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Table 1 Information of soil properties and S and CI contents in tobacco leaves

PG 55 H A i FEME FRAE 2

A JHMRE (mg/kg) 0.07 0.97 0.26 0.12
JHM5 (mg/kg) 200 34700 2490 3.22

+- pH 428 8.37 6.26 0.86
HILUR (g/kg) 2.0 164.1 36.4 15.4

TRE (mg/kg) 17.87 373.00 128.49 45.76

A (mg/kg) 0.13 97.24 27.61 19.14

HEH (mg/kg) 23.00 2 663.89 201.28 128.97
A (mg/kg) 179.63 8 837.60 2563.06 1441.38

AR (mg/kg) 0.00 2365.30 325.10 222.37

A (mg/kg) 1.97 713.16 41.38 63.11

2.2 HRWFHH SRR, SEFEXEST
I A S B AR S T I T A R
PP HTRNT (R 20, M E RS EE T
HAT SRR R KIS PR S AR R B AT DG, B AT R0
EREDFEMN, RGOS R SR R

ARG AT A AN, i A R
55 pH. ATHUBCS & DU A7 R0k A
WS ARG o MR8 15 1 pHLL B TR
ARG AR DL BRIV S BB ANG, S B 2
BN E AR R

*2 TEUFEHSSEME. SR FHEXEDH

Table 2 Correlations between soil properties, S and Cl in tobacco leaves and altitude

JHH i LS 5L pH AP T 5 AL R RG] LSS R KA
B 1.000 -0.230%** -0.034 0.028 -0.021 -0.024 -0.012 -0.017 0.054* 0.006 0.246** -0.145%*
IS -0.230%* 1.000 0.023 -0.101%** -0.039 -0.047* 0.164** -0.088%** -0.128** -0.174%* 0.033 0.221%*
R -0.034 0.023 1.000 -0.204%* 0.078** 0.067** -0.041 -0.116** -0.118** -0.234%* 0.121** 0.023
pH 0.028 -0.101%** -0.204%* 1.000 0.063** -0.089%** -0.049* 0.235%* 0.683** 0.257** -0.006 -0.080%**
HHLR -0.021 -0.039 0.078%* 0.063%* 1.000 0.711%* 0.113%* 0.239%* 0.182%* -0.047* 0.026 -0.021
TR -0.024 -0.047* 0.067** -0.089%** 0.711%* 0.149** 0.308** 0.026 -0.055* -0.020 -0.025
S -0.012 0.164%* -0.041 -0.049* 0.113%* 0.149** 1.000 0.152%* -0.040 -0.026 0.216** 0.134**
Ly e -0.017 -0.088** -0.116%* 0.235%* 0.239%* 0.308%** 0.152%* 1.000 0.244%* 0.215%* 0.025 0.007
AR 0.054* -0.128** -0.118** 0.683** 0.182%* -0.040 0.244%* 1.000 0.286** 0.093** -0.026
17 ek 0.006 -0.174%* -0.234%* 0.257** -0.047* -0.055* -0.026 0.215%* 0.286** 1.000 -0.146%* -0.039
AR 0.246%* 0.033 0.121#* -0.006 0.026 -0.020 0.216%* 0.025 0.093%* -0.146%* 1.000 -0.046*
T -0.145%* 0.221** 0.023 -0.080%** -0.021 -0.025 0.134%* 0.007 -0.026 -0.039 -0.046* 1.000

e * FRRE P<0.05 K T-REAK, **LIRME P<0.01 KT EBEAMK.
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Table 3 Chemical backgrounds of soil properties, S and CI  in tobacco leaves under different altitudes, soil types and landforms

