2013,32(6):1166-1171 < A ® FE R F F R

Journal of Agro-Environment Science

2013426 H

HE-ENEERIEEERRES TR LE . XAKK
Kl TR, A, IR, R, Fes

(P ELOE R 5305522 B¢, JLET 100193)

8 F W R R R SRR N A A VR 0 F RS ST TR A A TS g 4 AR A E A A IRl R
LA BB SR . S5k I AR A A T5 Y 3 b - N F B AR R b I A AR A F) 7.67 thm? ki
it 1.59 t-hm? (ERER AP AR AN 5 i AR BRI 90% 1 33% . MR- 5 S VEIAR 2R R L b S50 AR B A4 R A A 23
524 35.16 g+hm™ 1 400.68 g-hm™, HHlSEXTHEFR R BTk 7 83% , 1 M A 35 XTI AR BRI BTIR 7 73% . FEAFIR R Al v i A
MIFRERCR ST 3R 0.2%H1 0.07% ., FFFEE5 R, Il 5 N B S50 EANE T T2 s B S 505 s 1 N SRR AN 5
£ TAERRE R BSR4 3e 8 2 AR F AR K

SKEEIR A BT Y TSR N B R B A R AR

FESES .X53 XEEREESG:A XEHS:1672-2043(2013)06-1166-06  doi:10.11654/jaes.2013.06.012

Application of Rotation System of Brassica Juncea and Elsholtzia Splendens to Remediate Copper and Cadmi—

um-Contaminated Soil : A Field Trial

ZHU Jun—yan, YU Ling-ling, HUANG Qing—qing, JIANG Rong—feng, LI Hua—fen, SU De-chun”

(College of Resources and Environmental Sciences, China Agricultural University, Beijing 100193, China)

Abstract : Soil contamination with heavy metal has become an important issue that affects public health. So there is an urgent requirement
for selecting appropriate technologies to solve food safety problems due to soil contamination. In this study, a field experiment was performed
to study the accumulation and remediation efficiency of heavy metals in the rotation system of Brassica juncea and Elsholizia splendens on a
heavy metal —contaminated field. The results showed that the straw biomass of the oilseed rape reached 7.67 t+hm™ and the seed yield was
1.59 t-hm™ The concentrations of Cd and Cu in the seed were 90% and 33% higher than the permissible limits, respectively. In the rotation
system of Brassica juncea and Elsholtzia splendens, the total uptake of Cd and Cu by shoots were 35.16 g-hm™ and 400.68 ¢-hm™, respec—
tively, in which Brassica juncea accounted for 83% of the total Cd uptake and Elsholizia splendens accounted for 73%. The remediation ef—
ficiency was 0.2% for Cd and only 0.07% for Cu. These results indicated that the rotation of Brassica juncea and Elsholizia splendens was
not suitable for the highly copper and cadmium—contaminated soil. Not only the quality of the harvested seed does not meet the requirements
of food hygiene standards, but also it will take a long time to remediate the polluted soil through the phytoremediation.
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Table 1 Shoot biomass of oilseed rape at different growth stages
and Elsholizia splendens as affected by the
previous planting of oilseed rape

TSR AL B WA BRAEWGR Aok
T T/ hm™? 3.00£0.70b 4.62+1.56b 7.67+1.24a
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Table 2 Heavy metal concentrations and uptake of oilseed rape at

different growth stages
A K Epia AL A
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Table 3 Heavy metal concentrations of rapeseed
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Table 4 Heavy metal concentrations of Elsholizia splendens as
affected by the previous planting of oilseed rape
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Figure 1 Cd and Cu uptake by oilseed rape and
Elsholizia splendens
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Table 5 Changes of soil pH and DTPA-extractable heavy metals at

different growth stages of oilseed rape

AR WAL BRI TR
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pH (& Br 7.8240.25a  7.72+0.14a  7.66+0.06a
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Table 6 Changes of soil pH and DTPA—-extractable heavy metals
after harvest of Elsholizia splendens

A AWK RSO

DTPA #&ffi/mg kg HBr 3.45+0.81a 2.25+0.67a
AEMBE 2.99+1.36a 1.83+0.48a
DTPA Z5i/mg-kg bR 77.85428.56a  71.3148.40a
JEMRER  61.71+13.94a 40.1+8.50h
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1 B R PR v 22 | R — S AH ] B R AR B A
WPRZEF AL E (P>0.05),



