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Fig. 1 Location and DEM of the study area and the distribution of sampling points
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Table 1  Topographic factors and their respective formulae'"’

i FE [ -F Topography factors AR Formula

G = arctan (\/ p2 + q2 )

A =arctan( q/p)

i G (°)Slope gradient
Bim A (°)Slope aspect

-1 i K, (1/100m)

Horizontal curvature

_ p’r+2pgs + gt

L=
(pz +qz) V1 +p2 +q2

p’r+2pgs + ¢t

T e

T M Ky (1/100m) N

Vertical curvature
TP B 4 B TWI
Topographic wetness index
A2 VL B2 4 H SPT
Stream power index

s RN e, t,s,p Al g BBz = (x,y) I FE r =
d?z/dx?, t =d?z/dy?, s =d?z/dxdy, p =dz/dx, q = dz/dy. Note: in the

TWI = In( CA/tan(G) )

SPI=In(CA # tan(G))

formulae, r, t, s, p and q are partial derivatives of the function z =f(x,y)
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Table 2 Descriptive statistics of soil properties

+ 1€ )R PE Soil properties e /ME Min e KAH Max {8 Mean FRAEZ SD BREBCV(%)
AL AK(mg kg’l) 108.0 324.0 181.6 54.39 29.95
281 TK (g kg ) 20.58 24.59 22.65 0.80 3,54
2% TN(g kg’l) 0.34 1.65 0. 80 0.25 31.63
AHLJE OM (g kg’l) 5.10 30. 45 13.99 5.23 37.38

M 2 T LU A AR A LA s
TR BE AR S5 A AT B9 178 S50 A B4 (8 D s v 22
KT, 5 RO XA T 2 A — B
2.2 THEBUSHREERFHEXSN

IR 5 PR R T ) A 56 A BT A R LK 3

12 3l R, M P S A PR 1 R A [ 2 A
TESLF A A, BR Sin(G) 4b, HAb MU N 715 £ 4
Jo e TE) AN A7 A S 3 00 AR ST, U5 WD A 2% 0 AR X
R SRS S I SIS i e o 55 VR it L
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Table 3  Correlation matrix of soil properties and environmental factors

45 [ Environment factors HAEN AK 424 TK 2% TN H AL OM
= FE Height(H) -0.21 -0.2 -0.19 -0.22
B & 1F 7% sin( Slope gradient) (sin(G) ) 0.08 0.09 0.28" 0.31"
B [0) 1E 5% sin(A/2 - w/4) -0.07 -0.21 -0.12 -0.04
-1 Bl % Horizontal curvature( K ) 0.02 0. 05 0. 04 0.03
H 1 il % Vertical curvature (K ) 0.01 0. 04 0.09 0.1
H I 7K 1T A Specific catchment area( SCA) -0.05 -0.08 0. 04 0.01
Hi T 05 B 45 %X Topographic wetness index( TWI) 0.09 0.03 0.12 0.12
A% 90 5% B 45 X Stream power index ( SPI) 0.09 0.01 -0.11 -0.14
LY A Bk 46 4L Ratio vegetation index(RVI) 0.43" 0.44° 0.28* 0.29*
12 JE 48 8 Wetness index( WI) 0.34"° 0.40 0.31° 0.27"

e
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HIe 5 RVI 2B EFMIEMHC, 24 AR S
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V28 XA LR R R A, R AL 2R
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w B PEIK R 0,05, = MK -4 0. 01 Note: * Correlation is significant at the 0. 05 level, #x Correlation is significant at the 0. 01 level
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Table 4 Collinearity diagnosis of environmental factors

