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Composition and fractal features of purple soil aggregates during the vegetation

restoration processes in the Three Gorges Reservoir Region

WANG Yihao" , GENG Yanghui, HUANG Zhonghua
Chongqing Key Laboratory of Forest Ecology, Protection and Restoration in Three Gorges Reservoir Region, Forestry Academy of Chongqing, Chongqing
400036, China

Abstract: The quantity and quality of soil aggregates are important parameters of soil physical properties and plays an
important role for sustaining soil porosity, improving soil infiltration, preventing soil erosion and so on. The Three Gorges
Reservoir Region is regarded as an important region to secure the ecological safety of the mid-upper reaches of Yangtze River
of China. Thus, big attention has been always paid to prevent the soil and water losses in this region, and many projects of
vegetation restoration were carried out. Purple soil is the important soil resource easy to be eroded in this region. This study
tries to understand and assess the changes of purple soil structure in different phases of vegetation restoration. Cupressus
Sfunebris is one of the most important tree species used for forestation and widely distributes in the low mountain and hill
areas of this region. Using the method of taking space instead of time, the structure characteristics of purple soil aggregate
during the vegetation restoration processes were investigated. Results showed that the dry-sieved soil aggregates in all soil
layers at different restoration phases were mainly composed of particles with size =2 mm. Their ratio to the total was above
80% , but the proportion of particles with size of 0.5—0.25 mm was the least. Compared with abandoned land, the quantity
of dry-sieved soil aggregates (5—2 mm) in surface soil layer for new forest land, sapling forest and mid-mature forest of
Cupressus funebris was increased by 6.03% , 10.32% and 10.97% respectively, but the dry-sieved soil aggregates of <0.25
mm was decreased obviously. The water stable soil aggregates at different restoration phases were mainly composed of
particles with sizes <0.25 mm and 3—1 mm. The quantity of water stable soil aggregates of =0.25 mm obviously increased

with the vegetation restoration processes in all soil layers, but decreased with increasing soil depth. Their fractal dimension
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(D) decreased significantly with the vegetation restoration processes. Mean weight diameter ( MWD ) and geometric mean
diameter (GMD) of dry-sieved aggregates were positively related with the bigger size particles ( =3 mm) and negatively
related with the smaller size particles (<3 mm) , but they all had a significant relation with =10 mm and 2—1 mm. The D
was influenced significantly by the amount of particles with size <1 mm, especially the particles <0.5 mm (P<0.01). The
MWD and the GMD of water stable aggregates presented a significantly positive relation ( P<0.01) with the amount of
particles with size =5 mm and negative relation (P<0.01) with particles <0.25 mm, inversely, the D presented a
significantly positive relation ( P<0.01) with particles <0.25 mm. Whether the dry-sieved or the water stable soil
aggregates , their relation between D and soil particle sizes reflected that the increase of small aggregates would improve soil
fractal dimension, but weaken the structure stability of aggregates; and the increase of big aggregates could decrease the soil
fractal dimension, but strengthen the structure stability of aggregates. Thus, the purple soil aggregates structure can be
effectively improved after vegetation restoration in this region studied, and the improvement increases with the vegetation

restoration time. However, the mid-mature artificial forest of Cupressus funebris with higher canopy density shall be thinned

properly.

Key Words: soil aggregates;fractal dimension ;vegetation restoration ;purple soil ; Cupressus funebris
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Table 1 Characteristics of typical plots for the vegetation restoration processes

iwfﬁ}%;m; e A W RAE Vegetation characteristics
—— Topographic characteristics e
7 Il
. " , " soll kg 2 mE THE T
Restoration B g 0| el thickness (25) Fi () 1 HEHR w0 )’i‘" P R olF
stages Slope Slope Slope Coverage Density Height DBH
/em Tree (grass)  Ages/a
gradient/ (°) aspect position i /% / (Bk/hm?) /m /cm
species
I 20 Jera rhg 40—60 i BFAEAE 1 %70 - 0.4 -
I 23 [iEldm] T 20—30 MK EEH 2 50 7100 1666 0.9 -
I 20 (AR g 40—60  HHIA 27 10 F£ 50,595 1800 5.8 15.3
I\ 25 [gld] P 40—50 AR HHE 20 75 F 45 2500 9.0 24.0
LRI 5 ARy R 40T BRI B L4 (10,7,5.3.2,1,0.5.,0.25 mm) K/NIFEL BTG4, TR 8541,

