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Research progress on the remediation of Sedum plumbizincicola in cadmium—contaminated farmland soils
XIONG Juan'?, WANG Yihan'?, CHEN Chang'?, HOU Jingtao'?, XU Yun'?, WANG Mingxia'?, TAN Wenfeng"*

(1. State Environmental Protection Key Laboratory of Soil Health and Green Remediation, Wuhan 430070, China; 2. College of Resources
and Environment, Huazhong Agricultural University, Wuhan 430070, China)

Abstract: The spatial distribution of soil cadmium pollution in China overlaps dramatically with rice cultivation. Cadmium contamination
has become one of the most serious problems in food safety and human health. To maintain healthy soils, it is urgent to remediate the
cadmium—contaminated soil. Sedum plumbizincicola, a cadmium hyperaccumulator recently found by Chinese scientists, is an ideal plant
for remediating cadmium soil contamination. In the present study, 280 papers were retrieved from the CNKI and Web of Science with the
keywords ‘Sedum plumbizincicola’ and analyzed by the software VOSviewer. We discussed the results from the perspectives of
physiological and biochemical properties, molecular remediation mechanism, field application mode, and repairing efficiency
improvements. After explaining the main problems in field application, future challenges in promoting the field application repairing
efficiency were proposed.
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Figure 1 Visualization of keyword density and network of the studies for cadmium—contaminated soil remediation with Sedum

plumbizincicola in the database of CNKI and Web of Science
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Table 1 High—frequency keywords of the studies for cadmium—
contaminated soil remediation with Sedum plumbizincicola in the

database of CNKI and Web of Science

CNKI SRR Frequency Web of Science BBIK Frequency
PR 5 87 heavy metal 18
gy 37 uptake 14
e 39 analysis 13
ki) 33 process 12
A1 11 Sedum plumbizincicola 12
13 10 increase 10
e 5 Cd concentration 9
BRI 6 temperature 8
A3 g 5 mechanism 7
BT 4 growth 7
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Figure 2 Mechanisms of cadmium uptake and transportation by Sedum plumbizincicola
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Table 2 Regulatory genes to mitigate the toxicity of cadmium in Sedum plumbizincicola
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Figure 3 Molecular mechanism of accumulation and detoxification in Sedum plumbizincicola for cadmium
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Table 3 Remediation efficiency of intercropping and rotation of Sedum plumbizincicola with crops
TS 4 e =y : T =
M R oo MBI o ; PSR JEmEER  yamm
Crop Planting mode egulatory measure in o . P Remediation efficiency ontent o Safe application
the field (mg-kg™) (mg-kg™")
ER R AR FEW/ QNG SOREN G ic1 R 4.18 6.42  FHMRGHTA R EARTT 13%~ Ey Tl A
PEEEIL 67% 0.25~0.78
K R A4 5¢ (10~50 g-kg™) 5.87 725 EXRAEWEERT 12%~ ey ik
19% 1.01~3.58
KB AL AR AT - 3.50 724 LI LBREHETT 18% L eyl
0.02~0.09
INFZ FEHE AR — 1.56 8.09 — EUs T
0.60
ARRES WS AERIZ WA (3.3 gokg ™) 0.68 500  HHEAREETES9% REA B
HEAKO03 g kg") 0.17
IR AT WA FEEERENL (4 g-kg™") | 0.85 7.28  FHARGAF RIS 36%~ Bk Yl
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KR! TR WE(0.5~2 g-kg™) | 1.33 6.50  THEEEFBRAEIRTE 15%~ Bk T
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FIE(2 g kg™) 71% 0.11
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HEFRUEY (GB 13078—2017),Cd < 1 mg-kg ™',

Note:* refers to the restoration effect of intercropping is improved compared with non—intercropping in the intercropping planting mode ; the restoration

effect of the regulator is improved in the rotation planting mode. " refers to the food standard referring to the GB 2762—2017,, grain Cd < 0.1 mg-kg™', cereal
Cd <0.2 mg-kg™, leafy vegetables Cd < 0.2 mg-kg™ ;stem and leaf feeding standard refers to the GB 13078—2017,Cd < 1 mg-kg ™.
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Figure 4 Technologies to promote the remediation efficiency of Sedum plumbizincicola for the cadmium contaminated farmland soils

B BRIC i AR AT e gE R R AR I nm Y
AR R THE SRR o A8 5 IS HE A BEIE (N 200
mg- kg P 60 mg-kg) AT AL FoR M R BT i
Tt 215%; Jiti I AE (160 mg - kg™ ) B 1y 1= 35540 7 2t 34
289%™, FNETE 254 23 B £ S5 R 48 AL
SRt P 25 N RE % 02 57 AR 3] 3th - 358 fry Wit
WA s it S RUIE R BOR PR pH TR, + 3848
A RCERG SR, KB SR it A S B AR SR
B SRR BOE B S R/ s . X &M T NHI S

