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The effect of low-covered sand-fixing forest belts on restoration of the soil
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Abstract: Low-covered vegetation is one of typical vegetation patterns in arid and semi-arid areas of China through a long
term nature succession. These vegetation types consist of a lot natural sparse woodland and shrubbery, the sandland is
under semi-shifting and semi-fixing. However, we found that at low vegetation coverage, the horizontal distribution pattern
of trees and shrubs can have marked effects on fixation of shifting sands, and different horizontal distribution patterns have
the different restoration degrees of the soil and vegetation. In this paper, for clarify impacts of low-covered sand fixing forest
belts on natural vegetation restoration and soil development, the variation and rule of soil nutrients and vegetation with
different distribution patterns were researched in Aohan, Chifeng City, Inner Mongolia. The characteristics of community
and structure, the physical and chemical characteristics of soil, the amount of soil microbes in different distribution patterns
were investigated. The data obtained from the experiment were analyzed with the principal components, the canonical

correlation and fuzzy comprehensive evaluation, which obtain coefficient of different recovery scale. Results show: Belt
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scheme of populus sand fixing forest could improve the interband vegetation and soil rehabilitation effectively ; vegetation and
soil rehabilitation depend on distance between neighboring belts, and interval distances of neighboring belts can adjust the
effect between the vegetation and soil, due to sand-fixation forest planting of narrow spacing with a higher density would
inhibited this effect. In wide distance scheme forest, the silt and clay content of soil significantly increased ; the soil coarse
particle content and bulk density were significantly decreased, soil moisture content was increased; the soil nutrient content
was higher in wide distance between the belts than in narrow distance between the belts, and the pH of wide distance
between the belts is more closer to the zonal soil. The total number of microorganisms was significantly higher in wide
distance between the belts than in narrow, which was conducive to growth of vegetation ; the variation trend of root biomass,
total length and surface area showed 20m>15m>10m. When the distance between the belts increased, the composition of
community species was gradually complex and quantity increased; the index of diversity and above-ground biomass of
community increased gradually, and the similarity coefficient of community in the different recovery scale was a rising trend
with grassland recovery, which was showed that 20m>15m>10m. Suitable distance between the belts will rehabilitate
significantly, the effect on vegetation recovery of distance between bands of 20m sanded forest was better than those others
of 15m and 10m; according to the fuzzy comprehensive evaluation of vegetation and soil, the vegetation and soil restoration
scale between the belts of 20m interval ,15m interval and 10m interval populus forest were current control 68.63% ,55.01%
and 42.04% . So belt scheme can significantly speed up the soil and vegetation restoration, thereby shortening the time of

the soil and vegetation restoration if the distance between neighboring belts is appropriated.

Key Words: low coverage; sand fixing forest of belt scheme; interband distance; natural recovery
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Table 1 Community essential characteristics of experimental region

FEE R/ % AR % RIT R/ AR

A/ m

b HIE AR MRATHE/m . SR EAE/m . .
K o Distance between Average Vegetation Unreclaimed
Plot Planting year Spacing in row Average DC i .
belts coverage coverage field
20m 1997 2x5 20 4.8 24.7 25.1 10
15m 2000 2%5 15 3.6 24.9 20.1 8
10m 1992 2x5 10 3.0 35.1 15.2 13
s
Diameter Active dune — — — <10 —
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W HFXTIE CK - - 42.2 —
M- 1 Sy
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Fig.1 Sampling scheme
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PEIURE DT 1R R GE R BRORE RO RE Gl il LU T4 10 A, X B 3 5 37 3l 90 Ee 7 5 DXCIBORE TR R 25 mx
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80°C HEA H , BT ZH B i, P50 BRI I0 %
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W5 AT R R RS RS BUR ) 2mol KCT IR 8 TE 4140 A ( FlAstar 5000 ) 32 3%, 1
Py EERETE 10h 2 N A DA V2 780, TI00 5 G2k e, TS Bk AT 400 . BJim 1 A7 -20°C UKFE IR A7 2 1
Fole A e ) SR PTG BRI T80 (CRU) P P A0 T B 37 35 oA 2 TRV B P R 5 9 3, T R PR ik B 3%
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FEFEEY; & FEFR BN Margalef $5%% .

