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Fig. 1 Location of study area and soil sampling sites
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195
30 m OLI DEM
[27]
NDVI GIS n p
SL AS Z'(x0) = 2 42 (%) + 2425 (x)) 2)
i=1 Jj=1
ST X
NDVI Z (xo) Xo Zy(xy)
Z Z(x;)
[24] PRy
1.3
n p
+3
SPSS17.0
2.2
ArcGIS10.1
(85%) "
(15%) 250 44
ME ASE RMSE 6
) y:Zanxn =ay+ax +ayx, +azx; +---+a,x, (3)
i=l
2.1 y x(n=1,2,3, .,n)
) a a a,
ap
[25]
3
31
(OK) !
4 10.701 g/kg
65.248 mg/kg 212.16 mg/kg  18.867 mg/kg
(28]
[26]
Z(x)= 2 A2(x) (1)
i=l1
" A X, 10% ~ 100%
Z(x;) Z'(x)
OK (COK) OK
COK
*1 ERRIERSEREFITRESFESMRERE
Table I Descriptive statistics and equations of apple yield and soil nutrients contents
+ K-S R
(g/kg) 6.9 ~16.0 10.701 £ 1.598 14.93% (2.998 0.391) NONE y= 11.317x* - 214.53x + 3421.9 0.013
(mg/kg)  21~134  65248+17.806 27.29% (3.769 —0.386) Log  y=-0.1468x + 15.149x + 2133.8  0.043"
(mg/kg) 65 ~ 454 212.16 + 82.956 39.10%  (2.539 -0.162) Log y=0.0013x> - 1.5857x +2718.5  0.018"
(mg/kg) 2.8~49.8 18.867 £9.426 49.96%  (2.935 -0.294) Log y=-0.7906x* + 40.581x + 2036.7  0.026
wEk ok P<0.01 P<0.05 ( )
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3 Log ( 3
2 3
OK
(R?) COK DABS RMSSD
1
8.05% 5.72% OK 0.16% 0.33%
3.2 COK
OK COK
OK COK COK
6 OK RMSSD 1 DABS 0.4581
1.2%
OK OK COK
3.2.1 ArcGIS10.1 COK MESD RMSSD OK 0
OK COK 1 DABS
4 COK OK 2.94% COK
COK ME RMSE ASE DABS OK
ME( ) RMSE( ) MESD  RMSSD 1
( ) RMSSD( ) ASE( OK  8.95% COK
) DABS(RMSE-ASE|)6
( 2)& ME RMSE
MESD RMSSD 0 COK
1 DABS OK COK
%2 OK #l COK RyIERIIEE bLig
Table 2 Accurate comparison on the model between Kriging and Cokriging
ME RMSE MESD RMSSD ASE DABS
OK 0.008 4 1.642 9 0.006 3 1.023 1 1.604 3 0.038 6
COK 0.008 7 1.642 7 0.006 4 1.022 8 1.604 5 0.038 2
OK 0.2102 18.960 9 —-0.047 6 0.9952 19.994 3 1.033 4
COK 0.167 6 17.943 6 —-0.004 7 0.947 6 19.435 1 1.4915
OK 0.078 5 82.501 7 —-0.032'5 0.988 6 87.267 6 4.7659
COK 0.246 4 82.213 6 —-0.029 3 0.990 3 86.8953 4.6817
OK 0.2155 9.4123 -0.003 7 0.888 1 10.890 5 1.478 2
COK 0.207 7 9.3919 0.002 3 0.8790 10.848 5 1.456 6
*3 WIEERY OK #1 COK X FMIR & Lhik
Table 3 Comparison of relative tolerance of the validation set between Kriging and Cokriging
(%) (%) (%)
OK COK OK COK OK COK
44 8.21 8.05 11.47 11.51 6.05 5.72
44 31.12 31.02 11.34 8.43 0.86 2.06
44 108.26 50.31 8.21 16.38 22.30 19.36
44 32.35 23.53 22.27 29.36 10.75 1.80
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134.000 mg/kg 27.534%
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34.337% -
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Fig. 2 Spatial distributing of soil nutrients in studied area
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3.3 H P<0.01
3.3.1 SPSS17.0

