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Ability of red leaf beet—peanut and oil sunflower—peanut rotation patterns to remediate soil Cd

TU Peng—fei', TAN Ke—fu', CHEN Lin—han', YANG Yang’, YUAN Jing’, CHEN Yi-xuan', YANG Yao—dong', ZENG Qing-ru'*

(1.College of Resources and Environment, Hunan Agricultural University, Changsha 410128, China; 2.College of Bioscience and Technolo-
gy, Hunan Agricultural University, Changsha 410128, China)

Abstract: Rotation of cash crops with large biomass can accelerate the process of soil Cd pollution remediation and achieve certain econom-
ic benefits. In this study, two plant rotation patterns were carried out in soil mildly contaminated with Cd (Qunli Village, Wangcheng Dis-
trict, Changsha City, China) to explore their remediation potential for heavy metal pollution in soil. The red leaf beet and peanuts were
grown in winter and summer, respectively, for the first pattern and the oil sunflower and peanuts were planted in late spring and summer, re-
spectively, for the second pattern. The experiment results demonstrated that, except peanut seed, the Cd bioaccumulation coefficients in all
parts of peanut, oil sunflower, and red leaf beet were greater than 1, exhibiting superior Cd accumulation ability. The total amount of soil Cd
extracted in the rotation cultivation mode of oil sunflower—peanut and red leaf beet—peanut was 40.80 g+hm™ and 53.34 g-hm™, respective-
ly. Red leaf beet—peanut rotation could reduce the content of Cd from 0.316 mg+ kg™ to 0.286 mg- kg™, and oil sunflower—peanut rotation
could reduce the content of Cd from 0.316 mg-kg™ to 0.283 mg - kg™ in soil. Both rotation patterns showed considerable capability for the
remediation of Cd contaminated soil.
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Tz ER, RRE R R AEFE P 2 =5
PER 5 K5, Ja 22K Cd KRS Cd & &AM 0.03 mg -
ke, G AE R Cd /KRG S AP FE AR AL F 5 Cd % 2t
REPEMIR A 02 mg-kg's H— i EEMY N LHEES
J& = AL RE T B E M IR AR /)N, R R B
AR R A KPR R R Bz 2B
FEI 0 A5 PR R S Bl o, i DA 8 o 4 1B AR S ek
HRTE e . L TR S RE sk AR RO,
IFHA—ELTFMEMEYRIEE 1 4 )m T5
S YT ST PO B AR A R B ) H 25
WA B AT B R, HAEEE ARl A AT L
JRHE AT AR . AR HEF Y R AR S -
M AR AER R R R X L A Cd 5 Cu #E
A BTEAAE R, REAE AR R 4

ZIFEER A SRR DL A AR A,
HHEA BRI AY &M R LN, A5k
FHIX =P BB, 2R U0 T S DX A B ) A 1
HA R TG Y L5 PR TS0 il ik A ZE R R 21 i
5 H ZE PR A A FUR AR R I 25 2R R AR AR
AR VEBL S TR Cd & SR ) L Cd FRHLE
AR AR R IR S AR B LV T

1 MREFE
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AN o A6 i -3 09 A HLB (OM) L FH
B P A2 i (CEC) 4390 4 33.43 g+ kg™ A1 11.17 emol -
ke, pHAE ] 5.56, J& TER M 145, Pb Zn . Cu & 539
— 610 —

}46.96.85.00.14.93 mg-kg ™', ¥ [FE 5 W 49075 Yebr
WS 25 bR e S ABAR, Tz Cd % &4 0.316
mg kg™, #id [H ZFR#E(0.3 mg-kg™) , CaCLEE B Cd
70137 mg-kg™',J& T CAFR T YL X 3k

