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SRIM, 2B o8 SR e AR R T PR —5 e 1) - 1E4&
B3, MR E AR E A5 Y H IR E TR

AHFFE e FH FRFEFF o, WFo8 Ho i
Aig e R RER L, BLRM . FREE, S5
AT KREWR . LB, fmpRE, Dh
FIH ERFE AT A= Y e 6 R iR 2 A5 Y + e It
PR .
1 MR5F*®
1.1 kg

KEESRN: R 17 5, KIBE KRS, 4
B 109.00 do AKFELE T 2016 4F 4 H 24
H##k, 2016 4F 7 H 21 HILHI,
1.2 fik +iE

P R A I A BRI T RV X R )
JENTER I 32 T4 TR TS5 YY) 0~20 cm BHEZ T3,
+4% pH N 7.45~7.99, Cd Efth 213.25 mgkg,
As FiiE R 123.37 mgkg ™, Pb Rl 559.86 mgkg,
Zn BN 149.18 mg-kg'1 ,Cu 7 H 27.06 mg-kg'1 ,
3 Pb, As. Cd B R R R 5T R
E TR, RS AT Y R, P i
B Y o T, A R R T
FRUERT 4 F5F0 711 4%,
1.3 ik

T RFEFFR F TR ARM I PR AR, RS AT
SRR ER(0.1540.03) mgkg

FRFEFF AP R IR A R bk (5
45, 2013) , BARERELTN . BB KFEFF AR
T, W, nsws, S
THEHEHN 10 Co-min™ , B4 917HE HFRIRE 300,
400, 500 CHEATRRAL 3 h, FEFEFFZIISE] . T3
WAbZE o, Rk Yk AR H B SRR EUE, fETF
TS SR A w5 3iE s CB-300.,
CB-400 . CB-500, T KFEFA Yl m 3 1,
1.4 RIWigt

AR TR A I 2E IR BB AR AT EE Y ]
Fik T, E 5 M. RIS R A A+
HEXHR (CK ), CB-300. CB-400, CB-500 7SN
Ry 3 FORFEFF A T B 1%, FORFSFT
AR (CS) BNMHEIR N 15 TRFE PR AR i 43
BUK 1%, BB 3 ANER . HARBRIENE 2.

*2 HELEBERRART

Table 2 Treatments and details of the pot experiment

ETRG b3 HAR#AE
Number Treatment Specific operations

Tl CK ANHEIAEAT SRR, ALK oA B

- CB.300 T RFEREA AT — JH Bt 1.00%, HE
fiitilAl CK

- CB.400 TR — JH Bt 1.00%, HE
fiitilAl CK

4 CB-500 TR — A Bt 1.00%, HE
fiitilAl CK

s EARFEFHR  TRAERIT— G 1.00%, HE

(CS) iR CK

RAER IR AR LR A 0.83 mm (e
T , A W AR e i LA A 0.18 mm B9 JE e
W ARG, B FONZESHA 57 cm
H138 cm, & 50 cm, FERREERS 142 10 cm IR
125 em A3 —HEHAE N 6 em /ML, B 1k K
FHETHEK, B2+ 80 kg, T/KFERIRAT 7 d #%e
R A B3 00 S A ) e S TR 20 I SR i — o B
JRNE (JRZR 8.20 g, RIWEIRES 8.20 g, FiFRAH 3.30 g,
Iy BIRS T 3375, 337.5 Fl 127.5 kg-hm™ FNGEAE
7 ), 5%)Z 0~5cm HHEIRES], F#EI/K 3~5 cm,
FEFRREKRE 11 8K, PRRFZRNIE BK /3 IF S0 R E
G, AT KRR/ BERA | A RN Bl R A
FERRFES, BRI AREYLRAE 5 YRE s, Ha
HATHI R AORAE 2 YOAESh, ZRTAbER)E, EHLIE
KRB A B EERAL Cd. As F .