1170

RAIEFF 2R ERET R

AR, DR AR 63 5 R s AR SR B e A ok
VT e rp AR WSS 1B A OR B SRIIER Y
B R N A S R A B R B AR
100 mg- kg™ FIH] 1000 mg kg™ (IS H(H, (HHF 4
JE S RPN S R IR TP R
SR TN A, e E SRR SR RS T
WEE B X ARSI E AR 218 DT M A 4
(5 FE A A F] 1000 mg - kg P27, 3 54 iR Ky H ] ()
SR, FEHESAETR i 2 2B
R IR , T PP 5 DU B 0 ) v WA, 3X 57
AR 1 45 e — B, i B S ok -
VRN AV ER 2 o AR S BUSCR A4F 0.2%,
H PR IUECR 0.07%K 15, 38 s R & & (3 4 e e
F4JE T ROA R I R i, B0
B ETFAE, BT, IR AE 5 R0R He ki e
RIRZ e GRS T, LR AN 40 mg-ke™ 4
B, 25 =10 XA 3RIBCR Ry 1.2%, B3R
TP E 4 5 e B SRR bR T SR R &
SR SEAEY A, &S HIEP N E SR
A, e R SRR B BCR MR AL, %
IRIGATFIE TP #GE B 2 BCR AR —2(™, McGrath
ZEIF- 1998 4F 2004 AEAEYE [E Bedfordshire #E47HY
HH (B T 25 e, B SR AR ) A 3~14 4>
7 38 0 S0 5 S USRS 1.09%0~8.7% , 38 W = XF
R P I TSRS % i 5 o ST ) ) S T 3 SR i
SO H ) 2 SRR W, AR S R I R RIS (] 249
4R R R IIE E RCRATIR B 1%/ 47
498 o E 4 R R A A S A A
MEAX, FRRE FBOLTESBNAAEES, B
i) 8 42 R MRAF L A 1 I R A &2, Horp 48 pH 252
T ERA AR R R Z X ARSI
AR, AR R DTPA $RBUS A4R & i s TEAR
B, 16 B 22 5 F A B B, (HJ: DTPA 4R BCS A4
A WM 2E (32 5) TR R AL RS B AR bR 5
JEHR PR ) pH DTPA RIS 9 T 4 8 & i R B Y
22 ORI, IR REAE I SR AR AR LA T
B, AHYIAR R A XAR PR pH AT — & RS2, [
AR 2R 10 i R T L e M 4 R A —
SEMTEACVE R . TSROk e A i N & 35 AR PR
SR B SR (3R 6) , 1M A 5 AR PR AR
P DTPA SRR A9 22 25 5 T 22 5, Ul BN
T B R TR IR RE ST s . A S IR
AT ULEH R T — e i E AR, e

DTPA 72 U 0 88 A B A T B AR SISOk G Ak 1
(R5) , DRI S5 5 72 14 T P 7 5 AR 2R WAL ) 0]
WHAMR(E 4), HEPAERESE SR SRS
A ) ST — S B AR SRR, i S T 7 25 e A
PRZXS L HErh iR R T —E B AR, AR T
e R S AR A B 22 1) S

4 g

(L)Y e A58 BRI SROR AR Hh AR A 1)
Er R T TAARVERY PR (R, R AR 1A
SfeFE, CAE BRI

(2) TSI A 535 S AR R O P REA W 0] L 3
TR AR A —E AT AR Ak T AR 3
R R R

(3) MR ML B L AR A IR R 1Y 83% , N A
WA L AR R R 11 73% o EEARRFR SR A AR
P B AT HURR A WOICRE ), B DA FH 8] 13
SREHUR HO i id 2 FUARARIY , Y5 G (8 1S AT S il
e B R MBI AR IR

Sk

(1] AR PRI 4 4x M S EBIa X SR (1], FRE LRI, 2007 (1A)
35-38.
LIN Yu-suo. Soil environmental security and countermeasures of pollu—
tion prevention and control[]J]. Environmental Protection, 2007(1A):
35-38.

212 Mg SJaH, 2 B A b iR S S - SRR S )
J 5 GRBL I AL K244, 2009, 30(2):19-21.
LI Mei, WU Qi—tang, LI Rui, et al. The investigation and evaluation of
heavy metal pollution in wastewater irrigated soils and vegetables in the
suburb of Foshan[J]. Journal of South China Agricultural University,
2009, 30(2):19-21.

(3174 B FETHe, £ W JRRAE AR I A R BT R AR
SR EI]. -4, 2005, 37(2): 147-151.
AN Qiong, DONG Yuan —hua, WANG Hui. Distribution of harmful
chemical elements in agricultural soil of South, China[J]. Soils, 2005, 37
(2):147-151.

