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Effects of biochar application on cadmium transformation in brown soil and uptake by baby bokchoi

WANG Feng, WANG Meng-lu, XU Kun, DONG Xu, YU Na, ZHANG Yu-long, DANG Xiu-li"

(College of Land and Environment, Shenyang Agricultural University, National Engineering Laboratory for Efficient Utilization of Soil and

Fertilizer Resources, Northeast Key Laboratory of Conservation and Improvement of Cultivated Land, Ministry of Agriculture, Shenyang

110866, China)

Abstract; An incubation experiment was conducted to investigate the effects of biochar derived from rice husk on cadmium (Cd) transforma—
tion in brown soil. Biochar was applied at four rates(0, 1%, 3%, and 5% m/m ) to the soil. The effect of biochar application on Cd uptake by

baby bokchoi was studied by measuring the Cd contents underground and aboveground of baby bokchoi plants every 10 days in a pot exper—
iment. The bioaccumulation factor of Cd underground and the translocation factor of Cd from underground to aboveground were also calcu—

lated. Results showed that the contents of the exchangeable fraction of Cd significantly decreased and the organically bound fraction of Cd

significantly increased, with the increase of biochar application( P<0.05 ). Compared with no biochar addition, 3% and 5% biochar appli-
cation increased the soil pH. There was negative correlation between soil pH and the exchangeable form of Cd(P<0.01 ). There was positive

correlation between soil pH and the organically bound form of Cd, the Fe and Mn oxide bound forms of Cd, and the residual form of Cd(P<
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0.05). The Cd contents aboveground of the baby bokchoi plants for the 1%, 3%, and 5% biochar application decreased 8.86%, 64.22%,
and 68.40%, respectively, compared with no biochar addition, and the Cd contents underground decreased 11.0%, 57.9%, and 60.6%, re—

spectively. The Cd bioaccumulation factor underground decreased 0.01~1.26 and the Cd translocation factor from underground to above—

ground decreased 0.22~0.32. Thus, 5% biochar application should be considered a suitable soil amendment for Cd.

Keywords : biochar; Cd; transformation; bioaccumulation factor; translocation factor
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Table 1 Physical and chemical properties of the tested soils

Cd 5 5f . LT OM/ P 3 it BLBRALAR Texture/%
Background Cd/mg-kg™ ’ gk CEC/emol -kg™ 0.02~2 mm 0.002~0.02 mm <0.002 mm
0.12 591 12.02 42.0 28.0 30.0
R2 EYRABEREBUMER
Table 2 Physical and chemical properties of the biochar
Cd FfH FHES At
Background Cd/mg-kg™ pH PHw WGy Ashi% CEC/cmol -kg™ Cle N/ eN
0.01 9.76 8.10 61.13 19.54 26.33 0.378 69.66
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Figure 1 Effects of biochar application on soil Cd fractions
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Figure 2 Effects of biochar application on brown soil pH
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Figure 3 Correlation between Cd fractions and pH in brown soil
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Figure 4 Effects of biochar application on Cd contents in underground and aboveground of baby Bokchoi
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Table 3 Effects of biochar application on root bioaccumulation factors of baby Bokchoi

e UNTEFS 1
10d 20d 30d 40 d 50 d
CK 0.15+0.008a 0.95+0.065a 1.16+0.088a 1.2420.059a 2.07+0.232a
BC-1 0.15£0.007a 0.84+0.031b 1.11£0.040a 1.17+0.080a 1.84+0.172b
BC-3 0.14+0.005a 0.61+0.037c 0.83+0.045b 0.87+0.037b 0.87+0.059¢
BC-5 0.14+0.002a 0.47+0.025d 0.79+0.048b 0.81+0.064b 0.81+0.051c
1 AR FEEF R A B R 22 5 W 25 (P<0.05) . R,
Note : The different letter indicates significant differences among treatments( P<0.05 ) in the same row. The same below.
R4 £ X0 _EERIE REB RN
Table 4 Effects of biochar application on translocation factors of baby Bokchoi
pis: M b FRE IS R AL
10d 20d 30d 40 d 50 d
CK 1.37+0.052a 1.00+0.044a 1.11+0.038a 1.1120.041a 0.94+0.064a
BC-1 1.26+0.007b 0.98+0.022a 1.10+£0.020a 1.05+0.005ab 0.86+0.053b
BC-3 1.17+0.028¢ 0.88+0.011b 0.78+0.034b 0.87+0.020bc 0.80+0.048bc
BC-5 1.15+0.013¢ 0.80+0.005¢ 0.73+0.002¢ 0.79+0.047¢ 0.75+0.018¢




E L BRI A SO SRR 913

PR NI .

