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Abstract: Nowadays, soil heavy metal pollution has become a major part of environmental problems. Phytoremed-
iation technology is a new method dedicated to the remediation of soil heavy metal pollution, among which hyper-
accumulator phytoremediation is a green, scientific key method and convenient technology to control soil heavy
metal pollution. It is one of the important means to realize the sustainable development of human society. In this
paper, the germplasm resources of heavy metal hyperaccumulators in recent 20 years in China were collected and
summarized, and the basic restoration application example of inter-cropping crops with hyperaccumulators was ana-
lyzed and listed, and the limiting factors for the restoration and popularization of hyperaccumulators were summa-
rized. On the basis of this research situation and application status, the definition, application, selection and a series
of related experiments of hyperaccumulators were prospected, in order to provide theoretical basis and practical ref-

erence for the further selection and application of germplasm resources of hyperaccumulators.
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BIZE BRI IREE sl B R m T
Prr R HE R B TS Gt T R 5 A A T
[ N BRI NI T RS S NS G e SR B2
1) (i <A EPNIEZ 1o SN IR 7B I ot I 567/ B D O
Qe+ MR ITIE S A A WA — 2 1R
BRYE, MBI B I — 0, BA AR
AR AR LSS A =k 5 G AR AR AR,
ORI AR s A TR A R A Q
I Sl S v R SR A T S A 4 R T
SE , T FRAR 5 7 b A RS & B SR )
BEME, 1 I8 275 D - S PR3 A sl 3R 0k 52 D49
PRIERRAE RSB H 9™, AR [T 20 4Rk A9
4 e R SR ) b R BT AEAT T USRI N, R
ATy [R] AR S ) B A A AR X — At 18 52 10 ]
ST TR B A RAE Y E AT
BRA PR SR AT T RVAS , I A LA 5T -5 1 HH BRAR e Al
X R SEARM A FE ST 5 SR AR B 2 AT AT
KRG ST — RIOT I TARREAT TR, DUV oA AR
SHYMEIE I G R {5 Qe it — T R A 4
PESL 225 FI B AR

1 EHHEEMRMRARERZEYHRE (Over-
view of phytoremediation research and the defini-
tion of hyperaccumulators)
1.1 YRR

FEI S T AR AE 1] P NG kS 11—
RRAS W 0 1 LK BH RE iy RE TR 1Y 2% 048 &2 5
AR FFAE ) e A8 B 5 4 Ja 15 G 1 38 ] LIAR 5
TR HA LA ARG R 23R 5 AR 43 S S il
YRR FW AL AR FEYIRSE R BRI
PR AR R 2 U0 X S HOR R ) A U
H TS e 22 HOA P AR B ok Bl sy i LR B &
JERi S RAEYE R Jr 2 3 A TR Y AR O BEAR A
Yl 1 RS B R R A R AR Y
FERUA  HARTR W S RE ) B0 | HAR R A 17 2501
SERERE ) IRV A i AN E AR ). B AR R A
Y RAYNE R B HEARXT 4 . 1977 4, Brooks B JtH2
H AR AR AP AOME S, 1983 AEFEE R4 F Chaney
SEpe iz AR M 25 55 S vh B & R V5 e Y
AV 1991—1992 4E  McGrath 1 Sidoli 1 Y78 B 41
PATAME S TAE, MBI i 4 s 5 e 13T iR
VE R —Fa BB HOR BB AT 0 A1

1.2 WHEMEY I E

X3 R AR 55 A DG ) R R R B AR R
NFIFEARFLENTR (1) 130 (R 245 25 fn) 5 4
J& AR AR M L 4R S R AR ) A
[l —A KA Y 100 £, T2 RIS R E &R
A& HS %, Au N 1 mg kg™, Cd 5 100 mg -
kg™ ,Sb .Cu ,Ni Pb . Co il As 1 000 mg-kg™',Zn
H1 Mn 24 10 000 mg-kg™" . Q)R FFE . A M L 3
SrEAE R TIPS R ) =4 )R E
It )M HERHAE - AB A X T 4 ELA 5 A I 5 7
S S IS IS LR A YRR IE AR K, 2
AR E SRS Y I E SR S
IR EE AR A Ik B I B S A AR
YR 28 W FORF 52 48 b B354 T BT 2 A %
AT (4) 5 5 RBURE Y B3 w4 R B
1, 2/DFE M MEY & £ E S8 Sl 8in A &
5 b AR 0 A Y B A R AR R
B,

2  Fh/REFIE ( Germplasm resources)

MYMEE EL BT Y LI A ESCR R KR4
U H A5 A8 AE U 8 45 0 A, X B0 A AR R AR
FHEY) PR R RN e SR LN RS, TR s
iE B 2 AR A R
R PERRHE T A RIS BARAEX 7 1 3R E 4R
FAR A B (HE 20 4Pt 24 7 i i [R] Bt B
T—FRINEER , # S — RN I I SR S R
AIEEKRE Cd MR IE, 2 HEY SR EEE
MIRIER o BRIFDEAE" 52 th i 5 - AE7E As B R B
YRR AR IERE S R R AT AR P ESR N
SeRIN As R R AE Y IR A R R SR RS0
IR A dE IR M e R BIE AR Cu
FHEAYING PR L 2000 4F 2 J5 [ P 2 38 2 i b 5
RO AR PRS2 1RSI T3 20 4R
Erd R BB S HFEEENEHER,
DL Kb bR SR A R

