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1 E

FENKERN 7.5mx 7.5m W& /M FERE, A TR SRR HNSFINE T =
JR20—15cm +RERZKE (6)MEREKR (), HAO,/ 0K\ LEHAEAE (). PEAH
WEMHEATH 0.5m X 0.5m, WEWMWELER, AEMEH FETETHE. TFHE REE,
TRABAPSERFITFEE, B TRZVERS HESESIBWER, £ER B9
BELSHAHEFERMESS. IHHT 0. 0, ol T 435, 53 5104 1.58—1.75. 1.67—1.75.
1.77—1.83. BFREREZY, LEIFEAFEEIBHFENNT R, ERRE-EHERAREN
A RAB S TEHHE.

x#in THEKE,FE, BRER, T

AMNER AR LSRR - ETRESE. HEKSWERERH, HESTEEARR
FEMEFEATHES, B EFRENEREREY. B 70 £RLUK, 1EFHENS
VB 2 5 B R AR FH PR 25 JH) PR AR 5 19 8 BARBTF X — R R — N 3R ™), BB
H—BRA/DEENHNFMEIREE TFERERZEER KB EROE W, LK
E BTN EEHKIIENZBEHRZEAT ., TRISEMRAENE R LA ERY
AR,

Burrough™* & 55 Mandelbrot™® $ H # 4> & (Fractal) 714 4 (Fractal dimension)# &
RAB BRESHAEFER M. Amstrong™. Tyler M Wheatcraft™ % ¥f — 3 xt 1 454
(A A0 133 L BRE ) 1Y 20 T8 R AE 4T T BF 3T, 15 B 6B P X 5 T8 BF 53 B $RGE A R
ﬂ:ﬁ‘n‘ma

AX WL R R SHAETFREMES S, BN RIE DR EE = B2 R R R 3
BREHTERNL, X LRAEEITKE (0). BREKE(O)HAE (o) EARZERE L
B 53 4 1) AR AL RR A AT 43 A L, S AL B AR BARRE TS 2 — N A2 25 IX I D) 3R 56 BURRE )
BE R BURR B H B 8 SR AL S IR KA.

* BRAKRBLESERTEWESAAMFELSTE, T HHAEE 5 5 449391600H149401008.
Wi B 8. 1996-02-17; Bk B #9: 1997-05-18
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1 EAHEB

1.1 ¥FERBREHSTEY

L11 ¥FEERP  FHERBENHRETRER, BRER DRSNS T REHN
—/NERR. AT T E S HTE, A A P MR 3R (intrinsic hypothesis) T2, BIMRIRE X
BAER Z()WERE, FEFEBEA W, ZEUREBEA 5, W27 2 88T E XN
R REENHTE", H—RERERH.

) =5 EAIZ0) - Z(x+ W) 1)

BT r(h) =1/ 2valdZx) — Ax+ B)], BHR r(h) HZSEEEE N 1 B2E T Z B, HHERR.
1 N(h)

Ny 22D = Z() @

i=1

K h RAEARMBE, XARHEEE Lag, Nb) & BIBE N £ B9 REA 348
1.12 g MEE BB, SRS R ERRBERMEREN L8,
BRASFHAR D, MHME W, EFHA XFHREE" ", XEHRARE EEYUTFR
T, Ko L NEEENREE. REATMMARRE L, BT RBA 2 E ST 4
B4, 2 EEDMRKDIREYRELABREN—MEE, AT HERE—-AMRY—K
ek, EEHE. KR K HIENEYSEESHEHELER, SR LESESHEE
2 [E R RA AN, 2B, X RS T 2 %04 A B 15 30 5008 BOX K BE L4 T8 3k
EE[LS.IB]H

MR EPIRR TR, WH— 45 £ REEXR:

2r(h) = E{[Z(%) - Z(x+ W)]*} = h*" 3)

AP Z() Z(x+ b3k xx + b KR EE, 1 R8I (Lag), H AR

S FABEE, BB HET 0.5, Mxt LWEEER, HOBUETEE RN 0—1.0. HEE
HEIRE, TR R EWE S, XEHFREHINIEERER D =2 - HAERSY,

2 (2), B 28— i J08R B 6] BE , 45 2 3 B i 242 Oy 25 0, 3824 J5 25 1 (8] BE 42 3 Do) Fr s
L. WTRHEME, Logr(h) 5 Logh FEERMX R, AR/ REHITRERET, 15
BIRTERMBE m. SHEER DTHTRHMHEE.

D=2 (-m @

r(h) =

TTHE(E D RITHA Z MBI G, D EBUN, Fom A 2 8 1SR A 2 Rk, B
W—REBE; MR, DEBK, R4 B DR HEN Z R MU, B —v 8 s,

2 RABAE

2.1 RIEHEETR
BE/NKALT o E AR KT XA P, A6 TR AL BRI BT rh AL RX , S BRIR Y 1B i A
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FEERSER, KL 116, 3°,384 39.95°, EFHKR 11.5C, EFHEKE 630mm, K FEEFTESE
(6—8 A), EZRE/K S EMKRE 70—80%, 1L HEAH L, T KB 14m, 1m +2 HIRFHNE
BrEREL, RE 0—15cm ¥+,
22 BBRHESWNESZE

R XA EANE, FRKAEEET 3 MK WEFEWER L.

