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Comparison of remediation potential for two crop rotation patterns on Cd con-
taminated soils
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Abstract  In this study, soil collected from farmland in Chenzhou polluted with the heavy metal Cd was used to
conduct pot experiments. These were used to study the repair potential of planting patterns featuring pairing of two
crop species, edible-leaf-beet with endive, and endive with oil sunflower, for extracting heavy metals from pollu-
ted soil. The experimental results showed that three kinds of crops grew in good condition during the planting pe-
riod, and showed good tolerance and capacity for absorption of heavy metals. In the planting pattern edible-leaf-
beet-endive pairing, the concentration coefficient ( BCF) of the above-ground part of the beet and endive reached
11. 34 and 8. 22, respectively;while in the endive-oil sunflower pairing, the concentration coefficient of the un-
derground and above-ground parts of the endive reached 14. 14 and 16. 32 respectively. The concentration coeffi-
cients of each part of mature oil-sunflowers were greater than ‘1’ ; among which parts the concentration coeffi-
cient of the leaf and flesh reached 2. 57 and 2. 19, respectively, and the flesh oil-yield was high. For soil slightly
and heavily polluted with the heavy metal Cd, the concentration effect from planting the beet-endive pair for Cd,
was better than that from the endive-oil sunflower pair. In general, crop rotation of these three crops could make
full use of the climate characteristics of the four seasons, and greatly improve the amount of heavy metals extrac-
ted by these crops, while not affecting the crop yield.
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Table 1 Soil physiochemical properties and the background value of heavy metal

CEC/ EERiIN v As/ Cu/ Zn/ Pb/ Cd/
(cemol - kg™") (g-kg™") (mg - kg™") (mg-kg™") (mg-kg™") (mg-kg™") (mg-kg™")

P+ A 16.32 24.37 32 46. 02 243.01 322.2 1.55

AR S PR 05 B A v ) (GB15618-1995 ) M i SR 0P L e is e i i . R 1 IX s T —bn
WS DX R pH (O 6. 21, J& TRV 1 3% (pH <6.5) , IRtk , i 4 Ja BROE [ I3 2 o

®2 EBRIEXREHRERETNESCEREE

Table 2 Limited value of heavy metals in national environmental quality standards of soil mg - kg™
+ HE Cu Zn Pb Cd As
i 1 P 50 200 250 0.3 30

AT L S - Cd V5 Y d H P, 5 GB 15618-1995( + HEIREE Il i bR ) (1 F R 75 S (E A L,
FRTEEE Cd RS, 1 AG . HUGR R —EREEE As Zn 5 Ph 55, Cd AN I H EH E
BB,

SCIGVEY) . 21 Ml 32 ( Beta vulgaris L. var. cicla L. ) 2§ ( Cichorium intybus L. ) FiH %€ ( Helianthus ann-
uus Linn. ) , SEEGVEYI Y8 R 65 o B0 R,

1.2 EWiRt
K B I042 25 em, N4 42 20 em, & 30 em WAEBIFIT AR LR, BEFEN TGS 2 mm i1
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8.0 kg, HABE T/KMER/KF(WHC) 60% , & 5 d, 8 HHEFHRIESN S, MG, BRIV 7%
20 R/ AR T d JE RN R SE RIS B AR R 3 MR IR A 2 k., BAREIAEE, 12 AR
3 9 e AR £ 1 P SRR 2 T, T RD A BBORE 43 0 i A K B e S A 60 d S HURE TN A BB AR ) 4 43
M 4 JE S it . RAE 4 H M 7ESEWOGR G i Z0R L AR ETh % TIFAE 7 d J5 PR 52 UV 43 SR A 4y
Br, [ 4F 4 FAELDM SR OR 5 09 208 P Ae VR 48 5, T (R] bR 20 d XI5 — U, X 80 F 19 4l 1358 4 F
IV BT 5 MR 5 IR A
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MY HLH N ELE BN EERN BCF =YW ESBA S E/ IR ELSEN SR,

