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W E 7R (Cd) 5 Y Xk E R SRR R A Y CdTs R IR B R R — . T
I 4 38 Cd & 2 XU i e (E M B AR K W 20 i v W) 2B i A B AR 4 . OB KB R A Cd F £ . N
SR HEE RS, @i AR RS i T X 3 AP AR A I Cd BRI REERE 1. AR,
FAMIE CAd B SRR EHR B RZBIIRT 1, KE/NT Lo IO A GE 3552 5 3 FhAS 1 35 A 4l 9 1 bk
EANH LAY R, MHEEERSS B LIHARRN CdSE, CABEZRBACdEERE. 4+ B4
LTHAMAMCAET B L LEMRER CdF R cd SRR inmgin, S5SEEMLL, FBgEA TR
W) Cd i FiE 468 J1 o £ 100 mg-kg ' MR Cd My L 4rh, AR R4 A B3 AR R Cd & 84370 165.5 mg'kg™
1475 mgkg '. H I SCHG AT, A AR 46 A0 3L 00 &F 8 4 BN 26.0 thm ? AN 32.0 thm2, A 43 B35 E Cd
3.29 g-hm f13.35 g-hm?, 3590 H/E S b £ 5B E A4 SRR o X 45 0T AR IR T A L AR TS YA Y18 B A
BB RS %
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RS R 5 R Cd s RE Y. R, PR BRI R BN A T HBESCR .,
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L) fEARAA 3 1 Cd s RECH Cd BAE R BAE R E 25, FET, Cd s Sy - 55 b
I A2 it I RN R S R LA e i U, R, GRS A AR AR . AR KH CAB RERE Cd
B YN Cd 15 Y SRR E R R T i B H

B WP A8 3L S8 2 VL 9 = S A TR S VLA AR T X i X R e i R R E T, DA
CAdRBBI A, ARSI R0, Z X b cd B E0B I (R R K
FH b, 4 575 G RS A8 P b i (A7) ) A 0S8 U B e (611, JF AR AR WU S Cd % ot 8 XU
I 30 L P o FH SR A 6P 4, o L rp A g i K S AR A A 1EAT T M R Cd E R B R S
B, RMAES . CEFKEL 3 PP AR AR Y AL LY Cd iR/ B 0.208 mg-kg ', 0.341 mg-kg™!
F10.108 mgkg ', HA—EM Cd&EW 1o A5 T 258 52 50 F0 H 8] B FH A Cd A= W AR R Ak
s e ) AT — PR RAE , DU R A + B AR VR ) IR AR S
1 #Rl5RE*%
1.1 Ei# R

AR A A R X Cd 15 Y S 1 i 3R 2 1 (0~20 em), HHER AL 21
e, FIERARMERAR . pH 6.2, AMLE 213 mgkg !, AR 045 gkg!, HEAA 39.5mgkg !, AW
280 mg-kg ', EBWE 7.12 mgkg !, 48 7.30 gkg !, HALHN 412 mg-kg !, B Cd0.36 mgkg . A
A Cd 0.067 mgkg' o B HHEAYE Cd i A BOE o (R IEIRET BT AR b 4 TS g XURS A R A
#E (X1T)) (GB 15618-2018) H +HE (5.5<pH <6.5) Hi A28 R Y + 18 75 Yo KRS i 26 (A 0.3 mg-kg "o HRAE
PR TR BOEDT, M Cd BRI AR RO 1.2, B TR YK 8 BR AR A ) pk i
G BT, BERIESIR, 1 0.85 mm fLERJE i T, RIS .

UG AR AN BRI R R . A 322 gke! . oW 282gke!. M 112gke!. 5K
5 B A B 2 R 3 (3% U B 8K 46.6%) RN iR — S(80 (F B 40 Bk 22.8% . B R
I3 H0CN 28.7%) ¥ LA IC B A B A A AR, W B it 25 4 AL RN A PR R . R IR S R A3
Mrati, W E PGB RO A BR A W 42 775 CACL-H,0 4 al, W [ [ 244 P AL 22X 0 A FR S 7
P A W) - IR 4 (Galinsoga parviflora Cav.), & (Artemisia argyi Levl. et Van) Fll JKZE (Chenopodium
glaucum L.), YJHUH PR IHD X1 55 SEFp A& H .
1.2 AWK 5EHF*E

