5557 % 455 W + o W) Vol. 57, No.5
2020 4F 9 f ACTA PEDOLOGICA SINICA Sep., 2020

DOI: 10.11766/trxb201904280012
W, AEgkdk, SR, TOUME, B, SRSk RRIBHRITR & LU AL TR AED]. L3R, 2020, 57 (5): 1197-1205.
XU Jiapan, LI Jihong, WEI Yujie, ZHANG Guanghui, YANG Bangge, CAI Chongfa. Fractal Characteristics of Particle Composition for Soils

Developed from Different Parent Materials[J]. Acta Pedologica Sinica, 2020, 57 (5): 1197-1205.
—_ Se I > A = S 3 "/ / *
AEIEREE L E L IEFRLHK 5 LA

el F48%, BEAT, KUE, WAX, REx"

(1. Al RS PR EE 22 E , 2RI 4300705 2. rp [ HL g TREBRI4E A PRI 1 BT FR A |, I 4300715 3. ARl ATRIT
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8 E. AT BT RS A A E R S R SRS AL S BV A S, SRITBOCRLEE ST I R AR S, BT T b
Wy AERETREW . A DU LL R+ SRR DUFP BB B SR ORI . 3T RAAIE S - SRR A M BN Ok 2H
BB AT . BRRW]: (1) JER A BRI L BRI TR & & 1) SRR S A B, KR &t e, AR50
BUNo MR RS UL LU K Y R UKL T 3 AT TE 2~200 pm MUARRURLIX IR, SBTPEROR . (2) M A-IEOR AR
SR (D) B, BRI R R A JZ R B ST Mg A BT 22 55 . BRI RIAE B 2 e AR i 1) H AU o3 A
AR SIMEN A J2 ) C Z88d, RIBUVIEWIR B EHM A B C 2, PR AAY S ks, Sneagt2am+
AR R AT WY S AR s DN Do (G, BEFREAUXAR ) & 2B AU B 3 A s g ma /e (3) ARlREF
AU pH, CEC. WFeg%a by, 1 Ms e & 2555 TR o0 A (0 5 BT P AN A7 5 R R B Y 25 57— B0 ( P<<0.05 ).
PLEZSRR], BEFUISRIN SRR 53 A SO T RS I 3

KA B LIEEEURA; ZESE; WOCKE ST

FESES: S152.7 XERFRERD: A

Fractal Characteristics of Particle Composition for Soils Developed from
Different Parent Materials

XU Jiapan', LI Jihong®>, WEI Yujie'", ZHANG Guanghui', YANG Bangge', CAI Chongfa'’

(1. College of Resources and Environment, Huazhong Agricultural University, Wuhan 430070, China; 2. Central South Electric Power Design
Institute CO., LTD. of China Power Engineering Consulting Group, Wuhan 430071, China; 3. Key Laboratory of Arable Land Conservation,
Middle and Lower Reaches of Yangtze River of Ministry of Agriculture and Rural Affairs, Wuhan 430070, China)

Abstract:  Objective  To explore the influence of different parent materials on the heterogeneity of soil particle size
distribution and soil structure, Method laser particle size analysis and fractal techniques were used to investigate particle
composition with its fractal characteristics of soils developed from alluvium, granite residues, quaternary clay and neritic deposit.

Result The results showed that: 1) a wider range of particle size distribution, higher content of coarse particles but less
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heterogeneity was observed for soils developed from granite residues and neritic deposit, while higher concentration of fine
particles within a range of 2~200 um and higher heterogeneity for soils developed from alluvium and quaternary clay. 2) according
to the D values, the influence of parent materials on the heterogeneity of particle composition varied with pedogenic layers. The
heterogeneity of particle size distribution declined from A to C layer for soils developed from alluvium and granite, however, an
opposite trend was observed for soils developed from neritic deposit, and less significant difference in different pedogenic layers
for soils developed from quaternary clay. In addition, the type of parent materials had less influence on the range of particle size
distribution among pedogenic layers in accordance with the results of D,. 3) the degree of heterogeneity and particle size range

were significantly determined by soil pH, CEC, free oxides, vermiculite and kaolinite in soils developed from different parent

materials (P < 0.05). Conclusion The above results showed that the parent materials had a significant effect on soil particle size

distribution and its fractal characteristics.