TP b ER o PR I G 8 M = 2R R x ZhE SRR + A R x R ES B + 16
A i x AP A R + R A Y i (AR R TR S ) x R E SRR

) H R A PRI 4 S = AR AR x AR A vk

BARR A ) PR ICE A = A b S S B IO 4 R R + R R AR A BRI 4 e

YR Y T B a, Y BCRE BEALR BUR A ZOR SR AY 3 bR S8R AE Y , T 4 B ik o B
YRR TP i,
1.4 HmREREEENMNE

SR B A ) B R A3 RN R R A E SR K e B 25 B KB UE T IR K A3 7E 105 CTR R
T 2 h,80 CHET AT T, HIUTEE HLAT IS Bty , 4% 4 1 o SR A AH XS 0L B 2% 1 38 AR B &) R F AR KL
T EHEIR S, 430l 10 HAI 80 Hg efias L, Tl R R SR A S S .

+ HERE 2R H] HCI-HNO,-HF-HC1O, 7 f# , ] 1ICP (ICPMAS300, Perkinelmer) ] & , + 84 & Cd H
0.1 mol « L™" HCI 25 ; # ¥ #£ 5 >R HNO,-HC10, 5% , 1] 1CP (1CPMAS300, Perkinelmer ) Jll 22 A% Ji -
WA B A (GTA120, Varian ) Il 42

A AL AN E SR ] GBW 07428 ((GSS-14 ) - 38 i 43 43 At A o W ot 2 47 ot & 425 o] 5 4L 400 o DU 2 SR
GBW 07602 ( GSV-1) [ & — G b 14 o3 247 ot it 45 i
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2.1 2HBEEXPEZEIN CdEE
2.1.1 arr#RX-FERMEEX

FELL SR E R AR R (R 3) AR R IIZL RIS Cd LR E R 2,61 mg - kg ™', M TIEE R
T Cd SR EEERBKT 1, Cd BB 76 L0 RS2 P4 Bl B (] 154 B 5, sl D AR 30 A 119 Cd &
53R 28. 68 mg - kg~ Fl 16,44 mg - kg ' T AR WA PR 900 S E R R B B 18,51 A
10. 61, BRxf Cd FLERE ek, e A KW AR od &85, (B R LB IR AT Ui & 4 8 8 F 1
LB 2EF NN T AR A B 1 ol B s e bz A6 B L3 A E B 4y od A By
B4 11.92.5.75 F13.53 mg « kg ™' B4 1 b 1840 A KR I B X1 10 00 5008 o s AU 55, Hb b 4y 2E )
WRIEHE K55 3 YOM BT b b 3B E 3 R A R T 30 em, 3 RNIEIRF Cd 9 E &£ R0 518 7. 69 3. 71
12,45, RUIAGEXT Cd AR BRAE 1 Bl 25 0 B R BOZ ik 0l (H il T4 B e B L 20 A Kl ] 2 kX
HLOHBAHEXNESE Cd W RGN Bk E, AR g2 —MIEMN Cd. Pb,Zn BH 15 Y
BEMB T Zn WERRE T —ERE LIRS R cd (AR B RATA LS RS H A%
L, BHELEMT 20 mg - L™ BISMNE Cd BRIt AS 2= A a7 2 Rk, LB R Cd 15 3 4 ik
AR BB R W B0 IR AT S A R won S TR E SR ENBE, Cd R E
AT R4 1 IR I S R AR R 2 P O R g B SR R R B E 2o B Cd B AT Y
+ 5%,
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Table 3 Enrichment of beet-chicory model on Cd
i3 B
A K 8 ] AR EERINY 2 %3 %4
Cd ¥/ (mg - kg™') 2.61£0.07 16.44 £0.10 10.3220.11 11.92+0.10 5.7520.13 3.53+0.11d 2.42 +0.07
:; WHAERE 1.68 £0.06 10.61 =0.13 6.66+0.13 7.69+0.11 3.7120.11 2.28£0.10 1.56 0. 04
AR/ (TE g #') 1.32£0.04  24.94 +3.04 1.76 £0.03  29.99 +£3.03 30.05+3.19 29.95+2.18 29.97 +3.61
Cd ¥/ (mg - kg™') 3.43+0.11 28.68 £0.46 7.58+0.12  7.98£0.11 10.9220.11 15.38 +0.11 17.19 +0.08
iﬂ“‘;; WHERK 2.21£0.03 18.53£0.15 4.89+0.09 5.15%0.10 7.05%0.10 9.92+0.07 11.09 +0.98
’ AR/ (T g BE') 0.65+0.03  8.44+0.05 0.87+0.04 7.56+0.05 9.13+0.05 10.950.12 12.13 +0.21