1) Simpson ZFEPEFEEL

D=1-Yn’

J

2) Shannon-Wiener ¥ ZHEVE$5 4L

H=- i [n, X Inn,]
3) Piclou Ky EH 8 "
J=H/In(S)
4) Margalef &5 FEFREL .
d=(S-1)In(N)
o, S OURER RN n, S RIS AR IS ARECRE Y O 5 IV LR B S MAR
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R FIBERIZE AT 5 R AN AN [R) s A7 =X VAR L SR DA SRR M 255 5 I O Jy i 38 o
SRR B , B0 22 A HEAR AR, THELE ST R G130 L AR R RN L5 & PP v 03 2 Sk
FH B 255 PR 5 TR IS 20 22 e Ve R EPRON TR R
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re(0,1)
PRI R=(r;)
AT R B0

nxm

D, =1/mX(ry+ry+e+r, )
D, =Max(r, ,ry,,r.)
D, =Min(r, 7y, r0)
SRR 4, d, ,d,
A U,=(D,,D,,D;) R, =F(XxU,) R

A D=1/3%(d,+d,+d;) "5
TR EFPEAHR IR & (AR ) SR EM . o o BERR A e RE M d = 15 45052 R BE PR 1) R BHE
0—1 Z[8], BB 1, IZRE AR 2 RS

2 ZERE551H

2.1 HEBERUN

2.1.1 LIy LT, N
ANTRIRE L 0—20cem (1) 384 B KR 1) 30 1550 A m{g 2500 F B 5—20cm % )

A WE 2, IR BV EMEREL S T T )Z,0—5em ftf‘<_§ 20.00 - E

T2V BRI Sh Y 5 10m A0 [ VD AR 22 5OR %-g 15.00 F B B

% ,20m Al 15m G BV MRER S 10m B b pRE R B g 000f . B

B3 ,5—20cm +ZY IR KA 20m W E K 2 s.oo—ﬁa{%

10m WP VAR 2E S 2 5 4% T2 W BRI R & 1 A8 4k SUBE Zem  lm  l0am €K

PIFIN AT FEAE > 20m A7) (5 VD AR > 15m A 4R [ 70 AR FF#EHY Different plots

>10m A6 [ VDR > i sh U0 B, 156 PR A7 7 2 [ V0 ROV 3 BRI (<0.01mm) & BT b

AL TAEREK S B B, B A 7 S8 3, LY FEYERS  Fig. 2 Comparison of physical particle (<0. 01mm ) content of

ki g Ag inias, experimental region

TER IR 0—20em + 2, +HEA T ARk % Pl R ) K5 - R R ML) 22 57 R B 3, A TR) /NS 7 B 3R [+
B B Vb > 20m 458 18 70 bk > 15m 184 8 70 b > — AN LR 22 578 .3 (P<0.05)
10m A5 [ VDA X BRIl (2 2) , AR S 2R 80mT LAFE Y 47 TR 20m A7 0% [ 90 bR AR S5 R 8 B o, U BH %R
M R A SR W S, X BRI I 0—20em 12 1T 45E Ry 1. 34 AT =X VAR 0 T 4 E )
TRR L X2 P AT A VAR TS L BOR R, TR R E EEAX T R4, A IR - R S R
GEEEAAL TAGE T R AEPRFMIRAS R R R B, I R B R /N, 0—5em )2 HIER Ty 20m 4 H
VPR 15m BB [ PR 2E A B35 (HS 10m R [E VDA 2E 5 .2 55—20em 42 )2 T 3EAEE O 20m A7 44 [
AR 15m BRI E VO ARFD 10m A0 & VbR 22 S 12 2 H 55 %08 BEARE 3t 22 S AN 1 38 (P<0. 05)

ATV K o & B AR ER B (3R 2) s TERFEIR VSR N RN RZ S KR IT N2 X ERES
A Sk, 7K 32 U 28 DX 58 532 Wi i 52 450 196 B, 2 IBCRCER, e & K R SR Z AR, A S R BT LU
HE o TE) B S 20m A7 AR [T 0 bR - 48 5 7K e i) AR R e/ BB K R, SR A0 R T )RR 15m i 10m A7 A [
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Table 2 The descriptive statistics of soil bulk density and water content of experimental region
T/ cm ¥ Hb 24 R i%@i/( g/@ﬁ) CV/% IKIT &/ Y CV/%
Depth Plot Soil bulk density Water content
0—5 A 1.67 £0.03aA 1.99 1.010. 16aA 3.46
20m 1.36+0.07aB 3.95 2.38+0.11aB 2.88
15m 1.42+0.09aBC 4.95 1.82+0.58aBC 4.70
10m 1.48+0.05aC 2.74 1.65+0.01aC 2.88
CK 1.25+0.02aD 1.23 2.82+0.54aB 0.76
5—20 i 1.70+0.05aA 3.00 1.34+0. 16aA 3.88
20m 1.42+0.09aB 5.50 3.35+0.47bB 2.84
15m 1.48+0.07aC 4.36 3.13+0.06bB 2.41
10m 1.58+0.04aD 2.34 1.85+0.08aA 2.18
CK 1.43+0.03bBC 2.27 4.16+0.53bC 0.95
AR A Y LSD 228 LU, AH R RS S B3R m AR B) 22 5 A W 25 AR TR/ NG ) 37 ) — AR A 7] £ J28 28 S R i 3 (P<0. 05)
2.1.2 AR Al

