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Effects of charcoal on growth and Cd uptake by Brassica chinensis in Cd—contaminated soils

LUO Yang', GAO Jin’, LUO Xu—giang', LI Yi'

(1.School of Geography and Resources, Guizhou Normal College, Guiyang 550018, China; 2.College of Agriculture, Guizhou University, Gui-
yang 550025, China)

Abstract: A pot experiment was conducted in Cd-contaminated soils to investigate the effects of amendment with charcoal at 5, 10, 25, and
50 g-kg™" on soil physicochemical properties, the growth of Brassica chinensis, and the absorption of Cd. The results showed that the applica-
tion of charcoal could improve the physicochemical properties of soil. Soil pH significantly increased when the application amount was great-
er than or equal to 25 g+-kg™'. The SOM, available N, and available P content under the charcoal application treatment were all significantly
higher than those of the CK. The content of available K in soil was highest when charcoal was applied at 25 g+kg™" or higher, and this dif-
fered significantly from that of the CK (P<0.05). The application of charcoal also promoted the growth of Brassica chinensis in terms of in-
crease in above ground biomass, chlorophyll content, and root biomass. The application of charcoal also reduced Cd availability to and ab-
sorption by B. chinensis. Compared with that in the CK, the soil CaCl,—extracted Cd content and Cd content in the shoot and root were de-
creased from 5.05% to 20.57%, 6.08% to 35.98% and 5.13% to 31.50% respectively, when the charcoal amount ranged from 5 to 50 g-kg™'.
The Cd accumulation in each part of B. chinensis tended to decrease with increase in the amount of charcoal application. The results of the
present study indicated that the appropriate application of charcoal can depress the absorption of Cd in vegetables and improve soil quality.
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P e ik AR | L TR B PSS IR B 5 S
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FE Pk s e e IS i AR R
PR SEE ARBAE R —FRIE) 12 M s IR R A4
A ALk 2 N I AR TS B R
o MR EECLURE FOMEE Y, TR T A
I el R 50T o 4 i A 7 e - S H [ O 8 A S
45 5L e W R I R A AT A X A6 0 R B8 1) B o R 1
FH o B 20 RR A3 w2 a) 6 A B0 K e B I 4 =
T e pH AR, 0 T IR YRR S5 R R
P I PEAS Il TS PR A TG 7RG M b U T 447
MRS B SRR s B S SN BRI, B ARk
FHAE A B I0, AR Je i - 18 v i A 2838 A Al Ak 280 R 1
58, Jifi FH 0.48 kg m2 AR IRAE 30 d B X} 13 Hp A RS A
RN K 23.87% , F REA il AK S AR T

AN AZ 5005 Y 0 B AN 4 Sl S A
(i) 56 38 8 R e IR/ N 113, 456 & P 2 40T, AF
FEA IR 45 e - PR BT /N A SR K R
i 8 CaCLARBUS A & L AE 2, I\ 13— 4
RGN A BRI AR A S - 48 0l B 590 7 B T G 101 B
HRRIE T, DA AR TE AT Y - B35 B b 1 ] FH
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1 MREFE

1.1 et

PRl B B R /INA 22 (Brassica chinensis)
W 5 B T 2 2 OB s A7l 4. A by i 5 AL
AT, H AR 28 BURMHILBE FE B 5 s A R A v sy

TEARAR T A o A B () JEASE T < K742 0.15 mm ; HL R 1T
F140.58 m*- ¢'; pH 8.56; A ML 348.35 g-kg'; & A
6.19 g-kg'; 4 1.45 g- kg 441 22.83 g- kg'; 4
0.05 mg-kg's

A3 1 R B 5 PH T 5 > DX i 4 3 JE 3 3
R FACH , LR L B 0~15 em R)Z
+ B AR A A S R U A O Ay 2 —
i, TSE G 2 P B AR KT, Pk - 5 i R A
PIR R A2, IR RIS ik 2 mm 0 45 o LA
PRALAE T pH 6.35; F LT 24.48 g-kg s it & 76.73
g-kgs A R0 23.05 mg - kg™ s BEACAT 163.87 mg- kg
4532.68 mg-kg !, CaCLEEHUSH0.62 mg-kg ™'