HER 1 AT, BUA R AR R s e o AR A —
e mmEZL w582 M AU LRI D, 2K
WA By R R BA L — X — 5
KIYEZ TR ER S AR /D 5 3R
BHW 2 5 AR 224% , AT & BRI SEIN R
Wil 7] e £ [ 45 2003 45 K B A s i A2 [R]— A 4
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Table 1 Hyperaccumulation plants found in China in the past 20 years
. HENESR b 4B TR
AR Y A ES " : 5%k
. Enriched heavy Metallic element content
Hyperaccumulator Family Type References
metals of aboveground
8 8655 Commelina communis T8 #i %} Commelinaceae B Herb Cu 1 034 mg-kg™! [18]
WU Pteris vittata KU BREL Pteridaceae B2 Fern As 4384 mg kg™ [16,18-19]
KFFH I HE Preris cretica KR JKEL Pteridaceae B&ZE Fern As 2789 mg-kg™ [20]
RS K Sedum alfredii S KB} Crassulaceae KA Herb Zn 19 674 mg-kg™! [21]
FINHSE Viola lucens H¥F} Violaceae HR Herb Cd 4 825 mg-kg™! [22]
+3#3F Dysphania ambrosioides  TiF} Amaranthaceae K Herb Pb 3 888 mg-kg™! 23]
g Kg
SBUNEBR Pteris fauriei KU BRA] Pteridaceae B&Z Fern As 3224 mg-kg™! [24]
FEPIREBR Preris oshimensis ~ KUBFRF} Pteridaceae BRZE Fern As 1335 mg-kg™! [24]
HALNEE Preris multifida KU FREL Pteridaceae B2 Fern As 3 890 mg-kg™! [24]
. N . 14 769 mg-kg™'
[BH 4 5 TFIER AR B
) ] ) Pb.Zn,Cd 77 442 mg-kg™' [25]
Arabis paniculata Brassicaceae Herb
3509 mg-kg™!
Je3% Solanum nigrum HiEl Solanaceae R Herb Cd 101.1 mg-kg™ [26]
22K Leersia hexandra RAF} Poaceae ELA Herb Cr P(Y 17869 mg-kg™") 7]
KM FRE Phytolacca americana T fili&} Phytolaccaceae ELA Herb Mn Y 47 060 mg-kg™! 28]
g Kg
ERILESE Rorippa globosa +F4EFl Brassicaceae IR Herb cd 130 mg-kg™! [29]
SR R HEACIR FEA B
. . Pb 2 200 mg-kg [30]
Tephrosia candida Fabaceae Shrubby herb
JKFEMIl Debregeasia longifolia S FRRl Urticaceae J/NFEA Small arbor Pb 2 000 ~4 000 mg-kg™" 31]
I F4ZLAN3% Beta vulgaris cicla WAl Amaranthaceae B Herb Cd 159.79 mg-kg™! 32]
K LR LV Y 24 447.17 mg-kg™'
, Mn 1 133]
Polygonum hydropiper Polygonaceae Herb J 10 34352 mg-kg~
KEBZRER s A :
Zn 27 600 mg-kg™! [34]
Potentilla griffithii velutina Rosaceae Herb
Epis &3 FEAERt A 550 mg-kg™!
Cd.Se (35]
Cardamine circacoides Brassicaceae Herb 995 mg-kg™!
INBEEHL Carex gentiles VFHER} Cyperaceae 7K Herb Pb 1 834.17 mg-kg™ [36]
LR Preris aspericaulis  RUBHEEL Pteridaceae Bk Fern As 4036 mg-kg™! 37]
PSR A i R R A /&S
. ' ' As 3634 mg-kg™! 7]
Pteris multifida serrulata Pteridaceae Fern
SLZEF] Mirabilis jalapa LLEFIFL Nyctaginaceae IR Herb cd 539.87 mg-kg™! [38]
g Kg
W% Amaranthus tricolor AL Amaranthaceae AR Herb Cd 212 mg-kg™! [39]
BERR R AR B B THE R .
. . . Cu 218641 mg-kg [40]
Ricinus communis Euphorbiaceae Herb or herbaceous shrub
N R KEREH [Lw:N cd 1202086 mg-kg™! ]
Euphobia thymifolia Euphorbiaceae Herb Y 189365 mg-kg™!
IRU 46 Emilia jaranica %%} Asteraceae R Herb cd 40423 mg-kg™! 421
=W Y41 5 Bidens pilosa 35%} Asteraceae B Herb Cd 119.1 mg-kg™! 43]
2 Wi4 Sonchus asper %%} Asteraceae B Herb Cd 387.5 mg-kg™! [44]
L Tagetes erecta %%} Asteraceae LS Herl 34575 mg-kg~
fLER T HEE A HA Herb cd g-kg™! [42]
)8 Averrhoa carambola IK FBL Oxalidaceae rbor 615 mg-kg~ 5
Wtk Averrh bol. 3K RiRL Oxalid A Arb cd g-kg! [45]
S Artemisia argyi %P} Asteraceae HAR Herb Ccd 105.59 mg-kg™' [46]
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gkl
; NS E b 4B TR
R A ES " : 5%k
. Enriched heavy Metallic element content
Hyperaccumulator Family Type References
metals of aboveground
A HEH " 3919 mg-kg™'
o IR Herb Cd.Zn [47]
Picris divaricate Asteraceae 12 472 mg-kg'l
I Rt AR B A )
N , _ Pb 151196 mg-kg™ [48]
Artemisia stechmanniana Asteraceae Semi shrubby herb
CEACH " o
iy HiR EREAIR A .
Artemisia sacrorum . Pb 2 857.86 mg-kg™' [48]
Asteraceae Semi shrubby herb
messerschmidtiana
424 ¥ Pogonatherum crinitum AAEl Poaceae IR Herb Pb 3 789.84 mg-kg™! [49]
W% Isachne globosa ARAF} Poaceae IR Herb Pb 341156 mg-kg™ [49]
BAsH- Iva xanthifolia 34F} Asteraceae AR Herb Cd 47430 mg-kg™! [50]
G (10 652.53+2 477.74) mg kg™
B B KB R R cd Y (3 738.39+348.03) mg-kg™! 511
Microsorum pteropus Polypodiaceae Fern J (3 086.10+749.29) mg-kg™
1,2 511.93+28547) mg-kg ™!
i kg =T WA S A )
N cd 10591 mg-kg™" [52]
Lantana camara Verbenaceae Shrub or trailing shrub
FIARIA Polygonum perfoliatum FE} Polygonaceae KK Herb Mn 41 540 mg-kg™! [53]
—4E¥% Erigeron annuus 358} Asteraceae IR Herb Ccd 159.6 mg-kg™! [54]
£ Achyranthes bidentata Al Amaranthaceae R Herb Mn 18 809.91 mg-kg™ [55]
AR .
) ) ) T 4EF} Brassicaceae FAK Herb Cd 131 mg-kg™! [56]
Cardamine hupingshanensis
PR e B )
Mn 15207 mg-kg™ [57]
Polygonum pubescens Blume Polygonaceae Herb
R SRR PR ]
o Cd.Zn 9 609 mg-kg™! [58]

Sedum plumbizincicola Crassulaceae Succulent herb

¥ Arundinella anornala Steud ARAFE} Poaceae B Herb Sn 1242 mg-kg™! [59]

N o . i 7480 mg-kg™'

2R Sesamum indicum P HRF} Pedaliaceae HA Herb Cu [60]

Y 580 mg-kg™!
WL Setaria viridis RAR} Poaceae A Herb Sb 12 270 mg-kg™' [61]
%% Sigesbeckia orientalis 45} Asteraceae K Herb Cd 19292 mg-kg™! [62]

A AR BRI %S
. o i ) cd ~300 mg-kg™" [63]
Lonicera japonica Caprifoliaceae Semi evergreen vine

JEHL Arthraxon hispidus RAFL Poaceae A Herb Sb 1336 mg-kg™' [64]
LR WHSSE Youngia erythrocarpa %} Asteraceae WA Herb Cd 31787 mg-kg™! [65]

— AL HEH FAR 114.5 mg-kg™'
Cd .Pb [66]

Emilia sonchifolia Asteraceae Herb 13155 mg-kg™!

4 ffi%5 Eleusine indica KRAF} Poaceae HAR Herb Sb 2 120 mg-kg™! [671
‘F18%5 Galinsoga parviflora %} Asteraceae IR Herb Ccd 205.62 mg-kg™! [68]
7EF#] Ageratum conyzoides %P} Asteraceae 7K Herb cd 121.50 mg-kg™! [69]

HOREAH Selaginella pulvinata — #HIF} Selaginellaceae 7K Herb Pb 1 061.65 mg-kg™ [70]
EL Rk b4 R Ak " 729 018 mg-kg™' -
n
Eucalyptus grandis X urophylla Myrtaceae Arbor Y 5 676 mg-kg™!
REH e A 1388 mg-kg™!
Pb.Zn [72]
Symphytum officinale Boraginaceae Herb 17 795 mg-kg™!
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Enriched heavy Metallic element content

Hyperaccumulator Family References

metals of aboveground
/NEE Chenopodium ficifolium WAl Amaranthaceae HA Herb cd 179.73 mg-kg™! [73]

T TFAER . 1515 mg-kg™!
L . Ni,Zn [72]

Brassica juncea Brassicaceae 18 823 mg-kg™!
R AFAE Vinca major Je AT BERL Apocynaceae A Herb Ccd 190.82 mg-kg™! [74]
IR H Anaphalis aurecopunctata %} Asteraceae HZK Herb Pb P 18632 mg-kg™! [75]
ViR ARG Schima wallichii ILZSF} Theaceae Fr A Arbor Mn 10 946.3 mg-kg™' [76]
A B UNETN c 729833 mg-kg™! 7]

T
Rhus chinensis Anacardiaceae Small arbor Y 3648 mg-kg™!

VE AR Baker 1 Brooks!*VH H! (1 225 (i S A DN TR IS4 s b 1304 SR T 28 1 ik 34908 1 AR AR R BN T S 0 45 04 W J 2 A SR 2 i
e {E, i PO, T 2R s 1, S DIREE Y oM iR, G AERR,

Note: Select and collect according to the reference value and recognized definition proposed by Baker and Brooks”); metallic element content of

aboveground is the highest value of aerial parts obtained by natural growth or artificial test and other research methods that meet the recognized and de-

fined conditions, in which “P” is the average value, “J” is the stem or petiole, “J,” is the rhizome, “Y” is the blade or pinnae, and “G” is the adventi-

tious root.