HR & RO b B8 R B B R AR £
b i T 4R I RE D RN 4R P R AR B ) b T
RIS O RE F112, VT W A B 4 BR Ol A R
ez —, B R FIZF T E A S TR, 8@
PN AR IR (AR & A R BRI M IREE 2 R oA
R, B it FH 2 PR 238 e S MR 3 DA 398 i ke
Cd (RS HEES , B Cd MARTS [0 Hy I 385138 1T
R A IR (36 3.3 4) , UhBH AR s i ds el LA
W HEE AR Cd WIEA, Al LR 4
J& Cd e AR 2 b A R 2R K n) Hb 1 3B %% 32 1) g
ARWFFRLE R, W6 3% 5% 1) 5 b BRI S e
FEER I & 20 5 0.17.0.14 mg kg™, 5 3% £ 5
A BRI PR S SR AR PR (< 0.2 mg kg™ ) AH
E YRR

MG AT , AP A B BT 2 1R R R e 28 Bt
JCRTE LAY KoK F IS HAER N & — %
FEEE MR, S LI AR b 72— 8 15547, ik 1
PRI, B2 AR ) AR AR DT 4R
Ve 5t R & A — e B L. (H2 H Al
ZH I S TR A i HL X AN ] - s
FVE IS fal e FH A ) 2 75 R0 FH 22 1) A= 0 o i oA
Gi—. HIL, BRSNS ST R
B4 A= 4 R 30 iR A 5

4 Hig

(DAY B W HE A T 23 Cd B A5
A S PEAT TR A A e AS Cd S A, 1 AR 5 A )
W2 R A HLEE A2 Cd FIER S Cd s .

(2)% AR AR it 4R =5 1 48 pHL, H AT
LS Cd i L pH A E BE U C K R (P
0.05), BHLEAA Cd B E M PIEs 575 Cd K sk
A Cd Fri 5 3 pH f74E B & IEAH KR (P0.05),

(3) A=W it FHRRAIG T IS8R & 4 R AR 13
Haa 7B, ARMMHEERESE Cd AR, 5%894
Yoot R EAE RO B35

S k-

(1] BRI AR, 1] b e DA, 4 [ 385 Gk B0 o A 20 R (N]. v el
+ FUER, 2014-04-18(2 filt).
Ministry of Environmrngtal Protection, Ministry of Land and Resources.
Report on the national general survey of soil contamination[N]. The Chi—
nese newspaper of land and resources, 2014-04-18(2nd Edition ).

2] ERZE, X A7, WA, 55 Z W TR I B+ SR 55 i (1

PUR—— T4 475 YR B JE A A 400 P 9 DG [l i
I T]. 4Ol ABER 24, 2014, 33(8) : 1465-1473.

WANG Yu-jun, LIU Cun, ZHOU Dong-mei, et al. Acritical view on the
status quo of the farmland soil environmental quality in China: Discus—
sion and suggestion of relevant issues on report on the national general
survey of soil contamination[J]. Journal of A gro—Environmental Science,
2014,33(8):1465-1473.

BIR 855 M8, ZEarhE, . RRAY B A KT SRR FR
EMHEBAAFE]. h A S A 4], 2016, 24(9):1185-1195.
SONG Ming, QI Peng, CAI Li—qun, et al. Effect of different biochar ap—
plication levels on greenhouse gas emissions in the Loess Plateau semi—
arid environment in China[J]. Chinese Journal of Eco—A griculture, 2016,
24(9):1185-1195.

[4] Warnock D D, Lehmann J, Kuyper T W, et al. Mycorrhizal responses to
biochar in soil: Concepts and mechanisms|J]. Plant and Soil, 2007, 300
(1/2):9-20.

[51% U0, 992, RUBRIE, 55, AN AR 9 T a0 438 AR (Cd)
A BNER AL A FFFRL A7), 2013, 32(1) :88-94.

YI Qing, HU Xue—yu, KE Yue—jin, et al. Impact of different biomass
black carbon amendments on retention capacity of cadmium in soil[J].
Journal of A gro-Environmental Science, 2013,32(1):88-94.

(6] 3K Jth, W12 K, ATRRIE, 5. A=y e 0 AT A . 1 S5 A 2801 A 4
TEASHRE L. FREER 5 HOR, 2016, 39(4) : 88-94.

