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Research progress of intercropping, interplanting, and crop rotation models on remediation of cadmium
conlaminated soil by hyperaccumulators

YANG Jia—jie', YOU Shao—hong'?, WU Jia-ling', XU Yu', LIU Jie'?, CHEN Zhe'*"

(1. College of Environment Science and Engineering, Guilin University of Technology, Guilin 541004, China; 2. Guilin University of
Technology, Guangxi Key Laboratory of Environmental Pollution Control Theory and Technology, Guilin 541004, China)

Abstract: The severity of heavy metal pollution in soil has increased the awareness of remediation methods. The technology of plant
extraction is a focal point in the field of agriculture; however, a single plant extraction technology model is often unable to guarantee
meeting the agricultural production demand of people in a polluted area. Therefore, the acceptance of this technology by local farmers is
generally low. To solve the practical problems in the application and popularization of single hyperaccumulation phytoremediation
technology in engineering, in this study, we present an effective strategy of “efficient phytoremediation and safe production.” Furthermore,
we summarized the concept origin and research scope of previous phytoremediation technology and hyperaccumulator plants; summarized

the research progress of intercropping, interplanting, and crop rotation phytoremediation model based on the hyperaccumulator plants; and

RS B #E:2020-05-19 A HHA:2020-07-21

PEBE N AD Y (1995—) , 2 JUTRARMN B AT, 2N L PRGBS HETE Email: 18443913301@163.com

HEEEE R E-mail: ldchenzhe@qq.com

EETE : [H XA I H (2018YFD0800700) 5 [F 58 A ARBH-# L4 1 H (41807136) 5 P4 A ZRARL 744101 H (2018GXNSFBA138039) 5" P
RHEFRL I HRE AA17204047) s TR} 2 50 S HORTT K0 B (20190219-3)

Project supported: National Key R&D Program of China (2018YFD0800700); The National Natural Science Foundation of China (41807136); Guangxi
Natural Science Foundation (2018GXNSFBA138039); Guangxi Science and Technology Major Project (GuiKeAA 17204047) ; Guilin Science
and Technology Development Program(20190219-3)



R 4 IR TR B R B R B B Cd Y5 e e B 2123

performed a statistical comparison. The effects of various plant cultivation modes on the comprehensive treatment of cadmium polluted

farmland soil are discussed, and the research prospect of using different cultivation modes to repair cadmium polluted farmland soil in the

future is proposed.

Keywords : cadmium contaminated soil; hyperaccumulator; intercropping; relay intercropping; crop rotation
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Tri>1 mg-kg BUREAK) 2 5%107 kg™ o A, B F Cd
Gy TE B e & AR KIS Cd R EEY
S N R SO SO | 8058 8 A5 R XU
B, X 439 Cd V5 e () B850 A 08 52 HE R oY — B
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YEB AR IR AL T4 25 5 200 A B kb v F
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fili b REEHT 2 25, I 2 HARB K ™, LA
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YRSEARAF IR B A i 1 o

K, AR SCHI 58 S AUE 52 5 2 4 7 MRS B Y
WU W, A2 T 24 BB R A 1 R e X
LR T Hardk TR ZEYmE E R
IR R , ELXE T B B A5 R 4L A B
Cd 15 Yo 1 H M 2R GG BRACR I X4 e R
[ AME R AE S Cd 5 guqe e b TR,

1 Hyperaccumulator 5| N 56 &

H 20 22 70 44X LUK , “Hyperaccumulator” — 1]
C Bl A T R007T T Uk, R e 0 SR A A AN AR
[d] . “Hyperaccumulator” £z i tH Bl 7E Reeves ) — s &
F Sebertia acuminata (B A Pycnandra acuminata ) $ H
Ni # A R BE ) B 38 SCAR AR R & 1977 4,
Brooks "M IE X HE HH T 5& F “Hyperaccumulator” f*) 4
&, FHORE SCT 2L 3 Ni i R T 1000 g -
oMUY . AN, X Hyperaccumulator %) HP SC EH 15
N2 AT 22 57 B RIS 22 B R L H 6
i e FR AR ) el AR SR A , RV RE S ORI AR 3R
A mIHAY . WA FE A S A B
WY, FOR s e st B O s A s e W RE
KF “Hyperaccumulator” i A~ AN [A] 132 7 H RTAFSE
IR 2 DAY I3 FH A , A3 3 o el R o R S
TG Z R IR A R A TR L AR A
Yy B MO G — SCREERIR T 30— AR 2
Yo 19834, Chaney &t T F| B 2B K &
G Jm s g LR A RV E 5 . BEJS S [5] Shef-
field K*% Alan JM Baker [# 1: (1983) /41 TAH#E AL
WEA, B2 Hh R AR R A RE S 25 Bk L v i s A
FEH e 4 S, X O 4 S ¥ e LA E A S PR
PEUS

