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KF 100, iz 250 (TF) KF 1, ARENEEMBPLZEE S0, R0, 8 BB Y% 8 A7 76 5000
() M DX T8 P L DA T2 R RN 3R S TE 1 7= A A B A AR SR R U S T S K RS
RCdRmmBEE, HTHEYEEWEYTERA AR BARKRE, G847 s T iMziz
BRI AT M, A AL 2T Cd /Y A B T2 A B, ()R 3k 380 4 F 22 4 A 7 A
HREE M E bR . AR, R A W A A 25 0 25 A R, R 5 R A R R B R AR
B, CeR e . WSO BAE SR AE Y, 163 Cd 15 Gkt

YEWRAE —RF AR A K ZETWEY, B —FRZENEYH GRS, ReER ) 25 [ 5w
SR MR, R AE Y E A . FOAE B AN T BRAE R AE R W, i BLRTEEDIAR R
WX+ HE Cd TG ALVE AT RE itk — PR TS FEVEY) Cd 1 B, ST AR AR X 458 Cd iy 42
BUROCR o TR MG AU S LT I i S -4 A R0 25 AR AR SR VR P — b o HE R Cd i BG4 Bk
53.34 F140.80 gha!, BA BRIFHMEEI T, GUO U 5T M, Il 3e-E K4 1R e g 40 2 2y
42 Cd. PoimHe, AEARABARAOLL, 1 EASF AR T 0 48 i -8R IR CfF
BUIEEL Y (NY525-2012) 5 (Rt DA bRifE) (GB13078-2017) Hdi i iy BRAR o SR 1T K 20 VE W 4 1B
I T A R 7 & SRR SOK R e 1E . UG BME D B4 18, R0 B IR 5 I R E M 8 1
FUHCRHE Y-8 & P VR B ERCR A R A MR A, XIMEW AT 3 =83 DL B
KI5 92 56 A BIF 3 10 S 410

RS H ST T 2 A F D RE S B R AR, 2000 i R E e AE . ORHME D -8 & SR A Y f
VB 9% 2 M ERE AR B F Cd iR 0 8 Ca s ML 1ZRE 1 . Cd 2R . IoRHE Y45 o
I Cd TR BORME & SR D B E RS A Cd A ss od AR Ak . DU o 15 Rk
FhcE HA T B0 i 1 AP 3 BRI, h Cd g A =B E it 2%
1 MB5ERF*®
1.1 #HilthE 58

A5 At X A5 0 T R 4 ) T AR IR R AT (28.18°75777"N, 113.08°08'50"E) o LI A IE
I R FEE I AR AR 0~20.00 em BRIE I E A, RBR RS2 W A YO KT, RES i 10 H AT 100 H
TR AR AE R fE i b AR LM T W6 1, LHEPb. Zn. Cu Ml Cd 35 S8 20 91 N 46.13,
178.56., 30.12 1 0.83 mg-kg ' =% (H il 2% 19) W 3£ H RO RO BHE A R A F], 2 5 AP s B e
VLT B4 TR X BRAE A AR S, I A (R 5
35 AR (U0 ) W 3K A 0 FHTE 1 25 2
Tl B H A B2 R, 32 A bR 0 BH 24 b
KRR R AY SR, WRR (RO 15 T 3K
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FEW B AR ) R B s R RN VL OR S B
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ARSI I BEE 2 AN AL BRA 1A JCRE YRR X R (CK) , 2 AN A B 551 A Tl 3R 48 A -0 RR 4 T -
ZR-AR B R R AR B E 3 IRES, 7 ATR/NX, L/ 24.00 m? (K x5 =
20.00 mx1.20 m) , £ /NXFEVLIXAHES . &R AEY) Fhom or s ST A, EH = onE A0
(N:P,0,:K,0=15:15:15) 750.00 kg-ha™', VE4)FlAE %5 B 5 FhAE Bof [B) 402 2 B o SEgm bk o345 0. 2%
OGS TG HE B I S AR R A IR ol A R R AT . BEREY RS, M S R ERURR R
XA /INIXCRAE 5 Mk 58 B MR 5 HXT IO 4 AR B 4

®1 HIKEROEREHMER

Table 1 Basic physicochemical properties of tested soil

pH  CEC/(cmol-kg")OM/(g-kg")Cd/(mg-kg")CaCl,-Cd/(mg-kg™)

5.24+0.02 15.58+0.02  49.83+0.03 0.83+0.02 0.24+0.01
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Table 2 Planting density and planting time of crops

