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Abstract; Little information is available about soil particle-size distribution in shell ridge ecosystems. Based on the
principle of quality distribution of soil particle size and fractal theory, Periploca sepium Bunge, Ziziphus jujuba var. spinosa
Hu and Messerschmidia sibirica Linn. growing on Shell Island, located on the Yellow River Delta, were analyzed in contrast
with bare soil to determine the fractal dimensions of soil particles, soil particle-size distribution and soil water physical

characteristics, in order to explore the effects of different vegetation types on soil pore structure and hydrological physical
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characteristics, and the effect of fractal mechanisms of different vegetation types on soil particle composition in shell sand
habitats. The results showed that; 1) In shell sand soil, the distribution of soil particles among three typical vegetations was
as follows: coarse sand, fine sand, gravel and silt-clay. And the mean value of coarse, fine sand, gravel and sili-clay was
61.31%, 19.97%, 17.33%, 1.39% , respectively, indicating that grassland and shrub could decrease the particle content
of gravel and coarse sand, and improve the content of soil fine sand and silt-clay, which performed well in 0—20cm soil
layer. With the vegetation restoration measures, the mean value of fractal dimension of shell sand varied from 1.5845 to
1. 9157. The sequence of fractal dimension was as follows: Z. jujuba var. spinosa Hu, P. sepium Bunge and Grassland, and
the surface soil layer was larger than that in 20—40cm soil layer. Fractal dimension had a very significant positive
correlation with silt-clay (r=0.940,P<0.01), a significant positive correlation with fine sand (r=0.771,P<0.05), and a
very significant negative correlation with coarse sand (r=-0.947,P<0.01), but the correlation with gravel was not obvious.
2) The mean value of soil density in 0—40cm of Z. jujuba var. spinosa Hu, P. sepium Bunge and Grassland were lower by
23.87% ,14.51% and 10.47% , respectively, compared with bare land (1.48 g/cm’) ; the mean value of total porosity of
soil increased by 16.96% ,16.71% , 1.31%, respectively, compared with bare land (45.39% ) , and the degree of porosity
in the surface soil layer was higher than that in 20—40cm soil layer. Fractal dimension had a very significant negative
correlation with soil density, and a very significant positive correlation with capillary porosity and total porosity, but there
was no significant correlation with non—capillary porosity. In shell sand habitats, the ventilation permeability was better with
soil porosity decreasing, fractal dimension as well; but the higher soil-compacting degree, the bigger soil density, fractal
dimension was lower. 3) Vegetation restoration measures could well improve pore structure of shell sand surface and the
degree of porosity, as well as ventilation, pervious performance. Soil water storage capacity of grasslands and shrub land all
performed better in 0—20cm than that in 20—40cm. Under shell sand habitats, fractal dimension had a very significant
positive correlation with total water-storage capacity and capillary water-storage capacity, but the correlation with non-
capillary water-storage capacity was not obvious. Judging from the fractal characteristics and soil hydrological physical
characteristics, we concluded that the sequence of improving the capacity of soil physical properties and soil and water
conservation of three typical vegetations in Shell Island was that shrub,was better than grassland, among which, Z. juyjuba

var. spinosa Hu was better than P. sepium Bunge, and soil layer in 0—20cm than that in 20—40cm.

Key Words: fractal dimension; soil particle—size distribution; soil water; vegetation type; Shell Island
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K, D R TR T HEEL d, WA SRR d, 5 d,, [0 R HAR (mm) 5d,, RIS A 34 B AR
(mm) s W REAR/NT &1 BB (g) 3 W, b B3RS B0 () o BN BT, B 585K 38R O [R) kL
®dMlg(dsd,,) Mlg(W/W,) {8, T4 AT RAE A RIS RER KW 845 D =3 - K,
LR (Y - SR AR T R R R o R ISk L SR SPSS13.0 GEi T4 1 one-way ANOVA \1SD(a=
0.05, 0.01 1 0.001) F1 Peareson #0354 77150 B HEAT 7 25 0B L 22 5 LURSFIAR M0 #T .
3 HBREHW
3.1 BRI L S TR 4R R
311 A[ERE#EZS A - ERURLZH g