PR T e I P TR AR AR G/ N B X 1o P i v, % ) 4 5 s v ) PR SR AR B, TH0R R T 0 P SR AR B . AR T
O SR AR 9 25 R R A4 1) B i, U 0 0 LA RO 4 B BT B 50 ¢ 4 RIRER 2 H A B FE L2 (5.2.1.0.5,0.25
mm) R/NIFELF T b IR0 B TR AL L A KA 26 5 0 21 b i — 01 L2385 55 17K A R 42 9% 30 min,
e 5 RO L R TR ARV AR &, et T PR AR, TR R R KRS it R B AR A
1.4 HduabH
A4 i LR (MWD) RUUA PR 2 (GMD) (A 2 i
MWD = Z X0, (1)

i=1

GMD = exp( Zwilng) (2)
=1

K, w, J A RAR T 1 B4R (mm) 50, AR 1O R A HE (%) o

IO SO R P A 0 4 T R Y O AR R

(3 = D)lg(x/x,,) = lglw(d < x,)/w,] (3)

KD R BB &, IR AR T AR (mm) xR IORAR PR AR (mm) jw(8< x, ) /N TH—RiA2 i 1k
FihE(g) swy h R () o MBI gl w(S < x,)/w, ] Fllg(x,/x,. ) A\ EARKRIE, (3-D) BV E 1 2 [0 H )5 PR AR,
F LT A B R R R 4R D,

K Excel2003 i PE5 B dE A7 b B8, I SPSS13.0 FR PR T+ 2 A SR AR O T 4B ek Jr Rl | 4 AT S Ak 2 i 5 3L
S TEERAE R Pearson AHIE 04T,
2 ERE55H
2.1 TR RRA RS 5B R

R X SR 0 A R S S R S A SRR IR R S A TR R R L2 2, T A5 MR S B B AT )2 R
T B A2 R L) =2 mm RiAR A SRR 32 FEARFRIBF 80% LA I, Hirh L)L 5—3 mm Hl 3—2 mm B4R SR PT & H 3k,
BA1Z AL 38.75—51.00% 2 [8], 1 A 0.5—0.25 mm Kifd I RAK R ABTE 0.37—3.03% 2 [0, % 20 =2 mm iz A
B IR BfAR B K 3t R AR AL R ], 62 (0—20 em) +HE(9 =2 mm K742 P BRI B A A 0 2 AR T 186 I, LA B v A 4l i o
AR LB TE 70 034 0 11.17% (11.01% F1 6.02% ; IE.4)Z (20—40 em) WA ; T2 (40—60 cm) MAZLAIE ;. X 5—2 mm
AR AR R, 45 4 JZ 259 b6 A Bl K R T W 8GR 2 /IR R R R MK (49.72%) > 4l I K (49.07%) > T i Ak
(44.78% ) >TE T 11 (38.75% ) s AR LI ARAN vh i AR ) W 2 )2 1 398 AR S M43 340 10.31% 1 10.98% , T J2 1= 32 0l 43- 73] 384 o
3.95%H1 6.61% . 22)2 1HERY<0.25 mm FH 5 A 0] BE AR 0K 52 HEFR T 02

H 38 2 W S R IR R R AR Y TR A SRR A T B AR AR 1.53—2.15 Z08), Horp ISR R R H R K 4
BRI 3R 2 4 /N . A AR IR IR I B9 28 2 38T 0 K SRR 40T 4 S5O/ INHE T O #8375 b > 38 68 bk > i bk Sl i e, A1
HILE M DT R LR S 7E 0.9332 LU E, BLERSA I B35 (P<0.01) .
22 HHOKRaME R R IR LS TG RRE