FAERIE AEMUT VEP) AL IR/ (Fk-ha ') | eGSR
EE 12 1.5x10° 20204F10H T A 20214E5H EAY
B VA ERIAL S 2 1R 6.7x10°* 20214ES H ) 20214F 104 L)
EHRES Rk 1.2x10° 20214E11 A BA) 20224E5 AL )
ek MR 1.5x10° 20204E10H T A) 1 20214E5 H LAY
WER-ZRR-ARERR 2k PR 1.1x10° 20214E5 A T A) . 20214E9 A )
H3FE HRmEK 3.3x10° 20214103 ] 2022457 T 4)

1.3 #@NESE

- ERE S B pH & Ad FH pH I & J7 ¥ (PHS-3C, Leici, b #EAXHR AL g8 A BR A A)) DL m:v=
1:2.5 EAT &L H3EAHLE (OM) 3R ] Walkley-Black 25 , BH B 132 & (CEC) R FH £ R B il
L™, Sk IR A R (HCI-HNO-HCIO,) 2 78 ff I i 4 58 0 & 8 i o 302, 3R 30s
Cd B 5E 18 0.10 mol-L™" CaCl, ¥ W& (m: V=1:10) $2 B B R A3 (A5 M M b 3845 F1 M R #6745
HARKpEE, FHEEFRKERTE, ETKD . Bl EMZ MBI 25, i
KANTE, WRRP BT MM . 25 M kekr . SEML4E AZER A E ), AR R AR (bR
522 b EEB) , FOB AL E T 105 °C AT Lh, 75 CHt T B E R E, UL E
¥y, HIWIK R AE HNO,-HCIO, IR AW il 1% (V: V=85%:5%) . M\ T4 AT B ks v 42 BOHA it % 1)
AL (ECKE, m:y=1:10) P77, IR AE LI 28 & 4% (RE-2000, 2R A AL AL AR T ) HNO;-
H,O, R G W (V:V=2:1) I Ji LA DU 2 ath i Cd T &t 40 50 ™ 4 S8 U 9 4 ot 76 30 % )5 fi ) 1CP-
OES (Optima8300, Perkinelmer, USA) | & J 2+ WU £ 25 %7 (GTA120, Varian, USA) & . )
4 ERE B (4 Cd TR A 93.45%~107.38%, 43 Bt it A8 b 20 50 A [ 58 s o+ HE A B (GSS-4) Rl
YIkE R (GSV-1) #E47 ot i 42 1l
1.4 B\t o
141 BELHHFHEAK

1) &% R Fn=L (1) iR,
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BCF = — (1)

W
K. BCEAHEEREG w, ML Cd iR /78, mgkg'; w13 Cd B8, mgkg'.
2) ¥ iz Z RN (2) iR o

w3

TE=" )
X TENEIE R oo ERAL R Cd BT, mgkg s w9 A R HE R BB Cd R
B, mgkg'.
3) MPEY RN 3) Fis.
Bl =B2'p1 . 1073 (3)

K. BOVHW A&, kgha's Bk E, g™ p MR, #i-ha's
4) FP B Cd BRI @) i,
T, = (w3 - B3) + (w4 - By)) X 107 “

A TOMHP R Cd B, gha's BoWAHYM LESAVAEYI &, ke-ha's By WAEYIH N AT AR
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Y&, kgha's
5) IS AH PR BUSCR N (5) A (6) Fiai .
T,
n= o X 100% ®)
m=s-h-p, ©)

Krp: gy BB HEWIRBGSOR; myRZ LR, g sHLBBEMMA, ha; hhRZELEE, B
20.00 cm; p, M RE EAERFE A, 130 tm P,
142 HELLE

A A5 85 FH Excel 2019 #4770 4, I LAV BE AR MEZE (n=3) xR SPSS v23.0 #47 LA
BN LM, PhSTREZAR T K56 1 ANOVA H Duncan 35 3 # 45 4b B 1] £ 98 2% 5% . i i OriginPro
2019 HEATECHE v A AL 2
2 #ER5TR
2.1 2MRMEEXEYE

