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Effects of corn-stalk biochar on the growth of Chinese cabbage in cadmi-
um contaminated soil
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Abstract;:  Using Chinese cabbage as experimental material, effects of corn-stalk biochar (10 g/kg, 20 g/kg, 30
g/kg) on the growth of Chinese cabbage in cadmium contaminated soil were studied. The results showed that the growth of
Chinese cabbage in cadmium contaminated soil was inhibited, and natural extension height, leaf development and single
plant fresh weight were decreased. In cadmium contaminated soil, soil cadmium content decreased, and cadmium content in
edible parts increased with the growth of Chinese cabbage. The application of appropriate corn-stalk biochar could effectively
reduce soil cadmium content, alleviate cadmium stress, increase the contents of chlorophyll, soluble protein and soluble
sugar, decrease the activities of superoxide dismutase (SOD) , peroxidase (POD) and peroxidase (CAT). In conclusion,
the application of 20 g/kg corn-stalk biochar can alleviate cadmium stresse effectively.

Key words: cadmium pollution; corn-stalk biochar; Chinese cabbage; growth

SRR A R AR, ARk, T AR
TV EAKHEBRAC T, R AL A< 2y, i B kAT
W XIPREE, SRR S RIS H i 5, H P
HRETEAMTIZREN , Jad i 1A
304 25 AN HUIX 352 BN R BE B B T 2, B To U Y

%5 H #1:2020-02-24

E£WmA . HRHE AW AR FIHRES H (2017YFD0801104-4) ;
FERF oM R <0 & %5 H (CARS-23-C10) 5
BRI AL Ml AR P R B HE S R R H

YEE B A (1968-) , 2, Wi i B i+, fIF 5T 51, EE
Fgi ok # 3 5 A B L B 3 A B SY . (E-mail )

jxm0917@ 163.com
BIFEE 1D &, (E-mail) yanlei_74@ 163. com; &= X2, ( E-mail )
fzwu2006@ aliyun.com

A& G BB B S 22— 2000 AEAR A AR A
XF 14 ASE G SR SE AT 2 R, & BRGE rh  e
PR IR 24% , Forh 4T Y g™ B g SR I e O o



S  FRFATLE B 5075 Y e/ SR AE KRR I 1001

SR PG Y i IR AE Y 20 2450 IR A
G4 DX KR M R R Y R A
HATRGRNREE, A5 3, B DIBL R e + 50 1l
Py TP B AR R R A KRR R A AR
i I B R A AR BRI, fE T AN
RS AR A 22 4 S b, I SRS S P R 1Y
BRBREEH 0.2 mg/kg' ™, FPEEE " FEWFTL R T Y
I 6 FfvRb R AR S E] g S e AR R R 22
I, AN R 2t i 35l P P o7 4 AR SR 22 5 4K
R e s P R A SR By

AW R — T4 TR AR A P B
PRAGZEAE T o il 2 i) o S bR, H 2 T A
FLBUR IR, A KB E B REHS | 24 3
Tl R 52 SRR R D BRI SERTDCHE , AR
R BREE R IR B I RE R LBl AR ) T BR AR B, HoAk
AR AT USRS AR AT R R A ) &
2 W AR X B P IR AL, 5 i e X AL 1 B A
T, A RS YA R KR B i RS
AR, RO T B S R, P
FERRTT QAT NI A= %, T REARAE AR PRL P A4
Fa AR AT A R B A RS R
AR S, ARSI A R
F1 KT ENERBEFENROEALER

Table 1 Physical and chemical properties of soil and corn-stalk biochar

KT ARSI E TP )
S T HTBUR R IY A L RIE A7
BETLL A 95 B /I LS 6 LR
T LSRR T YR 2 4 B K T
SN OBFIESEATHRIE. 7RBE KL 5 S
IS S TR, BTy
PR, AR B 3 K, ASRIOR
(RSFPALTCL MO A RO, e, )7
B R O e S, BT
ANEIEAIRI TR, R 2, AL 4
SYLERBE FTEHEHI TR RFT Ay s S
AN K AR DB B TR R R
PR, LSS 2 A e P B P b
1 MRSk
L1 B

