 m, IR FEEAT LI B
£ G e o\ e B e S ST L e e
DLHAURIAE b 2 2 T T 4 0 | TR % 1 3
SRR 77.15% , SARZE Ry vp M2 G 2= KU
fige  AEIIIREE 17.5 °C ~18. 8 °C, LRG3k 260 d; 1%
KA 3~ 6 H BEKE 524 60% , 4 FE K &
1700 mm~2000 mm, ZHF5E X P A9 AE B 32250 T
P Ak fE AR BT R TR SEAR, i IX R TN
GBI K R AR A R
FEAR ( Pinus massoniana ) N ASBIE ST T B

R SR AL 3 NN [F]VA BRARE B A A 0 1 A
DX R, 43 5002« Sa 6 L = HARIL(SZ) |, FE B
TR i 48 B( Paspalum wetsfeteini)) , /> 1AL
¥ (Lespedeza bicolor) AT ( Liquidambar formosa-
na) , WWHE 6N 50% ;8a WG HHL FHT(XK) |, H#k
FFN G A BRI B (A RN R e e 7
£ 90% ;10a 6 kb 4 DR 38 (NS) | Al 24 58
MR R IR A KA (Schima superba) F1Ey 2
Py AE B 55 N 97% ;0 XX f b g 39 (1)) %2
TR S BN BT 1525 ( Miscanthus floridu-
lus) FITEEEAE S DL b 3 ANAS ) A BHRAR B (4 4 2t 35 2R
AT HEROR AR B

2 MEE5 T E*
2.1 BHRRESTRFE
2.1.1 FEFCRESIE

F 2015 427 H .10 H X% 2016 41 A 4 A+ A)
Sy BIXTIRSE I A AR i AR S HEA TR AR . TEAE
TrXEE R m EE  AE Y E T I TR E)
SRR SRR PEEAEA 3 G5 AE A ]S
A, NS E A R, R L RS
PEFE 2R A0 B, FHAR KT 6 2 A e iR R 45 4
Y, PUERES L, IR K IR A FEAR R 1F
T B RS P AR SRS T 2R R K ph et 3
PO HEIRE S 5, 20 ) G5 2 A4 H AR $F i
TR 65 °C Ry LA gk 2 i i PR X R
PEAT IR ERAE . (1) BRER TSR . R A
Yrik; (2) WRES W L BEAE A 2 R TS i, it
100 HIEIR 0, 45 26 A F JHASREM, +HERE SR
JH HF-HNO,-HCLO, ¥ 5 fi# , A8 ¥+ i >k ] HNO, -
H,0, WL %, WM 58 UG MIBRIR TP e s 2
40 mL, e Ji5 28 LB & 55 25 TR BT A (Inductively
coupled plasma mass spectrometry , ICP-MS) FHLIE

2.1.2 TEHEXE

PEREHIE R 130 22 BT 55 B S 1Y NS, Al i
343 mx3 m BIEETT, T 2015 4F4 255 1 5 Bt 3
(R 1l 343, 39 TR VA R BBUAE o] it A 4 i, 1) 2016
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SRR BAS S B = AR P S
2.2 BURRETE
AHIFFE ARG 34 R F Excel 2016, Origin 9. 0
SRR TR AL PRI, iz FH SPSS 22. 0 #R 4
HEATHL N K TJ5 22 70 B (One-Way ANOVA) | Bz 7K
i (Pearson ) AT, I % I S 1B A DL T HHi
VLS
(1) SREE ., SLREE , SHREE , SLREE/SHREE
SREM TR A E BT R AR EHR L
JLREEMBPEM LOUR B2 ILH], SREE H 15
Fi# 70K (La-Y) A 00 F & wE AR M 15
SLREE Fll SHREE 43l /& La-Eu #1 Gd-Y B4 +
JLE & & Z F; SLREE/SHREE 2 SLREE 5
SHREE B HUAE X HUER T 1 R Lo R AR
WA, W ER TR AT — &
FRE UL TR EM o R & & Ko i 19 5 5
PR,
(2) LA LT R R EITEA
-l 1
(C, xW,)
‘T 1000
L, T BRI L TR R (g - m ™),
C, For X 4 T F A s T E S i (mg -
kg™, W, FTRX A IO AED T E (kg - m™)