1.2 RBIgIT

AN B e b I M S e e R R (B e
SN T/NX FE R I H R 43 6 B 6 mx6 m /)N
X o 25 —Z= 0 BIFP R 21 3% (FRE 2% B 30 emx30
cem) A 2% CRAR 25 5 50 emX30 em) o Z1 P& =2 A3
ZEWOIR I K H IR 5 R A A (Rivie %% B
30 cmx20 em) FZFT A A/E 38 b o BBl Ho bl
PLAEWSORR B SR A S BRAE IR S B4 7 I A B
1.3 HMmHREMS T E

3 2 SR I A0 SR G IR M B 0~20 em TR
BE ) A, PR R I E H R T . Ak 2R
A5G IR Ry 5, 433l 10 H AT 100 H i, ¢l 4
BT o B WSOAR AR R S U L T S PR A
ASERAL T BT, TR B HLR 08 22 100 H 0 , 18 I AE )
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5: DRI, A S RIS OGRS (240 Z AA, Agi-
lent Technologies 7 7)) FTHL BN & 55 2515 A & $H6iE
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PR A8 2 25 BB Cd 3 20 A S B ZE S IS AR >
ST oML S AN R Iy | W N A o SN
M-cd S, Hrp 2 cd SRR, N 2771 mg-
ke BRTRSEZ AN AL R ZE 0 SR5E BCF (Y
KF 1 HZE R ERBTFYRT L, R AL
i) ZE RN R o TS D Cd S iR AR SR

K1 EMEEALCIEE (mg-kg™)

Table 1 Cd content of each component in crops(mg-kg™)

o AN i B e e X (2 IMZE- LA
1’&?%{3@ Red leaf beet—peanuts Oil sunflower—peanuts
rop - . [ R

component ZLIn 14 MBS 14
Red leaf beet Peanuts Oil sunflower Peanuts

R 1.021+0.103  0.593x0.102  1.002+0.143  0.548+0.064
2 1.668+0.084 2.771x0.422 1.301+0.202 2.285+0.523
it 3.440£0.116  1.819£0.070 2.080£0.270 1.771£0.292
7% — 0.323+0.048  0.74320.104  0.321+0.060
Jes — 0.151+0.042  2.12020.246  0.158+0.052
1ehk — — 1.203+0.167 —
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Figure 1 BCF values of different parts of crop
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Figure 2 TF values of different parts of crops
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o LU MEE LAY R AR 3 TR . TR
(A e R, O LT MRS Ak . TheE AR
SRR A 2 183.34.2 969.18 kg-hm™-a™ . 432 i il
2 A MR T YRR T 10 imm THE
G (RPN iy

HY ] 4 R RIAE LTS -FE AR LT, 2o i
—Z= 0] 5E Cd 37.07 g-hm™; FhAl—Z= 46 A4 o] AR B
Cd I 16.27 g-hm™?; 5o/ — R4 nt @i 32 -1 4= ]
MWiE CA Al 53.34 g-hm™?, 7EMZE- AR T,
TSR AE BEARIUT Cd 1Y 54 28.17 g-hm™, TEHIZE -
AR AR B A FibE — 2= AT DAAfi ok Cd 12.63 g-
hm™; 54— 29 25 -6 A2 A Al 2 19 Cd 1Y 42 /2 40.80
g-hm?, R E 9 Cd BCRHIE T 20l s 48 2=
B,

I3 2 ) 1, AE 2L M —AE AR e AR A
56— ZELL MRS A3 Cd St R AR 0.316 mg kg T
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s 35f \ O 492 Grain
s o0 b [ 55 Shell
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AN FREFIR AN RE Y P Cd B ] 22 57 i 2 (P<0.05)
Different letters indicate significant differences in total Cd extracted
from different crops(P<0.05)