1.2 i3t

TR TE Bt M U A BE ARk St i AT . AR
B4 HRKF:5.10.25.50 g- kg, 43 Bl M €5,
C10.C25.C50, FF AATi A e (CKOAE Ry X BR, 3 54>
AOBR, BN BR 3 R E A . B A 0 A S R R
PR A] B 4 1.5 kg FARRE ML HHES
KA E) R KB ) 60% 2247, 76 28 iR R - iy — &
J& B AR RN I SERD - 20 8L, AW A K N B H
FEIF K, PR 3 K o f R )RR /K 1 60%
KA G B R L A R AR B Al S AR
FEEAMER 50 dJF , 4 R RTAR SRR AR | e
Bk K Ve, B LB Kook 8T, e,
105 °CF %7 20 min, 85 °C N4t T % 16 # J5 ¥ i &
o 8RS AR TR BE 6, 43 53115 2 mm #1015
mm JE J i, A5
1.3 MEMB 57i%

- AT BT R FH RS R A 4 VA D A -4 pH
K 2 COZE KR $E (LK 1:2.5) K% pH it
(8725 PHS=3C) M2 ; Bl fif ZUR TR HOL M 22 5 +
AT O SR AR BT L 700 5 5 - 498080 R FH K
FECEE VLI E | R bR ELAAI 2 2L SR 4 225 SCRR 9]
ERiOp RIS

N SR I g 2t A 48 2 R AN B
SPAD {H 5 /N1 38 H_F 5 FAR BB Cd 7% 4 >R H HNOs -
HCIO K 31 7, 134> Cd & 1R A HCL: HNOs (2%
4, V:V=4:1) IR A BRWH & , A novAA 350 Ji -+
WIS T S (7 ] S ) ) o 5 3 CaCLAR IS Cd R
FHE 1, CaCLAFE 7 0.01 mol- L7, +(F )M M 1:
107248, 9%3% 2 h, B0 2L UE , A novA A 350 J5i -1
WS T AN (] IS ) 9000 9 b Cd e B, it
AR O B SR Y T SRR S A (GSS &
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G AR PIAR HES ZRE(GSV &4, ik B as A E
FREEAT b s . R 2ZE WA 5% LA . B
FHIRGRI S R e g4t
1.4 BB R S5

256 BUHE S I Microsoft Excel 2007 #4705 2%
B, FH SPSS 22.0 AT & Jy 22438, JH LSD ¥& 4 7
ZH L, W E YRR E N P<0.05,

2 HRESW

2.1 AR#hE XS5 R M RA S0

AN F AL BEOK SR 0 - S 3 AL 1 oA AR 17 1 2
Lo ARpefntmgm 115 pH{H , C5.C10.C25.C50
AL FRAY %5 CK AL B4R 75 17 0.01.,0.04.0.10,0.12 424
f7, it i & >25 g« kg™ B35 F) B 2 KF (P<0.05) .
AT AILITT S i B A e Y A i e R, 5
CKALFRAHHE,C5.C10.,C25 . C50 b3y + 38 vp o ML
SR T 18.68% .31.17% .63.64% .81.17%, H:
ORI E N 50 g ke ' B AL 5 41.69 g+ kg '

B35 BEAR EL i I AR 2 25 A P AN [vi] A5 15 1 4 v
T SR i . L A A AR L R
N R C25>C50>C10>C5>CK , Jit fil 4% A 5 A 3¢ 4o 341
2 55 ) HECZEL (B G343 B 3 KT | R it fin 4 Oy 25
g ke ISR R0 O REY 2,10 %5 . it I AS e iR 1
T A AR S, LA IR 5 AR R R — 3
T F5e R R s Eb X BE A BRI T 134.55% 45 Ak B
R A /IR SR C25>C50>C10>C5>CK, (HALAE
AR R 25 g kg B 5% G I 2 25 SR, 3Rk
PREIEIEIN T 10.41% , b FRIR) 22 AN B3
22 AxiEAX/NAEENEHRM

R 2 WAL, /NSRRI AR e 1 T G 3 v
A K50 dJ, MBS A B AS IR Bk ) X BE G T 3
i, BEWE A 0.97%~22.91%, {HJEBR T €25 Zb#E Ak, H
A 35556 B ) 0 B e 2 S, SR Y OR B U n Aty

25 g+ kg I - HEER AR B R A, HE T A 2R/ SR AR
Koo ARIARBIKNT /1y SRR i 347 W i AR
PERLHE, 25 Ak B1 8]t G i 3 1k 22 57, DL B — it FH A
DR /IN I SRR Z8 A K B s 800, AN W] 4R
2.3 AxERAXNERITEZS BN

