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Fig. 1 Administrative regions and elevation of Luoping County Fig. 2 Distribution of soil samples
1.3
GPS pH
10 355
(2 [15]
s 020 =( / )><100%
~ cm
10% 10% ~ 100% 100%
2 kg [16]
I ke 1.4
2014 2008 [17]
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Table 1 Evaluation criteria of nutrient contents of tobacco-planting soils
pH =5.0 5.0~55 55~7.0 7.0~7.5 =75
(g/kg) =I5 15~25 25~35 35~45 =45
(mg/kg) =30 30~ 60 60 ~ 120 120 ~ 150 =150
(mg/kg) =50 50 ~ 100 100 ~ 200 200 ~ 400 =400
(mg/kg) =2 2~5 5~25 25 ~ 40 =40
(mg/kg) - =10 10 ~40 =40
(mg/kg) - =80 80 ~ 350 =350
(mg/kg) - =1.0 5.0 =5.0

(mg/kg) - =0.2 02~1.5 =15
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1.5 Excel
(soil fertility index, SFI) )
SFI, =Y WyN;(i=12,,m;j=12,"-,m) Ny 2.1 2014
j=1 ( 2
W,‘j I J pH
0 N=1 o0=w=I 56.33% 57.18% 77.46%
m 80.28%  97.18%
27 =1 68.73% 86.19%
j:l . 0 . 0
(21 ArcGIS 9.3 77.46% 49.58%
(geostatistical analyst) 10% ~ 100%
(18] SPSS 19.0 pH

Fx2 2014 EFFEEMRTIERS SRS

Table 2 Descriptive analysis of nutrient contents of tobacco-planting soils of Luoping County in 2014

t (%) (%)
pH 355 6.66 £ 0.82 4.16 ~ 8.06 12.31 12.41 56.33 31.26
(g/kg) 355 41.80 £ 15.03 4.20 ~ 164.13 35.95 8.17 23.10 68.73
(mg/kg) 355 169.68 = 44.59 51.74 ~372.95 26.27 0 13.81 86.19
(mg/kg) 355 39.09 +28.99 1.20 ~217.54 74.16 7.90 57.18 34.92
(mg/kg) 355 305.78 £124.19 62.00 ~ 882.89 40.61 3.11 77.46 19.43
(mg/kg) 355 3.52+2.28 0.42 ~22.10 64.77 3.1 80.28 16.62
(mg/kg) 355 352.68 £217.61 33.34 ~2365.31 61.70 1.69 20.85 77.46
(mg/kg) 355 0.53£0.42 0.05 ~3.03 79.24 0 97.18 2.82
(mg/kg) 355 28.36 £ 14.26 7.00 ~ 116.55 50.28 0 50.42 49.58

2.2 2014 pH
3 pH 9
0~1
(P 0.05) S
S 3 pH

0.1, x << xi,x = x4
0.9x(x—x)/(x2=x)+ 0.1, xi <x < x2
f(x)= (1)

