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Effects of biochar on Cd Pb availability and uptake by maize and wheat in upland soil

ZU0 Jing, CHEN De, GUO Hu, WANG Jing-bo, SUI Feng—feng, LI Lian—qing”, PAN Gen—xing, ZHANG Xu-hui

(Institute of Resource, Ecosystem and Environment of Agriculture, Nanjing Agricultural University, Nanjing 210095, China )

Abstract: A field study was conducted by applying wheat straw biochar with the high(40 t-hm™) and low(20 t-hm™) application rates in a
wheat—maize rotation upland field. The indicators related to heavy metal pollution, including the available concentrations of Pb, Cd in soil
and the uptake amount in grain of wheat and maize, were determined and analyzed after two growing seasons. The results showed that, com—
pared to no biochar amendment, wheat straw biochar application significantly increased soil organic matter(SOM ) by 2.4 and 2.8 times. The
highest decrease rates of available Cd, Pb being 53% and 50% were observed in the form of CaCl,—Cd and CaCl,—Pb, respectively. The con—
centrations of Pb and Cd in wheat grain were also significantly reduced, and the decrease rates were as high as 43% and 21% respectively.
However, the Pb and Cd concentrations in wheat grain were still higher than the current national standard. No obvious change of Pb and Cd
concentration was observed in maize grain. A multivariate analysis indicated that biochar had significant remediation effect on upland heavy

metal pollution with the application level of 20 t-hm™ in short term, while a long term effect(two growing seasons at least ) was found under

W7 B H#7:2016-12-26

EEREN /2 #(1990—), B LRULRN B AFR A , FEN SR TSR 5 MBI . E-mail : 2u0j1990@163.com

*EEEE AT E-mail : 1qli@njau.edu.cn

BEETR A gk CRAM)FHIFE I (201303095-11) 5 VTAA A FHY A FAIH ¥ 401 H (CX(12)3039) (VT.3548 A HLIE A% 774 9 I IR 1)
Hrepe)

Project supported : Special Fund for Public Welfare Industry ( Agriculture ) (201303095-11) ; Jiangsu Agricultural Science and Technology Independent
Innovation Fund Project (CX (12) 3039 )(Jiangsu Collaborative Innovation Center for Solid Organic Waste Resource Utilization )



1134

RAIMERF 2R EIRIET ]

the application level of 40 t-hm ™. The further analysis implied that wheat straw biochar may significantly reduce the bio—available heavy

metal in upland soil by adsorbing heavy metal with chelation and complexation effects dominated by biochar sourced functional groups, and

the remediation effect can be last longer with the increase of application level in a certain range.

Keywords: biochar; heavy metal; alkaline upland soil; wheat maize rotation
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IRIRBEE 3 il HAb BE . A 5 X HR (CO) it ¢
20 t-hm=(C1) Jifi 5k 40 t-hm>(C2), A F A5 79 by
A PRF it ok 1 FR AR B = ¥4 43 lid o €0.C1.C2, B
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Table 1 Basic properties of soil

. o _ N b pH  OC/g-kg’  TN/g-kg" Ph/mg-kg" Cd/mg-kg”
38 E 4 JE A0 S DL RO R [V E S Rl 2 B 4
. o~ SN 8.01 9.40 0.95 118.03 1.78
2 A NG /D
SRS o 1Z 803 1050 1.10 230.13 381
AWFFELL Cd | Pb by 325 Ye iy 1) 5 b+ 358 R bif
=2 i YRR ERMER
Table 2 Basic properties of biochar
" oc/ DOC/ EH/ 4o/ TR/ CEC/ RIBY cd/ Ph
P g-kg g-kg™ g-kg™ g-kg™ mg-kg™ emol -kg™ m’ g™ mg-kg™
1035  467.00 0.80 5.90 33.17 83.50 40.78 16.66 0.03 —

T R A OC [Ph  CA” S X P BT % (0 B A 5 “—" FOm IR U T AR IR, At
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VEYIRE & T 48 e vk : FRIBGE SA b
HNO;:HCIO,(4:1, H 24t ) TR A BR T i 5 4, 1 A TR
FEAS TR R R IR A FE T
1.2.2 L3RR S AL B 0 E

