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Sudy on Fractal Features of Soil Microaggregates during Different
Restoration Stages in the Loess Hilly Region
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(1. Institute of Soil and Water Conservation, Chinese Academy of Sciences and Ministry of Water Resources,
Northwest A &F Universty, Yangling, Shaanxi 712100, China;
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Abstract : The composition of soil microaggregate and condition of soil structure areimportant factorsto af-
fect soil character andfertility and il microaggregate in different restoration year have different fractal di-
mension feature. The particle Sze component and fractal dimenson of soil microaggregats as well asthe re-
lationship between fractal dimenson and soil physical and chemical characters were studied using fractal di-
mension theory under different restoration stagesof grasdandsin the Hilly Loess Region. The objective of
this study was to apply the fractal dimenson theory to il microaggregate and soil nutrient investigation
and supply a new tool for grassand ecosystem evaluation. The results show that the longer the restoration
time, the lessthefractal dimenson of soil microaggragatesin the upper layer ; the higher the sand content ,
the higher the fractal dimension; however , the clay content had an opposite trend and the dlt content had
no significant correlation with the fractal dimenson. The fractal dimension could &fectively represent the
trends of soil texture and soil nutrients under different restoration stages. Postive correlation existed be
tween fractal dimenson and bulk density , non-capillary porosity , porosty ratio, total phosphorus, avai-
lable potassum, and ammoniac nitrogen, while fractal dimenson had negative corrdation with capillary porodty ,
il organic matter , total nitrogen, avalable nitrogen, and nitrate nitrogen. The research suggests that the fracta
dimendon of il microaggregats could be a comprehenson index of il quantity eva uation.
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1
Table 1 Genera information of the sampling sites
(m)
Plot no. Main species Restoration year ~ Altitude(m)  Sope aspect Relief Sope stuation  Gradient Sil type
Dracocephal ummol davica L . Het-
1#  eropappusaltaicus (Willd.) Novopokr. Artemisia 4 1168 SW28° Gully Midde 29 Cultivated
scoparia Waldst. et Kitag. loessa wils
A. sacrorum Poa sphondylodes Trin. ex
2#  Bunge Ampelopsis brevi pedunculata (Maxim.) 12 1157 SW20° Gully Upper 28 Cultivated
Trautv. loessa wils
A. sacrorum L espedeza f ormesa (Vog.)
34 Koehne Vicia sativa L. Astragal us 20 1125 Swaz Gully Midde 26° Cultivated
melilotoi des Pall. Loessa wils
A. sacrorum A. giraldii S. bum )
44 geana Orobanche pycnastachya Hance 28 1176 SW10 Gully upper 28 Cul'Flvateq
loessa wils
S. bungeana A. sacrorum A. gira-
5# i Sophora davidii ( Franch.) Skeds 40 1090 SW20° Gully Midde 25° Cultivated
Peri ploca sepi um Bunge loessal ils
1.2.4 (ANO- (16471
VA) 0 60cm 2.360 2.494
, 0. 900
LSD (0O 20cm) 20 40cm
SPSS 1# >2# >3
# >4# >5#
2 1 1
40 60 cm
2- 1 L
[14] ,
(0 20cm) 1 0.05 mm ' :
( ) S5# >4# >3# >1# >2# ,
, e 0 60 cm
( 2 4# >5# >3# >2# >1#,
0 60cm , , ;
0.05 0.001 mm ( ) )
, <0.001 mm « )
1# , (2] 2# >3# >1# >4# >5
,0.05 0.001 mm #,
, <0.001 mm 1# >2# >3# >5#
y il > 4 # 1 1
, 1 '[19]
[15] (
, 3. <0.001 mm
: : (P<0.01), 0.05
0.01 0.01 0.005 0.005 0.001 mm
(P<0.05), 1 0.25 0.25 0.05

mm

, 0.05 mm
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>0.05 mm <0.05 mm

, >0.05 mm ) ,
,<0.05 mm ,
2
Table 2 Component and fractal dimenson of s0il microaggregates during different restoration stages
(cm) ( * ) Plot no. (mean + stand deviation)
Soil depth (cm) Particle size (mm) 1# 2# 3# 4# S5#
0 20 1 0.25 0.810 +0.09% 4.420+0. 4482 1.840+0.72% 4.010+0.41%  11.910+0.7742
0.25 0.05 31.640+10.26"% 27.060+9.24°% 29.500+7.26°%  36.580+12.16"% 44.080 £ 16. 1142
0.05 0.01 49.230+9.32°%  48.010+10.16"® 50.580+15.23*% 46.210+11.04*% 33,240+ 10. 2552
0.01 0.005 6.790 + 1. 022 7.840 +0. 9942 6.910 £ 1.22%a 4.900 + 1. 248 4.460 + 1,095
0.005 0.001 8.230+0. 78”2 9.860+1.08"2 8.490+1.98"2 6.080+1.0382 5.070+0. 7852
<0.001 3.300 +0. 4172 2.820+0.697%  2.680+0.998%  2,220+0.53% 1.230£0.24P2