Key words: Parent materials; Soil particle size distribution; Multifractal technique; Laser particle size analysis

+ k7237 ( Particle size distribution, PSD)
R XAt AR, 5 RS . K32 B
SRR YIAG, IF B R e 5 4
iRfb, REER YRR —, & EUTOE
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Table 1 Basic information of testing soil
AR SERETR A
KA RAEGRE BEBTE R 1)
T FE G5 + A Average annual Average annual
Sampling Sampling Parent material Latitude and
Sample Soil types temperature/ rainfall/
site depth/cm types longitude
() mm
0~20 ZZA (RS
FM iRy
20~80 Z7B Cinnamon 113°32'E/34°54'N 14.2 641
Zhengzhou Alluvium
80~ ZZC soil
0~20 XNA F3aR:
BT A Py YA
20~70 XNB Brown-red  114°22’E/30°01'N 16.8 1577
Xianning Granite residues
70~ XNC soil
0~30 CSA
Kb g+ e
30~160 CSB 112°46'E/28°22'N 17 1422
Changsha Quaternary clay Red soil
160~ CSC
0~25 WCA
WE EaEITRAL Y] [EFARE
25~120 WCB 110°41'E/19°39'N 23.9 1722
Wenchang Neritic deposit Laterite
120~ WwCC

1.3 TENESHHESESEH
R A 25 - B RIURL A B0 T 4 )

_ lg(Ri /Rmax)
18[V,<r) V]

X, D N HHEWRAAR DGRV, op) WRT
F—FrEhg R MR BENUR A BT v ot
ORI SRR s R WA — 1 ERIAR R, AECK
Kife o EARIFE P, B R AR EOR R
Ri WY Ig(R, / Ry ) FN [V ey /V, 1MH . TEHE 00T
LA R RIR K, W 50 4508
D=3-K.
14 TENESHHNSEIESH

HUBOGRE B ASC & IX (8] 7=[0.01, 2000], &5
SN BT 45502 100 A>F X E) CRIAREL ) B X
) - R IR A S, BV, Vo, Vi, Vieo,s
A X R X A R L =14, 4] i= L2,
3,100 , 1, X} IR REAR 43 A - DX ] 4 44 R 43 B
RV, o ARHEEOCRLEE A 43 DR A RO, AR X
[8] 7 =[0.01,2000] N, log[g,,.4]1 NHE, MWEHZ
ML T IE R IX R 1Y 4 Uk A2 0 A FRAE

WA F XA AR TR, SPEAE R o, = log(d.¢))
i=1,2,3,---,100 , H AL — 4> B0 B TC &= 49 X [H]
J=10,5], HerP 7 100 MBI AT IX 18] T, = [0, 011) »
i=1,2,3,---,100 ,

FEX] T H, A N,y =28 DI KN e =5x27%
F/INDKTR] S (o S5 /N 7 XD 2 A I AR S
K BUEREE R 1~60 HILXE JHE 2, 4, 6. 8.
16,32 F1 64 %545, %F R (14 X [R] K /MEKIRA 2.5.1.25
0.625. 0.312, 0.156 A1 0.078. (&) MEAF X [H]
T ORI AR A R, RIS VEAE T IX (R 1, N T

100

AW VR, SR = Dy
i=1
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i=1
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n(e)
101{2 u,»(s)q}

D(q) = ——lim — L= (g#1)
g—1:-0 loge
n(e)
D" m(2)log i (e)
D(1) = lim =L (=1
£0 loge
Wy ay A5 BPRLAR 23 A 4 A S S A
n(e)
D #(g,8)log(14,(1, )
a(g) = lim =
>0 loge

HE XS T au(q) BRLAR I3 AT 22 B3 3% pRAICH

n(e)
D 1(g,8)log(14,(9,€))

fla(q)] = lim -

loge

7 HAERGE D(q)RERS TR b S et + ek A2 7y
AR ERAFAEFNAE S 2P . 2 g=0 1 i, XpRiAs3]
Do. Do Do A5 dedl, Whcohit s, f#tt

B PSD MFEAME R, D=1 F/R&RE E&AANIFIX
B IATUE 4 LA 0, D=0 Fm & REE F &4
Oy KRR E 43 e ¥l 0. Dy A s BL4ERL, M
it PSD My EERME T T H., Dy/Do 7T LI 2K
i AT Y SRR

A SR Bo S 2 HAMEIEREL flo(q)]REMEFA
KLAR 53R 22 T AT () Je B AR AE . 2 T 0 5% 115
(AC= Oty Clanin) S BRAE A 3T S5 ¥4 1 49y B ABE 23R 0
SRR SIREE . Aot R, HHERIAR AR5,
1.5 HELESSH

AR F IBM SPSS Statistics 22 % 44305} 5 2
RN A HE 4 I S AR A BT 4 R AT T B O 22
SHT, AT T AT S EURSE A B T 2 (8] B 5%
£, FH Excel 2010 24l T 4= 52 F0hr 43 41 491 % Hh 4% .

