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1.1 HREXHER

AIF 8 X35 7 990 85 KA X PN AR 28 KR R (I
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Fig.1 Schematic diagram of geographic location for study
region
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a. Organic matter
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b. TEEAK
b. Total nitrogen
15
bl 1167

10.92

T  A Available Pi(mg-kg)

E} 5 10 12 17
3 L4 [l Reclamation years/a

c. AR
c. Available P

2000
180+

185 187.3

160F 145.2
140 134.5

120f
100}
sof

A Available K/(mg-kg ")

3 5 10 12 17

d. O
d. Available K

~ 1.72
E 1.58 1,57
2 15t
f:é 1.0t
o=
]
Z o5}
'3
A
0
3 5 10 12 17
% Lt E [l Reclamation years/a
e. TR
e. Soil bulk density
T R R AT AU A B AR A T 0.39%.

0.10%. 15.49 mgkg'. 179.2 mgkg” Fl 1.42 g-em™.
Note: The soil organic matter, total nitrogen, available P, available K and
soil bulk density in original landscape was 0.39%, 0.10%, 15.49 mgkg”,
179.2 mg‘kg'1 and 1.42 g~cm'3, respectively.
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Fig.2 Changes of five indictors in different reclamation years
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AWFFERH Logistic A= KART R F A+ RS
DRI~ ELPRIE R s Adcds T 498 - PR B IR ~(E ] SPSS13.0 4K
UGS R ZE I Logistic £478 (R 1) o WERPHH,
BRI AN R B s, B BB R RN T
0.05, R BTN [PIRRTY Jy RERENS e g b S AT 5T X
BRI AR SRR 22 (A, Frdsr R sk,
WX A BRI AM M IR BE R 7 (1 sh &S 15 &
Logistic B84 IR IEE R T B A LR BAFIR )
BN S B B B, FEASZAM SRR 4 Canl
HARICEES) (MR R fa sk 25 kg

USRS A A AR R TR,
BFEN IR SEMBRA LS SEEANMEER
el R0 o RRER TR X 2 R
G L H IR AL, TV BARAA IR, 40
fEBAN TS MES . RS SEZDEAESR
GRS I OCHE, X0 R A S R
FEUTS R EGE TIBNFR RO, X R BRIXFA
TR 77 ARG L3R, ol L eRed, n
TR ST HERE, (& N T 358 1 o R A
WA RE . HE 2 TeUEE, 2Ry
SR AR 2, (R B S T R K
TRREIRRON, 3X 2 i1 E R R b 5 LA A i 4
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Fz 1 FZIIENERERFELTH Logistic A
Table 1 Logistic model of soil environment factor development
TR T Logisticb ! P W E R K o
Soil environmental factors Logistic model Correlation coefficient Significance test a
F WL Organic matter =0. 137x1{ j 0.957 0.004
4% Total nitrogen & 2 =0. llez(lf J 0.918 0.010
U Available P & oo 0.741 0.043
0% Available m T 973 . .
HUSH Available K X _ 0,046, [1- 0.867 0.021
A% i —=0. - . .
ALH Avarabie dt ‘| 506.32
e . dx x5
14825 H Soil bulk density o (-0.042)x, 230 0.851 0.025

W v A TIERVL, % o b HIEAREE, % ol +*%e1$xﬁlﬁ’*% &, mgkgs

xs N +%Lxﬂ(@$ Shb, mgke's xs N HETAE, gem®.

Note: x; is soil organic matter, %; x, is total nitrogen, %; x3 is available P, mg/kg; x4 is available K, mg-kg ™ ;xs is soil bulk density, g-cm™.