R B ZAEY R PEFIbRME— EAFESIL,
B A FEA S5 02 BT B 22 AR (1) 3 |7
g3 CREI I 7 ) ) o 4 Jas AR 3R et i A ) 9 100 %
s DL b B T i S, B Cd R AE 100 pg-
'L F,Co.Cu.Ni.Pb ZHETE1000 pg-g' L I, Mn,
Zn FHEAE 10 000 pg- g VA I (Baker Fl Brooks $& Hi [
ZHAH) ; () MY 4 R 5 is R AR 3
o3 E AR 4 e o i LU AEL, DRI i s 46 )
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“TE AR AR B R, R A B S R e
G Jm B L5 e e IR R S8 AR B, HLAE YR (RERR
KRN ZEM A RORBL A FRAE ) A REBT R 981, Hedn,
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(a) T BESTE A SR IAA 398 rp R BLSE SE A g b  35 4
J& % iE>1 000 wg- g, 1 HABAE Y b 438 5 it <1 000
pgeg !, BE (WDAVE N TS &0, it 4 )8
A, BOH R S - R SR, R B R 1 4
JE GRS 7EOTEOUT A TS R R R
FEY) ABAE (D) 1 B0 T A BEA6 . R, e A 2R
R 1 Fr i BRAEL D G — S TR e, RIS, e
R, BB NOZ R A Y Fr 2 AR R
() = Sh AR A I 2% R 2o s S AL R TR A
F BB SRR i B R LR R SR

i 5 o) A 4 AR 2R HLAth T 4 T o0 2 I AN T & BN
R B BHY SR E LA TR, A
FEH P2 3 AN R RRAE 222 B (1) M %
RNV EERB Y FE5S Tk - & 4
J& T 1) AR, ke S e 4 %o B 4 T ) $R ORR)
KF 15 (2) P T4 o A B i 1, BB A% 1E 7 AE
K OASHIAYEEFRSE . X— WS EEE
JIT R 1 B SR A A 1 0 A AE SR AT B b AR K A%
AW Ao 2005 4F, X RMEPERTIAS Rz 3R
TR B YN RE— A E SR R
B4 7 A K H0 P RS T R L 3 2 R A A B
JBE RS AR LREIRBY K TS5
FREA A S, A3 H BB A2 IUASEAL TR N
R ZAE A T AT RE

Xof T B R AE P (1) S 2 B A PR IE TR A
FURE AR BB E SOPR AR SR 2 T () Sl T A 552
B T -t AN BB H S 26 i B, ), 4722 1
2900 pg- g Ni YFEDAS2 BE AR R (0 R FA Ty

W B A 24 Jm it AR R G0k R LUBE
B Ry e, 25 FLABARRAE | BB B A% S B FR A 10
B FLOE R AR B

24 NIk, RBRABE R 121 F (R 1),
KH 528,130 8 . Hr PR mR i8R R %
HHAE A AERH (83 F) AT =B (59 F) S B 2 1
FY) FEAEZE B JE (Brassica) JEST & (Alyssums ) J i
W52 & (Thlaspi)™, Bifidg HE— R X EEHUF 1T BE
B [ FE E— A OE 5 (Bl ne i = 52 s, HE
Bras o g N &R ), — B8 I o 1 AR S, 45 )
J& Cu Co BX Ph 1) 8 B SR AH Y (55 R 1 A 5 4+ 48
a2 WO TS Y )t T BE 23 N AT 91 3R I BRP,

