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Abstract
and theoretical basis for improving the quality of flue-cured tobacco production and sustainable utilization of tobacco plantation soil in Chux-

( Chuxiong Company of Yunnan Provincial Tobacco Corporation, Chuxiong, Yunnan
[ Objective ] To explore the soil nutrient status of tobacco plantation in each township of Mouding County, and to provide scientific

iong. [ Method ] Based on the long-term survey data of the cultivation system in the tobacco planting area of Mouding County, the soil of tobacco
planting in seven townships in the county was sampled from 0-20 ¢m in 2018. Soil organic matter, pH, electrical conductivity, total nitrogen,
alkali hydrolyzed nitrogen, available phosphorus and water-soluble chlorine content were detected and analyzed. [ Result] The soil organic mat-
ter content of tobacco-planted soils in the county was in the middle to upper level of similar indicators of tobacco-planted soils in Yunnan Prov-
ince ,with small variation. The average pH of soil planted with tobacco in Mouding County was 6. 43, which met the requirements of high-quali-
ty flue-cured tobacco cultivation, of which 33.85% of the soil samples met the conditions of the optimum pH range for roasted tobacco, with
small variation. The soil electrical conductivity of tobacco-planted soils in the county was highly variable, but it was favorable to the movement
of water-soluble ions and the growth of flue-cured tobacco. The nutrient content of tobacco-planted soils in the county was highly variable, a-
mong which soil organic matter and available phosphorus were in the middle to upper level, alkali hydrolyzed nitrogen and total nitrogen were
in the higher level, and water-soluble chloride was in the appropriate level compared with similar indicators of tobacco-planted soil samples in
Yunnan Province. Among the townships in the county, Jiangpo Township best represented the county’s pH, soil organic matter and nutrient
content levels,and Anle Township was second. According to the results of principal component analysis and cluster analysis, the soil for tobac-
co planting in Mouding County could be divided into four types. [ Conclusion ] The soil pH, soil organic matter and main nutrient content of the
tobacco planting area in Mouding County were suitable for high-quality flue-cured tobacco production, but the excessive application of nitrogen
and phosphorus fertilizers should be controlled to reduce the nutrient differences between townships and ensure stable and excellent tobacco
production.
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1.1 #SHRRER REEMNTmE A, 2 HEHEH
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H 502, AR
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FEFR A, AR 40 Hh S0 AR R DX 38 A 1 00, e 3 AR M i
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1.5 #HIESHH 12 IBM Statistics SPSS 22. 0 il Excel 2010
X A TR AR GE T AT T 2200 L LA A A LR
Forhr e FIIT T, B X R — IR AR TE X B A T 1
SHERIS SR Z—Score JH 5 1 44 R fiff BE I A8 1 R B 7 22
S8 s YR IR 7400 )5 KMO K3 35:4¢8 11 ( Kaiser—Mey-
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Table 1 Comparison of soil nutrients between Mouding County and other tobacco planting areas in the province
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ﬁ{‘j‘[% N ;‘;ﬁ] pH Organic Available Hydrolyzable Water-soluble nitjrj)%‘n’;?;lk

810 ar matter//g/kg phosphorus/mg/ kg nitrogen//mg/ kg chlorine/g/ kg 8¢ g
A5 Mouding 2018 6.43 29.61 26.01 126.91 32.44 1.91
ZHGTE The middle 2012 6.16 27.88 37.25 150.93 — 1.69
region of Yunnan
A YL Lijiang 2011—2013  6.60 40. 35 30. 50 187.01 — 2.09
Jitif) Shidian 2009 6.75 30. 40 15.59 94. 67 24.52 —
KHE Dali 2014 6.39 31.59 35.70 137. 60 40. 00 —
1 Kunming 2011 6.18 32.55 37.16 122. 68 25.38 1.73
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Table 2 Nutrient status of tobacco planting soil in Mouding County

