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Effects of different governance patterns of small watershed on fractal features
of soil micro-aggregates in the hilly areas of central Sichuan Basin

YAN Jianmei', HE Lianjun®, HE Binghui', TIAN Taiqiang'

(1. College of Resources and Environment, Southwest University/Key Laboratory of Eco-environments in Three Gorges
Reservoir Region, Chongqing 400715, China; 2. Yanting Water Resources Bureau, Yanting 621600, China)

Abstract The exploration of the fractal features of soil micro-aggregates under different governance patterns of small watershed
can provide scientific basis for vegetation restoration and for soil and water loss control in the hilly areas of Sichuan Hilly Basin.
Thus this paper analyzed the composition and fractal features of soil micro-aggregates and its relationship with soil physicochemical
properties. The results showed that soil micro-aggregates of 0.01-0.05 mm size were dominant aggregates in 0—10 cm soil layer
(28.63%) and 10—20 cm soil layer (28.04%). This was followed by soil micro-aggregates of 0.001-0.005 mm size for 0—10 cm soil
layer (25.90%) and 10—20 cm soil layer (26.33%). Significant differences were observed among different patterns of governance. The
range of fractal features of soil micro-aggregates was 2.643-2.717. The sequence of fractal features of soil micro-aggregates for dif-
ferent governance patterns was conservation forest < orange forest < walnut forest < bare-land < slope-terrace < grading of slope land.
Linear relation between fractal features and composition of soil micro-aggregates was observed. Fractal features of soil micro-aggre-
gates showed significant positive correlations with available K and total K. However, negative correlations were noted between frac-
tal features of soil micro-aggregates and total soil porosity, alkali-hydrolyzable N, total N and organic matter. The fractal features of
soil micro-aggregates better reflected the physicochemical properties of soils in the hilly areas of central Sichuan Basin. Woodland
was the best mode for vegetation restoration and controlling soil and water loss in the basin.
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Table 1 Description of sampling plots of different governance patterns of small watershed in the study area
Governance Altitude Slope degree  Slope Mai ati Age Diameter at breast  Plant Density Vegetation
pattern (m) ©) aspect am vegetation (a) height (cm)  height (m) (plants-hm’z) coverage (%)
Bare land 273.9 10 NE42° Weed — — — — —
. 294.7 10 WS35° Brassica campestris — — — — —
Grading of slope land
290.9 <5 WS30° Brassica campestris — — — — —
Slope to terrace
Walnut forest 294.7 10 WS35¢ Juglans regia 8 7.2 4.0 600 70
Orange forest 270.9 10 NW33° Citrus sinensis 8 6.8 3.5 750 70
, 275.6 10 Nw3ge  Cinmamomum camphora, 5 10.5 6.2 900 60
Conservation forest Cipressusduclouxiana, Di-
cranopteris linearis, et al.
, 2 3
3 — _
’ 100 cm W(S>d;) /Wy =1-(d;/k)"" (4)
1.3 — —
1 mm dmax > W(5>dmax):
0.25 mm 0 () k=dp,
: a )"
> . 7 -D [
) ’ W (6 >d) Wy =1-(d; /) [Jm;xj =
’ - ’ [W(5<d_i)/WOJ (5)
NaOH - 5 —_
, 0.5 mol-L™" - : W(5 < di) d;
: NH,OAc _ 7
le| W (5<d,)im, | : (3—D)1g(; J
’ max
SPSS 18.0 , ,3-D ,D
Pearson >
Microsoft Excel 2010 (<0.01 mm) (>0.01 mm) ,
1.4
[71. [51
: (<0.01 mm)/ (>0.01 mm)
di(di>di+la l:1> 29 éﬂ:’
VAN A
5 o . 2 BRI
V(6>d;)=A[1-(d;/k)3-D] (1 21
6 5 A k ) D 2 >
, 0~10 cm 1~0.25 mm
0.25~0.05 mm 0.05~0.01 mm 0.01~0.005 mm 0.005~
57,‘ 4 d. ’ 0.001 mm <0.001 mm