) . 2.494+0.015%%  2.488+0.0132  2.471+0.010°%% 2,431 +0.014% 2.360+0.008%
Fractal dimension

Corrdation coefficent 0.915 +0.005 0.902 +£0. 004 0.907 £0.001 0.926 +0.004 0.942 +0.004

20 40 1 0.25 0.820 +0. 0282 0.000 0. 02%° 0.540+0.04%%  0.910+0.25% 5.510 % 1.07AP
0.25 0.05 29.160£9.14%2 26,660 £10.19°% 28.260+7.65%%  37.270+10.24"2 40.240+13.18"2

0.05 0.01 52.360+10.98%2 53,500+13.8772 52.830+12.96" 48.170+11.07”2  40.420+ 11.0472

0.01 0.005 6.690+2.13/82  7.610+0.96"2 6.920+2.31782 4,940+ 1.0882 5.270 % 0. 28782

0.005 0.001 7.730+3.147%2  9.270+1.13*2  8.600%1.07A2 6.290+1.118% 6.240 £ 0. 5652

<0.001 3.240+1.08"2 2.970+0.48°2  2.850+0.77°8% 2.410+0.658%  2.330+0.23%

) . 2.488+0.016”2  2.486+0.014"B2 2 477 +0.0117B2 2,441 +0.011B2 2.441 +0.00982
Fractal dimenson

Correlation codfficient 0.912 +0.003 0.899 +0. 005 0.905 +0.003 0.922 +0.004 0.936 +0.002

40 60 1 0.25 0.070+0.07%® 0. 650 + 0. 265¢ 0.000 +0.06% 0.000 +0.05% 1.870£0.274¢
0.25 0.05 29.010+11.97%% 24.840+9.11°%  27.530+7.52A% 34,550+ 10.12%% 35.190 + 14.25A2
0.05 0.01 52.000+15.03%% 53.300+17.14%8 54.350+13.45°% 51.180+15.24°% 44.410+11.18"P

0.01 0.005 7.580+1.2382 8,290 +0.88”2 6.930+ 1.058® 5.270+1.23% 6.880 + 1.265%

0.005 0.001 8.200+2.01782 9,900 +1.07A2 8.270+2.01%82  6.480 +1.0552 8.850 + 1.04AP

<0.001 3.130+0.78% 3.010+0.98%2 2.920 £0. 5442 2.520+0.6742 2.800 £ 0. 11A¢

) . 2.480+0.020%%  2.492+0.027°%  2.478+0.028"2 2,447 +0.011"2 2.479+0.0198°
Fractal dimenson

+ + + + +
Correlation codfficient 0.915+0.004 0.894 £0.006 0.904 £ 0.005 0.917 £0.006 0.917 £0.003

(P<0.05) , (P<0.05)
Note: Means with different capital lettersin the same row are sgnificantly different at the 0. 05 level ; means with different small lettersin

the same column are sgnificantly different at the 0. 05 level
2.2 10 %,

1 2 1 4# ,
( 4, , (>50%) ,

[20]

: () ) ( 9, ,

[21] [23,24]

40% 50% , ,
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Table 3 Correlation analyss between soil microaggregates fractal dimenson and soil characters

Index Regresson function and correlation coefficient Index Regresson function and correlation coefficient
y=- 0.0116x + 2.5019 y=0.115x +1.8835
1 0.25mm R2=0.8301 Nonrcapillary porosity R2=0.7766
y= - 0.0078x+2.7109 y= - 0.0112x + 3.0272
0.25 0.05mm R?=0.9001 ~ Capillary porosty R?>=0.8215"
y=0.0074x +2.1136 y= - 0.0187x+3. 2555
0.05 0.01 mm R2=0.8769 * il porosty R2=0.7766
y=0.0342x +2.2373 y= - 0.0694x +2.5197
.01 . N . . N
0.010.005 mm R?=0.7955 Soil organic matter R? =0.7961
y=0.0258x + 2. 2542 y = - 1.3388x +2.5302
0.005 0.001 mm RE=0.817" Total nitrogen R2 =0. 7585
y =0.0692x + 2.2794 y =4.6185x + 2.2023
<0.001 mm R2 =0.9645 ** Total phosphorus R2=0.8201 *
y= - 0.003x + 2. 697 y= - 0.0019x + 2. 5214
>0.05 mm R2=0.0135 Available nitrogen R2=0.6583
y =0.0164x +2.1758 y =0.001x +2.4071
<0.05 mm R2=0.6835 Available potassium R2=0.7851
y =0.4727x +1.908 y=0.0243x +2.178
Bulk density R2=0.8215" Ammonia nitrogen R2 =0.6846
y= - 0.2317x +2.7845 y = - 0.0241x +2.5783
Porosity ratio R?>=0.8231" Nitrate nitrogen R? =0.8100
4

Table 4 Soil bulk density and soil porosity characters of grasdands during different restoration stages