3.2 HEWAEMENTEBNESEE
3.2.1 HMAMEIRHMAE

2R T R VU HE - 3 AN ] B BB B % b ol
(P8 e PE R S4 I E AR A WL 2. TR p (1)
KA Logistic 4= KA, R ] SPSS13.0 #fdxt
ERIRP I A R34 S BE AT Logistic A= KABEY

151 Logistic A= KAV X AN R 2 MY Be i 42
Fikkrmr (R4, IR Q) THEARFE BB
WRAAEE (GR 5D « MRS, BRE RS RFR
AAEEOTEF R AR E BAFER (3. 5. 104 12
17 &) PR B, THEGRNE 5. NRtal
DU, BEAE S BRAF RGN, SPl SR

PG, PRI 3. RIHUS A FEMRfembR AR
Fz2 ERMRFEHREMTESSE
Table 2 Average breast diameter and average height of each species
5 RAEIR HFE Locust it Elm liFA Chinese pine
Reclamation years/a 751 % Height/cm Jig1% DBH/cm 51 5 Height/cm Jigf% DBH/cm 1% Height/cm J19 12 DBH/cm
4 157 - 79 - 213 -
6 325 2.40 165 1.24 245 3.12
12 - 5.70 - 3.07 - 5.20
17 555 7.69 374 4.62 447 7.53
#*3 BRMEEFKSE Logistic {HE
Table 3 Logistic model of breast diameter and height of each species
FD Jf44% DBH M5 Height
Tree il X RS~ BE M a HOH Model MR RHL 7 2E M a
Species Model Correlation coefficient r* Significance a Correlation coefficient #  Significance a
bl 8.804 5.554
Locust dy = o 0.975 0.002 h = e 0.798 0.044
6.001 3.753
Kk Elm d, = T 0.988 0.001 hy = P 0.817 0.035
TR
Chinese dy=— 21218 0.996 <0.001 py=— 16T 0.998 <0.001
: o l+e” o l+e
pine
W div don ds PRI KASRHAA B, oms Ars ko by S50 RIRR KARIAR ORR ST, m.

Note: d, d» and ds is DBH of locust, elm and Chinese pine, respectively, cm; 4y, 4, and 45 is height of locust, elm and Chinese pine, respectively, m.

x4 TREEFRMERERSY

Table 4 Vegetation growth parameter in different reclamation years

R TR ,Locust Hik Elm Jli¥A Chinese pine

years /a Height/m Jem N0%m? Height/m DBH/cm N0%m? Height/m  DBH /cm 107
3 0.958 1.274 0.122 0.505 0.689 0.019 1.979 2.371 0.874
5 2.375 1.965 0.720 1.179 1.027 0.098 2.285 2.856 1.464
10 5.264 4.576 8.657 3.272 2.382 1.458 3.150 4.434 4.864
12 5.504 5.706 14.074 3.575 3.069 2.645 3.523 5.224 7.551
17 5.551 7.690 25.781 3.741 4.620 6.271 4.462 7.570 20.082
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Table 5 Vegetation volume in different reclamation years
- JIHL Locust _— i Elm kA Chinese pine HEBU
Reclamation M , BRa o N Hhu st . Hhu Total
7344 Stand AL HRA volume
years/a Volume Volume Stand Volume Stand 3
/10°m’ Number volur}ne /10°m* Number volume /m’ /10°m? Number volume/m’ /m
/m
3 0.122 60 0.007 0.019 8 <0.001 0.874 72 0.063 0.070
5 0.720 400 0.288 0.098 10 0.001 1.464 130 0.190 0.479
10 8.657 900 7.790 1.458 65 0.095 4.864 306 1.490 9.375
12 14.074 1000 14.074 2.645 92 0.243 7.551 345 2.605 16.920
17 25.781 1100 28.360 6.271 100 0.630 20.082 400 8.030 37.020
A — N K T N e n
3.2.2 AAMEREDSRBHA BRI, K4 Kolmogorov il AR, £ra 1 i

AR BN (R A2 A Logistic A7y

)
42.178

R BRI RS 2 4 0983, B
PRI 0=0.001<<0.05, FE#Y & R Logistic Fi7Y
PUEIREF, J7FEAEM AR I b S e i HE 37 2 B TRR
WE RS LFE
3.3 TESHEFNZEFMEREE

