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Abstract

Spatial variability of soil properties was studied by using correlation analysis with landscape
Soil properties of Ap horizon
The CV

values suggested that the variabilities of most soil properties were higher than the results

and geostatistical concepts on a 1.2-ha upland field in a hilly area.

were examined on a square grid at 14-m intervals and on three transects at 7-m intervals.

These large variables depend on the result of soil
At the eroded area, the thickness of Ap

horizon had been kept constant with subsoil by tillage, as a result Ap horizon was composed of

reported at any topographical conditions.
erosion and sedimentation in response to the landscape.
different soil materials from sedimentation and erosion effects. The spatial variability of pH,
total carbon content, phosphate absorption coefficient, bulk density, stone, sand, silt and clay
content could be explained with topographical features ; however, available water content was
difficult to explain. Moreover, former properties were distinguished at landscape model units,
these contribute to the rational soil sampling system to realize regional soil management. The
multiple regression models of total carbon and stone content, using only topographic attributes
calculated from a digital elevation model (DEM), matched reasonably well with the observed data.
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Table 1 Statistical analysis for soil properties
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(%) 100g #14) ¢ (%) (%) (%) i
S 6.14 5.20 2.50 580.9 7.1 1.04 32.8 12.2 18.3 69.5
TR 7= 0.36 0.37 0.98 171.2 3.8 0.10 10.4 4.1 5.5 7.8
AL 0.13 0.13 0.95 29293.9 14.3 0.01 108.4 16.7 30.3 61.0
LRI 5.9 7.0 39.0 29.5 53.1 9.8 31.8 33.5 30.0 11.2
AL 155 155 155 155 155 155 155 72 72 72
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Fig. 4 Spatial distribution of landsurface model units at the investigation area.
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Table 2 Correlation coefficient for topographic attributes and soil properties

AL PROFC PLANC LAPLACIAN il B
pH (H,0) 0.286** 0.334** .378** —0.388"* —0.323**  —0.030
pH (KCD 0.215* 0.275** .391%* —0.366"* —0.187* —0.196*
ERFE R —0.398™ —0.346™* —0.354™ 0.380** 0.513**  —0.099
) RN EREL —0.236™ —0.277** —0.169 0.237** 0.288**  —0.369"*
MR 0.006 —0.119 —0.289** 0.229* 0.128 —0.008
REIR S 0.151 0.095 .079 —0.093 —0.028 —0.037
Kt & —0.118 —0.311* —0.509** 0.459** 0.409*  —0.326"*
VIVt EE —0.426™ —0.317* —0.482** 0.445** 0.368*  —0.298*
WEs 0.368** 0.393** 617" —0.565"* —0.472** 0.380**
L+ EE 0.319** 0.348** .544** —0.493** —0.465** 0.221%
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AT A5, RIREER, ) vIERIRE, "
ETdh-72 (X5,

BB E S s LFEGRITOVWTIE, EF L
FHERIOMEHSIAR T H - 7o, TEWEEZREX 0 IR A
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Table 3 Analysis of variance for soil properties at each landsurface models

TR 3N fRZE75Fn F ST F f&

pH (H,0) = 5 V4R 2.73 4 0.68  **5.914>3.447=F (4150 (0.01)
= FOVEIEN 17.34 150 0.12
ED {ZS 20.08 154

N & £ 7 VAR 55.10 4 13.78  **22.620>3.447=F (4150 (0.01)
£ VRN 91.35 150 0.61
e % 146.45 154

) VEBRIINRE. ' FOURNER] 1349506.5 4 337376.6 **16.006>3.447=TF (4150 (0.01)
€ FIVEIEN 3161748.4 150 21078.3
& & 4511254.9 154

LEEE = 5 U4 R 893.9 4 223.5 **95.641>3.447=F (1150 (0.01)
£ FVREN 1307.4 150 8.7
ED {ZS 2201.3 154

AR £ 7 VAL 0.15 4 0.04 **3.787>3.447=F (4150 (0.01)
£ VRN 1.45 150 0.01
e % 1.60 154

AR B £ 5 U4 R 671.7 4 167.9 1.573<2.432=F (4150 (0.05)
= 5 UAERN 16017.6 150 106.8
£ IZN 16689.3 154
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Fig. 5 Soil properties at the each landsurface model units.
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B BL Sl 7 9 148 95 231 16 137

fabR (@) =5%
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Table 5 Multiple regression models of soil properties by topographic attributes

RIRFAE = PUERRE0.4017 EIEFRERE0.3816
AIAZS R TmElR R PEHE IR R 5L FRFOBRE (tfH)

e 0.0072 0.3850 *4.691>t (0.01)=2.618
PROFC —30.96 —0.2634 *3 467>t (0.01)=2.619
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PLANC 211.01 0.5266 =7 564>t (0.01)=2.618
A 27.46 0.3453 *4 960>t (0.01)=2.618
TEHUA 0.88 0.654<t (0.05)=1.981