1.5 SHlE

IKFERERCRAESG , HARKUESe L, F0h
ML 25, b B BRI, ARIEE RO AR
S, B ARRE S BT ANH G R, HoA A
e AR SEEE T 103 CHAHNARE 1 h,
WE 65 CHLEEE ST, FRRBUNTC A TR
BT, WAk RIS A 5E . Rk, SR
J& FRE IR AU BR A AR e, 2 AR B
AR . KRR 2R AR (HNO; : HCIO=4 : 1,
Voov) Bk CTERMESE, 2008 ), &% A
ICP-OES & ( 225 PE8300 )MI/KFEkE M Cd 7,
KRR As &2 R A -AE G HUR 79581k
(GB/T17135—1997 ) MIAE o AHE K B I RE 8 7 it

F1 ERBEHEMRELER

Table | Physicochemical properties of bio-carbon from corn stalks

UL ERBARE w(As)/ w(Cdy/ w(Ash)/ i
Decomposition Temperature/'C  Bjological carbon code (mgkg™) (mgkg™) pH % Yield/%
300 CB-300 4.36+0.18 0.12+0.03 9.38+1.37 18.50+4.24  91.17+3.45
400 CB-400 4.36+0.18 0.12+0.03 9.69+1.56 20.00+1.77  83.50+4.43
500 CB-500 4.36+0.18 0.12+0.03 9.73£2.35 24.59+3.83  75.38+2.67
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BTV 4 CU AT
1.6 HIEAERZE

% Microsoft Excel 2003 #47E R LM, KA
SPSS( Statistical Product and Service Solutions, 21.0)
AT EES B EEST.
2 HEROW
21 EABEFEVWRAIMTKBEABDEBTHEZE
i Cd & 250

R 17 5 DR AR R HI i E] A 2016 4F 4
—7 H: 4 26 HEf#4k; 5 H 10 HKREE T8
Hiil; 5 H 20 HAKREUE A EER], KRS K ERAET
SLIEH s 6 A 16 HEGJE TG E A, /KREHER
AR LA 7 A 15 HOKRE R, Agfiiag
B HFPRAEG . 3R 3 s U I B ORFEFT2E 9 o Ak
MR KFEA R AE B S RO Cd &2k
T

H# 3 ATH1, JKAFAHRAL Cd MY R — KK
B F IR, JLHLDUKRERIRYT Cd i
SR, TIEHITE 75.08~217.15 mgke'
Z ] KA ZER H Cd ) & 22k ol 8.56~12.51
mgkg!; KM AT Cd B E B E A
4.76~8.47 mgkg ' o KREAHAI T Cd FRA/NKR
FE = RAF IR A SRR A AR R>2E5F >
R, AKAES RO Cd ST i Cd B
T (Y 2 AL BRAUARTS Cd BRAM ), I HAKFEHR |
25 MR Cd B ARBEE KR I A R

MOKFESTBEII S0 Cd & i K/ N ROR R,
I3 BERH A AL PRI KRR Cd SR/ KRR
CK, CS>CB-300, CS>CB-400>CB-500 ( “,” F/~
FALHLE] Cd F 8 MKV NEFIHZE TR B3, “>7
FoRSA R 2R RE, TR ); 2EE4 A
KAEZERE Y Cd HE K/ RFE RN CK, CS>CB-300,
CB-400>CB-500; 4 BEM &AL B H] K AE T ep Cd
SR RK/NFEEZEN: CK, CS>CB-300, CB-400,
CB-500, fE4rBEW], CS AbFR B REMAR KR4
£ Cd i, H/KFEMR 2238 Cd A R AE
CK Fl CS AbBH[R] 25 55 A8 8 3, W /KA T itihn &

KEEFFR AR RAE ST BEM = e 5 bk 2 Fpab B
AL, CB-300, CB-400 1 CB-500 AbFH /K A5 7E /) BE
WA Cd W AL, Ui FORR AR AE
Yih AL PRREA SRR RS A BEIHAR . 25, 140 Cd
A, BHRANG Cd ZE KRR N W e a2 3 e