Y53 ¥ R lii (Phytolacca americana L.), /& Mn 18
FRERY™ ;2007 AEHRA ith & B 24 0 22 44 R i
SRR, T 2018 AFTE 2 SRR S, ) 4T S50 %)
AR = XK FEIEFT DNA 7508 F o 25 06 2R %
FE , T LM s HoN BE WK 5% (Cardamine circaeoides
Hook. f. et Thoms.),

3 ELEBREEWHET RHIE X ( Limiting fac-
tors for the promotion of hyperaccumulators)

AR N ZA YR R TR TEIAS T —E
AR (E R AR R A T A A DU Y
BRI A R

(1) S 4 s AR 2 A8 W o 2R X A/ i HL
TG B8 i 5 2 1 2 R G . R Hny
REMYRERE DN, A KNS B L, MR R
FALLFE G, O &R A BAY LARA N
FORBRAE LIS T AR AN S 06 A R e
TIERZ , G, X T S5 A &
AR LA T AR A BRI PR 2R

Q)BT & IR RIEY) R Z 05— 4
JRBA IR AR R R BA )1 5 E
EERHEAEY) . IR YRS B &R 2A
VEPEPE (2 HIER) IS e R 208 2 Fhai 2 FhLL
SRR G, WA R — R, W
IRAFSOR SR Al T Z RIS, 0 S PR Ak
B, T LI 44875 L A e 5 e R A ) U

7% B3 B T FH AR BR A PR R

Q)RR ZE MY 2 o B LR IR YY), XS R
A=W R R R AR LB ™ A | XM A 50, 2
Wi 5 | b R, DX 8 25 b AN ] 42 A 3% R RE A
MY ICE I B TR 2L, R E SR 153
e RE b R FAEY) G BB AR . WA
[ PR 558 R AN S P25 e R A B R PR R

(R FE A —E R BUR A R AR
YA, AT RE S S ECE YIRS Y. AP 5
FEAZUE , AR i S 300 A RS B i b B ot
P o e A s R

GYEFM AR R G AR TR T B 2R A
SEREROR R AN G, N T8 75 AR il i ol
R, B O A 2R TS s R 5
LI AT R (B A AR PR 22 42 5 TR AR A 2]
PRAE, HUAEY) RIS | Ak B 20— | BB S 2l Y
AR IEAS LA, BRI ™

4 RIEYEBREEYEEEN A (Applica-
tion status of inter-cropping crops with hyperaccu-
mulators)

KEE SR Y ™ E, H LR R E
ol B AR e A R R, (BB R AT AR R A
RAB S5 T IEFEI BUIC, A S ) Ak RO fE
RSN R 7, SR AE 7 B, 4R T BT IR R
B AT B HEAS [ | B 3 D AR R )
AR UG — g R, 3 I AIF 5 25 ) 22 3] P AR



42

SRANII AR 3T 20 AFF [ H 4 B AR SR AR A b 5 B R B S 0 101

FAEY) 5 A AE ) ) A B0R E DR & B E R
AR fgin SR R AR B ok KAE, & TEY
] H 5% R 55 55 0 RS2 AT ) 1) 5 A ot S I ) i 42
JE-FE AT LIEBE, BEEREHT
& 023 a1 4500 JE 3, 580 R R K e OERESE A 2R %
., [V 7853 ) PR 4 A A 1) 225 Ta) S ] AT 42 e
LA 8, [BEVEAR RN T 3B H AR
A B EIREL ™ Sk, e — R G TRk k
Jie S W]k 7 2 TR N 2 b | Hfgih Ak i g
B EIERHER
4.1 TR ZE Y RAAEY A EE A b i 1
4.1.1 HP—EEJETEY N HS%E M)

I [R] b AT 52 A BA P52V 58 S 15 W WA B (Pteris vitta-
ta) 5 S CH REFN ARG ST B, BIF 5T 45 2R R B | 1]
VEfG &A™ & 5 1A 15 e X i SRR,
™ H S A8 22 e I EE 4 8 & i kb5, i6 4R
Y 95% M RLHES B S EABETEAE
i HL 4 A B R (R IEE T R A BN 1 As
I, 2012 AEXBAECTIIFGY BB, Fok 5 A A
W% & 2L (Polygonum pubescens Blume) B8] Fli, B 5,
E—EBE FRE MBI EY R, IR SR AE
B ET P 48 Mn IR, RN Mn 2
U 2 52, EFHEPFHERFED 5 K (Se-
dum plumbizincicola)#t 17 RIVE , BF 58 2 W, 5 K kFHL
Cd F R T E & & bnifE, 1 H AR 5%
P Cd R BRFEIRF] 35.20% , XA H 1Y Cd &
SR W, AR R & AR E o R T U 3 (Amaran-
thus mangostanus)5 /)N FISEIRAE , MBS FEAR /N
FRNRES RS &, R —E R e T A
P, R Cd M R R B B A
SEOTE 1K 25 (Solanum nigrum) 5 KA T HIAE,
REREMEE Cd V5 4% 138, [l B 7™ 4% & 3 B A ™ i
BRI EFUARER R, T3 75 550 R R
S /N6 B IT (Arabis paniculata) 5 K [B] {1k
F A TR Z AR /NG T 4R P, [R] I
DARAEY) EORFEARIR N Pb & &, #2 T B KA 7= i
AT B E R,
4.1.2 HAEEELETGYNHSHM LA

RIMAECTR AL 5 K (Sedum plumbizincicola)
H5EMEERBE Zn-Cd B 57590 3, % Zn-
Cd BEAT5 0 LI R £ R R R — 9
o T i 5 S5 A B[] R R 4 i (] i ik A s i 5 3
AP IR O RE AR D BRI RPN E & R S

e T EIIN T ARAEM R, R BTG AR
YR 5K 5000 F 27 BRI 2 B, FE R
M 13 Zn  Cd Wi B 2 8, 4300 1Tt 54.7% i
16.9% , HAHYME 5 8RB, Zn } 3.17% ,Cd K
28.4% , [FIEF, FE AL BE R, i F 9 5E Cd WA
0.08 mg-kg™', Z% 0 %R A RAE Y IR T
(Dysphania ambrosioides) FIAVEY) T oK | Az G 3E 17 [H]
B, 2R W, BIoTiAN cd & BT T 21% ~
134% ,Pb (& EH4 N 10% ~85% ,3 FAHYI A0
AR TR L BRI IR BRI T AR A W
&E , FRHE S TR R EY N E S EWIE, %
Uy U S5O ) FH B 4 TR R B AR A ) 5 R AR AE S
[ VR 52 15 G 3 M 32 6 4552 Viola fargesii)
Zi e E )G, A1 Cd As . Pb Cu.Zn %5 1) [%
R 3 3 96.37% . 72.56% . 75.45% . 46.28% .
50.59% , [7] ¥ 1§ B W 55 Y 44§ ( Chrysanthemum  indi-
cum) B VEXT 4R H v 43 JE 0 K R R i
IAE S Ty BEREAR T b i 48 % &, W] B
H—E MRV, Wb B AR FOR RS A gk
Pb-Cd & &5 4% + e 459 3 JL 5, P76 oL LAl 1 ]
YEEERR- S S K, 85 R R, B R 4R
ARSI YR, H T35 %E] 3 686.7 kg
BN —Z PR K e p i 4 R L PR Rl
R TE N