1% BEUKETHEIGRSEN s L



80 THEOYIEM: 5596 5 (2004)

HISRITOMENKE W H O LH s hhiE, BEak
IO W TGRS ERD b 2 REMOHEE S NI E LT
bEROTHEHEEHICB O TERNEERE (375 0 B0,
B, b/NS SEERE 5. 9% %/~ L7z pH (H,0)
Tbh, TOEMSMIEEF VR CHbETE, Inf&
Ats TIRIEAFET 050 0ESBH Lz (M), S5
KL FEROMHICRESNS LT, Inf 5 Ats i
)7 > THIGFNTHIRIE & 750, 2RESELHINT 2
CEDD, MR RIS KBS EEITE b € FOovREE T
RELEL > TL 20 FMEVI WV, Lichi->T, %R
Bl 250 Ly v 7V e L ORE O & W REERS
BontkcE LTh, (EYEBEOHISKELMIET 2L
BEEEHAFERT 2L TERV, TORRDID
W RRFT S EBCRBPSBRETH D, € FIVRTAENICH
SVTHHEEE & F - o RTE IR AR 5 X
Th b,

3.3.2 MEEHHELRVCERRETI

VT v IEEBRREL, AET -y BE0IEE,
TIER O A BB T 2 E R RS 5, LL, L+
HOHTIC IR & 951 A 3 B 0w, HRISEICE S
N5 o RO M ENEE T 2 E 2 LT 5
ZERBOTHENTH B, £ T TRIC, WM EZR
FAZS S E 4 A EOYRE FMICH> W THREES 5, HHRIRAGR
PSR FER L LV FERICOVT, HIPEHES
SIHZEHIC AW T, ZHORDAS B L UBRED F E%E
2.0 & U 72RO X 0 ERYRAT 21T - 720 T
FNOEOYEEF VIR ITRT LI, SREEET
134 > DHIHER, LFESETII 2 >OHIAZHER->
ETFNVREB o 7c, BREGEDET VT, FIHEE
ICHAABS T A B BARDFED 5 N8 - IS A -
THY, ZoOBYRfREEEOE RGOS &K
Xtchz0, HEEICHT 25 EThIEERELL,
HEFEFVOREASD S 20ICAShicbD EE
AoNlc, TOETFTNVOPTEREBIL 040, oLV FER
TlE 042 &, Moore et al. (1993) D& - &EolHE F LD
PUERE, BARYIEET 048, pH - AJAMEY v - b - v
)V b T041~0.63 LEIFREETH - 7o LA LanlHZ R &
L CTHRHSNHIER#E, $/220EF50EICEL
THEBR SN, ZDEWI, HHCAROEEMETH
D, 150G E Ui RS0 B 23 i HIRE 0T
H ol EICEKNT 2 EEbN D, HFEZLOREEELIA
12, NAPKEEOERAMNKE S RILE &n, s
MU ERlG € 7L OREEA REIC L T0 5,
ERES b DD, TITRHEOEENLSEEETH S
M #EEZ AW S & T, HERESEE S £ CHEE
TE5 T EAEFEE LT,

4. £ & 0B

1.2 ha DERHAIC 3B W TEARRE 14 m O%-FIRICE
L7 155 HuSis o4 v 77 ) v 7 &0, 1 & oBI%
5 Ap o+ O A B IC O LTI E1T -
720

Fil 7 — & OHETHIEREER 1 o, FrceRFE RO
PR 72 & DO HIBOFZMRFEMEICBI L T, I
FRRENT EMFED SN TN S OEE) I IZHITENE
RS LI EFARE S SICEEENED N, &
[ D Inf  Ces TR AR EEEI/NE < HH
REOTHETH D, FHE T Cfs  Ats O 1HEE (37
IRDKE CHIL > T\, pH, 2RESE, ) VRN
B, WESED LR, B, vk, Wit aEo ik
T3, DEM 2 SEH L TR & o fic BRI
RO 5N, TS OZERIZ B L CHfE 238 < B
BLTwa b HMra Nz, B E TR
KO SNSRI ERETH 5 T EDED ST,

C ORI TR E O ZE A I IR L e b o T
by, EFVEIHERWTCHEEEXST 52 E7T, Rr
EHHARRE Lo & Eomtiey v 7)) v
T OESDSTIREIC 1S B0 & 7Bt HARICHT S MR %
O TCEER G2 HEE T 2 Ella ot 234, i
OB H WAREERE L FERIOVTHER
fHRAE T,

B B
KR DI O O F — S TicBAL £ L C,

FEEW 7272 & & Ui A MO L8 R 2 S s 1k
L EFET,

5l B X ®

Burgess, T.M. and Webster, R. (1980a) : Optimal
Interpolation and Isarithmic Mapping of Soil
Properties, I The Semi-Variogram and Punctual
Kriging. J. Soil Science, 31 : 315-331.