MK BRI A 1 Cd B B RN RO R,
I 45 A0 BRI K FEAR BB Cd S KN RN
CK, CS, CB-300>CB-400, CB-500; Hhf#i4# kb
PRI KSR Cd K/ LR A CK>CS,
CB-300>CB-400>CB-500, #£MHY5 CK #ilt, 44k
PR E MUK RE AP od WEE, L
CB-500 ZbFHXT 2530 Cd ABH R e il
S ALFREKFEN F Cd S R/NE RN : CK>CS>
CB-300>CB-400, CB-500, #M5 CK tilt, #4k
PR bt A0 B8 2 R AR ARG R Cd B A,
CB-400 I CB-500 AbHEXFH-#E Cd A BHE= SR B
fEo RIRZEREH, FORFEFAEY i S K BLELD
PR REA RO R IOK R AR AR | 25 | i Cd
Byar i, M S Cd ZEARR A IR . Cd i) b
ERIFEIE . Cd MRk T R

MK FE R A Cd B KN KRR R,
A A AR BRI KRR BRI Cd B8 R/NKR N
CK>CB-400>CB-300>CB-500, CS; J{ZJb&abH
[EIKAEZEH Cd FEKR/NKEFRN: CK>CB-300>
CB-400>CB-500>CS, 15 CK Mitb, HAtbit
HBRE W E PR KA Cd &, IF LA CS AbEE
XIKAEZERE Cd S E IR R &4 2
B KR F Y Cd S8 KNKERRK: CK>CS>
CB-300>CB-400>CB-500, CB-500 4&b¥%} 7K -3
H Cd S IR mefd

25 Lk, FORFEFH R R BERRARK R 2538057 Cd
T, (HEEYEE R A AR, TR AEY
IR S TR AL BRER BE . 2 AR R A A Cd 3 4
CB-500 AbHirE = ROkl A= B AL BRI e f:
22 EFEABETEWRFIMIIKBAREFTHRAZI
i As 2 EE0H

IRAEE A BT AR RIS A Hr i 5 i A 3% 4 iR .

®3 BEREARLBEHZIMLP CIHEE

Table 3 Cd concentrations of early rice organs at different stages mgkg!
s Cd (R Root) Cd (ZE#5 Shoot) Cd (" )i Blade)
Traetment S B EiliEEe A SrEE EiliEEs Y A S B ] A
raetmen

Tillering stage Heading stage

Maturity stage  Tillering stage Heading stage Maturity stage Tillering stage Heading stage Maturity stage

CK 125.79+10.30 a  139.49+7.23a 217.15£10.20a 11.68+1.07a 12.51+0.44a 17.87+0.51a 6.54+0.41 a
116.96+4.32 ab 131.05+8.36a 151.49+16.41 bc 9.16+£1.00ab 11.47+1.12ab 15.35+0.07b 4.96+0.30 b  5.83+0.24 bc 6.87+0.29 abc
9.66+2.23 ab 10.88+0.24 bc 14.27+1.66 bc  4.94+0.37 b

CB-300
CB-400  103.94+4.74b 107.50£0.73b  164.05+2.01 b
CB-500 75.08+1.59 ¢ 104.05+11.72b 131.61£15.04cd 8.56+1.63 b

8.06£0.25a 8.47+0.31a

5.60£0.75¢c  6.18+1.42 bc

9.91£0.03 ¢ 12.70£0.76 ¢ 4.76+0.65b  4.78+t1.03c¢  5.51+0.48 ¢

CS 113.30+10.25a 136.43+17.18 a 136.66+10.10cd 11.67+1.10a 11.68+0.94ab 10.79+0.18d 6.23+1.46a 6.93+£0.85ab 7.43+£1.49 ab

