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Abstract: The study of soil grain fractal characteristics in the desert-steppe transition zone can provide a scientific basis for regional
soil quality evaluation, ecological management, and restoration. In this study, we use fractal theory to analyze the soil particle
composition and fractal characteristics of three vegetation types in the desert-steppe transition zone along the northern bank of the
Yellow River basin in Lanzhou. (1) The soil in the study area is mainly composed of silt and very fine sand, and as desertification
degree and soil depth increase, the contents of clay and silt decrease and sand contents show the opposite trend. In addition, the
frequency curve of soil particle size distribution (PSD) becomes more heterogeneous, and the homogeneity of soil texture
decreases. (2) The single fractal dimension (D,), multifractal generalized dimension spectrum parameters (D, D,/D,, and D,), and
the singular spectral function parameters (/A a and A\ f) decrease significantly with the increase of desertification degree and soil

depth. (3) D,, D,, D,, D,/D,, /\ a, and /\f are significantly positively correlated with clay and silt contents, and
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significantly negatively correlated with sand contents. The clay contents, silt contents, D,, D,, D,, D,/D,, /A a, and Af

are positively correlated with the decrease of desertification degree, while the sand content is negatively correlated with it.

The single weight and multiple fractal dimensions of soil can well reflect the structural properties and changes of soil in

different vegetation types of the desert-steppe transition zone, which can provide theoretical basis and technical guidance

for regional ecological management and consolidation.
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Fig.3 Soil particle composition in different vegetation types
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Table 1 Multifractal parameters of soil PSD in different vegetation types
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K, B HER A>T X SRR R W R (E4) X 5
%618 45 (2022) 1) B 55 25 S AHARL, G R B8 o] BE o < AH
38T R T A T VR S RS R TR RS A8 T A b
RN R A R REAL, R IR E R E T
R B R Kok, J0 2k A R [ 45 £
o3 b HESE R (BB 15 45, 2022) , H BE % 1= b U
B3, X — fa Fomom B (55 VKA 2007).
32 WMEABEEXTEPSD A REHANZ T

BT A3 I e — D R TR R AR R X
- EAURL W) BT 0 458 R A% B (GRE SO 4, 2002) AR TF Y
o, BE & i A AR BE 0 R b S SR % B 43 OB
A K50V A, LB - S R A 3G T ] e AR Ak
5 2 B0 58 45 R — 3 (57 ME VK A5, 2007 5 X1 21 4
85,2021) , JLIR DR Oy < Bl 5 e S AR RR B (9 1 0, A Bk
B FE A, XU R B2 38, AS R T 4R ) 5T Y 3T
L T AR 90 T3 A 5 R R B 5T T B 1) L B A
Z  Refl LIELS M T R e R R e (57 ME UK 5E
2007 ) ; W Ah , AR W) BT A R T A S K G 0 W R
PR FF L (0 BE 25 5 W5 40 A8 B 09 om0 T AR

J A, T 8 A HE K A R A, AR T R
B K R E (XM 55, 2021) , 3 Fo M 415 26
W 5 B2k BB RE AR S, 8 TR R AL

Z H 0 8 YR BORT DA i b A 35 UKL 43 A 8 R
A5 SRR Y ST AE (Li et al., 2022) . A fF 58 v 1 35
ZHEHSGH) LAEEGE 2 R S”IE 8 (Kl 6a) , H
TR B X Sk SRR (A AF 2007 ) 5 [R] e, B 4 37 1
AR B R P TR R G 0, 9 4 TR S5 A B R A
T2 AT BT AR, 39 PSD A9 35 2 v 2 i T, 2
HOM LS HEI N D,>D,>D,, % 5 KL 05045
— B Gk AR RS, 2019 X £0 Mg 55, 20215 58 - 4 5
2022). Horp 25 B4R 50 D, 5 5 W AR AR B R 4 HE VR
TCEOCR UL TE 3R g IS AL X, 4 HERORL ik
kA2 0 H JE X ) (3R - 4E 55, 2022) {5 S 4680 D, .
KERLER D, M D,/ D, & 2 Bk B e 5 Ak R B 1) in i)
I TR 1 0 32 AR, R R RE O i AL
B BE A 9 D TR B A R R O VR )RR R AR
i, HE RS T K A KA BL AR SR T
it (X 20 #g 55, 2021) , {15 40 K0 ) 5 5 52 KU 4R
Tl R KB 0 T R (5K AR 55, 2019) 5 A1, Bl %
TR Y, AR AR E— 2B e (R o AR
FR T A A5k Rh s Sk — 2D R R SR A
2002 ; B34, 2020) . 1 8 2 & 43 E (10 A 0 oK A0
B TR, X S RBARSE(2017) AT T 45 R A
— 2, B AL R 22 N B - 0 U A 4
LA oA Z2 45 b /NEF IXJA] 3k AT fE R i TR
R Z ARG 3% A e X IE S B A
] DX 38N )2 kS TR] g 4% R R 1 T 25 B
W, Xt 2s J] AE A s AR B I R A O A B (A Bk A
85,2021) ARG P A o BRI i T AR R B i R
R W SR I (E (o NI i o = - i SR Sl T NI
D PR AT BB Ay < A 5 BE AL R R ORI A R BE 1
i 15 1 58 PSD A9 ¥ 5 ¥ & i 88 i, 5 /Al 5 7 4
AIREFR AL T 0 Z AR Y AR BE A R B 4y X+
1 PSD 1 ¥ 53 M & Az o028 (X 20/ 55, 2021) .
33 AREHSTEHNABRNEXR