/N RO AR P TR
FITIEEAI S 7 22 6 08, R A T 2 3
(BLERFEFEAIERL, £ 400 C 2 FE F Beil L) i
AALAM VIR IR B BB, Bt E 00 5
Sl e BEHEM  3 BL, EIH F
FFPAE B TR L2 1.

o) ol FHLT A EHEGE R TN B B A A A
(g'kg) (g/'kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
+ 15 7.420 20.450 1.030 23.070 113.000 50.270 0.087
FORFEFFED I 8.750 32.910 1.820 29.870 38.470 71.230 -

1.2 REHE

T 2018-2019 4FE7E AR b Al K5 1] BH 366 b 37
77 2 56, B4EST 5 A 1 BIFES, RAER
BTG e T ) AR, B2 (A0S D) 190 mm, 75 H
14 240 mm) B B M A4 3 kg, 4 1.8 mg/kg
SRR R I B CCL, - 5H, O VA IS W66 1) 198 b
FR3 T A 45 SR ml A, 3T 30 d R nl ik 3R
FERAS BUi R RS & TR IR R
A R PRERS T EERSTE N 1.76
mg/ kg, HA AR & 1. 02 mg/ke,

VAR REE, T6 A1 Hm
15 G A rh it AN [R] KP4 KRS FF AR o it
9K 10 ¢/kg .20 ¢/kg .30 g/kg, kb FEARHL 43 5]

0 D1.D2.D3, [RIAF, s T KA FF AR 4 o e BRI
it FH A R g b AR 430 R T1 T2
T3, DIASER AR HAS IS 0 5 KRS FF A 9 ¢ 1) b B
Xt R 1 (CKL) , DA AR B3 i £ KRS A A9
HBIAEBR G IR 2 (CK2) B PR 2% i B iR 45 | B R
PREERE2 2 2 0 1 WA B L BIHEITIR &, I 5 FORR
FEA 9 e — R TR I B 5 IR sa T Y e rp )
INEUEERD T HEAE R AR R AR 3 Bk, A
B 10 75,36 30 ¥k, 3 E K, BEALIX L HES], 7/
AR B IR TR A,

MAEFIGEE 20 d FFAG FEHLEURE , I 22 A1 S 35
st s N R Ny R AT N e
TR TR R A B Ak



1002 AR i N (A 3

2020 4E & 36 % 4 W

it} (SOD) W& AL E ALY (POD) 1 PEFNIS AL 2 i
(CAT) %], ZJ5 R 7 d BURE 1 9k, S HURE 5 Ik,
FEf e 1 UREUREIHI 2 MR SR A g B I o F
BERIEARREE i . +EE RS & R Tessier #2
Hukme™, 5 R GB/T 17141-1997
JEFIR eI ) 0N PR T  FH R
HNO,-HCIO, 7 7L 2 4 2 3 i 2 >R
SRR a7 m] v M B A 0 R FH T
Foridkt ™ A I A A R T SR S
W G-250 ", POD IE M B I SE R AT B K
2 SOD A A I E SR A EUHE Uk CAT %
PERGIN R A R AR IR vk

FH SPSS 23.0 i A BN R4 7 5000 A 5 48
11, K H Duncan’ s B & 227500 22 5 W20,

2 HR50Hr

21 EXRBEFEYRNTERIMAFZETRAIBAA
REENFI
2.1.1 aERTREAF ST F2 0N, EW

®2 EXBFEYRINERAEARMLESENHME

BB R /N SR, TE I8 S N RS R AR
Yy, T B A S A AE RO A B . /N R
PR T4 75 4 P BE /N SRR FEAR AR
PR B e N . o T A e T KRR AR A=
) CK2, 7E/NH SRAE A S 55 34 d B T & R0 &
HOLHEE T 0.200 mg/kg (M 32K 58 32 40 A %
KR 0. 200 mg/kg) , LA o] & F R0 B A%
2T, W ERFEFAEY =T DA — @ B Ly
ZIN SR B A IR AL , 2 B0 kg 00 5 1 254 B [ B,
FEAE 5 e 3 b /N ] B R4 7 1 24 Bl
F TRFEFE A it FH 2 B i A, 7RG RS
%534 d,D1 AR R /ST B AR & i AR
ELT CK2 (B AAFEBAR IS, D3 A3 T /N3
A R 5 & SR T D2, i Z M 22 7 A R
BB EMT CK2, It B & AR bR, 3RS
48 d,D2 ZbFH R /N SR AT B AL 47 & 5o 0. 195
mg/ kg, RPEH AR, D1 D2 D3 AP /NE ST & H
WAL RS CK2 M, A BIFEAR T 27.6% .
45. 191 49. 0%,

