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Effect of soil and topography on vegetation restoration in an opencast coal mine

dump in a loess area
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Abstract: Restoration and reconstruction of vegetation play an important role in improving and restoring the fragile
ecological environment in disturbed areas. In opencast coal mine dumps in loess areas, the ecological environment is
extremely fragile. Therefore, it is crucial to understand the effects of topography and soil factors on the response of
vegetation restoration in order to improve the damaged ecosystems in mining areas. Here, we determined the effects of soil
and topography on the response of vegetation to restoration activities at 27 reclamation sample plots ( each with two
transects ) with different site conditions in the Shanxi Pingshuo Antaibao Opencast Coal Mine in a loess area. We conducted
one-way analysis of variance (ANOVA) tests and pairwise tests of significance with SPSS 20.0. We performed multivariate
techniques, including detrended correspondence analysis ( DCA) and redundancy analysis ( RDA) using the program
CANOCO 4.5.

The ANOVA and pairwise tests indicated that environmental factors significantly effected changes in vegetation.

ESTH : EHRK A RPH4 (41271528)
YRS HH#3:2015-01-23; ) % tH iR B 88 : 2015-10- 10
# W IRAER Corresponding author. E-mail ; wangjinman2002@ 163.com

http ://www.ecologica.cn



2 S % 36 &

Available K (AK) had the most significant impact on vegetation restoration ( P < 0.01), followed by total N (TN) and
bulk density (BD) (P < 0.05). However, topography variables did not significantly effect changes in vegetation (P > 0.
05). Soil nutrients were the main factors affecting the distribution and growth of vegetation during the process of restoration
in this opencast coal mine dump in a loess area.

The RDA results indicated that vegetation and soil variables were significantly correlated, whereas the correlation
between vegetation and topography variables was not significant. There was a strong correlation between vegetation and
environmental factors with species-environment correlations of 0.811 on the first axis and 0.702 on the second axis. The
cumulative percentage of variance in the species occurrence data on the first four axes of the RDA was 59.9%. The
cumulative percentage of variance for the species-environment relationship on the first axis was 75.3% and on the second
axis was 20.1%. Thus, the first axis and second axis explained 95.4% of the variation in the relationship between species
and the environment. This indicated that the species and the environment axes were highly correlated with the set of
variables. The Monte Carlo permutation test indicated that vegetation restoration was not associated with all the
environmental factors (P > 0.05). AK played an important role in vegetation change. The soil nutrient content correlated
with soil bulk density and rock content. Soil organic matter and total nitrogen showed significantly positive correlation. The
slope determined the herbage coverage. There was also a linear relationship between slope direction and soil organic matter;
a similar relationship was noted between slope direction and rapidly available phosphorus.

In order to improve and restore the degraded ecosystems in opencast coal mine dumps in loess areas, the co-evolution
of vegetation and soil should be understood and natural succession should be considered. Vegetation restoration is not only
an ecological, but also an economic and social problem, and some relevant conservation policies, such as the prohibition of
grazing and logging, and conservation of natural vegetation are needed to reduce the human disturbance on these lands. A
key strategy for ecological restoration in opencast coal mine dumps in loess areas is to improve soil conditions and increase
the area of propagated vegetation; protection of propagated and natural vegetation under local environmental conditions

should also be strengthened.

Key Words: land reclamation; vegetation restoration; detrended correspondence analysis ( DCA ) ; redundancy analysis

(RDA) ; loess area
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Fig.1 Location of study area and scheme of sample point setting
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Table 1 The basic information of sample-plot survey