B EES MR T CAPUR. % R,
A, TR 5RO E R E R T 2]
HPLE, BREPUR. % B S R A
AL LA R, HAC RS ~ 518 0.877,
0.808, 0.791, H 2 MEATEAE 57120 0.019, 0.038,
0.044 (34/hT-0.05) , BEHH LIk 3 AR P e v (1)
BT REE R A TN

HHUT 5 R A A

(5

91:0«%y@—
dt

y=157.758x,-29.790  *=0.877  (6)
ERGHEPED R FEA S
y=466.99x, -16.713 > =0.808 (7D
Py SRS ek aect 7/ CIVEE ey
y =0.460x, —58.476  r* =0.791 (8)

FIH SPSS13.0 KAME AL AR Has
S AT 2 ekt ma A, g R ER =
TG TT R R AR 0.119>0.05, %
K. AN SEMA IR 7 5 g
Wi 2 TR AL A (0 TR R 4, T RE
SE MR N 0.026<0.05, LA TTREN

y =656.776x, —1547.538x, — 66.714

¥ =0.974

X (9) I HLUT A2 E Y B BRI 5
MR M. B, AEMAIGR, BHTEADTTT
XA PR 756 B R S AR /N e FERFIEIX R R
TeAMH I TR 7 rh, A AR A ZCR
B IR 10 B R IR S R AT

PR e A ) R 3B B DAL TR A L BUR A A

9

W A IR (A TS R 2 RE 4

% _ 01405 [ 1 -2 H1347:538x, +66.714
dt 325761
776x, —66.714—
% _ gy (1 656:7765 = 66714~y o
d 170.229
d _ ) gggy[1 6367763 ~1547.538x, ~ 66714
dr 42.178

AW E B X TR AR M A E S -
HEIRBT IR A ¢, Hodo) H g2 m e K IR 2 A WL
ARG E. FNHIRRF, TEEPUTAE 0 358 %
FERE Sy, i B AR K R Bk, AEW
JE SR R B ek R T, B A RARE R AT
K, TERESHTEESCE I ETRE, i
BRI FE . RE SR E, HEENERE
WK, FERXASRGERT ATRE.

LA A2 90 1 1) B8 I A R T - S BRI IR o
R EGE . TR AES RGOk, ARIKE
AR TT DA I 4985 00 LA S B 15 A, (R Bk
B8N eSS RS, WM AR A Tk
D IX—I R . 3 SR AR S DL A R 3
RS R SE R D Ae), U3 T Lk
JRI e T — A S K M S 2 . Pl KT
WX HE X b2t ik 2 A G B A S RS,
e AR RE T LA S s DL T A 15 AR Pk
HhE )y, R AR, 2 R oy 4 R
RO, A DA 1) 15 AR AT AR Bl B A 7
SRS A TRESEIL, H B TV & R Ta) 224K
3% WHEHMEE LIRS B RS, A
SR B HE SRR — T B 15~30 a, 1MIIRE 2 AR
FRBEE I 100 a LA E s Kt a7, ik, %t
THREBOHELEIG N THINTe RN RIS, 58RI
IREER), ARV AEASThRE, AMUAERS (e 135k

FRI S, I REAE AL BRI A2 25 AR G S0 e I 1) P Pk
CEIN/ 2N

Pk, b XERASWE T, Nzt —4
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AHLEEAE, MRS RGN AR g at, R
ARXFEA BE B AR RS RGEE R 1 B B
A FLERFRE ST -

4 itig

4.1 ERIBSEWZ BRI

AW L KR RIS T2 S
AR, TR R IS 7 AR E . R
PERARAL TE N B, B SR BRI TR R n DA e
SRR IN 7 BRI TR, LA R P R (3
Jio XM RIE R —E RN, TR %
RS ZE PR, X BTG R Y BL i THZRE
VE N A AP AOAR RS AT, A B b
ST B AR b2 A3 R SR 4
THRRDABGE W RV A R m A
(FBRE, i HL s 2 R AR T s 1 1)), R[]
(1 L HETR RO AR ) B, RE TS MR A)
WIFR AL Z RERERY, e 0 R B R e R
Mg, ZREPERAL R R I R R,
T 5 DU e 25 R 9 11 A 0 e 5 21 1),
PR WEEEY Y A S
PORFRA IR . HILHIARR, AMERY] T+
SED R ARG R L R R AR, RS T
WORFTN 5 B I i e R A o A
4.2 TEHREHZBEZEERMNER

