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1.2
200 ~ 500 m 1
2000 12 20 ~33.33 hm’
16.5~17.5 1 446 (D 2
C 1290 ~ 1 600 mm 1 2014 11—12 13.33 ~ 26.67 hm’
406 ~1219h 1 1242 ( 1)
667 m’
3.07x10° hm’ 1.32x10° hm’ GPS
1.75%10° hm’ “s” 0 ~ 20 cm
87 K326 2.25x10%t 5
- - - - - - 1 kg
_ — + [71
F1 THIERFEHER
Table 1 Information of soil samples
()
2000 446 115 319 63 32 85 14
331 39 25 38 70 121 86
2014 1 242 284 1014 130 102 155 95
958 52 46 160 300 70 360
1.3 2000 30.89 mg/kg
425.48% “ o7 “ 7
[8] 2000 85.09% 2014
(<5 mg/kg) (5 ~ 10 mg/kg) (10 ~ 20 90.06% 4.97%
mg/kg) (20 ~ 30 mg/kg) (30 ~ 40 mg/kg) 2000 52.60 mg/kg 2014
(>40 mg/kg)( )6 234.00 mg/kg 181.40 mg/kg 2000
1.4 52.30 mg/kg 2014 233.16 mg/kg
SPSS17.0 K-S 180.86 mg/kg
(Kolmogorov-Smirnov test)"”’
GS+9.0 1ol
(Kriging) (Probability ( 3) 2000 2014
Kriging) ArcGIS 10.2.2 “ ” “« 7 37.60
[8,11-12] 26.16 “ y o« w o«
) ” “ ” 3.40
15.18 11.97 33.21
2.1 2.2
2 2 14
2014
Fz2 AEREHTEEE T IEE N = KR (ng/ke)
Table 2 Soil available phosphorus contents in 2000 and 2014 in Xiangxi
(mg/kg) (%) (mg/kg) (mg/kg) (mg/kg)
2000 7.26 6.18 85.09 0.30 52.60 52.30
2014 38.15 3436 90.06 0.84 234.00 233.16
2014 2000 30.89 28.18 4.97 0.54 181.40 180.86
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x3 ARMHAMREMDRERBAHBERIAREL
Table 3  Grade distribution and changes of soil available phosphorus from 2000 to 2014

(mg/kg) (%) 2014 2000 (%)
2000 2014
<5 43.72 6.12 -37.60
5~10 36.55 10.39 -26.16
10 ~20 15.92 19.32 3.40
20~ 30 2.69 17.87 15.18
30 ~ 40 0.67 12.64 11.97
( ) >40 0.45 33.66 33.21
2
2000 2014
(3 8.90%  65.66% 14
[11,14] [10,15]
14
( 4) RMSE 1 MSE 0
x4 TRAYHFEHERBIEBRBXRSHLLER
Table 4 Semi-variogram models of soil available phosphorus and the parameters
Moran’s 1
Co CotC  Co/(CotC) (%) D V4 RMSE MSE
2000 Exponential 32.46 364.67 8.90 1.449 1.915 0.388 10.76 1.043 0.012
2014 Exponential 510.63 777.64 65.66 0.039 1.984 0.097 6.12 1.028 0.003
RMSE MSE
2000 2014 2014
Moran’s 1 0.388 0.097 2000
Moran’s I VA 2.58 2 ( 1 5) 2000
0.05 “ o7 “ 7 58.94%
2014 Z 2000 14 27.12% “o o7
“ ” 13.37%
D ” 2014
( 4 2000 2000 2000
1.915 2014 1.984 0.069 14 “ ” 2836% “ 7 “ ”
26.46%
26.94% ¢ ” 16.75% “ 7
1.49% “ 7
2.3 “ i
Kriging “ oo
(D ArcGIS “ o7
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2014 “ ” 2000 57.45%
» 113 ”» 113 ”» 27. 1 2% 14
28.36% 26.89% 25.94% “o7 “
20004 20144
A A
AR (mg/kg) AR (mg/ke)
<5 <5
N 5~10 B 5~10
10~20 10~20
20~30 20~30
[ 30~40 [ 30~40
. > 40 . > 40
0 15 30 60 km 0 15 30 60 km
E1 HAEEETERESETESH
Fig. 1 Spatial distribution of soil available P in 2000 and 2014 in Xiangxi
x5 ARMNPTEGSYHSSRERAITRET
Table 5 Area statistics and changes of soil available phosphorus under different grades in 2000 and 2014
(%) 2014 2000
(mg/kg) 2000 2014 (%)
<5 27.12 - -27.12
5~10 58.94 1.49 —-57.45
10 ~20 13.37 16.75 3.38
20 ~ 30 0.52 26.46 25.94
30 ~40 0.05 26.94 26.89
( ) >40 - 28.36 28.36
2.4
2.4.1 100m 1400 m
(r =
-0.254 P =10.000)
( 2 243
467 839.7 1023 m 2
3 4 <467 m 467 ~839.7m
839.7~1023m >1023m 4 40.76 mg/kg 29.34 mg/kg
27.416 36.013 47.930 62.741 mg/kg 7 - -
2.4.2 — _
4 _ - - (9 - -

