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(LA BRI HHT AR B R S SR = WV LR MK Wi VL 62 3113005 2.WiVL4E HH5 Y W iB i S SL g =,
WA R WL % 311300)

WE. R AR RE R E AR5 e - B B2k il Al AR Tl BRAG  e  4 v e ol D H AT
BEHEY MR . R R 3R - 8 0 5 ik TR SR A6 4R (Cd) 75 4 38 il FR AT 7% (0,0 1%
1. 0% A1 5. 0% ) Xt -5 0G tE B AR Cd IR RALNE Cd W SR B R, S50 R EHE R s T
13 pH (AL & &, IR T DIARES Cd &8, K 5. 0% T iR AL BRSO e dd . B59% 120 d, 5XF AR L,
5. 0% AT AL FRAY + 3 pH #2557 3. 80% (P<0.05) , H 3 ML & i3 in 38. 35 g/kg, ARG Cd HFEFBFEMKT
0.32 mg/kg, M), LR TTRBGS Cd Jem TR JRZs Cd ¥ ik, & m nl b3S Cd AakE S cd $41k, if
FAAT 06k /N2 A gy et RORARE T T TG S 3 R ), i P8 S o T A AR BRI/ N2 AR (9 i o d, BE v 5. 0% Prse b 3
RO AT, AR /N AR R b [ FF RO R Y50 1 B0 IR AR 34. 06% ( P<0.05) \21.57% .23.33%,

KR . ks DE; W

FESES. X56;S512.1 XERFRIREE. A XEMHRS: 1000-4440(2019)04-0818-07

Effects of bamboo biochar application on cadmium morphological trans-
formation in soil and cadmium accumulation in wheat

NI Xing'*, HUANG Qi-ying'*, YE Zheng-gian'"
(1.State Key Laboratory of Subtropical Silviculture, Zhejiang A&F University, Lin’ an 311300, China; 2.Key Laboratory of Soil Contamination Bioremedi-
ation of Zhejiang Province, Zhejiang A&F University, Lin’ an 311300, China)

Abstract: In-situ chemical passivation technology was an important method for remediation of heavy metal contami-
nated soil. By applying passivating agent, the activity, migration and toxicity to crops of heavy metals in the soil were re-
duced. Using the method of indoor soil culture and pot experiment, the effects of bamboo biochar (0, 0.1%, 1.0% and
5.0%) on the cadmium (Cd) activity in soil and Cd uptake in low grain-Cd accumulation wheat were studied. The results
showed that the proper application of bamboo biochar increased soil pH and organic matter content, decreased the effective
Cd content in soil, and the treatment of 5. 0% Cd application rate was best. After 120 days of incubation, compared with
those in the control, the soil pH in the treatment of 5. 0% bamboo biochar increased by 3. 80% ( P<0.05), the soil organic
matter content increased by 38. 35 g/kg, and the soil available Cd content decreased by 0.32 mg/kg. After the application
of bamboo charcoal, acid extractable Cd was transformed to reducible Cd, and finally transformed to oxidizable Cd and re-

sidual Cd. The application of bamboo charcoal had no

7S B B9 .2018-10-29 significant effect on wheat biomass and grain dry weight.
HETE SN2 % BRI T 21355 H (20172015401 ; #7791 Proper application of bamboo charcoal could effectively re-
AT SR LI H (2018C02004) duce the cadmium content in wheat. Compared with the
TEE®N A 32(1993-) 2, WiHAFsE 4, F 8K % F control, the cadmium content of wheat roots, shoots and
53®EGEMR, (E-mail)15957129667@ 163.com grains treated with 5.0% bamboo charcoal decreased by

BIFEE .M IEER, (E-mail) yezhq@ zafu.edu.cn 34.06% (P<0.05), 21.57% and 23.33%.
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H HAE B4 (Cd) KoK &0 B Sk
Pk, £3E Cd V5 g — E 2 Bl et R e, 2014
AR A E IS YUIR B A A R ) TR P E
LB RIE 16.1% , A5 Y H, Cd i
PR, 7.0% " (ENERMESECR M
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@%%#FETT W EE KR T AT
JRRE AR AU
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W PR R VR B %2 4, B BN AR E AT T A
(R — A~ MR R B XERSL A W A R — P BN 1 1
HEek B, 7E 808 5 RN T D8 4 R B T e AU
J7 T EA TR Ty, FEWg B 4 Ja i LB 3 B A4
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Table 1 Basic property of tested soils

HOREALT, X 3T AR Cd B A R K H AT
TEARIRER | G S 4015 Ye Ak H 4 S B (L AR
PR AR50 1 7 1 B AT R Cd IR B AL/ N
1279-9 5115k Graz TR0t AT e Xf /N A2 HE A
Je A3E Cd Wiz, LA S B IR BE Cd 75
4 PR ER e HR,