B4 fiE—FEYREHEERN CIRE
Figure 4 Amount of Cd taken away by different crop parts

% % 0.300 mg- ke, Ml SEE A )5, L8 Cd TR =
0.286 mg-ke™, HAT W #1225, B2 i S8 — 14
B F 13 Cd V5 e LA AP B G R0R . felE—
ZELL ISR AL A S 23 Cd 1 0.316 mg-kg ' FFEZE
0.286 mg- kg, FF A EZARME(0.3 mg-kg ") o FEIMZE-
TEAERAERUT  FifE — 25 )5, HHECd M=
0.296 mg-kg™!, HA B &ML . 1% LM
A JE, 14 CA PR 2 0.283 mg-kg ', A E K bR, W
FPASAER A 20 =PI R IR UK B CaCl i 4R R 4
IS Cd 8.3 s HCHR UGS Cd R4 1B W G o B
2258 TCLP 4R EUS Cd 7E M 25 — e AR U i i 3
IR AR S SN e -

3 e

TF 9% B, i 2% 1R i 32 1 0 s 4 e T B L 7E Cd
Y EE Pl RS P, S A L
FIHLL RS-0 2 T 5% — 16 AE 3 W A e VR A =Kok
152 Cd 5 Y i 4% HH B W) LA %5 25 6 398 Cd, ek iz
WEfaF  LRETEWORARANEY) 5 R ARSI ok 2
TRl RS X AR E TR AT A T

RN TR A AN i B 7/ D= vy N o
EAEMEY , R W3 (0.9 t-hm ™)™ fEAE 2%
ZLMEI SR Cd 1Y 5 2 RER IR S /MR T 1, il 2% -
e B SR -1E A e E 40.80 g hm 2 f153.34 g+
hm?, 133 Cd f1 0.316 mg - kg™ B 2[5 52 4 4 b i A
o Uk BH X A CEE X AR FH Cd TS Y IEA T S B
2 LERE CAi5 s il T REA A E Cd.

WA SRR B 5 R R IAE 0.670 mg-kg™ Cd 14
W E T BAT s 4 R E(2.38) MAEY RN Cd & &=
(1.690 mg- kg ) FIAR K AL A= JHZERLITER ., B4
JE B AR A £1 0 S 28— R AL BE iR b IS BT DL 24 7]
BHEF . TR BIEA: Ol SR SR I I h AR

®2 BRIEAIELECIEE (mg-kg")

Table 2 Concentration of Cd before and after rotation in soil (mg-kg™)

%{/Eff;iit 5 Sol Hcd CaCLIZHUZS Cd HCHZHUE Cd TCLPFEHUE Cd
Rotation pattern Total Cd Cd extracted by CaCl, Cd extracted by HC1 Cd extracted by TCLP
bR 3 0.316+0.005a 0.137+0.004a 0.165+0.030a 0.128+0.004a
AN T S A lerRANIN P 0.300+0.006h 0.126+0.001h 0.152+0.020a 0.120+0.005a
WORAEE 0.286+0.006¢d 0.120+0.008bc 0.147+0.030a 0.115+0.011ab
hZE-{EA: [ EIRiiE 3 0.296+0.004bc 0.121+0.005be 0.149+0.030a 0.115+0.009ab
WekAEA: 0.28320.001d 0.1120.007¢ 0.14620.010a 0.108+0.013b

TE « [ S AS ] RE R Ak B ] 22 55 1835 (P<0.05) o

Note: Different letters in the same column show significant differences among treatments (P<0.05).
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AR, HAEYR S, REA RO IR E R A Cd. 7EER
i Cd(0.300 mg-kg ' A4 )15 Y LA N &l —2F
RAEAE L Cd B 2 E R L2 ELLT .

S 30k

[1] Sun Y, Zhou Q, Xu Y, et al. Phytoremediation for co—contaminated
soils of benzo[a]pyrene (B[a]P) and heavy metals using ornamental
plant Tagetes patulalJ]. Journal of Hazardous Materials, 2011, 186 (2/
3):2075-2082.