) . . . TR
plot P titude £hor quantity DBH height density coire; ji‘;
1 ik Ve gl 1441.66 15 27 4.42 0.4 25
2 Sl A 1450.26 30 28.1 5.83 0.55 8
3 SRR AT 1430.54 56 21.7 3.95 0.3 35
4 AR 1444.1 27 36.2 8.17 0.6 5
5 AR 1402.74 11 26.8 4.6 0.2 25
6 SRR/ AT 1386.74 19 28.8 5.99 0.55 15
7 Tl A 1349.45 20 21.6 5.3 0.25 20
8 SRR AT 1329.16 32 25 4.82 0.52 35
9 AR 1431.64 75 17.1 6.88 0.4 10
10 A 1438.52 64 23.5 5.5 0.5 30
11 TRE 1423.4 61 22 4.34 0.4 2
12 SR/ A B 1428.8 51 20.8 5 0.78 9
13 SR/ A B 1372.61 90 21.8 6.42 0.3 2
14 FXVRTHEN 1391.25 160 16.9 3.82 0.85 5
15 SRR/ AT 1343.21 19 25.9 4.06 0.5 9
16 R 1362.8 13 39.9 7.67 0.25 70
17 SRR A 1450.05 35 35.3 6.01 0.18 10
18 SR A A 1426.78 35 29.4 6.13 0.45 30
19 A 1434.74 8 19.5 2.53 0.4 35
20 g VI /A 77K 1408.68 32 7.8 1.82 0.05 60
21 SRR A 1391.72 28 13.7 3.4 0.2 15
22 FIRR/ AR 1375.01 19 17.9 3.9 0.15 35
23 TRURR/ R/ iRy 1351.54 28 37.6 7.53 0.65 20
24 IR AR/ R 1375.55 28 27.1 7 0.6 20
25 S A A/ A 1359.03 11 19 3.67 0.1 40
26 R/ AR 1344.35 9 24.89 8.49 0.2 40
27 AL VE L PATHE N 1454.21 35 27.5 5.1 0.6 5

2.2 BHINE

AR I E FR R AL A . RIS E (BD) R EK A (SWC) | RIS AL (BP) Bk T i (RC) (42
A (TN) W (AP) JELE (AK) AP (OM)8 N8R, 3 KB Iw R ML T3, H iR &
AR ALBR LR IR TT I, T 0k & S R AR E R o 3 AL A 00 2 SR v A R 0 A b 1
34 R FH R SR T FC I |, 3R 0.5 mol/L BRI FUANIR $2- 4 B BT HL (0 1 0 5 | 4 3 i i 2R
A T e R 4 - I T WS v 2

T HSHE v 3 1) A A8 Bl 2 50 3 ST SR T RS S gy ) B 1) BT 0, B 0.3 21 BH
0.5 B 0.8, BAHE 1, A G0 0, i 1, BFFE K45 R b b T 55080 L 36 2,

X SR B REAKE S KA T 80°CHE T 2 fuH , A 4 W, 15 FAEY &L,
2.3 Gtk

K F SPSS 20.0 X 3 BAE AT HGATEGE AT, IE X RN L R AR kAR Ak 5 R R AT B R R T
2201 HT B ARG S L K IRE N a=0.05, HAREET CANOCO 4.5 B AT R 434 (DCA) .
DCA EH PR AR EAT /30T USRI B (0 B R 0, AR DCA HEFP 45 51 28 —HE P i < R B G
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W EHER AT 7 2 TR, SR CANOCO B 358 T 4 22 78 B 3 A 05 i 2R AT HE e A 52 45 - 9% 462 562 ( Monte
Carlo) , 3375 2N B HE R I, 2 R BRI 5 0 DR =22 ) B AR DG . s B 30 107 23 BT 5 TU AR 23 Fr Al
455 AT DRI R AN 25 22 M A AR AR I R (R 8, SO & Z gt S5 0 398 02 DR 7 A S 9 T 4072
BFE.

F2 MERXESHFMBMTEIE
Table 2 Topography data of each sampling point in the study area

Wt i f? f‘: Fe ik i f? f‘:
Altitude Slope aspect position Sample Altitude Slope aspect position
1441.66 0 0 0 15 1343.21 45 0.3 1
1450.26 0 0 0 16 1362.8 0 0.3 0
1430.54 0 0.5 0 17 1450.05 40 0.5 1
14441 41 0.5 1 18 1426.78 0 0.5 0
1402.74 36 0.5 1 19 1434.74 34 0.5 1
1386.74 0 0.5 0 20 1408.68 0 0.5 0
1349.45 33 0.3 1 21 1391.72 41 0.5 1
1329.16 0 0.3 0 22 1375.01 0 0.5 0
1431.64 31 0.3 1 23 1351.54 12 0.8 1
1438.52 0 0.3 0 24 1375.55 0 1 0
1423.4 33 0.5 1 25 1359.03 42 0.5 1
1428.8 0 0.3 0 26 1344.35 5 1 0
1372.61 23 0.3 1 27 1454.21 19 1 1
1391.25 0 0.3 0

