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Effects of Kochia scoparia-Brassica rapa rotation on Cd uptake
by Brassica rapa

Hexigeduleng Bao’, Jiayue Wan', Jiamin Yang, Yanfei Ding, Feijuan Wang, Qiong Jiang,
and Cheng Zhu

Key Laboratory of Marine Food Quality and Hazard Controlling Technology of Zhejiang Province, Zhejiang Provincial Key Laboratory
of Biometrology and Inspection & Quarantine, College of Life Sciences, China Jiliang University, Hangzhou 310018, Zhejiang, China

Abstract: In this study, pot and field experiments were conducted to study the enrichment of soil cadmium by Kochia
scoparia. Further, rotations in pot experiments were carried out with four varieties of Brassica rapa to verify the remediation
effect of Kochia scoparia on cadmium contamination in soil. The enrichment capacity of Kochia scoparia was leaf > root > stem
with bioconcentration factors (BCF¢q) of 15.07, 5.44 and 2.96, respectively. The total cadmium in soil decreased by 6.02% to
13.60% after planting Kochia scoparia, and the activities of soil urease and acid phosphatase also increased. The results of pot
cultivation shows that the above-ground cadmium content of Brassica rapa in Kochia scoparia-Brassica rapa rotation system
decreased by 17.21% on average compared with the control group without rotation, whereas the biomass increased slightly, and
the above-ground translocation factors (TFcg) did not change significantly. These results suggest that the rotation of Brassica rapa
with Kochia scoparia could increase the yield of Brassica rapa, and effectively reduce the cadmium content in edible parts of

Brassica rapa, toward the purpose of realizing the green agricultural concept of “harnessing while producing”.
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(N28°52'23.38",E121°08'11.14") FK#i5 YLK +
(Paddy soil), fiHBEIEIFFIT, XAF . MYk
RGeS, BERGE 50 HFF (0.3 mm), %M.
TR AR BT UL 1, IR 2 Bl 11.2% 0 A
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XA 5.0 mx2.0 m, £FH 10 REw 3%, &
ASHH A 51 4 /N
1.2 REHZE
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AP REABGRT, EE RIS LT
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A, FREERRE 5 B2 E pH A .

JORREE P IR E ¥k 50 H A+
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(S-UE) ¥ A a0 @k A r e o W A6 BR AN R o

1) FER ISR, MR B IR R,
A 37 ‘CIK¥ 1537 24 h,10 000xg T 250> 10 min,
iR

Table 1 Physical and chemical properties of soil used in experiment

pH Organic matter (g/kg) Total nitrogen (%)

Exchangeable K (mg/kg)

Available P (mg/kg) Total Cd (mg/kg)

a 6.32 14.4 0.09
b 574 28.3 0.12
¢ 557 26.8 0.11

120.0 57.2 0.02
204.9 81.2 0.83
175.6 96.4 0.59

a: potted soil; b, c: field soils.
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ES M (R Y. FRIE A AR R IR
IMEIERED:Y  (GBIT 17141-1997)MY | S5tk iR
TR T A

HIYIFEAFREL 0.3 g ZEIHLEH, A 6 mL
HNO3 #1 0.50 mL H,0,, #He 2 hf&5, R
RSO AR . T IETR PRI 0.2 g 43 200 H 5 XUTRE &
WA, A 4 mL HNO3 #1 2 mL HF, #&
WG, SR W AR OCH R . RE TR SR
FhIEEERR 2= 1 mL, N4k E4 % 10 mL,
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ARSI IR AN, T 38 24 K 7 i i [R) 25 22 i
WAHIR, B E MBS k.

I FH P RS e B 1 s A P L Cd 1Y
i, [FBHEORAs 1, SRR 10 plo I,
BRI 2k 2 AR SE &R, r=0.998 3; i
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Fig. 1 Cd content in different parts of Kochia scoparia
under different soil background. a: Potted soil with Cd
content of 2.96 mg/kg; b, c: field soils with Cd contents of
0.83 mg/kg and 0.59 mg/kg, respectively. Different
lower-case letters represent significant differences (P<0.05).

11.62., 3.91. 1.95 1 10.37 mg/kg. AW, H
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TR MR S RBURZE IR s REUN
4-6 175, FIHMXT Cd WTERSRE ST HL2E3BaE . A
BAREEL Cd RE, 3 Fiig YLK F T Bpkd 32 il
AEM I 6.45 mg., 2.32 mg Fil 2.01 mg ¥ Cd, %%F
W e 7 %k 48R 2,19 kg, 2.79 kg F1 3.41 kg +
e Cd,
213 3 CdEHFELL
g 2 s, fidE i3 E 3 Fh s T +4% Cd

*2 AR CdiEHRKETAFTHREH Cd EERY. HIZRKMEMKE Cd
Table 2 BCF¢y, TFcq and total Cd per plant of Kochia scoparia under different levels of Cd pollution

Cd content in soil (mg/kg)

Bioconcentration factors (BCFcy)

Ttranslocation factors (TF¢q)

Total Cd (mg)