e FEmm L JHIHBR (mg/kg) S5 (mg/kg) pH AH (g/kg) TARE (mg/kg)
+% Fag: 1115 0.26+0.1 0.3+0.3 6.1+0.8 37+13 129.8 £41.6
Hig 126 0.24+0.1 03+0.3 6.6+0.6 38+15 157.1+39.1
VEp Sl 19 0.48+0.1 0.1+0.1 6.9+0.6 3.9+0.6 158.5+£27.5
JKFE+ 363 0.26 0.1 0.3+0.3 6.1+0.8 38+ 1.4 134.3 £ 44.1
Bt 276 0.27+0.1 02+02 63+0.9 42+1.7 143.4+53.1
Eqia 381 0.28+0.1 02+0.2 64+0.8 27+14 98.7 +40.9
P 0.00 0.00 0.00 0.00 0.00
Hi % Al 104 0.26+0.1 03+04 6.1+0.8 35+13 124.9 +46.8
S 533 027+0.1 03+0.2 63+0.8 3.7+14 126.7 + 38.7
i 7 218 0.25+0.1 03+04 6.1+0.8 34+1.1 121.4+40.5
iy 148 0.18+0.1 0.2+0.1 5.6+09 3.1+03 98.47 +20.1
i 1277 025+0.1 02+0.2 6.2+0.8 3.6+1.6 129.5+47.9
P 0.11 0.00 0.00 0.15 0.09
R <1 500 m 58 0.26+0.1 02+0.2 71404 3.7+1.1 146.5 + 46.7
1500~ 1700 m 255 027+0.1 02+0.2 6.6+0.7 33+ 1.1 133.1+52.7
1700 ~ 1 900 m 665 0.25+0.1 02+0.2 6.4+0.7 35+18 120.1 + 44.7
1900 ~2 100 m 1042 0.26+0.1 03+0.3 6.1+0.8 3.6+14 127.2+43.8
>2 100 m 260 025+0.1 02+0.2 6.1+0.7 41+14 1452+433
P 0.49 0.00 0.00 0.00 0.00
e T (mg/ke) BN (mg/ke) FRE (mg/kg) LR (mg/kg)  HABL (mg/kg) IKHH (mglkg)
+2% EARe 27.01+19.1 191.52 £ 115.3 2368.87+1271 265.13+185.3 48.01 £81.3 29.46 £22.2
il 31.99+223 274.84 +112.8 2197.59 +822.8 380.91 + 167.1 24.93+24.6 27.86+13.5
VEp Sl 9.19+26 139.23 + 46.56 246531 +736.1 176.78 + 109.1 15.41+9.1 6.85+13.1
IKFE+ 29.54+19.2 188.45 +177.5 2 430.62 = 1500.1 309.24 +190.3 453+39.8 28.68 £21.9
B 31.86+21.1 223.85+127.2 3193.88 + 1654.2 394.39 +284.1 30.31+35.1 2439+ 16.1
Kt 23.47+15.1 201.49 + 107.8 2937.66 + 1650.4 450.18 +249.2 30.54 +£29.1 23.58+18.5
P 0.00 0.00 0.00 0.00 0.00 0.00
Hh A Al 29.61+19.9 182.69 + 129.4 2452.82+1290.3 340.09 + 200.1 36.39+35.6 2522+222
Rl 29.41+18.3 174.52 +101.5 2602.52+1504.8 297.92 +159.5 47.96 +78.1 31.98 +21.4
[z 29.3+20.2 157.72+£93.2 2249.09 + 1 486.7 226.86 +229.7 56.02 +99.1 31.19+22.2
i 24.3+9.6 193.28 £44.9 2982.73 +1304.3 334.53+£90.7 45.69+37.4 1474 £58
1l 26.75+19.2 217.53 +139.4 2616.81+1424.8 347.42 £233.1 36.69 +50.3 26.65+19.8
P 0.07 0.00 0.01 0.00 0.00 0.00
IR <1500 m 35.81+223 25248 +113.3 2772.55+1649.1 440.73 + 180.6 21.66 + 16.9 29.43+19.3
1500~1700m  26.02+21.1 224.16 + 120.1 2513.34+1056.5 454.73 +£297.8 2521 +20.4 25.69 + 18.1
1700 ~ 1900 m 28.57+19.8 217.59 £ 154.9 2840.27 + 1 489.7 361.28 +£208.9 34.71+£37.1 28.59 +20.7
1900 ~2 100 m 27.43+18.3 189.09 + 114.3 245137414969  290.44+212.9 48.13+79.4 27.09 +£20.9
>2100 m 25.18 +18.1 186.47 + 117.7 2333.09+1123.7 27237 +186.9 4257+51.5 27.95+20.9
P 0.00 0.00 0.00 0.00 0.00 0.42
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2.4 TIEWZFERS FTEMET 45 28 5 4 T3 73 AR AR SR 9T -S4 2% 5 53 R A P 25