2 PR ERE P AE Cd g e B AR AR 1 R )5, S AE AR i 2B P i 0L 3% 3. #E T -4k
AR EEVERL b, 3 AR VE D (0 R R AR P 6 4390 2 3.17 0 1.82 A 1.31 tha ™", Hrpydy S o LR
R HCE R K, N 50.32%; WRRFERL & Fb BN, N 20.79% . SR -2 RR-AR T o KA AERE A R,
MM B EY i, A 9.85tha's HIRAZHE, SAMRE A 834 tha!, HEM K& KN
47.24%, W5 HE/N N 420%, KR s KB AEYRE A 318 tha's BIRMF, L3 FLIOE,
4 Ffr i R E R 10 A8 1 AR B/ IMR IR Rl > A6 42 > R >2 5K, 2 R AR X 0 B A P i UK
FMEI Sy . WS -AEA - R (31.05 tha Yy >IlR-Z R-A M & K (2137 tha ') .
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Table 3 Biomass of different parts of each crop in rotation pattern t-ha™
-~ MSE-1E A - R IMER-ZRR- AR R K
HR e MEJFR biiP 2 NEE PN

icd 1.00+0.07Bd 0.38+0.02Cd 2.67+0.24Ab 0.99+0.06Bd 0.35+0.03Cd 0.42+0.05Cb

E 2.17+0.20Cb 2.80+0.19Ba 3.67+0.15Aa 2.18+0.20Cb 3.94+0.27Aa 2.76+0.41Ba

it 1.44+0.13Bc ~ 2.42+0.24Aab  2.35+0.21Ac 1.455+0.13Bc 1.55+0.12Bb —
FFHL 3.17+0.38Aa  1.82+0.14Bbc  1.31£0.09Cd  3.11£0.17Aa  0.79£0.09Dc —

5 2.114£0.15Ab 1.26£2.77Cc 1.38+0.12Cd 2.12+0.11Ab 1.70+0.10Bb —
214k — — 1.11£0.15d — — —

BAY 9.89+0.70B 8.68+0.31C 12.48+0.55A 9.85+0.37B 8.34+0.14C 3.18+0.37D

TE: D) ARIKRE F RN AR EY R —F O Y i 22 RV 3 (0<0.05) 5 2) ARE/NG F-EHRAEREY)
SRR A b2 A B3 (p<0.05) .

22 2 ERRNP CdRENHEREFIA

2 P AR VAR X A TR A 1Y Cd BB 4> BN 4 TR o TSR AR R T R Y Cd R 2 4 Bk 0.43~
9.61 mg-kg ', I iHR-ZK-A Fg 5 K Cd i & 70 B0 0.41~42.17 mg-kg 'o A< pg 5 R Cd it i
SPECH 4217 mgkg, BEE T 4 FOMEHEY o EATE 4 FlEHEY £ AL Cd 1Y i AL 4 B
o THORHVE P 09 25 Rt 2 Cd JoT it 40 B0 = 1AL, OB RHE Y B F R R T, (R R
Cd JF R B HAR, BRahsesh, WeRHEY kAR Cd o =20 B0 it 0.50 mg-kg ™' HAK T 1.00 mg-kg ™',
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Table 4 Cd concentration in different parts of different crops in two rotations mg-kg'

TM3E-E A - RR

MR- Z - AR R 5K

RS
FHES Pl i 2 b
Uil 1.10£0.18Db  7.82+0.32Ac  2.23+0.26Cb  1.11£0.07Db  4.20+0.36Ba_ 4.57+1.03Bb
S 0.94:0.10Eb  8.54+0.26Bb  1.36x0.16Dc  0.94:0.05Ec  2.79+0.16Cb  42.17+1,93Aa
s 1.56£0.29Da  9.61+0.11Aa  2.80+0.23Ba  1.60+0.14Da  1.95+0.18C¢ —
Zag 0.48+0.02Cc  0.81+0.10Bd  0.92+0.09Ad  0.46£0.03Cd  0.98+0.02Ad —
7 0.43£0.01Cc  1.05£0.01Bd  0.59:0.02Cd  0.41£0.03Cd  1.33+0.38Ad —
4 _ — 2.93+0.33a — — —

T D) ARIKRS FRZR A RV EY R — 3O C BTt 2 2 RV E B35 (0<0.05) 5 2) RIF/INE F-EEAERIR

—VEMI AR Y C BTt /M B 22 Sk 2% (p<0.05) .