R - FE AR R VARG B AT S M 18] 58 B A AR AL, A R R M A e M B R A T
MAEAE (K 3) . BEIEFEVPARIG 13 pH Bl AT 98 09I 0 R, OF BL5 0 S b e FOGS RS M 22 S 1 (0 2%
(P<0.05) ; THEABLAR R EASR LS ROME N S 1 BTy 58 19 38 g o, i & A2 A K, 20m
P [ DA AT 548 5 T 15m AT 10m A V0K, A 2 VMo L &5 55 R 3 U e Mo R 3t 22 5
W3 BT VAR AR T A LR i, OF H 20m A BV ARRCR IR . R — RO R AT A 2
UK R 5 A 22 S AN B35 (P<0.05)

®3 HRRARFHTERSSERATL

Table 3 The changes of soil nutrient content of experimental region

TERE R EELijR 2R AR AR ik A |
Depth/em  Plot /(g/kg) /(g/ke) /(me/ke) / (me/ke) /(mg/kg) /(me/kg) pH(1:1)
Total organic € Total N NH;-N NHI-N Available P Available K
0—5  WHE  3.4550.14aA  0.5820.07aA  3.09:0.01aA  1.89:0.07aA  1.3120.18aA  52.53+7.92aA 8.7420.03aA
0m  6.8850.67aB  0.87:0.12aB  7.32:0.44aB  3.83:0.49aB  1.7620.15aAB  61.48+5.01aA 8.48:0. 04aB
I5m  5.4120.29aC  0.68%0.07aAC  4.9240.76aC  3.82%0.17aB  2.46:0.51aBC  58.9826.82aA 8.56:0.07aB
10m  4.75£0.20aC  0.80£0.05aBC  5.99:0.11aD  2.9120.26aC  2.400.96aBC  54.92:1.98aA 8.55:0.03aB
CK  11.7420.06aD  1.05:0.10aD  9.2250.26aF  7.15:0.35aD  2.570.04aC  123.3220.42aB 8.2720.05aC
520 WHPE  2.68:0.14aA  0.45:0.02bA  2.78%0.27aA  0.61%0.21bA  0.69%0.19%A  53.30%6.T4aA 8.80+0. 04aA
0m  4.64:0.75bB  0.66:0.06bB  4.86:0.67bB  3.20:0.23bB  1.1020.01aAC  62.72+5.75aB 8.59:0.05bB
I5m  4.4050.39bB  0.61%0.04aB  4.5750.36aB  2.4420.14bC  1.4120.12bAC  55.51+7.75aAB 8.6520. 08bBC
10m  3.17¢0.90aA  0.67:0.05bB  4.93:0.57bB  3.09+0.82aB  0.79:0.35bA  54.23%3.40aAB 8.680. 06hC
CK  7.88:0.12bC  0.89:0.01bC  7.57%0.31bC  4.8420.26bD  1.6420.89bBC 191.09:3. 43hC 8.3320.02aD

KREHL LR AY LSD 2L, MRS FRFOR R 22 52 A B3 MRV/NG FREOR R — A [ 12 2 R A B35 (P<0.05)

2.1.3  TIERUEWECE SRR

A 2 S e 8 T o AR A R BB A AR A . RS I R A B TR R Y X IR
TR TG PESR B A 1) LA B - 5% A S AL AN OO 7 R R R b ) 39 O R A b i 25 (| 3)
HA B (10°) it S PR g, FOUOR R B (10°) AR 200 (10°) , B & it e (10°) , SXBRERK K41 BeyL
VRSO RIR A B, WIFEE XA AR - SR 0 10 72 S M R ER B G, e i i R/ MR TR
X B b > 7y BV ARS B D B, b AT U AR R A 15m B VP ARS 10m A4 [ VD Mok 3 {H
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Fig.3 Comparison of soil microbial populations of experimental region