h7E— 20 53 M AT R S FL AR A A O R RS, 5RO FraR . SENR 2 DO
MRS RS O, A OCPE AT IR R b, R E BN g SR, Hh, IR ES E=
FH 3 R0 DL 25 T g bn S A kA 5 = 2EAT 4> 71.83 mg/kg MMM HR R & ST I E RO, HEFREA
Mo 2 RRAIRLE H i 2 A O BRI HFEARSEUN 9.9%, I & 5 <35.53 mg/kg
—, 1 Exhaustive CHAID VAR 7 H AT I IF & IFEAR G LU, o 70%, IEBA A E S /D,
JFERFT 24, AT, RG4S, 025 mg/kg: TIEAMM S ENT 3553 ~ 71.83
M B e R 2 Rl PR, HARAR R mg/kg ZIAIFEAST-AME R 0.26mg/ kg, HAEAS SELTH)
GITR M P AAERK/MKIRYF 2y, 2T EER TR 20%. ok BE, I8 20 5 0 i 5 & i) 230
BN AR R R, AL m R REHOCR, =R IR e S = Y

BN, p/NTT A
IR

Node 0

Mean 0.255

Std. Dev. 0.114

n 2092

% 100.0
Predicted  0.255

R
Adj. P-value=0.000,F=26.713,
df1=2,df2=2089

35.530, 71.870 >71.870
<=35.530
Node 2 Node 3

Node 1 Mean 0.264 Mean 0.304

Mean 0.245 Std. Dev. 0.119 Std. Dev. 0.153

Std. Dev. 0.104 n 419 n 208

n 1465 % 20.0 % 9.9

% 70.0 Predicted  0.264 Predicted  0.304

Predicted  0.245 I

Mt Ph
O . ks Adj. P-value=0.032,F=7.511,
di. P-value=0.003.F=9.857 Adj. P-value=0.038,F=11.288, df1=2,df2=205
Adj. P-value=0.003,F=9.857, dfl=1.df2=417
df1=2,df2=1462 !
|
| | |

<=15.130 15.130, 26.880 >26.880 <=602.22 >602.220 <=6.240 6.240, 7.080 >7.080
Node 4 Node 5 Node 6 Node 7 Node 8 Node 9 Node 10 Node 11
Mean  0.260 Mean  0.246 Mean  0.231 Mean  0.259 Mean  0.340 Mean  0.272 Mean  0.371 Mean  0.319
Std.Dev. 0.110 Std.Dev. 0.104 Std.Dev. 0.096 Std.Dev. 0.114 Std.Dev. 0.156 Std.Dev. 0.107 Std.Dev. 0.184 Std.Dev. 0.193
n 489 n 453 n 523 n 394 n 25 n 115 n 46 n 47
% 23.4 % 21.7 % 25.0 % 18.8 % 1.2 % 55 % 22 % 22
Predicted 0.260 Predicted 0.246 Predicted 0.231 Predicted 0.259 Predicted 0.340 Predicted 0.272 Predicted 0.371 Predicted 0.319

1 MRS LS TER

Fig. 1 Classification tree of S in tobacco leaves

SR, LA A <3553 mokg RGN, LI A R <15.13 mg/kg NEMGT
i, R S LGB R, (RIS SR, TN 026 mgkg, REASARR 23.4%;
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A S E AT 15.13 ~ 26.88 mg/kg I, JHIER
TN 0.25 mg/kg, HAEAD RN 21.7%; HAK %
i =26.88 mg/kg I, MR 400 0.23 mg/kg,
T FEA S E ) 25%.