R ER RS R, e Cd iR A R
i, R 2K MRS Cd il NS
BELR@AE T, AT BELAS Cd A kR b 5688, X
BRI SRR Cd B B i SR A

WK 1R, fHIES B 4 FhseHE Y
(4 FF 7 v 2 Y AL I Cd 5 2 4 BXFE 17.00~
49.00 pg-kg FEFE A, Hrp, ZROH M A Cd B
SR R, TSRO T T o R AR, 43
4 0.04 F10.02 mg-kg ', B (EEE4AEEE
FRUE MY ) (GB 2716-2018) AR & Cd ik
AP, ABARHFSE oL Cd R AT (-
HH AT & A AR Y bR o ) (TS 12550) (<50.00
pg-kg™) B3N XU B Cd R TE-4 FHDRHE D)
AR KA B, FE Cd i5 Jeqe H gk
PR . ERr R Z B,

F14 B 45 Ji o 0 0 A I R v ) L e R R R R R L 23 B O LT AR B

L s o B S B (mg < kg )
(=3

ab

_

b
0.02 |
0.01 %
/
0
e

Pl LR 2R
HRZLES

TE A /NG TR A YRR LI 2 ]
CdltR 22 5 .3 (p<0.05)

1 NEMEYFFRIR IR HE M Cd FRE 2 H

Fig. 1 Cd concentration in crude oil from seeds of

different crops

THVESAHA RKBEEATR, & CE R B AL, 0 CaRE TG, I A BloHL i AL B2
I, ML AT Cd B fb 2 R 51 LA BOR R A 2 1 B A9 =E & PR R B B T Cd i o B 2 R A
F4b, & BRAECPT WG R BT, ROE b 0y Cd nT L 3E T A R AR AR AT A AL B, O AR
FUXTRIGE A E R0 R L B WA K, SCEMDE M R, el sk, BT, 2
T REW IR AR R AL B 2 TR, ERTEREY WS, BB TR DI &
R S SR ek Ak P LR SR AT R AT AR A v S B SR A R AR 1) R AL
FH, IF I A 48 . ZHOU 25 BRIl 28 5% AR il 25 iU A= W) o I, 38 52 91 795 9% WK pH {H 2 10.00,
FERCH ZAE Y e Pb. Zn 1 Cd, I W IR A #R 5 Ca. Mg, P Cu fIR#E K, 40855 al1E R
FRERE R IR . A WFRE N RS AT, 30 AR R 1) S SR M A W R AR B i Ol R
e, XA BA T E G A Y, AT DL A0 S BRORET

23 2FRAERA P EMEREZH Cd S

H
o

2 FlEEAE A AR AN TR AL 19 BCF 4136 5 o o MACT I RHEY), KAk Cd &L
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Table 5 Enrichment factor of different crop parts in the two rotations
SRR - PR THE-ZR-ARE R
biiPd pidees VR W Zk REHR

R 1.33+0.11Eb  9.98+0.59Ac  2.87+0.33Db 1.36+0.09Eb 5.29+0.5Ca 6.79+0.59Bb

A

% 1.15£0.12Db  10.89+0.45Bb  1.75:0.23Dc  1.174#0.05Dc  3.51£0.14Cb  59.77+3:43Aa
it 1.91+033Da  12.26+0.13Aa  3.59+0.26Ba  1.96+0.18DEa 2.45+0.26CDc —

FPRL 0.58+0.02Cc  1.0140.14Bd  1.19+0.09Ad  0.56+0.03Cd  1.25+0.02Ad A
5% 0.5240.04Cc  1.3340.03Bd  0.76£0.02Cd  0.5040.03Cd  1.68+0:50Ad —

1Yk — — 3.77+0.37a — — —

e 1) ANERGFREIR A EEY E— A E G 22 B (p<0.05) 5 2) RlEl/NEF ALK
— VR B 22 5 3 (p<0.05)

5%, M BCF iK% 59.77. SERTMIIFF AP, R M 5 K I NRAMP 8 )% 55 A 5 1) Cd i AR
FHEGERE ST, M HE R AT 1Y Cd #5132 B - A 20 A9 S v e B2 R R N 0 R S B S R
SaHAM3 2344 Cd I 2 AE W v i, DATT 22 i Cd X AR 4 1) 33 1 /"Eﬁf??rﬁa%éﬁﬂﬂ@ﬁqﬂﬂﬁ
Cd, HiEW &t -/ Ny TAIKEY, EREREA MT), XENTFEILEYSS
CAd Z5 A KRB B M . W3R . 64 . WK . ZRRIEN IR EAL G R EYD . 4 FlimRE Y 9 E AT
%:%Bm (BRim=E5E40) B9 BCF K F 1, Hr, 404 Cd & 468 7 om0 RHMEY) , Miih 3% & 4 6
Fid2s, AEEATAL Cd Y BCF 153 1.01~12.26, MWiiliSE{h 0.52~1.91, LA E45RULM, 4 et
VEY B B0 Cd & 4R A8, i HLbBEMED 76 Cd kil T ik oA B fth g . AR &
B, FHYRENE Cd fifi 77 76 40Tt v, DA (T 960 LA A 1 400 G 6 B AN B o 36 e 2 Cd I8, M
A AR RE, D8 Cd xR I 105 % .
M 6 fim, 2MEIER AR TR, . (9.63) B3 K THALMEEY , XFEWARH = KA
A SR K Cd W HL TR b B EE T . BE AR, 2 RV ERAERL R IHRHMEYI Y TF 033
INT 0.5, HH R TRy pfeff, R 0.1, UEHIMRHMEY 1) Cd FZ L P AERFEAE W] &AL,
Cd 7EHUBHE WA b b (3 A8 AL RS2 B0 . LA B85 SR mT LUE 1, 4 FdoeHE Y ol LUFE AR
&5 Y BRAEVEY)

