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Fractal features of soil particle size distribution in the desertification process of

the farmland in Horqin Sandy Land

SU Ynng—Zhﬂng » ZHAO Ha-Lin (Coid and Arid Regions Environmental and Engineering Research Institute, Chinese Academy of
Sciences s Lanzhou 730000, China). Acta Ecologica Sinica.2004,24(1):71—74.

Abstract: The changes of soil particle size distribution and its fractal features as well as the characteristics of soil chemical
properties were studied in the desertification process of farmland in Horqin sandy land. The relationships between fractal
dimension of soil particle distribution and selected soil properties were discussed, The results showed that; (1), in the
transformation from non-desertifieded farmland to the most severely desertified farmland, soil sand content at the 0~ 15 ¢m
plough layer increased from 68. 8% to 92. 5%, organic C and total N contents decreased by 65% and 69% ., respectively. (2),
the fractal dimension of scil particle size distribution ranged from 2.17% to 2, 611. The more the contents of sand, the less the
fractal dimension and the higher the desertification degree of farmland. The fractal dimension decreased from 2. 554 in the non-
desertified farmland to 2.298 in the most severely desertified farmland in the desertification process. (3), There existed
remarkable quantitative relationship between fractal dimension and soil properties. Obviously the fractal model could
objectively reflected the texture and fertility states and the degree of soil degradation, so it can be used as a comprehensively
quantitative index to evaluate the desertification evolution of soil properties.
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SERBS LR AHERZEIRNXR AR LRV ELCETRIEFEMDPRACBEN ERANERETM T E.
1 BARRBEEHARA X
1-1 HAH#MNK
MFRRMTHRSBEITREREA MEREILL T TRERRZFTRBOB R B, WwEVE 120° 19 ~121°
35" £,42°14" ~43°32' N, #4R 340~360m, M AR L T RESHE.EXNSKE 6.4C,210°C F£R1E 3151.2C. T/ 151d, EH
B K B 364. 6mm, B E KB 1972. Smm 5 F B RGE 3- Sm/s KK H $ 20~60d, BB FE B EEERER TR/ P
BB AAY LR . £ RARGE S BHE AR REXEEFUREGRIERIRBEL, PHEERSE T LN
HRENM AEAWERE . TEEANEFE AEEABRI TR IBE AP RES LKL L1,
1.2 HRFE
1.2.1 BiIREHHEOER ERBETH20km WEERA.EF 6/ MREKNFVFHTRNE FREIHERL. 8§78 FhkH
BRKyss MEEX BENMKEETRKEXE—F, T8O FP HEHVFEEZEAREES TEAS DS ENE
H.EWREMER,EZE XA L.
1.2.2 +HWMESSH HESMHBR.EVR 2040 0~15cm 2. MR ER . FERPERERZEVBEALT RN X
REHFITHW. TRERNITARER. VAN EHBERFEL- ARG : 2RAAINEE" (& XR ™ DK6. UDK140
AP0 M pH IR FERECOHHA 1.1 LKEEBEM 1.5 L KHEBRE . FE™ Multiline F/SET-3 81 {{ HENIE .
1.223 +REBELMEABNITE ARV ABERSVRENARZHERSIHREN RSB RITE L RER
MRS, TREMNERIHS FHANRERMSGEXRELR:
(R/R, Y P = M(r <<R)/M, (1)
AP R ARTHBEAINER 5 RLEMNEHNFHHEH R ¥ BRBE TR TEYERMC<RIANPFRORB LR,
Mo AT RERRARBRALH ADOITRASTE TRBUEYEREEPTE - NRLIHERANEI TR ITAZE . RES
PILL Ig(M, /M) Ig(R/Ren ) RPN BERHR.3-D BRI RS HFBRWHR.D AT RN AR,
2 GRESW
2.1 BRI
PO R R R R, R A MEA R MG BB LA EFYERM.ZLHUT RN BT AR
BR.UGFEAARPERNNERTEST XHIRY, Z—dBAM T RBLERZERZAY YR, £ 1 ABHEERE 6
HFREHPEAETF LI REESGTHAVNC. ENEREEL, TURYE PR TR BEARTERP T 0.25~0.10 mm
I 0. 10~0.05 mm IR AVPH IR E . BERBEIRTEYIHLALB,0.5~0. 25 mm WP HWHANP B EM I . MBE AL H
S EERK.GHAEFRHRABE“TWAKANNE ANER GRAHEER BEHRHO0.1~0.05 mm AWK K BKM 6
ST EERAEBEEDARHEAEE HEZ LRI EH 68. 8B T 92.5% . Caam FRY 4L, HE . 5B
HEREFTHR(ERD, R2URBY FEEFHANYHEPHRE, ITRENCHENSIEBETHR. VRILBESHEN K. H
BLCHEN SBE45 TR 1.07g/kg M 0. 182 g/kg; TMIEH KBMBR“EVHARAREE. AV C A2 NIHERT 65%
M69%, BIERAHEHR.FANC Co)WMEN N )RS5 RPN EBROCERHENRMEAX . KBS TEN:
Corg = 18.255 — 0.1717 S (P << 0. 0001, R? = 0. 7654, n = 30 ) (2)
Niotal = 2.436 — 0.0234 S (P < 0.0001, R* = 0.6482, n = 30 ) (3)
WHEBQMOMBY ERAVRAMNE L LRSS EEMM 1%, AN EFEKM 1%, XA CHEN
SRHBEKR 0.172 g/kg 0. 0234g/kg. F 1 KB LW pH H R BREHA BRI, KB RAL - 3% pH H B W
AN EXSURMHREER NS, AL NP EBIERENREMBERME,. XS LR KBESHFIE FRDRLL
B TRAX.
2.2 FOIREON SRR
EREEAHE AWMRAHREE 0O MTKALRBERSEES BRI EBHXREIE LS U E KEEXREE
(P<0.01),ZERAEL, ITRBAIR—-FMEESEHTHNIVREILA R L RSB EBRRB HRERILAE KNSR,

