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BRGSO T A 33.48°LU b, @ T AL HHIX 5
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1
Table 1 Physico-chemical properties of experimental soils
55 FEAHL pH HHLB TR N P B K ACHRAS Pb A Cd
(grkg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
L OFED 15 5.33 2.13 108.40 40.10 114.05 1.46 0.058
IR &L P17 30 6.34 1.03 70.08 11.79 87.53 0.89 0.027
bENE QT TN LFE ) 30 8.49 0.95 91.03 8.73 103.70 7.48 0.029
S D 15 5.70 2.10 106.23 19.92 88.58 8.34 0.287
P (25, TF)D 30 5.37 1.90 91.03 11.64 194.70 1.98 0.032
R CRAR L K8 30 5.21 3.07 114.15 34.85 84.30 10.88 0.217
NGl 15 5.89 261 88.25 10.93 54.10 1.76 0.044
e RSB B, R
2
Table 2 Meteorological data in the test sites in the growing season of flue-cured tobacco
s EEAEEA SER PR i AR 10 cm i
(h) (§(©) (mm) (%) )
L OFED 918.22 22.49 386.06 71.58 23.29
7R CZ e Pk 856.94 23.86 419.92 75.80 25.73
e Gt LD 896.98 24.94 597.82 67.40 26.19
SN CJETD 432.60 22.83 779.10 83.67 24.20
P (25 TR 624.10 22.55 751.20 78.33 20.45
fag CRASR. KE) 370.13 20.30 864.38 82.44 21.25
NG dIID) 613.57 22.73 593.63 78.35 25.70
RHER AR AR RSG5 300 604 90 120 K4r 5 2.1.1 Pb  {ERMIKAEAN, & Pb HALR CFY

VORAERIRRRE i o 7EEURERS, BENLIZEL 10 MU (B8
BCU R 50 KR, EB PR, BR. 2K,
ML B CRAED 225 E T 100 ~ 105°C Bafh T 5
~ 10 min, #RJ5 70 ~ 80 CHLT = fH T, SLHHFALE T 2
mm i, B SBOE RN B 0.1 mm . H
HNOs-HCIO, W ALFE i, B2 Y6V 32 Ph.
Cd &, [AFEHFRFEEATIZIE
K H SPSS 9.0 B AFXRE HAR AT G434

2

2.1 Pb Cd

3 Pb Cd

4.48 mg/kg) > H(CF¥) 3.29 mgkg)>ZE (T4 2.32
mg/kg) ~ MR (H4E) (P8 2.17 mg/kg) (& 3), HiH]
Pb F BRI s 5, RUAEAKRE ., DA A
PR R AR E 7 (AR RS, JlnTF Ph
m, JESASEEENE A, WA e R
IR AR &

PB4 35 B & Pb B IR S RECECK, AR (73.63
%) > 25 (68.52%) > H KL (MH L) (61.19%) > I J
(49.15%) . 7EE M R —BU0E T, W
RS TBAL )& P AL R BN, SIS m T
JEBEXT Pb B 5 53 A o

mg/kg

Table 3 Contents of Pb and Cd in different organs of flue-cured tobacco plants

BB AL FE S Pb cd
THIMH Y B5ERM (%) THIMHE FlEA e BRERM (%)
ic) 165 448 0.97 ~ 15.54 73.63 0.60 0.05 ~1.99 70.41
E 165 2.32 0.27~9.35 68.52 0.76 0.04 ~2.94 77.23
Ly 165 3.29 0.86 ~ 10.88 49.15 1.70 0.10 ~7.37 61.92
JHAL(JHAE) 165 2.17 0.64 ~9.10 61.19 0.75 0.11 ~4.38 83.89

e DL BRSO BRI E, FRR.
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2.1.2 Cd  fEEMSHSET, & cd 2 ACEEY
1.70 mg/kg)>Z5(F¥) 0.76 mg/kg)~ MR (HEAE) (P14
0.75 mg/kg) >HCFHE 0.60 mg/kg)(# 3). WM,
Cd JEAFDE N G 58 SRR A I8 TR SRR
FRANEE LR S 7 ) Ui pUBRAE AR, AT R &
Bty cd™, HEAE MR Cd R A
B, FK Cd AEREIHAAR I I A A LA EE B

