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Effects of different meadow use types on the fractal characteristics of soil particle

in the Qinghai-Tibet Plateau
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Abstract: This study investigated the effect of different meadow use on the fractal characteristics of soil particle to provide
the scientific basis for soil quality evaluation and ecological restoration of alpine grassland in the Tibetan Plateau. The soil
particle composition and fractal characteristics were examined by the fractal theory in four alpine meadows ( grazed meadow,
fenced meadow, fenced+reseeded meadow, and undisturbed meadow) in the Tibetan Plateau, and their driving forces were
clarified. The results showed that the volume fraction of clay and silt particles in fenced grazing grassland increased by
60%—91.1% and 43.5%—80.1% , respectively, compared with those in grazed meadow and fenced +reseeded meadow ;
grazing prohibition promotes the transformation of soil sand to clay and silt. Changes in meadow use type had significant

effects on the soil fractal dimension. Single fractal dimension ( D-value) was in the order of grazed meadow <fenced +
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reseeded meadow < fenced meadow = undisturbed meadow, and multifractal dimension parameters, including entropy
dimension (D,), entropy dimension/capacity dimension (D,/D,) and correlation dimension (D, ), were in the order of
grazed meadow<fenced+reseeded meadow<fenced meadow<undisturbed meadow. D-value of the single fractal dimension was
positively correlated with the contents of clay and silt ( P<0.01) ; the contents of sand, clay, silt, organic carbon and total
nitrogen are the dominant factors affecting the multifractal parameters. D, , D /D, and D, were positively correlated with the
contents of soil organic carbon, total nitrogen, total phosphorus and nitrate nitrogen. In conclusion, multifractal dimension
parameters can be used as indicators to evaluate the characteristics of soil fertility, and grazing prohibition can improve the

soil texture in Tibetan Plateau.

Key Words: meadow type; soil particle composition; single fractal ; multifractal dimension
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Table 1 Vegetation characteristics of soil under different meadow types

N Mo A R AR o e
B iy B FEE
Aboveground Belowground .
Grassland types . N . B Coverage/ % Richness
biomass/ (g/m*) biomass/ ( g/m”)
F TP EH Undisturbed meadow 16.58+0.84 250.01+21.73 92.80+2.11 9+3
IR ES M+ FME REHE Fenced +reseeded meadow 15.29+1.99 72.36+12.35 58.80+3.43 102
Fl A=A HH b Fenced meadow 16.31x1.69 129.18+10.95 85.40+3.33 10+2
T B Grazed meadow 4.33+0.67 24.50+4.39 27.80+1.77 7£1

2.2 FEMALERSSrHT

- HERIURE 4L R A MS2000 FUBOEA BE AT ASGHEA T A2, ACHS I3 A 0.02—2000 pum , i 54 B 2500
v/ min, L F 10%—20% , FREL0.5 g 18 2 mm G B9 XA L3, 1A 10 mL10% A9 H, 0, Vb ALl 2 By 4 1%
T A AL, BEED A 10 mL 10% /9 HCL 200 8 FL R N 584, A6 L3S I A 7S i 18 41 o HIGR) I el R
P VENLIE D , BEEDFH MS2000 B2 {GHAT 133550k 2047

- HEER A TR R I R T . 3 pH SR R LRI R AT WA 5 e S AR R AN B A
S YLK AR E 4B R NaOH 5 fil—80 6 50 Eb 6 32 00 52 48 FH 78 LA 53 7 {3 ( Phoenix,
800TOC) Ml 5 12 4 WA Hr K MEA ML MUK IS PEA DA B S A S A S 8 R 2 mol/L KCI LA 1:5 1)
Ll BB IR i +F R H 3-AA3 FELLIR B A 2040 BT A0 R ; Ak & i ) Olsen J7iANE , iR Ak
PR LR 2,
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Table 2 Soil physicochemical properties under different meadow types

FRE A+ AME R AT

e e TR et resceded Undisturbed
meadow meadow
pH 8.7020.02 8.69+0.04 8.8120.09 8.45+0.04
i HUB Soil organic carbon/ (g/kg) 4.040.15 5.58+0.28 4.25+0.06 12.911.35
42 Total nitrogen /( g/kg) 0.48+0.02 0.82+0.02 0.44+0 1.25+0.05
4T Total phosphorus /(g/kg) 0.20+0 0.21+0 0.20£0.01 0.29+0.01
IKEPER HLEK Dissolved organic carbon /( mg/kg) 365.51.79 566.7+6.01 515.82+1.47 771.78+8.21
IKEMEA HLA Dissolved organic nitrogen/ ( mg/kg) 109.14+2.74 183.72+5.55 155.88+5.16 260.24+1.57
T Available phosphorus/ (mg/kg) 0.74+0.08 0.95+0.01 1.30£0.04 1.49+0.10
il A% Nitrate nitrogen /( mg/kg) 2.06+0.02 3.28+0.03 1.35£0.08 7.8620.94
¥ 25, Ammonium nitrogen/ ( mg/kg) 2.68+0.10 4.33+0.28 2.07+0.01 2.48+0.08
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Fig.2 Soil particle composition under different meadow types
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Fig.3 Soil particle distribution frequency curve under different meadow types
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Table 3 Fractal dimensions of soil particles under different meadow types

