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Ve IMEEREFF . TORFEFF R H AL A I T ifl 678 PR B B I - 198 C A R0 AR AR B 45 30437 Cd B et A S 30T R
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SBEART 19.1% . 23.3% . 17.9%, H TR R BEARROR A 2 82K iR BrtCd. Znd
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BRI

1.1 kRl

FH 1] 3 50 75 v [ A B 2 e T M S 5 il i
fro MRS SR OANCSS, o E R R
B A F A ST BT AR AL . K W £ (Fluvo-
aquic soil ) , pHH8.90 (Kt H5:1""" ),
HOLR SR N12.0 g kg™ (T8 R4 A1 I 4
M E 0T, BT A E 8.3 emol kg
(Ao -mmEmE ), g EnN
17.6% (OGRS Fricme > ), gy
TG ENO0.152 mg kg™ ( FK - F RN Mk
)

I TR BB AL AR R 2R T . SRS AT
TORFEAT (il Fr e ) ke e ) o Hop,
e (pH=11.1) HCH T EF LR SR, X5
LGB HA BN . Fe,0, (28% ) . ALO,
(21% ) . Si0, (20% ) . Na,0 (11% ) . CaO
(6.2% ) . TiO, (3.3% ) . MgO (1.3%) . K,0
(0.26% ) . 105CHNMETZEEE, BEFEFE] mm
g o FEORFEFF AR AT T70 CHLT 2 {HE,
FEWR G L1 mmPfies o AR08 . SRR FF . EORFSFF
3FP R SR S i 58 0.26 0.34, 0.22 mg
kg™, EDTAIZEUAS & #3/MT0.01 mg kg™, BT
D) 22 AR 700 S5 Cd 7% fat X0 Y 5
1.2 Wit

R R A HFE R X &I, DNXEH4 m?
(2mx2 m) , SPEIRMNL.5S mg kg™'Cd, KU
CdSO, - 8H,0EXMA , P24 H )5, &EIK
Wb (AR . iR . B T20104E 80 Bk
g A ) o LB R [ A AL ) b B, )
Jpe (1) XM (CK) . (2) 0.5%750¢ (w/w)
(RM) . (3) 0.1%W=3EFEFF (w/w) (RS) |
(4) 0.1%EKFEFF (wiw) (CS) . (5)0.5%
I +0.1%MZEFEFF (RMRS) . (6) 0.5%H
+0.1% EKFEFF (RMCS) o FMEHEZSK, H
R EE NIRINEEACAL #E (Zn 4.3 mg kg™',
PLZnSO, - TH,OIE XA, WL 50 17 H A KR &
KFEFFABEEEIRALFE ) o 201 1—20 134 F A MK
HOWAEBIK AN TSANEE, &
INIX 10K o FhRE AT A 260 kg hm™, JfF
N : P,05: K,0=1 : 1 : 2Ll ek hie . EPAe. 4m
FHH 848 B[R] AA 7

1.3 #HBRXESHH

2012—20134FE M M FWRIG , £ /NX T8
R0 ~20 em T3, KT, 140.15 mm/Je i,
TR CAE =R HEDTAR LI E . FREL
2.000 g+ 3ERE S T50 mIE L, A0.02 mol
L' EDTA-Na, & #25 ml, =i F200 r min™ H:& Ik
%2 h, B804 000 rminT' 0505 h, 140.45 pm
UERE VR RR FH PR A A B R TR (1CP-
MS) MECd &,

JHRLISCRZEAT S B v AR (201 14EBRSE,
KEEMAECITREZESR) , W RS EIED.
AH . MEEEE, REFHRESH . FRE0.300 0 ¢
R T RIUE O, A6 mlik il iR A
2 mUBURUK OB %, TR R . k.
FKAES0 mlIfFil, FHICP-MSIE M ECd, Zn
G
1.4 HiE4E

FI I Microsoft Excel 2007 HEATYIE . drifE2Eit
BRER, FIFHSAS 9.0MANOVAREH: (LSD:,
o =0.05) XIS BEHAT 5 22 53 B FISA(E LA

