545 B 1 W K A P 3 4 Vol.45, No.1
2025 4F 2 H Bulletin of Soil and Water Conservation Feb., 2025

TR HEBIR AT KA E A LA E SR
BESZESEFI

I, Lk g, R AT
RIS A MO IR 2% 55 B, 17 95 530001

= (B BR V0 A 1 AR b XOR [ b+ R B o i 9 A TR R AE R 5 H MR R A
BRI TR S R R AR AR A8 T (O ik ] DU R i L 5 R A N AR B SR AR WK AR AR A R B
MEMR. RASIEH A 25+ B 5 2 50 8 4E 40, W R DT H 3 R 4h 805 H etk
BISERE . (450 BT RAR KA, M 5 R e N TR 28 T/ 23 % F 15 % . 4 FLBR B 34 K 27 % A
17% R B i 4y B 58 %05 42% PRI £ 24% 5 14 % R E TR (DO TR 6% 5 4%, B
9 L A0 A0 4 6 IR A8 D (G 4 08 > 6894 ,49 %6 ,6 % L S5 B A B A 42%6,40%0,25 %) . U 4R
(Do) — RBAES (D), D, (EEUW B (AD) , 2 515 98 (Aa) J& I Bl - HERL B 7370 AN R 4 5 - 5 B dE i 2
L SE, X 3 DB EEUE B (0.13,1.29,1.52) 5 5 B #4(0.13,0.99, 1.18) A TH I KT K KM
(0.08,0.83,1.02), SbAM, N AR HHEM £ E4rTE B85 +HEFR 40 & RAFFE 3 3 A M G HE (p<<0.05),
(4516 W 3t IX 1 N TR AT 55 2635 A 24, T REAIR (i - 8 200 00K (9 5 2 RN S B 3% 00 1) il o . 3 3
HERE 43 A7 B T T /INBE SR 2 AR X, 1 b R B A A 0 S M L 1 — 2B I AR A A AR L R A0 4R
(D,) FEWs 2 1w 37 e Ak X 4= 338 10 0 1R AL R B 1T 22 55 43 B 2 0000 B S 4048 R 3R 2 7E U2 T 119
AR 3557 43 A FRAE , 26 W 43 T 4k B0TT 1 by s 307405 1t XN T4k 498 5 i G o DT M 9 TR TR F8 s

KB AR L X s AR HHERE G REMEE A LR

XEEARIRED : A XEHE: 1000-288X(2025)01-0010-10 FESZES: ST14.5

SRS E: IV, SRR BRI PG ST e Rt DS (R bR b - MR B A A 9 SR T S £ T 4R AT
[J]K A 538 4R . 2025,45(1) : 10-19. Sun Zhe, Ma Xiongzhong, Chen Yuhang. Fractal and multifractal
characteristics of soil particle-size distribution in different forest types in typical karst regions of Guangxi
[J]. Bulletin of Soil and Water Conservation, 2025,45(1):10-19. DOI:10.13961/j.cnki.stbctb.2025.01.002;
CSTR:32312.14.stbctbh.2025.01.002.

Fractal and multifractal characteristics of soil particle-size distribution in

different forest types in typical karst regions of Guangxi

Sun Zhe, Ma Xiongzhong, Chen Yuhang
(School of Geographical Science and Planning , Nanning Normal University, Nanning ., Guangxi 530001, China)

Abstract; [ Objective ] The relationship between the fractal characteristics of soil particle size distribution and
properties in different forest types in the typical karst regions of Guangxi Zhuang Autonomous Region
(GZAR) was investigated in order to provide scientific guidance for sustainable forestry development in rocky
desertification areas. [ Methods ] The particle size distribution and properties of soil in Eucalyptus spp.,
Pinus massoniana » and natural secondary forests were determined. Single and multiple fractal dimensions of
soil from different forest types were calculated using fractal models, and the their correlations with soil
properties were explored. [ Results ] Compared to natural secondary forests, the bulk densities of Eucalyptus

spp. and P. massoniana plantations were 23% and 15% lesser, respectively. However, the total porosities of
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Eucalyptus spp. and P. massoniana plantations were greater by 27% and 17%, respectively, than that of
natural secondary forests. The clay contents in Eucalyptus spp. and P. massoniana plantations were lower
(58% and 42% , respectively) whereas the sand contents were higher (24% and 14 %, respectively), than
that of natural secondary forests. Additionally, the single fractal dimensions (D,) were 6% and 4% lesser in
Eucalyptus spp. and P. massoniana plantations, respectively, than that of secondary natural forests. Furthermore,
the available phosphorus, readily available potassium, and total calcium contents for Eucalyptus spp. were
68%, 49%, and 6% lower, and, those for P. massoniana were 42%, 40%, and 25% lower, respectively,
than those of secondary natural forests. Dy —D,, AD and Aa were the multifractal parameters that reflect
the heterogeneity of soil particle size distribution across different dimensions; for Eucalyptus spp. (0.13,
1.29, 1.52) and P. massoniana (0.13, 0.99, 1.18) plantations these values were higher than those for natural
forests (0.08, 0.83, 1.02). Furthermore, there was a significant correlation between multifractal parameters
and soil nutrient content in the different plantations. [ Conclusion ] Improper cultivation and management of
plantations in karst regions may promote the loss of fine soil particles and depletion of key nutrients. This, in
turn, can result in a concentration of the soil particle size distribution in low-probability dense areas,
increasing the heterogeneity of the soil particle size distribution and further accelerating the process of rocky
desertification. The single fractal dimension D, can reflect the degree of soil fertility degradation in karst
forest areas, and the multifractal parameters can reveal the heterogeneous distribution characteristics of soil
particle size at the microlevel in detail. Therefore, single and multiple fractal dimensions have the potential to
become precise indicators for evaluating the soil quality of plantations in karst regions.
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Table 1 Single fractal dimension, and soil physical and chemical

properties of soil in different forest land
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Fig.2 Generalized dimension spectrum (D,—q) of soil particle size distribution at

different depths for different forest land types
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Table 3 Comparison of single and multifractal characteristics of soil particle size distribution

under similar site conditions between study area and other research regions
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