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BIF TR, it FH A= 0 T AT b e R R AR - 33 e
eI S T T TESLERRL b, ASSCRI R A R
TRV AL ] 1A= ) —— AT A= CLAT fai A
WFT RO AF08 Cd 15 e H3RINEUR G, W FUAEAN AR
Cd BHAAAF T RIAAT R AL, REIHS AR AL Cd &
B, BTG Cd TR HeIE M & 4R IS,
CASHEAR AR PIRTERE NN Cd RIS B L Cd
BRI, O Cd {5 R RIS .

1 #RETE

L1 5w

KRR, T 2015 FELER FE A K =R
X7, @AM LI E PSR KHPE, T35
oL, K EERTE, oS mm 0f, BER 25
kg, T3 pHE N 7.12, HHLE S &N 13.65 g-kg',
Bl R S o 42.12 mgkg!, AU B 38.67 mg
kg', WA EENTI2Z mgke!, AUS G E
N 0.12 mgkg'o R R 1000 R 56 750 Y k)
W, FOHEZAN38ecm, FHHEMAN3Sem, &EN
30 cmo RIGAT, SorEiRISH EEZE, $% 120 cm X 50
em ATHREE, BEE TREN, BXTEERITEL,
R AR T Lo A R W B R =R R IR A
FRAR], 7E 450 CHRE A FHIME, pH N 9.67, Afk
75.6%, CEC (PHEST-3C#5) 85.65 cmolkg, BET Lt
KR 6.072 m’/g, THIFL4EHN 2.769 nm.
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Fig.1 Effects of biochar on pH value in Cd contaminated soils
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AR it R EE I R I PR R, Hoh A B G2
BONEER NS, kI G2T1 AALFE G212 1+
B A Cd B 52.1 mg/kg. 38.6 mg/kg, b
AL G2TO T P& T 15.47% F137.39%, 1fi &b GIT1
FALHE GIT2 I HIEA RS Cd & & 5l AL GITO
BT 9.74% i1 18.86%, AbEE GOT1 FIAbEE GOT2 1)
T3 A Cd A B B AT GOTO RRE T 4.51%
F17.08%.

70.0
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Fig.2 Effects of biochar on available cadmium content in Cd
contaminated soils
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Tab.1 Effects of biochar on Cd content in different parts of tobacco in Cd contaminated soils mg-kg
it Leaf
AL R E
Treatment Root Stem =ity rh il
Upper leaf Cutters Lower leaf
GOTO 0.96+0.11¢ 0.56+0.08¢ 0.65+0.08¢ 0.58+0.03¢ 0.93+0.09¢
GOT1 1.50£0.15¢ 0.69+0.12¢ 0.61£0.10e 0.56+0.08e 0.69+0.11f
GOT2 1.50+0.26¢ 0.63£0.10e 0.23£0.02f 0.26+0.02f 0.59£0.09f
GITO 12.38+1.51d 2.1040.23d 8.18£0.77¢c 13.55+1.12¢ 36.46+2.13¢c
GIT1 16.38+1.54d 2.68+0.31c¢ 7.67+0.54c 9.98+0.49d 31.73+2.85d
GIT2 30.93+2.12¢ 4.75+0.39¢ 5.831+0.48d 8.821+0.78d 26.92+1.99d
G2TO 25.56+2.11c 6.08+0.51b 18.8912.04a 31.73+2.73a 60.30+5.78a
G2T1 67.211+3.40b 12.12+1.38a 14.234+1.57b 19.66+2.01b 49.92+3.11b
G2T2 81.731+5.89a 1426+1.21a 7.63+1.01c 9.71+1.64d 33.04+3.53¢

e FISEEE 5 AR A RN TR ORI 22 R Geik (P < 0.05), R

Notes: Letters in same column and same block represented significant differences, small letters were P << 0.05, the same below.
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R 2 TIERRES Cd 5SEKEIAL Cd FERIEXES

Tab.2 Correlation of soil available Cd and Cd content in different parts of tobacco

TGS Cd

. . i = gt rh T
JuNAS
AREES BT Ava.llabl.e cd Root Stem Upper leaf Cutters Lower leaf
in soil
T A Cd
Available Cd 1 0.698* 0.755* 0.968%** 0.939%%* 0.953%%*
in soil
*E sk
1 0.993 0.521 0.421 0.588
Root
3
- 1 0.58 0.487 0.626
Stem
et % -
Upper leaf 1 0.989 0.978
S .
Cutters ! 0.956
s 1
Lower leaf

VE: R R A REROR P < 0.05 fiTP < 0.01 B3EKT.