2 ZER57He
21 TEEREBAER

ANl B 52 R 4 38 9 BE R PEAL PR JFU . Duncan
KBk 2 s . alLAE e BR LR B 158

F2 TIEEREBUMR

Table 2 Basic physical and chemical properties of soil

%5 H Bulk FH S 38 46 it Fi+4"¥)&&# Clay mineral content/%
BT A AP OM/  JiFe bk W A
density/ pH CEC/ L) Kz bk A
Sample (gkg') Fed (gkg') Ald (gkg')
(grem™) (cmolkg™) Vermiculite Water mica Kaolinite
ZZA  1.39+0.03¢c 7.47+0.03c 9.87+0.14g 16.88+1.13c 7.63+0.44g  1.13£0.10h 0.17+£0.01b 0.67+0.02a 0.16+£0.01f
ZZB 1.38+0.01c 7.93+0.02a 6.20+0.051  3.17+0.06ij 7.02+0.10g  1.04+0.03h 0.21£0.00b 0.65+0.02a 0.13+0.02f
ZZC  1.30+0.04de 7.75+0.02b 5.35£0.03j  4.05+0.101 6.39+0.26g 1.04+£0.10h 0.34+0.01a 0.55+0.03c 0.12+0.01f
XNA  1.35+0.03cd 5.01+0.03j 12.15£0.03e  11.62+0.22¢ 12.96+0.36f  2.62+0.17g 0.00d 0.04+0.00e 0.94+0.03a
XNB  1.34+0.01cd 5.22+0.04hi  8.61+0.07h  7.27+£0.27g 17.83+0.44e  4.95+0.26f 0.1£0.00c 0.06+0.01e 0.93+0.02a
XNC 1.28+0.02e 5.35+0.03g 5.61+0.03j)  5.49+0.30h 18.70£1.32¢  5.64+0.35f 0.1£0.00c 0.07+0.02e¢ 0.92+0.01ab
CSA 1.46+0.02b 5.58+0.01f 15.38+0.30c  8.51+0.26f 40.94+1.56d  8.95+0.36d 0.00d 0.64+0.01ab 0.30+0.00e
CSB  1.39+0.0lc 5.92+0.05d 13.84+0.12d  2.65+0.08] 40.83+0.60d  8.39+0.35d 0.00d 0.61+0.02b 0.31+0.01e
CSC  1.54+0.0la 5.82+0.02¢ 16.31+0.22b  2.30+0.12j  48.05+0.40c  7.02+0.10e 0.00d 0.25+0.01d 0.67+0.03d
WCA 0.90+0.04h 5.294+0.07gh 11.9240.11ef 24.63+0.95b 158.99+2.00b 13.86+0.44c 0.00d 0.00f 0.85+0.02¢
WCB  1.14+0.02f 5.314£0.03g 11.49+0.16f 28.67+0.91a 164.61+3.03a 15.97+0.61a 0.00d 0.00f 0.88+0.02bc
WCC 1.07+0.01g 5.17+0.01i 19.40+0.74a 13.50+0.44d 164.55+3.00a 14.82+0.26b 0.00d 0.00f 0.92+0.03ab

T BdE R A Duncan K556, SRR FEFRRZEFBE (P<0.01), Note: Duncan test was used for data, and the different letter

in the same column indicated that the difference was significant ( P<0.01) .
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o AU LT AL, A A T T 25 3R 30 A AN (] B Joi
T+ HE 2 [R] 2 5 R B KA R B 28 R [R) &
AR RIEZ R 22 RARE, b 4 Fbk B2 RN )
KRR T EAEHLUTGE RPN A JZ 10 C 2 388 i
#OORF N HERBEAVEHREFER, bR,
AU SRR 3 pH. BER A 48
ATERA B EEES . Hrh, FRN Y B RE
B8 pH>7 S, AL =R R R F Y I
ERYE, pH BITE 5.0~6.0 Z 0] ; i &5 A AW Az 1
o D) 52 B T B A U ) R
22 ARITENENS T

M4 FofiAS [i] 5 J 2 75 4 = SR 3 A7 45 % 4%
ATDVE W, BERRZEACH sh RN ZZA . ZZB. ZZC
PLRBE BRS040 21 %+ CSA. CSB. CSC
X A 2 A R A i 2R AR AR AN,