1.0, < x<x3

1.0-0.9% (x — x3)/(xa — x3), X3 < X < Xs

S
1.0,x = x4
f(x)=209x(x—x1)/(xa—x)+0.Lxi<x<xa (2)
2.3 0.Lx<x

[19-20]
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Table 3 Contents of soil nutrients in Luoping County
pH (g/kg) (mg/kg) (mg/kg) (mg/kg)
50 5.92 £0.88d 42.51 £ 21.16abed 140.53 +33.39ce 25.50 £ 16.09d 209.84 + 126.99de
40 6.99 £ 0.77ab 38.54 £ 11.56bcd 151.99 +40.97cde 52.08 £ 23.66ab 300.05 + 119.21abe
23 7.06 + 0.50a 36.31 + 14.73cd 159.01 + 45.64bcde 31.27 £19.16bed  311.01 £ 130.97ab
24 6.57 £ 0.64bc 46.17 + 13.60ab 172.75 + 32.84abcd 30.52 £ 19.56bed  256.45 £ 93.02bcde
40 6.45+0.77cd 41.04 + 11.62bcd 166.44 + 38.21abcde  42.94 +34.58abc ~ 286.88 + 137.29abcd
24 6.83 £ 0.87ab 44.79 + 13.08abc 186.53 +77.93a 55.97+32.47a 343.74 £ 85.83a
29 6.42 £ 0.64cd 45.81 + 13.22abc 169.60 + 32.27abcd 27.68 £ 18.91cd 267.05 + 8.84bed
43 6.85 + 0.45ab 40.36 + 9.28bcd 174.38 + 36.65abc 33.65+19.28bcd  209.21 £ 94.61e
49 6.35+0.95cd 53.19 £ 16.85a 175.64 + 45.32ab 51.66 + 46.18ab 219.19 + 131.12cde
33 6.55 +0.20bc 34.56 +7.75d 147.66 +26.90cde 40.75 + 17.94abed  307.24 + 126.35ab
(mg/kg) (mg/kg) (mg/kg) (mg/kg)
50 2.91 +£0.34b 225.47 + 152.04eg 0.28 £0.13¢ 26.68 £ 12.15¢cd
40 3.48 £ 0.65ab 425.75 + 193.24cd 0.37 £ 0.18cde 39.06 £22.19a
23 2.85+0.45b 568.26 + 180.91b 0.34+0.21de 21.79 £6.87d
24 4.21+1.02a 282.33 £ 91.77efg 0.53 + 0.40bcd 36.01 £ 12.38ab
40 3.66 = 1.01ab 348.97 + 138.95¢cdef 0.61 £ 0.42bc 25.77 £13.01cd
24 3.82 £ 0.27ab 683.71 + 546.71a 0.42 £ 0.15bcde 31.29 £ 11.85abc
29 3.39 £ 0.32ab 359.47 +216.47cde 0.42 £ 0.22bcde 21.96 £8.31d
43 3.67 £ 0.56ab 325.75 + 126.15cdefg 0.36 £ 0.17cde 29.55 £ 10.73bcd
49 4.13+1.28a 252.76 + 101.26efg 1.06 + 0.65a 25.04 £10.02cd
33 2.98+0.31b 438.52 £205.96¢ 0.65 +0.24b 26.66 £ 16.65¢cd
P<0.05
X3 Xy
[7-15] ) 1
( 4 3 86.374%
O~ @ ( 85%) 3
3
4) 4
4
F4 IBRFSEGHRERLLE. HERNRE
Table 4 Function types, inflection points and weight value of soil nutrient index
S
pH
(grkg) (mg/kg) (mg/kg) (mg/ke) (mg/kg) (mg/kg) (mg/kg) (mg/ke)
Xi 5.0 15 30 50 2 10 80 0.2 1.0
X5 5.5 25 60 100 5
X; 7.0 35 120 200 25
Xa 7.5 45 150 400 40 40 350 1.5 5.0
0.569 0.734 0.727 0.581 0.297 0.698 0.562 0.496 0.418
0.1119 0.144 5 0.143 1 0.114 4 0.058 1 0.137 4 0.110 6 0.097 7 0.082 3
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Table 5 The extraction sums squared loadings of factor analysis
1 2 3 4 5 6 7 8
4.180 2.062 1.171 0.840 0.348 0.235 0.093 0.060 0.011
46.443 22915 17.016 5.332 3.862 2.611 1.038 0.665 0.118
46.443 69.358 86.374 91.706 95.568 98.179 99.217 99.882 100.000
(
3)  SFI =09 0.75~09 0.60~0.75 =0.6 < TU12.68%) ¢ 775.92%)
«C ) «C )
() ( )4 0.762 9 <
( 4 6) “e
77(42.25%) = 77(39.15%) 5 N
or P 0.1
zaN{ig =0. i
=355 24km
30 i

AHEAHIX

<0.60
0.60~0.75
04 05 06 07 08 09 1.0 1.1 = 0.75~0.90
SFI = >() 90 [
B3 TEEBNEEMENMMESH 4 TEBAEEMEHNZES6
Fig. 3 Distribution of frequency of soil SFI Fig. 4 Spatial distribution of soil SF/