Table 2 Effects of corn-stalk biochar on the content of cadmium in edible parts of Chinese cabbage

fb 7 NS AT £ A 4 A i (me/kg)
#EFIE 20 d #EFIE 27 d RS 34 d RIS 41 d R 48 d
CKI1 0.0030.001c¢ 0.004+0.001d 0.00420.001d 0.00420.001d 0.00620.002d
T1 0.003£0.001c 0.0030.001ef 0.00420.001d 0.004+0.001d 0.00620.001d
T2 0.002+0.001¢ 0.00320.001ef 0.0030.001de 0.00320.001de 0.00420.002e
T3 0.00220.001c¢ 0.00220.001f 0.0030.001de 0.00220.001e 0.00420.001e
CK2 0.021£0.001a 0.11220.010a 0.239+0.019a 0.24720.021a 0.355+0.011a
DI 0.019£0.001a 0.07420.005b 0.2010.011b 0.209+0.009b 0.257+0.020b
D2 0.018+0.001a 0.050=0.002¢ 0.161+0.016¢ 0.18620.019bc 0.195+0.022¢
D3 0.01220.001b 0.048+0.005¢ 0.146+0.007¢ 0.16420.012¢ 0.18120.015¢
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Table 3 Effects of corn-stalk biochar on soil cadmium content in Chinese cabbage

1R i (mg/kg)
g
#EFhE 20 d #EFE 27 d RG34 d #EFE 41 d #EFIE 48 d

CK1 0.08+0.01¢ 0.08+0.01c 0.0720.01c 0.0620.01c 0.06+0c

T1 0.0720.01cd 0.07+0.01cd 0.0620.01cd 0.0520.01cd 0.04x0.01cd
T2 0.0720.01cd 0.06+0.01d 0.05+0.01d 0.0420.01de 0.03+ 0.02de
T3 0.06=0.01d 0.05+0.01e 0.05+0.01d 0.030.01e 0.02+0.01e
CK2 1.62+0.11a 1.59+0.07a 1.34+0.08a 1.18+0.05a 1.14+0.09a
DI 1.53+0.05a 1.40+0.11ab 1.312£0.05a 1.170.07a 1.030.05a
D2 1.45+0.05ab 1.36+0.05b 1.25+0.10ab 1.05+0.07ab 0.90+0.06b
D3 1.32+0.09h 1.15£0.06¢ 1.14+0.09b 0.97+0.06b 0.85+0.08b

CK1,CK2.D1.D2 D3 . T1,T2.,T3 W3 2 i, [FFEHEE A NG F R R A R A HR R 25 5 .25 (P<0. 05)
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Table 4 Effects of corn-stalk biochar on the growth of Chinese cab-

bage
b E SRR 5 BE I B EARR A T ek
(em) (em) (g)
CK1 20.27+0.58¢ 18.30+0.83b 84.97+2.52bc
Tl 21.13+0.48h 18.73+0.49b 86.47+1.93b
T2 23.87+0.76a 20.80+0.83a 92.80+0.94a
T3 21.80+0.94b 19.87+0.37a 88.80+1.50b
CK2 18.17+0.25¢ 15.10+0.59d 56.17+3.58d
D1 18.73+0.42d 16.50+0.62¢ 65.73+6.05d
D2 20.20+0.62¢ 18.27+0.33ab ~ 79.63+2.87cd
D3 19.13+0.87d 17.57+£0.68bc  71.67+2.45d

CK1.CK2 .DI.D2 D3 .T1 1213 W 2 1. [SIR G AN 7
REFRIRAN R Ak B ] 22 57 W 2 (P<0. 05)
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Fig.1 Effects of corn-stalk biochar on soluble sugar content of Chinese cabbage
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Fig.2 Effects of corn-stalk biochar on soluble protein content of Chinese cabbage
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Fig.3 Effects of corn-stalk biochar on chlorophyll content in leaves of Chinese cabbage
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Fig.4 Effects of corn-stalk biochar on activities of related enzymes in Chinese cabbage
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