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Fractal Dimensions of Soil Particles in Different

Degenerate Stages of Alpine Steppe

LIU Yanyan, HU Yukun, GONG Yan-ming
(Key Laboratory of Biogeography and Bioresources in Arid Land ,

Xinjiang Institute of Ecology and Geography . Chinese Academy of Sciences, Urumgi » Xinjiang 830011, China)
Abstract. Soil fractal dimension can better reflect soil texture and soil nutrient characters. Bayanbulak alpine
grassland was taken as the research objective in August 2009. Yang Peiling’s soil fractal model was used to
analyze four different degenerate stages(non-degeneration CK and slightly, moderately and heavily deteriora-
ted grasslands). Soil fractal dimension in relation to soil particles, soil physicochemical properties and soil
degradation were discussed respectively. Results showed that: (1) Soil fractal dimension varied from 2. 573
to 2. 635 for the different degradations and increased with the increased degree of degradation. (2) There
were significant differences between fractal dimension and different grain levels. Specifically, fractal dimen-
sion was significantly negatively correlated with sand content(p=0. 01), but significantly positively correla-
ted with clay content (p<C0. 000 1). (3) There existed significant negatively correlations between fractal
dimension and SOM and total nitrogen content. The correlation between fractal dimension and soil bulk den-
sity was significantly positive. There was a positive correlation between fractal dimension and soil degrada-
tion index. (4) Moderate grazing could promote soil quality, but could not exceed the threshold value.

Keywords: alpine steppe; degenerate stage; soil particles; fractal dimension

. Arya P Turcottet"
0 R ; Tyler P!
[6]
b
, Katz ™ .
b
:2012-04-23 :2012-11-28
: “973” “ ”(2009CB825103)
(1982—), ( ) s s s . E-mail:liuyany@ms. xjb. ac. cn,

(1957—), ( ) s s . E-mail: huyk@ms. xjb. ac. cn,



(2]

139

1] [7]
’
[8]
o
(9]
’
b
o b
b
[8]
’
°
b
’
°
A hY Y b
[10]
b b b
o
9
b
b
b
°
1.1

’ ’

42°18'—43°34", 82°27'—86°17', 2 460~
2 760 m, , ,
, , —4.8 C, 276.2 mm,
1135.2 mm=*112. 3 mm, 2 541+
75 h, 150~180 d, o
o 16 ,26 ,36 ,

(Festuca ovina ) . (Stipa pur-
purea) °
1.2
1.2.1 2009 8 )
( 2 460 m)

50~150 cm, 2003
( . Vi 4

10 mX10 m . 20 , GPS
(CK) (42°53. 820'N,83°42. 830'E;
(42°53. 135'N,83°42. 339'E;

2 466 m) .
2 470 m) .

(42°56.077'N,83°43. 051'E; 2 520 m)
(42°53.499'N,83°42. 495'E; 2 465 m).
5 ., 010,
10—20 ,20—30 cm 3 ,
1.2.2 —
0.25~2,0.05~0. 25,0, 02~0.05,0. 005
~0.02,0.002~0.005 <<0.002 mm, 6
1.2.3
, R,(R,>R,+1,i=1,2,3,
) V(r>R)) L1,
VGr>R)=C, | 1—(R,/A,)* " | (D
:RiA 5 CU»A»UA N

o R.=0 , (1

Ve VG>RH=V:=0C,;
) A= R :
VG>R)/Vi=1—(R:;/Ru.)* " (2
(2)

VG<<R)/Vi=(R;/Ru)"""

Ri :Rmax (Rmax

Vir<R)/Vy
(R;/Riux) (3—D)
D,
1.2.4
) Islam
FIZT:
DI=C(p,—p D)/ p +Cpo—p. )/ o oo
+Cp— ./ P,/ X100% 3
:DI— s 0 p s
1, ARIE n s Prabos
Y 2P 1,

[11]
’