3AMANAXH 2AA/NXER 7.5m x 7.5m, /DX DT EFE 7.0m X 7.0m, /J\IZI’\]?F!JEIW’F&QQJD%J
0.5m x 0.5m, BRI FTTH HRER T KBMEAREKBHUEERNEL. EREIKR (0)H LR
£, BEHEE 0—15cm, #FEME. REREKE (6,)ABERHEL(TDR)WE, HF4HKE 15cm, W€ 12
WE 0—15cm, EAPRERZNM, AN LEEREEEN, H TDRUEH LRERSKBSHT
EUEWEBRSKEZ WRBN IHAEEHA LN DRAEEA - B, AAKH HREER
fip=16,/6,

®1 REHABNERS®

Table 1 Test arrangement and measuring method

e = B 5E B E] AH 4B 7 B BE 7rim) RS - gid
Test site Measuring time Distance between two No.of test Note
neighbouring points points
MXT 1996.3.26 GE & H#) 0.5 210
NS | 1996.4.26 (FTH#I) 0.5 210
JNEIT 1996.5.26 (3K ) 0.5 196 KA

3 EREiE

3.1 THiERfEsEgITHE

RL2RINPRMO,. 0, oW E R GIHE. BUNRUNH, 0, 0,. oI HE FI A
12.18%. 18.53%. 1.53, T I\ W £ &5 R & (1), 0,.0,. p#I 2 4k T B 5 5] . 9.45—
15.14%. 13.65—23.6%. 1.15—1.88, M EEE RB K, M X2 P HERIHERSHER X,

R2 BXRIREMOSITIFIEE

Table 2 The statistical results of some soil properties
MEXE WEBE NETH ¥y FigE HOE PR TREK

Plot No.  Measuring Measuring Average Standard Coefficient
time item Mean deviation Variance deviation of variation

Oe/g) 18.35x107>  0.769x10 > 0.920x10™*  0.959x107° 0.052

I 1996326 6 (cm’/em’)  21.25x1072°  1.710x107>  4.384x107*  2.094x107 0.099
p(g/em’) 1.16 0.098 0.014 0.119 0.103

Oelg/ ©) 12.18x1072  0.911x107%  1.267x10™*  1.126x107° 0.093

i 1996426 6, (cm’/em’)  18.53x1072  1410x107>  3215x107¢  1.793x107 0.097
p(g/cm’) 1.53 0.115 0.020 0.142 0.093

O(g/g) 1963107 1.377x107°  2.842x10™*  1.686x107 0.086

oI 1996.526 6 (cm’/em’)  28.75x1072  1.697x107°  4.328x107*  2.080x107 0.072

p (g/cm’) 1.47 0.068 0.007 0.085 0.058
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B, X FTHE R B — B ERRBEAR S, SR AT e D EN R AR E
B3t 220 ) S R B L AR S L ST S O, BRI AT E Bk, LA
— 3 BT AR R G AT

o 0.18 E 0.26 2
= < "E 020 -
H E 2 “E 18
—_— A .
2 £ 014 e S 0.22 > =
= 2 s 8 9 F1s
[ ] 5 ] : 0.2 E@ 2
-)ég 0.12 v B W 5
® 0.18 °
212 é,'x_n $ CIVAR
= t 2 0,18 3
WE ol 5 e
> E 0.14
] =
(&) =
0.08, 50 100 150 200 > 0125 50 100 150 200 ‘o 50 100 150 200
HEEN (= 3-8 ¢ HAEEH
No. of samples No. of samples No. of samples

Bl FESRTTFH D DR SNE MR
Fig.] The measured values of some soil properties in continuous sampling series (plot II)

32 MASKEESHETTFRBERESHRITIESHN

FE—ANEER T L, 25 5 R A0 2 B BE BT A 1 0 B A R B (SRR , W i%
BRATHOZE KB, SEM2EEDET LEXTRNHERATRMN, HEE
B, A S G x—y P, R A — AR B 7RSS B R SR M LAY, o 4 4
85 DET 2. KES HMSHETRAT LRWAELZE, RS EE DN T 1—
2ZEES KB I ATAE S, 6, 6, pER A SRR BN, HRER . R iR
FEABEBE B R AR LT AL, EERITE X EHEEE AL, FHit, THLEERS T
£.