W, s limd;=0,

i—0

Wy =limW (5> d;) = pA 3)

i—00

2.68% 15.92% 28.63% 17.17% 25.90% 9.70%,

0.05~0.01 mm , 0.005~0.001 mm

; 1~0.25 mm >
> > > > , 0.25~0.05 mm

> > > >

> , 0.05~0.01 mm
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> > > > , 0.005~
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Table 2 Composition and fractal features of soil micro-aggregates of different governance patterns of small watershed
Micro-aggregate distribution (%) <0.01 mm/
Soil layer Governance pattern .Fractgl (0.01~
(cm) 1~025mm 0.25~0.05mm 0.05~0.01 mm 0.01~0.005 mm 0.005~0.001 mm <0.001 mm dimension 1 mm)
Bare land 1.27a 12.79a 32.55a 17.70bc 26.25¢ 9.44b 2.680 1.146
Grading of slope land 2.76a 9.53a 27.15a 20.43¢ 29.73¢ 10.40bc 2.700 1.535
Slope to terrace 1.52a 14.79ab 27.55a 19.73¢ 25.05ab 11.36¢ 2.700 1.280
0~10 Walnut forest 2.07a 10.73a 29.78a 21.19¢ 26.29¢ 9.94bc 2.687 1.349
Orange forest 6.01b 19.70b 29.35a 13.66ab 21.29a 9.98bc 2.674 0.816
Conservation forest 2.45a 28.00c 25.37a 10.28a 26.78¢ 7.10a 2.643 0.791
Average 2.68 15.92 28.63 17.17 25.90 9.70 — —
Bare land 1.32a 18.58a 27.20a 15.56a 26.41ab 10.93bc 2.696 1.123
Grading of slope land ~ 2.03a 10.84a 27.46a 17.56a 30.12¢ 12.00c 2.717 1.480
Slope to terrace 1.15a 15.05a 32.11a 14.49a 25.37ab 11.83bc 2.702 1.070
10-20 Walnut forest 1.72a 11.59a 30.85a 18.18a 27.66ab 10.00abc 2.689 1.264
Orange forest 4.95b 24.57a 27.66a 12.21a 20.83a 9.77ab 2.669 0.749
Conservation forest 2.40a 25.80a 22.97a 13.16a 27.56ab 8.12a 2.663 0.954
Average 2.26 17.74 28.04 15.19 26.33 10.44 — —
(P<0.05), Different small letters in the same column indicate significant difference
among different patterns at P < 0.05. The same below.
> , <0.001 mm > > (1] ,0~10 cm
> > > 2.643~2.700,
10~20 cm 1~0.25 mm 0.25~0.05 mm 0.05~ < < < <
0.0l mm 0.01~0.005 mm 0.005~0.001 mm <0.001 mm = ; )
2.26% 17.74% 0.75%, 0.26%,
28.04% 15.19% 26.33% 10.44%, 0.05~0.01 mm 0.22% 1.38% 10~20 cm
, 0.005~0.001 mm ; 2.663~2.717,
1~0.25 mm > > > > < < < < < ;
> , 0.005~0.001 mm > > ,
> > > , <0.001 mm 0.76%  0.23%,
> > > > > 0.28% 0.99% 1.24%
, 0.25~0.05 mm 0.05~0.01 mm 0.01~0.005 mm D) X
( 3 , 0~10cm
10~20 cm 1~0.25 mm
, 0.25~0.05 mm . 0.05~
) , 0~10 cm 0.0l mm 0.01~0.005 mm 0.005~0.001 mm <0.001 mm
> > > > > , 0.25~0.05 mm
s 0.791~1.535; <0.01 mm <0.001 mm ) <0.01 mm
> > > > ,
> ; 10~20 cm 2.3
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10~20 cm 0~10 cm
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Table 3 Correlation between fractal feature dimensions of soil micro-aggregates and contents of aggregates of each diameter of
different soil layers under different governance patterns of small watershed