4.2 TR EAEY) R AR AE W 18] AR AR S T b A g
(YRTHWATA T3 55 075 Je AL )

Wu Fil Jiang" 'K i #5 32 ( Thlaspi caeulescens)
HEKBEWN Cd 5 Zn BERHI5 Y, 2t 4E
AL T3 Je AR FRAR /N Ry Ik 1) 1/4 38 38 EDTA 2
WS , Zn 5 ik B S B AIG, 7 L™ i £k &gt £
UARIAG I, 75 A8 5 DA bR e, XA &
KGR RRERML I X 5 R T Zn &
TR A, PR AR A R A AR B RR
KRB XI5 RS TE R0, 25 R R W], EF i
FPEE T BN AR M s R PRI Zn AT Cd YK
ROHApP K RRP Zn 8K 9910 mg kg™, 2
HAE 1.5 fy, T H EORPF R E SR S EAA R
i DAERRAE, Fdi 2R SR A F AR /e e R Fh
JrEE IRV, IR TATI5 0 4 Zn RN 4
Cd & BAH BERM@Zn THT 16.32% ,Cd T %
T 8.54%), HWSHRM A2 S 52 18.1 t-hm ™, It
T LK T V5 e TP A Zn . Cd M K& SEAE R
FE AR T TSR A
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5 FEE (Prospects)
5.1 HHREMYIRRE

AR AR — ELTE LU TA B 5 i Bl N kA 7
i e (HIBBA R A e . A BE9E R, Cd AR
FAEYIARX LL > Cd AR B A Al F 5 s bm o
NiF%E R 50 mg-kg ™ B B AR HA S AR ZAEY)
P FUERRN M E (O E RN ESE S &
—EERT LR E S E S, IS % R (en-
richment coefficient, EC)E>1 ; (2)#8 L R A4 701 B
H BRI PERRAE , 2005 45 5% & #7265 #E AR
FAEYHT BRI AL e AR R A E XA T
YR B 4R & i is REGX 2 SAETE Sk
b, BEFS i 2 OB I e s ——A U B R &R
(W F B Fn e o i R, BT R A R AR e HE R B
TR E XK T, BIHEAG YY) & 4 BT o B R GR
KV AR A Yy it 3k B SR A ] 5 SRR AR R A
Y. 25 b ROz A RAE Y R FE #E AT 2 B IR
AWFIE HEATARMESE — R 43, e 20kt B LS By
FHME R R EAED)
5.2 BB EMYBEE XS

AR R AP 4 R 2 B0e X TR E SR
ST E 2 E KR 4 a5 R
JUEE KSR SIS AT SR BN KA TS
YL 25 Ty i N e s s e, B U AR
TER AR AR 8 v, K A 4l ) O 2B AR AR S ik
Yo XTGBT ARNT B 3R 1 i AR R AE ) T ik
T K B BRIk SO AT AR S KRS S AR
Hop Bp i EPIEE A Cr 5K IR R B B 2
TR E R RE ), L b OO AKIR E SR
15 YO0 XK AR R AR A A T 78 o AR S0
TELA LA A, KR 4 i 15 Y i S By
SEFE ANy, IS Yk AL Ge e 52y = i
5.3 TEEBERES MR E

rh L D N 2 A OO 3 AR SO g1 R AR
FHYFLAEY &Y ERENMUGAEERE B
1y, [EHISR T 24 B VEY) XA 3 2 R e
JEN R FE oRAT R L PR A, MAE— e REFE b 22 il
TR S R R RS, e TR S
525 TR 2P G TR 53 R 2 2 Xt 2
BLIEAT T HREWEFT, W 28 N A6 R U 22 4 (Li-
gustrum malongense B. S. Sun) A& & T 4 J& 15 YL )
T4 MR —FOW Y, BR824 Cd  Pb Al
As H—T5 YL A7 55 L i 158 [)Ih Ik B — A

AL, HAT )32 N R 5 BREA A1V
TR 11 &5 W ( Tradescantia sillamontana) X A8 2 & 4>
J& Pb 15 Y41 138, XT Pb AYT5 YL 30 10 AR o 1y i
R B AR, A 7= 2R — o i SO 8s o 25
e HET IR A R S Y B O S, W i 1 4
BE 5 LA T e BA R =3 L,
5.4 SRS E

INVFZAE G 52 0 g FH SCHR v & B, 3F AR 2R
Y BRAHEGEBR BN, B2 FEEdEst T
TR A, Bn, SR AR S AN R BT i 3% (Lyth-
rum salicaria)ZJ3 Cr T B, fig B oK i
Cr MR R IR B ALK IR ROER . TR R 3
% 5% f€(Buddleja officinalis Maxim)X Pb H A A1 2
FEPE DL R Ao () it M, X6 2 B ml L BE Pb T Y 4
PGS S BA RPN AT 5, 25 L 3 E 4 s
T B 2 HOR 0 2E AE P FRATT 0 2 W U
A 2 1
5.5 Z&RE AT EEE PR Y AR

TE H AT A AR SAE Y, 6 S — 4 R
BABHEMEEY 5 R 28 HE RN E SR
VSYR LI 2 Pl 2 FhDL B E A5 ™, &
2B R AA SN R G BRI Y HIERA
REHMEEAE, sk /DI % B8 5] ( Crassoceph-
alum crepidioides (Benth.) S. Moore) E. A # ! 2 fE
J1,%F Pb A1 Zn EA — BT P FVE SE R T, % itk
REGES RG] HIEREA 2B EEM, B
WA I N I K81 (Aster subulatus )HL T3 43
LB EERBAEANE LSS R AN, 7
BA TSR TP AL S5 B 45 As-Pb-Cd LR
Y EARFHE, 25 L N T2E8RE AN+
T LAG B B ELAT R A8 2 A F (R A 0 o i
TTESE  TTIR B — 8 PTG FEACR |
5.6 BEACEAEE RN

FE A8 52 130 3l A SR SRR O BB S ] )
KB BhHE S kM E RN Pb-Cd B &
15 4% A T i B BT O ORFS A B [RE B AR
FHRERSTE — & FRIE o fEa 5 R - b i 4
JBMIEEROR, BREEEAE 20 mg- L7 Cd R E T #
FAL 3 d, PR N Cd &£ T i oRME, XTK
& Cd WL BE Sk 5 40% ~60% , HLAT ek g
5 BRI AE W 0T 25 b SR AR
(i G 52 SR A ) PRI S v i 2 DLk 1A 3] 4
EBEERCR dakis S AINe H Y,
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5.7 ERBEEYNTHERER

H ARG b B9 100 R i HIERUK A B
MTTHEA N, JLEFEAE K KT BB, A5 L
RTEA A, SR B i B AU B R 58 35, %
A BB M R A L A AR IS B | 4k
AR e R RBOULE L F R JLER e
AN =SS EF PN [ite sloe 4 2 (171 B e
A RESsIE L E RN 2 R G0 I AL R 5855 2 )7 a1y 4
FIJCHSE PR R G, BV = i 2 iR
S KR 22 5 B R Rt H
AT DA T A8 52 4= o0 3R 75 G - 58 A AF ) ¢ 3¢
A HATR A R A it AR K 8 e
SRS, Skt IE S R B B M (Eucalyptus
grandis)[E 2 170K La V54 3, B AR IR
SR AT, 7E 13 La WRBEH 350 mg-kg ™' B, FL A%
X La (5 SR 10 883 mg-kg™, BAEME B
F, L AT LUR IR £ TR 1Y A O A R
FEP TR, T BRATRA £ T R0 AR a5

BIEERE N RALA971—), B, #4%, 2 2L H
AR AESERKEMY EY T,

£ % 3Lk ( References) :

[1] LiZ, Zhou J W, Wu L H. Hot spots of soil heavy metal
pollution and remediation research in 2017 [J]. Science &
Technology Review, 2018, 36(1): 189-198

[2] Zhuang P, McBride M B, Xia H P, et al. Health risk from
heavy metals via consumption of food crops in the vicini-
ty of Dabaoshan Mine, South China [J]. The Science of
the Total Environment, 2009, 407(5): 1551-1561

[3] BRSC INTPFEE, REAHE, 55 WA 0 (S3307) %) 2
i SR BT R AR AR A [T, A S AN PR BT 2
2, 2019, 35(9): 1190-1196
Huang K W, Shan S Y, Lu C Y, et al. Effects of spraying
uniconazole (S3307) on cadmium accumulation of two e-
cotypes of Bidens pilosa [J]. Journal of Ecology and Rural
Environment, 2019, 35(9): 1190-1196 (in Chinese)

