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Fig. 1 Scale of the soil sampling district and distribution of sampling points
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Table 1 Indexes of the scale description

AT 0w

P AT st R BE B

g JE Average distance ( D, ) to the nearest numerous points Maximum distance A
Scale (km) of all the points Area (5)
(km?)
n=1 n=2 n=3 n=4 n=>5 n=6 n=1 n=3 (Dy) (km)

Al 0.012 0.014 0.017 0.020 0.022 0.024 0.026 0.028 0.156 0.016
A2 0.038 0.050 0.062 0.071 0.081 0.090 0.097 0.106 0.626 0.249
A3 0.096 0.141 0.175 0.204 0.229 0.251 0.274 0.292 1.801 2.833
A4 0.250 0.349 0.443 0.529 0.664 0.754 0.822 0.890 5.644 20.97
AS 0.410 0.565 0.724 0.886 0.994 1.123 1.273 1.471 8.301 44.97
A6 0.714 0.948 1.241 1.455 1.641 1.853 2.014 2.196 13.97 134.2
A7 1.102 1.673 2.367 2.903 3.451 3.886 4.439 4.760 27.95 428.3
A8 1.862 2.992 3.766 5.219 6.086 6.995 7.611 8.187 42.37 1274

At TR R MR S RAL A b &
FIME (Mean ) | #5ifiZE (SD) | 72 (Var.) |
I BE ( Kurtosis ) . W (Skewness ) . A8 RN
(CV) , flIFISPSS 20.0M iR GE i BIHRAT .

1.4 BEESH
I FHSPSS 20.00 #h 26 Ak 15 e Xt g B2 R 1E 8 A
5575 S /A AR BEAT BT E 20 M. R 9FR )

Brefide: (1) y=axx+b; (2) y=axln (x) +b;
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Table 2 Descriptive statistics of TN, TP and TK in the study area relative to scale

b wr pekm o RRIEBE e e me wm TN
Index Scale (N) Min Max Mean SD Var. Kurtosis Skewness oV
(gkg™) (gkg™) (gkg™) (%)
S Total 337 0.50 3.85 2.32 0.55 0.30 -0.547 0.252 23.71
Al 60 1.51 3.33 2.73 0.30 0.09 -1.083 3.677 10.96
A2 60 1.10 3.51 2.60 0.38 0.14 -1.208 3.866 14.53
A3 60 1.62 3.85 2.37 0.44 0.19 0.601 0.880 18.44
%Tft A4 60 0.91 3.21 2.10 0.46 0.21 -0.491 0.433 22.01
A5 60 0.50 2.74 1.88 0.50 0.25 -0.479 0.283 26.39
A6 60 0.50 3.43 1.98 0.54 0.29 -0.040 0.248 27.13
A7 60 0.50 3.43 1.99 0.57 0.33 -0.310 0.334 28.89
A8 60 0.78 3.57 2.24 0.59 0.34 -0.433 0.458 26.21
4K Total 337 0.27 1.53 0.63 0.18 0.03 1.522 3.558 28.77
Al 60 0.49 0.79 0.60 0.08 0.01 0.549 -0.771 13.41
A2 60 0.31 0.88 0.60 0.09 0.01 0.110 1.097 15.90
A3 60 0.42 0.86 0.59 0.11 0.01 0.874 0.131 18.15
ER0
P A4 60 0.35 1.53 0.60 0.20 0.04 2.213 6.055 33.38
A5 60 0.27 1.22 0.60 0.20 0.04 1.239 2.088 30.26
A6 60 0.27 1.22 0.68 0.21 0.04 0.695 0.120 30.87
A7 60 0.27 1.22 0.64 0.21 0.04 0.804 0.526 32.57
A8 60 0.28 1.41 0.75 0.25 0.06 0.550 -0.093 33.66
A& Total 337 4.99 31.61 14.23 4.50 20.25 1.008 0.902 31.62
Al 60 10.25 15.37 11.88 1.08 1.17 0.535 0.141 9.10
A2 60 9.48 22.08 13.45 3.00 8.98 1.070 1.047 22.27
A3 60 6.67 24.90 14.20 5.26 27.70 0.599 -1.135 37.05
%TEP A4 60 8.05 28.72 15.43 4.71 22.20 0.418 -0.366 30.55
A5 60 8.05 28.72 15.23 4.65 21.62 0.749 0.259 30.54
A6 60 5.53 31.61 16.18 5.61 31.52 0.616 0.292 34.71
A7 60 4.99 31.61 15.84 6.20 38.48 0.610 -0.141 39.15
A8 60 4.99 27.09 15.26 4.67 21.83 0.128 -0.421 30.62