F6 2MEIETEMIEMARULNEERY

Table 6 Transport factor of different parts of various crops in the two rotations

I WS- - WS- AR 5
T
W Ttk B s R RERR

f-Z5 0.87+0.15Bb  1.09+0.05Bb 0.62+0.13Bb  0.85£0.08Bb  0.67£0.06Ba  9.63+0.58A
MR- 1.43£0.13ACa 1.23£0.07Ba  1.27£0.21Ba 1.44+0.06ACa 0.46£0.01Cb —
H-FFRL 0.44£0.02Ac  0.10£0.01Cc  0.42+0.06Abc  0.41+0.03Ac  0.23£0.02Bb —
-5 0.39£0.04Ac  0.13£0.01Cc  0.27+0.02Bc  0.37+0.02Ac 0.32+0.11ABb —
FR-£T 4 — — 1.32+0.17a — — —

T 1) ARIKRS PR A R R — S8 22 5 B3 (p<0.05) 5 2) RRVNG PR
— VRIS R A R 22 Sk W2 (p<0.05) .

24 2HMEMERRNN Cd ZRESEREBEYER
2 PR B R AR AU Cd R ILIE 2. 6 R EH S BUAY Cd SRR 52 PR B 53t R > 48 2 >0 R >
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ZRSHSE R, KRR Cd BB & 200 =L
o e . =
B, A E 11877 ghal, 18 K N 5.51%, _ ——
N ; o e ; 5 1s0f EBIM 3
I HH M FER a0 B2 B E S TR A B S KK N
Gy HWONAEE, Cd RBUE N 52.94 g-ha !, ﬁ
2y By N — T 2 S T Y BM{‘ L
1B ROR N 2.46%, SAKTE , WSR-1EA4-TF = 100 b
pe

B L R R R 2 B R 1 E 1
Cd B B> 5 0 82.56, 145.20 g-ha ', 2 Fif £ 0 N
BB R, SEIS YR Cd RCR A 3 %

A =1 iy 2B 2 [42] 4 0 !
B, 552 3.83%. 6.74%. W% &t T -
KRR, s K5 Cd & 2R 5P B e YRR
229 484, H Cd AR IA 150.34 gha !, VE R IRNE R S A2 2 ] S

% 5% (p<0.05) .

AR YL TP S -2 R AR R s KRR A Cd

E2 2 i Cd RIAE
BB 28 R, PSR A BE LHRRE N Co R

Fig.2 Cd accumulation in different crops in two rotations

Cd BBRACR .
25 2HMREEXEERLIER AEEYS Tt H
CdRENH 6

) 6 VR BT S - 4 b B Cd R 6 A BORT st

CaCl,-Cd Jii & 43 B an & 4 fr 7R o S 56 i 4 58
Cd 4350k 0.83 mg-kg ™!, AW RS VR it B
1 Cd T 3 B0 AS RV BE (R A, 4 I
£ 0.78 F1 0.76 mg'kg'c 3 FAEWMEE 7, il 1
-2 -7 B st R AR B R Cd T 4 oM 0 .
CaCl,-Cd Jit 5 73 B R AR 8 T8 K, 43 | BEAIR T AR 2R RRRER
8.29 % F1 9.53%:; i £ 4= -0 RRAL A+ 4 4 Cd B
5 12k 43 BRI CaCl-Cd JF Bk 4 550 1 166 56 B /0> | g o S AR = M A
S ABER T 5.89 F1 6.03%., Zeadif i, BEARA 3 2 FhE et Cd B E N E
PET 2 P AR R A R S5 A T Cd i 73 Fig. 3 Cd remediation efficiency in two rotations
Bl (R A H TS g XU Lon .
BPhriE GR84T7) ) (GB 15618-2018) ) -4 bx Eﬂ%
W (<030 mgkg™) LI F 4 3 7 2 25 15.90, T
11.36 5 (AR, WPDAAH L2, TS -2 8K -
7R B S RO BB B A 46 4 0 A F Cd Ts YL
ST TE], FEHERE Cd V5 e 3P TR R R
FEAD) i SR BRI 00 RE AT AU AR 38 Cd 5 L
2.6 2 FRRAERER K FHE T