1 ARSIk

1.1 ks

M/ INFE i 2R A I R FE 6 07 0 T A5 T R
Cd MR BRI/NAZ 1279-91" | iy v [l 4 b B2 B A
Yy AR 5T TR AL

M R [ R A B B g S b,
WENEERE(C) {S Y pR 1 e (1) . B
0~20 cm MFRZ LI, B TR, LY E
i 2. 000 mm Fii g . LA Y0 h T BT i (400
CHIE) IR T 0. 154 mm 45, AR+ 198 &%
PR BEAPERT LR 1 3K 2,

H AH AR A SE AREiSE BENMEE 2ASE  2AlESE 2NEE WA E  AMWmE=E
P (g'kg) (mg/kg) (mg/kg) (mg/kg) (g/kg) (g/kg) (g/kg) (mg/kg) (mg/kg)
6.03 46.42 355.98 31.43 170.67 4.10 0.69 28.99 3.43 0.49
*2 TRpHBEREEFRHSEE
Table 2 The pH, alkalinity and total nutrient contents of bamboo biochar
g AORER WUE  EAR AR WAR WAk KaR EAR ek Hak
P (¢/kg)  (mmol’kg)  (g/kg) (¢/kg) (g/kg) (mg/kg)  (mg/kg)  (mgkg)  (mg/kg)  (mg/kg)
9.41 595.21 414.73 8.06 0.62 0 1 728.04 475.33 7.48 52.39
1.2 RIigit fief 5 S AR Bz Fii %k R 1 AR AR AR AT AL (8
1.2.1  BEEBHFXE EYSEOREA AT R TR IFE A KR, AE 25 CH IR A

R HoW R R B LR 4 bR 4
SR AN AT e (R B VAN 0. 1947 s A 3R s
T 1. 0% AL R SN S. 0% 47 B db BR &34~ kb B
BE 3 W, BT L RAT % 5 LA _E R ) 5
SHRSIEH T kg B FRRZ R IEH 2B T KK
- K R & AR KA OK &Y 70. 0%, AR

TRESR B T d BRI I A K Ay iR
PoKEEE, R0 d.30 .60 d.90 d,
120 d, B, AR, 3 2 mm G 3 Hrill 2
1.2.2 REEHXE NELFMRE/NE 12799
KR Cd AR B4, L) 3CdSO, - 8H,0(f4k4l) N
ARG Cd, B m B e, cd R E R 3
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FE/NFE (P IR, TR A0 0. 19 17 5 RhAs /N 22, 3%
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Gy e
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K FHARU T 10 | Olsen ¥ RIS 2 e 2 4- K MG b 2
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oy Ry 4 53 BRI HRBGE AR AR Bk
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FH LB & 45 B 1K & 5Ok 3 {2 (1CP-OES
7000DV ) il 5E .

Vi sc pH R pH TTHLA I 2 5 47 e LR 25
R E IR AR A IR 22 5 43 B FH 2808 1k AR h
PL LA R IR D ) R Wl s U
BEB TR KR SHEREL (ICP-OES 7000DV ) il 5E fif
G R &8 T B SR S IR kA, TR % AR
NaOH iR 2 ke,

1.4 HiESH

FIHT SPSS20.0 A A 4T B H B 1+ 58 FN 7 22 43
Br, >R ORIGINS.5 #AFVEE, 78 R E =AY Hh
FHESE S/ AT RS R S,
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B 1B FEREA BRI AS TRt FH & 5 7 e %)

158 pH MR TR AT, #5550~30 d, £ Ab 2 1
3 pH ¥R, 1537 60 d,5. 0% 47 7% 1. 0% 47 e ik
PRI + 4 pH 43 %) & T % BB 5.28% (P<0.05) |
1.73%(P>0.05) . }3:61~90 d, 1754 4b B +
18 pH 53555 60 d AH L33 WSS B T 4T HE Y £ 45
pH BEAK A B ML, BE A5 ]I, 5. 0% 71 7% | 1. 0%
VR AL 3 58 pH 3475 T X IR Hodr 5. 0% 71 e dh
PRAY 0 pH F i, N 6.28, SXFREAHIL, RS T
3.80% (P<0.05) , UL, AT it 5 4 e, % 4 35
pH $&E TR R AT

6.8
6.6

6.4

+4%pH

6.2

6.0
0 30 60 90 120

Fr Rt 1A (d)
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—a— 5.0%V R0 —e— XTI
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Fig.1 Effect of bamboo biochar on soil pH
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XF R 5 BEOAR L 43 3G T 38,35 g/kg . 5. 31
g/kg, M 0. 1947 A Ab B A ML 1 oI ik 4
FRRCR . L85 Pyt P ek Ry R A L B o
()42 T BOR B,
23 MIRMTEELRE CdERSSENF