FPEAA FIELARERE (n<3); RTTHVEHRE ARG FRARRIE P<0.05 KF R 2R BE (i) , T
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Table 4 As concentrations of early rice organs at different stages mgkg!
e As (fR#B Root) As (58 Shoot) As (" Blade)
Tractment S EE il S A I3 BE] il S A S BE] EiliEEe A
Tillering stage  Heading stage Maturity stage Tillering stage Heading stage Maturity stage Tillering stage Heading stage Maturity stage
CK 132.13+5.30a 105.67+4.81a 189.75+9.33a 13.47+£1.27a 10.7740.22a 16.78t3.71a  9.9840.25a 9.13£0.07a  10.36+0.56 a
CB-300  130.12+10.16 a 100.32£9.63 a 172.43+17.52a 12.69+1.46a 10.32+1.56a 15.31+5.52a 9.64+0.38a 8.74+0.24a  10.14+0.27 a
CB-400  130.03+8.62a 101.00£8.58 a 174.58+8.63a 13.05£3.52a 9.96+1.91ab 16.24+1.09a  9.35+0.76 a 8.72+0.35a  9.77+1.03 a
CB-500 126.75+4.57ab 97.38+11.55a 171.35+5.16a 12.36+3.14a 10.06+0.85a 15.03+5.68 ab 8.42+1.01ab  8.83+0.26a  9.92+095a
CS 122.64+11.93 ab 93.26+7.16 ab 160.39+£9.12 ab 10.18+0.82a 8.52+0.74ab 13.38+0.15a 9.01+0.93ab  8.60+0.11a  9.11+0.36 ab

N 4 ATH, BHEAS R K AEAR . 25 RN () oA
BRI RARSZER>M R, KFEIRES As SrETE
OYEER R AN S T 3 As (R (12337
mgkg" ), AKFEZER B b As SRR B
WAL T 3R As AR, KBEAEENMEKRE
W, fhe ST ETREE, XAl e KR
TES BERB AR BEHAR DY (R i & A i, e 24
AR B BEK R P e 3 s A D

DI KRFEFF AR K BARFEFFR A MBS
BT K RS ERAL As BUS RS CK ML,
FA A FIRERE BIRRAG, RP E RS AR AR A KA AT
A=W TR N REAS BELRS - ERIT RS 2K R RR Y 5
AN TRV BE TR 28 B4 5 KA AT A= W e 2 RE AR /K A
HEBLL As MU, (HRIRFIREZES LWl
R, XKFESEROL As B g PR IRRCR I
U, (HAS AP A 25 AR AR B BB K5 Bk
T AR AR A 735 I B8 108 25 B (PR e 25 B AR S As 119
Frims BRI, SR AR X KR A A
As TR R BN . CS, CB-500>CB-400,
CB-300,
2.3 EXRFEFEWRAMITAKFEHRARFES Cd.
As SR FFENZN

KA SeAREKH Cd. As S HEINFER 5 Fim,
S AlAL, RRERAIREA AN Cd. As e
KANIDTERRUT . o>k EKRFEFAEY
MR K RIS e P Cd 1S B R
(P<0.05), 5 CK tHIt, HAbALFIHSHE B2 RFALK
st Cd &, DL CB-500 ZbHXF 472 Cd &
IR R e dd, FRIE A 39.59%, 49¢ Cd &l

4.41 mgke's 5 CK ML, HAtAbBRARHE 25 AT
kb Ccd &, DL CB-500 ZbFEXHEE K Cd &=
ARG R A, IR IA 27.22%, K Cd &EH
1.15mgkg' . 5 CK AL, 258 s & 5503
FEAR T 1.50%., 4.48%. 6.30%. 4.48%, #54bFH
REFRMRA e A B & i, BR CB-500 AFEAR
FAEAN, HABA PR R BE B E PRI Cd %
H (P<0.05); BEAH B & BIFEAR 5.61%.
9.35%. 23.36%. 23.37%, FMHEXREFHANE
KAEFF A W 0% 4 X5 RE BHL 1 4 e fh i3 A K R RS K
N, Hd CB-500 & CS AbFRfE i 2R /K Ag 2ty
R R A, A AN PR R IR B B 2K
SMTHZ, FEAREHAEY R INEEREUK RS 7%
JekEkrh Cd. As 1%, LA CB-500 AhHAUR £
1, AWt Cd MFEIRECR R T As FURICR