2.2 fHBEE RV
2.2.1 REIFEHE S 2R

FER G N T E VAR b B X [ D AR A e 1 0 7 IR VD S8 R e 4 e s Pk i R 3R A =X XL
[ VDM AS SRS 3] B 1 AUk AV T EL R OB AR T [V bR i) 7 55 B (A58 56 2 ANk 20% 1947k =X fd &
6 S ) VD AAR BB 815 58 4 M T 22 S v, ELAPIRTC B SR A AT DR 5 &, A= 2 b A 7= des 20 L W
4 0] UL FEVAA Y 3 R TRI B8 AT X VAR 7 (AR 0 4 22 R 1 S 1 e 34 (R [ A7 5 X6 s (]
B ZAEPE R RS IS K, Forh 20m w8 B INAT A T T AR B 0 0 R 2 R 3G, CRE I % A 20m
>15m>10m 3 {FJ2 3 ASFEHHT AR 8% 1) 0 R 2R 38 /N0 BEAE |l 3X W16 B 10a A2 45 A9 47 5 2 1 VD bty (8]
FEBY 46 52 18 Ab T RE R 0030, AT B — AN IS A (8 A B4 ol 3 ik B b VA Bt . 7 3 FpA T =X
VAR 20m Az A% [ VD BRCER SRy 30 %o BERE M, 136 B HAE K SR AR AE T 15m 1 10m AW [ VD bR, il 2 LAk
TFHEERY A SRR AR A (R T 2 R AR B sk R U, R BRI T R SRR RO R T,
Jf HAGE HE3E
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A [RIfEHy Different plots A [FI#¥%Hy Different plots
B4 WRXAEED YT ST
Fig.4 Biodiversity variety variation of sand fixing forest experimental region
2.2.2 AR A PR AR
MBIFFE DX A% [ VD AR B AN [RI L B A Rk B (181 5) 25.00 [

20m W VAR By i 0 BERE U N B, BER T 5 2000 i
15m 1 10m AR B VP HR, 10m A% B [ 70 bk 22 P 48 4L %ﬂg 15.00 | 7
B/ IR T 10m I AR SE 4L T RAFD £ 1000 1
Begeb JERAEREA TG MR, T 20m YK & so
AT I A R 2 A KL S L, A 02 o
LI, B 2 PR RS S R, 2 A Differentplos

(AR B 2% AR 0 A2 7 1 B KN, 15m A% 1 [ 10 AR R T
10m 17 [ V0 MR 0 55 JE AR 22 K, ZE WS T 10m gig s Herbage biomass variety of the community of different
W VAR X2 R 10m B4 [P ARAT IH AR E 1 sample areas
LI, AN [ ) BE A B 4 A ) A B A e 34 n i
AR K HF /N T R b
2.2.3 R AR 2251k

TF 53 DS TA] BE AN (] %) [V Moy (AR AR 2R A P i A 2R A B R 2R 38 T AR 40 A AR b S A A 3y
X HEAE > 20m A3 [E D ARS 15m 478 [ VAR>S 10m 8 E VAR (K1 6) o 0—5em 12, BRAE £ S A [R]FHE 1
MR 2257 W2 5—20em 12 ,20m i VPR 15m i D MAR R AEY R 2 R A B E HY 10m 1
B VARG BERE L 25 53 3 L AR AR B K SRR R EUR R AR (L 25 51 .35 (P<0.05) , DL 25 R Ui B
A o PR B R, T B 2 2 s 2 5 M s [ R AR 2R 100 2 K | DT 552 M AL A5 X 7K 3 R 5% R R A, AN 1 4
AR A AT,
3.3 BIWIZEEITEMN
3.3.1 ERSHT

R T R STARTE 55 FE A B VD AR AS [ T B e A R 15 8 TR 22 ) %) A 52 M R 3 438 4 DT AS [
P BRI 52 R S A AR 2R, AR SOREAN [] 2 (1] B A% B 61 Y0 AR (20m 15 m  10m ) FIXF HERE 1 7 FH < S 76 4 G 43 A
(CCA) " J5 i Ay i g IR 1~ 5 SR 1 2 R A AH DG o FEAEL#E 1R -5 0 8 R 1A DG Pk e K 48 A FH Sfe Ay
BORIRE B | A 7255 VA AN IR BE B A T X VD AR ke e i 2 A B, b 48 FR 23  (0—5em ) )21
55 o

