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Fig. 1 Location of the loess area and distribution of the sampling sites
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Table 1 Descriptive statistics characteristics of soil p, relative to soil layer

T = T EI{E /A RORAE bt 22 X it
, . _ BRAK R W i e
Soil layer Mean Minimum Maximum SD K-S Distribution
N N N N CV /% Skewness Kurtosis

/cm /(g-em™) /(g-em™) /(g-em™) /(g-em™) type
0~10 1.25 0.89 1.61 0.12 10.0 0.013 0.216 0.697 N
10 ~20 1.32 0.96 1.80 0.15 11.4 0.383 0.341 0.130 N
20 ~ 40 1.37 1.04 1.78 0.14 10.4 0.442 0.094 0.221 N

. NFE/RIEZASfiNote: N, normal distribution
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Table 2 Semivariance model and structural parameters of soil p, relative to soil layer
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o1l layer ugge 1 ugget-sill ratio ange
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/em C, Cyt C 1% /km
0~10 TR BB R Exponential model 0.002 0.015 13.3 223 0.72 5.48x107°
10 ~20 TR EB R Exponential model 0.013 0.026 50.0 283.4 0.94 8.97x107°
20 ~ 40 ERIRAEAISpherical model 0.012 0.024 50.0 781.5 0.99 1.74x 107
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Fig. 2 Spatial distribution of soil p ,relative to soil layer in the loess area
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Table 3 Pearson’s correlation coefficients between soil p, and other variables relative to soil layer

AFH Variable 0~10 cm 10 ~ 20 cm 20 ~ 40 cm
Zi#i & Clay content -0.136* 0.076 0.099
K KL {5 & Silt content -0.375%* -0.252%* ~0.250%*
b Fi £ 5" Sand content 0.209%* -0.002 -0.029
+ 3 F A7 Land use types —-0.140% -0.263%* —-0.262%*
#§4k Elevation —0.221** —-0.442%* —0.483%%*
Y FE® Slope gradient —0.183%* -0.326%* -0.400%*
Y\ Slope aspect 0.024 0.050 0.011
% 4EF- 5 [% K & Multi-year mean annual precipitation 0.014 0.302%* 0.390%*
% 4EF- )5 05" Multi-year mean annual air temperature -0.021 0.140%* 0.214%*
#A % Evaporation 0.169%* 0.070 0.071
TEE® Aridity 0.057 -0.219%* —0.281%%*

TE: adm AR IEAT T RATOMIR B0 Hifede; +* 2R 700,01 K (XU ) ERZEAEIE, *3RRTE0.05 K- (U ) | W A0
Note: a, data were log-transformed (log base 10).**Correlation is significant at the 0.01 level (2-tailed). *Correlation is significant at

the 0.05 level (2-tailed)
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Fig. 3 One-way analysis of variance of soil p, relative to land use (mean + standard error)

S, k. BRI RS ORE RRIRENEE B B BRI RS RRE 5/
PRECT RS AR, 0~ 10 emEE MRS WP,

g BRI AT R DL R, 10~ 20 em FIFH 243 FE S 20% (484 ) HEATAR AU
FOMKPRL AR MR . ZEFHRE. THRERE O KBERIE, BUFR LR, Zo0B 4 BT E3
HA T, 20 ~ 40 e FEE RS R L R A+ 2R PE RER 0 H0.39. 035, 0.34, 1%
TR T AP L B TR R BT B34 L2 A R M e RBR R
A BORFRME AT . 2o R U K AL 0.40. 0.38F10.52. Bk, BRI EEXF0 ~10 em+
PRECH BARIIZE IR T AEH, X HEAEZ - 2RSS EAOBERCRAT, TR LRSS

http: //pedologica. issas. ac. cn



1 3] TLTAE:

o b DA ] 2% A o 2 ) A S S A 61

)25 S 40% ., 50 ~ 10 cmBE4LZ5 FRH, 10 ~ 20
F120 ~ 40 cm PR A% 12 bR ERE AR HDLA8CR B P T
AT R, LG B A A0 [l E 5 A8 40 Sl 5
3% M18%, &1k R 3R . 4 xR
ZRPNT0.1, ¥ RIRER/NTF0.2, RAHOR R
AL L0.3, BERIESEEMKRE T 2B L
I 7R, F B AL 3 R B0 R A OIS 2 - e
TSR A X R RO RO RS T
ANTR)AR B (554, R DLSE G i il i AR 5 2 T 2 ]
EZ D RN, RAELeijss T R B T

AT LI e A 2 R RO R RO, AR TSR | i
WA T IEFEN . IEAh, Han% 2 BF5Y
KU LA R S LR R RFIEML, AU
TR AR A E S BEA TR, TSR L R IR
X IG T4t . 15 Wang® U RFSEA L, ACHT
FERFWHE R L EETR, NIRRT AR EH T
WHAR SR MAh, 15 ek B i v 25 Y 3
Wi PR - B2 o AR, PRI, A% a8 R B 7R ml
T )2 8 4 S O R B AR R] 1 )2 A
AR T

x4 TELEEIRAERBMZAZELOEFSEE (a) « FBEERHHFE (b) MFNEE

Table 4 Simulation of soil p, with multi stepwise regression equation(a), and pedotransfer function equation(b) and their prediction accuracies