TR S AT 35.53 ~ 71.83 mg/kg Z [,
A B Bk R R S B RN 3R, ke
B P 3 R 5Ol 602,22 mg/kg, 15 PO
Wi 044 0.26 mg/kg Al 0.34 me/kg, 70l
18.8%F1 2%

TR S R =T71.83 mg/kg I, MAMAR S EZ
-3 pH FEMEIK. fEULA R S e, 18 pH
<6.24 IUER B B IERAL, 4 0.27 mg/kg,
AR 5.5%; pH AT 6.24 ~7.08 I, MR- & E-F
¥ 0.37 mg/kg, ATFEARS R 2.2%; pH =7.08 i,

2.5 TIEUFERSIEMREFEMS LR ST

A RE— 25 oy K T K M U S AR A iy
X I G - B RS NG L, LEAH DG 43 A IR Al
by SRS SRR GS LL b 5 TR bR S R S A
AT AT

T I 43 AR TR ACATE 5T 1 8 Ak 2% 1 o K AR - e
TERIEW, SR ME 2 Fx, EmigHh X a4
TR N O FIE ORI R o, 1
KL S BT 4.97 ~ 28.48 mg/kg 2 [ LA T- 1)
fE0 221 gkg, HPTAFEAR) 50%; H UG 13K
VEPESA T 28.48 ~ 51.93 mg/kg Z [AIKIREAS, Hprn:
AETEETYME N 2.79 gkg » S BFEAR 30%;
MAE KA TS & B <<4.97 F1=51.93mg/kg )75
W, MM SIS RSN 1.32 gkg 420

JHIHBR & BP0 0. 32 mg/kg, (T REAS BV 2.2%.

g/kg, By el 10%F1 9.9%.

HE

Node 0
Mean

n
%

Std.Dev. 0.320

Predicted 0.249

0.249

2092
100.0

KB
Adj. P-value=0.000,F=35.233,
df1=3,d2=2088

<=4.965 4.965, 28.480 28.480, 51.930 >51.930
I I | I
Node 1 Node 2 Node 3 Node 4
Mean  0.132 Mean  0.221 Mean  0.279 Mean  0.420
Std.Dev. 0.129 Std.Dev. 0.305 Std.Dev. 0.323 Std.Dev. 0.428
n 209 n 1047 n 628 n
% 10.0 % 50.0 % 30.0 %
Predicted Predicted Predicted 0.279 Predicted
0.132 0.221 0.420
I [
Adj. P-value=0.000,F=33.804, Adj. P-value=0.000,F=11.715, Adj. P-value=0.000,F=36.908,
df1=1,df2=1045 df1=3,df2=624 df1=1,df2=206
I I I I [ I
<=272.620 >272.62 <=183.430 183.430, 327.000 327.000, 386.320 >386.320 <=55.71 >55.710
| I I I | I I I
Node 9 Node 10 Node 11 Node 12 Node 13 Node 14 Node 15 Node 16
Mean 0.275 Mean  0.167 Mean  0.392 Mean  0.245 Mean  0.329 Mean  0.206 Mean  0.342 Mean  0.778
Std.Dev. 0.381 Std.Dev. 0.189 Std.Dev. 0.450 Std.Dev. 0.249 Std.Dev. 0.326 Std.Dev. 0.228 Std.Dev. 0.377 Std.Dev. 0.473
n 524 n 523 n 157 n 190 n 75 n 206 n 171 n 37
% 25.0 % 25.0 % 7.5 % 9.1 % 3.6 % 9.8 % 8.2 % 1.8
Predicted 0.275 Predicted 0.167 Predicted 0.392 Predicted 0.245 Predicted 0.329 Predicted 0.206 Predicted 0.342 Predicted 0.778