TN, TP, TKE EAERIER S AL . WE R
DCBRTE R, A [ 2 2 4 - 8 J M A8 S 1 o o7 ) 45

WEER S, WL A I R
e R R EE RN ER Y EARRIRE 1+
SIE e R R BN R, LR A R A A

A SR IURH VL 5
23 MRETIELEAZTRMEEREBEM
&R AU A HHE

F 5T 50 4 e At o0 R SV AR AR S R AR R

JEFEAR O R BLAY L5 0 AT 45 R B, LA
TLR LRV CV S IR EIEIRD, . D, STEPT
A ORI A R BCP  EE LE i fe i, AT IKR50 %LU
b PG, ARSCGEFECY, D, D, SIEN LIES R
AR S P B AN AR B R AR SR AR (K3) , JFRLE
2 A Wy A S M R R SO 4 e (I AP A5 R
W5 R R AR AR

SR FH R B2 DRV B (S) A Ry e B SR A (Y 4
P, FEANRESE A S WBIE ST BT SRR R SR AR
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Fig. 2 Variation of CV of soil total elements
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Scale Effect on Spatial Variability of Soil Total Elements in Single Complex Type
Unit of Land Use-Soil Type

WANG Xiuhong" > YU Dongsheng" ** PAN Yue" > XU Zhichao" > WANG Xiyang' *
(1 State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing
210008, China )

(2 University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract  [Objective] Effects of sampling scale on spatial variability of soil properties are of great
significance to soil digital mappings, soil survey, and agricultural production. So, in this study, a tract of the
grey eel-mud field ( Soil Species ) , a special land use—soil type complex unit ( Lu-SoTy ) , in Dongxiang
County, Jiangxi Province, a hilly red soil region in South China was selected as an object. Using the multi-
level nesting sampling protocol to ensure that the total number of soil sampling points remains unchanged
whatever sampling scale is used, the study is to exposit characteristics of spatial variability of soil total element
concentrations with soil sampling scale and provide important implications and scientific references for rationalizing
layout of sampling points based on Lu-SoTy. [ Method] In the light of spatial distribution of soil sampling points,
eight soil sampling scales ( from the smallest to the largest is coded in turn as A1 ~ A8 ) were designed with smaller
scales located inside larger ones. By taking into full account vastitude and uniformity of spatial distribution of the
sampling points, each soil sampling scale had 60 points distributed evenly. Using the multi-level nesting sampling
protocol, 337 sampling points were laid out across the County. In December 2014 after the crop of late rice was
harvested, soil samples were collected from the 0 ~ 20 em topsoil layer at all the sampling points for analysis of
soil total element concentrations. Scale characterization indices were calculated using ArcGIS 10.2.2, variability
characterization indices using SPSS 20.0, and regression fitting analysis of scale characterization indices and
variability characterization indices, using SPSS 20.0. Based on the level of significance and R” of the regression,
the best characterization indices and the hest fitting functions were screened out. [Result] Results show that the
scale effects on spatial variation of soil total elements are obvious; and coefficients of variation (CV) of TN,
TP and TK go up with expansion of the sampling scale, but the increasing rates display a decreasing trend; the
scale effects on the spatial variability differed with soil total element: the best fitting function for charactering
the scale effects on CV (% ) is CV = b x D" for TN and TP ( R*>0.87, p<0.001) , and CV = e (/b+b) (R*>
0.93, p<0.001) for TK (D is a scale index of sampling points; namely: average distance to the nearest one
point or maximum distance ( km ) of all the sampling points ) ; the shifting points of scale effects between rapid
and slow changes of CV varied with soil total element, for example, the shifting point of TN, TP and TK is D, =
6.756 km, D, = 9.061 km and D, = 3.408 km, respectively ( at this point, the angle between the tangent to the
curve and the horizontal axis is about 30° ) . All the findings demonstrate that independent sampling protocols and
analysis skills need to be considered in studying spatial distribution of different soil total elements. [ Conclusion]
The scale effects characteristic of spatial variability of soil total elements in soil of a special complex Land Use-Soil
Type unit, could provide important implications and scientific references for laying sampling points at county scale
soil surveys in hilly red soil regions.

Key words Soil total elements; Spatial variability; Scale effect; Complex type unit of Land Use-Soil

Type; Hilly red soil region
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