T X [ VD AR AS [ T B e A DR 38 b A0 - S A b AR 1 AR B 2R T PCA 43T, 76 AR R AC
B R T AHYITE PR PCA S A2 R (R 4)  FE R =2 F a5 b B3 5Tk %27k E] 0. 8906 (20m ) i P 4
TR B RT3 5K E) 0. 7489 (15m) (0. 8104 (10m) A& 78 HEAERT JLAE T 803 b AP 1A o e e R
43R 20m A VMR BV M 1B Wi | Simpson Z2AE 35 £, Shannon-Wiener 22 FEPEHE 50 Pielou Y 45)
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Fig. 6 Root comparison of different plots of experimental region

AR R E R R R AR R 4 )2 FE A 22 2R 38 MR ING F R R [ —FRAR TR -2 25 758 B35 (P<0.05)
R MWARLSK WARMAL, 15m 0 EVDAR . BE 7 558 BE% LA & | Simpson 22 A4 48 4 . Shannon-
Wiener ZAEPEFE AL Margelef £ 5 FEFE A AR R SR, 10m B0 [ V0AK BE% 35 5 75 T A4 9 & | Shannon-
Wiener ZFEPEFGEL Pielou 5] E B MAEYE BWREK,

R4 MERAEFMERETEEIRS D0

Table 4 PCA of plant variabe under different plot of experimental region

[E VP MIEH Forest type 20m 15m 10m
A8 hE Factor Prinl Prin2 Prin3 Prinl Prin2 Prinl Prin2
X, BEP4 35 Community coverage 0.06268 0.25294 0.52445 0.43349 0. 08636 0.39253 -0.28736
X, Hii -4 Vegetation biomass 0.46968 0.26953 0.11212 0.13084 0.56614 0.43212 -0. 17305
X; Simpson 0.35085 0.42685  -0.22683 0.43768 0.02437 0. 34385 -0.33137
X, Shannon-Wiener 0. 18506 0.57130 0.18024 0. 44039 0.00416 0. 44601 -0. 09503
X5 Margelef 0. 14998 0.18109  -0.64503 0.37939 0.01455 0. 00067 0.49731
X, Pielou 0.34572  -0.36298 0. 28409 0.42256  -0.14986 0.31632 0.44165
X, MRER AW Root biomass 0.28218  —0.20867 0.01742 0.21682 0. 34946 0.22289 0.53037
Xy HRZ B K Root total length 0.45186  -0.29067 0.00928  -0.19220 0. 64203 0.41435 0.15753
X, HRFA LM A Root surface -0.43853 0.24943 0.12805  -0.05490 0.33828 0.14357 0.14196
F A 43 Principal component 1 2 3 1 2 1 2

X,, X, X Xy, X X X X, X,, X i X X5, X

R R ’ X, X, 2 s X,, Xq >

F31BTHkR Contribution rate 0.3923 0. 6692 0. 8906 0.5661 0.7489 0.5045 0.8104

FEARIBC B A4S 5 T HIRIE bR PCA T8RRI (£ 5) , TERT I 4E £ 8o 1 B 5Tk %40 35 5 0. 8247
(20m) .0.8194(15m) .0.8598 (10m) 0. 8976 ( XFRaAEHL) , 7R AERT 2 4 3 AL b 1Y R 7 1 fof i e RO 40
2 - 20m W VAR A BILAR A AS AL AR A TR AR R R A | B AR AR 15 m AR AR 48K
oo AR VAR A R ARG . 10m A EI VD AR AR A i A LR S A R
ROBR A TR | [ A A
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R5 MRRARFMTETETHS S