(1)

(3) B A DX PSR ORI () A 5, (R
FE—1 3 mx3 m TN RS- R LT R AR
R TR S PIEARERSMER L IX
KIE T (0~10 em) "PLEEARIBOR T AYMFE], TH5R
NEE .

_Vxpbx (Cn - Bn) + 1000

S x VC x Ti

L TFRORHE LA X IR IGE LRSI (4F) | v
FRMEITIER ('), pb TR HHEATE (g - em™),
Cn FRFEHL 3876 T R P & (mg - k™),
Bn Fm2E TR E R (mg - k'), S FRFE
TR (m?®), VC FREFHEHE (%), Ti R4
ZeptH M AR LT R R E (g - mT),

3 EERH

3.1 EEERKBERINS

e 1 AT DL P A5 A i (R e o2 % 3 1 2
3 (P<0.05), Bk L, SZ<NS~XK<L]; % I,
SZ>NS>XK=~LJ,

EE0 7/l o= o 1 A S 7/ o o 3 o T B O
g3, ELHb B33 A 1y 5 B S AR P s 3 i B, 4%
P, ro D AR s R 3 SZ<XK =~ NS<LJ
(P<0.05) ;i FAEYRZESARE, BAEYEZES
i} ¥ ,SZ<XK<NS<LJ( P<0.05) ,

r (2)

®1 B0 RAEEMEEFHERFFEN LR

Table 1 Comparison of annual average growth characteristics of dicranopteris dichotoma in different

sampling sites of rare earth mine area

Height Density Aboveground Underground Total biomass
Sampling sites
/em /(Plant/m?) biomass/ ( g/m?) biomass/ ( g/m?) /(g/m*)
Sz, 31.60+7. 36D 1577.38+359. 57A 521. 86+39. 52Ba 627.29+68. 82Aa 1149. 14+57. 63C
XK 55.9+12. 68B 963. 10+387. 73B 981. 16+152. 59Ba 695. 00+86. 33Aa 1676. 16+170. 23B
NS 48.63+11.50C 1357. 14+468. 01A 1079. 59+96. 75Ba 959. 72+122. 29Aa 2039.30+182. 18B
LJ 77.97+16. 35A 722.62+295.70B 2186.51+362. 61Aa 762. 86+100. 45Ab 2949. 37+449. 42A

T KGR FE R — A AR AR A [ R ] 35 122 57K /NG TR 3R R — R A [R) AR SR B i) 25 122 57K F |, P<0. 05,

i
’ri (e} %

FOA R ARDR Z T8 A7 25 A [ B2 B2 19 A1 5
Fodk e S R Z AR B E O OG, S

b B AR AR PR IEAR G (P<0.01) , 23T
o BAEY R SR SR ) A G,
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Table 2 Correlation coefficients of dicranopteris dichotoma’s growth characteristic indexs in rare earth mine area

Ttem Height Density Aboveground biomass Underground biomass Total hiomass
Height 1
Density -0. 608 ™ 1
Aboveground biomass 0.548 ™ -0.271 1
Underground biomass 0. 069 0. 255 0.364" 1
Total biomass 0.483™ -0. 148 0.956 ™ 0.620 ™ 1