AT E, T EEE PRI T e REE R 2 & 5 R B2 18 6 R 8 L1
O, EFHSHEEAEH M EERERANENERAEE), BAERFERE LM E k)
WRBHER, L HTZEBRKFH, SENY EEDET 2L, RUBTREEER
LR ML E T EE R RN, R R BA S AL B R B R R
RE#RBEBARIL K, 5 408 D A B R B AT /L, 7T BB D R RO 3 SR 3, 3

5 7 0.05
.
5 - 0.04 »
8 & | B é. ‘.ﬂ w8 003 s !
Ws 2 ” "5 s & .
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- [
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Fig.2 Semi-variance of some soil properies (piot m
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iRig- eyl nd o
e (2) FoRAG A 2 H, 18— 3T B8 80 6] BE B o RL B 2 T Z14H, 5 ISR L TE DR
M pRaR b, BBy 2 R BE A 2 BTN, BIEE h TR, T REEEKN. —XNHES
BIBE % 0.5—9.5m. ME 2 W[ LAF H D HA AR L, 07 £ 5— & T E N R [ BEAE % #
HHAXR., AR/PDZREHTRIER)T, BRI EITEROHEm b (DX TUEE L&
IR S J0H o 4EAE (3R 3).
R3 FXIMFHESHMIEE

Table 3 The fractal dimension of some soil properties

EBRAKE #HRAKE r K
Gravimetric Volumetric Bulk density
IMNKE water content water content
Plot No. Sr4E(E HHXRAR Sr4EME HHEXRK o EHXRHE
Fractal Multiple correlation Fractal  Multiple correlation Fractal  Multiple correlation
dimension coefficient dimension coefficient dimension coefficient
I 1.75 0.96 1.75 0.99 1.77 0.99
I 1.64 0.99 1.75 0.96 1.83 095
11} 1.58 0.98 1.67 0.98 1.78 0.99

ME 2 ATLVE Y, FE—ETEE W, 0,. 6, p& HIE T E SRBEM X R EAR LR EH
RER . FASEARE HHAEMNES BNTRERXN, 0.0, WELNERBREL—
B, K18 6,. 6,. pHI TohRBE X (HLBD B A AUTE B 53 528 : 2—Tm, 0—5m, 0—5m, & B K iR
BEXAREBHN S EED RN 1.58—1.75, 1.67—1.75, 1.77—1.83.

ANKTILE 6, 6,695 AR T HAEL /DK 5 (8, BB KR, B THRA TR,
SHEETRGKBESESMWERER K, WY —UBREDTE, S REDEIK, 5
b, LIMA EpHI S REME R T 0, 0095 FAH, T D EH T RA LR HEEZ BHAY —
BE, DEEK, 3 LB AN A 8RS, RE|RE WA R, Hib, 5 EHKBFEE
BERT KT &K B B BURE (R BE .

6.6, pHI S+ EED MAT LS, IR0 < H< 0.5, RUBE R EREM, 6. 6,. p
FAWETEZBRAMRE, B0, 0, ol KT ZREESMLE, XEENLTERE
fl, IR - EERAE. D ERK, RAEERNERE MR 5 AL,

ME 2R E, LR ARAE PSS IEENAGEEEAREA 8 HUER
BORASKMA R, FET R £ AR 25 H B8 i #30E; 28 a8
ARAEENMEBAREL EHHIFE, W aHELEREEMNMIBENENR, REH4 A
ML, EEEEEN, RAEBHUEE NS LRSS BEN T REREL -5,

4 4 B

1. EAN/NEAKIG, 6, pty 5 B 55 7 H1.58—1.75, 1.67—1.75. 1.77—1.83, HEM
S+ (IR KT 0, 0,005 4EMH.

2. RMOFIERAHEH SRR 7, RE—-ENZ BEE AL RA TR,
EALREMGET, 0,0, o BMLEELFIK: 2—7Tm, 0—5m, 0—5m.

3. ST RN DR KA — R, B EBA, R A8, REME
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SPATIAL VARIABILITY AND FRACTAL DIMENSION
FOR SOIL WATER CONTENT AND BULK DENSITY

Gong Yuan—shi Liao Chao—zi Li Bao—guo
(Department of Soil and Water Sciences, China Agricultural University, Beijing 100094)

Summary

Spatial variability and fractal dimension of soil water and bulk density were
studied in a soil grown with winter wheat. The area of each plot was 7.5m X 7.5m.
The measured grid unit was 0.5m X 0.5m. Two methods, soil sampling and time
domain reflectometry, were employed to determine the gravimetric (6,) and volumetric
(6,) water contents. Soil bulk density (p) was calculated from 8, / 0,. The data were
analyzed with both traditional and geographical statistical methods. Some difficulties
were met with the traditional statistical technique. Combined with fractal theory, the
fractal dimensions of &, Bg and p were determined, being 1.58—1.75, 1.67—1.75,
1.77—1.83 respectively. Our results suggested that the soil was not a medium with
theoretical fractal phenomenon, and the fractal features only existed in the range of
specific space.

Key words Soil water content, Bulk density, Spatial variability, Fractal