Burgess, T.M. and Webster, R. (1980b) : Optimal
Interpolation and Isarithmic Mapping of Soil
Properties, II Block Kriging. J. Soil Science, 31 :
333-341.

Beckett, P.H.T. and Webster, R. (1971) : Soil Variabili-
ty, Soils and Fertilizers. 34 : 1-15.

Dalrymple, J.B., Blong, R.J. and Conacher, A.J. (1968) :
An Hypothetical Nine Unit Landsurface Model.
Zeitchrift fur Geomorphologie N.F. Bd., 12 : 60—
76.



O ERMEIC 350 2 TR O 2RI O iy 81

Imade, A.S.W., Shibusawa, S., Sasao, A. and Hirako, S.
(2001) : Soil Parameters Maps in Paddy Field
Using the Real Time Soil Spectrophotometer.
Journal of JSAM, 63 (3) : 51-58.

Journal AG. and Ch. J. Huijberegts (1978) : Mining
Geostatistics. Academic Press.

King, D., Bourennane, H., [Isambert, M. and Macaire, J.
J. (1999) : Relationship of the Presence of a Non-
Calcareous Clay-Loam Horizon to DEM Attri-
butes in a Gently Sloping Area. Geoderma, 89 :
95-111.

Miller, M.P., Singer, M.J. and Nielsen, D.R. (1988) :
Spatial Variability of Wheat Yield and Soil
Properties on Complex Hills. Soil Sci. Soc. Am. J.,
52 :1133-1141.

Moore, 1.D., Grayson, R.B. and Ladson, A.R. (1991) :
Digital Terrain Modelling : A Review of Hydro-
logical, Geomorphological and Biological Appli-
cations. Hydrological Processes, 5 : 3-30.

Moore, 1.D., Gessler, P.E., Nielsen, G.A. and Peterson,
G.A. (1993) : Soil Attribute Prediction Using Ter-
rain Analysis. Soil Sci. Soc. Am. J., 57 : 443-452.

Park, S.J., McSweeney, K. and Lowery, B. (2001) :
Identification of the Spatial Distribution of Soils
Using a Process-based Terrain Characterization.
Geoderma, 103 : 249-272.

Pennock, D.J. and Corre, M.D. (2001) : Development
and Application of Landform Segmentation Pro-
cedures. Soil and Tillage Res., 58 : 151-162.

Timlin, D.dJ., Ya. Pachepsky, Snyder, V.A. and Bryant,
R.B. (1998) : Spatial Temporal Variability of Corn
Grain Yield on a Hillslope. Soil Sci. Soc. Am. J.,
62 : 764-773.

Van Oost, K., Govers, G., Van Muysen, W. and Quine,
T.A. (2000) : Modeling Translocation and Disper-

sion of Soil Constituents by Tillage on Sloping

Land. Soil Sci. Soc. Am. J., 64 : 1733-1739.
Webster, R. T.M. (1980) : Optimal

Interpolation and Isarithmic Mapping of Soil

and Burgess,

Properties, III Changing Drift and Universal
Kriging. J. Soil Science, 31 : 505-524.

Woods, L.E. and Schuman, G.E. (1988) : Cultivation
and Slope Position Effects on Soil Organic
Matter. Soil Sci. Soc. Am. J., 52 : 1371-1376.

Zevenbergen, L.W. and Thorne, C.R. (1987) : Quantita-
tive Analysis of Land Surface Topography.
Earth Surface Processes and Landforms, 12 : 47—
56.

g (1986) « BnHfE NI 35 1 5 LY 0
ZH). HIEOYENE, 53 : 58-64.

FAARE— (2003) : fepEllc B 0 2 LHHEEWE T E O ZE)
WIS OB, TIEOYERYE, 95 1 21-32.

I ZERY (1973) : ZZ8f#IT AP T, pp. 28-30, Fiti
iR, B

fliot— - BR—yk (1971 : Bt v — 27K H D &K
LIRS OFREFIC S W T oy v 7))
v BT 2 BT (VD —. EE AT
£, 36:41-46.

7Ot — - RIS (1975) @ [RBUEMIC 35 0 5 1 1Y)
YOS REBNIC O WT—4 v 7 ) v S IEOHET
7% (I)—. BEELARYSHE, 55:1-8.

Egaig (1970 : WEBHEUKH O EKE & g%
O o v 7Y v SIcEEd B A
WErgE (I)—. EELARYERUE 36:1-T.

A B - LSl - B ZsL (197D - JbdEE O kil
P B o UK B & RS ORI
Hi+EEDH > 7 ) v I BE T 2 AT (D —. 2
AR, 36 47-53.

SR (1983) - MU & T O YRR, Loy
P, 47 :8-14.

SZREHH 120034 8 H 22 H
SHAFEHH 20044 1 H 23 H