= AREAE P<0. 01 (W) KT B EAHSE , + fEFRTE P<0. 05( AU /KT b B34

3.2 TERIRREESHRERRFE
SFEHL TS IR £ U RSBmO (1941.38+
831.79) mg - kg ~ (4162.82+1339.02) mg - kg™’
(W3 3), %ﬁi&i&iiﬁ%?%iﬁ:?ﬁ/‘\i
(SLREE) 43 5 i #f 1 o0 % & & (SREE) 1Y 88%
(SZ) .82%(XK) \85%(NS)%H 91% (L)) R H i 1
JCE W (SLREE/SHREE) KT 1, 2 B0 W 142
W REE, LIRS, oI EE
5y SLREE F1 SREE 7F £5 K i 0] 22 57 W 3 (P <

FHH(SHREE) 27 A8,

K FE L R84 SLREE 5 SREE ) 62%
(SZ) 45%(XK) .38% (NS) .71% (1)), t-FHH T
#5843 SLREE #1 SREE ¥ M}y NS W3 & T XK
(P<0.05) , 0] NS () SREE {3 & T HAY 3 MR
(P<0.05) . Mr-EARANR LooR S EAEH - 1T
TR i 0T X A5 R e 31
SLREE 1 ZREE ¥ K T Hb N # 43 (P<0.05),
SHREE B T 76 NS b H F #5r > #b &6 53 51, 78

0.05) ,LJ =~NS>XK =~ SZ, 11 75 4 ¥ Hi ] i) L #5 + ¢ SZ XK LJ Wl Jg & 24 25 7 (P<0. 05)

®3 BIVTREERRBUFELITERE (mg- kg'')

Table 3 Rare earth elements’ contents in different part of dicranopteris dichotoma in rare earth mine/ (mg - kg™')

Ttem SZ. XK NS L)
SLREE 1698. 90+ 169. 04 1346. 10+359. 59 1945.23+553. 07 2430. 51+276. 15
Aboveground SHREE 223.73+35.33 305. 10+60. 65 339.94+92.77 222.75+28. 40
SLREE/SHREE 7.59 4.41 5.72 10.91
SLREE 351.60+85. 57 177.02+82. 74 720.91+139. 13 435.28+111. 66
Underground SHREE 213.21£42.20 215.57+148.20 1156.75 +257.17 174.14+57. 63
SLREE/SHREE 1.65 0.82 0.62 2.50
SREE 2487.45+503. 74 1941.38+831.79 4162. 82+1339. 02 3262. 68+822. 62
SLREE/SHREE 4.69 2.93 1.78 7.22

o - ER xR e R A R DA L) e, e SZ.
XK 2 NS 1 5.45 3. 51.2. 33 13 ; i # N #8502 LU
NS 5, A SZ XK M LI 19 5.24 6. 36 3. 96 1%

M [V ]2 A ] — A TR A RBLR
KA, P B T AR i AR B B A P
AFPRAYIE g (B 1, A AR B, U AR T ),
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Fig.1 Rare earth elements’ accumulation in different

part of dicranopteris dichotoma in rare earth mine

3.3 BITREEEYRINEESD

2016 4F,7E NS B9 3 1~ 3 mx3 m BRI, 13K
B P ME N 65% ., M4E 2 ¥ NS SZ XK %
JZEHE(0~10 em) P I0E S FEALE] 4 1 4
Fi o R & i KF 186.76 mg - kg™, 7T
B 58 4F 36 4 20 4E (% 4) .

F4 BITEREEMNKELTRRNEE
Table 4 Rare earth purification time of dicranopreris

dichotoma in rare earth mining area

Item NS SZ XK

Rare earth content of surface soil/g  801.34  356. 06 310.42

Aboveground accumulation of
19. 66 8.43 11.93
plant/(g + m™?)