1) AN [ il AE A BT AR 420 A4 A0 Cd B AR R MR RE 0 o SR 4R 25 T 48 R B T a4 100t IX 38 S5 o A7 b
+HE, K. ZARsScg, AR A 1S kg B, WE SRR B, Pk 3 AR
R4 BA . CERIRZE MG, TR EARE . BMEY SR E S A X (CK),
AHAE ; fLIE (CF), 4400 2.06 g JRE, 3.70 g Bk — 2480 ; A HLIE (OF), 4 %tifn 30 g Al
BB A AHLIE + LI (OF+CF), 4 #itin 15.00 g HHLAL, 1.03 gJRE, 1.85 g Wiz ~ A4 ; AHIE
+ TR FR 55 (OF+CC), 4% m 30.00 g A HLAE, 1.50 g BRIERES . &ML BE 3 N EY v EE, &1t
45 %5, WA RK 30d 5, JRERIE N . 8 A0 & S JE AL N 1 1Y 42.8%. A A K 60 d i #EAT WOk Ak
P, D AEARAR R, M AR A i e BRI R Cd BT A E

2) AN[R) BT 434 Cd A B AR A & R B2 . AR PR LRSI A S5 R, B RECRE %
FBRT 10 2 Mt A A4 g s, #F— D8 Cd B AR Rk . AR S50 R FH AL A2 30tk
DX 5% SRR R o 0 398, R E 4 AN AMIR Cd BN B 0 0 mgekg ! (Cd-0). 25 mg-kg ' (Cd-
25). 50 mg-kg™' (Cd-50), (Cd-100) 100 mg-kg™", HA%EA 6 kg AT+, HERFREL0.268 7 ¢, 0.5373 g,
1.074 6 g 1Y CdCl,'H,O, 435l /i A 20 mL @B 4K S, FERZ 1L, RIEH 3T 75—k
PEEIAFEXT R B Z A o [RIEE, AR (Cd-0) 9 8 in A 1 L 4liK . seordies), MR4EFRE LI 4b
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K, PREFEIEEIKEN 55%~65%. B TR=E F1 BL40dEHTIECAREDSH
%ﬁ 40d, RJG%F 4 ﬁii}*@ﬁﬁ—}ﬁé&\)ﬁ LB Table 1 Cd content of soil after aging for 40 days
W, g5 R WK 1, A CdKFE 34 E e ; SBR A 4J  AME (g kg )
P s e, N it B 7 AU (mg kg ) —
5o MRS 1) s R, TRt £ cd AR
2% (R 5080 A VLR . MY 4K 60 din ik 0 0.36 0.067
TR AL #E, A Y e b3 FIAR &R Cd i & 25 25.00 8.07
B 50 55.80 17.1

3) 4= 1 2 A S 0 T TR 18 R TR A . 100 104.00 34.6

SR S5 A i A S s TR AL A 3 X+ 4 Cd it
3 B0 I A 4875 G R 07 2 (R b B B SE PR 5B Cd BIBE T, 7R HLUEAT T AN S . FE B SR
WOk e, AR SRR, e R B 30 (B M4 AR EAm) &K, REEITFERT,
W HAEY RS Cd B a8, 5 2 PR S B AR X Cd KBRAETT .
1.3 #mBESHEE

-3 pH A SE SR L ALEE (R EESA 1:2.5), ZBENY/T 1121.2-2006 { L4600 55 2 #5r: +
BpHMME ) ;3 HIEEAAPEASKE ., AP, 2. #HBA . &, #SamE . 2. B
TEWES% (HERAS ) U Bk, 158 Cd B 2 B0 e R A 2 T IR
SPEOCEETL, M GBIT 17141-1997 ( LS E 45, MMIIE ) 5 1A BONE & il e ok H =
N =N T O TR R AR - I G A R A R SO, S I8 H 804-2016 ( + 4 8 A S TTE 1Y
M) o

TEAEIOR G, /DO AR A AR, o s AR &R, e AR . R RV
Pet, MHEEFRMYE3 I, WHREAK, B EEARRBAREE T 105 C 57 30 min, &
JEF 60 CHETZRIEE . FRaE . HHET S A B AR R A B e, FREL 020 g, fIMA 8 mL fif 2 i
fite, LUESEEA R 15 mL, A AEHE G & B IR A SHOGE AL & Cd B 4341
14 HIERLIBR S