Notes: The two asterisks represent the significantly correlation on the level of 0.01. The asterisk represent the significantly correlation on the level of

0.05.

24 Hfw3t Cd 5T IZEPRAKRE A Cd KRIZHR
Al

g {ZEEEARE AP ESE SRS
M ELSESENE (BHERARZE. ZRHLL
KARZR B o MEPE A B 48 % is ie ) 2=
FARK, Beia REGOK, RWEBRZ A0 =5 8 1)
g Jplsm U, ER ST Cd s g i E 4R
FEJR R 07 18] R e REUNFR 3 o 0 bL - Ar
] 12 RET A, AR BIZE RS R BN, 22BN
ot B e R BRI B AL BRI R AL
o) bt o5 A B T v T RIS, T B AR B 2R RR AR R
) Cd Bz 2 v, HREHB R M. £
ANHE A R s LR, X EE AR EE GOTO. G1TO Al
G2TO0, H - 25 HBAL I 1) % 32 2 B8 AN IR I I Cd ik
B H 3 2B S R . IS R ANE Cd B
T, RN ZE ) AL () A R B E AR R i FH = 1)
BT RS, HrRatr R - BRI B BT
A1, AbPE GOT1 A1 GOT2 437 Lh AL 2 GOTO 1% 39.71%
1 77.94%, kb EE GITL A1 G1T2 43 #) 4 B G1TO i
28.79% 1 71.21%, AbFE G2T1 A4k #E G2T2 43 5 tb
AT G2TO ik 71.62% F1 87.84%., “H4R - 257 #iz &
Bt A vt FH B R S I PRI Ry, (A& b P2

2R ARE. YW AEY KRG, Cd MWARFZEE]
TR A5 SR (1 1 45 W B ) B A
25 A3t Cd TR TIEFRAKESHBALCIEER
SR
BERBURIREM R — A — e Rm IS
TIEFZICRIRE L, TTRE CHIE - B R
HOLRIE RIS FEE M, EE R, XA
RIE “TIE-EW” RRPESITE, k2, BHER
KOG, X Rl oG 2B LUE RS P AR AL Cd
(1 'E R REUNER 4 Fzn, BEANE N Cd W EERI3E R,
TR SO Cd 195 4R RBOZ W RS,  MEPRI Xt
Cd EHEA%, A4F GO. Gl. G2 25N 1.48~5.57,
0.33~1.66. 0.20 ~0.98. AKJifI Cd [FJALEE GO, J& KA
AT Cd s & REm K, R Cd E &R R
H 5 rp R A LA K. X LR AR EE GO, i
Cd [P EE G1 A1 G2, ARXT Cd 1 5 RECKIE T %
W INEE B Cd FALEE, MRAZEXT Cd KIS 4 R BEE A
W it N 3G I OK, SRR R AL X Cd [
A 2 B A it FH B P B N B A, AR EE G2T2
A Cd s A2, 8 0.200 PR A
VIR Re % PEARMAR I o6t Cd IME R 5 AR I
55 7 B3P Cd mm IR R RE
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Tab.3 Effects of biochar on transport coefficients in different parts of tobacco in Cd contaminated soils

e et it G WEE L wmEer S0 S
Treatment Lcl){v(::; E:)a £ Root to Cutters Uﬁggrt lte(:)a £ Rsot(;trrtlo L(S)\t:]::: lt;)a £ Stem to Cutters U?)t;:rl lt:a £
GOTO 0.97£0.06¢ 0.61£0.08¢c 0.68+0.09a  0.58£0.07a 1.6610.21d 1.04£0.09¢ 1.17£0.09¢
GOT1 0.4610.05d 0.3740.02d 0.41£0.02b  0.46+0.04b 0.99+0.10¢ 0.81+0.10d  0.88+0.05d
GOT2 0.39+0.01d 0.17£0.02¢ 0.15+0.01c 0.42+0.03b 0.931+0.06e 0.41£0.07e 0.36+0.01e
GITO 2.95+0.35a 1.10£0.20b 0.66+0.07a 0.17+0.01c 17.36t1.16a 6.4510.43a 3.901+0.18a
GIT1 1.94+0.31b 0.61£0.08¢c 0.47+0.06b 0.16+0.01c 11.8410.99b 3.72£0.44b  2.86%0.53b
GIT2 0.8710.054¢ 0.29+0.02d 0.19£+0.01c 0.1540.00c 5.67+0.21c 1.86+0.17¢c 1.234+0.27¢
G2T0 2.3610.19a 1.2410.22a 0.74£0.05a 0.241+0.01c 9.92+0.32b 522+031a  3.11%£0.23b
G2T1 0.74£0.09¢ 0.29+0.04d 0.21£0.03¢ 0.18+0.01c 4.1210.46¢c 1.6210.21c 1.17£0.09¢
G2T2 0.40+0.02d 0.12+0.01e 0.09£0.00d  0.17%0.00c 2.32+0.31d 0.68+£0.08d  0.54%0.03¢