Restoration time/a 58 36 20

4 i G

4.1 EEERFEREAXMHE

TR L A O AL ) e R R BB S
fiE, BERS S WAL 4 9 AR K BRE RER RAET D, A
W50 e R R S Z I OO B A
-3/2 A BN, RIS A ) 20 I, A
PIURAE ST SR BT IR 3R o0 2 A W) 2 1

R 7 3O N AR R BRI AR AT BR B R A
CUVE B SR F O VR N £ S T
SR —EL, (e LR XA R ] BEE R AT IX
A ERAR R I, e IR e B R BT
e BE BT

M VR AW RAE R AR RARIE AR bR,
AR R ROIR B, W T DR A 3 BEAR BR AY
B AR R R W, M AR K
AR, 22BN T (IR0 Ko R EAE) YR
Wi, 4R o N1 R A KR B R 2
JERESR I 23 BE L1, AT fie 2E AR ) RE RS IE 9 AR IS
X A AR AR S AR ) A A R A o R PR 5 I ) —
RSP 7 MR A K AR R BGE R A 2
XHRZBFR g , oA R o M 2 4 b L350y
DASE HERRL ) B o L RE S AR, X S B VD 3
SSRGS ) R R AR O3 i AR KOR B IR B
Wit R 3R — B0 B R LT IR B Y
U U E RIRE B kE  2E bk A
Hr

MR R A AL W) ST B () AR R
P R UK RE R TR A5 D) RERY 2
fabr' . B EEZMYIAE R A SRR
FEPER M2 K ERA AR A ] 2 A A Y
RN T, il B RS S AR P A AR T I ), K
VU MR £ 7 e A2 AR S P A K A
AIARSCTEARE , PR S A e S bk b R
YR S OISR, SR AN, i BT IX
ISR LA YRR s R T XR
HAEFR BN, LY 22 B AR YR e, A5
HbLEFE A AR i AR A e 2 R AR OC
RS R AE 2 A R A P A R AR W
R A PRRVE, MR Ry T 4R
AR R A BB AL 8 I/ 5 A R R 2 A 3 7
F4, 2 LI 7 A0 2 et R — SE Y, TR LA
1A DU 253 o R R AR 19 A T AR B XK (NS
TR A BB A 16 PHLAR B B84 I 02 W 1 bR
SEYHREIA —E RN, L KRR, B
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YRR, SR, SZ 1o K I 22 FEARIE /DN, 55
BE/N B EER, BRI RN
4.2 TENBITESHERREBME

PN S R e A i N 117 T
SHEOE N 2102. 46 mg - kg MU E0 R TR
BRI 861,12 mg + kg™, AT L, PR F A £
TCERESIHR, X ¥ HE WL R -8 Al
PSR EM L ICR A — AR S ZE > > 46> R
SESFRF IS FE N O B AR TR e KT
RSy, WFRRE YA AR TR
IR Ik 1000 mg - kg™ SO FE TR
SRR T 1, B RS + e 2l Rk
AL AR A R A RRAE (R 3R AL
i £ CR BRI A R R AR s IR
TR RUG AW T L X R [R R A
PR TR S EMER L TR =S,
KGR B BIESRAED AT A R B, X
ST RIE AW IR AR R LT R T b
2R ) B R s AR L A A AR
S (i wolve - i | % NI RO E | 5 g A S =
BiF, [RIE, By T E M R OC R 5 A MR 45 G 1 R
FHef oo & N FEOb FH R ER e E W
BASERIBE

TEARW AR SN A IAEE S |, AR W RE S 1 7 &
RN pH (E FRIIROL B 745 40 T AR XS FRE AR
B PRSI AR T, T I R A X
T AR U R 0 R AE A5 R R AR LA
— X FE RN R, AR W L
X L) 38 H oo R & B, A 30 R+
JCE Sy, I NS M Lo R S e, 1
T IR TR B A A R e, X R
TEHAE MR T ICR I, 23 R AR Y - BE 2 AR JD
2+ R e R SR AR, TR A R TR
o ) e R A, 3K 5 A A B g — 3L
R A 7R BE IR 45K N T 2 Mk B A 19 A=
PR AR A - R W e SRR AR NG LT R
R RHE—E N