JH bR S5 A & Cd &R S &R B BL (I AE)
(83.89%)>25(77.23%) >H(70.41%) > [ (61.92%),
AL CHEAE) sk, M. B W, B
T Cd FEAR T HA 38 B T 5 2PN A 1 IR S AL
1152 AR S AR RE R (2 R E R, 5 Pb ARl i)
TR FFEAHAL .
2.2 Pb Cd

2GR IR G, o R B KR IR 4
T, OE RIS ~ 22 Fro 11 AR SR A

4

Pb Cd

Pb & (3.29 mg/kg) W& M T 5 Cd & (1.70 mg/kg)
(£3),

N TSI E M Pb. Cd & B ARAL, A TS
LSS, 074 1 AE R AP,
WO S 90 RIGHHEIFE A EAT 20 Al e, 455K W:
J7 MR Py Cd & BEAIARNE W T AR (R 4). H
FUAARIT S XA Py Cd AR S R BRIk 43.91
% (Pb) 1 59.77% (Cd)o HHT7EREHHAER IR, FelH %
JHIX AR S AR 22 S 30K, RN Pb. Cd R
AN AT L, IRBEAAEXT M Pby Cd & SmATAER
Wi, A A Ik o R AR RO L RIS R AR A A
& FRAT R R MR BEAICRE R ) Pby Cd 75 5o

PR X PR Pb. Cd R >
Fo > _E R, Uil Pb.Cd 7ERSHRAR N RS SR 22
M Pb. Cd & A EEH% I, ok, B Lu
4,

mg/kg

Table 4 Contents of Pb and Cd in flue-cured tobacco leaves

HAL FERL L Pb cd
SFHIE Ju A5 FEL (%) FHIE Fien | AR (%)

By il T 75 3.36 1.50 ~5.70 29.06 1.33 0.22~2.24 51.94
Hhg 75 2.99 1.23 ~4.96 34.04 1.02 0.11~2.17 63.45

Fin 75 2.57 2.07 ~3.47 17.35 0.66 0.10 ~ 1.49 75.54

X 3.05 123 ~5.70 29.56 1.05 0.10 ~2.24 63.28

F 7 T 90 4.77 2.00 ~ 10.88 46.95 3.28 1.48 ~7.37 45.30
Hhg 90 3.24 1.11 ~ 10.70 53.25 2.08 0.68 ~ 4.56 50.33

Fin 90 2.91 0.86 ~ 9.50 77.83 1.75 0.45~4.13 59.57

X 3.59 0.86 ~10.88 58.28 2.32 0.45 ~7.37 56.27

2.3 Pb Cd JiMHIX, HHA Pb ) S AT S b7 AL, AH S IS

2.3.1 JHMPb.Cd FEMIBIEZLN A HTH Pb.
Cd T RMBIEARN, KIEAT BRI AR R T R
T (B 1), FUE A A Tt 570 =1,

A5 Pby Cd fE/KAEAA N 1) AU SRR, JX
550 5 0 3 A0 R ) R PN < TRRE AN R e 6P G 3R
SRR R 0 AR IS A — B it R
BT HHDCRI () Py Cd 5 2 AP U0 380 b 2 B il s
K BT HH D Pk 450N

2.3.2 JHm Pb. Cd BREMELI M Pb.
Cd iy B R M A Po. Cd R85 AT 4 )5 2
UL e . BARIEI ) Pby Cd ST EBAEKKE
FIBERE T R, B Pb. Cd I EBIEIIE “S”
B iZesshn, H Po MEBEMEREKXNT Cd(# 2). fEM

FACT s Cd MR RELS P Mz, w7 ST
675 o UiEAYEFRE B ALMA, MRS Pb Cd ik
Hn AR IEA—FEN .