Root Stem Leaf Stem Leaf
2.96 4.44+0.05°  2.92+0.68% 13.60+1.31° 0.65+0.15% 2.98+0.25% 6.45+0.22°
0.83 5.25+0.15°  2.67+0.14* 13.96+0.25° 0.50£0.02° 2.66+0.10% 2.32+0.01°
0.59 6.62+0.17°  3.31+0.27* 17.66%0.24° 0.50£0.05° 2.65+0.10% 2.01+0.01°

Note: different lower-case letters represent significant difference between the same column of data (P<0.05).
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Fig. 2 Changes of soil Cd content before and after Kochia
scoparia remediation. a: Potted soil with Cd content of
2.96 mg/kg; b, c: field soils with Cd contents of 0.83 mg/kg
and 0.59 mg/kg, respectively. “*”, “**” and “ns” represent
the significant level of P<0.05, P<0.01 and P>0.05,
respectively.
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Fig. 3 Changes of soil pH before and after Kochia
scoparia remediation. a: Potted soil with Cd content of
2.96 mg/kg; b, c: field soils with Cd contents of 0.83 mg/kg
and 0.59 mg/kg, respectively. “ns” represent the significant
level of “P>0.05" between CK and treatment group.
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Fig.4 Changes of soil urease (A), acid phosphatase (B) activities before and after Kochia scoparia remediation. a: Potted
soil with Cd content of 2.96 mg/kg; b, c: field soils with Cd contents of 0.83 mg/kg and 0.59 mg/kg, respectively. “*” and “ns”
represent the significant level of P<0.05 and P>0.05 between CK and treatment group, respectively.
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Fig. 5 Effects of rotation on Cd content in shoot (A),
root (B) and biomass (C) of four Chinese cabbages. “*”
and “ns” represent the significant level of P<0.05 and
P>0.05 between CK and LZ treatment (rotation) group,
respectively.
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Kok 2 5 41.22 mg/kg TF¥Z 35.86 mglkg, TF%
13.00%; PUZH3 M 26.27 mglkg T4 ZE 21.70 mg/kg,
FF% 17.40%; F# A5 M 3556 mg/kg FFFEE
22.90 mg/kg, T 35.60%.

Kl 5B i, 4 (LZ) SXTEE4 (CK)
AL, 4Rz RAELE 2 SN TE Cd &
B T, M 25.46 mg/kg % 21.27 mg/kg, &
R 16.46% . FHiAx 3 Fih &8 T 8 Cd & fy MRt
P, AHARIRBR Z AT UL VERT S T T
Cd 7 it A5 Lo 138/

L F 7 S0 dokk BB R ROR (L1
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i N RER MR T 32t R B R, R ]
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BE AR, FWX 3 Fh 18 B3 Cd & R FEARAL
EMBE G HHE Cd MR —f— R 5 R
232 HE4EYE

WE 5C fFian, %fE4 (LZ) SXHHE4 (CK)
L, b Ha 2 SRS AR S
WM 92.67 g. 90.01 g, 135.12 g M= 99.98 g.
107.50 g. 178.75 g, Z>HIHEfn 2.52% . 19.44%#
32.41%, A F# S B3Nk F B K
U Z5 RS 114 B A ) o G B AR A
2.3.3 HRKIAI Cd BERE S REEBHE

BAEA (LZ) SXTHR4L (CK) 4 R |
Hi R EBXT Cd 1 E R, Hb FEREHE R A R
& Cd W3k 3. RefEE, 5 CK XTHR4iMH L, Ha
254 . MR I E L RBUY B E T, WAk
SRR TH FAE R E T, TR
AR ED; DB R EE R
ST e A

PUFp R BT Cd MR iE R BUTE
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*3 RIEFARZENA Cd ERAH. BRI BHKE Cd
Table 3 BCF¢q, TFcq and total Cd per plant in various parts of Chinese cabbage after rotation
Bioconcentration factors (BCFcg) Translocation factors (TFcg)

Varieties Treatment Shoot Root Shoot Total Cd (ug)
Shanghaigin CK 4.78+0.49 3.58+0.46 1.35+0.20 60.86
Lz 4.65+0.44 3.30+0.47 1.44+0.30 75.76
Xialv 2 CK 13.93+0.87 8.60+0.60 1.63+0.15 174.38
Lz 12.11+1.02* 7.19+0.60* 1.69+0.01 181.18
sijikuaical CK 8.87+0.57 7.44+1.22 1.23+0.28 76.13
Lz 7.33+£0.92* 6.31+0.52 1.16+0.09 61.84
Zaoshuwuhao CK 12.01+2.26 6.47+1.01 1.86+0.22 90.24
Lz 7.74+£1.78* 6.06+1.02 1.30+0.35 110.52

Note: * represents the significant level between CK and LZ treatment (rotation) group at P<0.05.

INASE RMEEESE 2 S FIREE R BCH BN
e, RUIFEAVERT BEREMT Cd K FI 3 T R )
Ho L EBIEEZRE ST, (AXE/INEIERR Cd [ 138
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