2 BHSBEFIEMSRER

Fig.2 Classification tree of Cl” in tobacco leaves
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WE— BT o R AT 4 R, %X 3K g
AEENT 4.97 ~ 28.48mg/kg Z AN, 37 B
SEMARE SR AR RN E, K AR 272.62
mg/kg, Xf MR SUBE 15 B A 2.75g/kg A
1.67g/kg: KIS TAEULTEH A H A sk m T
272.62 mg/kg I, MERGUES 1 T B2 A
SO, 50508 55.71 mg/kg, bR RIE I GUE TAE
WA 1.57g/kg A1 3.00g/kg o

KR S BT 28.48 ~ 51.59mg/kg 2 [H]
I, AT SO T R R, A
BB 5500 183.43, 327.00. 386.32 mg/kg, 4
&S A T 40k 3.92.2.45.3.29 1 2.06 g/kg.

T KPS S =51.93 mg/kg I, OO
N R WA I GRS ) R R, R S E =55.71
mg/kg I, MHHSUE Tk 7.78 g/kg M ALRE<
55.71 mg/kg I, 354 2008 D) RS Ay 56 Wi 0 -7 1)
TR, WA RS 50 1,12, 2.23. 3.41 g/kg,
X I PR S 20 P340 4 2,79 4.94. 3.06 Fil 1.75
g/kg.

3 it

A R S 2 DX R P e ) N R
SR SIS 35.53 mg/kg AT 71.87 mg/kg, MR
SR, H S K R R
TS, BbAh, EAFEIM LA R S i/, +
R AR N pH A SRR S

2 L3RS AR T 35.53 me/kg I, SRR A
W R P 5 P R DR 2R . p g o A R Ak
WS AR M XA AE, AR ) S BER A, Rt
B EW A KB RE G, HASLL AN R AR
(o B, I AR R AR & R IR, HPO,™ 5%
H,PO, 58 5 AR . IR0 25 AR, BRyEE Y,
ORI - B T A Ak Bt Y v 1T P A1 o

AR AT 35.53 ~ 71.83 mg/kg (A,
- SR A I Rk s e R R ) R B gk
FEE P A IASBERUKBE S RA R, =&
AW, PR sBE S 4Ty, LS
B PR AE kR O R A SRR,
A RS A, g RO B A v A e
f B B T, AR = R AR R

e

iy

B =71.83 mg/kg I, pH A S -
TR L pH BN, pH SR T A
JFe HYFD OH IR EL ], R & st bl 2 9 n . 4+
B TR YRR, BT . Ca¥. Mg®t SR
e IN, S E R, FIRHEINT SO W
AR s AL TR MR I, e 5 ca®,
Mg™" SRR AN S, VRS th R T
A, T SOLT IR SC i st 25 W S 1 Y

(N N - R Rl e SR I E R (Yo
JEI R K-Mg SRR U EY), e Tk, 1%
AR (10 A 0 T 5 i R R AL 25 1) i 1) AR
Chouteau 525Gy B, SEMHM F R fi4E % (KT /
(CI+A ML) &1, 4 3 St 5l
EAEY R FE B ) N B, SR b 2
RAAS, BT O IR 52 SRR R N LR 5 =
GRCUR, BT LA B I S T R R R
F

TE 532 0 J26 M 18R Je P 11 S 20— ARG b 5 8 K
DI R b, BT LI O FK S P S A
B mi K E A, EAFM LA, L k.
TR LA S pH 3868 M e R G0 AR
UBAh, MRPEHT S R, IR S W E Y
AW WA, AAFE BB Hr b, A7 R0 X

M IEANH I, AT RE T Ca¥" A 332 HPO,® Bk
H,PO4 BAJe pH ¥4,  HOOHH i 2 5 A S g

TR AR R L AR pH W
[13-14]

T 508 T R s et S e, BRI A
FE— AN Fu Vit R 2 SUIERE, AR pR TR A e R
VEMIRE, BRIHAE I A 2], (B s
JERMEILAAEY) it AR, BT R R
%, WM EE AR RS EA N
WRERMEA G, 53— 7T, BRAEXHAEAR R i A
F L3l Rt PR IR AR MR B G I
JFA A B R

4 i

(1) iy s DX R P63 7 2 & 4 0.26 mg/kg,
SEVEHAE 0.07 ~0.97 mg/kg, BiGH, (HAE T K.