6)
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W (g/kg)

B
AR

T 0
P (me/ke)

LEA] (%)
B (g/ke)

38.171
34.368
1241
100.0
38.171

K (m)
(P=0.000, F=36.642, df,=3, df,=1 237)

l

l

<467.0 (467.0, 839.7] (839.7,1 023.0] >1023.0
| | | |
TR W2 W3 T 4
SEHME (mg/ke) 27.416 A (mg/kg) 36.013 AL (mg/kg) 47.930 S (mg/kg)  62.741
hRiEZE 25.376 B 31.593 FRiE2E 1.87 hRifEzE 42.126
AR 249 FEAKL 743 A 124 R 125
e A(%) 20.1 LEA) (%) 59.9 LEB (%) 10.0 Ll (%) 10.1
Wil (mg/kg)  27.416 i (mg/kg)  36.013 Tl (g/kg) 47.930 i (mg/keg)  62.741
2 BHREENMIREHHSEXLMANREM DT
Fig. 2 Decision Tree Analysis of altitude effect on soil available phosphorus
F6 MERRMLERRLIEENHS B (mg/ke)
Table 6 Soil available phosphorus contents under different parent materials in Xiangxi
1014 39.87 Aa 35.26 88.42 0.84 218.30
46 36.54 Ab 30.31 82.94 2.49 138.80
130 29.84 Be 29.98 100.45 0.89 234.00
52 26.13 Bd 24.00 91.82 4.52 125.20
P<0.05 P<0.01
. S e ok A 2.4.4
Fz7 HEAR LR ALE TIEBYHES Emg/ky)
Table 7 Soil available phosphorus contents under different land use 28.55 g/kg
type in Xiangxi (r =
0.206 P =0.000)
(%) ( 3)
958  40.76 A 36.25 88.92 0.84  234.00 16.5
284 2934B  25.17  85.78 0.89 156.30 22.50 27.00 g/kg 4
x8 MATRRMEENLIRAHHD 2 (mg/ky)
Table 8 Soil available phosphorus contents under different rotation modes in Xiangxi
(%)
- - 432 40.67 Aa 34.17 84.02 0.84 218.30
- - 483 40.61 Aa 36.74 90.47 1.08 234.00
- - 39 33.86 Bb 4521 133.55 0.89 190.40
- - 274 30.85 Bb 27.48 89.05 0.99 178.00
- - 14 30.57 Bb 21.01 68.72 3.69 66.50
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W0
Sy (mg/kg)  38.153
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Fig. 3 Decision Tree Analysis of SOM effect on available phosphorus
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Fig. 4 Probabilities map of soil available phosphorus exceeding environmental critical value of 40 mg/kg in 2000 and 2014 in Xiangxi
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Temporal and Spatial Variability Risk Assessment of Soil
Phosphorous in Karst Tobacco-planting Region of Xiangxi, Hunan

LI Qiang'?, DAI Meilin?, XIANG Deming’, LI Juan'", ZHOU Miliang’, TIAN Feng’,
TIAN Minghui’, ZHANG Liming'”

(1 College of Agronomy, Hunan Agricultural University, Changsha 410128, China; 2 Tobacco Research Institute,
Hunan Agricultural University, Changsha 410128, China; 3 Xiangxi Branch of Hunan Provincial Tobacco Company,
Jishou, Hunan 416000, China)

Abstract: Based on methods of spatial autocorrelation, semi-variance function and the fractal dimension as well as the data
of soil available phosphorus in 2000 and 2014, the spatiotemporal variation and environmental risks of soil available phosphorus
in Karst tobacco-planting region in Xiangxi of Hunan were studied. The results showed that, during the 14 years, soil available
phosphorus content increased by 30.89 mg/kg; the Z scores of soil available phosphorus index decreased, fractal dimension and
the nugget effect increased, indicating a weaker spatial structure and stronger stochastic variability; the areas of ‘extremely high’,
‘very high’ and ‘high’ levels were increased by 28.36%, 26.89% and 25.94%, while the areas of ‘low’ and ‘very low’ levels
decreased by 57.45% and 27.12%, respectively; There were significant correlation between soil available phosphorus and
elevation, soil parent material, land use type, rotation mode and SOM content; Probability of soil available phosphorus content
exceed the risk critical value increased greatly, the total areas of very high risk (probability >80%), high risk (probability
60%—-80%) and medium risk (probability 40%—-60%) accounted for 1.77%, 5.40% and 13.96% of the total study area, respectively.
North of Longshan and east of Yongshun are the key regions to control agricultural non-point pollution of phosphorus.

Key words: Karst area; Tobacco-planting soil; Available phosphorus; Spatiotemporal variation; Environmental risk
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