[4] ZEPOIF, Z0melk. 38 BLIRGES S S @B = HoR
(1. FEESL LA, 2013, 21(2): 261-266
Wang Q H, Que X E. Phytoremediation: A green ap-
proach to environmental clean-up [J]. Chinese Journal of
Eco-Agriculture, 2013, 21(2): 261-266 (in Chinese)

[5]1 Sun L N, Zhang Y F, He LY, et al. Genetic diversity and
characterization of heavy metal-resistant-endophytic bac-
teria from two copper-tolerant plant species on copper

mine wasteland [J]. Bioresource Technology, 2010, 101

(6]

[71

[10]

[12]

[13]

[14]

[15]

(2): 501-509

Xie H L, Jiang R F, Zhang F S, et al. Effect of nitrogen
form on the rhizosphere dynamics and uptake of cadmium
and zinc by the hyperaccumulator Thiaspi caerulescens
[J]. Plant and Soil, 2009, 318(1-2): 205-215

Bia R, RyRT, ek, & MYEEESREE L+
SRR IE IR K HE T 42 HR SBR[, AR FREE 2
#, 2015, 24(6): 1075-1084

Yang Q L, Wu Z Z, Chen J L, et al. Research status of
phytoremediation of heavy metals contaminated soil and
prospects of water and fertilizer regulating technology [J].
Ecology and Environmental Sciences, 2015, 24(6): 1075~
1084 (in Chinese)

le X H, Franco C M M, Ballard R A, et al. Isolation and
characterisation of endophytic actinobacteria and their
effect on the early growth and nodulation of lucerne
(Medicago sativa L.) [J]. Plant and Soil, 2016, 405(1-2):
13-24

Boechat C L, Pistoia V C, Gianelo C, et al. Accumulation
and translocation of heavy metal by spontaneous plants
growing on multi-metal-contaminated site in the Southeast
of Rio Grande do Sul State, Brazil [J]. Environmental Sci-
ence and Pollution Research International, 2016, 23 (3):
2371-2380

T4k 2% . 4 B V5 Y AR ) 25 BBUSCSR PP R G2 1 1)
MALHTFE[D]. 220 HfifOlk k2, 2015: 1-8

Xing Y L. Evaluation system on efficiency of phytoreme-
diation for heavy metal contaminated farmland [D].
Lanzhou: Gansu Agricultural University, 2015: 1-8 (in
Chinese)

REW, TATHE, 220, AP R 48 TS g
WEFT R I]. | B IRRHE 45 2R, 2018, 35(5): 58-68
Song Y T, Lei N F, Li S L. Advances in phytoremediation
of heavy-metal-contaminated land [J]. Scientific and Tech-
nological Management of Land and Resources, 2018, 35
(5): 58-68 (in Chinese)

Wh— . 4 R B SR A B Y R R (D], PR AR
54, 2008, 33(3): 20-24

Chen Y P. Research trends on heavy metals hyperaccumu-
lators [J]. Environmental Science and Management, 2008,
33(3): 20-24 (in Chinese)

Wei S H. A newly-discovered Cd-hyperaccumulator Sola-
num nigrum L. [J]. Chinese Science Bulletin, 2005, 50(1):
33

BN, JER &, T, 4. Ak vh B R B AR
TEAEPI I E [J]. B ARRE e, 2003, 13(12): 1259-
1265

W —, PRI ARARE Y X T rh AR A e, AR R



104 CHE T T F17 &
it PE[T]. H E PR B R, 1989(5): 323-330 Y35 (Solanum nigrum L.)[J]. Bl2FE ], 2004, 49(24):
[16] BRI, FwIfH, S, 5. Ml S m R & 2568-2573
FOX ) B A RRIELD]. Bhrad 4z, 2002, 47(3): 207-210 [27] KR, WY, B, AF. — P A BN A B
[17] RS, 4T A0 N B 7 RIS B 2 SR v 1 FUEMY): 22K (Leersia hexandra Swartz)[J]. 252
Ay HC[T]. A AR HAAE I, 2000, 36(2): 128-129 %, 2006, 26(3): 950-953
[18] TR, M IFER, KGR, 25, W04 o L v 4 8 R I Zhang X H, Luo Y P, Huang H T, et al. Leersia hexandra
A S IR E 4R & ). NS Swartz: A newly discovered hygrophyte with chromium
Wi, 2001, 7(1): 7-12 hyper-accumulator properties [J]. Acta Ecologica Sinica,
Shu W S, Yang K Y, Zhang Z Q, et al. Flora and heavy 2006, 26(3): 950-953 (in Chinese)
metals in dominant plants growing on an ancient copper [28] Tie B Q, Yuan M, Tang M Z. Phytolacca americana L.: A
spoil heap on Tonglushan in Hubei Province, China [J]. new manganese accumulator plant [J]. Journal of Agro-
Chinese Journal of Applied and Environmental Biology, Environment Science, 2005, 24(2): 340-343
2001, 7(1): 7-12 (in Chinese) 291 JJE R, A, —Fh R I+ S AE PR 18 S R T g
(191 FREE, S, |58, 5. e Sy bR IR J5 75 CN200410020981 2[P]. 2006-01-18
PRI A B S B2 1 0GR [J]. BHeAad 4, 2003, 48 (301 XIBEHE, & 2 W5, BUMS, 45, — i ) SR A J e
(11): 1163-1168 TR 5 855 Y - HEW J5 5 CN200610011078.9 [P].
[20] FEFH, BRIEDR, BEE, % RO R — Rk 2007-01-24
LAY B SRR AR [0]. ARSI, 2002, 22(5): 777-778 B1]  XUBEHEE, = ¥, DM, S5, FIHTE & R Y KORIIE
Wei C Y, Chen T B, Huang Z C, et al. Cretan brake (Pter- SIS YL 3 A )7 R CN200610011088 2[P]. 2007-01 -
is cretica L.): An arsenic-accumulating plant [J]. Acta 31
Ecologica Sinica, 2002, 22(5): 777-778 (in Chinese) [32] ZEENL, PN, PMERIT, 5. R A M R AL S
[21] Yang X E, Long X X, Ni W Z, et al. Sedum alfredii H.: A (Beta vulgaris var. cicla L)X Cd & SERFIE[T]. A&
new Zn hyperaccumulating plant first found in China [J]. AP IREERL2-243), 2007, 26(4): 1386-1389
Chinese Science Bulletin, 2002, 47(19): 1634-1637 Li Y S,Sun L N, Sun T H, et al. Cadmium hyperaccumu-
221 XUEL, A C3E, WSREE. 1L M3 (Viola baoshanensis): lator Beta vulgaris var. cicla L. and its accumulating
—FlHT B 4 AR R AL [J]. Bk 4, 2003, 48(19): characteristics [J]. Journal of Agro-Environment Science,
2046-2049 2007, 26(4): 1386-1389 (in Chinese)
23] UMK, RBESE, SAER, &5 BPRR R LS g K B3] FAE, AW, B, 5. ME RN K]k
4R B AP EE ). AR, 2004, 13(2): 156- IR, 2007, 16(3): 830-834
157, 160 Wang H, Tang S M, Liao X J, et al. A new manganese-
Wu ST, WuXF, Hu Y L, et al. Studies on soil pollution hyperaccumulator: Polygonum hydropiper L. [J]. Ecology
around Pb-Zn smelting factory and heavy metals hyperac- and Environment, 2007, 16(3): 830-834 (in Chinese)
cumulators [J]. Ecology and Environmnet, 2004, 13 (2): [B4] HEf. K ZEZB K (Potentilla griffithii Hook. f. var.
156-157, 160 (in Chinese) velutina. Card)i8 & £ £F W ALEWF5E[D]. )M Hili R
241 FEZ RURERE A0 0 Y B SRR AR B AT CHLBRAR 2%, 2006: 44-55
PIDI. M Hril kA, 2005: 90-110 Fang X H. Mechanism of zinc hyperaccumulation in Po-
Wang H B. Arsenic accumulation and possible mecha- tentilla griffithii Hook [D]. Guangzhou: Sun Yat-sen Uni-
nisms in fern species belonging to Pteris genus [D]. versity, 2006: 44-55 (in Chinese)
Guangzhou: Sun Yat-sen University, 2005: 90-110 (in 351 XUNV.0G, Jo J A7, BB 3. Rk XAl bl B 45 4 bk
Chinese) WFSE[I). MBS PREE, 2018, 46(2): 173-178
25] GME, Pukss, BRSE, &~ 2 &R s R Liu Y F, Long S Q, Shao S X. A study on hyperaccumu-
FW: 1R HERGTT (Arabis paniculata L)[T]. W LIRS 244 - lation of Se and Cd in Cardamine violifolia [J]. Earth and
A IRBLERT, 2005, 44(4): 135-136 Environment, 2018, 46(2): 173-178 (in Chinese)
Tang Y T, Qiu R L, Zeng X W, et al. A new found Pb/Zn/ [36] AHItHE. /M E B (Carex gentiles Franch) i 8F B 445 1k
Cd hyperaccumulator: Arabis paniculata L. [J]. Acta Scien- Je A= PRI ) 20 F 5 [D]. HEZE: DU 1| Aalk K2, 2007:
tiarum Naturalium Universitatis Sunyatseni, 2005, 44 (4): 18-51
135-136 (in Chinese) Yang Y X. Study on Pb-Zn accumulation characteristics
26] FMAL AR, T, & —FE £ 0B R and physiological mechanism of Carex gentiles Franch