480 +

1

44 %

TR . A A, pH AL, K
B DL B i AR ¥4 T B ) s M R e R
FERFEE LIEARm SR, HEAAm S ES
35.530 mg/kg IF, HHI AR S 2 b B A
W AR AT 35.530 ~ 71.830 mg/kg I, &
B AT O W Bk R WA AR Y R SR R AR
i =>71.830 mg/kg I, JHMHGR 52 L 1E pH RE AL
Ko

(2) iy M TP U TP RN 2 490
mg/kg, SEIEHIALE 0.20 ~ 34.70 g/kg, ZRKEA. ©
BeK B S R S A R R R R, H
T B 4,97, 28.48 Rl 51.93mg/kg. R IR
PESUAN, LI MU R AR AT A [ R
R =

(3) FRIEE RN 78 H AT A A, R
VG E s b P S C N % ot e N cia) S A
PR ey il B kot 1 3 TR == O 07 2 D e
AL 48% ~ 52%. fii 18.4%, it AR BF ALK i) i
NI B AR R . (RG22 th S LA
ik, SAH /RS R I 7 i A A = AR
T 1% HZ2 0.5% MR . A, SRR IER
s, DRIt T IR AR AR, P R IS Vit R
JOESE PR 2R, T 120 ~ 150 kg/hm® 24
S0k
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Effects of Soil Chemical Properties on S and CI Contents in Flue-Cured Tobacco Leaves in

Low-latitude and High-elevation Area of East Yunnan

WANG Cheng-dong‘, WANG Shu-sheng‘, LIU Xin-min', HOU Xiao-dong‘, DU Yong-mei', GU Yu-min?, CHENG Sen?, XIE Yan®
(1 Tobacco Research Institute of CAAS, Key Laboratory of Tobacco Biology and Processing, Ministry of Agriculture, Qingdao, Shandong 266101,

China; 2 Shanghai Tobacco Corporation, Shanghai 200082, China; 3 Qujing Tobacco Corporation, Qujing, Yunnan 655000, China)

Abstract: Chemical properties of soils and flue-cured tobacco leaves from low-latitude and high-elevation Qujing City of Yunnan Province
were measured and Classification Tree Model was used to explore the relations between S and Cl contents in tobacco leaves and soil various
properties. The results showed that: (1) S content in tobacco leaves ranged from 0.07-0.97 mg/kg with a mean of 0.26mg/kg, which was more suitable
level but with a great variation. Soil available S content was the uppermost factor affecting S content in tobacco leaves, soil available Ca, altitude, soil
rapid available P, pH, organic matter and rapid available K were direct or indirect influential factors. S content in tobacco leaves was mainly affected
by soil available P when soil S content was <35.53 mg/kg, was mainly affected by soil available Mg when soil S content ranged from 35.53 to 71.83
mg/k and then was mainly affected by soil pH when soil S content =71.830 mg/kg. (2) CI content in tobacco leaves ranged from 0.20-34.70 mg/kg
with a mean of 2.49, with a great variation. Soil water-soluble CI content was the primary influential factor of CI" content in tobacco leaves and the
content cut-points were 4.97, 28.48 and 51.93mg/kg respectively. Soil available Mg, rapid available P and Ca also affected CI” content in tobacco
leaves to various degrees.

Key words:  Flue-cured tobacco leaves, S, Cl, Soil chemical properties, Low-latitude and high-elevation, East Yunnan