e 1 AT, D FEab s DR S, 1E 50.15%—72.30% Z 1], “F-3 4 61.31% ; FoRk g 4iubki
FrRTE 8.65%—32.65% 2 [] ,SE-Y54 19.97% ; 1 A3 BRATE KR S AR XA, A AR i 7E 12.65%—20. 13% 2
], 3520 17.33% s ByRibL & fE7E 0.25%—4.92% Z 8], 349400 1.39%, 3R DL 7e b A= 55 N AD RE | 4D br
T T AR BPRRL, B R 4T B T 2 R TR - AEE Y L A AR A A - R AR 1 TR
T 25 T 38 (F=380.449, Sig. =0.000, P<0.001) , 3 R #2581 0—40cm D1 FER0 15 oo £ ik & i 2%
SR (F=12.234, Sig. =0.000, P<0.001) , B K /IME IR Ry B b < FTAIIAR < i AR < BRH , 45 531) HE AR b AT
20. 43% .16.87%H1 3.98% , FLAVKI T i 22 M 3% (F=11.205, Sig. =0.000, P<0.001) , #I{E /MK R iz 2
R<FT AR <5 Hb < 2R 3, 50 5] HE AR AR 15.85% (11.78% F11 2.76% , ZHHSHL & & 25 4 % (F = 8.740, Sig. =
0. 000, P<0.001) , S{E K/ IME R I FT IR S BR AR>S B >R 43 ) FE AR s 71.37% .62.10% F1 38.33% , #5
RERL 5 25 T 3 (F = 14.727,Sig. = 0.000, P<0. 001) , FI{E K /MK YR A 2 AR > FTAGIAR > B 3b > 45 | 43+ 5]
SRR 8.26 .4.08 F1 2.18 £, R WIVE AR AN H dth HAT Yl N BRFIREARL 5 ik, 338 10 20 0 A0 R R R 1
BIVE R, BIR B0k A2 55, LA i DL 52 b ph DA A2 1) 40k AR 6 AR RO R RE . 7R TR ELA5 M b, AS [RIAE B S AU [R) i
LA I — 2 1Y 22 5, 7 32 o3 HLAD R 180 38 S22 IR T 20—40cm , 20 0 6 5% B b 2 S AN i 3540 (P>
0.05) , A RBNRIZ R T 20—40em,, 7 H 5 Hdse D R RS R & 1 3 3230 )2 5 T 20—40em , A1 5k &
TEERATAIARSS ol R R 25 T 20—40em,,

F1 SEEXBTEAAREEEETESERES S REE S

Table 1 Ration of soil particle mass of different size to total mass in different vegetation types
T+ R Soil particle size distribution/%

IR

Y Soil depth Ak HUEDRE kL KR
Vegetation type Jem Gravel/mm Coarse sand/mm Fine sand/mm Silt-clay/mm
2.0—1.0 1.0—0.5 0.5—0.25 0.25—0.2 0.2—0.1 0.1—0.05 <0.05
FLAIAR 0—20 12.69 35.98 16.43 23.49 9.01 0.10 2.29
P. sepium Bunge 20—40 19.43 50.67 13.98 11.50 3.76 0.02 0.64
[N 0—20 19.90 37.30 12.89 17.66 7.29 0.06 4.92
Z. jujuba var. spinosa Hu 20—40 17.18 38.92 22.56 16.41 3.63 0.24 1.05
Wi Grassland 0—20 16.31 27.45 36.44 12.04 6.42 0.44 0.90
20—40 14.50 28.44 36.73 14.73 4.96 0.06 0.56
b Bare land 0—20 19.94 39.35 21.08 12.42 6.71 0.09 0.41
20—40 18.67 39.96 32.32 5.11 3.44 0.17 0.32