H& L MM 0~15em E LIRS M OHAE 2. 179~2.611 ZH . B L HEFA NV IBERT . AL HEEBRK. £
2 BT fRRHEA Sh - MW AR TSR MEDRABEAMB,. A EEESHR /D NEFRKHEHEE
Wb B R 2,555 TREEIT 2. 298,

2.3 HNEEHRYS TRBBGEERN KR
ERBWEAMREIRS . FLRERS I HER I EREUHIHEX2FEHAER D, 2 RERS LRV RNIEER
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Table 1 Soil particle composition, chemical properties and fractal dimension of soil particle in the farmlands in the desertification process
REEQT B8 gi{ff +IR % (mm) K Particle size distribution NHENR MLEE HHC &N p R
Sampling Sample ified Fract?l Corrt::-la.:iticn SOC Total N (H,0) EC
wnit  No. o 1~0.5 0.5~0.250.25~0.100. 1~0. 05 0.05~0. 02 0. 02~0. 002 <0.002 dimension coefficients (g/kg) (g/kg) (us/em)

! 1 ED 0. 39 17.53 43.19 31.05 3. 37 3.13 1. 14 2. 2317 0. 9414 2.80 0.278 7.%91 63
2 SD 0. 17 6. 7 27.74 70. 85 7.23 5.09 2.12 2. 343 0. 9280 3.66 0.387 7.84 143

3 MD 0. 14 3s D 16. 26 h2. 69 9. 8BS 6. 34 9.23 2. 579 0. 8876 3-35  0.596 7.72 127

1 LD 0. 14 3. 52 31.12 34. 14 8. 86 13.03 7.2 2. 563 0. 9557 7.20 0.914 B.11 112

> ND 0. 03 4.1 28. 77 35. 68 10, 21 14. 81 6. 33 Z.552 0. 9530 6.44 (.657 8.2 104

I 6 ED 0. 09 24. 56 48. 65 24. 0% 0.52 1. 04 1.04 2. 179 0. 8595 1,22 0.146 7.83 47
7 SD 0. 69 3. 69 22,05 R0. 08 3. 85 5. 71 1. 82 2.322 0. 9134 2.46 0.306 7.85 86

8 MD 1.15 10. 14 24. 21 46. 16 9.29 7. 69 1. 34 2. 299 0. 9446 4.5 0.685 7.72 1]

5 LD 0.13 6. 18 21. 82 48. 17 g. 38 7. 67 7. 66 2. 554 0. 9170 4.77 0.644 7.88 103

10 ND 0. 67 6. 32 17. 05 46. 17 13. 18 10. 96 2. 65 2.523 0. 3396 .41 0,840 7.68 41

I 11 ED 0. 49 26. 39 35.92 30.12 2. 47 0. & 3. 71 2. 397 0. 8498 1.8 0.293 7.82 &l
12 8D 0.5 7.48 19.71 5G. 85 2. 1 3.72 3. 64 2. 395 0. 8849 2.83 0.264 7.88 101

13 MD 0. 05 1. 37 16. 85 60. 06 8. 85 7. 99 6. 75 2. 478 0. 9116 4.03 0.473 7.98 39

14 LD {. 9% 5.07 14. 9] 54. 78 11, 66 9. 29 3.33 2. 436 0. 9306 3. 28 0.401 7.82 103

135 ND 0. 47 6. 87 14. 43 49. 36 12. 92 10. 42 9. b3 2.517 . 9349 6.90 0.812 7.63 159

N 16 ED 0. 77 11. 37 33. 12 43. 68 5. 35 2. 76 2. 95 2.374 0. 5000 2.53 0.318 7.92 G0
17 SD 0. 38 10. 96 25. 19 47. 31 6. 46 7. 65 2, 04 2,358 0. 9418 3.33 0.448 7.82 81

