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Fractal features of soil aggregate structure in slope farmland with different de-farming pat-
terns in south Sichuan Province of China. WANG Jing-yan, HU Ting-xing, GONG Wei, GONG
Yuan-bo, LUO Cheng-de ( Sichuan Provincial Key Laboratory of Ecological Foresiry Engineering,
Sichuan Agricultural University, Ya’ an 625014, Sichuan, China). -Chin. J. Appl. Ecol. ,2010,21
(6): 1410-1416.

Abstract; By using fractal model, this paper studied the fractal dimension of soil aggregate struc-
ture (D) in the slope farmland ( CK), its 5-year de-farmed Neosinocalamus affinis plantation
(NAP) , Bambusa pervariabilisxDendrocalamopsis oldhami plantation ( BDP) , Alnus crenastogyne +
Neosinocalamus affinis plantation (ANP) , and abandoned farmland ( AFL) in south Sichuan Prov-
ince of China, and analyzed the relationships between the D and soil physical and chemical proper-
ties. In the de-farmed plantations and abandoned farmland, the contents of >0.25 mm soil aggre-
gates and water-stable aggregates were increased significantly, compared with those in the slope
farmland. The D was 1.377-2. 826, being in the order of NAP<BDP<ANP<AFL<CK, and de-
creased with the increasing contents of >0. 25 mm soil aggregates and water-stable aggregates. Com-
paring with CK, de-farming increased the soil natural water content, capillary porosity, and con-
tents of soil organic matter, total N, alkali-hydrolysable N, total P, and total K, and decreased soil
bulk density, non-capillary porosity, and aeration porosity. There were close relationships between
the fractal dimension of soil aggregate structure and the soil physical and chemical properties. All
the results suggested that the de-farming of slope farmland was beneficial to the increase of the con-
tents of >0. 25 mm soil aggregates and water-stable aggregates, and the enhancement of soil struc-
ture stability. The D could be used as an ideal index to evaluate soil fertility, and planting Neosino-
calamus affinis on the de-farming slope farmland was a good measure for the improvement of soil fer-
tility in the research area.

Key words: de-farming pattern; vegetation restoration; aggregate structure; fractal dimension.
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Tab.1 Soil aggregate composition under different de-farming patterns (g - kg™)
k432 o . L RREIR % YR
Kot 0 PRI At se (om) rd ot o
construction dimension coefficient
>5 5~2 2~1 1~0.5 0.5~0.25 >0. 25 damage (% )
3
NAP I 923.2+16.7a 62.5+13. 6¢ 10.5+2.7d 2.0=0. 4¢ 0.720. Ie 998. 9a 15.3£1. 8e 1.377+0.025¢  0.948+0. 008 * *
I 209.6+27.8a 211.5+20.2a 176.9+10.3a  145.6+5.8a  102.8+4.4a 846. 4a 2.529+0.026e  0.993+0.002 * *
BDP I 821.1+31.0b 135.6+26.3b  31.3%6.6¢ 8.7+1.9¢ 1.3+0. 2¢ 998. 0a 22.7+2.2d 1.426+0.020c  0.979+0.001 * *
I 189.4+25.5a 201.8+28.0a  164.8+13.5ab 135.2+18.1ab 80.78.6b 771.9 b 2.621£0.027d  0.995+0.002 * *
ANP I 796.2+34.1b  140.4+25.0b 38.3+6. 3¢ 18.243.1b 2.8+0. 2bc 995. 9b 28.3+2.7¢ 1.629+0.010b  0.983+0.003 * *
I 168.8+27.7ab 196.2+33.4a  150.2+22.4bc 129.3+9.4ab  69. 1+9. 2hc 713. 6¢ 2.676+0.020c  0.993+0.004 * *
AFL I 727.7+34.7¢  156.4+19.6b 84.4+14.3b 23.0+4.0b 3.9+0.3b 995. 4b 35.0+3.0b 1.636+0.042b  0.987+0. 001 * *
I 138.7+5.1b 173.7+18.7ab  136.4+9.0c 124.9+5. 0b 73.6+2.5h 647.3d 2.730+0.021b  0.994+0.001 * *
CK I 478.8456.1d 294.9+34.5a 145.5+12.7a 53.419.3a 15.7+2. 6a 988. 3¢ 51.0z1.3a 1.852+0.028a  0.994+0.003 * *
I 75.249. 6¢ 147.0£21.3b  107.4+8.9d 96.7+5.7¢ 57.7£6.7¢ 484. Oe 2.826+0.006a  0.991+0.003 * *

