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Fractal dimensions of soil aggregates under different
environments in the Loess Plateau
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Abstract: [Objective) This study is to investigate the fractal dimensions of soil aggregates and their
relationship with important soil properties in different environments. [Method] In terms of the types of
vegetation and soil,22 soil samples from different profile (0—20 ¢m,20—40 cm and 40— 60 cm) were col-
lected from different regions in the Loess Plateau. We determined the composition of soil aggregates with
dry sieved method,and analysed fractal dimensions of soil aggregates and the effect factors. [Result) The
results indicated that the fractal dimensions of soil aggregates ranged between 2. 267 —2. 843 for the twen-
ty-two soil samples. Fractal dimensions of soil aggregates were different in various types of soils, Ust-Sand-
ic Entisols > Los-Orthic Entisols > Hap-Ustic Isohumisols > Eum-Orthic Anthrosols. Regression analysis

indicated that there was a highly significant negative correlation between fractal dimension and organic
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matter and total nitrogen. The correlation coefficient was —0. 5919 for the relationship between fractal di-
mension and organic matter and — 0. 6407 for the relationship between fractal dimension and total nitro-
gen. In the soils that was classified as Los-Orthic Entisols,having a significant correlation between the frac-
tal dimension and the amount of material in each aggregate size class except for the 5— 10 mm aggregate
size class. The boundary between positive and negative correlation was 0. 25 mm. Fractal dimensions were
negatively correlated with the amount of aggregates with diameter >>0. 25 mm and positively correlated
with the amount of aggregates with diameter 0—0. 25 mm. Multivariate linear regression analysis indicated
a significant partial correlation between the fractal dimension of soil aggregates and the amount of aggre-
gates in the 0—0. 25 mm,1—2 mm,2—5 mm and 5—10 mm size classes,while the partial correlation coef-
ficient between the fractal dimension of soil aggregates and the amount of aggregates in the 0. 25— 1 mm
size class was not significant. [Conclusion] The fractal dimensions of soil aggregates increased with in-
creased latitude on the Loess Plateau. Also, the fractal dimensions largely varied with soil, among which

Eum-Orthic Anthrosols was the lowest and Ust-Sandic Entisols was the highest, and it was affected by