;15 Z2 80 (translocation factor, TF)!" WAL |3 Cd i & 43 %0 (mg-kg™) 5 R Cd Jii & 7 4
(mg-kg ) AU L 1H 5 & % &R % (bioaccumulation factor, BCF)!"! 4 A 4 #h [ &K o #R & Cd i & 4 4
(mg'kg™") 5 T 58 Cd it 734k (mg-kg ™) M LLAA . [ 45 208 248 Excel T 115V B{E Fidn fE 22, 4K
P LLF- P 5 fE 22 7R o 32 F SPSS Statistics 22 3K 4F#E 47 5L 2 7 22 o i MEUE L& . BB 2
K H Origin 2021 %44,

2 HFERESWH

2.1 AEFEAELGERT 3 AT EFEEDE KA

FE ) 1 25 0 /N i A T Y 48 R 18 S AR T it A e L A A ) A R P
AT 58T N ()it B 5 it XoF 2 B A AR L 3 3 AR AR - B AR A AR K sg ) (B 1) KEE IR I
L, AR, ERE (E 1(); KENM A RERR, XERZ, FBARN (& 1(0b).
5 CK AR, il A A 35 12 6E b 25 185 0 3 0 B 2R R0 AR e AR W o b it AT X R N S Y Bk
o AR S IR A X B K . 5 CKOAH B, it A ol K 3 A0 Bk AN AR Ay BB N T 499%~77%
93%~400%; Jite TS (o S 785 Ay ke v LAE 0 o 0 U3 N T 48%~129% N 225%~320% . TEANIRIALEER, 4F
B3 . A8 RN Bk R 2 I AE OF . OF+CF il OF+CC Ab ¥R 3k ) fe 5 {l, b b3 T 8 0 9 7F
OF . OF+CF F1 OF 4b ¥ 7 ik 3l i KAH o 3X 2 BAIX 3 FAs & B9 A= 0 0 104 26 K XS () BERE A7 76 A 4
A 11 A 0 3 S g A HILIE .
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Fig. 1 Plant height and biomass of three wild plants under different fertilization treatments
22 AEIMEARLE 3 MATEFEEY Cd ELLENNM

A T5) it A Ak ) A ) 1) B < i 4R BE 0 A R RS P, 3 AR b B A A TR AN [ A A B
o3t B BB FIAR 22 Cd BT 43 B UL 15T 2(a)~(b)o 2R A4 A 3t AR FIAR 2R 0 Cd & i feimy ., HOUON 30
IRHE AR . 4 Pl it AT Kb BHER XS 2F 48 10 3t BB AIAR &R Cd & fE R TR . 5 CK AL, 4 Fhi
JIE Ak B0 A JE 4 1) M b R AR 28 Cd 35 20 BN T 61%~111% 1 23%~93% . A 7E CFARBET
AR AR AR Cd & it e o 5 CKOMEE, it A A 2 X S5 Ml B AR AR & Cd & & 19 52 1
HAEF . BIRIKEEA Y RBK (8 1(b)), HIEBRT CFALH PR AR Cd & &, HAMMEALHE T K
AL H EFERIAR R Cd i 7 B A AR

(EARERRE, £ CFARET, 3 FhEF A A Y A3t L B FIAR 28 89 Cd ot i 0 BOR W B v o i 7
OF+CC 4L HR, 3 i HF A A 40 1) i L B AR R A Cd Joi i o0 A AR O AR, X AR A] B2 B R 15 1Y
At 7 LM pH, FRR LHERE SR Cd BARCE SR, TREAR T AR R X Cd B, T
DT CARR, X HBEEEDS IR s R —E

o RBUWAE YR TP E S R AR Rz 2 A RE L™, e R E EMY RE
Hoag bl 5 s 5 B TR AR AL, Bl AR is RECR T 1920, iz 2 8080 iYL 308 & 2547
WYL ERERELREY, ETBERE DA LRI, & 2(c) ATE, 2 56 308 1
CAd¥iz ZBIYRT 1. F A RZCHEL A Cd = FAEY . LIN S50 FH TS5 & A R A
SHM R R REAYRT 1. AUTFEERERY], MAC AL BAE B & S i A IR A i e R X
¢ I it T 4 i BB 2 51 2 B A6 K Cd AR R AL iz B M AR B Sy o AR, JKZEAE 5 Fhit I A 2R Y
Cd #5312 REI/INT 1, X RIUREEW N Cd RE M EH R R, HisReE%E, AERIENER
iEL7/