R e A
i 5 AHU f KR T S
It\ pH Conductivity Organic matter hosoh Hydrolyzable Water-soluble it

em WS/ cm o/kg p ;:;/l?;u@ nitrogen//mg/ kg chlorine/g/ kg mg;()lfgn

SEYSH Average 6.43 178.83 29.61 26.01 126.91 32.44 1.91
FrfEfm2E Standard deviation 0.96 144.08 13.25 19.94 55.78 40.43 0.75
#5¢/ME Minimum 4.40 2.69 3.79 2.24 14.34 4.21 0.49
e K {H Maximum 8.21 857.00 95.50 160. 83 413.37 250.44 5.73
AR S 22K Coefficient 14. 96 80. 57 44.77 76. 66 43.95 124. 62 39.23

of variation//%
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Table 3 Grading standards for tobacco planting soils in each township of Mouding County
25 AL UYL KA KR K
Lev- pH Organic matter Available phosphorus Hydrolyzable Water-soluble Total nitrogen
el o/kg mg/kg nitrogen,//mg/ kg chlorine//g/ kg o/kg
1 <4. 50(BRIRE) <10(fk=z) <11.45(k=) <60(htZ) <30( Feifi'F) <0.75(fk=)
2 4.50~<5.50( fr ) 10~<20( 1 F) 11.45~<22.90(H'F) 60~<90( ) 30~ <45(3EH) 0.75~<1.00(HFF)
3 5.50~<6.50(fRERTE)  20~<30(H ) 22.90~<45.80( P I) 90~<120( 1 I) 45~60( YRIET) 1.00~<1.50( 1 I-)
4 6.50~7.50( #E) 30~40( ) 45.80~91. 60( %5 i) 120~ 150( %58 5) >60( AIEH) 1.50~2.00( %)
5 >7. 50( B ) SA0(EF) >91.60(FEFE) >150( &) >2.00( F&)

2.3.1 pH. - HERRBIE H 52w A0 wE A R A AL AR, 2 +
SEAE T Y — AR o LB A A , FEUHIE BLAY) - %€ pH O 5.5~
7.0 N 4 WL H, A2 B4 2 B 39 pH B I
PIETEFLEIRI N, HAE S RO K, 45 2 BB AE 5. 56 ~
7.24, Bi5 2 (4 pH fe i, ¥I{E A 5. 56, 8§ 4 £ 1) pH -2 {E

e oA 7. 240 R AR E BIGHr +HEE TS AR, pH. i3k
fiatk (pH 5. 50~ <6.50) [ Ho {6l 47 33. 85% , {HAJ AT 15. 90% [
A3 pH>7. 50, %33 43 3 1 B AR FAEECA HUIE,
Ul D i I A e
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Table 4 pH distribution of each township in Mouding County

o A 2 £ X JA] 1 [t Proportion//%

7 B TS i Al

o. ownship verage Jeviation variation /% <450 4.50~<5.50 5.50~<6.50  6.50~7.50 >7.50
1 RIS 6.22 be 1.13 18.23 0 21.43 50. 00 7.14 21.43
2 LR 6.41 be 1.02 15.88 0 24. 14 27.59 27.59 20. 69
3 ey il 6.41 be 0.73 11.40 1.67 5.00 45.00 43.33 5.00
4 TIH 6.65 ab 0.88 13.18 0 11.63 27.91 41.86 18. 60
5 [ 7.24 a 0.57 7.91 0 0 12.50 62. 50 25.00
6 B 6.35 be 1.18 18. 64 0 32.26 29.03 12.90 25.81
7 B2 5.56 ¢ 1.04 18.78 0 60. 00 20. 00 10. 00 10. 00
45 Whole county 6.43 0.96 14.96 0.51 17. 44 33.85 32.31 15.90

T : (RPN TR AR £ 1R 22 5 B35 (P<0. 05) .

Note ; Different lowercase letters in the same column indicated significant difference between different townships at 0. 05 level.
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Table 5 Distribution of conductivity in each township of Mouding County

P SHi j\FﬁJ{ﬁ +§7’${)ﬁ2§ AL A EON:! T/MA
No. Township verage E Fandard Coe.fflf’/lent of Maximum Minimum

nS/cm deviation//uS/cm variation//% rS/cm wS/cm
1 LIRS 131.18 b 102.35 78.02 410 29.10
2 R 144.83 b 131.93 91.09 754 47.20
3 LN 281.57 a 183.67 65.23 857 48.20
4 VI AR 154.25 b 72.25 46. 84 320 2.69
5 WA & 140.81 b 107. 03 76.01 332 4.91
6 e L 110.88 b 58.78 53.01 270 41.20
7 % 74.39 b 48.97 65.83 203 31.60
4> H. Whole county 178.83 144. 08 80. 57 857 2.69

T : RIS NG FREFRIR AR 2 fE] 28 53 .3 (P<0. 05)

Note ; Different lowercase letters in the same column indicated significant difference between different townships at 0. 05 level.
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Table 6 Distribution of organic matter in each township of Mouding County