4188 .8 B TR, & Cd Zn R A X S 2w E SR
FORZNELT. RO FRRL A7), 2009, 28(7):1368-1373.
JIA Yan, YANG Yong, JIANG Rong—feng, et al. Effects of interactions
between Cd and Zn on accumulation of heavy metals in the Flammulina
velutipes[J]. Journal of Agro—Environment Science, 2009, 28(7):1368—
1373.

[5] BRbRiE, R, A 150 S HAE RIS A IR G-y h 52 1
S e ST, Al B L4, 2002, 21(2):192.
CHEN Huai-man, ZHENG Chun-rong. Research on combined pollution
and interaction: Hotspots and difficulties in agricultural environmental
protection[J]. A gro—Environmental Protection, 2002, 21(2):192.

[6] £&F, MR, 5 . SR HAR T SR S E ROV AT I i R [T1.
LV FRSERL424417, 2010, 29(Suppl 1) :256-260.



RURETE

N BT A R A

Y43 KRS 1171

WANG Ji—xiu, ZU Yan—qun, LI Yuan. The interaction of cadmium and
zine and its ecological effects|]]. Journal of Agro—Environment Science,
2010, 29(Suppl 1) :256-260.

[7] Zhao F J, McGrath S P. Biofortification and phytoremediation[]]. Current
Opinion in Plant Biology, 2009, 12(3):373-380.

[8] Zhao F J, Lombi L E, McGrath S P. Assessing the potential for zinc and
cadmium phytoremediation with the hyperaccumulator Thlaspi caeru—
lescens|]]. Plant and Soil, 2003, 249(1) . 37-43.

[9] McGrath S P, Zhao F J. Phytoextraction of metals and metalloids from
contaminated soils[J]. Current Opinion in Plant Biology, 2003, 14(3):
277-282.

[10] McGrath S P, Lombi L E, Gray C W, et al. Field evaluation of Cd and
Zn phytoextraction potential by the hyperaccumulators Thlaspi caeru —
lescens and Arabidopsis halleri[]]. Environmental Pollution, 2006, 141
(1):115-125.

[L1] XU/, S i, 25y . et AR IA T < s ¥ e S o i

JEI. AR IR RL 2441, 2003, 22(5) : 636-640.
LIU Xiao—mei, WU Qi-tang, LI Bing—tao. Phytoremediation of heavy
metal contaminated soil by hyper—accumulators: A review of researches
in China and abroad[J]. Journal of Agro—Environment Science, 2003,
22(5):636-640.

[12] Lou L Q, Shen Z G, Li X D. The copper tolerance mechanisms of
Elsholizia haichowensis, a plant from copper—enriched soils|J]. Envi—
ronmental and Experimental, 2004, 51(2):111-120.

[13] Yang M J, Yang X E, Romtheld V. Growth and nutrient composition of
Elsholizia splendens Nakai under copper toxicity[J]. Journal of Plant
Nutrition, 2002, 25(7) :1359-1375.

[14] Song J, Zhao F J, Luo Y M, et al. Copper uptake by Elsholtzia splen—
dens and Silene vulgaris and assessment of copper phytoavailability in
contaminated soils[J]. Environmental Pollution, 2004, 128 (3):307-
315.

[IS] L1, 1 1 k. A5 A B S A T Y L eI 8 e [T]. K LA
24z, 2005, 19(5) : 195-199.

PENG Hong-yun, YANG Xiao—e. Progress on phytoremediation of
copper contaminated soil by Elsholizia plants|]]. Journal of Soil Water
Conservation, 2005, 19(5):195-199.

[16] %, S0 &, SR, 45, AR 50K GRFR PR R 1 e
EAEL LG} UIﬂJ[J 1. HHEIFRBERLE, 200, 29(9) :985-990.

JIANG Cheng-ai, WU Qi-tang, WU Shun -hui, et al. Effect of co—
cropping Sedum alfredii with different plants on metal uptake[J]. China
Environmental Science, 2009, 29(9):985-990

[17] T, SBITT, FLihs, 55, MR RTE T Je L 2 i b
FAWFFEIE R Al FREERL 24417, 2010, 29(Suppl 1) :267-272.
WEI Ze-bin, GUO Xiao—fang, QIU Jin-rong, et al. Innovative tech—
nologies for soil remediation : Intercropping or co—cropping [J]. Jour—
nal ongro—Environment Science, 2010, 29(Suppl 1):267-272.

(18] FRFEal, T L. IS e R YIE S 075 T L A a0
PR ﬁ,ﬂ—%, 2002, 22(1):48-51.

SU De—chun, Wong J W C. The phytoremediation potential of oilseed
rape(B. juncea) as a hyperaccumulator for cadmium contaminated soil
[J]. China Environmental Science, 2002, 22(1):48-51.

