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Fractal dimension characteristics of soil particle size distribution under different vegetation
patches in desert steppe and its relationship with soil nutrients. DU Ya-xian', FAN Jin', LI
Shi-yao', NIU Yu-bin', YU Hai-long'*, HUANG Ju-ying” (' College of Recourses and Environ-
ment, Ningxia University, Yinchuan 750021, China; ’Institute of Environmental Engineering,

Ningxia University, Yinchuan 750021, China).

Abstract: Soil samples from four vegetation mini-patches ( Ariemisia scoparia, Glycyrrhiza uralen-
sis, Sophora alopecuroides , Astragalus melilotoides) in a desert steppe in central Ningxia were col-
lected. Soil physico-chemical properties including soil particle-size distribution, organic matter,
pH, EC, total N, total K, total P of three depths were measured. The fractal dimension of particle
size distribution characteristics of soils derived from four different vegetation mini-patches and their
correlations with soil physico-chemical properties were examined. The results showed that patch vege-
tation distribution affected the distribution of soil particle size, with the A. melilotoides mini-patch
being the highest (D=2.51) and G. uralensis mini-patch being the lowest ( D=2.46). There were
significant positive correlation between fractal dimensions and the contents of clay and silt, and nega-
tive correlation between fractal dimensions and sand content. Fractal dimensions were positively cor-
related with pH value and EC, negatively correlated with the contents of soil organic matter and
total N, and had no correlation with the contents of soil total K and total P. The patchy vegetation
distribution had potential trends of salinization and degradation.

Key words: desert steppe; vegetation mini-patch; soil particle-size distribution; fractal dimension
characteristics.
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Table 1 Statistics data of different vegetation mini-patches
MBI RPUER BERER  RHGEEE BEPGRE BRI BEYLALHFH BEHRe A X7/
Vegetation st [i] Patch Patch Patch Patch Patch dominant LULu ke Biomass
patch Patch diameter height coverage density species Species (g-m?)

formation (m) (em) (%) (plant » m™?) number in

time (a) each patch
HoE =20 500 32.7+1.4 53.2+2.1 31.242.4 4B F Lespedeza potaninii, }; T3 15 109.1£9.9
Background Salsola collina , 5¢ 15 VK& Agropyron

mongolicum

AS 2~3 5 34.1+0.8 63.8+0.8 43.5+0.4 W Artemisia scoparia 3 47.8+6.4
GU 2~3 4 47.1+0.7 61.5+1.5 19.5+0.4 HE Glycyrrhiza uralensis 2 101.5+5.2
SA 3~5 4 35.4+0.9 76.7+0.9 22.3+0.5 5 5. F Sophora alopecuroides 3 82.8+9.0
AM 3~5 8 55.6x1.3 73.6x1.2 34.6+0.7 HAR AR AR B 1€ Astragalus melilo- 3 128.9+21.5

toides

AS: B E B Artemisia scoparia mini-patch; GU H R Glycyrrhiza uralensis mini-patch; SA . T Sophora alopecuroides mini-
patch; AM. B PC R Astragalus melilotoides mini-patch. “Fd] The same below.
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F Origin 9.0 £ &l B2t 8l b 3 A 22,
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Fig.1 Soil particle-size distribution (PSD) characteristics in different vegetation mini-patches.
AS: WEEBE MBI Artemisia scoparia mini-patch; GU: HF MBI Glycyrrhiza uralensis mini-patch; SA; 7% 5 T B Sophora alopecuroides mini-
patch; AM . B EEUBEIR Astragalus melilotoides mini-patch. T[] The same below.
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Table 2 Soil particle-size distribution and fractual features in different vegetation mini-patches

(e Sl +Z R AR 2 & B Volume percentage of soil particle size AR R?

Mini-patch Soil layer oL g A i AL SR HE R D

type (em) Clay Silt Very fine sand Fine sand Middle sand Coarse sand

GBS 0~10 7.29+0.30ABa  38.84+2.49Aa  35.37+1.92Ac  17.09+0.65Aab  1.61+0.49Aa  0.03+0.03Aa 2.48Aa 0.95Aa

Background 10~20 6.00+0.10Ba 42.56+0.74Aab  34.91+0.80Ac  14.96+1.06Aa 1.01£1.26Aa  0.06+£0.07Aa 2.46Aa 0.95Aa
20~30 8.40£0.66Aab  44.00+8.16Aab  35.46+0.78Aab 16.80+3.05Aa 0.75+1.30Ab  0.03£0.05Aab 2.50Aa 0.95Aa