B 0~20 em FRJ2 1, 15256 % J5 HIBRAE P AR 22
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A T 3BT E S B R AL i )Y,
A LRI E SR A SRR - IG:”  BUGE
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- SRR L AR S AR S I v S B
Hik[20], 35 5 42 R 4 AR U % AREROXL T IS Al aod
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HCIO0,(1:1 gk sl IR AR , BCE L3, b I (100
CLAF )AL 1 h LUA, FHEE] 200 CAAE 1 h, T+
T EE (250~300 °C)H4RZL7H b 2 HC10, Kt B 4,
5mL HF 1 5 mLiBA R, #HLZE HCIO, K& B It

FFORIR ), AR50 5 mL HNO; W ERIAZ) 2 mL,
UNFA AT 5235 B 254 M HF , B 2= w4

T 1A A (CaCly) i 2 A 4 JR 48 U 6 - FK
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W WERR AN 0.01 mol - L & ALFG W 50 mL, 7%
BIE A 25 CHEIRACAF T, L 180 Y- min™ [ 415 1E
Pevidn DA 2 h, RGBS, 18

JITAE I T PR DT i oo e BE i = , 7
A3 b A B ep DL SRR ) T 4 GBW (E)-070009
FUHIRE Sk GBW10045( GSB-23 )47 i S 45l o A7
D3 FEAE 83%~113%,
1.3 BIESGITSHHAE

K F Microsoft Excel 2013 #4 %t 54 T4b 3
BRI T I AARE 2S5, 2 Y B oA 2
5+ 2K Duncan 3, G134k A SPSS 20.0 4,

2 FER5HMH

2.1 EMFRRITNEMERFFRID Cd.Pb SERIFMN

Jit FH A ) B0k BE A AR/ N2 R Ph (Cd 9%
H(F3). WHASKE, 5 Co ML, C1 Al C2 ANt
BT /NEHFRL Cd P I RE 2 (P<0.05)%
1%, BB 4> BI3E 3 13% . 28%F1 21% 25% , {A N [A] it
BRI/ NERFRL Cd P A B E 2R WA
KFE , s A PR (P<0.05) BRI /INZ ¥ Cd
Pb & i, 5 CO AL, BEIR 4510 15%F0 35% ; At i<
O/ N FPRLH P 19 A BB FRARER 4 COo
B 43% , TN Rt s )/ N AR Cd Ph 5 A
BEES . B /NEFPRICA P & 2 T EFARE
T AFRHE(GB 2762—2012) : Cd<0.1 mg-kg™,Pb<0.2 mg*
keo BEAN, HtnA= 2 R AT T K KPRE Cd Pb ()& £

R 3 EVBURI/NE ERFFHH Cd . PhIRENZM(FHEAREE , n=3)

Table 3 Effect of biochar on Cd and Ph concentration in wheat and maize grain(mean=S.D.,n=3)

. e Cd/mg-kg™ Pb/mg-kg™
INE ok N Ek
f14F SN Co 0.24+0.01a 0.015+0.001a 0.36+0.03a 0.036+0.008a
Cl 0.21+0.02b 0.017+0.002a 0.26+0.05b 0.053+0.010a
C2 0.19+0.02b 0.017+0.003a 0.27+0.03b 0.058+0.025a
PHEJZ Cco 0.33£0.01a 0.023+0.003a 0.60+0.06a 0.050+0.040a
Cl 0.29+0.04ab 0.025+0.002a 0.34+0.08b 0.061+0.016a
C2 0.28+0.01b 0.025+0.002a 0.39+0.01b 0.050+0.009a

E: CO, C1 Ml C2 43 HIFIRAE A iS¢ 20 t-hm™ F1 40 t-hn; [ —F1 &350 AR R NE FREFROR A R i A Ak P22 5 B 35 (P<0.05) . R IR

Note:CO, C1 and C2 indicate the biochar application rates of 0, 20 and 40 t -hm™. The different lower case letters indicate a significant difference be—

tween biochar treatments for each cultivar(P<0.05 ). The same below.
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Figure 1 Effect of biochar on CaCl, extractable Cd content in wheat

and maize season(mean=S.D.,n=3)
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FNn(FHAEAREE  n=3)
Figure 2 Effect of biochar on soil CaCl, extractable Pb content in

wheat and maize season(mean+S.D.,n=3)
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i) (P<0.05) , {H = AN 2 1 58 BLARLN F AR X /INEE &
KAFRI R Cd Pb =R g5 . V5 e KA
W% B 58 EL AN X /NG L FORFFRL R Cd S 8
ER (RS AEYIZR R TS YK B A W 5w R
WA BALS XVEI R Ph & g 5, —
B IS H N KRR Ph F T i R
2.4 YB3 HEEVH pH M