140 33
1.2.5 Excel SPSS 13.0 s s
,  SigmaPlot 10. 0 o
o C D,
0—30 cm 2.573~2.635,
2
3 s
2.1 s 2.620,2.631,2. 635,
[1s] D
) ) ;
. ’ )
o , ) ) , o
1
/%
/em e
0.25~2 0.05~0.25 0.02~0.05 0.005~0.02  0.002~0.005 <0.002
CK  5.17940.455  17.9674+1.317  30.97342.093  32.25143.307  7.74240.820  5.888+0.784  2.59740.106  0.814
3.39340.512  28.10540.950  29.351+1.243  26.732+1.462  6.788+1.489  5.630+1.735  2.573+0.173  0.846
ol 1.26840.295  18.20140.650  35.665+1.520 31.127+1.329  7.52140.693  6.21840.254  2.589+0.089  0.813
2.01340.259  16.55440.855  28.525+1.813  36.400%1.650  9.18741.734  7.32040.389  2.620+0.064  0.796
CK  5.32140.723  12.09040.815  30.892+1.117  35.14742.231  9.25640.335  7.293+1.341  2.62140.231  0.797
0.9734+0.178  19.73441.283  31.810+2.651 32.651+3.482  8.3814+1.368  6.45140.661  2.599+0.140  0.809
102 1.52840.530  13.24940.255  33.949+4.405 35.288+5.853  8.78340.689  7.203+1.389  2.6160.062  0.793
2.46840.348  14.26640.618  32.487+1.832  35.249+1.111  8.5674+1.557  6.96240.357  2.631+0.085  0.797
CK  7.868+1.756 13.21241.086  32.739+1.256 33.46140.552  6.87840.831  5.843+0.449  2.583+0.065  0.809
_— 1.44040.315  17.40241.466  27.221+0.685  36.859+1.475  9.682+1.140  7.396+0.762  2.624+0.136  0.794
1.19340.215  13.294+1.198  39.72742.832  31.990+1.626  7.38640.690  6.41120.836  2.59240.084  0.803
1.23940.249  10.59040.919  27.7324+1.506  41.65943.050 11.07340.435  7.707£1.630  2.635+0.113  0.764
,0.25~2 mm ,
. 0.973% ~7.868%; 0.005~ . 1 ,
0. 02 mm , s , s
26.732%~41. 659% C D, (0. 05~ B
2 mm) . (0.05~0.002 mm) . (<0. 002 mm) 0
11. 829% ~ 31. 498%, 2.2
62.871% ~80. 464%,5. 630% ~7. 707%, «C 2
s 3  (CK, )
(p=0.01), (p<<0.05), ,
(p<<0.000 1), ;4 , N
R . ,
R? 0. 499, 0. 409, . ; P, K
0.873, H N
s CK0O—10ecm P
(R*=0. 873, p<C0. 000 1), 0—10cm CK
Tyler s

0—10 ecm

b



141

10—20 ecm

b

C 3, s , s
; ; .
o5 ¥=475.216-175.001x 84r1 el y=-71.876+32.443x
) . R=0.499, p=0.010 . . 75 R=0.873, p=0.0001
W 25} W o[ B 7.0}
4o 4t 4n
£ 20} 2 o R/ 6.5¢
= 15t = y=-297.322+142.551x ® 6.0k
N o R=0.409, p=0.025
10 - - : ; 60 : : : - 5.5 : : - ;
2.56 258 2.60 2.62 2.64 256 2.58 2.60 2.62 2.64 256 258 260 262 2.64
ST B ViR 5y T 4 %
1
2
/ N/ p/ K/ N/ p/ K/ /
/em (g kg™ (g kg™ (g kg™ (g kg™ (mg+ kg™ ") (mg+ kg™ ") (mg+ kg™ ) %
CK  76.8745.98  8.00£1.20  0.6940.09  29.664.86 213.40+27.30 9.80£1.70  358.90=45.70  88.709. 80
73.0347.52  7.304£0.90  0.7640.06  64.204£7.52  190.30+20.80 11.20+1.50  191.60=20.30 93.10%7. 60
10 66.324+10.11  6.5040. 80 0.6340.08 29.03+3.69  161.50411.90 10.80=+0. 90 243.80431.60  98.80+10.50
36.4243.81  6.00+£1.00  0.8340.05  26.25£2.94  204.80%30.60 5.60+0.80  232.40+27.70  100.90%13. 70
CK  53.3847.52  5.2040.90  0.614+0.11  22.334£9.65 34.60£5.80  3.004£0.90  180.30+£21.50 91.80+15.20
51.39411.36  5.50+1.30  0.7140.23  57.524£9.42  150.00%20.30 6.90+1.50  83.30£11.60  93.20%20. 30
10720 53.2849.68  5.60+1.20  0.6740.09  24.5746.53 135.50+11.90 4.80+1.70  123.80+9.70  96.60=14.50
27.9546.87  3.70+0.70  0.7840.730  24.05%4.02 58.40£8.20  4.60+0.50  110.60+18.30  106.50%23. 80
CK 33014574  3.60£0.50  0.5140.03  25.78+4.26  81.50£18.70 3.00£0.20  95.50£12.30  93.60+8.70
26,6912, 36 2.8040. 60 0.592£0.02 44,.59£6.95  39.70£6. 30 3.10£0. 70 58. 0014, 90 97.80410. 30
200 63.1549.86  3.80+0.80  0.5440.08  19.40£2.03  46.10£4.20  2.5040.60  22.90£4.60  85.30%9.50
10.24+1.12 3.60£0. 90 0.51£0. 06 25.78+3.89  81.50412.60 3.0040.40 95.50+16. 80 103.60£17.70
3
N P K N P K
N 0.936
P —0.950%  —0.957*
K 0.137 0.189 0.077
N 0.565 0.529 —0. 334 0. 882
p 0. 482 0.392 —0.214 0. 876 0.982*
K 0.133 0.378 —0.431 —0.521 —0. 487 —0.643
—0. 884 —0.988* 0.953* —0.096 —0.411 —0.258 —0.518
—0.954*  —0.951* 0. 876 —0.403 —0.746 —0.648 —0.074 0.952*
$<20.05,
2.3 o , ,
C 2, ) o
. , . ,
. . )
, s P , N
. . . N , N el