PP 5 LRI 7 2 R R D24
PRz REREE, VR R ] A R T S
R oA (0 E BN RPN, e gk R b, K
2 SR R 6 (R0 2 [ I 32 38 20 Foft A5 PR 1 )
CRERON,  AHT SR A A B 70 M e T AL
Fs Ag AR, SRR LA 5 A A
BN, HRESEma RN R GRS B
TR kR, bR TR 2 A
N 7 5 T AR MBI & R T 3 S A
WAZ TS i 7 RE2L, DB A7AE — €
(R JRIRYE o A5 BT AL BRI e X A=)
RSN R e kAR, B R R
R I A B OR R BEAT IR, B RIAE Y
(1 PR P S B AHRE 27 RS SR

5 & it

A R B b R AR X HE R
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Succession law of reclaimed soil and vegetation on opencast coal mine
dump of loess area

Wang Jinman*?, Guo Lingli*, Bai Zhongke'?*, Yang Ruixuan®, Zhang Meng"
(1. College of Land Science and Technology, China University of Geosciences (Beijing), Beijing 100083, China; 2. Key Laboratory
of Land Consolidation and Rehabilitation Ministry of Land and Resources, Beijing 100035, China)

Abstract: Loess Plateau is one of the typical opencast coal mining areas in China with its broken topography,
loose soil structure, and destroyed natural vegetation, and the ecological environment is fragile in this area. Coal
mining has formed a large waste dump, which had imposed great damage on the surface of the landscape. It not
only occupied a large amount of land, but also influenced the animal and plant development; it is a serious threat
to the ecological environment. Reconstruction of the damaged soil and vegetation is the key to ecological
restoration in the mining area, and the process of vegetation restoration actually is an interaction process of a
complex ecosystem between vegetation and soil. The typical plot survey method was used to analyze the dynamic
succession law of soil environmental factors and vegetation biomass with reclamation years (3, 5, 10, 12 and 17a)
in the Shanxi Antaibao opencast coal mine dump. A logistic succession model of reclaimed soil environmental
factors and vegetation biomass land arbor forest in the Loess area opencast mine dump were constructed in this
study, and the interactions of partial differential equations between soil and vegetation were built. The results
indicated as follows: (1) soil organic matter, total nitrogen, available P, and available K had an S-shaped (logistic
curve) increasing with reclamation years and soil bulk density gradually decreased. (2) Using SPSS software to fit
the equation model, the correlation coefficients of the models were high and the significance tests were less than
0.05, the soil environment factor models and the arbor vegetation biomass model in the reclaimed land was
effective, and the dynamic character of the soil factor and vegetation biomass could be well reflected. (3) All
reclaimed soil environmental factors (organic matter, total nitrogen, available P, available K, and soil bulk density)
gradually closed to those of the original landscape and gradually become stable with reclamation years. Soil
environmental factors play a key role in the restoration process of vegetation, and the stabilizing process of soil
environmental factors also was the process of vegetation growth which tended to stabilize. The vegetation volume
gradually increased with reclamation years under the influence of the soil environmental factors, and which also
had a logistic growth trend. The logistic model of arbor vegetation biomass fit well and can reflect the dynamic
succession law of arbor vegetation biomass. The organic matter and total nitrogen are the main factors to influence
the biomass of vegetation. (4) Interaction between soil and vegetation was significant, and it fitted the
Kolmogorov predator-prey model. The relationship between them can be expressed by a partial differential
equations model. This research can provide theoretical basis for land reclamation and ecological restoration in the
loess area of an opencast coal mine.

Key words: land reclamation, soils, vegetation, dump, loess area, interaction
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