ZHANG Di, HU Xue-yu, KE Yue—jin, et al. Effects of biochar on avail—
ability and speciation of cadmium( I ) in suburb agricultural soil[J].
Environmental Science & Technology, 2016,39(4 ) :88-94.

(7] Wi, & R, % WL OKFEREFF AR AT Y 1
o A R B A AL IS IR [, FRER R 23R, 2016, 36(1):
251-265.

GAO Rui-li, ZUN Jun, TANG Fan, et al. Fraction transformation of Cd,
Pb in contaminated soil after short —term application of rice straw
biochar[J]. Acta Scientiae Circumstantiae, 2016, 36(1):251-265.
[8] Lehmann J, Gaunt J, Rondon M. Bio—char sequestration in terrestrial e—
cosystems : A review[]|. Mitigation and Adaptation Strategies for Glob—
al Change, 2006, 11(2):395-419.
(9] RN, 22 25, AR dm, 5. N [RIIRUEE T el A AT e o ] 728 v iy
B Ph( IR mN]. BREERIEE, 2013, 34(4) : 1598-1604.
JIANG Tian -yu, JIANG Jun, XU Ren—kou, et al. Effects of different
temperatures biochar on adsorption of Ph( Il ) on variable charge soils
[J]. Environmental Science, 2013, 34(4 ) :1598-1604.
[10] 2R, FERH, SRm7R. BIREF 4 A ) 0 VS XSV P A 13 25 Tt 4145
Wk Ph( I0) 5[] P58 T A3k, 2016, 10(8) : 4553-4558.
LI Jian—hong, CHU Ying—chao, WU Wei—dong. Adsorption of Pb( Il )
on granite latosol from Hainan amended with coconut fiber —derived
biochars[]J]. Chinese Journal of Environmental Engineering, 2016, 10
(8):4553-4558.

[LL] a0, B dh it ZEH0 G S5, SRR T RIS Rl LI SR B2
G B REEARLT]. PRERIEDFSY, 2013, 26(1) : 88-96.
LI Ru-zhong, XU Jing—jing, JIANG Yan—min, et al. Fraction distribu—
tion and ecological risk assessment of soil heavy metals in the riparian

zone of Huixi stream in Tongling City[J]. Research of Environmental



914

YIEINCR RS Y £ 36 5% 5 H

Sciences, 2013,26(1):88-96.

(2050 RISCHE 3K 20 2% 57/ N A TR B S RIS S
5 BT LRLT]. 7 Ml SR BERL 2 448 2015, 34(8) 1441 -
1448.

LIU Ke, HE Wen—xiang, ZHANG Hong, et al. Cadmium accumulation
and translocation in wheat and grain Cd prediction[J]. Journal of A gro—
Environmental Science, 2015, 34(8):1441-1448.

[3]# %, 8BESE W J4, & AR LIEAMNESIE S S AL AR
EAEMR AL AR ZSIREEER, 2015, 24(4) :688-693.

CAO Ying, DI Jia—mei, SHEN Dan, et al. Effects of biochar on soil cad—
mium forms and cadmium accumulation in peanut kernels[J]. Ecology
and Environmental Sciences, 2015, 24(4):688-693.

[14] Houben D, Sonnet P. Impact of biochar and root—induced changes on
metal dynamics in the rhizosphere of Agrostis capillaris and Lupinus
albus[J]. Chemosphere, 2015, 139(2) : 644-651.

[15] BT, #EE‘F b, S A R R LSRR A R
FERISEIALT]. K ORFES3R, 2014, 28(2):258-261.

GAO Yi —dan, LIANG Cheng-hua, PEI Zhong—jian, et al. Effects of
biochar and lime on the fraction transform of cadmium in contaminated
soil[J]. Journal of Soil and W ater Conservation, 2014, 28(2):258-261.

[16] £ ¥, XU, E4ik, 45, 38 pH EXT RS +F 4 )8 Cd IR
FFTEAS ML Al PR RL2E 2441, 2008, 27(2) :574-578.
WANG Yang, LIU Jing—shuang, WANG Jin—da, et al. Effects of pH on
the fraction transformations of Cd in phaiozem soil at the condition of
freeze thaw cycles|]]. Journal of A gro—Environmental Science, 2008, 27
(2):574-578.

[17] Méndez A, Gomez A, Paz—Ferreiro J, et al. Effects of sewage sludge
biochar on plant metal availability after application to a mediterranean
soil[J]. Chemosphere, 2012, 89(11):1354-1359.

[18] Yuan J H, Xu R K, Zhang H. The forms of alkalis in the biochar pro—
duced from crop residues at different temperatures|J]. Bioresource
Technology, 2011, 102(3 ) : 3488-3497.