4% Dim FRAE AR RS 77 22 b Variance proportions

Eigenvalue  Condition index  Con H Sin(G)  Sin(A/2 - w/4) K, K, SCA RVI Wi
1 5.819 1.00 0. 00 0.00 0. 00 0.01 0. 00 0. 00 0.01 0.00  0.00
2 1. 499 1.97 0. 00 0.00 0. 00 0. 00 0.22 0.22 0.02 0.00  0.00
3 0. 605 3.10 0. 00 0. 00 0. 00 0.01 0.02 0.18 0. 66 0.00  0.00
4 0.528 3.32 0. 00 0.00 0. 00 0.01 0. 65 0.44 0.11 0.00  0.00
5 0. 260 4.73 0. 00 0.00 0.03 0. 87 0.03 0. 00 0.03 0.01  0.00
6 0.174 5.78 0. 00 0. 00 0. 50 0.02 0.01 0. 00 0.07 0.01  0.04
7 0.101 7.59 0. 00 0.00 0.36 0.01 0.03 0.14 0.07 0.12  0.06
8 0.012 21.68 0.01 0. 06 0.07 0.01 0.03 0.01 0. 00 0.47  0.69
9 0.001 85.84 0.99 0.94 0. 04 0. 06 0.01 0. 00 0.05 0.39  0.20

T Con g ol , H 2y 5 A2, Sin(G) A H L IE5XME , Sin (A/2 — w/4) g3 10) 1E 52X 48, K, o -1 i 28, K &l 5, SCA S il K | AR, RV 2y
Fo (B FE 8 5 85, W 3 2 45 50 Note: Con stands for constant, H for height, Sin (G) for sin(sin( Slope gradient) ), Sin(A/2 - w/4) for sin(A/2 - w/

4), K, for Horizontal curvature, K, for Vertical curvature, SCA for Specific catchment area, RVI for Ratio vegetation index, and WI for wetness index

x5 LTEEMSHEETFH PLSR IZESEIFER

Table 5 PLSR and multiple stepwise regression between soil properties and environmental factors

i £t /N —. 3 [u] )9 PLSR % # 1] 4 Stepwise regression
e Gl BEARSL(N) 15T K YesE RA(RY) BEAKL(N) NS YerE RA(R?)
Soil properties Number of Number Coefficient of Number of Number of selected Coefficient of
samples of factors determination samples variables determination
FEACE AK 54 1 0.23 54 1 0.18
440 TK 51 1 0.27 54 2 0.23
4A TN 53 1 0.23 54 1 0.16
AL OM 53 1 0.23 54 2 0.23

e AT ECh PLSR B RY rp 1 HRAY A 43550, A 2 78 1 000 72 48 ] D B R o A 3 5578 (19 25 A~ 5 Note: “ Number of factors” is the number of

selected factors in the PLSR models,and “Number of selected variables” , the number of selected variables in the stepwise regressioon
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Table 6 Validation of established soil-environment models

i Fre /N — e 1l A B EA

- g J 1k PLSR Stepwise Regression
Soil properties s yige MUPRIRE PHBE  HOTRIRE
ME RMSE ME RMSE
AR
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e
0. 44 0.32 -0.07 0.15
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Fig. 2 Comparison between observed and predicted value of soil properties
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PREDICTION OF SOIL PROPERTIES USING PLSR-BASED
SOIL-ENVIRONMENT MODELS

Wang Changkun'?  Pan Xianzhang'' Zhou Rui'? Liu Ya'® Li Yanli'? Xie Xianli'
(1 Institute of Soil Science,Chinese Academy of Sciences, Nanjing 210008 ,China)
(2 Graduate University of Chinese Academy of Science,Beijing 100049 , China)

Abstract Soil-environment models can be of great importance to proper understanding of relationships between soil
properties and environmental factors, and to predicting and mapping of soil properties, as well. A gully area where the
“Grain for Green” policy had been implemented for years was selected in Changwu County, Shaanxi Province, a Loess
Plateau region in China. A total of 72 surface soil samples were collected, and 3 fourths of the samples were used as a cal-
ibration set of samples and the rest as a validation set. Several easily aquired environmental factors, such as topographic
factor, vegetation index and wetness index were used in a PLSR ( partial least squares regression) -based soil-environment
model established for the study. Quantitative analysis of relationships between environmental factors and soil properties of
the samples was done. Results show that soil properties, including available potassium, total potassium, organic matter
and total nitrogen, were significantly correlated with environmental factors. The PLSR-based model could well explain
23% to 27% the spatial variability of soil properties. Compared with the stepwise regression model used, the PLSR model
was much better at characterizing soil-environment relationships with better fitting and prediction accuracy, suggesting that
the PLSR-based model is applicable to prediction of soil properties of similar regions.

Key words Soil-environment model; Prediction of soil properties; PLSR