[2] Zhang Z, Rengel Z, Chang H, et al. Phytoremediation potential of Jun-
cus subsecundus, in soils contaminated with cadmium and polynuclear
aromatic hydrocarbons(PAHs)[J]. Geoderma, 2012, 175/176(1) : 1-8.

(3] BRFA, R B, T A, 45 . B SRR 4 ) S5 YL R 18 SR e ik
JE] bigEfelr 2441z, 2015, 31(1) : 110-117.

CHEN Yu-mei, HE Miao—miao, NING Jiao—ying, et al. Research prog-
ress in phytoremediation of Cd—polluted vegetable fields[J]. Acta Agri-
culturae Shanghai, 2015,31(1) : 110-117.

http://'www.aed.org.cn

(4] IR, JA A, A TR T 4 e T Y BUIR ST B[],
BB T, 2014(3) :315-320.

ZHOU Jian—jun, ZHOU Ju, FENG Ren-guo. Status of China’s heavy
metal contamination in soil and its remediation strategy[J]. Bulletin of
the Chinese Academy of Sciences, 2014(3) :315-320.

[5] Salt D E, Prince R C, Pickering I J, et al. Mechanisms of cadmium mo-
bility and accumulation in Indian mustard[J]. Plant Physiology, 1995,
109(4) :1427-1433.

[6] XIMEEAS, 4% B, TKRAERR, 55 . AR A DO TR R i 3 8 A X A FH 4
HEE R AR IALT). FREES TR, 2017, 42(6) £ 136-139.
LIU Hai-dong, LI Lin, ZHANG Wei—jun, et al. Effects of different
kinds of livestock manure on heavy metal input in agricultural soil of
eastern China[]]. Environment and Sustainable Development, 2017, 42
(6):136-139.

(71 B R SR S PRNBEAL R XT 1 Ph Cd As AT
R AE SLOR). FREERS2, 2017, 38(6) :2553-2560.

TIAN Tao, LEI Ming, ZHOU Hang, et al. Effects of two amendments on
remedying garden soil complexly contaminated with Ph, Cd and As[J].
Environmental Science, 2017, 38(6) :2553-2560.

[8] B4 ¥, BEAAC . MB35 ¥ e R Bl i B AR AR

AL A FREEAR, 2002, 21(5) : 428-431.
ZENG Qing—ru, LIAO Ming-chang. Control of pollution of heavy met-
als on farmland by ecological engineering in east and west valley in
Chen County[J]. Journal of Agro—environment Protection, 2002, 21(5):
428-431.

[9] i, BIASE, SE N, S TR AT R UKTL3 AT IX As TS
EARDLI B I ()], R FREER 72741, 2006, 25(2) :418-421.
ZENG Min, LTIAO Bo—han, ZENG Qing-ru, et al. Investigation of arse-
nic pollution of 3 mining areas in Chenzhou, Shimen, and Lengshuiji-
ang, 3 cities in Hunan[J|. Journal of Agro—Environment Science, 2006,
25(2):418-421.

[10] Yang Y, Zhou X H, Tie B Q, et al. Comparison of three types of oil
crop rotation systems for effective use and remediation of heavy metal
contaminated agricultural soil[J]. Chemosphere, 2017, 188:148-156.

(11 E ouk, BERSE, 5k M. 84w T 4 LB R ERR )] ) 4R
£, 2018, 369(7) :211-212.

WANG Bin, KANG Na-ying, ZHANG Ming. Review on remediation
technology of heavy metal contaminated soil[J]. Guangdong Chemical
Industry, 2018, 369(7):211-212.

[12] BREERK, SOLM], 5224, 45 IR PEE 4 15 Yo il i e 1 A P itk
TEHAR[]. AEAS2 A4, 2008, 27(4) :639-644.

CHEN Gui-qiu, ZENG Guang—ming, YUAN Xing-zhong, et al. Re-
search progress of bioleaching for remediation of heavy metal polluted
river sediment[J]. Chinese Journal of Ecology, 2008, 27(4) :639-644.