Kl 3 @ B BE SR ] AN W] 2 00 7 e A
FEXTREAS B HEA RS Cd FaERRURAR,
F£0~30 d, &40 FRAY T RS Cd & = BB A
B3I REAEG , L 5. 0% 777 7k b 33 AY 358 45 3003
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Fig.2 Effect of bamboo biochar on soil organic matter content

0. 1% AL BRI IR, 5% % 120 d,5. 0% 47
RALEE 1. 0%A7 3R AL FLFN 0. 19% 47 B kb BRI + 34T
RS Cd & 2 BAL T X B 2 MG T XT IR 0. 32
mg/kg 0. 23 mg/kef 0. 21 mg/kg, £ b, AT ab B
YA AR A RS Cd & ESUR , BAT B
R 5. 0% I FEARSCR e ft:

10
i

4 0.8
e

ka

= é 0.6
J,@E ~

= 04
._H

HEFRINTR] (d)

—o— 0.1% 1T RALEE; —=— 1.0%F7 b3
—a— 5.0%T A —e— Xf
B3 it tEERSRSENEIN
Fig.3 Effect of bamboo biochar on soil available cadmium

content
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Fig.4 Effect of bamboo biochar on percentage of cadmium

form in soil
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Table 3 Effect of bamboo biochar on biomass of different organs of wheat plants

b FEVaEL7/h iy = M EX RNy gim-FEe  HAanTEE ERTRE e R

(g, 1#k) (g,18k) (g,1¥) (g, 1#k) (g,18k) (g,1 ) (g,1%k)

Xof 6.23+1.03 0.82+0.13 1.48+0.23 0.1120.03 0.22+0.06 0.68+0.18 2.92+0.46
0.19% 1543 5.30+1.23 0.82+0.19 1.300.40 0.100.04 0.21+0.04 0.56+0.20 2.32£0.67
1.0% T %A 3 6.41x0.60 0.97+0.16 1.57+0.23 0.1120.03 0.2420.06 0.65+0.05 2.86+0.13
5.0%FTHALEE 6.13£1.90 0.80+0.33 1.73£0.23 0.100.03 0.27+0.06 0.57+0.25 2.66+1.18

2.6 RIPNERAPERERSENZM

4 MK 5 BoR, Cd fE/NZ &4 B WA FLEE L
A3AT L BRI AR S A > 255 > 61l it > 27
5o KPRL, /NAE b 3R Cd I BAR T T B Cd
Tk, B3R Cd BEEEE/NENRR, WNE
F5e KPR Cd F AR FHALSE . BRI,
BlE AT R RGN, /N LR AR Cd & R
S, /N 130 R Cd & 2t R R
POANE Cd Fefe R B0 (bR R SN

R4 RN EEHREEEFRERSENZN

Feo 0. 1947 RALIAL 3 /NAZ X Cd A W i, JHE Ak
(Rt b 8 MR Cd B i gy B R o T
8.82% .15.07% ,1fij 5. O%T’Iiiﬁi@%ﬁﬁ%ﬁ? Az
XFCd B M, FEAR BRI /N AZ £ R Cd B i
i, Hor 5. 0% AT A A B /N AR Cd ﬁ%ﬁxﬂﬁi’
FFEAR 34.06% (P<0.05) , 1 &6 Cd & & %0 1R
FEAR T 21.57% FFki Cd 25400 BE AR 23.33%
25 b it IS S AT e P A R AR /N 22 AR R X 1 v
Cd P,

Table 4 Effect of bamboo biochar on cadmium content in different organs of wheat plants

W E (mg/kg)

0.08

«’EMK’?A’(%E& ABEFE i A AW IR T 1

JLEL .
Ui B S Fogpnt E FERL
R 4.58+0.38b 1.81+0.42ab 1.54+0.43a 2.76+0.82a 0.51+0.16ab 0.60+0.60a
0.1%47 % 5.27+0.69a 2.37+0.71a 2.65+2.12a 2.39+0.89a 0.77+£0.48a 0.68+0.68a
1.0% 1 5% 4.52+0.32b 1.78+0.20ab 1.54+0.85a 2.8120.97a 0.52+0.11ab 0.58+0.58a
5.0 5 3.0240.07¢ 1.390.20b 0.93+0.24a 1.99+0.99a 0.33+0.08c 0.46+0.39b
[FIZNERE 5 A RINE SRR IR AN R b 21 225 5 i 2% (P<0.05)
7 032 R
6 3 9 e
B 024
3 5
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Ho kB, TR AR D

B 5 frxstEi EEfit TERES SN2
Fig.5  Effect of bamboo biochar on cadmium content in

aboveground and underground part of wheat
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