3.1.2  HHEEURL A E AR IR A AR I OC R

3 FIAEB AL SRR D 0—40em 158043 4148 25 Rl B 3 (F=24.70, Sig. = 0.000, P<0.001) , ¥{E K/
IR LA AT S BL b >R ([ 2) , SREHAH LG, 23 90038 0 36.52% ,23.67% ,12.92% ., FE & ELA5HE I,
TR A B R K2 T 20—40em )2, 22 T B3 (P<0.001) , AN [F] 438 )2 WUk 4 8 4
BUOR/INEE PR TR AR S AT AR > 55 41 > # 3, 0—20em 3 JE 4E K070 50 H AR b 755 48.39% . 32.75% 1 15. 69% ;
20—40cm ZME4ERU 5 AR LS 23.96% 14.07%F1 9.98% , % A [ A WK 58 F5 it xof DL 52 1 -+ 343 F 4
BOZW K, I HLE DR IR R TR], Hor I e R R 22 5%
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L3 T AR B AR L LA S AR 2t (0 35 38 o, R AR 5 2 A 38 sl 20 | Fov ) xof = R BURL 43T 4k 5L
PAULE iR NP iR U TR iy iy A =R LUy A - A R € N

25 r 80 -
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2 E b E 50
52 s i “5 I
8 4~ O
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HE e 2 2 s
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205 o a0 o
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Fig.2  Soil particle fractal dimension in different vegetation types Fig.3 Relationships between soil fractal dimension and soil particle

content

3.2 HHEEORIIRAERCS A AN

FAEPA T ) IR E IR TR (K 2) , 225 B3 (F=17.212,sig. =0.001,P<0.05) , H:H 0—40cm
49 7 A R AR FTAIIAR B 3 5 HE AR A 23.87%,14.51% 1 10.47% , BALBRIE 22 H W& (F=
9.607,sig. =0.005,P<0.05) , BJ{E K/ R R A AR SFTMIARS B bth | 737 LEAR b &7 16.96% ,16.71% F1 1.31% , W]
PR AR IR A K PE RS, R O FTAIAR  REH A 22 . R AR TAIAR ) B A LR B A, 2 5 A i 3
(P>0.05) , HH A B A FLEBREE SRR I | 3R IR S MRARFT MIAR 1 38 i A ROK B I A 25 i A R, R T AR B AR
FRXK AR, AR AR A B A KRB A K TS RE ARG . JE B LB B S R
FLAIRR, LA HBIG IIN 74.17% , R TR 7K DRI GEAR XS AT 117 19 A MRRN R 4 2 53 A B 35 (P>0.05) , A L R b 3 Jim
22.50% ,12.711%, TEIEEH 5 L, AT RN DR ZIT 20—40em L2, BALBE A BEFLBREN 52

M
F2 FREHEBNTERSNILEEERE
Table 2 Character of soil density and porosity in different vegetation types
. T LB S LI = BE LIS
1ﬁ¥ﬁ;’§ﬂ iJf{*E{‘ Soil density Total} pﬁrfity Cailljjf }Ii)iro&;ity Noiiiiﬁ:;y Iz)i‘orisily
Vegetation type Soil depth/cm /(g/em’) /% % /%
FLAIAK P. sepium Bunge 0—20 1.24 56.66 52.18 4.48
20—40 1.29 49.27 45.39 3.88
FRAEM Z. jujuba var. spinosa Hu 0—20 1.04 54.20 51.37 2.83
20—40 1.21 51.95 48.90 3.05
b Grassland 0—20 1.25 47.42 45.14 2.28
20—40 1.40 44.53 41.40 3.13
b Bare land 0—20 1.44 47.73 45.23 2.50
20—40 1.52 43.04 40.74 2.30
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Table 3 Soil water-storage capacity in different vegetation types

s TFIE K W R A i B K
) =R
t}é&f:h . g j}:()};ﬁl;/g Total water-storage Capillary water-storage Non-capillary water-
cetation ype ot depthzem capacity/ mm capacity/ mm storage capacity/ mm
FLAIAK 0—20 113.32 104.36 8.96
P. sepium Bunge 20—40 98.54 90.78 7.7
A bk 0—20 105.93 97.57 8.36
Z. jujuba var. spinosa Hu 20—40 108.4 102.74 5.66
b Grassland 0—20 103.9 97.8 6.1
20—40 106.15 100.27 5.88
#ith Bare land 0—20 94.84 90.28 4.56
20—40 89.06 82.8 6.26

R T AER SN E K & (r=0.855,P<0.01) WFFE /K E (r=0.881,P<0.01) Y2 i 3 1EAHC
S5t B & K ARG AN B (= 0.340,P>0.05) (&1 5) R - BERUR 73 T8 4 500 + HE 257K 8 45 1) S A
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