2.1.2 HE-dERBMERX
TERE-MZER AR AP (R 4), HEXESE Cd WRAMCRIEFI R, &KW cd & &

9.34 mg - kg~
mg - kg~

A &AL Cd
B9k 5.57 3.72 M1 3.18 mg - kg '. AL-DHAIBANI'7SIEB] 7 ) H 2876 2 MEK ZEF Al ¢d A%

B} 124.6 mg - kg "0y H 4 Cd &
BEAME Cd &

A B2y
i EL Ay

UEAERBCN 4,40, BB HR B R M B 4> Cd &
U H L EE A

A~ EL B B
T HY (A

i 43 9o 20,51 mg -
TARER, W AR R BTN 14,24 F116. 44, T 4 J1 05 35 15 Wi B0 %6 1
%, fﬁmﬁﬁﬁﬁzﬂx,ﬂ;ﬁﬁﬁh&i/%ﬁ GEAL R U B A I R BE K T SR N AR Cd
WAAEFFAE IR 1. 45 500 B, B Cd

L F 50 mg -

kg~

"Fl 23. 67

RSy =k
&R A A AR i TR A, Cd &

ST 67% ~72% RS %3 Cd BB SR A WS s, T g5 &
i FUE K IRB A X, JADIA 4N T SE I SR A

kg~ "AF Cd V5% +
BR B R X Cd IR RACR B S 2 PR, SR M EE R AE Y ECR N Cd 1Y

W BRERE A AU S e Ph B AR B A Y b, A T - 25 e AR A S nT BT P A
CdBEARTBRENHYIBEE,
K4 FE-HERERAXN CAHNESE
Table 4 Enrichment of chicory-Qil Sunflower model on Cd
T ik
s - —
AR J R AR L
Cd ¥ JE/(mg - kg™ ') 7.23 +0.13 20.51 £2.21 9.34 0. 16 23.67 0. 21
HHERE 4.66 +0.11 13.23 0. 62 6.03 £0.21 15.27 £0. 14
A E/(TEg- ') 0.88 +0. 13 9.72 +1.21 1.53 =0.32 30.08 £3.91
T Hi b
W R L
R LAY
E3 i 1 E 3 i % R R
Cd &/ 2.64 + 5.57 = 1.32 = 2.56 + 1.32 1.97 + 3.72 1.94 + 1.78 + 3.18 +
(mg - kg™") 0.08 0.17 0.11 0.13 0.12 0.14 0.10 0.10 0.12 0.09
. - 1.70 + 3.59 + 0.85 + 1.65 + 0.85 1.29 + 2.40 + 1.25 + 1.15 + 2.05 +
wERE
0.12 0.06 0.09 0.18 0.09 0.11 0.10 0.11 0.13 0.11
L 7/hv4 100.39 +  154.39 + 95.32+ 29.71+ 38.76 % 125.12+ 34.84+ 56.39+ 13.02%  67.98 =
(TEg- B 3.98 5.98 0.13 2.94 4.82 3.92 2.98 5.37 2.92 6.23