- UKL 2 BRI TR B R R
— (S5 55, 2022)  ASBI 58 v, - 8 UK B4 5 43 4
ORI £ 43 B A BRI B R R R B W IR M
O, A bR B o 5 I 3 60 A OC , B RIURE B4, 43 JF 4
BB, 528 45 R — B (E 5%, 2007; Li
et al., 2018 ; %81 % ,2022) , Ui B B T 43 JE 4k # AN
L 53 I 4k HURE 6 AR I b 3R A 9 0K 2 R B
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W L AR 0 R AE | UE B TR T b HE UKL B 43 R 4
B 22 553 Y 4 BOR 1 3R R TR 5% B AL R T 1
JoT 4 AR AR R AT L T A o A 2 R R W Bl
WG B SN, b HEORL o A 2 B e X
5 Li et al.(2022) f BIF 58 25 AR AL, ¢ BH 3 FhoAd %
AR X 4 HEURL ML AR 24 B 5 4 T8 e B 25 S
PE— 25 B UF T 4 85 Ak A B O A 9 I b ik
BB B R A R YRS & D, D, .D,.D,/D,.
AN a BV f5 5 BAL D 55 R R R IR M o6 0 R
W) 5 575 55 A D 55 R R AR OG5 B B A R S Ak
B (0 I, A5 R R R A B2 a) b A 3
SRR BEREAR, AR SR T L X AT RS B B
e A2 ph B K =GR FERE T T B R 3R 43 18 FE R
J1AE K R X IR S R G 1 AN AT ) 5

4 258

(1) BF 7% IX A 58 35 52 DL Ry kL A0 A 40 B ki N
F, He B R 3 BOHE P S B R > i 40 b kL > 2 b
W = Fl kL = v R > KD R L B 2 T UE Ak AR B
M R R, € PSD By ¥ A0 R RN R
S 5 JBURR B HE OK,  HE J h  A) PEREAIG

(2) = Fl M Bl 26 A X A 398 900 ks 4 AR Y PR
4y % 4 B30 Bl Ry (2.35420.03) ~ (2.4240.06) ,
K B/ R Sy 36 T B DR > BT AR R B > 5
LN i e Y- L G W T A e A NI S <
WAL FE B N R, A0k W T R 8K 5 T Ok

(3) L PSDZ£HE SIS D, .D,/D,.D,
LA o & BE ST B AL RE B 0 EE ORI A+ B R R RS
5L ek #, BD 5 PSD By SRR PR N L 284
PESG n, t HE I WO R AL A 50 R B0
ANfECAH TR, £ PSD &5 M i R TR
S SO L VAN (S VAN B S = o (i o NI T T
B3R 2> H X + 3 PSD (i ¥y A3 ¢ & A T ek AR

(4) LIEPSD PEH ML 4B M Z E I g8
A EORL A R W AR OGO R, HRRL B i B kL
&4 .D,.D,.D,.D,/D,./\a Ml /\f5 i AL 55 R R
SEIEAR DG bR B 5 N 5 AR G, BRI A A5 R g
IRF o s () o A B SRR BE B AR, AR R T
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