2 4 R

2.1 AR EFILETHRM"ERZFHE
20134 MM A i (3R1) Bl o, WA
A IS, 25 0 K8 i 50 A A [ 2
7= SN LN Nt AL a7 = 05 1 )
2.4% ~28.3%. 2.3% ~20.2% . 15.5% ~34.7%;
RO A PR T R RR M R, B TR B R
7.0% ~32.1%, ¥ HORHEF . RMRS, RMCS
>RS, RM>CS, HHRMRSAZb 5% =34 % i B
B, MR EIR161.8 go Jili AL G 5T =
ForR L R TR, t R E T A
B, HE-N2.9% ~20.2%, P E R TR L
Ve, FLrPRMRSAR B ™ {8 fe i, B0 BB I T
31.3%,
2.2 FESUHFILETHEANSCIZET L
HHE 1 Af %, 2012—2013 W 25 48 25 - 358 A 4k
A Cd BB AR A B e, 23 Boh 1,07
0.57 mg kg™ il HEEILTIS , 9 2 00 o+ 54 44
B CAdERADEICT 18.6% ~ 47.4% (2012 48 ),
16.0% ~ 27.0%( 2013 4% ), Bl AL A SR HEF o
RMRS > RMCS > RS,RM > CS, H i35 FH( RS)
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#1 ARMUFILCETHREEMEREFYH
Table 1 Tobacco biomass and economic benefit relative to treatment
o1
I L i)
ey rhi et Ly ARk ) ) JHE
Qb3 Ratio of middle
Upper leaf Middle leaf Bottom leaf Yield Production value
Treatment . and high grade 5
(g) (g) (g) (gplant™) (yuan hm™)
leaves
(%)
CK +Zn 4.49 £ 0.24c¢ 6.09 £ 0.30d 5.30 £ 0.26d 122.5+5.7d 61.9 +2.6¢ 26 413 £+ 967
CS+7Zn 4.60 = 0.38¢ 6.23 £ 0.23cd 6.12 £ 0.20c 131.1 +4.5¢ 63.7 + 0.3bc 28 150 =1 027de
RS +7Zn 4.76 £ 0.54bc 6.71 £ 0.32bc 6.41 £ 0.38bc 138.3 +3.3¢ 66.9 £ 3.5h 30 642 + 1 373¢
RM + Zn 4.79 £ 0.11bc 6.40 £ 0.44bed 6.57 £0.10b 1354+ 1.5¢ 65.8 £ 2.5hc 30 013 + 1 328cd
RMCS +Zn 5.25£0.18ab 6.89 + 0.30ab 6.26 £ 0.05bc 149.6 + 6.2b 71.9 £ 1.6a 34 672 =1 505b
RMRS + Zn 5.76 £ 0.18a 7.32 £0.23a 7.14 £ 0.24a 161.8 + 2.6a 74.4 £ 4.0a 38805+ 128la

7. Iﬂ*ﬁﬂ*jﬁ/{‘ﬁlﬂ?”%ﬂ?ﬂ‘filmﬁp < 0.05/KF F2Z R 5 ¥ Note: Different letters in the same column mean significant

differences at 0.05 level between treatments

12 7 4 mCK acs
g aRs @WRM
£ 10 A b B RMCS @RMRS
54 s be od
03‘;‘&0 0.8 1 Sy de
=¥ e a
SE 06 T bbb,
L
04 7 B NN
gt - N
b7 . a8 Eifi\‘\\
= 0 o5 :Q%\
& | SR : Ry
0.0
2012 2013
Ay Year

T CKOAXS I CSEKFEFT; RSIPIMSEAEFT: RMAARIE;
RMCSH e+ RFEFF; RMRSARJE-+HMZEREF; &bl —F5 b5
ANFTFHER AP < 0.05/KF B W E M. TIH Note: CK stands
for control; CS for corn straw; RS for rape straw; RM for
red mud; RMCS for red mud plus corn straw; RMRS for red
mud plus rape straw; Different letters in the same index show
significant differences with p < 0.05. The same below
K1 SAGGR AL BT A s Cd & AR AR A
Fig.1 Annual variation of available cadmium content in the

soil relative to treatment

BEALE AL T B RAEFE (CS), AHLIEHLEEfLT 4

BRI VO 2, RIR SRS E A

Bl AR T e R B MRS T A S Cd i

23 AEHEEFCETEESBACARILINER
P12 8 7 A AN [R] S C d 5 o o A R O

TEE > ER L R > 25, WS BRI S

WEREAR T2011—2013 = M5 M CdE1 &
L, REE AN R28.3% ., 28.1% ., 15.2%, LAk
oo R SR Cd B B B R R AE K 22 5
B4/, eI 1.81 5 2.00 (20124 ) &
Z£1:0.97 :1.05 (201345 ) , HrpHmERs &
AL AR R Cd A R AT X i o 0 e
S EL M A A C A AR B AR AL ZE AT AN,
T K20 134E 8020 1 24E AR 1T 52.7% . =%
AR 3 56 25 SR — AR I Al A R0 R AL 5 C 7 R A
REWRE, iR ERBCRHET N : RMRS,
RMCS>RS, RM>CS; %7 545 FI R K -5
MACAT mHE P A —, i LA s
LR RN S CAM . 20 124F 00 w5 + 3 A
B C i 5 25 FF R4S A i B Cd B it 43 i) S 4
BE (p<0.01) IEAXEHR (K3) 5 HT20134
HH R0 7 (] Cd & it 25 S/, HHER RS Cd
B E IS R Cd R I A e
R BEAEF G PR R ARG Cd F BRI
FARFRCAM Y, H MBS Cds &AL, MW
AV ] C o 5 o 25 S /N
2.4 MEHEMESHAEMCIEEF M REMNC.