Jiti o0 A= 4 o S 2 T - AT LR ) 5 (TR
3). WA/ R E KR4 K Z2 v, C1 . C2 b3 £
AT HLBS 5 4 B2 CO R 1.7 2.4 f5 1 1.9 2.8 £iF,

&4 EMER FRKFEREYFRIMEWMFFRIAR Cd.Pb
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Table 4 Three—way ANOVA on grain Cd and Pb concentration

i mo SO fmE a P s
FPRLCd/ VERIRTU(P)  0.498 1 0498 24838 0.000
mg-ke”  emokoR(Pl) 0021 1 0021 104 0.000
M FA(BC)  0.003 2 0002 87 0001

PxP.l 0.015 1 0015 75 0.000

PxBC 0.004 20002 10 0.001

P.IxBC 0.000 20000 0.09 0917

PxP.IxBC 0.000 2 0000 0.11 0.897

FPRL P/ AEWIERI(P) 0916 1 0916 616 0.000
mg-ke EgokE(PL) 0,052 1 0052 35 0.000
WA (BC)  0.047 20024 16 0.000

PxPl1 0.046 1 0046 31 0.000

PxBC 0.064 20032 22 0.000

P.IxBC 0.012 2 0006 39 0033

2

PxP.IxBC 0.008 0.004 29 0.077
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Figure 3 Effects of biochar on SOC in wheat and maize season

(mean+S.D.,n=3)
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Figure 4 Effects of biochar on soil pH in wheat and maize season

(mean+S.D.,n=3)
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I H SRS R B, EORFFRLH Pb S0 R I
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Z . MR TR AA D A, AN RVERZE R FERL T Cd
(MR FE S R, 2R A oY B« A5 Yo RN ]
() 3, Cd Pb 7E EORAE MR [R]85 B 1k B /N
HSHESZESkERE, B Cd Ph 78 R KkERL R R B
A MTH Cd FEFORMR ZE M i E R K, E
FEEPIFTEAL N, EORAR R Pb 2 FEFTY 4~60
5 SEAFELAY100~1000 %5, 3X VRS YL -3 e £
K, KPR 42 8 15 Y T AE KU ARG /N

Méndez SFRIFFY & B, A=W 0 PR I S 25 ik 2>
T Hb P4k 452 h Cd . Pb 1 DTPA 35 4% F1 CaCl,
BRARA RS it . Houben 88PR F 15 RS FF2E )
XT3 Cd . Pb B 45K, K4YmiERm +
5, Cd . Pb (AW R 53 5 T B T 7T1% 1 92% .
ARG BN, A5 R B R e

RS NE EARKFFHL Cd .Pb FEE 1% CaCl,-Cd . CaCl-Pb
BENEXSN
Table 5 Correlation coefficients of Cd, Pb uptake of wheat and
maize grain with CaCl, extractable Cd, Pb of tested soil

YERZETY P ¥R Cd  FPBLPb  CaCl-Cd  CaCl-Pb

N (ZE)  FPRi-Cd 1 0.749%%  0.910%* 0.456
¥ki-Pb 1 0.716%*  0.596%*
CaCl,~Cd 1 0.505%
CaCl,~Pb 1

FR(F)  ARI-Cd 1 0286  0.704% 0045
Fki-Pb 1 -0.065 0.089
CaCl,~Cd 1 0.489%
CaCl,-Pb 1

::n=18, “* " FIR K F] 0.05 FHIAC-, " FRI/RIEF] 0.01 FHEK
Fo T
Note:n=18,* Correlation is significant at the 0.05 level,** Correla—

tion is significant at the 0.01 level. The same below.
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Table 6 Correlation coefficients of CaCl, extractable Cd, Pb with
pH and SOC of tested soil
l(®ES] CaCl,-Cd  CaCl,-Pb pH SOC
/INEZE CaCl,-Cd 1 0.505* -0.258  -0.704%*
CaCl,-Pb 1 -.509%  -0.749%%*
pH 1 0.780%*
SOC 1
FKZ  CaCl-Cd 1 0.489* —-0.093 -0.337
CaCl,-Pb 1 -0.337  -0.596%*
pH 1 0.389
SOC 1

Cd \Pb [y 5L B IR DR SC AR il FH A= ) o e e A
A BERAR/ N FPRIRS L5 Cd Pb (W, {H Cd Pb
B ORIk B e 1R 1A PR A v (GB 2762—
2012) . Jii HA BB FRKPARL Cd \Ph 135 0 i
E A

S
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