types of vegetation,which is:artificial woods land™>farming land>>wildwood land>>bare land.
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Table 1 Properties of soil samples
ETRE FAE AR gL B/ m HhIE Li=E3 s £
No. Sampling place Longitude latitude Altitude Terrain Vegetation Soil type
1 PR 7S I E110°22'1. 38" 1198 I it #E RRELLY Y
Shenmu Liudaogou N38°47'35. 22" Sloping land Soybean Ust-Sandic Entisols
) ARSI El10°22'2. 22" 1 202 I b FPk 11 AR LY s
Shenmu Liudaogou N38°47'35. 1" Sloping land Decultivated soil Ust-Sandic Entisols
3 A 7S 3 VA E110°22'6. 78" 1997 it K RRLE e
Shenmu Liudaogou N38°47'34. 5" Sloping land Alfalfa Ust-Sandic Entisols
. K S 1 E100°22'3. 66" 1916 i FEHF £ AR EL
Shenmu Liudaogou N38°47'40. 44" Sloping land Decultivated soil Ust-Sandic Entisols
5 AR TE A E110°21'57. 6" 1 1g9 ot 5% Alfalfa T BUB A L
Shenmu Liudaogou N38°47'41. 28" Sloping land H A ¢ Ust-Sandic Entisols
6 MR E110°21'56. 7" 1 1gg  dot 45 Sovbean D B
Shenmu Liudaogou N38°47'42. 05" Sloping land B A2 Soybes + Ust-Sandic Entisols
; 2 EBL E109718'51.18" o0 My A F (e ) Millet B IE R R L
Ansai Dunsan N36°51'13. 56" ’ Sloping land (Farming land) Los-Orthic Entisols
g I E109°18'48. 24" 1293 Bl b Vb FT BE (A& M) Astragalus %+ 1E %58 %+
Ansai Dunsan N36°51'12. 72" ’ Sloping land adsurgens (Farming land) Los-Orthic Entisols
i o1 g/ " i B
9 IR E109°19'5. 88 1193 Yoy i{)%rfr{i\uTTTdel)waciu B IEHBR
Ansai Dunsan N36°51'33. 6" ’ Sloping land i pe ) Los-Orthic Entisols
(Artificial forest land)
e I ~ o1l " pil . . N -
G ST 14 E109°159, 72 , e R CATAHO _ b I
10 Ansai Zhifanegou N36°44'52. 8" 1137 Sloping land Robinnia pseudoscacia Los-Orthic Entisols
> angs . 0 Diopmeg ¢ (Artificial forest land) e T
- "
11 ES A E100°15'13, 02" 1 250 Sk Ez;ﬁj]ﬁr)shinskii B IR B
Ansai Zhifanggou N36°44'33. 6 Sloping land (Artificial forest land) Los-Orthic Entisols
12 G ALY T E109°15'9. 48" 1123 Hi % F (At Millet B 4 1F Rt
Ansai Zhifanggou N36°44'25. 2" Sloping land (Farming land) Los-Orthic Entisols
13 W TR E109°08'55. 2" | 90g Bt R A (B A A E TR R
Fuxian Ziwuling N36°05'27. 48" Sloping land Fresh assart (Bare land) Los-Orthic Entisols
14 T E109°08'55. 2" |90y POt FAB CH 284K Pine B IEE Bt
Fuxian Ziwuling N36°05'27. 48" Sloping land (Natural forest land) Los-Orthic Entisols
15 wE TR E109°08'55. 2" 1 90g Bt R A (B B o TR
Fuxian Ziwuling N36°05'27. 48" Sloping land Fresh assart (Bare land) Los-Orthic Entisols
16 T E109°08'55. 2" Logg B IRZE MR CH R MO Mixed for- 2 4 IE % B+
Fuxian Ziwuling N36°05'27. 48" Sloping land est (Natural forest land) Los-Orthic Entisols
17 wE TR E109°26'59. 7" 1196 P s LCRREES] =
Fuxian Ziwuling N35°59'34. 44" ’ Sloping land Kobresia capill folia Hap-Ustic Isohumisols
g HETFER E109°26'59. 7" 1196 Bt i {7 T 4% &
Fuxian Ziwuling N35°59'34. 44" ’ Sloping land Kobresia capill folia Hap-Ustic Isohumisols
19 E109°24'25. 8" 1116 H il & T8 +
Luochuan N35°43'52. 5" Flat land Alfalfa Hap-Ustic Isohumisols
20 w E109°24'25. 8" 1115 P ER S EE T 4
Luochuan N35°43'51. 88" Flat land Maize Hap-Ustic Isohumisols
2 W ¥ E108°5'10. 71" 520 - 3 INAE ERA RS YN o
Yangling N34°17'4. 35" Flat land Wheat Eum-Orthic Anthrosols
99 Wk E108°5'10. 71" 590 -3 INFE RPN L
Yangling N34°17'4, 35" ’ Flat land Wheat Eum-Orthic Anthrosols
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Table 2 Fractal dimensions of soil aggregates and the contents of organic matter and total nitrogen in the Loess Plateau