Jem /g-cm3 I % I % ! %
. Bulk densty . . Non-capillary Capillary porosity Soil porosty
Plot no. Soil layer (cm) (g- cm3) Porosity ratio porosity ( %) (%) (%)
1# 0 20 1.22+0.10 1.18+0.08 5.47 £3.69 48.64+4.71 54.11+7.07
20 40 1.32+0.09 1.01+£0.05 5.95+2.66 44.16+4.75 50.11+6.21
40 60 1.33+0.09 0.99+0.07 5.99+1.18 43.77+3.08 49.77+7.26
2# 0 20 1.08+0.09 1.45+0.05 4.88+1.05 54.18 +5.06 59.06 +9. 06
20 40 1.09+0.07 1.44+0.07 4.91+1.19 53.95+2.37 58.86+5.29
40 60 0.98+0.09 1.87+£0.08 4.42+1.02 58.51+5.25 62.93+5.06
3# 0 20 1.14+0.05 1.33+0.04 5.12+1.64 51.94+3.12 57.06+9.73
20 40 1.07+0.06 1.47+0.06 4.83+0.83 54.64+2.36 59.47 £8.95
40 60 1.18+0.07 1.26 £0.08 5.28+1.75 50.37 +£9.06 55.66 +9.06
4 # 0 20 1.18+0.10 1.25+0.02 5.30+1.25 50.27+7.19 55.57+4.09
20 40 1.16+0.11 1.29+0.01 5.24+0.85 50.82+9.62 56.06 +6.42
40 60 1.31+0.13 1.02+0.04 5.89+1.15 44.68 + 3. 26 50.57+7.35
5# 0 20 0.96+0.08 1.76£0.04 4.33+1.41 59.37+3.79 63.70+£8.92
20 40 1.05+0.07 1.03+0.05 5.87+2.25 44.93+4.72 50.80%7.02
40 60 1.07+0.05 1.47+0.06 4.83+0.95 54.63+8.91 59.47+8.49
2.3
1 2 |3 1 ( P <
, 0.05) ,
, , (P<0.05)

[25]
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Table5 Soil nutrient characters of grasdands during different restoration stages
fem (g kg™ 1) (g kg~ ) (g kg 1) (mg- kg™ ) (mg- kg~ ) (mg- kg ) (mg- kg~ 1)
Plot no. Soil layercm  SOC(g- kg"%) (TN, g-kg"1)  TP(g- kg~ 1) AN(mg- kg~ 1) AK(mg- kg"1)  NHaN(mg- kg-1) NOs-N(mg- kg~ 1)
1# 020 4.50+0.23 0.31+0.02 0.41+0.02 20.95£2.25 83.49+10.78 12.13+0.79 4.27+0.46
20 40 2.41+0.47 0.18+0.02 0.38+0.01 4.41+0.89 62.79+7.42 11.44+0.78 3.52+0.46
40 60 2.16+0.12 0.18+0.01 0.39£0.03 8.82+0.97 63.69£9.47 9.97£1.13 3.38£0.15
2# 020 16.15+0.86 0.97+1.01 0.67+0.04 63.94£10.43 150.62+19.54 13.21+0.71 11.47£1.10
20 40 10.05+0.86 0.64+0.07 0.62+0.05 37.48£5.11 78.68+5.46 12.50+0.87 8.98+1.12
40 60 7.49£0.71 0.50+0.04 0.64+0.03 28.67+3.14 80.79£4.56 12.58+0.89 7.15+0.41
3# 0 20 10.62+0.98 0.67+0.06 0.51+0.03 44.10£8.12 117.10+11.23 12.18+0.64 5.70£0.62
20 40 10.11£0.63 0.52+0.04 0.58+0.05 34.18+73.23 81.54£6.15 11.66+0.78 5.04£0.52
40 60 4.94+0.14 0.36+0.02 0.58+0.07 22.05+3.46 71.98+7.15 11.87+0.75 4.55+0.23
44 0 20 8.28+0.49 0.54+0.04 0.54+0.04 31.61+2.14 35.29+3.24 16.15+0.99 5.51+0.41
20 40 4.46+0.46 0.34+0.02 0.53+0.04 20.21£1.79 36.36+8.56 16.70+1.15 4.93+0.32
40 60 2.5310.23 0.23+0.03 0.52+0.05 8.01£0.85 35.12+5.23 12.76+1.04 4.76+0.42
54 020 20.06+0.73 1.10£0.09 0.38+0.02 65.41+5.63 105.15+11.24 11.76+0.56 9.42+0.69
20 40 6.00£0.63 0.39+0.06 0.42+0.01 24.25+3.25 51.20+2.46 9.13£0.79 6.60+0.41
40 60 15.70+1.14 0.89+0.09 0.54+0.01 55.13+5.24 74.02+3.29 12.19+1.42 9.98+1.03

Note: SOC: il organic matter; TN: tota nitrogen; TP: total phogphorus; AN : available nitrogen; AK: available potassum; NH4-N: ammonia nitrogen; NOs-N: nitrate ritrogen

3 (P<0.01) , 0.05 0.01 0.01
0.005 0.005 0.001 mm
(P<0.05), 1 0.25 0.25 0.05mm

[6]

1 0.05 mm , ’
,0.05 0.001 mm ,
, <0.001 mm !
,<0.001 mm ’

O )
60 cm 2.360 2.494
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