i e F T R BRI
+J2Soil layer/em P WO mE OMIEZ W% RRM
Simulation equation R
R AE MAE RMSE MEC
0~10 a py=1.707-0.005 x Silt-0.003 x SG-4.569 x 10~ 0.39 0.002 0.065 0.079 0.386
x EL-0.028 x LU
10 ~ 20 a py=1.721-7.869 x 10~ x EL-0.006 x Silt 0.35 -0.194  0.197 0.223 -1.790
-0.056 x LU
20 ~ 40 a py=1.671-5.753 x 10~ x EL-0.005 x Silt 0.34 -0.193  0.196 0.222  -1.663
~0.048 x LU-0.003 x SG
0~10 b p,=1.890-0.070 x Silt"*~2.104 x 10~ x LU x EL 0.40 -0.009  0.067 0.080 0.368
-0.017 x SG”°
10 ~20 b p,=1.640-3.886 x 107 x Silt x EL-0.007 x Tx AR 0.38 0.008 0.088 0.106 0.356
+0.073 x cosAR+0.171 x LU
+1.677x 10°x ELx T
20 ~ 40 b py=1.817-8.099 x 107 x Silt x EL 0.52 0.059 0.094 0.111 0.332

-0.001 x Silt x LU-138.401 x P™'

+0.036 x c0sSG+0.013 x LU x AR-6.993 x 107°

x SG x P

e Sl Bk & / %, LUN AR (=1, Fib=2, Mih=3) , EL WK / m, SGHHE (° ), TH1951—
20124F ZARE R / G, AR THREE, PR1951—20124F 24 FHIRE Kt / mmNote: Silt, silt content (%); LU, land use types

(cropland=1, grassland=2, forestland=3); EL, elevation / m; SG, slope gradient / ° ; T, multi-year mean annual air temperature from

1951 to 2012 / “C; AR, aridity; P, multi-year mean annual precipitation from 1951 to 2012 / mm
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Spatial Variation of Soil Bulk Density in Different Soil Layers in the Loess Area
and Simulation

YU Dongxue"? JIA Xiaoxu"? HUANG Laiming"? SHAO Mingan"?> WANG Jiao'

(1 Key Laboratory of Ecosystem Network Observation and Modeling, Institute of Geographic Sciences and Natural Resources
Research, Chinese Academy of Sciences, Beijing 100101, China )

(2 College of Resources and Environment, University of Chinese Academy of Sciences, Beijing 100190, China )

Abstract [ Objective ] Soil bulk density (p,) is one of the most important soil physical properties
and can be used to characterize soil quality and soil productivity and as a basic parameter to assess soil
carbon and nitrogen storage. Furthermore, p, has a significant effect on transport of soil water and solutes.
However, large-scaled soil databases do not encompass much p, data, owing to the time- and labor-
consuming methods to acquire such data, especially the data of deep soil layers in the field. This study was
conducted to (1) explore characteristics of regional spatial variation of p, relative to soil layer across the
loess area, (2) determine effects of soil texture, topography, climate and land use on p, and (3) compare
the stepwise regression method with the pedotransfer function method in simulation of spatial variation
of p,. [ Method ] A total of 243 sampling sites were set based on a grid sampling scheme (40 km x 40
km) in the loess area, and p, of the soils at the depth of 0 ~ 10, 10 ~ 20 and 20 ~ 40 cm of the soil profile
and relevant environmental variables, were collected separately, at each sampling site. Spatial variation
of p, was analyzed with the classical statistic method and geostatistical method, respectively. Stepwise
regression equation and pedotransfer function equation was used to simulate spatial distribution of soil py,
separately. [ Result ] Results show that p, varied moderately within a soil layer, and generally increased
with soil depth in the profile loess area. p, variability in the 0 ~ 40 cm soil layer was moderate according
to the coefficient of variation. In general, cropland was the highest in mean p,, and followed by forestland
and grassland. Semivariance of soil p, of the 0 ~ 10, 10 ~ 20 and 20 ~ 40 cm soil layer can be best fitted by
the exponential model, the exponential model and the spherical model, respectively. Soil p, of the 0 ~ 10
cm soil layer exhibited strong spatial dependence and those of the 10 ~20 and 20 ~ 40 cm soil layer did
moderate ones. The optimal interval between sampling sites was 5.6 ~ 11.2, 70.9 ~ 141.7 and 195.4 ~ 390.8
km for the 0 ~ 10, 10 ~ 20 and 20 ~ 40 cm soil layer, respectively. Silt content, land use, elevation and slope
gradient were the key factors affecting soil p, in the 0 ~ 10 c¢cm layer; silt content, elevation, multi-year mean
annual air temperature, aridity and land use were in the 10 ~ 20 cm soil layer; and silt content, elevation,
land use, multi-year mean annual precipitation, slope gradient and aridity, were in the 20 ~ 40 cm soil layer.
The pedotransfer function equation explained 38% ~ 52% the variation of p,, while the stepwise regression
equation did only 34% ~ 39%. [ Conclusion ] Spatial distribution of soil p, varies significantly with soil
depth and vegetation type across the loess area, and is affected jointly by soil texture, topography, climate
and land use at the regional scale. The pedostransfer function equation is recommended for modeling and
predicting spatial distributions of p,, particularly for soil layers below 40 cm in the loess area of China.

Key words Loess area; Bulk density; Spatial variation; Land use; Pedotransfer function
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