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The fractal characteristics of soil particles during the restoration of Medicago
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Abstract: The ecological environment of semi—arid mining area is fragile with the severe site conditions, so it is difficult for
the ecological reconstruction and vegetation restoration. Medicago. Sativa, as an important restoration plant, not only has
strong resistance to stress, but also is useful to improve soil structure and nutrients. Thus, restoration model of planting M.
Sativa plays an important role in vegetation restoration in semi—arid mining areas. To assess the effects of planting time on

soil improvement, the evolution of soil particles fractal characteristics were studied by using methods of field stratified
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sampling and indoor measuring. Planting fields of M. Sativa with 2, 4, 6 and 10 years (M2, M4, M6 and M10) were
selected as the research objects, while the new dump without planting and that with natural restoration were chosen as
control treatment. Based on the particle size of fractal theory, the soil particles fractal characteristics of different planting
years and its relationship with soil properties were measured and analyzed. The results showed that the content of soil
particle size in the study dump was mainly sand, followed by silt and least clay. Compared with the new dump without
planting and that with natural restoration, the content of clay and silt particles as a whole showed a trend of first increasing
and then decreasing as the recovery of planting M. Sativa processed, and reached the optimal level at M4 stage, while sand
particles showed the opposite trend. The vertical profile of soil particle size varied in different models. The soil particle size
of the new dump with natural restoration tended to be clay and silt particles on 0—10 c¢m soil, while that of M2 and M4
stage tended to clay and silt particles on 20—60 cm soil. The fractal dimension of soil varied from 2.09 to 2.57, first
increasing and then decreasing during the recovery process of planting M. Sativa, and reaching the maximum at M4 stage.
The fractal dimension of soil had extreme significantly positive correlation with clay and silt (P<0.01), and extreme
significantly negative correlation with sand ( P<0.01). The fractal dimension of soil was extreme significantly negative
correlated with conductivity ( P<0.01), significantly negative correlated with pH value and rapidly available potassium
content (P<0.05), and significantly correlated positive with available nitrogen content ( P <0.05). The soil fractal
dimension can be used to determine the soil characteristics in the semi-arid mining dump. To sum up, the soil and
vegetation population of planting M. Sativas will degrade after some restoration time, so it is necessary to pay attention to
regulation of restoration time of planting M. Sativas. It is suggested that appropriate utilization and transformation should be

carried out timely to ensure the sustainability of ecological restoration of mining abandon land in semi-arid region.
Key Words; semi-arid mining areas; dump; recovery of M. Sativa; particle composition; fractal dimension
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Fig.2 Soil particle composition in different soil layers under different restoration years of M. Sativa planting
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Fig.4 Correlation between soil particle composition and fractal dimension of soil volume

http ; //www.ecologica.cn



13 1] FARWE AT R CHE R B AR I i b ORI A 3 AR AR 4591
3.0 - XPT 3.0 - LHD 30 M2 .
L a a & a - _?.-_
25F 4 , a4 a a a 250 a4 a4 a4 e 25 - &4 & <
— — T T M /= M M =
20 20 20 -
1.5 1.5 + 1.5
1.0 1.0 + 1.0
§ 05 0.5 05
&
g 0 ! ! ! ! ! ! 0 ! ! ! ! ! ! 0 1 1 1 1 1 1
bS] vy (=} S (=3 (=} (=3 sl (= (=3 (=3 (=3 (=3 sl (= (=3 (=3 (=3 (=3
g s ) 1 \ s 0 1 \ s 0 1 \
o vy (=} (=1 (=3 (=1 vy (=} (=1 (=3 (=1 vy (=} (=1 (=3 (=]
E - N o < - N o <t - N o <t
b 30 - 30 30 -
& 3 M4 : M6 : M10
£ a A 2 a i
R25F ¢+ & 2 M1 25+ . 25+ a a a a , a
a — ——
_T_ T a a ey i a — —
—— — =
2.0 2.0 20
15 1.5 15
1.0 1.0 - 1.0
05 05 05
O 1 1 1 1 1 1 0 1 1 1 1 1 1 0 1 1 1 1 1 1
wy (=1 (=3 (=3 (=3 (=3 vy (=] (=3 (=3 (=3 (=3 vy (=] (=3 (=3 (=3 (=3
35798 35798 35798
— N o <t — N o <t — N Lael <

+ 2R JE Soil depth/cm

5 TREEMEREERT HEFRSMEREEER EHRERHE

Fig.5 The evolution characteristics of soil volume fractal dimension in vertical section under different planting and restoration age of
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Table 2 Correlation between soil volume fractal dimension and soil properties
Zi2 , A ~ S

e IR Ey S O T T L ak PO
s iy (D) Rapidly . . LR Rapid

- . pH Total Total . Available Organic . Water .
Soil index Fractal . available . Conductivity available

. . nitrogen  phosphorus . nitrogen matter content
dimension potassium phosphorus
pH -0.112* |
4% Total nitrogen -0.102 0.004 1
2T Total phosphorus -0.08 -0.018 0.016 1
A s
_0.156 ¢ 0. 746 % q 1

Rapidly available potassium 0156 0.058 0746 0.105
AAFA Available nitrogen 0.158* -0.012  -0.008  -0.002  -0.002 1
HHLFE Organic matter -0.002 0.091 -0.048 -0.0001 -0.009 -0.01 1
HL$% Conductivity -0.267 " 0.493 ** 0.245**  -0.003 0.345*  -0.022 0.296 1
7K & Water content -0.037 0.006 0.071 0.071 0.144" 0.188 ** 0.0001 0.018 1
A -0.057 -0.001 0.670 ** 0.105 0.375*"  -0.004 -0.066 0.076 0.071 1

Rapid available phosphorus

R R EAE P<0.01, * FoR BEMIK P<0.05, N=36
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