ERRE (DRSS E ) hm, 5
CK A Lt , £ Ab BRI REHE /K RGP~ & {HER T CB-400
1 CB-500 AbBEIE R 2 E AN (50000 41.76% F1
5536% ), HAH Sz Z R AR E,
3 itig

HEHR+E pH Ny 7.45~7.99, Cd gl 213.25
mgkg', As MEEN 12337 mgkg!, 43Rl R
BRI ( GB15618—1995 ) 14 711 f%F0 4 £%,
K%+ GORRE A5 1%,

/iR 7iop /N | BN i B A /) P N e A 1
K, KREEIAh Cd. As SHI/NERIE= R
BN 2B BRI . R R>SZEF > >kl
K, XA LS R —E (JEAE5, 20145 5K
PR244E, 2016 ), 5 CK MEL, WINAS RIS T il &

x5 AEEIPFEHAIES Cd. As WEERKB~EHZN

Table 5 Effects of different treatments on Cd and As contents in paddy rice and yield of rice at Maturity stage mgkg!
Qb FEH A 7¢ Chaff BEK Brown rice
Traetment Yield Cd As Cd As

CK 136.93+3.31 b 7.30+£0.52 a 5.36+0.42 a 1.58+0.13 a 1.07+0.01 a
CB-300 146.42+1.80 b 6.17£0.33 b 5.2840.37 a 1.43+0.08 ab 1.0140.12 a
CB-400 194.11+17.46 a 4.63£0.32 ¢ 5.1240.32 a 1.25+0.10 be 0.97+0.08 a
CB-500 212.74+13.8 a 4414029 d 5.01+0.22 ab 1.15+0.13 ¢ 0.82+0.13 ab
CS 143.05+5.43 b 6.17+0.33 b 5.1240.13 a 1.25+0.10 be 0.81+0.20 ab
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MIEARFEFEYR G, KFEEAE T Cd FEEE
T2 FIX HRZH( P<0.05 ), H B il 2 T B2 FR 38

XPIKAEAARAL Cd SR FIRCR R E (£ 3),
X AT e i T AE Y E AR E 2 i Ak R, bt
B2t BT S B (C-0-C) | B3t (C=0)
FEAE S (REVERESE, 2013 ) o BEERREE TR,
AL (-CHy ) AN 3E (-CH, ) Wi
&K, WFFIRGEFEIN, Yo7 H R, 2
EVERSI (fEEES, 2016) , A E 4R TS
TR BH A RROR A B 2 Bl £ 1),
EAMIKAYICEI K, Ca, Mg #E AL, Ay
SR 3 ER LA RN, DR 8 A A R AT 1 458
BT R ASHMERR K, OH-RERS LA HR £ 35
W R Cd, Fir A 438 pH FHsr 2 F%AI% Cd ryff ik ( 3
BCEE, 2010) o FOKRFEFFM A 0 B RERFAIR/K
FEAE Cd Y, (ARIREE E/KF, XnlfE
JE TR AR A B2 A AR B sk iR (g
4, 2015) , SAEFRHA. B BRSO
K, BRI R Ki#% (2010) #1557 R
To KAEFT 4 FH A 3R g Fe & /NAZ pe i s
SERZEH 9000 kg-hm™ (1 T KA FFaA HH AL BRARGSR fe
U, HIERUEYIE R . RARCR I K A/
Z e

IR, AHFSE Fp AR KR — HA T AR,
KRS, HHEALE R ARG, -5 T 1%
pH 18, +3E Cd IR CdS UTiE, FEMK T Cd iR 5K
Kiz%:, 2009; Huang etal., 2009 ) ; /K50 i
FRAR T H3Esciieds Cd M Be AR5k, AR e T
HMERR AT RE, LRSS GBS KR
RGBT RE KR Cd W EE
JEH T KR T A PLBTRN CaCOs X Cd WAEIT
H(XpEE, 2015), FERMBACRET, HHE%E
Wb As” I As” 17 (George etal., 2016) . 164
AR, FORFEFFAE Y R X ERFEFH AR A Ak
FKFEERRA, As B85 CK A, #5A AFEF
FERIREATG, B KRS FFAS AN T KRS AT A 4 0 1 TR
TG BT e fh A 2K REAEAR N, (8 HX KA
W R As IRCRABE, SO FAYRER
— g o, X LABI B FIE AR RS e (L
WAWFFE S K1) As ) BB RE )84 25, il
1T B A e AR = LR B RE 77 ( Toru, 2014 ),