NAP. ZZATHK Neosinocalamus affinis plantation; BDP . 22 MK Bambusa pervariabilisxDendrocalamopsis oldhami plantation; ANP . TR+ ZBATIRAS R
Alnus crenastogyne + Neosinocalamus affinis plantation; AFL: F-#F Abandoned farmland ; CK: f¢#EHs Slope farmland. T : - Dry sieving; 1T . ¥
i Wet sieving. H*ﬁ']?&ﬁﬁ%ﬂ?ﬂ%@i’(%gﬁ%(fko 05) Different letters following mean within the same column meant significant difference
among patterns at 0. 05 level. * P<0.05; * * P<0.0l. N[ The same below.
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Tab.2 Soil physical properties under different de-farming patterns

sl HAR Bk AE FEBE LB BEALE LB WA
Stand type Natural water Bulk density Non-capillary Capillary porosity Total porosity Aeration porosity
content (% ) (g+-cm™) porosity (% ) (%) (%) (%)
NAP 27.7+0.9a 1. 38+0. 08b 5.6+0.5b 41.2+0.9a 46. 8+0. 8a 9.0x0. 5b
BDP 25.3x1.2b 1. 49+0. 08a 4.2+0. 6b 40.2+2.7ab 44.4+2. 3ab 7.7+0. 4be
ANP 23.6%0.5¢ 1.52+0.01a 3.7x0.4b 38.2+0. 6bc 41. 9+0. 6bc 6.4+0.5¢
AFL 21. 1+0. 6d 1.53+0. 04a 3.4+0.6b 36.7+1. 1c 40.0+0. 5¢ 6.0+0. 5¢
CK 18.5+0. 5e 1.33+0.01b 15.3+2. 4a 28.5+0.7d 43.8+1.7b 14.2+2.7a

x3 HBEHSTEYEERNXER

Tab.3 Relationship between fractal dimension and soil physical properties

Wi H U )5 2 Linear regression equation FHIEZREL Correlation coefficient
[tem 1 I 1 I

[ 9% 7K & Natural water content D=3.3766-0. 0301X D=2.7177-0. 0488X -0.966 " * -0.927" "
27 Bulk density D=2.7438-0. 0465 X D=2.1179-0.3681X -0. 042 -0.197
LB FLBR Non-capillary porosity D=2.5898+0. 0134X D=1.4262+0. 0245X 0.610* 0. 660" *
BAFLBR Capillary porosity D=3.3751-0.0189X D=2.8021-0.0330X L0.867°F  —0.897%*
JFLBR Total porosity D=3.5169-0.0194X D=2.8950-0. 0302X -0. 484 -0. 448
EAJE Aeration porosity D=2.5511+0.0144X D=1.3535+0. 0266 X 0. 446 0. 487
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Tab.4 Soil nutrients content under different de-farming patterns
sl AL 2 A i AL & AR 4 B A
Stand type  Organic matter Total N Alkaline hydrolysis N Total P Available P Total K Available K

(- k™) (g-ke™) (mg - kg™") (5-ke™) (mg - kg™") (g-kg™) (mg - kg™")

NAP 15.6+0. 5a 1. 15+0. 02a 96.4+7. 5a 0.76+0.01a 225.6+6.0b 9.0+0. la 67.1+3.0b
BDP 13.4+0. 8b 1. 01+0. 02b 82.6+3.4b 0. 74+0. 02ab 207.3+6.9¢ 8.9+0. 2ab 56.4+3.0c
ANP 12.5+0. 4b 0.95+0. 03¢ 70. 8+4.9¢ 0.72+0.01b 176.7+4.5d 8. 7x0. 2abe 48.6x1. 8d
AFL 10. 9+0. 6¢ 0. 85+0. 05d 61.9+3.3d 0.69+0.0lc 152.5+10. 8e 8.7+0. 1be 45.2+1.2d
CK 7.6x0.3d 0.61+0.01e 42.1+2. 3e 0. 67+0. 02¢ 248.7+5.7a 8.5+0. 2¢ 79.6x1. 8a
x5 HHMEHETEFIHXR
Tab.5 Relationship between fractal dimension and soil nutrients content
miH A EE )7 FE Linear regression equation I ZEL Correlation coefficient

Item 1 1 1 1

A HLBE Organic matter D=3.1211-0. 0371X D=2.2976-0. 0595X -0.987** -0.939**
4% Total N D=3.1727-0. 5428X D=2.3994-0. 8916X -0.968 " * -0.943**
Bl it A& Alkaline hydrolysis N D=3.0512-0. 0053X D=2.2012-0. 0087X -0.980 " * -0.957 " "
27 Total P D=4.4937-2. 5438X D=4.6909-4. 3488X -0.881*%* -0.893**
H W Available P D=2.6605+0. 0001 X D=1.4780+0. 0005X 0.026 0.106
440 Total K D=5.8700-0. 3654X D=6.7662-0. 5929X -0.801"* -0.771**
B Available K D=2.5884+0. 0015X D=1.3613+0. 0037X 0. 186 0.279
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