Table 5 PCA of soil variabe under different sample areas

[E PRI Forest type 20m 15m 10m
A5 i Factor Prinl Prin2 Prinl Prin2 Prinl Prin2
X, T HERER 5B Physical particle content 0. 17679 0.33052 -0.20376 0.41020 -0. 08202 0. 47466
X,, T4 Soil bulk density 0.12763 0.37529 0. 03499 0.05947 -0.30543 -0.23309
X,, 3% pH {# Potential Of Hydrogen -0.18711 0. 42402 -0.27295 0.33381 -0.28815 -0. 14621
X3 THEK 535 i Water content 0.01017 -0.31416 0.15898 0.47330 -0.29201 0. 18001
X,y FHEAEPLBR Total organic C 0.34451 -0.00751 0.30684 -0. 00203 0.31419 -0.05010
X5 2% Total N 0.31886 0. 00568 0.27659 0.51415 0.28283 0.19296
X, THZS % NH;3-N 0. 34609 -0.07377 0.15245 0.11561 0.29263 -0.28049
Xy, BAA NH;-N 0.33073 0.08811 0.32621 0.17850 0.08270 0.51357
X5 HEALHE Available P 0.01777 0.45554 0. 30463 -0.05570 0.24169 -0.32113
X, HELHN Available K 0.30509 0.15781 0.32289 -0.10292 0.33481 -0.10750
Xy 4T Bacteria 0.34526 -0.00350 0.28886 -0.29315 0.33971 -0.02372
Xy, THLRH Actinomycetes 0.15673 0.44791 0.33042 0.09579 0.12597 0.32285
X,, [E%H Nitrogen-fixing bacteria 0.34593 0. 04501 0.33182 0. 09600 0.33562 0.01591
X,y B Fungi 0.33316 -0.15182 0.23958 0.25525 0.21468 0.25436
F A 53 Principal component 1 2 1 2 1 2

Xy X6, Xy X, X4y Xpo,

O A
FITBIER R Contribution rate 0.5786 0.8247 0.5653 0.8194 0.6039 0.8598

3.1.2  HLARVAHIC AT

FRAE LA FE B3 3 A 4 R AN R R M AR 9 R 48 A 5 I AR PR SRR OC o0 B . A5 SRR T BF SR IX
AN [RIASE HBL 5 — 5 A =R DU SRR 5C SRR 25 DURREE I 1 80% LA I+, Horb 20m A4 [ VP 4K 89. 86 %
15m B [EVDFK 90. 08% 10m A [ VDK 87. 519% X Bk 72.92% , Ui HASE — 55 = 5 — IS DU B AU AR 5C
AR RS A A 1 AN - S ZH AR R AR AR 80% LA L HIME B, 278 i 1 2 Fh G0 TG 16 th 24 3K BB I 3K
- 20m BB EVDARES — = S BBUAE DG 15m B EVDAREE — | SRR G 10m A VDRSS — |
RURH SR B B 3 22 5% (P<0.01) , I, RIRAE AR B P b5 -5 - B8 bR 22 1R A AH DG R T A3 81 40 3k X

20m ) VDR

Vegetationl =—0.0218X,+0. 4150X,+0. 3425X,-0. 2393X,-0. 6246 X, +0. 8139X,

Soill = —5.4245X,,-29. 6439X ,+7.2795X ,,+24. 0996 X, +1. 7481X,1+4. 3173 X,,

Vegetation2 =0. 5058X,~3. 2158 X,+2. 9876 X,-0. 1837X,+0. 3563X,+0. 5163 X,

Soil2= —2.9926X,,-0.9510X,,+0. 1261X,,-0. 7202X,,+0. 0184X,1+4.9601X,,

Vegetation3 = —0.3970X,+2. 0849X,-0. 8805X,-0. 7169X,~1.0705X,~0. 8912X,

Soil3 = 0.7408X,,+7.0573X,,~1.7354X ;—3.0974X,,—1. 0381X,1-2. 2241X,, (1)
15m ¥ [E VD AR

Vegetation] = 0.3751X, 0. 2182X,-0. 2178X,+0. 4171X,-0. 0558 X, +1. 3032.X
Soill = 1.2756X,,—1.6753X 5 +1.5767X,,+1.5678X,,~4. 8088X,1+2. 5536 X,
Vegetation2 =5. 0883 X, +1.2260X, +6. 3830X,+3. 8292X,-15. 3031 X, -0. 4783 X,
Soil2 = —2.1789X,,—4.7946X ;+13. 6818X,2. 136917X ,~11. 6506X,1+12. 6186X,,
Vegetation3 =4.7388 X, +1.3430X,-3. 6506X,+10.9422X,-12. 6646 X, +0. 1221 X,

Soil3 =5.6394X,,-5.7533X,,-9. 2761 X, +17. 1682X , +27. 3813X,1-17.7738X,, (2)
10m 7 #4 [E Yk
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Vegetation] =—0. 0747X,+0. 0076 X,+0. 8780X, +0. 1504 X,—0.4918X,+0.3324X,