3K, R IR, JEr Pb R S %
WEET Cde WEA LR, MR Pb. Cd H%R
BRI LA . WNBEAREARG 45 KAA, MALEIX
JEI SF P [P RARL; CUS R MHIX Pb SR
WA TAE 7, HH I R i Tl L AE 7 i 15 RAE
fio Cd WA P, 7EREANMEF N, w7 S8
Cd MR T T, JURAE 2 o h S, 1X 4
ARG EHIE Cd B A b . LIRS R
WA A AR I e . ZE M A AR SR Rl o &%, 1F
TR F TR0 5 4 3 1 FOBORCR #5380, BT,
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Fig. 1 Variation of Pb and Cd contents in flue-cured tobacco
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Fig.2 Variation of Pb and Cd accumulation in

flue-cured tobacco leaves with the growing periods
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S SBAR Pb Cd FF4E Y. T R AL DRI AR A A BE 45 A (1)
2.4 Pb Cd
R R, e E F IR Pby Cd 55

AN, AR REEOR, Alfe S RS )
Ko WHTHEMH Po. Cd &8 MR R, AT A
FRAREEE Pb. Cd & B 2 A2 015 B
2.4.1 SIREAFSHEMPb. Cd SRMKR A%
S WP AR KR B R TR, T BE 52 e 0 1)
Pb. Cd . LGSR s Bkl i, fErE A
KT, 5 R SRS Po BEIAHCRE (n=
33, FEDKX A : HEBE (-0.744%%) > [E W &=
(0.498%*) > H M (-0.371%) >H 10 ecm i
(-0.270) > HIMXHESE(0.255); HEHBAE RBUKIK N
H R %0 (-0.884) > H ¥ AH X & (-0.292) > H 1y
10 cm HuiE (0.270) > H #) 53 (-0.188) > [ [ &=
(0.084), XM Cd E1TH, AEHT 5N
REAK K N H I (-0.746%%) > H ¥ A7 X ¥ &
(0.562%%) > H 4 ¥ (-0.554**%) > H ¥ 10cm i
(0.375%)> [F M £(0.370%); HZEALREUKIK A : H
HECINE 200(-0.819) > & WY & (-0.352) > H ¥ AH X ¥ &
(0.239)> H#4<iR(-0.218) > H 14 10 cm H135.(0.170 ).
AR RBUR N T RS 50 Pb.Cd & & AH
KRR, HAEAR REOU RN, T AT Pby Cd 5 5
PR B . B e W, 7R3 E &R, H
SELESS 250 o3 T S RT3 RO R 3 s I P s H
PRS2, AR RS . I8k M R B 2 2 2 58
W& Cd s BMAL AT Py Cd &S5
TR BEFIARDO B PR A 28 e, v 1] RN HOR e W 6

(EAHRNESE) 5 Py Cd 7 & I AR SCHE A 5 M #5 1 f
Ko FEE M) Py Cd & Tk 7 vl B 54
AEHEWIN, w7 H R R AR
KELGEHFEA K.
2.4.2 HIESMEHPb. Cd HEMIKR  LHERE
YR I, IR R S I AR T Pb Cd
. Gt ERY], 6 BRI T LM Pb S
KRR (n=33, TR KKN: ZTHE Pb(0.557**)
>HHUT (0.529%%)> pH (-0.505%%)>H %L P (0.446%)
> BifiE N (0.219)>3 %% K (0.039); HIEAE R EMIK
WA Pb (1.851)>pH (-1.743)>F HLJF (-0.695)
>R K (-0.193)> il il N (-0.135) >3 %L P (-0.003).
XM Cd i 5, IR 5 e AT AR DG R Bk ik
e A Cd (0.771%%) > 45 L5 (0.732%%) > pH
(-0.712%*)>FH 2 P(0.517**) >l fiE N (0.311)>3# %% K
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(-0.092); HELIEAEREUKIR N pH (-1.173)>4HiZs Cd
(-0.294) >FTHLIE (-0.190)> ALK (-0.174) >HkfE N
(-0.164)>HERL P (0.057). Hb Al WL, + 3P 2s Pb.
Cd, HHUK, pH FERL P XM Pb. Cd & 5 Mk
X, MRMERE, (ERTT M IEA—3 M Pb. Cd
TS RS Pb. Cd S R IEASS, URA7E IR
W, B EACHAS Pby Cd B8t TR S AT T
A, X5 AR T B8 S T BRI Pb
Cd & &, EFACHA Pb. Cd & RGN T3 22,
Ak, HEAHURE SN Pb. Cd SR EIEM, i
W R HLTE N, A HLLE G4 Pby Cd 17 T Re e
1, AN Pby Cd MJEAZHA Pby Cd [ HERYE
2 AR R R, A LI ] e
PEFE R R EE 4 S ARG . ATFUR I, pH 2
RN 13 Pb. Cd Wb, 78 pH EH>N 4.0 ~ 7.7 [ [H
W, & EF—ANA7, Pby Cd WEHEHIN 3 f%, Mifd
fEEAT AR PR TS RE S R ), Rk, +3% pH
H 50 Py Cd i 2 HAHC. BIE R 7 13 pH 3%
WAL TAET7, XA RESEFRIEFEHH Pb. Cd 5 i AL
[ 57— AN A o ARl BRI Py Cd 5 51 £
FEW S, 7ER 7R 3 it A A 2 B
(HAFERIG A, AR 3 2% R I A A7 DG 73R
By, +I3EPE P AT Pb. Cd G E &8 A% S 1EN,
S0 4 AT R A (BRI ST R I,
Pb. Cd &&¥5 HEP A P &2 B IEAH,
ANFTIABIE TS R TR B HPAEIX, T OREF
L =g R e i T, KK & PO, 1Xw]
B T HE Pb. Cd %55 4 5 Ye i = SR YE, i HED
XA AR P SRS MM Pb. Cd SRR
IEAHRIIRIN 2 —o BTLA, FEREMRAREE T, 1 Pb.
Cd R T3, SR A K, 8 G K it FH A pL
JE, Bk PRI 4 v G ] RS BRI I I AN 2R
Pb. Cd M4 %4t it »