AR R AU W G h RS AT R AOME S R . AR R AGBOR R WA W X R B
ERETBOR . TR, SN E R RBOCT I, KN E L RN WK 2(d) 7]
T, 5 CK AL, 4 o HE A0 B2 22 4 A I B Cd & SR R AL 5 LITid, i IE R
Fhe o A L AR 2R Cd B 8, iR TSR Cd Feis FE AR RE T
23 FRKE Cd LB FEEMEKT Cd RESHHF MW

RN T A A SE W Cd W AERE ), TEAS A W) J5t 73 %8 Cd #9 L3e vb Fe B A A L
ForAr i B AR R Cd B 408, Wl 3 s, 134 Cd & Bk F 25 mgkg™ Al 50 mg-kg™ /7
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Fig. 2 Effect of different fertilization treatments on the Cd enrichment ability of three wild plants

S0 T A A A K R T B 30r I 0mgke'
A FEAG T Cd W36 T 52 PR AR . R I 0 3 25l g §32§;l§§jj
i H A 4 R AR R A R TR B A T A A _ . B0 mg kg
BE Cd 52 $0H 0~50 mg-kg " i) M 2 w200 +
AREXES, FIMEBLW Cd FEHZE. @ sk ++ be
WIS TR] Cd Bt 12 43 £ A B A 4= 3 vp 4 1R i o od

45 R 3E 35 00 M R & Cd 5 4 B [ 2 10T g
da)y~(b) I~ , M4 EIRAAR R Cd & 05 e
B T Cd BB A B IR N . 43T

WK, A R R Cd A S 00 e i
iiz% Cd BB BN IEAE & o Bl HIHE
ﬁ%%ﬂ\jy=l.585x+3.409, R=0.997 2; *E/%?U\% e ERRRI AR R AR FA IR AL HA 3525 5(P<0.05),

3 FRBAETHEFMEEN ERTE
Fig. 3 Dry weight of the shoots of G. parviflora and A. argyi
under different Cd treatments

JiRENy=1.790x+1.175, R*=0.9065. 7£100mg-kg '
SR Cd BRI s v, A T A B B AR FIAR
F Cd R BOAE T iemE, 550 1655
mg-kg ' Fl 147.5 mg-kg "o X5 LIN S50 (R FE 45 R — 80, A E4G1E Cd i 73 %1 100 mg-kg ' A
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iR, M B ERAR R Y Cd i 4y Bt ik B T 137.63 mg'kg ! A 105.7 mgkg !, MY Cd T 43
BT 355 165.84 mg-kg o XK I T Cd M BTSRRI E SR 1K 100 mg-kg 11,

I 4(c) AT, 58 Cd-0 A EL, ARSI Cd B E L 1 Cd R E B e E R . R
ifi, 7E Cd-25, Cd-50 Fi1 Cd-100 4b#E N, S b b #8 Cd it & 43 80K 46~55 mg'kg™', 2 %I AR
# . MURH CA B R E R I 100 mgkg . SRTT, SCHERUR I Cd T 34K 75 15 Cd It
SR I T (P 4d))e AMBT R, JCEAR R Y Cd B MBS 1 Cd AR B TE AR G 6
F, HBA IR y=2.053x+1.015, R>=0.986 9, IR R (Y Cd Jit & 43 4 7E - 3 Cd i & 43 B h
100 mg-kg ' AbFR T A3 T KRIE, M 223 mgkg'. BAREE MM FH Cd i 0 B X 8K, B2
WEBEARIKMRAELY, GRTHIMRAERS HIEGEE MR, AR R Cd BT 50 BB AR 3 .
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: B
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d | —
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100 - 250 a
= R R %
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;0 75 y=1.174x+0.721,R>=0.701 3 . Tup y=2.053x+1.015,R>=0.986 9
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(c) T HERAE T T 1 3 bR T i A Ak (d) T HAmAL TR T A 3L AR AR A R Bk 4