0~10 cm 0~20 cm
Diameter (mm) . B o . N !
Regression model Correlation coefficient ~ Significance Regression model Correlation coefficient  Significance
1~0.25 D=-0.002X,+2.686 0.177 0.738 D=-0.009X,+2.686 0.793 0.215
0.25~0.05 D=-0.003X,+2.723 0.881 0.020 D=-0.003X,+2.738 0.866 0.026
0.05~0.01 D=0.002X3+2.621 0.243 0.643 D=0.003X3+2.595 0.528 0.282
0.01~0.005 D=0.004X4+2.604 0.909 0.012 D=0.006X4+2.598 0.702 0.120
0.005~0.001 D=0.001X5+2.643 0.186 0.724 D=0.003X5+2.599 0.527 0.283
<0.001 D=0.014X,+2.544 0.951 0.004 D=0.013X,+2.552 0.951 0.005
R4 FRENFEAEER T HIRE LR
Table 4 Soil physicochemical properties under different governance patterns of small watershed
Soil layer Governance pattern Organic matter Total N Available N Total K Available K Total P Available Bulk density Total pore
(cm) P (gkg’)  (gkg) (mgkgh) (gke)  (gkg)  (gkg) P(gkg) (gem>) (%)
Bare land 12.10a 0.97a  110.63a 18.31a 124.30a 0.43a 3.38a 1.51c 48.90a
Grading of slope 11.57a 0.98a 100.76ab  19.45a 141.43a 0.50a 4.05a 1.31ab 53.87ab
Slope to terrace 12.81a 1.00a  102.83a 20.47a 169.73b 0.50a 3.73a 1.47bc 50.40a
0~10 Walnut forest 12.39a 0.99a 120.1lab  18.70a 132.01a 0.64b 6.92b 1.34ab 53.73ab
Orange forest 12.31a 0.98a 111.46ab  18.58a 116.55a 0.49a 391a 1.23a 59.90b
Conservation forest 12.61a 1.03a  124.21b 19.18a 119.10a 0.47a 2.73a 1.46bc 53.17ab
Average 12.19 0.99 112.38 19.11 133.85 0.51 4.12 1.39 53.33
Bare land 10.11a 0.80a 86.75b 16.40ab  108.22ab 0.37a 1.61a 1.49b 46.36ab
Grading of slope 9.33a 0.68a 64.98a 19.37bc  108.93ab  0.44a 2.36a 1.55b 41.26a
Slope to terrace 9.30a 0.73a 99.75b 19.66¢ 98.92a 0.39a 1.92a 1.52b 46.20ab
10~20 Walnut forest 10.11a 0.79a  100.87b 19.14bc  115.53b 0.55b 5.04b 1.52b 45.87ab
Orange forest 10.97a 0.69a 92.50b 17.34ab 94.33a 0.46ab  3.02ab 1.30a 54.15b
Conservation forest 10.70a 0.89a 97.32b 15.71a 92.75a 0.41a 3.11ab 1.52a 45.97ab
Average 10.09 0.76 92.66 17.94 103.11 0.43 2.84 1.48 46.64
X) (D)
s 5 0~10 cm 10~20 cm <0.01 mm
) 0~10 cm
s 10~20 cm , : > > > >
10~20 cm , , 10~20 cm > >
[13] (8]
; 0~10 cm  10~20 cm > > >
. ’ > >
0~10 cm s 10~20 cm > >
; 0~10 cm >
, 10~20 cm ; > >
2 9 >
[14]
b
3 itig , ,
, , <0.01 mm
[9] [13]
3 , 5
<0.01 mm 0~10 cm  10~20 cm <
> > ,  >0.01 mm < < < < <
[8] < < <
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Table 5 Correlation between fractal dimensions of soil micro-aggregates and physicochemical properties of different soil layers
under different governance patterns of small watershed

Physical-chemical index

0~10 cm

10~20 cm

Regression model

Correlation coefficient

Significance

Regression model

Correlation coefficient Significance

Organic matter =—0.046X,+3.235 0.841 0.036 D=-0.028X,+2.966 0.948 0.004
Total nitrogen D=-0.512X,+3.180 0.914 0.048 D=-0.260X,+2.890 0.897 0.015
Available nitrogen  D=-0.002X3+2.880 0.815 0.048 D=-0.001X3+2.825 0.750 0.086
Total potassium D=0.11X,+2.472 0.402 0.429 D=0.009X,+2.535 0.710 0.114
Available potassium  D=0.001X5+2.577 0.724 0.104 D=0.001X5+2.545 0.627 0.183
Total phosphorus D=0.089Xs+2.635 0.299 0.564 D=-0.039X,+2.552 0.123 0.817
Available phosphorus  D=0.006X,+2.655 0.564 0.412 D=-0.006X7+2.706 0.367 0.475
Soil bulk density  D=-0.038X3+2.733 0.199 0.705 D=0.118X3+2.514 0.535 0.274
Porosity D=-0.001X,+2.728 0.162 0.759 D=-0.003Xo+2.843 0.675 0.141
[91
2 2
[14]
b b b s
b
b b
[14]
b
s
[6,14]
b 2
9,11
0~10 cm 10~20 cm e ,
1~0.25 mm  0.25~0.05 mm 0~10cm  10~20 cm
,  0.05~0.01 mm 0.01~0.005 mm 0.005~0.001 mm <0.01 mm
<0.001 mm , R <0.01 mm
s b
2
5 5
b b b b
b 9
. s bl
b 9 9
[7] 4
[18]
b
b
[15]
b
b
s 0~10 cm
b 2
10~20 cm < < ]
[14] b b
b
, > > >
b
b
b
2 b i \A
[16-17]. 4 én e
b b
, , 0.01~0.05 mm
R 0~10cm  10~20 cm
7 28.63%  28.04%; 0.05~0.01 mm
(4] , , 0~10 cm  10~20 cm
el , 25.90% 26.33% S
0~10 cm 10~20 cm

(1]

2.643~
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