3 HR5H5%H

3.1 BHEEARA RS b

Xif - SRR AT RE R YEGE T AT, W3R 3. B ORAE W/ IME T DAE A - HERRE A AR S A Al T, 25 R
AR IR A HLT S A A A /IMEAH 22 AR KON, Hofth 45 5 F i R M S /IMBERI 22 A K BAF A IERS
I3AR . PR A T A ) E B A, 3 3 BRI E AR Z AR, K28 R A R (e
T, R0 et A T8 B SR T AR R BB SR, AR ST R B R AR SR A — Ak
18, T A b A S B R Y S S RBURAIR (< 15% ) , 138 9 7K 2 . R80T R S A0 1 R S R B
(15%—35%) , A WL EAMBRA & R EA B ENERRE(>35%) , SR UL, it g BoR i X +
HERR AR LR

x 3 TEBIEMERESITSN
Table 3  The descriptive statistical analysis of soil data

ia HE

IR T e/ IME IENI:N ) 5 5 Z A
N N . . Mean Median
Soil factors Minimum Maximum CV
value values
T34 H Soil bulk density/ (g/cm?) 27 1.01 1.72 1.38 1.37 0.12
A+ 3 BFLBREE Soil total porosity/ % 27 34.42 61.76 47.37 47.38 0.14
F 35 7K Soil water content/ (g/g) 27 3.44 8.33 6.37 6.57 0.22
kA1 & % Rock content/% 27 0 0.75 0.31 0.32 0.78
2R TN/ % 27 0.03 0.3 0.12 0.10 0.57
AP Soil organic matter/% 27 0.46 18.4 4.56 3.35 0.85
AW AP/ (mg/kg) 27 2 7 4.13 3.87 0.33
HERLER AK/ (mg/kg) 27 56 274 159.7 152 0.35
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3.2 BRSO R XA AR b R Y S R 2 25 i

SR H SPSS 20.0 AT Ry 225041 e S MR , 30T 148 5 b IR T R e AR A i s R L S [
B 38 P PR X AR A B e BT BOR B 22 53 (3R 4) |, 3R PR o i S AKX i A R e e Ry
(P=0.01<0.05) , Hoyk S22 R M T A 8 (P<0.05) | T HU I R 7 X R AR AR B Sk R I AN 2, DA % £
X 5% KM HE T it ok B b, g o e Rk e R R S R ) B T,

F4 TESHEEFHEREZINERRAESHEEZHRER
Table 4 One-Way ANOVA and significance test of effect of soil and topography factors on vegetation

SR A ¥ Influence factors ARG Single variable F P

HuIE ¥ Topography factors Wk Altitude 0.913 0.474
WP Slope 0.854 0.506
3% 17] Slope aspect 1.301 0.300
V 343 Slope position 1.185 0.345

+3EH T Soil factors + 34T Soil bulk density 2.743 0.049"
+ 3 BFLBREE Soil total porosity 1.3 0.301
+ 3524 /K& Soil water content 0.287 0.883
WRA1 2 it Rock content 1.457 0.249
A TN 3.501 0.023 *
ML Soil organic matter 2.108 0.114
AL AP 1.366 0.278
A AK 4.288 0.010 **

* Forn WEA P<0.05, =+ Fontl B P<0.01

3.3 DCA 5 RDA HEF20#r

DCA HEFF 3 A5 i HE 7 R B2 NS — Tl 380 55 D 2t 43 391l 72 . 0.490 ,0.440 ,0.251 ,0.323,, 402K 55 —HE v il iy
{E/NT 3.0, JWTTARSMAT (RDA) [ 73 B 45 SR BT s 275 —HE P Sl {4 T 3.0 5 4.0 Z (8], U] RDA 5 L5 X
ST (CCA) EBPTAEFH s 2558 —HEF R B (R T 4.0, W) CCA 433047 T RDA™ . ARHF5E DCA 4755
—HEFPHIE /N T 3.0, AHTIZ X e B LR MR RDA HEAT /T s R B e

RDA EAE A ST AR5 A 18 5 MW AR 0 Al 9 28 Ak 1 Tk, O N Ge 2= i A PN — B i 5 248
SR 2 IR AH DG DG 2R | A a4 T 0 2 S Ay o g 18 T 0 2 R A AR i oA, TR 2 S S MR I