T EIRAFFERR R AN R AL B 0] B 352 57(P<0.05),
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Fig. 4 Cd contents in the shoots and roots of G. parviflora and A. argyi under different Cd treatments
24 FREIRE CdAETHEY Cd EERENEEER
Hi P&l 5(a) rT AT, 4 MR 0 & Cd AL B A4 R4 19 i s RO R E R TUE . 5 Cd-0M L,
Cd-25 1 Cd-100 4B R, A= BRI Cd 5% 18 R EBA W& WA, 10 HAE Cd-50 4PN, A 4 B i
HATHE R Cd iz 2%, R4 R4 B A B MR R iz Cd 21 EREAYAE S . SCE R Cd ¥z
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REBEAE HHE Cd BT - B S i REAR, Cd i BRI T 3085 1 Cd 7% iz 6e ) o
XTI Cd-0 I EL, 7EAME IR EE CA IR 2 FhiE ) & 4 R A EREAL, HAEE4 M Cd & 4
ZE T 0E (K 5(b)), fE Cd-25. Cd-50 A1 Cd-100 2L BE R, 44 Cd B ER A BEE
S, MSCHE Cd w4 REBE A 3 Cd ot 2 £ 38 n i S 3 BRI, X R Cd Whaa il T 30E
Cdw4ERET) . HIL, fEmRWKE CdryH3Ed, 44 BA B iR M Cd %12 fl Cd & 4 6E

20
a ] 0mgkg!
[ ] 25mgkg!
L5r [ 50 mg-kg™
b b 100 mg-kg™
Bt
W& b
g 1O F 2 .
®
c ¢
05 d
0.0 - —
4% 8
TR

(a) LIESRAL TR BOAE ARG 18 R

A= T 45 RN L ARk b B I Cd Y TR
LR 2 IR R Rk BRI Cd B
Bl % 11 Cd BT 43 B0 T v Se s b
1117 38 B Bk B AR 4 Wl Cd R R i R E 1
BodmaaBn At mRr gk, 440 HIE
CAd/KFT, 444 stk b 3l Cd i) S 5
T IE . FRAEAE Cd-25 1 Cd-50 4b 3
T, A RAE AR RO Cd B TR SCEY
2.67 {551 1.68 £i%

25 4EBAMIESHE CAEERAYR

TEMAEI L Cd V5 Y B ik S b e, HE AT
T A AR B cd BN L s . E F—
TEFRSEWAR T, 439 7E 4 AR 6 A Rt 35 A

12

a

i

] omgkg!
[ ] 25mgkg!
[ 50 mgkg!
N 100 mg kg™

B
ER/RUEN

(b) T HESRAL T B R T AR AR AL
e BEIPOARR TR R R P A R A L R AT 3525 7(P<0.05).

5 FRITEBLETHRRBMIEN CAECREMM L CdEEERH
Fig. 5 Cd translocation factor and bioaccumulation factor of the shoots in G. parviflora and
A. argyiunder different Cd treatments

R2 FRLRCARESHTHBERANS
Bt R S RE
Table 2 Total amount of Cd absorbed by the shoots of G.
parviflora and A. argyi under different soil Cd contents

- HErhCd it Hpkdh bR 43R CAUE T it /mg
S38/(mgkg™) 3G a1
0 0.005 5+0.001 2¢ 0.002 3+0.001 9b
25 0.071 2+0.014 Oa* 0.045 8+0.003 4a
50 0.064 8+0.044 5a* 0.048 4£0.006 4a
100 0.047 4+0.017 2b 0.043 3£0.006 0a

e B OR [R) R R — R A S R AL B ) HLA
(P<0.05), *Z%/R[F—We B CAAL 30T H Fp i #2210 B AT 2

(P<0.05),

P
EES

%

S, T 7 AR HUR, JIE Cd R 3R 3 PR, FEREE CdI5 J s e, 30E
(A KT 4B, HR4 R M5 Cd i 7 50 (2.43 mgkg ™) i T30 19 T3 Cd & 43 51
(0.826 mg'kg ™). LAHTE, BTFIK (A 4 MAE T E 329 g Cd, BT K (A ) 30 AT A