42

SRANII AR 3T 20 AFF [ H 4 B AR SR AR A b 5 B R B S 0 105

(37]

[38]

(39]

[43]

(44]

[46]

[47]

(48]

[D]. Ya’ an: Sichuan Agricultural University, 2007: 18-51
(in Chinese)

Wang H B, Wong M H, Lan C Y, et al. Uptake and accu-
mulation of arsenic by 11 Pferis taxa from Southern China
[J]. Environmental Pollution, 2007, 145(1): 225-233

JER B, XN . —FhoR SR F AL A 18 2
J& Y5 e - R J7 1 CN200610046244 9[P]. 2007-10-10
UL EL. WSO B AR A A BALRIAF 5T (D). dbat: hE
Al B2 B, 2007: 15-26

Fan H L. Physiological mechanism of cadmium hyperac-
cumulation in amaranth ( Amaranthus mangostanus L.)
[D]. Beijing: Chinese Academy of Agricultural Sciences,
2007: 15-26 (in Chinese)

Hi4e. /NK 35 5 (Buphobia thymifolia L)WE R 24711
HLELD]. 7 AR B T k2%, 2008: 17-25

XIGEi, &=, B, & BEEMYBEHTE R+
(4 13 F K H 5 % CN200610011046 9[P]. 2007-01-03
Tk, A BB 7 i S A 2B S SR AL B R BIFSE
[D]. db5T: H ERMABERF 5T A= 5, 2008: 105-106

Wang L. Identification of hyperaccumulating ornamentals
and strengthening technology of ecological remediation
[D]. Beijing: Graduate School of Chinese Academy of
Sciences, 2008: 105-106 (in Chinese)

Sun Y B, Zhou Q X, Wang L, et al. Cadmium tolerance
and accumulation characteristics of Bidens pilosa L. as a
potential Cd-hyperaccumulator [J]. Journal of Hazardous
Materials, 2009, 161(2-3): 808-814

2T, Jr HAN, AHERE. 2 FhA: SIS AE X Cd i R
FRAEWFSE 0], PUdbAE 2= 42, 2008, 28(6): 1150-1154

Li Y, Fang Q X, Zu Y Q. Accumulation characteristics of
two ecotypes Sonchus asper (L.) Hill. to Cd [J]. Acta Bo-
tanica Boreali-Occidentalia Sinica, 2008, 28 (6): 1150-
1154 (in Chinese)

224K ¥k (Averrhoa carambola)*} Cd & H4FE 5 Cd
15 HIERYMEE D] )M LR 2%, 2008: 107-110
Li J T. Cadmium accumulation in Averrhoa carambola and
its potential for phytoextraction of cadmium [D]. Guang-
zhou: Sun Yat-sen University, 2008: 107-110 (in Chinese)
Fhr, W, FE, & R AR R
YL 31 J5 e CN200810228226.1[P]. 2009-03-18
T, RIS, PLosE, 4. w7 3¢ (Picris divaricata
Vant.)X} £ (1) I O & B2 R [T, A 22 4R, 2009, 29
(4): 1823-1831

Tang Y T, Wu Y D, Qiu R L, et al. Zinc uptake and accu-
mulation in Picris divaricata Vant. [J]. Acta Ecologica Sin-
ica, 2009, 29(4): 1823-1831 (in Chinese)

R, R BT R T AR ) 07 e N T P
FE[D]. WEANIE AR SEh Al R, 2000: 15-28

[49]

(50]

[54]

[55]

(56]

(58]

(59]

(60]

Zhao L. Screening of hyperaccumulators and tolerance re-
search in Baiyinuoer lead-zinc mine [D]. Hohhot: Inner
Mongolia Agricultural University, 2009: 15-28 (in Chi-
nese)

e, F L, XU, SRR R R Y B 22 R
(Pogonatherum crinitum) M2 (Isache globosa)[C]. H
FEIbRE 2. B LR AR 75 4R 24 R AE 218 SC B4R,
JAR: P EARAE 2, 2010: 42

BB, (£, HITNI, 5. AREYREH X @I
EAERHEN]. M AR, 2010, 26(4): 39-43

Zhao X H, Ren Z G, Zu Y G, et al. Characteristics of cad-
mium accumulation by invasive plant Iva xanthifolia [J].
Forest Engineering, 2010, 26(4): 39-43 (in Chinese)
T, YUK R 506 X 50 i B v S RE T S Uik AE
FH[D]. dbat: Jbm K2, 2010: 32-39

NI, R R, X, A5 —FhoR) T Al = A T
B 4 RIS Y H A Jr ik CN102085527A[P].
2011-06-08

FA. FLAR YA A 58w S ALH B S [D]. KV TR R
2%, 2011: 9-20

Wang J. Research on the accumulation mechanisms of
managanese by Polygonum perfoliatum L. [D]. Changsha:
Central South University, 2011: 9-20 (in Chinese)
REUIBR, VLAETF, Z5r i, 46, RIS RHE Y18 T
Y+ 17 CN201010220034.3[P]. 2012-01-11
HRDHE, VAR, B/NR. —Fh A S A ) 7
B2 5 4 Jm V5 Y + A 5 5 CN201210116611.3 [P].
2012-08-15

FIZ B, 2R E . ol AR A ) A A oK 5 O g 2 0]
LI 244, 2012, 28(1): 76-79

Bai H F, Li X M. Cadmium accumulation in hyper accu-
mulator Cardamine hupingshanensis [J]. Jiangsu Journal
of Agricultural Sciences, 2012, 28(1): 76-79 (in Chinese)
A, JH BB B AR L SO AR TS Y H B R
BN FFE[D]. BT Wi R4, 2012: 18-27

Deng H. Mechanism of Mn hyperaccumulation in Polygo-
num pubescens Blume and its effects on remediation of
Mn contaminated soil [D]. Hangzhou: Zhejiang Universi-
ty, 2012: 18-27 (in Chinese)

Wu L H, Li Z, Akahane I, et al. Effects of organic amend-
ments on Cd, Zn and Cu bioavailability in soil with re-
peated phytoremediation by Sedum plumbizincicola [J].
International Journal of Phytoremediation, 2012, 14 (10):
1024-1038