BT AE 2~200 pum {1940 B0k X sk, 43 A 1Y 57
AN, =ASARIR R AR e ) 22 S v s
Ny MR R AR A F ) XNA, XNB, XNC K&
RIGBUURYI & F I WCA. WCB, WCC X P4 14
EOR IR VA7 N OB S E R i [ED O iy N N 1, o ok
ZIP 2R,

TR ST AT (R 3) R KA
G Az n) 2 5 W, Hod DUBY R B B0
FE 32.15%~93.13%2 [0] (3590 63.41% ); HikZE
WA R AL, 73 5I7E 0.67%~39.90% (11
K 14.24% ) F1 1.19%~27.97% (F¥5 K 12.00% ),
(10 YA RE 1 YA ER 048 A1 % s KU TR NGRS E DY
A, 43 9ITE 0.83%~36.65% ( -3k 5.42% ), 0~
12.64%( 14K 4.36% ). 0~2.35%( F4 K 0.53% ).
0~0.18% (“F34°4 0.46% ).

R3 TREGREE T IRFAEK

Table 3 Soil particle composition of different parent material types

bR Sand/%

Hiki Hyi &Ry
TG A 4wk PR HLEDHRL
Clay/% Silt/% Very coarse sand
Sample Very fine sand Fine sand Medium sand ~ Coarse sand
<0.002mm  0.002~0.05 mm 0.05~0.1 mm 0.1~0.25 mm 0.25~0.5mm  0.5~1 mm 1~2 mm
ZZA 1.69 51.34 29.52 15.84 1.59 0.00 0.00
Z7B 1.27 49.99 39.42 9.31 0.00 0.00 0.00
zzC 0.99 49.44 39.90 9.70 0.00 0.00 0.00
XNA 1.78 73.07 7.31 9.36 7.04 1.25 0.18
XNB 1.50 58.76 11.25 15.82 10.16 2.35 0.16
XNC 0.83 40.36 16.36 27.97 12.64 1.72 0.12
CSA 5.25 86.26 2.46 4.02 2.03 0.03 0.00
CSB 2.44 88.85 2.67 3.80 2.22 0.02 0.00
CSC 3.89 93.13 0.67 1.19 1.09 0.03 0.00
WCA 1.24 79.04 4.26 9.97 5.22 0.28 0.00
WCB 7.51 58.54 11.62 15.53 6.15 0.64 0.00
WCC 36.65 32.15 5.47 21.54 4.19 0.00 0.00

MARTE B A B AN R A AR J= 0 R B
CERIGIURY L B L5, BRI A N A
JZ ) C RIS BR Vb BAL, Tt =Ff
B 1 TR ABR S A N A SR A C )R i
Vol PR R s L 5 U R SR B A A R i 2R )R 0
ARBIRLHE . MR RE R T Y 3 A S (R

E, FRAR RN WC CGRIBUIEY ) >CS
(gt ) >XN (fEKA) >2Z (hFY) ), 45
BN 15.14% . 3.86%. 1.37%. 1.32%, Hulsf &9
S NEE BRI D 5 Bk KBk CS>XN>WC>
727, 53510 89.41%. 57.40%. 56.58%. 50.25%,
BITE 50% LA L5 W RAABUM R 22> XN>WC>
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CS, 9l 48.43% ., 41.24%. 28.29%. 6.73%.,

PUFPEERT & B B ERERL . Ry . EMAR Y
ZE5ERR s, 10 BH R TG - Uk ZH A R )
Hop s BT & B BIRE LI R 2 i e
TFRM AR & B A R & iy, 4523+
Ry R & i A T 50%. Bk & AUy RL &
SR IR AR — R AR R, UERAXS TSR]
)2, B OB 2 ) fE e A 25 5
23 ARBREBTIENEZEDHHND IS

DY A X AN [v) B o 28 7 - 398 Ok 3 18 S 80 0L 3%
4, ATLIEH, 4 FpRERALT 12 ASAS[E] - S0k
PAMEYAERL D HAT 1.79~2.63 Z 1] . WA REFR
REW=A LR FERE, WC (2.40) >XN
(232) >CS (227) >77 (1.91), CE &M
Yk B W IR A ORI ST MR R, R A3 AT TR
B vERRIAR T L, A R K B A B R
gt , 5 ammsethd (K 1) ®H
Y BRSPS R — 8, B dERGEOR
IR ORI S BeAk, wh R RIAE R A AR AR
KEWPH L5, IR A )21 C 20, Ui
HH - 9 UK 43 A 1 AN 389 50 4 i A 3 R 7 34 g
W ERIGUURY) & B B AR, - SR A3 A
A JZM CZE, RS, HNLas+kF