R B DB BRI 2 I E SR T,
N 128 Fl, K HLZ R 65 Fl, - B H SO, B =
DA 30 Bl S8 T RGO TE R PV LA TR R
HPHN T AR (24 B NiH AR SAEDYIFN) | A< B 0 7 9 A
IETERCH AR R ZREPE ) Bk, K28
45 T RMOCR R EE KA, DGR 2
JITAE ) F2 B X3

2 CdEBFREEYEAMRERER

[ N AP 5C T Cd B AR R A W8 W b 2% B ARG il
B HETE LB Cd B 2y LA + 7R
B Arabidopsis halleri ( BLEH-IF ) F Thlaspi caerulescens
(KRB, DL EE M F KRB AR 5K
(Sedum alfredii H.) FIfE:0 55 K (Sedum plumbisincicola
XH) 2RI ESE (Viola baoshanensis ) . 7ih B
B Je 2% (Solanum nigrum 1.) VA X 7 K #F 69 75 b

®1 2RRAMBRREDHE

Table 1 Species of hyperaccumulators found globally

JLZ Element [#{f Threshold/(pg-g™")  F Families J& Species  F 2 Species 4 FRIE 5 Global records
BLNY) >1 000 52 130 532 Berkheya coddii(7.6%)"
Al (Cu) >300 20 43 53 Aeolanthus biformifolius(1.4% )™
i (Co) >300 18 34 42 AR (19%))
£ (Mn) >10 000 16 24 42 Virotia neurophylla(5.5%)""
i (Se) >100 7 15 41 KU 1 (1.5% )
BE(Zn) >3 000 9 12 20 Noccaea caerulescens(5.4%)P"
£ (Pb) >1 000 6 8 8 Noccaea rotondifolia subsp. cepaeifolia(0.8% )"
fH(Cd) >100 6 7 7 W (0.36%)
T (As) >1 000 1 2 5 WEBA T (2.39% )1

Fi 102 (4l La, 4l Ce) >1 000 2 2 2 TEH(0.7% )

#(T1) >100 1 2 2 ZELTE(1.9% )

T ARRICFIEIE S N LS R s A

Note: The global record is the highest concentration element reported to date.
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Table 2 Important families, genera and regions of occurrence of hyperaccumulators

JLE Element FFZ % Main family FZFPIE Main genera Hi[X Regions
fifi(As) BRA} BRJE B Bk SR
f(cd) TFER SRR TSN W v ]

Bl (Cu) AERE WS ERE SR RIERE B ERL R ZER 2R I3 G B TR R GBI
£ (Co) A JRIERL BERERE S SR N BRR I s SR TR R SRR AR KIS G B2 Je F.
% (Mn) PR IRRL TSR MR MR B AR WA B 1L 22 Je .
BL(Ni) R TR E AL HR SR KR R ESTR R AR B TR RRERR | ELPG ol b
SRR | IR AR g 2 e
Hi(Pb) TR a9 el
TR Ve XF IR S
i (Se) ISX R B
F(TI) o 1R W oo
#E(Zn) TR FORR RIS KR W | v ]

T M LT R AR5 (Ce) V5 (Dy) B (Er) (86 (Eu) (EL(Gd) Bk (Ho) (B (La) 8% (Lu) Bt (Nd) B (Pr) 42 (Sm) (4t (Se) ER(Th) £E(Tm)

(Yb)F%4(Y),

Note: Rare earth elements include cerium (Ce), dysprosium (Dy), erbium (Er), europium (Eu), gadolinium (Gd), holmium (Ho), lanthanum (La),

lutetium(Lu), neodymium(Nd ), praseodymium(Pr), samarium(Sm ), scandium(Sc), terbium(Th), thulium(Tm), ytterbium(Yb) and yttrium(Y).

(Phytolacca acinosa )7 Fl**,

Ak, —2ext Cd BA @A Z2AEH MY K Z R
T Zam RS, Fi B A% B E SR ER] o, IFEAS
J&T CdrpA B2y . — ROk, CdE L 2 YI1E
FA RS T Wb 23R H T Zn, DFFE R W] Zn 19551
SEBR ERRE T Cd AR R . ian, ok A R A 15
P T AT LAFL B2 14 Zn  Ph Al Cd 192 43 5124 20 800,
2300 pg- g FI434 pg- g ¥, BRI S BUE 1Y Cd AL
SHEY A KA Cd 2l R s g, AR . 3X
AP P 5 ] 7 S92 6 v A P D 7 75 % 1 M ) R R A
WAEAE