142 33
[16] [21]
Ll ° ’
N b P b LSJ b
b b b N b b o
[18]
o b
b o b b 2
| (3) : :
2
= ; .
ﬂ .’ b b
=3
§ 5| s o
.H ’ ~
-15 - - : - : ;
CK BE B EE .
2
L ]
Y :
(r=—0.743), [J1. ,2004,24(1) . 71-74,
[2] Katz AJ, Thompson A H. Fractal sandstone pores: im-
b b
plication for conductivity and pore formation[ J]. Phys.
Rev. Lett., 1985,54(12):1325-1328.
[3] Arya L M, Paris J] F. A physicoempirical model to pre-
dict the soil moisture characteristic from particle-size dis-
(D e, tribution and bulk density data[J]. Soil Science Society
s o L1z, 15] of America Journal, 1981,45(6):1023-1031.
, [4] Turcotte D L. Fractals and fragmentation[ J]. Journal of
, Geophysical Research, 1986,91(B2):1921-1926.
(p=0.01), [5] Tyler SW, Wheatcraft S W. Fractal scaling of soil particle-
(p<0.05), size distributions: analysis and linitations[ J]. Soil Science
Society of America Journal, 1992,56(2) :362-369.
(p<<0.000 1,
(6] ) .
[rl. ,1993,38(20):1896-1899.
’ 1) 4 [7] . ’ ’ .
’ ) [Jl. ,2007,27(7) :3081-3089.
, [8] s .
[JJ. ,2001,15(3) :112-115.
b b
[9] , . )
LJJ. 22005, 42 (4) ; 545-
° 550
(2 . [10] . . .
, , [JJ. ,2008,25(6) : 778-782.
. [14] [11] Islam K R, Weil R R. Land use effects on soil quality in
[19] a tropical forest ecosystem of Bangladesh [J]. Agricul-
b
20 ture, Ecosystem and Environment, 2000,79(1) :9-16.
- ’ [12]

[J1. .
2012,34(3):573-582.

( 184 )



184

33

, [6] Nelson D W, Sommers L. E. Total carbon, organic car-
, (sl bon, and organic matter: Laboratory methods[ M ] //
, Sparks D L. Methods of Soil Analysis(Part 3): Chemi-
cal Method. SSSA. Inc.: Madison, 1996:961-1010.
’ ' [7] Rodriguez J C. Organic carbon content under different
’ types of land use and soil in peninsular Spain[ J]. Biolo-
° gy and Fertility of Soils, 2001,33(1):53-61.

3 (8] ;

C.N,P (7. ,
s 2000,33(5) :65-71.
. , [9] Martens D A, Frankenberger J. Modification of infiltra-
. tion rates in an organic-amended irrigated soil[ J]. Jour-
3a , nal of Agronomy and Crop Science, 1992, 84 (4):707-
717.

’ [10] Shukla M K, Lal R, Ebinger M. Determining soil
’ quality indicators by factor analysis[J]. Soil and Till-

’ ' age Research, 2006,87(2) :194-204.
° [11] Puget P, Chenu C, Balesdent J. Dynamics of soil or-
[ ] ganic matter associated with particle-size fractions of
17 ) . . water-stable aggregates[ J]. European Journal of Soil

,2002.9(1) :81-85. Science, 2000,51(4) :595-605.

[2] Golchin A, Clarke P, Oades ] M, et al. The effects of [12] Balesdant J, Besnard E, Arrouays D, et al. The dy-
cultivation on the composition of organic matter and namics of carbon in particle-size fractions of soil in a
structural stability of soils[J]. Australian Journal of Soil forest-cultivation sequence[J]. Plant and Soil, 1998,
Research, 1995,33(6) :975-993. 201D 4957

[3] Jastrow J D. Soil aggregate formation and the accrual of [13] SixJ, Bossuyt H, Degryze S, et al. A history of re-
particulate and mineral-associated organic matter [ ] ]. search on the link between (micro)aggregates. soil bio-
Soil Biology and Biochemistry. 1996,28(425) : 665-676. ta and soil organic matter dynamics[J]. Soil and Tillage

[4] SixJ, Conant R T, Paul E A, et al. Stabilization mech- Research, 2004,79(1):7-31.
anisms of soil organic matter; Implications for C-satura- [14] Elliott ET, Coleman D C. Let the soil work for us[J].
tion of soils[JJ. Plant and Soil, 2002,241(2);155-176. Ecological Bulletin, 1988,39(1).23-32

[5] . . ’ [15] ) s

7. ,2009.25(3) :37-41. [Jl. ,2005,42(5) :769-776.
( 142 )
[13] , (1] +2008,28(3) :1034-1044
LJ]. ,1999,36(2) :162-167. [18] s s .
[14] ; ; y o [J]. ,2008(4) ;24-28.
[l ,2009,17(1): 106~ [19] , . .
112.

[15] , . (. . [yl »2008.,32(3) :601-610.
2006,26(1) :243-264. [20] s s ,

[16] . , ; Ll ,2009,26(7) :143-146.

[yl . [21] ,

[17]

2008,30(4) :51-58.

’ l

[Jl. ,2005,24

(8):878-882.