£ IX ] i . Proportion//%

i L I FrufEdR 22 s 5 R H

7 . Average Standard deviation Coefficient of <10 10~ <20 20~<30 30~40 >40
No. Township L

o/kg o/kg variation//% o/kg o/kg o/kg o/kg o/kg

1 LS 28.20 be 9.95 35.30 0 21.44 35.71 35.71 7.14
2 R 35.63 b 14.02 39.34 0 6.90 31.03 27.59 34.48
3 A 35.20 b 9.15 25.98 0 3.33 26. 67 41.67 28.33
4 YT 26. 89 be 10.26 38.16 4.65 25.58 30.23 27.91 11.63
5 IER 2 44.92 a 22.70 50. 54 0 12.50 0 37.50 50. 00
6 e 16.19 d 7.49 46.26 19.35 48.39 29.03 3.23 0
7 B 21.55 ed 11.86 55.05 20. 00 50. 00 0 20. 00 10. 00
4> H Whole county 29. 61 13.25 44.77 5.13 20. 00 26. 66 28.72 19. 49

T : RIS NG FREFRIR AR 2 500 22 5 .3 (P<0. 05)

Note ; Different lowercase letters in the same column indicated significant difference between different townships at 0. 05 level.

2.3.4 @R RIS HE MR R N T iR B2 SR 0
MR AE R AR VAR 5 B AN FEAL 2 oy B ) i
FIEL ORI R T R . N 7 WA, A2
A& S BN IMEAE 1.38~3.02 ¢/kg, J& T b L2 5

K-, 2 BAAE 3. 59% B S AR T HLZ KT, 43. 59%
Bk A S RE T FEEKE, U A2 E BRI - A A
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Table 7 Distribution of total nitrogen in each township of Mouding County

- g B RRERRE  BERRN # DX 5 4, Propartion /%
No. Towns}\lip Average Standard deviation Coe.ffl?lenl of <0.75 0.75~<1.00 1.00~<1.50 1.50~2.00 >2.00
o/kg o/kg variation//% o/kg o/kg o/kg o/kg o/kg
1 LIRS 1.90 b 0.50 26.24 0 0 28.57 28.57 42. 86
2 JR\ 4 2.28b 0.71 31.15 0 0 13.79 27.59 58.62
3 paevisEl 2.13b 0.50 23.48 0 0 8.33 33.33 58.33
4 PR3 1.82b 0.68 37.58 4.65 4.65 30.23 20.93 39.53
5 e 3.02a 1.36 45.10 0 0 12.50 0 87.50
6 B 1.16 ¢ 0.37 31.86 12.90 22.58 41.94 19.35 3.23
7 X 1.38 ¢ 0.57 41.70 10. 00 10. 00 50. 00 10. 00 20. 00
4= H Whole county 1.91 0.75 39.23 3.59 5.13 23.08 24. 62 43.59

T : RIS NG FRERIR AR £ fE] 22 53 8.3 (P<0. 05)

Note ; Different lowercase letters in the same column indicated significant difference between different townships at 0. 05 level.

2.3.5 JKFRER. HHOKIYERURA Y AT DL E R WO
AR R, Ho i S AE R HA S OISR & L
TIEEARAR . K 8 I, AR5 B45 & B K TR
FI(EAE 83.41~145.79 mg/kg, JB T L3 FEAKF, 2 B

A 17. 44% B UK IR TE RS Tk ZKF 4% 2 B, K
f SRR 3 D 2 BUKIEME R0 ol 150 mg/kg AYHL
R P, T B AL I A RIS
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Table 8 Distribution of hydrolytic nitrogen in each township of Mouding County

T 2

£ IX ] i . Proportion//%

S A E AR ¥

e 2 A M Standard . lﬁ%é&
Towrah: Average - Coefficient of <60 60~ <90 90~ <120 120~ 150 >150

No. Township K deviation ariation /%

mg/ kg mg/kg variation//%  mg/kg mg/kg mg/kg mg/kg mg/kg
1 YIRY 115.17 be 52.55 45.62 14.28 14.29 21.43 28.57 21.43
2 RKdif  145.79 b 48.39 33.19 3.46 13.79 10. 34 31.03 41.38
3 HARE 143.14 b 43.41 30. 33 0 3.33 26. 67 33.33 36. 67
4 VLA 123.60 be 60. 89 49.26 2.33 30.23 23.26 18. 60 25.58
5 WA 2 184.53 a 97.99 53.11 0 12.50 0 37.50 50. 00
6 B 83.41 ¢ 31.15 37.35 29.04 29.03 22.58 19.35 0
7 B S 94.24 ¢ 40.11 42.56 20. 00 30. 00 20. 00 20. 00 10. 00
4> H. Whole county 126.91 55.78 43.95 7.69 17. 44 21.03 26. 67 27.18