Cd™ 5 4 MR BEAR R A7 a5, DA TR AL T ARXT 48 A R i
FEFL AN it A A R AT S RAE B R Tt
FREEA L, 3O R A0 50 R B P W R A NHET
(sl = = R QA U/ i R A = i 1= A 10 7 S
AL, HH (A8 2 s 0 25 B B it AN (R S ),
AT S RIBEROR .
5.3 E£WEEE

SRR B S A W S A s ORI RE R S
P SR R 3SR ORI B4 A P A= 9

R4 T RREERTETEIRBUNLFREER LBUBR

Table 4 Chemical technologies and its remediation efficiency promotion of Sedum plumbizincicola for the cadmium contaminated soils

wmn psti] Jita A R LR E
Amendment ph Total Cd/(mg-kg™) Application Available Cd Remediation efficiency
EDTA™ 5.37 3.91 1~5 mmol - L& T+ 8%~59% TR R T 75%~139%
R 4.96 1.85 1 mmol - LV T 14% R ACREET 9%
R 4.96 1.85 1 mmol - LA Th516% BRBCESET 14%
FeCL FFEEIE™ 559 1.77 2%12;10&?;%%%& WEAIE 56% IR L BRI TT 32%
IR FEREFF AR 473 0.75 10~30 g-kg™ FAA 13%~38% TR TR R 42Tt 23%~95%
FREER A7 4.35 1.32 20 g-kg! [ 50% —
T Ames 6.78 28.30 1.8~2.8 g-kg™ THR329%~137% IR RBREIRTE 107%~118%
AL 6.85 1.33 0.75~3.00 g-kg™' T 850%~2 550% B R AR T) 8%~46%
LR 4.69 291 2.35~9.39 g-kg' FAA 12%~19% THARER T R 2T 60%

T R PR S 2 A AT L, AR SR O AR

Note: * refers to the improvement of the repairing effect of Sedum plumbizincicola while the amendments compared with the blank.
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fo [FEE, APl B SRR AR W N A L
R 1 AT RS O i AR R S R AR Y
RIS R G AR, LIRS (A is]) 2
A Y EE LA G , ] 4 AR AN ShRE
AP - LA IR SR G IR, B R AR SR A R
AW, il A R B 106% FR AR B R 72%, T
FaAL T RS,

TR TR s AR Y A I i 1R
BHRHE IR THEE &R BLE I S st R AR
AN 2 5 FoR™, R 5 KA B 58 b 43 25 1
AR AR AR R ) A B L A WMIE AR T L L - 4R
Gy FER AL = A1 SR A it AT A2 4 1) IR A
AR 5% AR N 43 125 Y E2S2 Fl E6S T bk X MR PR+
Herb 4y B4 SC2b AT RC6b IR A% , $4E 5316 ACC I 24 it
FIGWE 2, TR W) o, AME RS 5 R A K, FLRE
TG A5 RN IR b, 3 A R VAR B 1 () el
FRAR DL, A 50 K T B 2 B 42 R 32% . 28% .
42% . 22% , 5 5 Ay B E 44% 32% 14% . 57% , 15
S AN I R RS R S R AR PR R 4y B
T 47 L BT NSE 1 R 110 40 6 i 6% A 56 i £ DT
A Sk | R RE 20 W e A= ot T AL B (e 0k P
s R AR A 5 KT TR RN AR B B 0 I R 46%
6%, 7 —Fp 5 KEHEY) Sedum X Graptosedum 3
Fr43 5 i NSX2 T #k 5 Ak K a A g e TR
BRog A= Oy BEvE G v ik i b s R SRR S T
25% fE0 SRR BN T 229%™, H BT PR
YIRS S A B R RS G i oY A LA

R D 3 OB 2 A RESE R L BR TR
PROELETE SN A LR E YR RE R 2 R AR R R IE
BESIPS N (e s R (S EPOR YR €Nt A TN
B

BREeFp A L A2 A A Wi A TR 55 RAB S CR
Hb, H R AL B AV R E Pt n] s A PR 55
KRB ZRER . AR EEH (Trichoderma reesei) 511~
SRR B 52 f T g 3T AR ER T 1A Re v i
MEE AR AG HG BESE B IR 2r U R M AE A R
P 32 PR S5 RN IR 20 D0 R A RS R
AT 73 A A R ACC M 24 18 R Ak A1, I 3 8
- S A W R A M, SR PR R R A )
i, R R AT 26%~49% . 1B 5K S T %
(Cadmium—tolerant strain m6 ) §X 518 & 1, i 43 & A~
EEE R T 4 A W i A PR R S i) 26k i L
Ak 43 b B B SR A RS RS T
119%™, R B KA # (Bacillus megaterium)}ﬁ s
A R W B R R R 15%0~45% . 8%~
19% . 1%~31%, ¥ 5" 5 K 5 B R & 5 1 41%-~
169%™, P18 5t K 3T il A W vl A R B2 THE 52 3L
R LIEAS, R OB E k.
R AR T — 2L T 5 X TR AR A A T A O L SR A
Wy~ A ik G 18 SR 4R BRI AR I A S 6 S