AS 0~10 5.11£0.05Ah 37.87£0.44Aa  39.96+0.81Ab  15.26+0.13Ab 1.63+0.08Aa  0.17+0.06Aa 2.43Aa 0.95Aa
10~20 6.72+1.96Aa 41.39+6.31Aab  36.39+2.74Abc  14.44:+4.34Aa 1.06+1.15Aa  0.03+0.03Ba 2.51Aa 0.94Aa
20~30 8.75+0.94Aab  37.82+2.94Ab  40.37+0.08Aa  12.79+1.48Aa 0.20£0.35Ab  0.01+0.02Bb 2.50Aa 0.94Aa

GU 0~10 5.55+0.23Bab  35.67£0.61Ca  41.63+0.78Aab 15.55+0.18Ab 1.31£0.01Ba  0.30+0.10Aa 2.43Ba 0.95Aa
10~20 6.30+0.11Ba 37.34£0.21Bb  41.94+1.16Aa  13.80+0.23Ba 0.63+0.28Ca 0.02+0.01Ba 2.44Ba 0.95Aa
20~30 7.58+0.51Ab 42.07+0.52Aab  31.84+0.33Bbe  16.07+0.79Aa 2.38+0.06Aa  0.09+0.05Ba 2.51Aa 0.95Aa

SA 0~10 4.10+1.55Bb 26.77+5.37Bb  45.08+1.65Aa  22.36+4.84Aa 1.58+0.44Aa  0.13+0.01Aa 2.45Aa 0.94Aa
10~20 6.53+0.54ABa  45.28+1.70Aa  36.01+1.53Bbc 12.02+0.35Aa 0.11+0.18Ba 0Ba 2.49Aa 0.94Aa
20~30 8.92+0.66Aab  49.30+0.74Aab  26.43+4.16Cc  15.31+4.61Aa 0.37+0.36Bb 0Bb 2.53Aa 0.94Aa

AM 0~10 5.57£0.75Bab ~ 38.95:£0.51Bb  39.78+1.23Ab  14.09+1.29Ab 1.24+0.83Aa  0.35+0.48Aa 2.48Aa 0.94Aa
10~20 5.73+0.62Ba 36.50+0.13Bb  39.26+1.09ABab 16.91£0.97Aa 1.56£0.23Aa  0.07£0.10Aa 2.48Aa 0.95Aa
20~30 9.74+0.41Aa 51.53+6.29Aa  33.49+2.98Bb 5.09+1.62Bh 0.11£0.18Ab 0Ab 2.56Aa 0.92Aa

RRVING SRR A — £ EARRMBEEL ) 22 57 B 3%, ANFKS FZH3: 38R [ — B HOR R £ 2 [ 22 53 8.3 (P<0.05) Different lowercase letters

meant significant difference among different vegetation patches in the same soil layer, and different capital letters meant significant difference among diffe-

rent soil layers in the same vegetation patch at 0.05 level. [ [A] The same below.
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Table 3 Relationship between soil texture and soil particle
size distribution fractal dimensions