[19] ziiile, FRgEal, Fo, 55 BUR Cd el Cd v 9y S AR A3
WX -3 Cd BIEARL]. RMEFREERF2440, 2005, 24(1) : 17-21.
RU Shu-hua, SU De—chun, WANG Ji-qing, et al. Uptake of cadmium
by oilseed rape Xikou Huazi( Brassica juncea L..) and bioavailability of

the metal in rhizosphere[J]. Journal of Agro-Environment Science,

2005, 24(1):17-21.

[20] F30, s, FRFELl. A HTS Y TR A b A4 7 16 A 1
W A BURFAEDFSE o B S BRI 30T 48 r i 250 0 1 A S Wl
BEGECI ). LA B30 SRR, 2005, 21(2):35-38.
WANG Ji—qing, ZHANG Bao—yue, SU De—chun. Selection and accu—
mulation characteristics of oilseed rapes for phytoremediation of cadmi-
um contaminated soil ; Study on absorbing insoluble Cd of higher cad—
mium accumulating in oilseed rapes( Il )[J]. Journal of Hebei North U~
niversity( Natural Science Edition ), 2005, 21(2):35-38.

[21] Su D

juncea L.) for phytoremediation of cadmium contaminated soil[J]. Bul-

C, Wong J W C. Selection of mustard oilseed rape (Brassica

letin of Environmental Contamination and Toxicology, 2004, 72(5):
991-998.

[22] F I, LR, JRAEal. F T8 52 LSRR S50 0 1l 35 R i 2k
[7]. " b 2 A 24, 2003, 8( 1) :67-70.

WANG Ji—-qing, RU Shu-hua, SU De—chun. Selection of a hyperaccu—
mulator for phytoremediation of cadmium contaminated soil[J]. Journal
of China A gricultural University, 2003, 8(1):67-70.

[23] Brooks R. Geobotany and hyperaccumulators[Z]//Brooks R R, editor.
Plants that hyperaccumulate heavy metals.Wallingford (UK ): CAB In—
ternational. 1998:55-94.

[24] 3L, BIFE, SKaGAL, 55, WIHLH R L ST TR i mewl 5 O3
YT ) R SEL). BAH S PR AR, 2001, 7(1) : 7-12.
SHU Wen-sheng, YANG Kai—-yan, ZHANG Zhi-quan, et al. Flora and
heavy metals in dominant plants growing on an ancient copper spoil
heap on Tonglushan in Hubei Province, ChinalJ]. Chinese Journal of
Applied and Environmental Biology,2001,7(1):7-12.

251430, BT A% R MR RO 4 Jm T R 0 R

FRAE[T]. SREERFE SR, 2000(Suppl 1) :41-44,
KE Wen —shan, WANG Wan —xian, YANG Yi. The characteristic of
some micrometal elements accumulation in Elsholtizia spledens popu—
lation at Tonglushan copper mine area of Daye in Hubei Provincel[J].
Environmental Science and Technology, 2000(Suppl 1): 41-44.

6] W[ 3C I, L, b B, 46 RIGHRS I XM 7 55 (Elsholizia
haichowensis ) FE P ML ERfb 2% 43 BT [J]. 2E 48 2% 4, 2001, 21(6):907-
912.

KE Wen-shan, XI Hong—an, YANG Yi, et al. Analysis on characteris—
tics of phytogeochemistry of Elsholizia haichowensis in Daye Tonglu—
shan copper mine[J]. Acta Ecologica Sinica, 2001, 21 (6):907-912.

[27] Tang S R, Wilke B M, Huang C Y. The uptake of copper by plants
dominantly growing on copper mining spoils along the Yangtze River,
the People’s Republic of Chinal[J]. Plant and Soil, 1999, 209(2).225-
232.

[28] Wu L H, Li Z, Han C L, et al. Phytoremediation of soil contaminated
with cadmium copper and polychlorinated Biphenyls|J]. International
Journal of Phytoremediation, 2012, 14(6) : 570-584.

[29] Wu Q T, Wei Z B, Yang Y O. Phytoextraction of metal contaminated
soil by Sedum dlfredii H:Effects of chelator and co—planting[J]. Water
Air & Soil Pollution, 2007, 180:131-139

[30] Wu Q T, Morel J L, Guckert A. Effects of soil pH, texture, moisture,
organic matter and cadmium content on cadmium diffusion coefficient
[J]. Pedosphere, 1994, 4(2):97-103.

[31] Jiang LY, Yang X E, He Z L. Growth response and phytoextraction of
copper at different levels in soils by Elsholtzia splendens[J]. Chemo—
sphere, 2004, 55(9):1179-1187.



