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Soil Water Retention Curve Based on Fractal Theory in Greenhouse Soil
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Li Tingxuan Yu Haiying Zeng Li

Abstract

The relationship between the fractal dimension for soil water retention curve of the disturbed and
undisturbed soil was studied in greenhouse soil. It was showed that on the condition of the same soil
texture, fractal dimensions increased with the increasing of soil bulk density. There was significant linear
relationship between the fractal dimension of the disturbed soil and that of the undisturbed soil. Based on
the fractal dimension of soil weight distribution and soil water retention curve of Brook — Corey model,
water retention curves of the disturbed and undisturbed soil were predicted. The results show that the
predicted values of soil water retention curves fit the measured data. So, it is feasible to estimate soil

water retention curve of the undisturbed soil based on the fractal dimension of the disturbed soil in the

greenhouse soil.
Key words
Undisturbed soil

51

= WA B AR 15 9 45 2R RE 7 R R
HJSUIR SR SE Bl 00 SO AT SE R 2 — o A BT SE
T, B ORISR S K0S ) BLUR 1 2 807 1
MISE R A Al L b+ 9K I R B R
ALk R AL B 1 5 R L AR IE R 22 5 . Hop
BRI AR 2K e R AU K 23 3 Bl A S

I

WA H W 2011 11 -18 &1 H . 2012 -01 - 31

Greenhouse soil, Soil water retention curve, Fractal theory, Disturbed soil,

BRI R B K IR AE S8 o T X 4 S 8
LN E FE B IR e 6 T 95 S 2% T i i e A A4 5
R RS A O R I, O B2 R M A
(1) 235 4 7 S5 P ) 2 T, 0 S AP AE R IR 22 55 0
TYERE S BOUEN E /Y, R, 3l 5 X 4 5
M5E S BORAE R FRE R & B 51 ) 2 %
T, JUHOR I B 1 I D A HE K o AR 2 5
KB I 4 2 RO B E TR TR IR AR

# 5K HARFHA AL S B B T H (40901138) - — 107 [B K BEH 3 #5001 R B8 By Bt H (2008 BAD98BO3 ) 0 pU JI| 48 Bk 47 /77 1 F 46 filh 150 H

(2008JY0022)

TEER AT AT, 82042, TN FH LY 5K + 4% 558757, E-mail ; zichengzheng@ yahoo. com. cn
BIRAEE: BN, 88, LA I, EENF TR 5P E SIS, E-mail: litinx@ 263. net



50 & oAk HLOM E 4R 20124

F Mandelbrot *' 4 t 43 J JLA] H &5 )5, Tyler 1.2 LK HFIEM LKA S REER
1 Wheateraft' ® #3320 7 1 A 31 £ 58K 23 45 AF Tyler 1 Wheatcraft'"*' 5% Ff] Sierpinski Carpet b
2, Hoa , AP B AR R EARARA TR AIOE BEAE MBS PR S B O BRI 2R A 2 TR A
7 BESE S ARSI R E AR m

=

7] — £ R A [ s - 4K 3 1 2 % KO WU i gz(if” (3)
S 498 2 3ok WU 1 0 30 - 8 15 JROIR - HE K S G 0. \h,

2R 1 X R AR B . UL, A SCE i Brook — AR e——RBLE KK

Corey §2 97K 41 B5 G My 245X 4t AR 25 41 2 oAk

K A R H 2 0 AT BT 3 3o T R 4 S 2 h—— Ay LT

K - B 738 T 050 0 7K 43 G 0 2% 12 o e L

TS AR L 5T 4 G 45 07 AR - R 30 4 D—— LA BKBUNE 42

T O K A E 2203 R . DL 50K HEEET 2= X2, B

J2 85 14 3 R B 0 YR A BT S B Lo () (4)
1 EXREip Brook — Corey 2256 15 U Sy

1.1 RETBNENEESHRIELES ST gf(%y (5)

Turcotte" '’ Eryanta st L ACIWAEE UF R TR GRS Sy

B Z Ok R X, B N

X)X (4) FAROS)EARERE M.

N(¢>d)d! =C O T \ ‘
Aop d—5 i itz R (4) MR (S) AL =3 - D, K (4) WFLBRA T
: B e AT P AN FE B A ke 3R E .
N (£>d,) B2 KT d WOk 68 A 45 ) LU B T FL B A B AR 5 KR 5 R TR T Y o6

D, —— L HORL AR B 53 A 43 B 4R 5 2 ME5HE

T VR 4 o 0 78 1, A 5 4R
BB A BB, W T D i 21 THERESHE
o AR T HEA BT R A5 1 8 - MR ) R A A BRI 53 A B S g )
TP A . Tyler Fl Wheatcraft'™ A7 3504 45 41 AR EL K L B B 2 DX IR i i AR LA
B PR AR 41 T 5 SR SRRLAR T B A A e e 1 T PRAURIER A o B 4 4 S AT LIS 4 16