Soill =0. 1488X,,+1.2873X,,+0. 1417X ,—4. 2307 X ,,+2. 9584 X,,~0. 2620X,,,

Vegetation2 = 0.4957X,-0.2768X,~1.0663X,+1.9724X,-0.7510X,+0. 0390X,

Soil2= —0.8809X,,+1.2732 X,,—0. 1849X ,+4.3322X,,—4. 7695X,,~0. 3487X,, (3)

HZRIA0 (1) ATAT, 20m A7 4 [ V0 BAORE B A0 o (9 5F — B RS =M RN B R X, (BEVE R ) X,
( Simpson ZFEPEFEHL) X, ( Shannon-Wiener ZAEPEFEEL) X, ( Pielou ¥J2] BEF40) A1 X, (MR R R AL P g
TR — B S AR i R X (R X (RHARRD) X, GEAE) F1 X, (40T ) e, Bk
IR (2) ATAL, 15m A [V MRAE A A8 B R 20— 5 —RNSE — AR B 2l X, (FFIE 35 ) X5 (Simpson 24
PEFEEL) (X, (Shannon-Wiener ZFEVEFEEL) (X, ( Margelef & & JEFEE) Perg . HI3EAT B 1950 — 2/ —AIEE =g
RIS F2H X (2R X, (SR X, CGRAER) A X, 1R JoE . ERIAE(3) AT, 10m A [E 1D
R B B )5 — B AR B R X (RFPS EE 2 ) (X, (Shannon-Wiener ZFEPEFE ) (X ( Pielou ¥15] &
88O M X, (IRAAY R JoE . HIET RS — 55 AR 8l X (AR S =) X, (A PLER) |
X, CEERIAR ) A1 X0 (B BRAE

PAZEsE R AT A5 ) 3 R B e A PR R AR R R SR i R A B4 | 43 ) D) S b R B B B
T FARE LR A X BT XA [ A AR [ VDR 32 2 B A TR 25 B PPN 45 2R o (3R 6) ,20m A A [ VD Ak +
HERBBREMAE/REN 0. 6696 , BV 20m 474 [ V0K 1= 458 % 5 %2 B SR o BEAE L 1= 458 1 66. 96 % ; A 8% VK 2 3
YHTRT AR 75. 48% ; LIAFHE 5 T SRR RS 05 0 K R (B 25 5 PP A 25 R, 20m A4 [51 V0 bAoA 4 il
IR I YT BRI 68. 63% , 15m A [ VD AR 18 kAR B R 0t B I 1Y 56. 52% ;M LK
5B Y R BRI 59.40% 5 LA RE 5 HIBRREFR A5 AR R BRI 25 G PN B 25 - 15m B[R D AR 1
SERIAE A R 12 M6 REAE LY 55.01% ., 10m W44 [E VbR 398 5 78 B Ry 6 RERE b+ 1819 41. 949% ; FiE 4%
BV B Y iR BRI 43. 54 % 5 DIAEBE 5 - SRR IE S A5 MR R IO 25 5 PR I 25 R E , 10m A4 [ 70
RAEAH AN A 98 PRS2 S iR FRAE MY 42.04%

x6 HRRAEFEMTESERRERE
Table 6 Recovery degree of soil and vegetation under different plots

WK EFEEE 57N Recovery degree indicator

FEHb Type

T+ Soil FEHE Plant + e+ HE Soil and Plant
CK 1.0000 1..0000 1.0000
20m 0. 6696 0.7548 0.6863
15m 0.5652 0.5940 0.5501
10m 0.4194 0.4354 0. 4204
4 itig