VATEESER

El445 R KW, 2011—2013 = Z= it 4% 00 5 4
Bt CA &R IR T 19.1% . 23.3% .
17.9%, JUHIECARREZHhE . FErt, ke
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Fig.2 Cadmium content in different parts of tobacco grown in soils with different treatments

12 1=6.150x+4.575 8
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~ 1=9.817x+1.270
B 7 R=0716_3
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Fig.3 Relationship between soil available cadmium content and cadmium contents in different parts of tobacco
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Fig.4 Cadmium contents in leaves of different position of tobacco grown in soils with or without zine fertilizer
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(FE5) , Wi Z A A A) 2 B — 2] i 5
PR N Zn i 5538 PR3 ICAT G
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Fig.5 Relationships between cadmium and zine contents in tobacco leaves
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AE B8 B C.d 5 G A 3 v T B Ak 50 T DL g v R
PRA =0 (FR1) , JRHIE & f ORGP fn b
L R O 3 =T L L e (L e T 32 S B |
TG T g . AWEIEHE e & R 1o 4 - 0
EEmEALH, TRFEERESBEDEE, ®
EEE Y WIS R R A R AR TS
Je i Ae M e b i AR s, MR R e T
LA ~ 2475 o i P 590 it T 3% o A e 2 9y i ] i L 1A
A (1) AR s AR T AT
el PR S A s TSRS S A
DL o0 i R FOC R0 , EAON R A K AR Ik
BRI (2) HRIHEAEY A R ITAT 8
K. Ca, Mg, FeSHEFLE ™, AHEsmm K%
s AVIRA DR B BRI, b i) A £ 0%
AR, 4R IR Sy, i e e
(13 Jiti Bl A 70 A [ 782 5 Ml R ARG 17 00 75 4% AR 3z Cd
WA, T RB ISR T C kT K R A B A b R 1
BE, UHERCE BRI, W mELa ™

WE,

AL Bk TE AL 1 7 it FH 3 fg £ F 4 1 Cd A
Yy 5 W WO 285 ) ME IR A G Ak, REAIRAE 9 C d W IS AR
B AR AR VR T AR Cd P K S R3S e A
) B AL A AL 0 O AR U T R R A
A X 4 7 A L T I R O L i ) A AR ) A
JEI] Y Luo® 0T HE— A ) X W I i 2
FH AR & B Cd 5 AR e P9 3L ADE i X CAOH AR E 1
B, R & A VUE BB AR 2 Cd A LGS
AARMPGERFEA 5 WAL CAZE M STk,
Sod ket ', IR A S I 3
FEFF M T REAC LA R . BHL-LHLE G4l
F R RO B4 22, i CARE g p T B — 4l ik
LB =R K T B AL TR 4
R— R, BRI BEAR g CdA B AR
FeA, Hh & S s e o T R, A
HLIEHLE A4 I F 3 — i fk 7l .

AR 06 4% R 3 I it o A T I AR R 4% 3 A7
Cd&i, HCAB BB MEAL, FEATKUR
B, Yang® U7 ARG 8 & PG AT AT K I B
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P EING W Zn s &, BEFKH EEcdE &,
McKennaZs ' BIF5Y 32 W Zn S A0 ] 55 EE N 9 3R
R CAW L, 3 BH 11 C A2 A J5 30 1o | 35548 i o
CA-ZnfEPALHI AT fESECd . Zn e AR 41 S A 0
R A0 M P A AR L W P U S B T, IR R IS R
FIZIPFIE 43 JB 5515 85 [THMA4 4% g |
WHCd, ZnHEEDEMMERR, ST
ULERE R MIHTRIEHXER, 5
Keller® VO SRS 2Z MM (JH42) Cd-Zn K R
—3 . Erenogiu® 75 H A LERIYI A P 2 5 B B0
JCE, B H14% ~ 35%%E ] 5 ) K IR B
HRAR R R AR T A Cd L Zn i
KREA—FURH, w500 A 5 A K
BaEd . L, T ZafE B A