1989 4, Baker 7ERR U Fh PG 8 & B T+ FAERHHE
PR Wi e, Bt Cd B R Y, LR & ik
213 mg- kg "1, PR SCE SEE o W AR A AR
5, & BE 1L 5 32 (Viola baoshanensis) A LAFL 2R Cd,
AR, b B3 Cd -3 5N 1 168 mg -
kg™ 5 LB S AR ) R W SEARARL, B A BN
R L BPANT i Al BE VA 3 1 hm o BB FNSEIL
Z ¥ Iy 3% (Solanum nigrum L.) RWFFER 42, 8 12 755k
RS I6 F/N X525, 76 Cd B 25 mg - kg™
SRR Je ZEZE A b Cd 1Y 54300 A 103.8 mg -
kg™ 1 124.6 mg-keg o R fili (Phytolacca acinosa) 1R 3
RIR BCEM S, B AR YRR S R A R
B, i [l 13 Cd fi KR S Tk 482.25 mg - kg™, MR
BEAEAE— CAMREE P AR G . SEERIE R, R Rl AR AR I
J¥A R 34 0 H—r e HI P =, 75200 mg- kg™

Cd 75 Y% - 38 b RO 75 Bl , 5548 AT ISCIR Cd i 3.5 t-
hm™,  H EO R G 98 2 DA AR AR B 52568 32,
XFFIR 2 A0 4 8 AT e i SE BRAICR B 5T
el

BRI Cd L BB B AR AR £ i A Tk 25 By
B, R3IFEI L THME TR AR EHYER
Cd 75 Y 32 A 5 Sk . H wiT R A F Cd 5 4 H (]
16 2 R R B ) A S KR, Hofth 22 o 24k 5K
5. WA R R R AR s KA A Y
K GE R FAT Z R CEI I B A vk
CA{5 Y 3 (3R Cd H KT 10 mg-kg" ) IIEE
LU BLAERT R, rhSE R RIS Y 1 e (R
Cd 7 # 2~4 mg- kg " )VEE W E 10~20 F0FE] .
TR A i A Nl B, B B AT
IS, BT P RS R SR B AR o — K
MERT . McGrath ZE9G MR8 —Fh AR 2B W& 3k 20 ¢t
hm™ . Cd 2B W) & 4 2R 50K 10 (A , AR 509 14
Cd & i , BB 10422 A . Baker %08 12 H [A] 52
SIS Zn BT B0 (T. caerulescens ) TE Zn 15 4% 1 13
(440 pg- ") BB ORI K B, 4B R A4 B 47
A S R AT Zin 18 SR TR B R AT A1 2
i, BP0 L 4 R T B A B I AR E (300 pg-
g )T 13~144F

SRR S B b D 1 [ 4k sk SR A
K ARG B HEELEE R Y , 8] w55
T i 42 2 48 S AR S M B S B ) SR 1 FH Y
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Table 3 Comparison of extraction efficiency of phytoremediation of cadmium contaminated soil by several hyperaccumulators

T & 251 IS Cd

BB BRIOCR

. e L Z{ L
FE ) Plant Species /7 Mode  Total soil cadmium/ jg: e pH ét%i (DW) Estimated years Extraction . %ﬁﬁ}(
3 Soil pH Biomass . .. References
category (mg-kg™) of repair/a efficiency/%
KB TR AR 2.87 7.3 0.7 g4 114 0.6 [50]
PR b PN N s 170.3 5.46 10.6 t-hm™ 10 10.3 [51]
PN
TR RR SRR AR 2.65 5.32 1.7 g- 4" 20 3.15 [52]
S SN
PR 5K SRR R 11.53 7.37 6.6 t+hm™ 9.83 13.39 [53]
SN
PR 5K b PN N s 3.04 7.24 11.5 t-hm™ 11 8.6 [54]
SRR
T Bl RIBERE AR 5.72 5.68 0.5 t-hm™ 51 0.65 [55]
(159
T2 FEHE AR 5.72 5.68 0.5 t-hm™ 41 0.82 [55]

TE U HE ST AR A IR B A AR PR A T, DL 1088 Cd 5 4 0.3 mg kg™

Note: The estimated number of years of restoration is estimated according to the linear reduction of plant extraction to reduce the total soil Cd content to

0.3 mg-kg™.