18 MD 0. 58 5. 91 13. 26 56. 72 11 10.15 2. 38 2. 391 0. 529] 4.29 0.582 7.74 180

19 LD 0.53 5. 1 12. 73 52.92 15. 67 9. 33 3. 77 2. 544 0. 9287 5.45 0.664 7.7% 166

20 ND .98 4. 99 13. 52 45.7% 12.52 12. 33 9. 98§ 2.611 0. 9337 5.0 0.754 7.6% 118

v 21 ED 0.1 i7. 06 47. 19 31.08 1. 72 0. 84 2.01 2. 282 0. 8475 2.92 0.331 7.75 78
22 5D 0.53 7. 05 18.13 h8. 94 7.79 3. 58 3. 97 2.426 0. 8876 5.03 0.713 7.84 95

23 MD 1. 24 9.91 20. 62 41,54 12.19 9. 65 4. 85 2.467 0. 9491 6.02 0.945 7.72 107

24 LD 1. 48 14. 54 18. 66 37. 06 10. 24 9. 8 8. 22 2. 581 0. 9527 6.23 0.843 7.66 122

25 ND 1. 28 11. 91 14, 2 40, 56 12. 64 11.43 7.98 2. 580 0. 9497 8.31 1.353 7.63 189

il 26 ED 0. 29 12. 73 31. 83 43. 49 h. 21 4.62 1. 82 2. 319 0. 9330 2.92 0.240 7.92 66
27 SD 0. 67 14. 33 22. 31 44. 42 7.08 6. 92 4. 27 2. 464 0. 9364 2.a8  0.620 7.76 84

28 MD 0. 61 1. 39 11. 06 60. 24 10. 75 6. 57 6. 18 2. 515 0. 5011 9. 84 0.609 7.74 101

29 LD 0. 04 5. 79 37. 59 28. 76 13.78 8.62 5. 42 2.510 0. 9578 265  0.540 8.08 98

30 ND 0. 02 5. 03 33. 88 30.63 11. 37 12. 86 6. 21 2. 543 0. 9604 6. 78 0.732 8.17 107

* ED.#& ™ B/ ¥ {k., Extremely desertified; SD, ™ ¥ ¥ ft Severely desertified; MD, ¥ & ¥ {£ Medium desertified; LD, 5 & ¥ {kL Lightly
desertified; ND, iF ‘¥ 7% H Non-desertified

X2 DRAEBELZALTRERZEIRANNSIEER
Table 2 Soil properties and fractal dimension of particle size distribution in the farmlands of different desertified degree

T BN Soil particle size distribution T HE M AHC &N

Deff:ff:dﬁeﬁent ¥ Sand MK Silt k¥ Clay Fractal Organic C Total N

1~0.05mm  0.05~0.002 mm  <C0.002 mm dimension (g/kg) (g/kg)
12 ™ ¥ ¢ Extremely desertified 92,534 3. 54 5.3943.73 2.114+1. 04 2.2981+0. 082 2.311+0. 65 0. 268 0. 068
™ X ¥ 1t Severely desertified 85. 31 2. 48 11. 72+ 2. 18 2.98+1.10 2. 38610. 054 3.9501%1.35 0. 399+0.126
¥ B ¥4k Medium desertified 76.814£2.95  18.4042. 43 5.12+2.92  2.460+0.099  5.01+0.84  0.648 0. 160
B4k Lightly desertified 73.021+2. 36 21. 09 2. 96 5.93+2.07 2. 532+0.053 5.43+ 1. 33 0. 6681 0. 189
iE % & B Non-deserrified 68. 8+ 2. 06 24. 281 0. 60 6.95+1.73 2. 5551 0. 036 6.57x1. 06 0. 8581 0. 251

CHERTIREDN. L NENARSEARNARNSEEBEEIEREHLCHERFHFERARGONAR . 0E R
SOUMPFR AN DRGNS EREE WM R pR  REEHR AR R BT LUME N B AW N — TR S
PEHE IR S ST R AR SR Y, 4 4 AR E W R AE 5 E RIS H i B IR 4K L K AR BT B R BOBL IR KN B D BE AR Y 1
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Table 3 The relationships between fractal dimension of particle size

distribution (1)) and soil properties

L& E 577 A

HxR¥ BEKYT

:,tj!ﬁﬁ Linear regression Correlation Significant
LTI R .+ ORT3  50 MR BT D R M 2R 1 D M AL Soil property cquation  coefficient » level P
AEFLMESCHERRERNRLCAR SRR, U 5 X B Sand contentD=3.3565—0,0115r 0.901 <Z0.0001**
BEEAH. #8 & & Silt content D=2.2396+0. 0128x 0.804 <0.0001""
+IRAMEBRS TR BSHE EHCHLS N BTN #5485 & Clay content D=2.2538+0.0415r 0.916 <C0.000]1*"
. , P £ #l. C Organic C D=2.156+0.0538x 0.828 <I0.0001°"
ZHEMEXVIRHAT BB SMERT W M T RAE DGR K
£ N Total N D=2.256-+0.3273r 0.747 <C0.0001*"
BB FR TN REDBARE P LREIY 4o bl
D=2.24764+0.0019x 0. 524 0. 002"
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