LE : [RISIARING TR AR £ FR10] 25 5 .35 (P<0. 05)

Note ; Different lowercase letters in the same column indicated significant difference between different townships at 0. 05 level.
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2.3.6  HHWE BEEEYLTEFRIOCRZ —, S 5HME R AR TR AL 53.33%, 1 EEFER G L 46.67% . FL
TR N VF 2 EEALS W), WA AP0 B AT SR, 15 2 MW Fr V40 14.76 me/kg, HHRHIERZ Ay HE 90% , 22
TR AR R B [ E BT, — BRI R AR EC T R R RS P, 4 L O S RO
FHER S 3R . 1R 9 W 20 AR T A 5 i 76, 66% , J& T5mAR S U AR g Bk B i as AR R
R EEERSHBABMIHERL
Table 9 Distribution of available phosphorus in each township of Mouding County

o S SEH(E ‘ @ﬁ(ﬁﬁﬁi‘ ‘ ’E%'i,%’;ﬂl K IX 8] 5 Pr()portlon//%

No. Township Average  Standard deviation  Coefficient of <11.45 11.45~<22.90 22.90~<45.80 45.80~91.60 >91. 60
mg/ kg mg/kg variation//% mg/kg mg/kg mg/kg mg/kg mg/kg

1 GBIk 25.39 a 21.26 83.75 28.57 35.71 21.43 14.29 0

2 R4 20.64 a 15.05 72.94 27.59 37.93 31.03 3.45 0

3 A4 30.37 a 16. 17 53.26 8.33 25.00 53.34 13.33 0

4 TT I 28.15a 22.07 78.39 16.28 37.21 30.23 13.95 2.33

5 & & 33.87 a 51.68 152.57 25.00 50. 00 12.50 0 12.50

6 B 21.53 a 13.43 62.41 35.49 22.58 35.48 6.45 0

7 B & 14.76 a 6.29 42.64 30. 00 60. 00 10. 00 0 0

4> H. Whole county 26.01 19.94 76. 66 20.51 32.82 35.90 9.74 1.03

T : [FPUAR/ING FRER R AR £ ) 28 5 ik 25 (P<0. 05)

Note ; Different lowercase letters in the same column indicated significant difference between different townships at 0. 05 level.
2.3.7 KEMEE. SORMELHRHHEICR, EWENR R TR, R E B KRR S B AR EOR. %5
U HURR, SR o e b, i R JEE T A, St R be e B SRR B i 53. 60 o/kg, A8 S R EK 85. 53% , B
TR, S BTES . AR 10 ATAL, AR E BOKIEMESURIRTE B i e, R R B AS £ R )N, RO SRR T AR R B
b, A Bl T0% 7 ROl HTE N (B34 13, 85%FEATE . SAVE DXHURSZE AL 3, S5 A DIl o 5 PR A vy, o AFLA
WM, G REER, 2HEKEERESRECN 124. 2%,  HOKBEHEABEFREmEK,

£10 ZEERSEKBUESAHER

Table 10 Distribution of water soluble chlorine in each township of Mouding County

e [ FREE  ERRM #5 0XJA] 27 L Proportion//%
7 e Average Standard deviation Coefficient of <30 30~<45 45~ 60 >60
No. Township L.
o/kg o/kg variation//% o/kg o/kg o/kg o/kg
1 YIRS 22.73 ab 25.14 110. 60 71.43 14.29 7.14 7.14
2 JR T 17.61 ab 20. 49 116. 40 86.21 6.90 3.45 3.45
3 N4 53.60 a 45.84 85.53 36.67 16. 67 16. 67 30. 00
4 VTR 31.69 ab 39.58 124.92 74. 42 11.63 4.65 9.30
5 WA £ 44.67 ab 83.41 186.71 87.50 0 0 12.50
6 WA 11.80 b 10.52 89. 16 96.77 0 0 3.23
7 B2 19. 56 ab 22.73 116. 19 90. 00 0 0 10. 00
48 Whole county 32.44 40.43 124. 62 69.23 9.74 7.18 13.85