AR, AR — R B R e i g
I K K B9 7 75 CN201210562073.0[P]. 2013-03-
27

MR, e, o, 5. —FOR T E SR 2R



106 CHE T T 17 E
BTG e ) 5 e CN201310026580.7[P]. 2013-04- 252 (in Chinese)
10 (711 BREWE. B R & R AL 0 R I s 4 ELx
[61] JHEZW, Xk, Jris. —FhR A YE 52 B s g 15 R G S A E IR E D). B TR,
Y5 4k B H R - CN201210371134.5[P]. 2013-01-16 2015: 28-51
[62] Zhang S R, Lin H C, Deng L J, et al. Cadmium tolerance [72] sk, 225R4E, tLEE, % MIHBEE DR A H B
and accumulation characteristics of Siegesbeckia orientalis 02 4 TR 15 Y - B SR AR 1Y 7 7 CN201610138319.X
L. [J]. Ecological Engineering, 2013, 51: 133-139 [P]. 2016-06-22
[63] XUJAH, f12%47C, BR¥h. 24 —Ff & I i w2 (73] k#E, B5I505, o, A5 —FhoR T i A
Y], A SHIEFIR, 2013, 22(4): 666-670 HEE 5 Y L 980 77 ¥ CN201610559041.3 [P].
Liu Z L, He X Y, Chen W. Lonicera japonica Thunb.: A 2016-09-28
newly discovered Cd hyper-accumulator [J]. Ecology and [74] sking ZEgete bk, 55 MM E £y S B
Environmental Sciences, 2013, 22 (4): 666-670 (in Chi- A BTSRRI 15 CN201610138321.7
nese) [P]. 2016-07-13
(641 T, FAWL —FhR B AR R BOR BB (751 AR, BRI, 2RI, 4. AR Y b B i AR
By KBS e MUK B 771 CN201310201011.1[P]. FHIERPI AT L[], Mol B2 BF5E, 2016, 29(4): 515-
2014-12-03 520
[65] T, 21 5 ¥ %% 3% ( Youngia erythrocarpa)Xf Cd B & Zhou J L, Ge D B, Li S Z, et al. Selection for Cd-hyper-
SENLFRWFFE[D]. ML D)4l K2, 2014: 11-31 accumulator plant from 25 lianas species [J]. Forest Re-
Ning B. Accumulation characteristics to Cd of Youngia search, 2016, 29(4): 515-520 (in Chinese)
erythrocarpa [D]. Ya’ an: Sichuan Agricultural University, [76] 4B 458 E SEAH Y VY RE A Ty X 47 o 26 ) A T 107 K%
2014: 11-31 (in Chinese) RSN AL M (D). i i 58 K 2E, 2017:
[66] JAZN, XU4EHE, JEJR R —Fh R A B AE ST — s 4L 11-22
R RN SR EN Jin Z. Physiological response of Mn hyperaccumulator
CN201310474040.5[P]. 2014-01-01 Schima wallichii to Mn stress and metabolics and tran-
[67] 2T, W —FoR] s A A B RS scriptomics analysis [D]. Shanghai: Shanghai Jiao Tong
Y+ AR R AY T CN201310189584.7[P]. 2014-12- University, 2017: 11-22 (in Chinese)
03 (771 Z R, BHsiL, Bk, 5. BUUER A T AR 3
[68] 4f&. M & ALY 4 % 35 (Galinsoga parviflora) )3t e 4 a0 A TR 32 M e BB AR AR IR ST (0. e v 2
AALBE L 50 E RN ST D], FEZ: AR Bes iz, 2020, 36(2): 48-53
K2, 2014: 29-30 Luo J S, Min Y J, Chen Y, et al. Simulation investigation
Jin Q. Study on antioxidant enzyme activity and photo- the impact of three heavy metals on the Rhus chinensis in
synthetic characteristics of Cd-hyperaccumulator Galin- potting [J]. Journal of West Anhui University, 2020, 36
soga parviflora [D]. Ya’ an: Sichuan Agricultural Univer- (2): 48-53 (in Chinese)
sity, 2014: 29-30 (in Chinese) [78] Baker A J M, Brooks R R. Terrestrial higher plants which
[69] FhEDE, B, WIEAR, . EFHNERE AP s hyperaccumulate metallic elements: A review of their dis-
Bt B CS B0 AN [R5 B 4 30 A o 37 [J . TP tribution, ecology and phytochemistry [J]. Biorecovery,
T4, 2015, 35(5): 679-634 1989, 1: 811-826
Sun Y Y, Xu L L, Feng X D, et al. Biomass, cadmium ac- [79] ®EAEIE, nR, JR3E, 45, 46w S AN Y I P T B (Phy-
cumulation and chlorophyll fluorescence parameters re- tolacca americana L.)fINE [T]. HEA 244, 2008, 28(12):
sponse of Ageratum conyzoides to different concentra- 6344-6347
tions of cadmium stress [J]. Guihaia, 2015, 35(5): 679-684 Xue S G, Ye S, Zhou F, et al. Identity of Phytolacca amer-
(in Chinese) icana L.(Phytolaccaceae), pokeweed: A manganese hyper-
[70] X5k, AR5, AR4kZR, 25 A 2 0k W HOR BT accumulator plant [J]. Acta Ecologica Sinica, 2008, 28
HEHE AR AR (3] K AR R 2R IR, 2015, 29(2): (12): 6344-6347 (in Chinese)
248-252 [80] [ItR&F, 8, T, %&. AR XEKFE nrDNA ITS

Liu Q, Zhu X M, Shao J R, et al. Lead hyperaccumulation
of xerophytic resurrection plant Selaginella pulvinata [J].
Journal of Soil and Water Conservation, 2015, 29(2): 248-

FPANIIT BRSO R S B [T]. WAL B2, 2014, 53
(19): 4737-4740
Xiang J Q, Li X X, Wang M, et al. nr DNA ITS se-



42

SRANII AR 3T 20 AFF [ H 4 B AR SR AR A b 5 B R B S 0 107

[81]

(82]

(84]

85]

(87]

(88]

[89]

quences analysis and genetic relationship identification of
Cardamine from different geographical regions [J]. Hubei
Agricultural Sciences, 2014, 53 (19): 4737-4740 (in Chi-
nese)

Padmavathiamma P K, Li L Y. Phytoremediation technol-
ogy: Hyper-accumulation metals in plants [J]. Water, Air,
and Soil Pollution, 2007, 184(1-4): 105-126

BRI, JHE R, EAT. 18 R Xy 4 i 0l A R A
PERFSE[J]. N AR 5 TR ==, 2003, 11(2): 152-
160

Wei S H, Zhou Q X, Wang X. Characteristics of 18 spe-
cies of weed hyperaccumulating heavy metals in contami-
nated soils [J]. Journal of Basic Science and Engineering,
2003, 11(2): 152-160 (in Chinese)

wS, m R, A, . RS A W A
Pt 5 T BAR B o7 FH A R AL A 52 B i St 235348 ().
A Z5FE, 2018, 37(3): 194-203

Huang M Y, Zhang ] E, Quan G M, et al. Review on re-
search and utilization current status of hyperaccumulation
plants for heavy metal contaminated soils and the phy-
toremediation application prospective of invasive plants
[J]. Ecological Science, 2018, 37(3): 194-203 (in Chinese)
REFE, frHE ], 285, &5, Je 38 KM I i B
ORMXT Po Cd AT As 15 44 H B S WL [J]. A4
R AR, 2013, 29(4): 512-518

Xiong G H, He Y M, Luan J L, et al. Cd-, As-and Pb-
polluted farmland remediation potentials of Solanum nig-
rum, Pteris cretica var. nervosa and Tephrosia candida [J].
Journal of Ecology and Rural Environment, 2013, 29(4):
512-518 (in Chinese)

Chen D M, Wang Y, Lan Z C, et al. Biotic community
shifts explain the contrasting responses of microbial and
root respiration to experimental soil acidification [J]. Soil
Biology and Biochemistry, 2015, 90: 139-147

Keymer D P, Lankau R A. Disruption of plant-soil-micro-
bial relationships influences plant growth [J]. Journal of
Ecology, 2017, 105(3): 816-827

FRELH, S, 4 T g LIRS HOR R R
AT, FREERME, 2017, 30(1): 75-78

Zheng L M, Yuan J. Phytoremediation of soils contamina-
ted by heavy metals and strengthening measures [J]. Envi-
ronmental Science and Technology, 2017, 30(1): 75-78 (in
Chinese)