S RIAIE 1) BERI 19,5 1/hm o PR 12 38 D4R 5 3 B

We<d) | d oo BB RV 0 BT K % 60 em. Al 1

W, :(T) (2) 0 ~20 cm 20 ~40 em 40 ~ 60 em + 2R 4E , [ i}

Xt d,., e KRG kL - H AR ICAH AR 1) &5 M 1 3 A S X BR . R R AR 4R T 2001

W(¢E<d)—RifR/NTF d iy B4k i A, EFEREETF 2009 45, KSR ES A s — B o

W, —— 1 8 45 R 9 7 1 1) B AN KT8 5 55— 380 F T 4 38 36 A% Ak 1 o 9 I 2
D,—— - HERi A% T 43 A 40 T8 45X (£1),

®1 i@ EsHw

Tab.1 Particle size distribution of soil

+ 4 LR EE FaSiy AN RVRLAR 1 - 3 UKL BT 6t 43 50/ %
B3] /em /grem > 1 ~2mm 0.5~1.0mm 0.25~0.50 mm 0.18 ~0.25 mm 0.15~0.18 mm 0 ~0.15 mm
0~20 1.28 £0.03°  12.48 £0.14"  14.24 £0.11*  0.820.07™  12.1120.11* 29.70 £0.03¢  30.65 =0. 19"
Phti 4 20~40 1.42£0.04"  11.82£0.10°  9.15+0.28°  0.70 £0.21"  12.10 £0.38*  31.57 £0.32°  34.66 £0.45"
40 ~60  1.510.01*  11.82+0.51°  9.150.13°  0.70 £0.16" 12.10 £0.48" 31.57 £0.11°  34.66 +0. 15"
0~20 1.09 £0.01Y  13.7220.19°  8.86 +0.27° 1.02 £0.01"  12.55£0.29" 28.26 =0.13°  35.59 =0. 06"
FHL A 20~40 1.32£0.03°  11.41 £0. 12¢ 8.79+£0.17°  0.98 +0.04* 10.60 £0.08"  33.86 +0.16* 34.36 +0.33"
40 ~60  1.30 £0.01°  10.63 =0.10%  10.30 =0.10>  0.87 £0.11*>  11.91 £0.11*  32.63 =0.07"  33.67 =0. 28°
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Tab.2 Fractal dimension of soil water retention curve

—— + 2R R W+
Jem D, 0, hy R D, 0, hy R?
0~20 2.765 0.4208 0.003 8 0.995 8 2.716 0.3295 0.205 4 0.9911
Vit 4 4 20 ~40 2. 801 0.4157 0.004 8 0.9957 2.750 0.3807 0.2561 0.9903
40 ~ 60 2. 805 0.3130 0.020 4 0.9925 2.768 0.348 4 0.3549 0.990 8
0~20 2.829 0.420 1 0.0108 0.986 6 2.777 0.3629 0.2439 0.9867
R b A 4 20 ~40 2.834 0.3715 0.0223 0.9858 2.772 0.3957 0.1921 0.9910
40 ~ 60 2. 845 0.3800 0.0216 0.980 6 2.798 0.3813 0.254 6 0.992 4
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Tab.3 Comparison between fitted fractal dimension
of soil water retention curve and that of

soil weight distribution

R 3 + RS /om D, D, D,
0~20 2.765  2.716  2.645
Wity 3 20 ~40 2.801  2.750  2.696
40 ~ 60 2.805  2.768  2.696
0~20 2.820  2.777  2.695
o3 e 20 ~40 2.834 2,772 2.699
40 ~ 60 2.845  2.798  2.687
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Fig.1 Measured, fitted and predicted values of the disturbed and undisturbed soil water retention curve
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Tab.4 RMSE between fitted and predicted values of soil water content
N TIEHRE Mt JEOR £
bR
/em MEHE T {1 T {8 2 MEHE TE 1 o 4 2 T {8 3
0~20 0.009 7 0.0253 0.0100 0.004 9 0.0567 0.0050 0.004 9
it + 35 20 ~40 0.0109 0.0257 0.0115 0.004 8 0.056 7 0.004 9 0. 005 2
40 ~ 60 0.0102 0.0311 0.014 2 0.006 3 0.0394 0.008 3 0. 006 3
0~20 0.0115 0.0359 0.0190 0.0129 0. 066 1 0.0127 0.017 8
P+ 3 20 ~40 0. 009 2 0.0327 0.0142 0. 009 4 0.060 5 0.0113 0.014 4
40 ~ 60 0. 006 6 0.047 2 0.028 2 0.0106 0.072 4 0.0107 0.0291
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