6 HH=XFELERER

WEHE R 2 BORHEA F 7SS FIS BBE , i
A 07 i Ak B ) R R A T R BIAE

RS BUMT SRESERTELIEARNOBED

Table 5 Microorganisms for promoting the remediation efficiency of Sedum plumbizincicola for the cadmium contaminated soils

a3 (IR N e *ﬁﬂ”?’rﬁli%%@g%{%}%ﬂ
o ¥ B Minimum AL Total Remediation efficiency'/%
. > . inhibitory N . pH Cd/ Fht B =
Microorganism : Enhancing mechanism R g
concentration/ (mg- Dry cd ) AR L
(mg-L™) kg™) weight  concentration Cd uptake
Bacillus pumilus E2825 400 G3 W ACC IBE 2 WV £ FR VRS 1E AL 0 8.1 5.9 32 44 —
E6S™ 300 IHb ACC JBLAE T W51V 201 5 1 AL 4 8.1 59 28 32 —
Bacillus sp. SC2H* 300 A3 ACC L2 B I 2 BRFNAR R A 1 Ak 4 8.1 5.9 42 14 —

P. myrsinacearum RC6bH™ 350 R ACC it 2l , 5| Wk 2R ANk 48 A s 15 Ak A 8.1 5.9 22 57 —
Cryptococcus sp. NSE1# 1000 Sy ACC I 2 I  TE AL 59 AN BERGALER 453 07 46 6 —
Rhodococcus sp. NSX21* — M 5 R M-S 28 5 B RIAR BRI 916 M 5.16 10.2 0 22 —

Trichoderma reesei™ ™ 300 SISV IR TREE R RREAR SRS B R 5.38 15 — — 26~49
Cadmium—tolerant strain m6>™"! — T AR I SR AR B A Y0 E 7.0 3.1 — 21 —
Bacillus megaterium" — TEALEE B R 495  0.69 36~67 34~60 41~169

T IR R A M) S AR L AT EE A SR AL

Note: * refers to the enhanced repairing effect of inoculating microorganisms compared with non—inoculating microorganisms.
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AR U R A G AL AN PR JE 6 4R A
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Bt e T BT BUR i A AT oy e
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43 BRI, PR A E AL AR 225 . NaOH ik
b B RN ER A A % PR T R A e
FEMRZE 0. 07 mg- L7 K F (5 K 5 A HE bR ) (GB
8978—1996)"7", H e 1k AT AR AR W) Joa Jot o, {1 K
A R AR A RS B RN BRI A B RERAIG 25% F
56%. IRWIRN T T AR R SAR AR (R S B
AT IRAE , HAR PR R B S8 ks Y
FEFICFA I, o] 38 2o AR e A PR 5 R
AN, R AR IR be ) R S8 T
SR AERRGE T T B 4 A1, APl B R e R K
P 50K 5 A = L 25T WTE K CdS 04 CdO 4 [
IR IR, 7E 650 °C . 10% M7k Eb \21% T 5w 45 T o]
W 74% 1) i [ 78 A2 K T 5 AR 5 K 505 R AE i Tl
24T ATIE A CdSi0s . CAO 25 [ 445 K, HL5 U8 i
Si0,, ALOs L A W B4 , 76 650 °C .30% V5 L 5 14F
FIKE 98% AR E LI K, B R B AR T 44 % Al
KBS . Rpak | T2 R pedb L
Fik 724 (AL RERERS = , AR SE AR Y st Ak
SEF UG AR SO0, R S AR KRR R I S
IKAAEE T IE A B S R AE W . 10 50 R IR
J 5 0 RS O N B B AR 359% A
62% , 7 HE 18 A2 1) i AR A T 1Y) CAS@C 9 K Y i
FEA AL, ATE SRy e SO AR T T AT LTS G P i ks
010 K PRI T D AT R R 5 R 4 il A AR ) T
T EE I AR I, B8 R A A K B ZEE I
P /NF 109" B IR FOK AR W R =
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JRAL B AS o, BRAT 9 70 A 00 o P s A 18 4 LB AR
PR ZIFAFT G ARRERE AR AT Y 20K 5 (3) 42
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Wy e A JCTn g B R DT A A by 22 5 5
Py, HL 10T 1% A= 0 i R A 2 1 s 5 3R 3 2 4 )
PRUE TR, A Do BELREETT A AR 55 K™ I Ak B BT
B, 5838 A Yy ot DA B AR, IR RERE | 2k
R G BB TR IR, 5835 T 2R PIEE s A=
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R FH TRME S A R R B4 R

7T RE

FLE S A 22 DA R Dy R R o 4
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PRI 55 RAE E BORBIS AR XTGBT AEA 2
ZAb

(DR 5 RAR PRI s S % R L L A ]
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