Rascio N, Navari-Izzo F. Heavy metal hyperaccumulating
plants: How and why do they do it? And what makes
them so interesting? [J]. Plant Science, 2011, 180(2): 169-
181

RV, FERT, XA, 5.+ w8 15 Y IR KA

[90]

1]

[95]

[96]

[97]

98]

99]

ST AR I R[], H E L, 2021, 48(2): 460-476

Yu T, Jiang T Y, Liu X, et al. Research progress in current
status of soil heavy metal pollution and analysis technolo-
gy [J].Geology in China, 2021, 48(2): 460-476 (in Chi-
nese)

JAER. YA SBEEARNIIF D], K& RILIHE
KA, 2006: 1-4

Zhou D C. A research on technology of plant ecological
restoration [D]. Changchun: Northeast Normal University,
2006: 1-4 (in Chinese)

W4, FBL, R %, S5, — M A e SRR S 2
YRR I A A8 ST 35 e 38 149 75 7% CN201810397900.2
[P]. 2018-10-16

WRIEDGK, i, /N, 45 B —Trd (1] NS4
[, 2016(5): 74-78

EFFIR. FTARE R EK A5 R AR 52 B A 7 50
BERJT 1 CN111011129A[P]. 2020-04-17

FRE, X i, T, B/ N SRR AR/
SRR A1 R[], ML R, 2015, 54
(20): 5073-5076

LiS X, Liu Y X, Wei S Q. Effect of amaranth-Chinese
cabbage intercropping on Chinese cabbage under com-
pound pollution of cadmium and nitrate salt [J]. Hubei
Agricultural Sciences, 2015, 54(20): 5073-5076 (in Chi-
nese)

BN, ZE A, JRR A, S5, — PP TS e S il A
PIEE )77 CN103109651 A[P]. 2013-05-22

75, Ao, MHHE, S #EE T /NER TR K
VR A 28 00 A A B 52 e (D], R B A 2 5 R,
2017, 40(7): 54-59

Wang J X, LiY, Zu Y Q, et al. Effects of Arabis alpina L.
var. parviflora Franch and Zea mays L in an intercropping
system on plant physiology to lead stress [J]. Environ-
mental Science & Technology, 2017, 40(7): 54-59 (in Chi-
nese)

B, SRR, SR, 55 — PR A G5 g AR
Y& 7571 CN108326022A[P]. 2018-07-27

BEE. HERi Y YIRS E B A 2R
AR HHARBF[D]. K vb: WIRIBE K2, 2013: 30-35
Mi Y Y. The research of joint remediation by plants and
agricultural comprehensive utilization of heavy metal con-
taminated soil [D]. Changsha: Hunan Normal University,
2013: 30-35 (in Chinese)

ZETN, MR, ALHARE, . IR T AR ROk A R
it Pb Cd Zn 19 RFRHIERF T[], = m Al K 2%
e ARBLE, 2017, 32(1): 153-160

Qin L, Zhan F D, Zu Y Q, et al. Accumulation character-
istics of Pb, Cd and Zn by Chenopodium ambrosioides L.



108 £ 0F # M ¥ LAVE
intercropping with maize and broad bean [J]. Journal of Nie F H. New comprehensions of hyperaccumulator [J].
Yunnan Agricultural University: Natural Science, 2017, 32 Ecology and Environmnet, 2005, 14(1): 136-138 (in Chi-
(1): 153-160 (in Chinese) nese)

[100] iy, RLLFE, BN, 45, — Bl b H 6 i 4R [108] A% N, XVFK L, JAJa . —FhF U 2R &AL B 2
AR AR R AR B R T G - R U7 i R ER 22 EE TS G Y U7 i CN201310470919.2
CN110576037A[P]. 2019-12-17 [P]. 2013-12-25

[101] YT, Bel, B2, &5, —FloR] H FOKRFS AT U A 1 [109] BREASF, JH 223k, Z4R0F-. LB AE 9 1 55 A8 52 4%

[102]

[103

—_

[104]

[105]

[106]

[107]

SR MERE IR AL B S 4 40 52 5 35 Y 3 0 Uy
CN111014279A[P]. 2020-04-17

Wu Q T, Jiang C A. Bioremediation of heavy metal con-
taminated biosolids by bacterial biosorption and hyperac-
cumulator plants [C]. 1st ASEM Conference on Bio-reme-
diatio. Hanoi, Vietnam: ASEM, 2002: 9

XUBARS. AR5 T T 95 e A 4 Ak 3 B A Rl R T RIF 5
[D]. 7 SRR, 2012: 17-36

Liu S S. Safe recycling Dongguan municipal sewage
sludge in agriculture and forestry with phyto-treatment
and sludge containers [D]. Guangzhou: South China Agri-
cultural University, 2012: 17-36 (in Chinese)

T, RIBE, W, & R ERMEKREM Zn
TSP T5 VR AL BN [T]. FRIEERLE, 2007, 28(4): 4852-
4858

Hei L, Wu Q T, Long X X, et al. Effect of co-planting of
Sedum alfredii and Zea mays on Zn-contaminated sewage
sludge [J]. Environmental Science, 2007, 28 (4): 4852-
4858 (in Chinese)

FrpoR. ki e m L b 3R FHAFSE D). T 4ER
Al K2, 2008: 24-52

Qiu J R. Phyto-treatment and reuse of municipal sewage
sludge [D]. Guangzhou: South China Agricultural Univer-
sity, 2008: 24-52 (in Chinese)

BN, B R, B8, . R b0 JE B RR &
4 B BRI BT[], BT B BAR 5
B4, 2004(3): 33-39

Wei S H, Zhou Q X, Wang X, et al. Hyperaccumulative
characteristics of some weeds distributed round a Pb-Zn
mining site [J]. Techniques and Equipment for Environ-
mental Pollution Control, 2004(3): 33-39 (in Chinese)
KM, ST R A BB PR D). AR AR ERIE, 2005,
14(1): 136-138

[110]

[111]

[112]

[113]

[114]

[115]

TSR I WTFE )], FREERb 724l 2011, 31(10): 2290-
2297

Wei C D, Zhou L Y, Li C P. Investigation on the repara-
tive potential of Pb pollution by ornamental plant Trades-
cantia sillamontana [J]. Acta Scientiae Circumstantiae,
2011, 31(10): 2290-2297 (in Chinese)

FABYE, R R, R — R TR A T e SR B
BTG YLK K J5 5 CN201110306159 2[P]. 2012-03-21

TOE, W, AR, S —FR B S g R
&5 J71%: CN200610048663 6[P]. 2007-02-28

TR BT TE AR BRI E TT T PEAT  AR R
AEWFFE[D]. FEZ: PUNAAE A, 20111 12-50

Zhang S Q. Tolerance and accumulation characteristics of
Crassocephalum crepidioides (Benth) S. Moore under
cadmium, lead and zinc stress [D]. Ya’ an: Sichuan Agri-
cultural University, 2011: 12-50 (in Chinese)

PG, T, M AR, &R EIR TS X s g
KEEEBREMEY VIR 2505 T8,
2006, 13(1): 48-51

Zhu P F, Ning P, Zeng X D, et al. Soil pollution and heav-
y metals hyperaccumulators around two sites contamina-
ted by smelting [J]. Safety and Environmental Engineer-
ing, 2006, 13(1): 48-51 (in Chinese)

FHuE, R, EI T, E VLV R T OR
i 1 TC R B R XU IT A (7], BRAC TR B2 2,
2020, 47(17): 3239-3242

Wang Y M, Zhou H, Tan H T, et al. Residual levels of
rare earth elements in crops and their health risk assess-
ment from mining area, Jiangxi [J]. Modern Preventive
Medicine, 2020, 47(17): 3239-3242 (in Chinese)

skt ZEpE, BE L, & BEMREBER LT R s
Y LI . CN102744248A[P]. 2012-10-24