KRR A R AR A AL AR R AT RRAIE LR 3 WIHT, 45 R B WK S22 i B 1) - $38 7K Ak AT SR AR i #41 2L <0.25 mm . 3—1 mm
WA R F BB TE 33.05—55.87% 1 15.04—26.95% Z [A] , Hirp ¥ 5 b4 + 2 19 <0.25 mm F R & 4 Xt 3 (53 58%
DL e 3 AR W BEBR AR AT )2 13819 <0.25 mm BT ERARAT &7 EL Bl IE 509% 41, HAv 45 )2 181 <0.25 mm H R AR {IE
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T 50% , M LLRHI R (=025 mm) &2 . M LI T AAACEE AR QI ARAT i bk 25 )2 9<0.25 mm AR A B Bsib  H
RIS R IE, SERBE RS R e, 55 6 1 i AR RE ) Rk PR AL UM 1S B R0, Ak, AR Bk &2 B B
f9<0.25 mm PSR MABE - JZ TR TG A, A SR AU s/ | (L8 57 il F) 2% R A b K AR R (AR B 1 )2 A8 A B

R2 ITETHEARGARRSHEL

Table 2 Composition and fractal dimension of soil dry-sieved aggregates

T C2H Y
w0 . cnm,m:mf fif%ffﬁff%mgw%1 § S
stages /em =10mm T S 3mm m Lmm 0.5mm O‘Z.Smm <0.25mm
I 0—20 16.74 12.58 8.38 20.70 18.05 8.51 6.38 3.03 5.63 2.15 0.9910 "
20—40 18.25 16.82 14.91 24,73 15.30 5.48 1.89 0.75 1.87 1.77 0.9672 "
40—60 26.48 11.84 6.02 18.46 24.75 9.42 0.96 0.37 1.70 1.69 0.9332°"
I 0—20 16.36 12.70 13.78 26.34 18.44 6.66 1.86 0.83 3.02 1.89 0.9534 "
II§ 0—20 17.12 11.68 9.59 26.89 22.18 6.97 2.99 1.08 1.50 1.69 0.9789 "
20—40 10.51 13.15 9.34 24.83 25.50 11.42 3.02 0.68 1.01 1.56 0.9784 "
40—60 20.63 8.41 10.66 27.73 19.43 7.66 2.06 1.03 2.40 1.83 0.9632 "
v 0—20 12.79 9.40 10.57 28.62 21.10 8.70 4.40 1.72 2.71 1.87 0.9831 "
20—40 12.28 7.50 8.39 22.32 28.69 12.57 4.25 1.40 2.61 1.83 0.9704 "
40—60 16.06 6.91 5.69 18.20 31.61 15.39 2.52 0.73 2.88 1.83 0.9414 "

s R TR % (P<0.01)

B AR B B - HOK AR R AR TR AR BB/, A A 1 2.67—2.84 Z NI (3R 3) o AHLLIR T bb , FIAHT 8 AR 4t
MRS AR SR 2 0 23 TR AR 053 180N 0.06,0.16 1 0.08 5 A1l ORI i AR 1 3 3R )2+ HE/ 1S 0.07,0.06, HF J2 43 518/
0.05.,0.09 , 15 8 5 M b4 THE B MR 2 , /KRS M B SR AR B 4 T8 e 50T W, AR B K & 9 B A B /R R v T R A e T A
B J2 IR A R S AH AR S, [RIARR M, 4 8K Reui: P R IR 4540 T8 e B B 26 vk D R 0L A S R 38 3 4, A DL BETE 0.9
DAL, HARIAR 3 (P<0.05) Bk .35 (P<0.01)

®3 TEKBEARGARRESREY

Table 3 Composition and fractal dimension of soil water stable aggregates

W B 2 R AR A R AR 20
Restoration Soil Tayers Composition of soil water stable aggregates/% D R?
stages /em =5S5mm 5—3mm 3—1mm 1—0.5mm 0.5—0.25mm  <0.25mm
I 0—20 4.14 7.50 16.97 6.99 6.29 58.11 2.83 0.9687 "
20—40 5.19 7.50 16.97 6.99 47 58.64 2.83 0.9583 "
40—60 5.70 5.54 16.33 6.22 7.33 58.87 2.84 0.9705 "
I 0—20 24.22 15.71 15.04 3.21 4.22 37.60 2.77 0.9017 *
0—20 17.84 8.51 26.95 8.22 5.43 33.05 2.67 0.9503
20—40 6.34 491 22.27 9.91 9.48 47.09 2.76 0.9766 "
40—60 2.86 4.00 21.05 10.59 7.55 53.95 2.79 0.9750 °"
v 0—20 8.23 15.69 22.23 6.12 4.03 43.71 2.75 0.9206 *
20—40 2.59 15.08 19.97 8.08 4.61 49.68 2.77 0.9469 "
40—60 8.50 5.65 26.01 8.92 4.94 45.96 2.75 0.9453 "