[13] Fh2 5, JER A2, SRALAK . R A8 O o J ¥ 2 - 39 1y i AL 15 i
[7]. BREE TR, 2007, 1(3) :103-110.

SUN Yue —bing, ZHOU Qi-xing, GUO Guan-lin. Phytoremediation
and strengthening measures for soil contaminated by heavy metals[J].
Chinese Journal of Environmental Engineering, 2007, 1(3):103-110.

[14] AREFBE, 155 SCI . SRR A6 15 T L M s SR A ) 18 S RE D O

ZE[]. FREE T, 2017, 35(3) : 168-173.

— 613 —



R FRSMEFIR-HE37E5-F4H

LIN Shi-yue, FENG Yi-biao. Study on phytoremediation of hyperac-
cumulators for cadmium, zinc and lead in the multiple contaminated
soils[J]. Environmental Engineering, 2017, 35(3):168—173.

[I5] A% =, o SCHE, WIS AN, 45 . e W OB A R Bl A Ak 3% /5 7E 7K
TR 2] L3, 2017, 49(3) :476-481.

CHENG Chen, GAO Wen-ya, HU Peng—jie, et al. Effects of phytoex-
traction and stabilization on Cd uptake by rice[]]. Soils, 2017, 49(3) :
476-481.

[16] #7%4 0K, sk, X300, 46 1) H 38 I 5 038 52 0 e X4 5
YL B 2 A TBTTEIE ). AEIRTSE, 2017, 31(1):93-98.
YANG Xue-le, HE Lu—qiu, LIU Shou—ming, et al. Research on the
reaction of sunflower and rapeseed under cadmium stress and their
phytoremdiation for the cadmium contaminated soil[J]. Crop Research,
2017, 31(1):93-98.

(1714 ¥, WRamg, BELrse, 55 . Wil R B A =00 6 4 g -3
W1 LEAF4, 2016, 36(3) :688-695.

YANG Yang, CHEN Zhi-peng, LI Hong—liang, et al. The potential of
two agricultural cropping patterns for remediating heavy metals from
soils[J]. Acta Ecologica Sinica, 2016, 36(3):688-695.

(18] A ts, THFe, W, 55 RN F R A MM 45
B3 R HABR )] A FREERF 2, 2013, 32(6) :1166-1171.
ZHU Jun-yan, YU Ling-ling, HUANG Qing—qing, et al. Application
of rotation system of Brassica Juncea and Elsholizia Splendens to reme-
diate copper and cadmium—-contaminated soil: A field trial[J]. Journal
of Agro—Environment Science, 2013, 32(6):1166-1171.

[19] XUZAAL, BT . ) H 38 AW 58l i IF s ). 0 B R E ) 27
1l¢, 2006, 28(2) : 224-227.

LIU Gong-she, CHEN Zhong—yue. Prospect of sunflower biodiesel[]].
Chinese Journal of Oil Crop Sciences, 2006, 28(2) :224-227.

[20] W §E3E, JA 6, BRITAN, S5 AREAIE A AR X Cd IR R A X

IR R )] FREERLABIESE, 2018, 31(2):303-309.
ZENG Lu-ping, ZHOU Fei, CHEN Yue-ru, et al. Effects of cassava—
peanut intercropping on the absorption of cadmium and available nu-
trient in rhizosphere soil[J]. Research of Environmental Sciences, 2018,
31(2):303-309.

[21] BRBAR, 2008, &—FR, 55 . 2 PSR ER R ST e -
Y ELAE)]. PRI TR, 2017, 11(6) :3873-3878.
CHEN Lin-han, ZENG Hong-yuan, GE Yi-chen, et al. Comparison

et

of remediation potential for two crop rotation patterns on Cd contami-
nated soils[J]. Chinese Journal of Environmental Engineering, 2017,
11(6):3873-3878.