*o6 FTFEBEMIMIEAERMETFM

Table 6 Comprehensive evaluation of fertility suitability on tobacco-planting soils in Luoping County

(%) SFI

() C ) C ) C ) (%)
17.54 33.34 40.35 8.77 0.762 6 ABC 0.1227 16.09
23.25 37.22 37.21 232 0.790 2 A 0.123 1 15.57
17.64 47.07 35.29 0 0.791 3 A 0.113 5 14.34
12.50 25.00 54.17 8.33 0.7189 C 0.114 3 15.90
12.82 51.28 30.77 5.13 0.778 6 AB 0.097 7 12.55
0 50.00 42.86 7.14 0.743 2 ABC 0.095 6 12.86
3.44 34.49 51.73 10.34 0.720 7 BC 0.108 5 15.05
12.24 55.11 26.53 6.12 0.777 4 ABC 0.108 0 13.89
10.20 42.86 40.82 6.12 0.758 4 ABC 0.107 5 14.17
6.06 48.48 42.43 3.03 0.757 3 ABC 0.1029 13.58
12.68 4225 39.15 5.92 0.762 9 0.1119 14.66

P<0.01
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14.66% pH
10
<< 7 )
(23.25%) (0%) pH
pH
2.4
0.6 ( )
7
(P<0.01) 2.5
(P<0.01) 2008
(P<0.05) « 8 pH
(P<0.01) (P<0.05)
(P<0.01) (P<0.05)
(P<0.05)
10
RT ARRAZFEHIRERSZEAFENNAE £ REE)
Table 7 The variance analysis of soil nutrient contents of different SF/ grades
(n=45) (n=150) (n=138) (n=21)
pH 6.39£0.65 Aa 6.54 £ 0.66 Aa 6.63£091 Aa 6.49 £ 1.30 Aa
(g/kg) 32.09 £6.83 Cd 39.83 £13.32 Bc 45.56 £ 12.92 Bb 59.00 £25.84 Aa
(mg/kg) 130.72 £27.39 Be 159.49 £33.97 Ab 171.36 £ 45.11 Aab 188.37 £47.57 Aa
(mg/kg) 30.36 £22.19 ABb 27.22 £19.87 Bb 4528 £ 14.13 Aa 46.19 £23.11 Aa
(mg/kg) 233.48 £ 82.23 Aa 279.14 £ 132.88 Aa 239.22 £45.61 Aa 261.47 £107.13 Aa
(mg/kg) 391+ 1.12 Aa 3.64£228 Aa 3.26+£1.96 Aa 2.82£0.88 Aa
(mg/kg) 255.90 + 60.29 Be 317.84 £ 152.62 ABbc 394.23 £263.10 Aab 447.41 £250.97 Aa
(mg/kg) 23.51 £8.23 Ab 29.06 £ 14.00 Aa 28.45 £ 14.51 Aa 32.64 £ 13.65 Aa
(mg/kg) 0.59 £0.23 Aa 0.61 £0.46 Aa 0.42+0.37 Bb 0.35+0.16 Bb
n P<0.05 P<0.01
*8 2008 FFTEAMIEFSAERARBAEEMHEY
Table 8 Nutrient contents and SFT of tobacco-planting soils of Luoping County in 2008
pH SFI
(g/kg) (mgkg)  (mg/kg) (mghke) (mghkg) (mgkg)  (mgke) (mg/kg)
5.80 44.93 132.31 25.48 157.35 2.80 220.32 0.26 20.28 0.695 6
6.91 40.87 145.78 52.08 253.81 3.32 405.55 0.32 32.78 0.727 8
6.85 39.67 151.85 31.26 286.23 3.01 543.16 0.38 18.21 0.668 3
6.52 51.15 166.35 30.51 206.25 4.02 275.02 0.51 30.56 0.653 4
6.35 45.21 161.48 42.94 241.78 3.74 341.27 0.66 20.58 0.725 6
6.76 48.34 178.21 55.97 294.54 3.71 673.71 0.34 24.29 0.632'1
6.29 48.45 163.48 27.66 223.19 3.31 342.28 0.38 22.96 0.6103
6.62 44.21 166.12 33.63 168.46 3.62 311.45 0.31 23.34 0.693 2
6.20 57.45 171.98 51.65 188.79 3.81 238.26 1.00 22.26 0.714 5
6.41 37.08 140.23 40.72 247.21 2.79 426.31 0.67 28.07 0.634 3
6.55 45.69 162.20 39.08 259.12 3.40 341.48 0.52 23.26 0.682 9
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2014 2008
9 6