o R GG (g kg D EAE REAK AR Gk D BR Gk D
e Amount of aggregate in different grades Fractal Correlation Organic Total
0~0.25 mm 0.25~1 mm 1~2 mm 2~5mm 5~10 mm dimensions coefficient matter nitrogen
1 235.3 110. 5 69. 3 196. 9 388.1 2.662 0.969 2 4.25 0.238
2 520.0 111.1 62.7 147.0 159.2 2.843 0.983 5 2.95 0.264
3 247.2 165. 8 115. 8 249.1 222.1 2.657 0.997 3 3.94 0. 240
4 454. 3 111.0 79.3 177.7 177.7 2. 808 0.983 1 3.00 0.214
) 475.7 104.0 67.7 171.7 181.0 2.821 0.977 3 6.75 0. 305
6 352.3 175.8 94. 6 209.9 167.5 2.745 0.997 3 5.19 0.247
7 404. 2 128.6 79.9 203.7 183.6 2.779 0.986 9 10. 29 0.510
8 357.1 150.0 76.1 186. 2 230.5 2.754 0.990 1 10. 29 0.531
9 377.1 91.1 63.7 180. 3 287.8 2.771 0.957 7 12.54 0.720
10 439. 2 128.1 88.9 200. 2 143.6 2.796 0.990 0 14. 29 0.563
11 468.0 134.4 59.1 150. 3 188. 3 2.820 0.986 3 15.15 0. 696
12 412.3 124.3 49.9 136.2 277.4 2.797 0.967 6 15. 89 0. 808
13 255.9 292.4 115.6 156. 4 179.7 2.675 0.983 4 14.12 0.747
14 117.4 233.3 131.1 224.5 293.7 2. 487 0.991 9 40. 64 1.517
15 116. 4 280. 8 160. 3 218.4 224.0 2.481 0.980 3 26.53 1. 210
16 103. 4 222.0 124.3 209. 3 341.0 2.461 0.992 2 30. 40 1. 407
17 141. 4 176. 8 105. 2 178.7 397.9 2.541 0.995 4 17.92 0.978
18 215.2 141.1 93.5 189. 2 360.9 2.638 0.988 6 18. 88 0. 808
19 70.0 152.9 112.2 216. 3 448. 6 2.369 0.997 4 11.97 0.593
20 106. 1 140. 5 107.5 250. 6 395.3 2.461 0.997 2 13. 39 0. 689
21 62.4 152.7 109. 6 216.2 459.1 2.343 0.996 8 18.09 0.926
22 46. 6 90. 5 91.7 236.5 534.7 2.267 0.995 0 24,57 1.163

B AR R HOR 1g(W /W) Bl g (d, /d ) 18] 9SG R HL

Notes: the correlation coefficient in this table is between the lg(W;/W,) and the lg(d;/dmay) .
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Table 3 Regression relation between D and the content of soil organic matter and total nitrogen

Il )= 75 72

Regression equation

LIBT3

Correlation coefficient

R

e &3 SRy FEA KL
Soil type Independent variable x Sample number
403 - K A HLFE (1) Organic matter 22
All soil samples 4> A (22) Total nitrogen 22
# 4 1F % B 4 A HLE (1) Organic matter 10
Los-Orthic Entisols 4% (x2) Total nitrogen 10
TR A+ A HLJE (1) Organic matter 6
Ust-Sandic Entisols £ (x2) Total nitrogen 6

D=2.797—0.011 a1, —0.591 9"~ Ro.05.200 =0.432
D=2.843—0.297 x» —0.640 7~ R.01.200 =0.537
D=2.924—0.013 =, —0.8732** R.05.8) =0.632
D=3.001—0.367 x> —0.919 9** Ro.01.8)=0.765
— 0.006 4 Ro.05.4)=0.811

0.400 0 R.01.1)=0.917
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Table 4 Regression relation between D and the amount of material in each aggregate size class of Los-Orthic Entisols

[ERS Y

Independent variable

5~10 mm 258 IR & & (2

Amount of the soil aggregate of 5—10 mm
2~5 mm ZE R R (2D

Amount of the soil aggregate of 2—5 mm
1~2 mm g5 MR A (xy)

Amount of the soil aggregate of 1—2 mm
0.25~1 mm ZEMH & & (2

Amount of the soil aggregate of 0. 25—1 mm
0~0.25 mm S5 & (x5)

Amount of the soil aggregate of 0—0. 25 mm

[EYEL % AH 2 ZEL
Regression model Correlation coefficient
D=2.978—0.013 x; —0.538 3
D=3.287—0.032 x; —0.6670"
D=3.031—0.037 x3 —0.901 7"~
D=2.967—0.016x, —0.779 6" *
D=2.374+0.010 x5 0.989 5**

7 (Note) : Ro. 05.5) =0. 632, R(0.01.5) =0. 765,

¢ 4 Al BRRIAE 5~10 mm 4 HEZE R A,
D 5% kAR - A Al R i 2 B I B 2
KR AR 5~10 mm HIELEMIAE RS D EHHE
KABN —0.538 3, ML NE R I8 B fnb K-, i nl
e 5 1% BLAR R SR RURLAR S5 R R & 5 50 1 R 3
Ko