Ok B Y 4R A

AR Fractal dimension of soil particles hiE B

Grassland types e/ ME SENE ¥iE FnifE 2 5 5 R A R
Min Max Mean St. Deviation CV

K4 H Undisturbed meadow 2.64 2.70 2.66 0.026 0.01 0.93

FEI R4 25 L+ M B HE Fenced +reseeded meadow 2.55 2.60 2.59 0.022 0.008 0.96

FEIR2 AR L Fenced meadow 2.61 2.72 2.67 0.059 0.022 0.96

TR L Grazed meadow 2.55 2.58 2.56 0.016 0.006 0.96

3.3 AREFHFA AT EEZ T4

B g (HAREIXTE [ -10,10 ], RAEAZ(2) L (3) I8 4 FORR S A 7 R T USRS D(q) . R
5 R[4 RO SR 7 D(q) —q BB S BRI, 3 HEA —Em T, H ey s,
D(q)—q B3R — 5 B MRS5S LT, D(¢) 2R B, 3RAR 2 AR50 A, R e i — 25 156
B T R HORAR AT Z BB T E B, g<0 I D(q) T FEE L >0 B2 B0 D(¢) ZERET X I8 5
SR

T A NAFFHA T 5 CAERGE AR, 2R AEE D, T L e - Bk AR S A w1, D (B R
RURARI TGRS 4 R T D EHALE R AR, NG ELEH D KA A A X8 D, EA
F 0.86—0.89 Z 1], F& I Ay U0 Hb < PRI B8 A0+ M R 1l < LA B AR < AR fb i . Hob SRR 1ERY D,
{4 0.89 , FWAS AR AT AN LA | S TP 45 K O o b B A1, 7 A2 40 A S B Mk /N D,/ Dy AT LAl o 4 38
FIAR AT R SE P RERE ) 4 Rl AR U R AL < PR A A -+ L 0l < PR A A 0 b < AR AL B | AR T
FHERAR AR I U R 2 OO B A, SR IRAESL D, I e+ HERLAR (W X 511 | D (EBR, 43 A
MEEA]  RB LB b | R AR+ ML B | RIS R 5 i 4 {2990 0.88,0.82,0.85 F110.82, Hirr,
AR T o bt RN S M A D, (R e, R A5 A0 B o A 1) — S0 B , 390k 20 A 35 ST PE BRI
3.4 TIEPRALYE T AR A B LA R AT AR IR 4 O £

AT R R A S5 B A 5 | A 40 5 LA R A T S BB AR S AT N2 5 R, Bk 5 pH & I 3 IE A
K(P<0.05) , Brki5{E B4EE D, 5 MUK 2R MH S R R B3 EAHE (P<0.01), 52w R0 8 E M
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Fig.4 Correlation between particle size and fractal dimension of soil
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Z R KR RENS [E 45 A ol 1Ak

x4 TREMFMAFTXTLE EHREY

Table 4 Soil generalized dimensional spectral parameters under different meadow types

5 B4
E Y BEYEE(D,) FE4EE(D,) BEYEE(D,/Dy) KIRAEE(D,)
Grassland types Capacity dimension Entropy dimension Entropy dimension/ Correlation dimension

Capacity dimension

K TP EH Undisturbed meadow 0.89 0.89 1.00 0.88
FRIA 27 A+ A

0.89 0.87 0.97 0.82
Fenced+reseeded meadow
IR AR b Fenced meadow 0.89 0.87 0.99 0.85
T B Grazed meadow 0.89 0.86 0.96 0.82
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Table 5 Correlation between fractal parameters and soil physicochemical properties