pH 2008

F9 2014 £F52008 FHIEFAIREHEERERERE

Table 9 Comparison of nutrient contents and SF/ of tobacco-growing soils between 2014 and 2008

pH SFI
(g/keg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
0.12 242 8.22 0.02 52.49 0.11 5.15 0.02 6.40 0.067 0
0.08 -2.33 6.21 0 46.24 0.16 20.20 0.05 6.28 0.062 4
0.21 -3.36 7.16 0.01 24.78 -0.16 25.10 ~0.04 3.58 0.1230
0.05 -4.98 6.40 0.01 50.20 0.19 7.31 0.02 5.45 0.065 5
0.10 -4.17 4.96 0 45.10 -0.08 7.70 -0.05 5.19 0.053 0
0.07 -3.55 8.32 0 49.20 0.11 10.00 0.08 7.00 0.1111
0.13 —2.64 6.12 0.02 43.86 0.08 17.19 0.04 -1.00 0.110 4
0.23 -3.85 8.26 0.02 40.75 0.05 14.30 0.05 6.21 0.084 2
0.15 -4.26 3.66 0.01 30.40 0.32 14.50 0.06 2.78 0.043 9
0.14 -2.52 7.43 0.03 60.03 0.19 12.21 -0.02 ~1.41 0.1230
0.11 -3.89 7.48 0.01 46.66 0.12 11.20 0.01 5.10 0.080 0
3
2014
pH
10
2008
pH
~ 4
12.67% 42.25% 39.15% 5.91%
4
0.762 9 10

[21]

2008—2014 6 1) pH
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Evaluation of Soil Fertility Suitability and Spatial/Temporal
Variability of Nutrient Contents of Tobacco-planting Soils in
Luoping County of Yunnan, China

WANG Yu-jun', ZHOU Ji-heng'", SUN Shu-bin', ZHANG Yi-yang', LIU Li', LIU Xiao-ying', ZHAO Jie*
(1 Institute of Tobacco, Hunan Agricultural University, Changsha 410128, China; 2 Tobacco Company of Qujing, Luoping,
Luoping, Yunnan 655800, China)

Abstract: The soil nutrient contents in 355 soil samples of tobacco-planting area in Luoping of Yunnan were surveyed in
2008 and 2014 in order to improve the targeted fertilization. The soil fertility suitability were comprehensive evaluated by soil
fertility index (SFI value) and the spatial and temporal variations of soil nutrient contents were studied. The results indicated that:
1) soil pH, rapidly available P, rapidly available K, available Zn and available B contents were at an appropriate level while
organic matter, hydrolytic N, available Mg and water-soluble C1” contents were higher. 2) The integrated fertility index of most
tobacco-planting area in Luoping was in better and medium level, the average SF/ value was 0.762 9 and soil fertility was in good
condition. 3) The soil fertility suitability index in different areas was: Dashuijing>Banqiao>Jiulong>Luoxiong>A’gang>Majie>
Zhongshan>Jiujiwu>Laochang>Fule. 4) From 2008 to 2014, the organic matter content reduced, while the pH value, content of
hydrolytic N, rapidly available P, rapidly available K, available Zn, available Mg, available B, water-soluble Cl” and SFT value
increased.

Key words: Tobacco growing soil; Fertility; Suitability evaluation; Spatial and temporal variability; Luoping of Yunnan
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