H15E 4 ] WL, o JE 4E 4005 B4R >0, 25 mm -3
ik A E R R RO OC R R, SRR 0~0. 25 mm £
SEAE AL A B i 5O G OC &R IE SR G DUORL AR
0.25 mm N F. XRWKEFE ML A 0~0. 25 mm
- SEEE A R BG, FLAE AR A O R s e 2z, )
SER VRSN IE AR BN . 3K 5 T I PR A Y F 5 4
R—F, AW 5 ADRH LIRSS RS &2 558
4% D gEAT Z el AA 0. 0 D 5 5~10 mm
(x)2~5 mm(xy,).1~2 mm(x;).0~0. 25 mm
Caes )R AR 1 M 45 19 1K 5 1) O AH OC OC &R 38t 35K
LTS 0. 25~1 mm S5 AR it () 19 i AH OC ¢
R H 2 Ju e AR A Ry

D=2.936—0.06 x; —0. 02 x, —0. 212, +0. 0dx;
R=0.994"",
(n=5,df="T7,Rys=0.838,R, o =0.904),
2.4 TEEEREHES LN

H 2 5 A LA A [ A 458 B7 b i) S 45 1 DA
K ozt AR A TR) 5 A 398 55 40 1R 40 9 4 B HoAT
WIS Y 22 R, o 8 4 g3k 8o T BD BT R Akt
(2.756) > # 1 1E# B+ (2. 682) > & T 1 ¥ )
F(2.502)> L HEH AR £(2.305), X EEIEH
T A BORT R  A L B R R R D R 3
=0. 25 mm B KRS BEAK, 0 I8 480 s i R R
HEH A BT RS R & R R, >0 25 mm
DKL & o s A TR AR BN . X S 25 SRk — 2P i
A3 3 e R 22 e 5 A SR A A B L i DA
B A HE O A TR A 2
2.5 THFAAXNNEHRESREHNZ D
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5513 X

B o B v SRS (R A 95 L S A MR ) TR A BT Y 91

P72 3 B 1 52 o - A B i e A
VRGP A 5™ R 52 2 A B 5 A B A )
SRR PR R A3 32 AR B 2K R L B WD A L L R Y 10
AT ~16 5 48D 81 4 IE 5B LR AEAS, 2 B 1 3
F 7 3008 - 45 #1538 (4 5 i L B b HE 45 4 1A
ARG R O AR AR IR 6 B
12 6 AT UL A [R] ) b o ) 7 5 UF R e 4 4 1
OB AR TR] L R B N AR > A b > A AR bl
SRR, X B TR s A B I Sl i

M o of - S PR AR LA R AR HL R R U
U R W S 2 A AL O i R A BL
AR s N TTObR L ply T AR B R R i A R B
A BB AT R AT AL 35 s T T R L b gl
R 53 I8 2 K 55 A - LU HR G 5 A AR Mkt iy
Thu A LRI B2 e R A T 5 #R
G i1 H AR IF B A AR A3 /0 KO i T JF B s 1)
o SR AT AL A L A TR T 4
k.

RS> TRRBEITENIHERREINR.€ENSE

Table 5 Fractal dimension and the contents of organic matter and total nitrogen in different soil type
L5NT Y F / . —1 i . —1
LHSA Soil types Fracgfii;iiﬁr(lsi()n ﬁjﬁ:ﬁ;;i(cgmﬁir ) %T)Zktil( iitrii’en)
V8RS TR+ Ust-Sandic Entisols 2.756 4.35 0.251
# 4 1E % B B+ Los-Orthic Entisols 2.682 19.01 0.871
i & T )& + Hap-Ustic Isohumisols .502 15.54 0.767
+#EH A K+ Eum-Orthic Anthrosols 2. 305 21.33 1.044

6 AEALHAAAXTLIELEHMEITHEHR
TEFINR.EEANEE
Table 6 Fractal dimension and the contents of organic
matter and total nitrogen in different land use patterns
e HHLE/ R/
2 Y
4 Hi R 75 =X %‘ﬂ/'ﬁ/& (g kgD (gekg D
Fractal .
Land use patterns . . Organic Total
dimension .
matter nitrogen
A&
Farming land 2.777 12.16 0.616
UNER N}
Artificial forest land 2. 796 13.99 0. 660
SRS . .
Natural forest land 2.630 24.30 1,050
Bt )
Bare land 2.578 20. 32 0.979
3 1 i

N SE — B LA R E 1 A E 2 LAY
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