s il SRR IR 28 5 3 IR B3

2.3 LIRHDRIEE A2 A B A S B AR S4BT

MWD F1 GMD J2 [ B -3 FEUL 2546 /N 23 A IR 0 16 5 e b, JF 17 K 3R 1 01 308 R 1) -S4 0 40 T 08 0y, A Pk
S0 g 4 WA, HHET O AR AR MWD 5 GMD | =10 mm A% B 0R 2 50 T R G MG R B0 IR 0.945 Al
0.785, M5 10—7 mm 3—2 mm F1 2—1 mm FLA% AR R 5 0 25 5C, A 56 R A 518 0.640,-0.648 F1-0.754, ULBH MWD Fifi
GMD =10 mm 1 10—7 mm B4R B BRARIG I TG0, TiHE 3—2 mm A1 2—1 mm H 72 SR IMTE D . 6MD 5 1—0.5 mm
RAR A R RN B A, 5 =10 mm 2—1 mm RS RS B35 M 56, HH2C R B35 0.641 F1-0.700, FBL AT UL, 38 in
BRI (=3 mm) SRR & AR L A R ARG AR 2 v, A/ VIR (<3 mm) P SR AAC £ R A3 i DA 1) 7 - 38 P 5 1
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ZE RS EERIRE . HIET IR R B A EO 5 <1 mm RiAe B RIA R B el B F EAL, PS5 0.5—0.25 mm Al
<0. 25 mm K42 BRI SR E] 0.01 K HH2 25050518 0.820 1 0.974, 15 MWD .GMD & ki A RAK Y AR (£
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Table 4 Correlation analyses for parameters of soil dry-sieved aggregates

ST SR AR A

ZH MWD CMD D Particle sizes of soil dry-sieved aggregates/mm
Parameters

=10 10—7 75 53 3—2 2—1 1—0.5  0.5—0.25 <0.25
S-¥ iR AR MWD 1 0945 -0.155 0785  0.640" 0.428 0.106  -0.648* -0.754* -0.618  -0.356 -0.235
JU 3 E AR GMD 1 -0.420 0.641°" 0.625 0.509 0238  -0.542  -0.700" -0.768 " -0.586 -0.514
YR D 1 -0.001 -0.136 -0.043  -0.122 -0330  -0.111 0.637° 080" 094"

5 AT S KR R MWD A eMD (RIS R, 155 0.992( P<0.01) I HEMT S =5 mm k2 F R &
SRR IR A G A2 R B 0.961 F10.942, 115 <0.25 mm H 4% A A S At 3 A 06 TRIVRE 3R A A ok AR K R vk T 3
PRI RE B R 9 P TR AR 2 4 AR e T /N A2 7 R P SR A 1 ) 2 A A1 - 9 (A SR AR 2 A P e

T HORERE R SPTE AR S B S B AR OCE (3R 5) 3RBT, H 5 <0.25 mm AR AT SRR R AR 38 E ARG AHOC R B
0.911;5 GMD 3—1 mm A% 5 AR ) 2 o 35 R G AHOC R 0531 -0.710 F1-0.807 , U6 B /IR AR /K B itk A 3R A4 18 i 1
PE7 KRR PE I AR TE AR, M 4 FORLAR A R P T SR AR o ) 25 ALK - K R 1 R R 43 T A 3, 8381 07 [ SR AR 1 43T
FRIEMFRERI (R 4) . EEREHIIOA R E AR T A5/, i BA R At SHoe e, oL, + 8 Kok
12 PR R A 11y i oot el b MR 2 K 2 iR - RS P TR LA W B E .

x5 TEABEARGESHENMEXE
Table 5 Correlation analyses for parameters of soil water stable aggregates

K R A

i%fmeter MWD cMD D Particle sizes of soil water stable aggregates/mm

=5 5—3 3—1 1—0.5 0.5—0.25 <0.25
Y5 i E AR MWD 1 0.992 " -0.625 0.961 " 0.614 0.110 -0.596 -0.520 ~0.879 "
JUASE B4 GMD 1 -0.710*  0.942"" 0.591 0.211 -0.503 -0.492 -0.926""
SICYEEL D 1 -0.526 -0.235 -0.807* -0.194 0.194 0.911 "
3 iFie