IR SPAD {ELSC B AR I Fr 4R B2, S5 2R K
IR SR OIS ol PR T AR 2k e
EEI NN FSR M SRR R (IR AR R A
IR e s s v #a Fe . /NE S R SPAD fELAE
KRB0 25 g- kg I IE f K, 15 %0 HEAH EL 3% 6
65.78% , ¢ W A 5 it FH 0T - 28 1) 384 I A 2 24 1

2 ARMERAN/NBFREYENRN
Table 2 Effects of charcoal application on biomass of

Brassica chinensis

b3 Mo bR /g A HEHR b /g 2!
CK 32.93+2.89b 2.57+0.20a
C5 33.25+2.18b 2.63+0.19a
C10 33.39+2.83b 2.47+0.21a
€25 40.48+3.93a 2.64+0.14a
G50 32.98+1.91b 2.55+0.07a
601 a
Ly
501 b _I_
wl . ER
EEEEI d
- 301
=
wn
20
101
0
CK Cs C10 €25 G50
fb s

1| FELEKETNERKHEERE
Figure 1 Sum of chlorophyll in Brassica chinensis under

different treatments

F1 A A L EEL RN

Table 1 Effects of charcoal application on physical and chemical properties of soil

b F pH AU /g ke T A /mg - kg™ A3 img - k™! A /mg kg™
CK 6.360.02b 22.94+0.86e 65.78+1.76¢ 21.85+1.67¢ 162.36+6.96b
cs 6.37+0.01b 27.22+2.90d 80.27+2.33d 28.46+0.29d 164.91+7.25b
Cl10 6.40+0.04b 30.09+1.33c¢ 101.930.92¢ 39.63+2.17¢ 167.33+11.74ab
€25 6.46+0.03a 37.53+2.10b 137.85+1.02a 43.29+0.58b 179.26 +13.61a
€50 6.48+0.03a 41.69+0.84a 126.33+4.98b 51.25 +3.12a 173.77+4.41ab

VI B NI, 2 P R — S IR [/ 7R R A AR BRI 22 53 2.2 (P<0.05), T Tl

Note: The data are the average , and the different lowercase letters in the same column in the table indicate that the differences in the processing are sig-

nificant(P<0.05) , the same below.
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Figure 2 Cd content of Brassica chinensis under

different treatments
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5% B8 2 R 8 % 22 5 (P<0.05) , WLE 3. C5~C25
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Figure 3 Effect of charcoal on CaCl,—extracted Cd content of soil

2.6 KExERAX/NERENIREE EI BRI

HE W) AR R BOR AR R N G R S AR Y
TIEEGE SR, FON YN HIEPRE SR
MIRE ST . HSINARIRIG /N S B IR AR s 4 R 2
L) B LB AN [ R JEE s A0 (36 3) , it FH R T
10 g-kg 'R IA R 255 RWTE—E =T,
AR AINBE R AT/ IN 11 586 25 B0 X6 5 A R i

Ha R R EARETESE SR SR
VIO B 2 LU, AT LA S AR AR i M b 4% 48
Yz ER AL, JMEMOR , RO R TSRy +
MRS RE o Bas o ph = 3 AT, il P A e RE R AR AR 1l
ANESERER 1) 3t E AR IE RS RO RE T o Bl ARSI
AR, 1T 7% AR (B A /D, At 4R 25 g kg
I AR, A 0.41, Z )5 BEAE U0 LA ) 3 5
JIr il g, %Ak L2 ) 22 5 A B2 (P>0.05)
2.7 T8 pH . CaCLIRBFREES/NAFRFRIEN
BxtE

X 138 pH | CaCl 3 HUGE B8 7% 1 55 /) F S 15 1
AT T A OGRS BT (2 4) S5 B SR B AR 5T h 1
HE pH 5 13 CaCLAR HGEHR & B LA B 3% TAAR ¢ (P<
0.01) , BEW] pH 25 i - e A R IE A B 2N K