4.3 THM FESXH L ITERRNAE

TS HE D B AT 18 5 R TSR A )
FFE e 22 W97 2K, S ) TR 8 s 3 1 A B B
C 5 e £ (1 —Fh ol 2 Al & R, 3l 1 HE ) T
W — 5 B iz i - F A% -V AT BRI A 3 L ) 3
SR R0 3t 358 0 WA 1) 4 Jiss AT ok 31 Ak £
e E A R TS Y H D AR AR T
FOE R AR R T X TR A SR R
FY) . ABAESEPRIEOL R IR AN [l DX 4 3336 125
KXo BEM LUK IH SR TR & R
AR IR Y 22 5, 1 o v AR O X - TR B
oA —FE, IEAMTSE T, 2230 Eor LAE
PR o0 3, BT IR E R L0 R 2 0 A 1Y
DX, S FE R BRI 1] 2 LU 7R s e 3B v 4
LXK

5 #ib

L T KPS A AR R, TR FEARR & | M
e R X B A I AR PR RS i 1S, A
FE B RO R R

2. Fi A X P FE ARG 10 R BEURRE, R H
Bt oeE & BN e 1R > R Ay, 1 HE
Mo By R SR LUK AE IR
FoTaR Y R b AR S A b 2
T AR RE A4 FH A e 3R AR SRR
WA IR R

3NN LR B E Y, B X
HEATRE W) B O T A A . AR A B K NS (SZ,
XK I 107 X R JE 13 (0~ 10 em) PG LITR
i N el o e TV RN SR
186.76 mg + kg™ ', 43 E 2t 58 4 36 4EH 20 4F,

S 3k
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Rare Earth Element Extraction Ability of Dicranopreris Dichotoma in Ionic

Type Rare Earth Mining Area, Southern China

ZHANG Qiao-ling'*, CHEN Zhi-giang"*, LIN Qiang®, CHEN Zhi-biao'"* ,
FENG Liu-jun"?*, QIU Yang"*, XU Rui'?

(1. State Key Laboratory of Subtropical Mountain Ecology ( Ministry of Science and
Technology and FuJian Province Funded) ,Fuzhou 350007, China;
2. School of Geographical Sciences, Fujian Normal University , Fuzhou 350007 , China ;

3. Fujian Soil and Water Conservation Test Station , Fuzhou 350007 , China)

Abstract:In order to explore the rare earth element extraction ability of dicranopreris dichotoma in southern rare earth

mining area to extract rare earth elements in the soil, this paper takes the southern ionic type rare earth mining area as experi-

mental plots, including Sanzhoutongba (SZ, 5a governance land) , Xiakeng ( XK, 8a governance land ), Niushitang (NS,

10a governance land). and Longjing (LJ, reference) , to study the growth characteristics ( plant height, density, biomass) ,

rare earth element enrichment ability and rare earth element extraction ability. The study found that among those experimental

plots, plant height, density, aboveground biomass and total biomass were significantly different ( P<0.05), while under-

ground biomass was not significantly different. The highest accumulation of rare earth elements in aboveground part is LJ,

which is 5. 45, 3.51 and 2. 33 times of SZ, XK and NS respectively. The highest accumulation of underground part is NS,

which is 5. 24, 6.36 and 3. 96 times of SZ, XK and LJ respectively. XLREE and XREE were significantly different in the

aboveground part of dicranopreris dichotoma (P<0.05), LJ=NS>XK=SZ, and the aboveground part of dicranopreris dichoto-

ma was mainly composed of LREE. In order to purify the rare earth elements in the mining area by dicranopreris dichotoma, it

will take 58, 36 and 20-years to reduce the rare earth element content in the topsoil (0~ 10 ecm) of NS, SZ, and XK,

respectively, to the average level of soil rare earth elements in China (186.76 mg - kg™ ).

Key words : dicranopreris dichotoma; accumulation; phytoextraction; southern ionic rare earth mining area