MM B A BEAY RDA HEF &, B b 3R 7 Rl A 40 6 8 S 2R B R R U IR 7 A S e 57 Sk I R Be

N, A I AT Sk R B g AR & .+ 58 MR AR & SRR AR i 22 R AR SZ(EARER T e Z R AH G
ABLAENIE , TR S IEAR G FH B 2 FAH G ; 18 B AR 8 Sk (10 07 m F6m TR R AR fh ka4, & sk
B AR P XA A A R R/, R 2 AT DAASH S R R A Aok R e, oA A A A S i
BN FRTHIE R, HE R 7 gl i) S0 T X A0 T 1 A v %) i g | 398 DL~ v s S5 0 A0 e v
A B RS TR A i R B RN UG B 6, oA PRy g R A X /N

RDA 4345 5 7 Wi 4 B30 A8 Ak 1) SRR EL 8] B4 iy D 2k AR (LA 59.9% , R -5 PR 858 A1 6 56 2R 28 — il A &S
T B 5 BN 75.3% F11 20.1% , BIEE—Rh A RIS RE T 95.4% AR BE S T3 OIE 2 R 6 R
(F5), AP 13 R R 1A 5 R0 — BRI S5 — 3 A0 (E 43 02 0.811 F1 0.702, I ZE4 Al 40, R
54 WP 2Z 0 2A S A DM SR RIK B ERSBE (Monte Carlo) 2B HEBE K & AN 5 A 1) 13
B A+ BA AH M (P=0.086>0.05)
3.4 fE R R Z A AH I b

RDA HEFF I /R T A4k 5 + 38 B R TR 0C R HEF B A28 —HE P 03 T MR B X6 4 1) 5
Wi, L 2 T TR B A 5 A AR IR A 7 5 R S A A G, M ) S TR R B R A O MR R T
Wl R B B f A T LASHE 1) 3 LT X6 e S A v A A R A RN 1) 5 TR RN 2 (AR SRR, A
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Wi o A R SRR AR AR R EASG, B
FARHEROR LA FORIBR A 35 i 5 AR AR 2 IE AR OG 5 AR 55 7 AR X i A - g B2 22 AR G, 5
AR R IEANSE . UM R B DX R HE - S ROAR B VR A R MRS 35 T SR - S A e

Bl 00 i B fe i, W AELBE AR Y

ZIECR
*x5 BEIXEXETHL RDA HFERK
Table 5 The ranking result of RDA in opencast coal_mine dump of loess area
RDA /4 | ) 3 4 ST 2%
RDA Axes Total variance
FHE(H Eigenvalues 0.455 0.122 0.014 0.008 1.000
Wy Fh -5 A G R A Species-environment correlations 0.811 0.702 0.700 0.730
S 1 p
%ﬁﬁ(fﬁxkii l:l:fﬁJ% . 455 76 59.1 59.9
Cumulative percentage variance of species data
) Fh-20 5 56 2R A8 Ak AR E A
WRIRSR AR LR RIS %0 . 753 95.4 97.7 99.1
Cumulative percentage variance of species-environment relation
FRAEE S Sum of all eigenvalues 1.000
MR AE (A Sum of all canonical eigenvalues 0.604
Trace F-ratio P-value
ZERS 6 R B i
B AN A AR 0.604 1.782 0.086

Test of significance of first canonical axis

0.4

FeARH

HEZe

b AL

AR

WHERE

T TR

RN
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Ty Tt
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BEXRBREVHLAENS TH TS RDA HF

Fig.2 Ordination diagram of RDA analysis of vegetation and soil , topography variables in opencast coal_mine dump of loess area

% 6 J& RDA /-3 3|0 H N F S HIE I F A R AR . WIE I F5 3 H 1 2 )l skl 5 i 4k
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R HEAE 5RO T (0.451) BIEMSE BRA T RS 2R (0.537) 2B FIEME, 5A VLT (0.432) A
(0.303) B IEAE; AHLET 542 A (0.860) 5 & A G BUKWE 5 2 A AP IEAHDC, U TEAEBK A i
P, e i rp ) R S R R R S i A W B R R AR, 45 ISR AR AR Z IRIAE
TEWA WA DGR R