H3E 5 AT, BEkr Cd. As (98B Fl o
J& 1.58~1.15. 1.07~0.81 mgke', &F (&5
R (GB2762—2012)) 1 Cd. ToHl As PR
{5 (0.2 mgkg"' ). Heikenfeld (2012 ) FIRFZEFH,
FOKHFTEHL As B F i B As B9 50%LA I, PRIt
B, OREFFHREKRICHL As AR TE R 0.54~0.41

mgkg!, BIBIEHE SR, 52 AL,
TR FEFF A= W ¢ By T KA FFH53 A 0 i fin 27 FRAIR T
KAEREK T Cd. As BI& &, XS5 ARFFEA—3K
(RUHSE, 2013 ). /KRS &5, 525 AXHIRAEL,
AW R A N $E = T OKRE R, LA CB-500 AbBH
HBORIAE, X SEYRAGHETA K, EARFEFF
A BN IR RESE B /KRG 7~ &, 5 Sun et al. (2003 )
I Gianfreda et al. (2005 ) MIBFFE4E R —3, @t
TSI EKRFE R AR S B ARFEFF AR AR, BEA L
BHA% 12 Cd. As [ KARITHS .

4 ZEig

(1) 5 CK #LL, NIRRT 6l & 1 ERFEFF
AR AR ERRK R . 25, mh L Bk Cd /Y
i, R RBEESCR, JUHLL CB-500 RH
FEROR o B3, T DU S R K RS A AR 45350 Cd
TR FORFSFPR AR HRE B PR R
IKREAFRAOL Cd i,

(2) FRFEFFH AR RAEFFIL H 17 X BERFARK
TR AE T IWIATROL As &8, Bk As 58 F
[ 5.61%~23.37%.

(3) KEE=8)5H, 5 CK M, &ubife
PEEKRE A, HER T CB-400 F1 CB-500 &b FHI4 IF
TSN (A58 41.76%H01 55.36% ), HAALFE 5%}
AR AR E,

Sk -
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Effects of Corn Stalk Biochar on Absorption and Accumulation of Arsenic
and Cadmium in Rice at Different Growth Stages

ZHANG Yan, TIE Boqing*, LIU Xiaoli, ZHANG Miao, YE Changcheng, PENG Ou

College of Resources and Environment, Hunan Agricultural Uuiversity, Changsha 410128, China

Abstract: The occurrence of excessive Cd and As in paddy rice occurred frequently, and the rice quality and safety problems were
highlighted. In order to investigate the effect of corn straw biocarbon and corn straw powder on the migration of As and Cd in rice,
the effects of 1% corn stalk powder (CS) and arsenic-cadmium compound polluted soil (CB-300, CB-400, CB-500) were used to
analyze the changes of As and Cd contents in different parts or organs of rice at tillering stage, heading stage and Maturity stage. The
effects of adding materials on rice yield were analyzed. The results showed, the contents of As and Cd in rice at different stages were:
root>stem>leaf>brown rice; The addition of corn straw powder and corn straw bio-char could prevent the migration of As and Cd
into rice plants, Compared with CK, the contents of Cd in different parts of rice were significantly decreased in all treatments (P
<0.05), and the treatment of CB-500 was the best in the three key growth stages; The application of corn straw bio-char could
decrease the content of As in different parts of rice, but the treatments did not reach the significant level. Compared with CK,
application of corn stalk bio-carbon and corn straw powder could increase rice yield by 6.93%~55.36%. The results can provide
theoretical basis and data for biological carbon control of arsenic and cadmium polluted soil and for rice safety production.

Key words: Corn Stalk Bio-char; rice; arsenic and cadmium pollution; different growth period; absorption accumulation