30 P B AR AR 21 ) 32 B - 3t A 5 s B R i 0 R S BF S A N B BRE MR 0—15 em £)2 19 =0.25
mm 07 AT R BN, 5T A R R 2 (0—20 em) 1Y =0.25 mm T 07 A1 RO A0, (245 +JZ A 5—2 mm
BAR A R AR BB o W] (5 5 S AR R A SR — B, A BRI AR T Sl 22 A SR B kB b 45 R D
5—2 mm R AR T A BARE T A TR TR A ANFEA  TTH =5 mm A2 (1 B AR E B R AR T TR A A, 3%
A RES BRI BT B S SR B A I S ¢, R L A AR MR S Bk (=5 mm) P BAA 1) 8/ VBiAR (<5 mm)
RAIRFEAS , MBI R T, T IEEDR S5 A5 BB A5 R (/INREAR A R AR ) SO A% A SR AR AL A ) (B Tk 2D Ak s , 38 ks 25
PR A SE R TEAS | L 25 B8 2 M2 B R) RUBE R i, AR BIF 9 & BIAE M 1k 2 Isf I A, 4%+ )2 009 5—2 mm AR B A
BAE B4 28 =5 mm RifE B BRI 5, X T RESHF76 G AL 5 A SR I B A 6,

=0.25 mm KFNE A R R PPN R 5 A A A BB AR A A, R e A RS Th R R A A
U, S TR SRS RS ARt i bR 362 10 = 0.25 mm /K Bk AT B 44 L 12 555 43 B4 55 25.06% Fl 14.40%
T2 S 5 R 4.93% 1 12.91% , 52 - A2 BIF S A R AR BB AE BEJS =0.25 mm K RRYE A R AR B HRE . T SCE
25UV ) 2 AR B SR T B S B9 =0.25 mm KRk SR ORI R [, RO, g O X5 0 - R BRI AR R K B, 4
AIeR R A . SRR X — 7 T RO E S MR A TE YR R AR R L RGN T R AR ML
TR AR - 48 R A SR AR AR T s 55— 5 TRAR R B , o5l 2 R0 2 7 55 00 BB A 80020 A W1 A b 40 T %o - 3 T 2R
AR B R RV A T AR A Ry F 3 PSR A O SR8 sl 1) sl Mg 25OV R 5 TA Sy - HEAK R A P SR Ak 5 e Bt
A AR A A KR A 38 I T 386 0, WA A 98 R FELAS F il ARG 2 2 R R K B M R 1B SR A ) EL 4l MO 2D 10.66% , 3 AT BE I B AR A
FR AP 174 5 S TS D 8 o v S0l MR b AR ) o A A 2 | 3R 2 - A ML AR T - S Rtk R P SR AT ol B A WL
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http : //www.ecologica.cn



5498 JAE = 3%

MM R IAE, BEAh, HERRIAE (b ANl e PR 23 5 i ) + 49 PR R AR TR >

- B A R AR B R N T 1 — A AR L AR, O RO ) , R S TR R R L A
22V WA AERR N AR RAN B, 56 KA FLE S YR ) AT ks ARHIFSE R B, M S AR A BT AR 4D
BN TSRS 2 K AR R R I 485 LU AR T 080/, B AR B 2 6 LA R 4ok N B 2 MR B ), 4%
0,4 IR AGAT RN | I HAR SR S B RS, RIS R A, ORI T R AR R A8 5 LA A e B % i
SR BERE K A R RO AT F AR i /AR A SR AU D . HISE A Mt T TG O P R A S K R A R Ak
AT AR S 3 ORiAR A 2 7R DG T S /R AR T R A A 1 2 TEAE G (3R 4,38 5) , 341 <0.25 mm KA A R
FEMA I G [RIRE L AR R IR R 22 2 T S I SR AR 53T 455 LU AT AR R 3 6 AR A R i i R 38 )2 - S DR 4544 B 1
FUR TAIARLIEA 3 528 BH 5245 BRI A R N TARB 2 AU 38, 98 A SR AR 0 I R BARR , 3% i B2 0T K AR MK I, T
DI =g g IX 56 8, - A AAA v i TR R AR et 2 A AT AR B D R T -V - B 5 R R AR SR A T S A 5 R 28, DAk +
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