3

(1) HARRS 3B 103 Pb 5 KT Cdo 7EJHERAR A,
& Pb EIRAS I >2E ~ WIRHAE), HE Cd 2=
F>28 = AR (D) >R . Ah, M Pb. Cd &
HONARI > R > BRI, AT R A
S IR R RE T T B

(2) MIJTMH Pby Cd ISR m 1AL )7, TRE
5 Pb. Cd PR AR FIEAE AT 5% o AERENHAEAN L 30
W, BT BLER Cd IR A R 2 25 v T L7

(3) MELAATFRF N Pb. Cd &, (HA XK
P A4 LT M R R AN ] AE R, H

SIS RN B . (RO ) B Pby Cd & i1
FHRVERSEWARE R e K AE LD 7, 3R A
A& Pb. Cd, AT, pH MR P XM Pb, Cd &
SRR, MR .
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Pb and Cd in Flue-cured Tobacco and Their Relations to Environment

PAN Wen-jie"?, JIANG Chao-ying’, TANG Yuan-ju?, LI Ji-xin’, HUANG Jian-guo'
(1 College of Resources and Environment, Southwest University, Chongging 400716, China; 2 Guizhou Tobacco Institution, Guiyang 550003, China )

Abstract: Uniform experiments were carried out in 11 counties, scattered in 7 provinces, major tobacco growing regions in South and North
China, to investigate contents of Pb and Cd in tobacco plants in relation to environment. Results showed that the content of Pb was higher than that of
Cd in roots, stems, leaves and flowers of the tobacco plants. The content of Pb in tobacco plants varied in the sequence: roots > leaves > stems =
shoots (flowers), while Cd followed the sequence of leaves > stems = shoots (flowers) > roots. The contents of Pb and Cd in leaves showed a trend of
lower leaves > middle leaves > upper leaves and decreased gradually with the growth of the plants, but their accumulations increased along an S
curve and their accumulation rates appeared in a singlet curve. Moreover, the contents of Pb and Cd were higher in tobacco leaves produced in South
China than in North China. The variation coefficients of Pb and Cd concentrations in tobacco leaves were high, indicating significant influence of the
environment. In regards to Pb (Cd) in relation to meteorological factors, negative correlations were observed with sunshine hours and positive ones
with rainfall (or relative humidity). Thus, it seems quite reasonable to suggest that the higher Pb and Cd contents in tobacco leaves produced in South
China than in North China could be caused by less sunshine hours, rich precipitation and high relative humidity. Furthermore, the contents of Pb (Cd)
in tobacco leaves were found positively related to soil factors, such as exchangeable Pb (Cd) and available phosphorus, and negatively to soil pH.
Therefore, it is possible to decrease effectively Pb and Cd contents in tobacco leaves in cultivation by growing them in low Pb (Cd) soils, liming
properly, avoiding application of high rates of organic matter and heavy-metals-containing phosphorus fertilizers.

Key words: Flue-cured tobacco, Pb, Cd, Climate, Soil



