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Abstract; The study on the spatial variability of soil properties is vital for sustainable land management. Both topography
and land use are pivotal factors which affect the variability of soil properties on the catchment scale in the loess hilly area.
This study analyzed the spatial variation of soil nutrients from different land use types and landscape positions , based on the
data of 111 surface soil points (0 ~20cm) in the Zhujiagou catchment on the Loess Plateau. We measured soil organic
matter (SOM) , total nitrogen (TN) , and total phosphorus ( TP) and used correlation analyses to determine relationships
between soil nutrients and terrain attributes. Finally, terrain attributes and land use types were used to predict the spatial
distribution of the soil properties by using multiple-linear regression analysis and regression-kriging. The resulis showed that
concentrations of these soil nuirients were very low in the surface soil, and the coefficients of variation for soil properties
were moderate. Soil nuirients were significantly different among different land use types. Higher values of SOM and TN were

found in check-dam farmland and lower values from shrub land. Significant differences among landscape positions were
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observed for SOM and TN, and concentrations of SOM and TN located in the flat valley position were higher than in other
positions. There were negative correlations between SOM and compound topographic index ( CT7), stream power index
(SPI), and sediment transport index (S77). Similarly, TN has negative correlation with sediment transport index (S7T) ,
and a significant negative correlation was found between TP and slope (8). To some extent, correlations between these
terrain attributes and soil properties reflect patterns of soil development caused by water flow through and over the
landscape. From the regression models, we determined that variability of measured soil properties ranged from 13% to
51%. The regression model for TN had the highest R* value, followed by SOM and TP. The regression models were
relatively precise for the SOM and TN, but variation was large with a high smoothing effect on the predicted values. For TP,
the predicted result was very poor. To further explain the variations, we combined step-wise regression with residuals

interpolated using kriging. Results showed that regression-kriging can improve the accuracy of prediction.

Key Words: soil nutrients ; spatial variation; environment indicators; spatial prediction
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Table 1 Descriptive statistics for soil nutrients

SFEE ik B/ME BAE SES

I H Item PrAEE TRAK

Mean Median Min Max Range SD Cv(% ) K-S
BYLE SOM(g/ke) 4.48 4.63 1.30 9.24 7.94 1.70 38.2 0.66
4% TN(g'kg) 0.36 0.36 0.11 0.87 0.76 0.13 37.3 0.49
£ TP(g/'kg) 0.85 0.78 0.37 1.50 1.13 0.26 30.2 0.31

£2 FELHMARRBETRFSTL
Table 2 Change of soil nutrients in different land use types

A R E a0 HHLEL SOM 2/ TN 2% TP
Land use Sample size (g/ke) (g/kg) (g/kg)
et Hb Slope farmland 49 4.17be 0.33¢ 0.76b
#H Terrace 4.97abe 0.35be 1.30a
H1#h Check-dam farmland 4 7.53a 0.81a 0. 88ab
HHE Woodland 14 3.77b 0.31¢ 0.87b
K Hb Shrubland 7 1.55d 0.13d 0.61b
B # Grassland 30 4.88¢c 0.39b 0.87b
Fg 5.237%=* 12.12 == 3.37°

LSD ZE B ( p<0.05) AT RREBEWELER; + , = », » » » FHFRRBEMKFTE0.05, 0.01 1 0.001
Values in each row with the same letter are not significantly ( p <0.05, LSD) different among land use; # , % % , % % % Significant at the 0. 05,
0.01 and 0.001 level, respectively
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Table 3 Change of soil nutrients in different landscape positions

RBWRAE LES - AHHLE SOM 25/ ™ 25 TP
Landscape position Sample size (g/ke) (g'ke) (g’ke)
P TR Crest 23 4.59ab 0.36ab 0.75
3% | Upper slope 20 4.57ab 0.37ab 0.90
Y Fh Middle slope 24 4.72ab 0.38ab 0.81
#F Lower slope 32 3.82b 0.31b 0.85
Y EHb Flat 12 5.64a 0.49a 0.88
Fg 1.31° 1.82° 2.86

LSD ZEWE( p<0.05) , MAFHRBBERER; =, = =, = = = FHFABFHKFFEO0.05, 0.01 0. 001

Values in each column with the same letter are not significantly (p <0.05, LSD) different among landscape position. # , % s , % s Significant at

the 0.05, 0.01 and 0. 001 level, respectively
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Table 4 Correlation matrix of soil nutrients and terrain indices

HWEHET AR 28 EX5
Terrain indices SOM TN TP

H 0.030 -0.096 0.089

B -0.097 -0.020 -0.166*
cose 0.069 0.196 -0.099
since 0.041 0.111 0.056
K, -0.123 -0.087 0.120
K, 0.124 0.114 -0.117
cT1 -0.232° -0.216 0.063
SPI -0.311°% -0.209 0.152
STI -0.2927 -0.227% 0.048

* RN BEMARTER 0.05; = « Fom BEMAKFH0.01

# Correlation is significant at the 0. 05 level; % = Correlation is
significant at the 0.01 level (2-tailed)
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Fig.2 Comparison of observed and predicted value of soil nutrients
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Table 5 Test of prediction accuracy

LR Z oL M Ml Multiple-linear regression [ )5 7%, B2 4% 1 Regression-Kriging

el property FHTNRE 5T RBMRE FHTNRE K ABMRE
MPE RMSPE MPE RMSPE

AL SOM 0.32 1.53 -0.02 0.96

43R TN -0.04 0.21 -0.01 0.10

48 TP -0.05 0.32 0.01 0.08

25
TN (ghg™)

HHLB
SOM (gkg™)
£ 11.58

%1.51

TP (gkg™)
1.30

2%
TN (gkg™)

HHLB
SOM (gkg™)

B3 AR 77T i e e (R A
Fig.3 Spatial distribution map of soil properties obtained by different methods
A Z&MEREIE WM Multiple-linear regression; B [l JH-5% B A% 5 BTl Regression-Kriging
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