i 3.35¢gCd,

7 I 2 AR S R A SR T [ ) 2 B A A R, BB W A S U AR A . AR RGR
M, YRR HARKAME, By BA —E R SRR AR U SR M A 5 S B
2 R A RS AN g s T A S HEAE A JEORE R A A P 1 A S ORI T
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*3 SERFMIENHEBERR
Table 3 Field remediation effects of G. parviflora and A. argyi
YRS FERE YR E)/(chm ) FKE/%  TECAE R4/ (mgkeg ")  ECd/(ghm?)
%% 6~9H 26 94.8 2.43 3.29
' 4~7H 32 87.3 0.826 3.35

WA RRRIRRT, AR A ICE Y E T4 R BET, REMEE LK Cd i E EEY T RHE
YIRS 2, ARG IR it — 2 EIE T 3 RHME Y AE Cd 5 MY B R h L #, IFE R 7E T ik
A+ B A AP N YAE S Rl I S OCIE AR . EAER, A WS B A A A R g RN 3
VB EAYINE ). ERmAER R HCEBE Cdis e 3, +1E Cd i 50 21.85 mgkg ™
M3 9.80 mg-kg s WA CEPIFR KB, BT EAER WA RIS Cd LR, REASR
ME IR AR Cd B W A2k, —EBE Lot mH Cd F48Em .

3 Z5ip

DR EeE . CE . KRB 3R LB MY KA SN AE G . RIS . SO R AT BLIE T K
B2 A AR, b A 2 B A E 3 RO A A K T S X Cd RO, KR EE A HLAE L e T Ak A T 4
3PN Cd M E . FRFALCENEERBEHEREKRT 1, BA CAEER T, KEW
BERBEHZEFZBI/NF 1, CdEERRIM. Ml RE B % 52 & 4= Mg . AR R Cd i
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Comparison and application of cadmium enrichment characteristics of three
native wild plants in Songhuaba Basin, Yunnan Province

LIU Mingging', WANG Jiaqi', XI Yunguan"’, YANG Yuwen', ZHAO Jiayin', YANG Taoming’, HE Liping’

1. Nanjing Institute of Environmental Sciences, Ministry of Ecology and Environment, Nanjing 210042, China; 2. Yunnan

Institute of Ecological and Environmental Sciences, Kunming 650034, China

Abstract It is one way of phytoremediation of Cd-contaminated soils by selecting native wild plants with
cadmium (Cd) enrichment ability in Cd-contaminated soils. Preliminary screening showed that Galinsoga
parviflora Cav., Artemisia argyi Levl. et Van, and Chenopodium glaucum L had the potential for Cd enrichment
among weeds growing on the field with soil Cd content exceeding risk screening value in the Songhuaba region
of Kunming. In order to further explore their remediation capabilities, the enrichment characteristics and
remediation capabilities of these three native wild plants were compared in pot and field experiments in this
study. The results showed that the Cd translocation factor and bioaccumulation factor of G. parviflora and A.
argyi were greater than 1, and that of C. glaucum was less than 1. Fertilization could not only significantly
increase the plant height and shoot biomass of these three native wild plants, but also significantly increase the
Cd contents, translocation factor, and bioaccumulation factor of the shoots and roots of G. parviflora. The Cd
contents in the shoots and roots of G. parviflora and roots of A. argyi were increased with the increase of soil Cd
contents. Compared with A. argyi, G. parviflora had stronger Cd transport and enrichment capabilities. In the
soil applied with 100 mg-kg™' Cd, the Cd contents in the shoots and roots of G. parviflora were 165.5 mg-kg™'
and 147.5 mg-kg', respectively. The field application experiment showed that G. parviflora had stronger Cd
enrichment ability and A. argyi had higher biomass. The field experiment showed that the fresh weights of G.
parviflora and A. argyi in each crop were 26.0 t-hm™> and 32.0 t-hm™>, respectively. G. parviflora and A. argyi
could transfer 3.29 g hm > and 3.35 g hm ™ of Cd, respectively, and they are potential phytoremediators for local
soil Cd contamination.

Keywords Galinsoga parviflora; Artemisia argyi; Cadmium hyperaccumulator; Cadmium contamination;
phytoremediation
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