R3 FAEALEBKETTNEENBEHNEERHNER R
Table 3 Bioaccumulation factor values and translocation factor
values of heavy metals in Brassica chinensis

under different treatments

b H M EMEERE REWERK SSEEES
CK 0.09+0.01a 0.21+0.01a 0.45+0.04a
s 0.090.02a 0.20+0.01a 0.45+0.02a
C10 0.08+0.01b 0.18+0.01b 0.44+0.03a
€25 0.07+0.01¢ 0.17+0.01c¢ 0.410.05a
€50 0.06+0.00¢ 0.14+0.01d 0.42+0.04a
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F4 TEpH CaCLIRBSRESES/NAXREEZEHEXM
Table 4 Correlation among soil pH , CaCl,—extracted Cd and Cd

content in Brassica chinensis

R gy CaCLIENGE b i MR
P -

o o Tt
pH 1 -0.710%%  -0.836%*  —0.749%*
CaCL PR HUAHA & it 1 0.802%%  0.921%*
M bR A 1 0.848%
e 1

TE R A AR BRI B 25 ARSE (P<0.01) ¢ n=15.

Note: ** indicate significance at 0.01 levels. n=15.

48 CaCLAR IS A8 & 1 5/ 1 5 M1 3 2 i AR
A R 3 IR (P<0.01) , 6B 14 CaCl 42
TP B ) R I /DN 1 S e 3 AR 2R e I i
REAR A 22 AL

3 I

KRB SEA W e b B AL G W R R 2 — 2
HALBRZ KLY/ | HE SR TR SRR R B iR
TEERRE ZRME S0 E R OCR FRET, il
A -3 e R A AR K AR AR RE (R A A A A=
K, bR b # g R AE 3 RN, 14 pH
(BRI AL 5 1 AR AR 2 —  BERE IR 3SR A
vk LR A R R AR RS s
ARG 25 5 Bow |, YR i fin i >25 ¢ - ke B,
pH AT R AT AD FRA 5 4 o D DR AR Hp A ik
PEY A Bt A 3 S5 A5 SR, RIS A S i 4 45
BEER IR T RS BRI T T
NGB T K, pH FH ", il T A 5T 4t
IRA IR A ML & ik 348.35 g-kg', Jiti A+ 335 Fifi
A I FH R (A BE I 3 AL et RN, X S
AR S SR — 3, AR TR R S 2
FI AR —FB 4y, BERAEVEYI =50 FI R %0 AR
)it FF A S A7 L TR RN e X R
Eb 357 Fie 38, D PR AT B R PR Sk — T A AR B
H—ERMN.PKICE, 75— F R AE T
I pHR B, 3G 0 T A R A 0 L, HARPLE A
ik —A 5T .

AW BSINAR seRe A Ts Y 38 B AED A=
YA B R AT RE R T A KA B EHE —
B HEYIE R R B ROCER " E A K &
B R AT B35 3 AR, P B A it A RRAI T
WA R R, RS B . AR

S5 W OR AR BAAE FH 8 10 g« ke BHH /N 324 |
R T HR AR R T 22.91% , 15 i 3 /K, i Hi A b
FEX/IN S R RAR IR AR Y s AN 5
— 5 AT e T AR B A G 1 SRR A
PEHE/IN ISR NP K SR E FRoC R MR ; 75— Jr T
FIRESE RRAR 1 LSRR A A A O L B TR R
MREFEME . ARBE A i, AT RE s A b
MR SR A S B YR A BT REAR, Al
HEJEWE RN E B AR, SeE R R
2R R A5 U A0 L H AL B, (S S A B 25
HAEMER, SEOT 7 RGP, AR E R 5N,
ARG, /NI A SPAD {2 5 56 38 I s R A1
AT RE S R AR R I A BEAI 17N 1 3 1l 35 %) 4
R I A, AT 907 5 X6 2 R SR E T, 3% 5 V7 4
BRI ST 2 R ALY

Amanullah ZEPF] Bandara SEPF 57 R 81 , 4
B 18 2 W A R BE pH T i T REAIR 5 Puga 5579 38 40
SE R I A CE R S 3 pH 2 U . Uchimi-
ya 5PN A B2 145 pH T, A2 R A RURRAR
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BRI fr , ST B R R B, AN )
FEUESEIX — 2518, 148 pH 5 CaCLARHUS A & AH G
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T A48 pH (EL, 538 3 W 265 A R B T A 4 4y 2T
SE RO, A A5 - 8 CaCl, 48 HCES 5% b6 A 2 FH 22 1 345
[0 52198

A TEARD LT EFOLR BRI A Y e
PE, AT DL SRR N 3 2o i A A AR
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ARG R R, /N SRR S e RS T
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