1) = AR A 2RI R OE AR, B
[ SRAE TR B 1) = HE 35 5 PR AR

TEABRE T, &4 TR BRLAR 73 A1 1 02 i
g2 (B 1), 28 B FERAF 0.01~2 000 pum,
FIF LA Do fEBR I, A2 3k A2 1) 43 A i Rl A 5 .
=R 4 prox, MARIEEERT R B 1 =4 13 Dy 11
XA, WHSCBREBIRY AT WML D, Hix
K, KRS EKSE, TR AR LT W
R, KYSENLas ka0 EEER, m
M s A & & 3 Dy B/, B4R A v i
. SBREBNARKAEZEEEZ R, D E 2
SR, RS R

AR BE B & T =4 300 Dy 2 {E ok
E, CS. ZZ, XN K WC 41 +35r %14 0.89., 0.84,
0.84 1 0.83, RUIKWHEMNLAF LB HIER
FE R, R A A7 B AR TP e A/ N XIS
BRI R B W RIS M RN, KRR
¥ay, 2z . XN, WC 4A+3E D EHEARK,
/INFCS 4.

PURNBE R B Aa ZREK, Hir g
RHF TR AR T AL b 5 TR B B 1 1) Aa
PEECR , R EECR, AR5 RUN,
X5 Do S Wi A AR — 3

x4 TENEIBHNIHSY

Table 4 Fractal parameters of soil particle size distribution

+ 3455 Sample D D, D, D1/Dy Aa
ZZA 2.10 0.93 0.85 0.91 0.73
7B 1.84 0.93 0.84 0.90 0.77
7Z7C 1.79 0.93 0.84 0.90 0.77
XNA 2.42 0.95 0.86 0.91 0.82
XNB 2.32 0.95 0.83 0.88 1.08
XNC 2.24 0.94 0.82 0.87 1.23
CSA 2.28 0.94 0.91 0.97 0.21
CSB 2.24 0.93 0.89 0.95 0.36
CSC 2.28 0.93 0.88 0.94 0.31
WCA 2.23 0.95 0.87 0.92 0.89
WCB 2.35 0.95 0.77 0.82 0.72
WCC 2.63 0.95 0.85 0.89 1.31
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Fig. 1 Soil particle distribution frequency curves of different parent material types

24 SREHSEARBLEREXE

R HEA BN B 5 7 SRR (3% 5),
SERERM] . LHERURIZ IS CEC DLR IR AT & i AR SE
PRI . Horp, EHERH B ac it B Rk i
TEARSE, SR A ARG, SR i A

S, R P e AR AR L A2 R 75
HOBGE,  LHERT I T RORE iR, CEC 5 R
o WA, FE =R LAY, SRS R
IR, IO PR AN R RE S R Y L SR A A
i ORI A S A RS 5

x5 IEFHNARRAHESES LEERERBEXME

Table 5 Correlation analysis of fractal parameters and basic properties

# WY& Clay mineral content/%

T2 :
pH CEC oM Fey Aly R K=t iy
Dry density

Vermiculite Water mica Kaolinite

FhkL 0.067 -0.382 0.576 0.420  0.547  0.654" -0.515 -0.094 0.127

ki 0.181 —-0.422 0.930"  —0.061 0273  0.420 -0.709" 0.027 0.064

ki —0.180 0.439 -0.952" 0.012 -0.320 -0.473 0.734" -0.016 -0.075
D -0.261 —-0.884" 0.743™ 0.331  0.541  0.647" —-0.862" 0.441 —-0.666"
D, —-0.635" —-0.842" 0.368 0.574  0.673" 0.685" 0.692° 0.438 —-0.887""

D, 0.354 ~0.061 0.5 -0.432 -0.215 -0.085 ~0.195 0.101 0.406

D,/Dy 0.416 0.126 0.376 -0.515 -0.34  —-0.223 -0.029 ~0.001 0.562
Aa -0.592"  -0.195 -0.256 -0.265 0.223  0.083 0.006 ~0.203 ~0.603"

0 "FRBEME (P<0.05), "FRIEZEMXE (P<0.01), Note: stands for relation is significant ( P<0.05 ),

very significant.
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