1 PR E/ NG FREFRR R R £ 4R 22 5 8.3 (P<0. 05)
Note : Different lowercase letters in the same column indicated significant difference between different townships at 0. 05 level.
2.4 AFTEESHELEESRRERSHH  AWFHSA FIFAT AR G ot B A% KR 9 T 43 B B R ) i 2
FeA R EEE H SPSS 22,0 Zoi PR 7 4 FFE AL 12GRMKFEVNIITFHES) o 55—~ EmR5
FAMERTIAT T AT . R 1L A LUB L, A AT IORPRERRDY 3.726, STIRR g 53. 234% ;55 — A U I RFAE
{9795 A SRR L 1 57. 6% , Fufth 6 istpoq  ROW 1164, TURKR DY 16, 629% 5 55 = F2 Al 5 (R 15 AiE AR A
BRI 80, B R A5 S R B L 0.975, Ttk Jy 13.928% , = St GumtxJy 83. 791% , i
3 80% , Pt B 52 B IR 3 AN E AN, - A B
LT AR KA KT R A B B, B
AT 5505 3 A AL pH | HL R A K T S 1

11 BFREFHFER

Table 11 Variance ratio of different factors

FRifEfAs & L PRI A1 2o A S N i e K= B
Standardizi variable On'ginaution Extraction proportion F A S U R BRI pH Al AR
Zscore(pH) 1. 000 84.6 (R13).

Zscore( {1 §:3R) 1. 000 85.1 1£ SPSS Wit 3 AN LE 5155, B SPSS R E
o L) L 0.3 WM BRI (3% 14) (0 HSE, B B0 T A 9%
iscore (R R . . o s N Y P
A oo o FURIE FACT FAC2 I FACS. JRJG SR DL F AU T4
Zscore (FKEHES) 1.000 82.7 BRI AR F= (B VR 22 E )/ CaJy
core :30) 1 oo 93.3 PEE ) <FACLH (AR 2 X RERT7 25 E7 47 1 )/ (0 22
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Table 12 Characteristic roots and corresponding contribution rates of

variables
PIAAFHELE nitial PP IR
1% characteristic value Extract square sum load
Compo-
% kA% % kA%
1 3.726  53.234 53.234 3.726  53.234 53.234
2 1.164  16.629 69. 863 1.164  16.629 69. 863
3 0.975 13.928 83.791 0.975 13.928 83.791
4 0. 651 9.298 93.089
5 0.348 4.971 98. 060
6 0.099 1.421 99. 481
7 0.036 0.519  100. 000
K13 INERSHHERE

Table 13 Eigenvectors of the three principal components
B A b 843 Component
Standardized
variable 1 2 3
Zscore(pH {H) 0. 189 0.753 0.492
Zscore ( 1 §3%) 0. 546 0. 601 -0.437
Zscore( HHLT) 0.924 -0.051 0.219
Zscore ( ) 0.638 -0.388 -0.134
Zscore KAL) 0.917 -0.237 0.181
Zscore (/KIAEHER) 0. 666 0.147 -0. 601
Zscore( 24A,) 0.920 -0. 062 0.286
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Table 14 Component score coefficient matrix

FRIEAS HGy Component
Standardized
variable 1 2 3
Zscore(pH) -0.002 -0.037 0.822
Zscore( 1, 5:K) -0.192 0.651 0. 169
Zscore (G HLIE) 0. 308 -0.073 0.116
Zscore ( R ) 0.216 0.019 -0.335
Zscore (/KR 0.347 -0.123 -0.036
Zscore (/KIS -0.090 0. 601 -0.242
Zscore( %) 0.333 -0.129 0. 149
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Fig.1 Cluster diagram of 195 soil samples
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Table 15 Main nutrient indexes of different types of soils
. AL IR KA At v

sy EETE‘F$ ﬁﬂ LR Available Hydrolyzable ~ Water-soluble ER, Frah B
C pH Conductivity Organic matter . . Total nitrogen Sample

ategory S/em o/kg phosphorus nitrogen chlorine o/k number

. ° mg/kg mg/kg kg &

I 6.738 272.554 39. 895 30.720 161.327 47.354 2.477 84
I 6. 180 109. 882 20.908 20. 301 95.162 17.017 1.424 109
I 6.760 2.690 47.340 118. 080 413.370 242.920 3.740 1
v 7.380 4.910 95. 500 160. 830 410.510 250. 440 5.730 1
4=HL Whole county 6.429 178. 868 29. 605 26.012 126.913 32.441 1.912 195
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