BT A VMR FEE E VAR R, AL R A S | B A ORI R 5 B 5 A 3
BER o ORI T RS ARl AL M R B o i 2R I AR A, B M R B S W OB, - RO 5 2 i A R I
T, LS IV A AR S ECESE pH R, R ol TR A B, 358 h O, A& BRI, AR A 7 3
FGH M b B R N, S ECEE pH AR A R SR I 2 AR AR AR 1,
SREAT BILJGE 870 o B8 D 1 | TR S B30 b A LIS 5 8 A, i AL 5 g e e A ) ORI, B
HAHLUBS B, R AR MBS RS B M ; B L pH (EL AR, e A 15140 BE 1
G240 3 g S 5 i P R R AR 0 T S i o PR BRI AE G, S84 7 T Vb by ]
SR ML ARG B e DA AT S AR e U AR AL R 10m A [ VD AR S0 B (HAMUR
10m W [0 BRIK S BCR B, IXRT RESS 10m A7 B [TV AR S AR BRI, SO0 3R 1 RBRER KA 5%, 16 56 P i £
A B 10m A7 B [ DM ARG BB, A [N T 10m AR TFAEBUE K
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T RE R A SR A BV OCR MR IR AR R AR i, A A R R IR K AR SR B
B R TI A P AR R V B A A B DIAE I R AA R B U5 A (%) o R 1 2 S A SR S B B LR
YITESAE D E VAR P AR AN — 17 [RTEE R 20m A7 46 [ V0 bR -5 % R b %) A A e 3 B 4, 3980
YR EETAEIRRZR R X, Y TR e 15 2 S B b 78, A RO 5 S 30 i i &, i
HFEIEE R 15m 1 10m A7 [ VBRI o 7 TR]AE B i B8 AR, AF 4 ) b o — AN AR T 3 B A W) B i AR ARG
HBAR 15m A VDAL 55 B2 KT 10m AR VAR (A P08 20/ T 10m % VAR 3302 B T4
75 A A W AR AL T S R SR A I DR R AR SEBR R A v O SRAE W B, 55 FEAR AL VR 1 LT #8 h
PR dE i H 10m A VDR TR B2 T 15 m B BB (A R T B8 . DL LB R —
Fh DA [l A TC 0y U S AEARORRE RS 520 G S AKE ) K S e ) | T o a7 Ak B A W B 284k

17 X E VAR EPR F R TR BV AR ] B R BA D) B SRR REAE 7 J5 ;s 2 177l [|) 3 SRAF Bl PRk A8 52
TR . BRSNS T 5 X E3E EARAT 2 B A A AR X VD bl - SRR R A AR B R A
AU RALHAEN A7 BV LU 7650 8 T TUAR AR - SR B I S 0y s VR TRl i Bt
AR, Y RS B S o AR AR R SO MR SR A T 3R FUK 45 IR BIAR R S GAR B AL
PEAN AR AR T A RSN S R G B IR, i =X & VAR E 2 i 5 i A2 Aok 52
M 155 S M) 5 R 2Z AR B R 78 [R) B T bR - 9 55 ARk A A A DU H 3 R s DR i 52 )
i
5 it

FET5 CET R, B TR SR 2, KIR B FEAE B IR 55 5 (20% —30% ) BB bR ( B0 J2 i A T8
N U HBATIAL T2 [ R SRAS 24k oA LA [R) 2 55 B2 i 47 7 U E A% =) 1) B VD AR g 4 o8 4 [
FEVD I, [T & 0, AN ) 3 55 B 5 35 R VAR = SR FAR DY ) SRR SR AR B AN R A et b AR ) S 36 kL 43
BT, % AT U VAR R B AR A T o — 25 s

(1) Ay Az [ VD AR % B b 09 52 ) - 58 %) B Ak M IO, B 25 4 9 1 185 E 3 2 FU DN, 7K a3 i LR
Oy AT B IR S S W R N, 2R B Y R VDRI A SR T R APRR A 8  [R)ARE TT LA SR S A A R
R Hbr, 17 U Y ARBET 8 A3 s e 2 PG 58 . 20m A7 A% [T VD Aot 3846 52 1 02 20 4 HH e )
b R R E R,

(2) 7[RI FE A 20m AR [ MO A g ) S AR HEAE AL T 15m F1 10m AW PP AK A7y =X [T P Ak iy
IRAFAE LW/ T H R AR RO R T A e 1 52 n e A I35 1, 9 L 5y [B] A ) iy [R] A
A A i AR R AR R A 2R G, 2y (B BEAS 2 408 9 B DU S5 AR A R AR

(3) ARl FaA T 2B VMR a1 4% R 5 58 R 22 R AH DA — B, BRI 256 Pl 45 SR R WA [R] 4 98
AT 3 VAR, EARK S AT BRI | (H PR A 2 B A [ 3 B0 7 BEAS ], RO A2 R B[] 5 30 2 7 i A
PR FE TR, S ] B AT A Sk i bR - 49 R RE A 5 A RS DA A e 9 R AR BB S IR TR] i ] B [
VORG-S5 S A S I [R] SR T
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