AR RAR R LB IR AR, oL
W7 P, AT YE A 5256 112 5 A #l W F f&%i\%%% S
SEBRCES , TR TSR A A - R X AR R A fbsm
XA WA LA A 2.90%10° TSR o (HUE i D RFAS TR 2R E LA R A H0E S 55 (p<0.05) 5
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Table 7 Estimation of economic benefits of two crop rotation modes
A A ZaRiE}
il

ot TP RRRIER RS SOAS BT RS MR b SRR MO MR A SRl R
(tha™y (wt') (wha') (wha')y(wha')(wha')(wha')(wha')(wha') (wha') (wha') (wha!) (wha')

L2 317 070 220 0.03 003 017 011 003 0.5 0.23 0.75 1.45
eA- AEE 1.82 1.00  1.82 024 003 0.17 011 012 0.18 0.45 130 0.52 2.90
LR Sy 131 140  1.83 0.11 003 018 011 008 0.16 0.23 0.90 0.93
e TR 317 070 220 0.03 003 017 011 003 0.15 0.23 0.75 1.45
TR ZR 079 160 1.26 0.03 003 017 011 004 0.5 0.45 0.98 028  —18.90
MEX pmmr — — 19.80 003 020 011 0.06 < 020 0.23 20.63  —20.63
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Safe utilization of cadmium-contaminated agricultural land and evaluation of
its economic benefits under three-season oil crop rotation patterns

TANG Yunpeng, HU Shengnan, CHEN Bin, YANG Wenjun, CHEN Linhan, MA Qiao, ZENG Qingru”

College of Environment and Ecology, Hunan Agricultural University, Changsha 410128, China

*Corresponding author, E-mail: qrzeng@163.com

Abstract  China has serious and extensive pollution of cadmium-(Cd) in agricultural land, and the safe
utilization and remediation of Cd-contaminated agricultural land holds significant importance. Two 3-season
crop rotation patterns were established in moderately Cd-contaminated agricultural land to investigate the long-
term remediation effect of different crop rotation patterns on soil Cd and the feasibility of safe production. The
results showed that crops in both the Rape-Peanut-Flax and Rape-Sesame-Sedum alfredii rotation patterns grew
normally on moderately Cd-contaminated farmland. The Cd concentration of aboveground of Sedum alfredii
was 42.17 mg-kg ' and the Bioconcentration factor (BCF) was 59.77. The BCF of Cd in non-edible parts of
oilseed crops were all greater than 1, while the BCF of shell and seed Cd were less than 1. The Cd concentration
of crude oil extracted from the seeds of the four-oilseed crops was 17.00~49.00 ug-kg'. The Cd accumulation
and theoretical restoration efficiency of the two crop concentration rotation patterns were significantly different
(p<0.05), with Cd accumulation of 82.56 and 145.20 g-ha™' and theoretical restoration Cd efficiency of 3.83%
and 6.74%, respectively. The total Cd and CaCl,-Cd concentrations of the soil were significantly decreased (p <
0.05) after the remediation of the two rotation patterns. The total Cd concentration decreased from 0.83 mg-kg '
to 0.76 mg-kg ' and CaCl,-Cd concentration decreased from 0.24 mg-kg ™' to 0.22 mg-kg ', respectively, in the
Rape-Sesame-Sedum alfredii rotation. The economic efficiency of Rape-Peanut-Flax rotation was 2.90x
10* yuan-ha™', while the economic efficiency of Rape-Sesame-Sedum alfredii rotation was —1.89x10° yuan-ha™".
The two crop rotation patterns were able to safely utilize Cd-contaminated agricultural land, and the Rape-
Sesame-Sedum alfredii rotation had better restoration effects, while the Rape-Peanut-Flax rotation could produce
higher economic benefits. The results of this experiment can provide reference for the safe utilization of Cd
contaminated agricultural land.

Keywords crop rotation; phytoremediation; cadmium; sedum alfredii; crude vegetable oil; safe utilization
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