4 Tig

IR 2 A AN [ %o 4 398 DR 4 e st IR0 A 22 00 B9, e MR A 0 - 3955 40 B i LA R A >
RO | 4 RS AR B OO A A R R S A 2 B AR T ) AR g S I A R A3 v
SRS I RS 1) B B P A A i R A R AR . P X S Al S AR U R AR AR | A b
L MIMTBENT, 53 A0 AT X o 32 1 P AR LA i ) 61 R0 7 T (5 45 4 8 v sl 40 4 R
M eI, YFE2 TR A WU A I B A S RAE 2 S 0 A K SR R R 2 K
i >0 T s S E UK O R RIF 5 2 B AN TR ARl Pk A Xt mT ol A ML A S ) R B8, X S R A A
YRI5 B AR AR IRl R I i itE A 48 G W) A J I8 U 22 o o it R ALY I, A i
7 A HUTOAE B & R R 52 M AN BH S A WL S AR ORAEL W/ IMELAR 22 AR, ] BB A9 i PR W 9% IX B
THEYGE W AU AR A AR PR A 0 & AR AR M N A R R A A B S
BT, BEE B R, (75 e ep oA WL 5 s Y

HHBAR A B ST IR A5 W S A 2 R W S 1) 0k 6 L b Rl A RS I L AT
FEHEPEE A | MR DR gl i) J ok s i R e PG O 1 = 2 PR 7 ROV 4, 396 1) 0 % A 35 B R R
A —E B (H X R M A AN 2 MR PRl X AR R R I AT AR B Y BT 38 | 3k W] RS2 DR 7 - Sk o
A O L AT i s iy R (ERARY % = S TITIE B | AV e e w495 e (1 o o1 e w4 P e o A 3p A K
PR ) EEEREEN 71 R RINAE ) S TR A L B X et I R X A A K BB S BRE E  Fe
Z2REA 2 (B A7 JRy 1) S22 PR 2R 2 5 1) A, (H > 0 4 728 A B < 300 m B Vg A6 A 9 R S I e i AR /N, AR
ST B R R HE 37, HOER RN 1329.16m—1454.21m, #H2% 125.05m <300 m, XHA 2 UG E K/
ERAFA R AR AN IR S s SR I, T DR T R R A — 2 BRI TR R e o
SR FARAT —E WS, W Je 2 5 e AR Tl %ok - 398 A0 AL 1 T R K A3 5 A B B A5 i, AR BF 9 4%
SN A 5 AR S SO OC , S R E ARG s A S S ) R R R A OG; A K | AL
FE S8 ) 2 OEAR G, - R S 2 AAE G,

TP S S 2 R A 3k R LI 2R MOAH B 29 ) 0GR R T A A R AEAT VR SR o AR v A
FH TRl 8 7 1 R R PR S0 - S o IR S RNV E o B ARy T st A & v 1 X R HE - 37 e 55
MRG0, B 1% 7% SRR I AR M o X KR HE 3 A SR 0 OGRS Y
A ZSIBRIR GG T iag A RO AN in T A [R)ishin s e HE + A B 0 0

5 #ig

AR CANCOC 4.5 345347 788 4 DX R AR 87 K HE L35 MY | DR X AR Bk 52 1 5% i 3
AT RI LT 4518 .

(1) 7E 8+ X EE KM HE L S e K 2 3 78 rh 3 DR 2 52 A VK A2 1 R 2 R IR -, G v AR B
SRR AR S ) B B A i, O AR i L I MR IR rp e ) AR S S M K

(2) R b ) I SRR A S X SR i B A W R AR R VR & TSR R R 2 ]
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(3) TERZMAAE GRS PR T4 22 I I DT, ) 8 B 34kt g 3 AT R T A% 43 W T A et B A K A i 22, D
Ay HE I AR A A L  #F SPSS 20.0 5 CANOCO 4.5 #4554, e R4 i et X 88 KIET HE+ 3 +
8 MY R XA B R A2 S s

(4) N TEEMIRE &+ X TR HE - 55 AR S R G, DO SR B FD A & i 8, 7E 2 M
AR S IABER O T HE 147 1 b5 B 1 S R et IR ORI B in A T AE g, (RIS x HE A g i AR 9

Brigh: R A T B0 R R AR AR A SO S AR MISCE B G A v 25 7 1 B Bl SO R A 2
BEXSCEAREAE SR T A ERHE By, B B AR S8 RTINS OTIE I ZE AR AR RN E A
H S Bl
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