5 AS SL  P<0.05
Pearson 4

H P<0.05
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x4 RETEFSERTEFHEXRL 3.3.2
Table 4 Correlation coefficients between soil nutrients and
soil-formation factors
SPSS
NDVI -0.051 -0.149™ -0.067 0.082
ST 0.083 0.138" 0.103" 0.056
SL 0.112" 0.157" 0.140™ 0.065
H 0.136 0.107 0.109 0.116 5 3 R
AS 0.115" 0.180™ 0.198" 0.063
0.5 0.043 0.097 0.068
wk ok P<0.01 P<0.05
4 [30]
P<0.01 sig. 0
NDVI ST H SL
0.487 0.935 0.528
ST H
H P<0.05
NDVI
#5 TEFRSERLTEMEFRIZLMERE
Table 5 Linear models between soil nutrients and soil-formation factors
R’ F sig.
y =0.487H+0.9355L+0.52845-9.992 0.043 4.296 0.006
y=0.7818T+1.05245+0.909SL-25.976 NDVI+0.921 H-159.025 0.097 6.206 0.000
y=1.0145+0.983SL+0.369H+0.4535T7-385.227 0.068 5.284 0.000
OK COK
4
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Spatial Distribution of Soil Nutrients and Their Influential Factors
in Apple Production Area: A Case Study of Liquan County,
Shaanxi Province

ZHANG Bin', YANG Lian’an'", YANG Fenli’, WANG Weidong®, YUAN Xiaoyu’,
ZHANG Linsen*, XIE Xianjian’, YANG Yucen', DU Ting'

(1 College of Urban and Environmental Sciences, Northwest University, Xi'an 710127, China; 2 Xianyang Agricutural Science
Research Academy, Xianyang, Shaanxi 712000; 3 Soil and Fertilization Station of Liquan County, Xianyang, Shaanxi 713200,
China; 4 College of Horticulture, Northwest A & F University, Yangling, Shaanxi 712100, China; 5 School of Geography and
Resources Science, Neijiang Normal University, Neijiang, Sichuan 641000, China)

Abstract: The objective and quantitative analysis of spatial heterogeneity of soil nutrients and their influential factors
can provide scientific basis for precision fertilization. Apple production area at Liquan County, Shaanxi Province was selected
as the research area, soil samples at 0—40 cm depth were collected by the “S” shape sampling method, the mapping accuracies
of soil nutrients including organic matter, alkali hydrolysable N, available K and available P were studied by geostatistics and
GIS. The optimal prediction models were determined by cross-validation and relative tolerance, and spatial distribution maps
of soil nutrients were drawn, the spatial distribution characteristics of soil nutrients were comprehensively analyzed. Moreover,
influential factors of soil nutrients and their weights were decided by Pearson correlation and multiple regression analysis. The
results showed that: 1) Under the optimal variogram model, the interpolation accuracy of Cokriging were better to predicate
organic matter, available K and available P compared by Ordinary Kriging, while, Ordinary Kriging was better to predicate
alkali hydrolysable N. 2) Soil organic matter showed a decrease trend from Junma Town-Qiandong Town, Jianling and
Zhaoling Town to the middle part area; the high value area of hydrolysable N was from Zhao Town to the east of Shide Town,
decreasing toward the east, north and southwest respectively; the high value area of available K was located in the south of the
studying area; The high value area of available P was located among Fenghuo and Junma Town, Shitan-Zhaoling Town. 3) Soil
organic matter and terrain factors were significantly correlated. Alkali hydrolysable N was affected by NDVI, soil types and
terrain factors. Available K content was significantly correlated with slope and aspect, however, no significant correlation was
found for available P.

Key words: Soil nutrients; Spatial distribution; Influencing factors; Cokriging; Multiple regression analysis; Liquan County