SRHE, IR AR A A A 25 A it , 7
R ARG b 9 P B A0 [R) ), WSOBRAT S AR ME B A ™ i
S AR A B S FAR BB RS
TP 1) AR EL AT PR R G52 o DR 3R R A )
ReAE RO A . AR, DA F AR
FIAAE Y AT & PRAEBCAAE , RRAS R 22 18] £ 5
G R BMRBRH T A, T80 5B T K IR B
ORI S ARSI i TR ERAE RS
SR R PR AN [R] T AR A B I ) 2R3 R AR
SUE Y 2 AR 5 pH, DA TR Jin 5% P 59 DOC
WL F ) 22 [AFAE R 3R 00 58 4 L AR 2 0 W 3t +
SRR R A A 1SR T S5 (AR 0 < i R AL i
R 22 Tl o e 1 — S RE A R A AU AR
PREFIT , e - S R 4 A A S, AT R i A
FE261E MR G JR A, N, BN ST S S AR
VEPIh SR IRIAE , 76 R e CAALHRTR |, ERE ST S M 52
(4 Cd 75 i 2 B A I 3 S s MR R A
RGP KRR LR A 2L 8 . AR
i, /N P B SRR PR M B T R TR
RETS AL XTI Ca—P, fill /N2 ) W Wi o L PR /N A 8
Iy 245,

3 EMEEREBRREYESE Cd SR
i 5

Al RS FEHE LA R £ — B F 35 e —
SE AT BRI A o B SE A L] 78 (] — B J0] R AT A

R AT AR SEEY) & % e R ECE B R,
M A S R MR R A T R PR RS E (I, 8 L A A RORR ]
1 2R S RE R SRS

A B S AR AE Y VRS, 76 7840 R R T
23 (Al HOGRE A FERE |, 7T LUA R s o B 48 1Y
PEHGCRE R S EY AR . HETET Cd i
LAY 5 A RVEY AVERR i 308 52 85O &
VER) &4 P g DL LR 4 2B S mF oy A, 78
Cd M 5.37 mg- ke AL EE + 358 |- F LR A
ENBEIT 2 5 B4 R, BDEEIT S 3 Cd f it o
VESR S T 14.5%, HAEAES&E T, B s 1 B8 Cd &
i BAAERN D T 57.1% , % TR AR R E bR
W BXAEIRNE 7 A B AR R 2 B
o, 45 B3 S0l A4 = W E T3 445 T T RE .
R 0 B2 S5 i 9 e BR, -5 R KRR K TRl Ak
P R BRI 2R R S RN Cd P R MR R B
VE43 SR T T 29 59% 1 53% , o Rt 15 %) 1 1%
I, BB FRAR T EORXT 4R Cd L Ph I R FE
A TR TR A3 R AN TR Z R B G TR, W s 3 il %
SRR ST EI AR R B TR R A T
P R

R SR B S R B E T AR 5
AR HTHE B, T3 Cd B FRAR T 50% , 123 5 T 54
AEBR, RS Cd 5 (0.015 mg-kg™ ) W AR T F %
BR SR PR AR AE (0.2 mg-kg™)'*, HELE 8 A1) H [A] A %
WFFEFR A, fE0 50 KA EOK [E4E , 3 9 Zn  Cd
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Table 4 Cd hyperaccumulator and crop intercropping restoration effect and safe production situation
il A Cd B R 135 Cd Hil LA
HA R A 27| B, T R EpH Py e R S AER Bk
. otal cadmium of " . . - . .
Hyperaccumulators Crop Planting woil/( me-ke™) Soil pH  Increase rate of soil Reduction rate of soil Safety in References
mode SOLYR me*RE absorption/% cadmium content/% production
ENREIFSE HiE i) 5.37 8.01 1450 1 201 kbR [64]
AREIFR PN [ 1.624 4.13 68 1 1341 AR [56]
AREIFR EEP S B8 1.624 4.13 781 151 Bey [56]
R 5t 3 e] 1 0.57 6.7 36.40 1 50 1 o [66]
R £k EiEE 7.25 5.87 251 361 kbR [67]
RE /N XS 1.47 6.22 90 1 28 1 Y Y [69]

T [ER 2R AR SRR A s PR B AT i 55 i A 1

el fEACPE T P e Cd I B A A R

Note: * The increase rate of heavy metal content absorbed by hyperaccumulator under intercropping compared with monoculture. ** The increase rate of

Cd concentration reduction in soil under intercropping compared with monoculture.