%6 1 WA B 300 2 o 2 A S X 0 T e - A6 5T 0 ) 1 e R 3871

2.2 2FEXLEDR CdEERE

A ST 2 B MR R (RESR 49 5 5 2 %5 2MERAL CdRNE
3 #k ,{Hﬂggﬁ 2 Hi) ,*ﬁ%iﬁﬁﬁ]ﬁﬁﬁﬁﬁiﬁ ’HJ& Table 5 The extraction of Cd from two models
SFNRE G | AT LT T SE R 48 T R 25 T 3 i B ) mg - pot '
H12h 25 .40 F190 em, oK 2 B B & 4w 5 H AEH HUF 43 Ho 1 FR 4
TEYME 5 P2 B 4 8 (A 2k 2 Y 0 4 s R (&%) 0.20 £0.03 0.71 0. 09
R4 O B T | 4 IR B 4 A AR ) 0 4 Y AR LES 0.86+0.10 0.72 £0.08
R AR YRR A TE S AR P A AU 0.24 £0.04 0.41£0.03
FRECVEDI XS Cd A $8 R AR (R 5) , Horp 2 Ok Wt (%) 0.53 0. 05 0.71 £0.07

A I 1 2 A 5 2 Ak P i 25 A AT 2R R
ATHEEL 0. 86 mg 1) Cd, b E 320 AT 4R BUAE 42 0. 72 mg (19 Cd, i T Hifth 3 RhVEY) . HORJE B 2 R ML 19 46
B MRSy Cd SR B & T AR MY 45 1, 19 7545 B M T 3 0 SR BUR TR 19 45 0. 53 mg, b B4 Cd 42
B 5A T EM Y IR BE A 0. 71 mg, ZLAHHEISEXT Cd By 4 BCE 5 K 48 T 28 | MR 3 4 £ B
WS AEAEAY M B PRGN B 0. 41 mg,
T YME & RBOR R G G AT R B4R 2 2
HBEmtERESENLME, 2 FELXX cd i
P+ B ERCRIL KR 6., 2 PRI IIR )
- Cd R A RS R A R R AR B AR
G, ES Cd ME RS TE Y E SN

F6 2MMEEKXI Cda FRLEFUSHENBERE
Table 6 Remediation efficiency of two planting patterns

on Effective state Cd contaminated soil

HIEH I Cd T/ (mg - kg ™)

Sy = v e & &1 B s BE MR
K WA BT T bR o P 4 R R e A, (HFR A 4T e = = =
e e . - KA 0.73 0.56 +0.04 23.29%
MR, AT, M R R AR Cd A -
B T 28 0.73 0.58 +0. 05 20.55%

JRREAR . b B2 -48 15 A VR A =00 + 0 18 B L
RE L RIEZ G A RS Cd R T 017
mg - kg FEARE RN 23.29% A E M ERAES HIEA RS Cd SR T 0.15 mg - kg™ XK 2
FAe R XT E E4 8 Cd W5 ) LA A — B MR MmE.,

3 Fig

1) FELL i 52 -2 A AR A X SR AN 4 1 840 1Y Cd & 48 R A (BCF) 4371 ok 11. 34 #18.22 7
B - 2R A VR b 2 R A AR 09 Cd W AR R BT B 14014 F 16, 32, MU 35 25 S FR A 1Y
Cd FHERFAER T 1,RWX 3 FEM X E 48 Cd AR BRUR

D)X TEEE Cd B RS G iy kU, B S B AR R X T Cd B s S ACR E A T A E i
K —REAEX LA S Cd B R ACRIE 23.29% .

3) R 2 PR VERE L AN 52 AT BRI, 3 Al AR A 46 M 0T 1R A= FOIRAS R 47 MR I 55 J5 i A7 ff B o
4 ) IR A 3 WA R iDL A e T as . BT LA 2 AR AR AR R R AE S SR 4 R T e T R IR
DRI g ) B, 328 208 5 T e - 4
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