[22] &' 74, AW, & il AELEARAEPIOTS Y I G R AR Y
BHFFEI. )AL T, 2016(2) : 132-133.
LUO Zi-feng, ZHOU Feng-ping, GAO Qi. Research on the enrich-
ment of cadmium in contaminated soil by peanut crops[J]. Guangzhou
Chemical Industry, 2016(2) :132-133.

[23] XUMEAF, AEeif, 114806, 45 . REAE il h JCHLIC 2 20 BT A il i
A BT PEANIE B AR, S, 2013, 32(5) :681-693.

— 614 —

LIU Ya-xuan, LI Xiao—jing, BAI Jin—feng, et al. Review on sample
pretreatment methods and determination techniques for inorganic ele-
ments in plant samples[J]. Rock & Mineral Analysis, 2013, 32(5) :
681-693.

[24] M 35, TN, XURTER, 45 . it 32 MAR 4 il 25 FIRR A6 X5 6 1) e 42

FEIERFSR[)]. K - OREE2E3], 2015, 29(6) :281-286.
SUN Yue-mei, NING Guo—hui, LIU Shu-qing, et al. Accumulation
characteristics of cadmium in 2 tolerant plant species, oil sunflower
and cotton[]J]. Journal of Soil & Water Conservation, 2015, 29 (6) :
281-286.

[25] SCARE, BOR A, X MG Al A AT B AR T BUR 5P . 2R
LY, 2018(2) - 147-150.

WEN Chun-bo, QTAN Fa—jun, LIU Peng. Situation and evaluation of
agricultural straw resource utilization[J]. Ecological Economy, 2018
(2):147-150.

2611 5. F B VLSRR SF R R B G R Y R SR IR

RO L. RS2, 2009, 29(5) :2732-2737.
YANG Yong, WANG Wei, JIANG Rong—feng, et al. Comparison of
phytoextraction efficiency of Cd with the hyperaccumulator Thlaspi
caerulescens and three high biomass species|J]. Acta Ecologica Sinica,
2009, 29(5) :2732-2737.

[27)3F e, BT, U, S SATROTR S CAiE YR A

PO K2 A AR, Al FREERL 2254, 2016, 35(3) : 478~
484.
XIE Hua, ZHAO Xue-mei, XIE Zhou, et al. Phytoremediation effi-
ciency of Pennisetum hydridum for acid— and cadmium—polluted soil
and its safe utilization[]]. Journal of Agro—Environment Science, 2016,
35(3):478-484.

[28] Yang Y, Li H L, Peng L, et al. Assessment of Pb and Cd in seed oils
and meals and methodology of their extraction[]]. Food Chemistry,
2016, 197(A) : 482-488.

[29] Yang Y, Ge Y C, Tu P F, et al. Phytoextraction of Cd from a contami-
nated soil by tobacco and safe use of its metal-enriched biomass[J].
Journal of Hazardous Materials, 2019, 363 :385-393.

[30] 75 G2k, BRARAN, FAS AL BT e SR AE G ST 5 e
[J]. e BT 5 &, 2013, 35(3) :315-319.

SU Hui, WEI Shu-he, ZHOU Qi-xing. Advances in phytoremediation
of cadmium containminated soil[J]. World Sci—Tech R & D, 2013, 35
(3):315-319.

[31] Wei S H, Wang S S, Zhou Q X, et al. Potential of Taraxacum mongoli-
cum Hand-Mazz for accelerating phytoextraction of cadmium in com-
bination with eco—friendly amendments[J]. Journal of Hazardous Ma-
terials, 2010, 181(1/2/3) :480-484.

[32] Pietro F, Roberto C, Chiara F. The rotation of white lupin (Lupinus al-
bus L.) with metal-accumulating plant crops: A strategy to increase
the benefits of soil phytoremediation[]]. Journal of Environmental

Management, 2014, 145:35-42.

http://www.aed.org.cn