R4 EYFITRREEL Cd WEERBHIZ N
Tab.4 Effects of biochar on the enrichment factors of Cd in different parts of tobacco
I Leaf
bR R ES
Treatment Root Stem il R i

Upper leaf Cutters Lower leaf

GOTO 5.77+0.39b 3.36+0.12b 3.92+0.33a 3.51+0.42a 5.57+0.29a

GOT1 9.05+0.52a 4.18£0.28a 3.68+0.21b 3.38+0.21a 4.16%0.19b

GOT2 9.72+0.78a 4.081+0.55a 1.48+0.21c 1.6740.13b 3.814+0.32b

G1TO 0.56+0.07f 0.10£0.00e 0.3740.02d 0.621+0.03¢c 1.66+0.13¢c

GITI 0.821+0.10e 0.13£0.02¢ 0.39+0.05d 0.50+0.01d 1.60£0.21c

GIT2 1.73£0.11c 0.27£0.01d 0.33+0.05d 0.491+0.03d 1.51+0.22d

G2TO 0.41£0.06f 0.10+0.01¢ 0.314+0.02¢ 0.5240.03d 0.98+0.10¢

G2T1 1.29+0.32d 0.23+0.01d 0.27£0.04e 0.38+0.04e 0.96+0.13e

G2T2 2.12£0.17¢ 0.37£0.02¢ 0.20£0.01e 0.25+0.02¢ 0.80£0.09f

3 itit HmEEE T, IS, W] R A R

3.1 &R CdisHELEpH RIBFAHES CA &

= {:0EAl

ARIHT T AR, WA BV R R R,
LI pH S, S, EH S P e A,
JR R R e AR S B Z I Ca”y KT Mg 4§

H' Je e et A KF, BRI nT Se e b e, i
Pt pH™ . W FUSs ik RIANEA N Cd 5, &
5 pH L 2HUTH = (&%, TREIE ATy 2 52
BREREE Cd 15345, LIRS 2 B0,

PRI B R TR P, A E
AR TR S e )E B T 45 UTElE
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FARL B9 5z 30 dmd), 24 - 5 MR B BRI,
38 pH FHimr. H— A THHMRSZ 2] Cd B s, RARZ
FIFEE A FH NI SCEAR 5 734, (R 5e MR bR A 455,
i+ 3 pH J iy, HE S8 W 45 1R TR AR R AT RETE
B AR B pH R PR 1 8 42 B8 - N LA

it Cd i 3 B A R, H3EA RS Cd
SRR, BT Cd A S s ik 2
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e, IR SR EIE N, H RTE S RE S 1IREE,
AEMBEB IR, R TIUSEERE 546
A ROV T R BRI A R ER, SR Cd
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B (1) 5 — N R R 2, AR LA IR R R LL R T,
SHFEENSATRE Y M SIS Tk,
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IR R, SAERISESRERRENSE
o, (ks YR Cd RS MR R ] 38
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B, RAMEMRIE SRR, AEEESRET
faRZIE, AR i B i E SR P,
JE a5 PO IR g R BT R 2 W B R - 4 11
AHA Cd, FLBEHIAERES Cd FEFK.
32 A3t Cd TR TIEPHEKELCAEER
AN R R0

Cd 1A= 9 o it FH 2 A R R X Cd ) PR AR50 A
[, [A]— b B AR AN R A6 Cd R SR Bt AN
A, KA FEAERE T Cd i SR R BT .