B BB SEHEEL Fractal dimension

Mini-patch Parent 7S P b

type material Amplitude Mean+SD

it WBUE 245~2.53  2.48+0.01

Background Weathering parent material

AS IR 2.42~2.57  2.48+0.01
Weathering parent material

GU IR EE B 241~2.56  2.4620.02
Weathering parent material

SA IR 232~2.61  2.49+0.08
Weathering parent material

AM MBI 242~2.63  2.51x0.04

Weathering parent material
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Table 4 Correlation coefficients between soil particle-size distribution and fractal dimension
TR Y Eistun FkL WKL L& A Al Pk R L
Mini-patch type Index Clay Silt Very fine sand ~ Fine sand ~ Middle sand  Coarse sand
5t {H Background PIEHEEL Fractal dimension 0.240 0.770 0.085 -0.319 -0.750 -0.660
AS DIEHERL Fractal dimension 0.789 0.566 -0.563 -0.595 -0.746 -0.904 "
GU I3 HERN Fractal dimension 0.806 0.894 " -0.985" " 0.781 0.944**  -0.146
SA I3 HERK Fractal dimension 0.951** 0.910" -0.951** -0.584 -0.659 -0.793
AM I IEHERL Fractal dimension 0.947**  0.929"*  -0.982** -0.807 -0.930**  -0.599
FEAR Total S YERL Fractal dimension 0.854* " 0.788" " -0.788 " * -0.514" -0.479 " -0.433"
% P<0.05; * * P<0.01. A The same below.
x5 AEEEBBIRTIELFER
Table 5 Soil chemical properties among different vegetation mini-patches
TR Y 1)z pH CERS S BHL 4N £P £ K
Mini-patch Soil layer EC Organic matter Total N Total P Total K
type (em) (pS - em™) (g-kg™") (g-kg") (g-kg") (g-kg™")
TR 0~10 8.81+0.01Aa 75.00+0.00Ch 3.54+0.12Ad 0.38+0.00Ac 0.32+0.00Cc 20.04+0.36Bbc
Background 10~20 8.73+0.01Ba 80.00+0.00Bc 3.53+0.09Ab 0.37+0.01Ac¢ 0.34+0.00Bc 21.08+0.01Aab
20~30 8.68+0.01Cc 90.00+0.00Ad 3.00+£0.09Bc 0.30+£0.04Aa 0.38+0.00Aa 20.70+0.02ABa
AS 0~10 8.14+0.02Bd 75.00+0.00Ch 6.66+0.14Aab 0.46+0.02Ab 0.34+0.00Bb 19.53+0.16Cc
10~20 8.16+0.01Bc¢ 192.50+2.50Bb 6.52+0.36ABa 0.44+0.02Aab 0.36+0.00Ab 20.26+0.16Bc
20~30 8.77+0.06Ac 280.00+5.00Abc 5.39+0.21Ba 0.35+0.01Ba 0.34+0.00Ba 20.94+0.08Aa
GU 0~10 8.12+0.00Ad 85.00+0.00Ca 7.33+£0.28Aa 0.47+0.00Aab 0.35+£0.00Ab 20.82+0.16Aa
10~20 8.14+0.00Ac 217.50+7.50Ba 6.40+0.28Aa 0.39+0.00Bc 0.34+0.00Ac 21.39+0.11Aa
20~30 9.06+0.00Ab 355.00+15.00Aa 5.06+0.00Bab 0.35+0.01Ca 0.34+0.01Aa 21.25£0.15Aa
SA 0~10 8.27+0.01Bb 77.50+2.50Cab 5.75+0.07Bc¢ 0.45+£0.01Ab 0.34+0.01Ab 21.04+0.06A
10~20 8.19+0.01Cc 195.00+£0.00Bb 6.44+0.09Aa 0.40+0.00Bbe 0.34+0.00Ac 20.33+0.35A¢
20~30 9.20+0.02Aa 265.00+20.00Ac¢ 4.86+0.04Cb 0.34+0.01Ca 0.36+£0.03Aa 20.37+£0.46Aa
AM 0~10 8.21+0.01Cc 80.00+5.00Cab 6.11£0.39Abc 0.51+0.00Aa 0.39+0.00Ca 20.38+0.12Aab
10~20 8.53+0.04Bb 195.00+0.00Bb 5.71+£0.50Aa 0.45+0.00Ba 0.37+0.01Aa 20.62+0.05Abc
20~30 9.29+0.01Aa 320.00+5.00Aab 5.13+0.05Aab 0.30+0.01Ca 0.36+0.00Ba 20.49+0.51Aa
1R T LRI B s TR e, R s R R 1 A s W w
N E

P & B E S TR, X F 10~20 em +)2,
WM+ pH &N 2P SR EEH THE
B, H RO+ EC 4 K S W m T
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BEH T pH 3 = T4 B s A BB R
BB ) = HEA LT A B R T O T RO
B, R4 N i T

R 6 A, THE4 P 4 K 5% K g 1 1
L SRR B35 A AR 5 IR AR A S0 B 4
AR 1 pH EC BB E IEAMHE, 5 AL
B A N OO kR S 4 pH JEC 2
WA, 54 N B A OG; LIk
548 pH EC 2R EFMML, 5L N 2RE
TEAR DG, 3K 156 B -+ R AR 43 A 43 T8 AE500] DA S i —
EHNURALRL AT F 15 pH 1 EC 25 32k ~A e

3.1 A[FIBESR ] - HeEhiie oA o 4ER0E 5+
RIS A AR A RS B R 2R
S e, AT LA 3 M P AT A A LU 25
AT, 25 UPEH N LS A A R AR 3 i
TSRO | I AR U A 45 . A R B TR A
IR 20 1) SRR I A 22 S BB TR B P BRE R AR
I3RS SR e R M - S UL ZH 2 ] S i ) 2 [
U T AR RCRT L O He AR R R R K
R I AT, BOARBOIR B RS e A )
R MR SR B, RS A AR R AR
X B AR A R B 7 = N A e B AR E I BRI
i b S FE AL ARG AL PR 5, KUy A 7 A Wi
HUAEAR ) AP IR 35 PR AE 22 1 A
(4 2538 — 2. - HORAR 3 A3 o JE B3 A1 ) S B
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Table 6 Correlation coefficients between soil particle-size distribution, fractal dimension and soil nutrients

pH + e TR AL 4N 4P 4K

EC Organic matter Total N Total P Total K
Zhki Clay 0.784* * 0.807 * * -0.590* * -0.827"* 0.091 0.018
Wk Silt 0.595* * 0.596 * * -0.346 -0.636"* 0.181 -0.190
W ANESRL Very fine sand -0.710* * -0.632** 0.552** 0.617** -0.128 0.083
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