R T~ S T O

soc TN TP DOC DON AP NO3-N NH-N

FkL Clay 0.556 0.265 0.218 0.301 -0.030 -0.005 -0.237 0.301 -0.124
HHRL Silt 0.501 0.795**  0.721**  0.791**  0.523*  0.561*  0.272 0.772**  -0.177
P47 Sand -0.546*  -0.700"* -0.628** -0.707** -0.405 -0.442 -0.151  -0.703*" 0.173
WAL D 0.589**  0.383 0.333 0.407 0.072 0.103  -0.162 0.445* -0.125
4R D, -0.334 -0.129  -0.090  -0.266 0.082 0.004 0.146  -0.171 0.159
FRYEE D, 0.328 0.647**  0.572""  0.553" 0.445" 0.433 0.227 0.633* -0.183
R AR YR D, /D, 0.443 0.665**  0.578**  0.629**  0.390 0.409 0.158 0.668**  -0.237
KIRYERL D, 0.397 0.656**  0.553" 0.599**  0.402 0.398 0.199 0.647** -0.269

w* FR BEMK(P<0.05), = = /R B FEHE(P<0.01)S0C: 1A HLEK Soil organic carbon; TN: 4= % Total nitrogen; TP ; 4= Total
phosphorus ; DOC ; /K% 4A HLEK Dissolved organic carbon; DON ; /K 144 LA Dissolved organic nitrogen ; AP ; LW Available phosphorus ; NH -N ; £
A%, Ammonium nitrogen; NO3-N; fil§ 2% Nitrate nitrogen; D; B E 4} 4% Fractal dimension; Dy : %% i 4E %0 Capacity dimension; D, ; {5 & 4 %%
Entropy dimension; D, /D, : & B 465 24850 Entropy dimension/ Capacity dimension; D, ; JBE4EXL Correlation dimension

Ro6 NREHSTEERERIWE S EFESR
Table 6 Linear regression models of fractal parameters and basic soil properties

il

GIELEY

Regression model R? P Regression model R r
D=0.001 #ki+0.014 Fiki+2.444 0.991 <0.001 || D,/Dy=-0.001 B>¥i+1.061 0.822 <0.001
Dy =-0.01 Fki+0.899 0.207 0.044 D, =-0.002 #HHki+0.990 0.795 <0.001
D, =0.001 #HKi+0.842 0.598 <0.001

4.2 )M D5 26 I 4R R

BAUH 3 RO LS B SESURE ) T AB JAR L, R R AE L e B Y TR AR R B,
AR YEE AR L, AR M 38 5l A28 L IO £k , 4% 55l [7] b Sk A2 70 A 22 52 B 8, IR e B A B R
[5] , 18 AN ) e b 1 O xR S L S b (4 T R 3R 3 5 A ) RSB B, SCUEae S5 0 o ], I
BIERMUE )2 TR T S R AR SR s 2R R (B 2T 45 A R R R P A B AR R ROR T A
SMRY IR MEAER, ABFE AR B T ARBIR S5, 4 A R J5 SR R HER D B A YE LR 2.56—
2.67 MRUCN B M < PSSP+ AME R <R TR < PRI SRR 3 A A0 PR A+ M >
FEHERO AR T FERE A AR AR TR, R TP AR AR A o, LR B RE 0o | L MR 3 21 1
A 5 AT Bl B AR OR A S, ARG S/ T/ RO 5 B i B v, R AT 0 XU B8 5 2 E A0 R ) S5
DUAR 2o A ML A 0 4l ER SR ORGSR B SRR IR 25 B A I B A, oy T kRN A 7 1 8
LERIATRE

AT 4 FhE A D7 20R 39 IR RA Z BB AR, D (q) —q MTZCE B S BY IR I, g <O i
D(q) W FREREA L q>0 W35, L] D(q) TERR BT XU S HUR, 3 5 £ S BFFE 45 RARRL, b, g<0 B ik
At At st R 5 AR E AR P im0 e, U OO 3 ) 33 A5 A 9 52 R BE A
q>0 f R PR AR A SN B A BB ), RS ASCHE B4R — 8, D, Al DA 3o
WA AER Y A IR R 4 FECHRI 7N D AR ., il -1 B9 b A5 3B T B 2 SRR
4 FhEs R 7 SO O IO AL, AFTER 4 R E AR DT D, (D, /Dy R D, B
R < PR SR+ < RIS B Ol <R TP X — WL, 5 LR B A+ A M R A S A L,
PAASHOE 25 P v R PR B, S BUR U M, S PR, R B WA Uk AL TP AT R R A A%
JEAERRE DAV B e T A LB i A HLBOR] T AR ORI A5 R R A AR A
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AR 2 ST AR E RO E R AW i, S R RS N, 53— 7 I, R e Rl D
AN URL ik [ s AORLEARE S, (AT S P B RS AR R TR FETE B B KLY
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TERIPY,
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B AN 2 IR A R W] A A - R AR 3 A S R SR UKL oA BN v B B A HAR
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