T B 43 S FARK 18.8% F11 85.4% 6 52 WK B BN I
FRE T, R B ISR Y K A B v Cd % R AR 4K
PRELLT . itk B EMYE A B KRR RELR
B TR BSF, RS 2 AR AP A, AT DA — R A
BHE G HAB L AOR  BRUEAR 7 (1 e A L 35 31
SRR

FAR T B AE Y R KR 5 5 Z A B AR A 4
BET PRI R AR Y A R AT T A B
Mo FICHES 2N Cdl R R R K
] VR R & B, 22 AR S v Cd 5 o B AR 2o A 114 PR
FEAE (B 22 JIX) Cd (575585 T 40.5% , Ul B
VR AEAE S R R S h Cd A AU, H— E R
WD T NS SRR . X RE R RS
54 B VR of iR RS2 AR 2R 40 0 i o 1) TR P A 45
TER) . UK I & B, A BRI R S
INFZ AR )R () /N2 3 4 s 2 R 1.1~
L9f% . WARFFUEN, AR5 R 5 FOKRMIE, £ oKk
TNEB AN S Zn 5 Cd A R AR AT TR
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Table 5 Cd hyperaccumulator and crop relay intercropping restoration effect and safe production situation

T SR o

Increase rate of soil

B Cd 135
Total cadmium of  pH

- CA a3 oy e

Reduction rate of soil

BRI EY AR

Hyperaccumulators Crop Planting mode

AR B3k

Safety in References

soil/(mg-kg™)  Soil pH absorption/% cadmium content/% production
(iRUS®N [EES =8 35 7.24 60 1 20.00 1 KR [76]
G2IB-FN PR B 3.5 7.24 90 1 18.30 1 BEY 7 [76]
AREIFCR BN BIE 1.231 4.69 131 10.00 1 ey [56]

T BRSNS VRN G 5 e 4R . oo BRI P TG E Cd I S (R B i
Note: * The increase rate of heavy metal content absorbed by hyperaccumulator under realy intercropping compared with monoculture.** The increase
rate of Cd concentration reduction in soil under relay intercropping compared with monoculture.
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YD 5K 5 £ KRR HEEERE AN, &
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B 64 . [FIINEMET FoRFFR P CAM AR T R R
A AR RSB R A R RS
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LRI, AT BB ST 13 b iy E FROcR KSR A
AR 1 T8 A S ™

R W A RO 5 A X 4 R
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A=Y SO DR I R A R AR ) A1 T T A
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Table 6 Cd hyperaccumulator and crop rotation restoration effect and safe production situation

” gy £ i oL E | Dk R ke gr o e priEy .
ﬁ*ﬂ%*ﬁ% 1/'5% ﬁ*ﬁ*ﬁcﬁ 115 Cd 415 *ﬁ% &%CEET/TEI_J}I; iCdﬁjﬂdCE?Eﬁ}?: ﬁé’J_J rH{J[:[I» %%j{lﬁk
H lat C Planti 1 Total cadmium of ~ pH Increase rate of soil Reduction rate of soil Safety in Ref.
yperaccumutators Lrop - Hanting mode soil/( mg'kg") Soil pH absorption/% cadmium content/% production clerences
PRI 5K iER BN (S 3.04 7.24 231 24301 Kiktr [88]
iR S=oN T3 el 1.34 5.7 50.1 1 13.20 1 E7.Y [90]
iR S=oN K F SfE 2.27 7.2 1t 15.00 1 EEY ) [91]

TE o SR BRI A I T i B i AR R o SRR A T LR A Cd Bl R A i f o
Note: * The increase rate of heavy metal content absorbed by hyperaccumulator under crop rotation compared with monoculture.** The increase rate of

Cd concentration reduction in soil under crop rotation compared with monoculture.

b R 3 R b SN TN REAT RS
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