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Fractal characteristics of soil particles in sand-fixing forests
of Habahu National Nature Reserve
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Abstract; In order to scientifically evaluate the impact of vegetation restoration on soil texture of desert soil re-
versal , 5 desert ecosystems including mobile sand dune (CK) , Artemisia ordosica fixed sand (AF) , Populus simo-
nii fixed sand (PF) , and Salix cheilophila fixed sand (SF) , were studied. The soil particle composition, soil nutri-
ent characteristics, and their correlations in different sand-fixing forests were analyzed. The results showed that the
soil particle composition of the sand-fixing forests were mainly composed of 50 ~250 pm fine sands, and AF signifi-
cantly increased the soil clay content and soil particle volume fractal dimension of 0~ 10 c¢m soil layer (P<0.01).
The fractal dimension was ranked as AF>PF>CK>SF and the fractal dimension difference of each sand-fixing forest
was extremely significant ( P<0.01). Correlation analysis showed that the higher the clay particle content, the
larger the fractal dimension and the better the soil physical stability. Fractal dimension was significantly positively
correlated with soil organic matter, total nitrogen, and total phosphorus at 0.01 level, but significantly negatively
correlated with fine sand volume percentage ( P<0.01). Soil particle fractal dimension D increased by 1, soil organ-
ic matter, total nitrogen, and total phosphorus increased by 2.80, 0.13 g - kg™', and 0.10 g - kg™', respectively.
Therefore, fractal dimension can be used as a comprehensive index to characterize the soil texture change of dune

and sandstone soil environment after sand fixation in plantation.
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sand,PF) | 22 y0 5 [E V0 & AR Mo ( Artemisia ordosica
fixed sand, AF) , LAJi 8170 . ( mobile sand dune, CK)
SRR IR T AN [ 7 B 1 /0 Ak 1 ) - 398 35 200 e A AT
I8, A FEHBBEAG DL UL 2% 1, B IS R M 1 AR 32
7E 1000 m* LA b, 25 FE T 15 R85 S AP A — 2L
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PNE 5 HHEA A (TN) & R AR L IR E Ak
e
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Table 1

WER 43 A 8 . BORLAD R (1 000 ~2 000 pum ) A
IPRL(500~1 000 pm) HHERL(250~500 wm) (4D
FE(100 ~ 250 pwm) AR AHEP KL (50 ~ 100 wm) A kL
(2~50 wm) FIBEL( <2 wm) , LIISOERE B 43 A e
BARAR PR BB Ay JE 6l AR Tyler' ' it + HE 45
BARFUME AE B0 AR & e Ha P 5 A e & A5 8
FRBUME ARG E A

D=V, /Ve=(R/A,)""
P, r R HERAE (mm) 5V ORRAR/NT R B4Rt
HERSORL I EATR (%) sR A WETTE 7RI R, 5 R, [RDRE
FHPEAIE (mm) 3V, Ry BRI EIATR (%) 54, H
FERUE | 55 T O6RE E Z3 A AT 3145 1 Je ROk AR 45
RL(mm) ; D A H3ERIAIAT M LS,
2.4 HiEAE

K H SAS 8.0 #4757 22 Hr Al LSD 43477

3 GRS

3.1 AEE D RS m R E S AR
M2 ATLUE il ok ASR] [E 7D AR 0~ 10 em
42 - UL BN L R I D bR b S OR
T 50~250 pm BYAIVSRH T 7 22 70 e 4
SR RV E RV (AF) IR R R4 3 AR
o3 s UM (SE) s [E DAk (PF) R shvh

T A R AE

Vegetation characteristics of sample plots

AR Herbage

Fr(H#E) AR Arbor/shrub

FE 2 7Y PLHAE ) o BREE/ (B - m7?) e RPN B/ (B - 100m™2) WS/ %
- PR/ em . P/ m MR/ m .
Plot type Dominant plant . Plant density . Plant density Coverage
Plant height s Plant height Crown -
/(plant - m™) /(plant - 100m™*)
CK V3% Agriophyllum squarrosum  6.0+0.15 3+0.07 - - - 2.0+0.05
“/I\ . . .
sp DWW Salix cheilophila 14.0+3.47 10+0.13 2.4+0.03 6.3+0.45 18+2.19 28.1+2.23
WG Oxytropis racemosa
B Populus
¥r4& Caragana Korshinskii
PF  #5%& Hedysarum mongolicum ~ 7.5+0.79 2+0.03 3.5+£0.03 3.5+0.09 14+4.09 15.7+4.61
BYNE Artemisia ordosica
V% Agriophyllum squarrosum
RYDE Artemisia ordosica
AF WEE Artemisia scoparia 31.7+£8.46 118+17.96 0.6+0.07 1.1+£0.05 61+9.05 67.4+8.55
FEFARL Thalictrum aquilegifolium
F2 ARE M EBK SRR E SR ELY
Table 2 Distribution of soil particles and fractal dimensions in different sand-fixing sites
— ‘ i%ﬁ*ﬁﬁj‘?ﬁ Soil parti‘cles/% ‘ ST AR 2
Plot type EhoRi Clay Brki Silt HMHPK; Fine sand WK, Medium sand Fractal R
' (<2 pm) (2~50 pm) (50~250 wm)  (250~1000 wm)  dimension
CK 0B 3.31+0.05B 96.69+0.04B 0C 1.08+0.01C 0.88
SF 0B 2.69+0.01C 97.31+0.01A 0C 0.96+0.01D 0.89
PF 0B 0.23+0.02D 97.21+0.08A 2.56+0.07A 1.23+0.02B 0.66
AF 22.03+0.30A 14.65+0.22A 63.21+0.39C 0.11+0.02B 2.62+0.01A 0.96

TE AR PR R R [RIRE ] 28 5340 B 3% (P<0.01) , R ),

Note: Different letters indicate extremely significant under different plot types (P<0.01) ; The same below.
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Fig.1 Relationship between fractal dimension D value and different soil particle size and volume percentage
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Fig.2  Soil nutrient content of sand-fixing forest land
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FrE 0.01 7KF S B 35 ke Ok, a2tk
[ SRR G AT 8 0 B 4E 80 IR WU 2R
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F A S 3 360 2.80.0.13 ¢ - kg ' #10.10 g -

kg™ o RLEIIAT B, AN R AL ER - SO I B - SR
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JRHAE PRI Fr - eI O U AR AT

4 75 B

D F 52 2 XA B E R 9 A Sk
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Table 3  Correlation coefficients between fractal dimension of soil particles and soil properties

ity IR FhL Clay Brkr Silt  40ELKE Fine sand HAPKL Medium sand AHLE — &F 2
Index Fractal dimension  ( <2um) (2~50pwm) (50~250pm) (250~ 1000pm) SOM  Total N Total P
IEYEEL Fractal dimension 1
Ziki Clay(<2pm) 0.99** 1
Bk Silt(2~50wm) 0.95* " 0.98* "
AR Fine sand . . .
(50~250pm) -0.99 -1.00 -0.98 1
FERkL Medium sand
(250~1 000 pm) 0.17 0.29 0.48 0.30 1
AHLET SOM 0.93* " 0.88* " 0.78** -0.88** 0.16 1
2% Total N 0.99" " 0.99" " 0.93* " -0.98" " -0.16 0.93** 1
LW Total P 0.96* * 0.94** -0.85** -0.93** 0.01 0.96"* 0.98** 1

Lo x FORTE 0.01 7K (XU) b 2 AH

Note; * * indicates a significant correlation at the 0.01 level (both sides).
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Fig.3 Relationship between fractal dimension of soil particles and soil physical and chemical properties
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