[19] Novak J M, Busscher W J, Laird D L, et al. Impact of biochar amend—
ment on fertility of a southeastern coastal plain soil[J]. Soil Science,
2009, 174(2):105-112.

[20] T3, HF53E, T8 5B, 5. IR LY i LBk Cr(VD Y
SmPLEIAFFE)). FREERR2E, 2012, 33(11):3847-3853.

DING Wen—chuan, TIAN Xiu-mei, WANG Ding—yong, et al. Mecha—
nism of Cr( VI ) removal from aqueous solution using biochar promoted
by humic acid[J]. Environmental Science,2012,33(11):3847-3853.

[21] Bolan N S, Adriano D C, Mani P A, et al. Immobilization and phy—
toavailability of cadmium in variable charge soils. Il . Effect of lime ad-
dition[J]. Plant and Soil, 2003, 251(2):187-198.

[22] e 2=, J A i, V00, S5 R R 0 L R 4 e AR AR AL
A s2m[). 133, 2009, 41(4):566-571.

ZHONG Xiao-lan, ZHOU Sheng-lu, LI Jiang—tao, et al. Effect of simu—

lated acid rains on Cd form transformation in contaminated soil[J].

Soils, 2009, 41(4) :566-571.

R3] 30, 4 7L T, BER - RGN RE R A

R RGEREAFAEL]]. 4Ol FREERL =24, 2013, 32(3):491-497.
Al Jian—chao, LI Ning, WANG Ning, et al. The bioavailability and mi—
gration characteristics of cadmium in soil -vegetable system in sewage
irrigation district[J]. Journal of A gro—Environmental Science, 2013, 32
(3):491-497.

RV 2 B X, S AR SRS Y L R RSO AR
K5 Cd B SZ [T Rl PR EE R 254, 2016, 35(11):2059-
2066.

XU Yang-gui, et al. Effects of different fertilizers on two genotype Chi—
nese Flowing Cabbage in Cd contaminated soil[J]. Journal of A gro-En—
vironmental Science, 2016, 35(11):2059-2066.

[25] 4k, B0, & TR, AW pexd s e H e P IR A 1 5 e K

AR BIAERLARLAE, 2014, 53(24) : 5984-5987.
JIANG Yan-yan, HU Xiao—ming, JIN Wei-bin. Effects of biochar ap—
plication on different chemical forms of the pedologic cadmium and its
passivation effect[J]. Hubei Agricultural Sciences, 2014, 53(24):
5984-5987.

[26] B FEAE, G, M, 55, A=W rod B 5 4 2 R A5 Mam i
PRI SR, AR 25 SRR FREE2A4R, 2015, 31(4) :579-582.

MAO Yi-de, TIE Bo-qing, YE Chang—cheng, et al. Effects of biochar
on forms and uptake of cadmium by rapeseed in cadmium—polluted soil
[1]. Journal of Ecology and Rural Environment, 2015, 31(4):579-582.

[27] Park J H, Choppala G K, Bolan N S, et al. Biochar reduces the
bioavailability and phytotoxicity of heavy metals[J]. Plant and Soil, 2011,
348(1/2):439-451.

(28] EHOLL, 22 %, FEUILT, 45, FASTERAE W BN A 3% Cd WIS K 1358
FRAISEAT). o E A skl 2015, 23(2):207-214.

WANG Yan-hong, LI Meng—jun, TANG Ming—deng. et al. Effect of
rice husk biochar on lettuce Cd uptake and soil fertility[J]. Chinese
Journal of Eco—A griculture, 2015, 23(2):207-214.

[29] Audet P, Charest C. Heavy metal phytoremediation from a meta—ana—
lytical perspective[J]. Environmental Pollution, 2007, 147(1):231-
237.

[30] fta s, wuifpice, BEmi . AW ot XA X7 e 438 B

AR TIE SR & R[] SR, 2014, 23(6):1057-
1063.
HOU Yan-wei, CHI Hai—feng, BI Li—jun, et al. Effects of biochar ap—
plication on growth and typical metal accumulation of rape in mining
contaminated soil[]J]. Ecology and Environmental Sciences, 2014, 23
(6):1057-1063.

[31] TL2E %5 GB 2762—2012 £ i 175 Yy IR [3]
it 2012.

Ministry of Heath of the People’s Republic of Chins. GB 2762—2012
Maximum levels of contaminants in foods[S]. Beijing: China Standards

Press, 2012.

e R EARSE



