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Abstract This study used GIS and geostatistics to analyze the spatial variability and content distribution of available N, P and K as
part of a comprehensive management of soil nutrients in Gaoyang County of Hebei Province. Results showed that available N and P
distribution was lognormal while that of available K was normal. The averages of soil available N, P and K were respectively 76.32
mg-kg™, 22.28 mg-kg™ and 128.34 mg-kg™'. The coefficients of variation ranged from 36.11% to 79.71%, which suggested that the
variations were at medium levels. The result showed that Cy/(C+Cy) of available N, P and K were respectively 38.79%, 74.27% and
32.33%, which suggested moderate spatial self-correlations. The spatial variability was caused by structural and random factors.
Available K had the longest correlation range (51.94 km), available P the shortest (1.05 km) and that of available N was 43.96 km.
Integrated comparisons in interpolation errors were conducted, and the best theoretical model of semivariogram of soil available N, P
and K were established, which turned out to be spherical, exponential, spherical models, respectivley, with preferable 0-order trend
effect. Spatial distribution maps of available N, P and K contents in cropland soils constructed by using universal Kriging
interpolation objectively reflected nutrient abundance/deficiency in the study area. The maps suggested that the characteristics of the
spatial distribution of available N was insignificant, available P was mainly with a banding distribution and available K was with both
banding and island distribution. The content of available N was low, the area of land with 60~90 mg-kgf1 available N accounted for
93.13% of the investigated region. This suggested that there was the need to increase soil nitrogen in the study area. The contents of

available P and K were in the medium-to-high range in most of the study area. Also the spatial distribution of available P showed that
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areas of low, medium, high and very high grades were respectively 0.34%, 31.97%, 46.98% and 20.71% of the study area. Available
K map showed that the areas of low, medium, high and very high grades were respectively 0.04%, 40.36%, 54.12% and 5.48% of the

study area. The figures of the GIS-based nutrient variability reflected the spatial distribution of soil nutrients and provided the

theoretical basis for decision-making and soil nutrient management in the study area.
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Table I Description statistics of available nitrogen, phosphorus and potassium contents of cropland soil in Gaoyang County mg-kg™'
Soil nutrient Max. Min. Median Mean S.D. CV (%) Skewness Kurtosis Distribution type
Available N 210.00  10.50 72.69 7632 27.56 36.11 -0.4716"  4.8803" Lognormal
Available P 197.75 1.02 17.90 22.28 17.76 79.71 -0.2998"  3.7715" Lognormal
Available K 376.18 14.51 118.41 128.34 52.34 40.78 -0.7513 5.599 8 Normal

* means this index accord with normal distribution after logarithmic transformation.
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Fig. 2 Surface trend of available nitrogen (a), phosphorus (b) and potassium (c) contents of cropland soil in Gaoyang County
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Table 2 Comparisons of interpolating error with different trends and models of available nitrogen, phosphorus and potassium con-
tents of cropland soil in Gaoyang County

Prediction error

Nutrient Trend effect Model Mean error Root mean  Standard error Mean square error Normalized root
(ME) sq(ug;;seér)or O(f;\IZ%H (MSE) mear(l]{s&u;;(;;error
0 O-order Spherical —-0.206 27.965 28.118 -0.007 0.994
Available N Exponential ~0.208 27.965 28.780 ~0.007 0.971
Gaussian -0.208 27.968 28.383 -0.007 0.985
l-order Spherical -0.201 27.964 28.118 -0.007 0.994
Exponential -0.203 27.964 28.800 -0.007 0.971
Gaussian —-0.203 27.967 28.383 —0.007 0.985
2-order Spherical —-0.204 27.966 28.118 -0.007 0.994
Exponential -0.206 27.965 28.800 -0.007 0.971
Gaussian -0.206 27.969 38.383 -0.007 0.985
0 O-order Spherical 0.132 16.765 17.561 -0.012 0.985
Available P Exponential 0.047 16.743 17.120 ~0.018 1.011
Gaussian 0.182 16.797 17.862 -0.008 0.970
1-order Spherical 0.338 16.811 18.465 -0.002 0.943
Exponential 0.132 16.767 17.584 -0.012 0.986
Gaussian 0.248 16.809 18.159 -0.005 0.956
2-order Spherical 0.113 16.768 17.545 -0.013 0.988
Exponential 0.069 16.743 17.257 -0.017 1.004
Gaussian 0.134 16.796 17.710 —0.012 0.980
0 0-order Spherical —0.111 53.981 69.369 -0.001 0.777
Available K Exponential ~0.110 54.005 72.956 ~0.001 0.739
Gaussian ~0.109 53.995 71.498 -0.001 0.754
1-order Spherical -0.113 53.985 69.369 —0.001 0.777
Exponential -0.113 54.009 72.956 —0.001 0.740
Gaussian —0.112 53.999 71.499 ~0.001 0.754
2-order Spherical —0.122 53.994 69.381 -0.002 0.777
Exponential -0.122 54.016 72.868 —0.002 0.741
Gaussian -0.121 54.007 71.512 -0.002 0.754
(RMSSE) 1, RMSSE<1,
, RMSSE>1, (7]

2 s , Spherical Exponential Spherical
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Table 3 Best-fitted semivariogram models and corresponding parameters of available nitrogen, phosphorus and potassium contents
of cropland soil in Gaoyang County

Co CotC I GlGtO)

Nutrient Model Nugget Sill Range (km) Nugget/sill (%)
Available N Spherical 0.055 7 0.140 43.96 38.79
Available P Exponential 0.384 0.517 1.05 74.27
Available K Spherical 1419.28 4390.38 51.94 32.33
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Fig. 3 Spatial distributions of available nitrogen, phosphorus and potassium of cropland soil in Gaoyang County
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Table 4 National grade standards of the second soil census and area ratios of different grades of soil nutrients of cropland soil in

Gaoyang County

Soil nutrient

Nutrient classification

Very low Low Middle High Very high
Grade standard (mg-kg™") <60 60~90 90~120 120~150 >150
Available N Area ratio (%) 4.96 93.13 1.91 — —
Grade standard (mg-kg_l) <5 5~10 10~20 20~40 >40
Available P Area ratio (%) — 0.34 31.97 46.98 20.71
Grade standard (mg-kg™") <50 50~100 100~150 150~200 >200
Available K Area ratio (%) — 0.04 40.36 54.12 5.48
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