Ptk BN B AR Cd iS5 Y KRS R A v AR
VIR FOKFERE T AP R 35 /b 1 F KA R Cd 1
SR, BC T HAEMEERY, MHHERRE Cd W
Hh B EE, BAR T BOKAEMR N Cd i 25
Bl A 2 W S AE M R P S R, R B I A Rk
JEFFS A Cd I 5 R B PR, AHE 50 AR
hnCd AR EE G1 T G2, BHPRXT Cd B'E 8 R B,
HRR R PV gt B, 2 RS PRI 4 R
TP ER S b 3BT Cd 1 E % 2%, R Cd
WK, (EDX Cd S S R B E PR C, JUH
FE B MM IR E 4 R A 4.75 FF & 0.45. WRERH
FHMAKRE Cd J5, Cd M ELEH S TR,
oG AR B RS (1) K AR B s B e, JF HAR
FRAE Cd FFBH I Cd s E B s s ropL sl B, A 4
JHBRI 1) & 5 R BT G, et fhi 2 U i s e
L s e g it P Ak, SR Cd [ 4
FHBE Ak ) A B . ABFF R, 7R Cd 54k

3, HEAEYI R I, Cd g R A R
PEEEPEAC, vIREEH T ARG, LiEhmrE
AFATHREE Cd AW mT RS mE AR A YA
IR T A, AT FEAR Cd 2B WA R FIml it
Bk, PH¥E LR Cd mEDIh L3 ia i E 4.
A GITO H, 22BN EH ¥ ic REON 17.36, 2
AbFE GOTO 17 10.46 £, 1AL GIT1 F4bEE G1T2 H1,
BT s RE N 11.84, 5.67, R
GOTO 1) 7.13 fi5F1 3.42 5. WeEhnEYI R 5, Cd 76 M
HAR R0 E L RET A, B S SRR, W
ARG, LA Cd S ERIK, R
FORIHh ) Cd £ B ORME B FEAG, AT A AR AR &
XF Cd = SERE 158, R xS Cd 1S SERE 1955

4 g

1) FfAED e it FH B 3 n - - 3458 pH B T =5
TERINANIE Cd 1 L8, RIS Cd & ERE
W R it FH S RO B I K T B

(2) BEAY R FH =B, S AR FI 25+ Cd
FrEORHEE N, AR Cd B E R

(3) AW mT LAYk 55 05 K0T 3% v Cd BT #2 g
71, BEAREE RN Cd s Ht . JBIH “AR - 23R Cd
% FREOR % R A I 1) B SR K AR e it FH =
S0 B
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SE ik
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Effects of biochar on Cd absorption and transporting enrichment characteristics of tobacco
grown in weak alkaline soil

YE Xiefenglx, ZHOU Hanjun', YU Xiaona', ZHANG Xiaofan', FU Zhongyf, MA ]ing1, QIN Yihe', HAN Qiujing1, XU Min’
1 College of Tobacco Science, Henan Agricultural University/National Tobacco Cultivation and Physiology and
Biochemistry Research Centre/Key Laboratory for Tobacco Cultivation of Tobacco Industry, Zhengzhou 450002, China;
2 Henan Provincial Tobacco Corporation, Zhengzhou 450000, China

Abstract: Effects of Cd absorption and enrichment on flue-cured tobacco were studied to clarify the restoration of biochar on Cd
contaminated soil and reduction of cadmium content in tobacco. Experiment was carried out in 2015 with pot plants (25kg per pot of soil)
in selected weak alkaline soil in Central Henan Province. The added exogenous Cd concentrations were Omg/kg (GO0), 50 mg/kg (G1), 100
mg/kg (G2), and the biochar concentrations were 0g/pot (T0), 300g/pot (T1), 600g/pot (T2). A total of nine treatments were used for the
two-factor test, which were GOTO0, GOT1, GOT2, G1T0, GI1T1, G1T2, G2T0, G2T1, G2T2. Soil pH value and soil available Cd content was
investigated. Cd content in different parts of tobacco plant, Cd transport and enrichment coefficient were analyzed. Results showed that
(1) pH value of soil increased with increased amount of biochar, soil pH value of G2T2 was 7.81, and available soil Cd content decreased
with the increase of biochar application. (2) Cd content in soil and tobacco leaf showed very significant positive correlation, and biochar
could regulate Cd content in different parts of tobacco at the same level of pollution. (3) The enrichment coefficient of Cd decreased. With
the application of biochar, transporting coefficient of cadmium and enrichment coefficient of Cd in leaves decreased. It was concluded that
appropriate application of biochar in Cd contaminated soil could reduce content of available Cd of soil and reduce content of cadmium in
flue-cured tobacco leaves.
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