4 45 g

AR RY], ERECHHRETIEDR,
IR . ISEREFE . FORFEFF B HLICHLAGfb ) 41
B, T e A B T R R R A B A
AR, PR I BB T LS AR 28
BEs, BEALTI R -0 5 R G Cd A U ERUR B
SEREA, TMSEREAT LA SRRk ) 2 2 35k A [ 5 + 38
CARE 8 EKRFEFF I, A HLTCHLE A Bk Cd
W BEF S s 48 0, 98 C TR 25 B 22 M g A o i
W kR AR DS . AL S AL, Tt Ecd
YA PERCR B AT . FHH Cd-Zn 5P AE A A4k 7
Bic it A 1T 0F — B R IR B Cd 5 . (H TR K
FYRA RS, EER S BRI TARE 59 0 H
TR FHE eSS R B EE SRR, B —
WURPE, TR, FRE 2T T 588 i T A % 7
ARG YRR AR, LAS] 53R E AR H R s
SRR K R o AR IIE S5 T 0 AR U8 T SR AT
HEBR G IR ECT Y 5+
B ALY Z 55 CAA B I S5O it -
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EFFECTS OF LONG-TERM AMENDMENT WITH PASSIVANT AND ZINC
FERTILIZER ON CADMIUM REDUCTION IN TOBACCO GROWING IN A CD
CONTAMINATED FIELD

Cao Chenliang' Wang Wei' Ma Yibing'" Li Jumei' Wei Dongpu' Liu Haiwei® Shi Yi’

(1 National Soil Fertility and Fertilizer Effects Long-term Monitoring Network/Institute of Agricultural Resources and Regional
Planning, Chinese Academy of Agricultural Sciences, Beijing 100081, China )
(2 Key Laboratory of Tobacco Biology and Processing, Ministry of Agriculture/Tobacco Research Institute, Chinese Academy of
Agricultural Sciences, Qingdao, Shandong 266101, China )

Abstract With rapid industrialization and urbanization in progress over the recent decade in China, the
issue of Cd contamination of agricultural soils has become more and more serious. According to the surveys and
statistics available that show about 7% of the agricultural soils have already exceeded the National Standard for
Environmental Quality in Cd contamination and relative to other heavy metals and metalloids, cadmium ( Cd)
should be deem as an element of the first priority for control. Besides, tobacco is a high Cd accumulator,
storing Cd mainly in its leaves, which, if consumed by chronical smokers, would leave Cd accumulated in
their bodies. Therefore how to decrease Cd content in tobacco plant, especially in its leaves, has been a hot
topic in the fields of tobacco industry and public health. In a three-year field plot experiment, red mud and/
or plant straw was amended in addition, or not, to Zn fertilization to explore its long-term effect on Cd in-situ
immobilization in the soil and Cd accumulation in tobacco plant, so as to find a best way to reduce cadmium
content in tobacco growing in contaminated soils. The experiment was designed to have five treatments in
terms of amendment (red mud, rape straw, corn straw, red mud plus rape straw, and red mud plus corn
straw ) and two levels of Zn fertilization. The soil in the experiment was artificially contaminated with 1.5 mg
kg™ cadmium added to the soil. Results show that compared with control, the yield of tobacco leaves and the
ratio of mid-high grade leaves in amendment treatments were significantly increased by 2.6% ~ 32.3% and
2.9% ~ 20.2%, respectively, which brought about an increase in economic benefit by 6.6% ~ 31.3%. Among
the treatments, the amendment of red mud plus rape straw was found to be the highest in both yield and
economic benefit. The amendments stably decreased soil available Cd contents by 18.6% ~ 47.4% in 2012,
and 16.0% ~ 27.0% in 2013. The plants from the treatment were found to follow an order, i.e. bottom leaf >
middle leaf and upper leaf > stem in terms of Cd content in plant. The contents of Cd in tobacco were most
positively related to soil available Cd content. Therefore, the Cd content in tobacco leaves in 2011, 2012 and
2013 decreased by 28.3%, 28.1% and 15.2% on average, respectively in all the amendment treatments. The

effect was the most apparent in bottom leaves and the least in stem. Rape straw, full of thiols, was higher in
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Cd immobilization capacity than corn straw. Application of zinc fertilizer in addition to the amendments further
significantly lowered Cd content in different parts of the tobacco plant at different seasons. In conclusion, the
treatment of red mud, rape straw plus zinc fertilizer is the most effective one in this experiment to decrease
Cd phytoavailability in soil-tobacco system. Therefore it can be extrapolated as a high cost-efficient measure to
decrease Cd content in tobacco plants and increase yield of tobacco leaves in lightly Cd contaminated soils.

Key words Tobacco; Cadmium; Zinc fertilizer; Amendment; Phytoavailability; Immobilization
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