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Plant Diversity and Productivity on Dump Slopes of Fuxin Opencast Coalmines

WANG Kai, LIU Feng, ZHU Chang, WANG Daohan, SONG Ziling
(College of Resource and Environment Engineering ,» Liaoning Technical University . Fuxin, Liaoning 123000, China)

Abstract: [ Objective | To investigate the effects of different slope aspect, slope position and difference suc-
cession stages on species diversity and productivity of vegetation in dump slopes of opencast coalmine in Fux-
in City, Liaoning Province. [ Methods] The plant diversity, evenness and richness indices were calculated.
The plant productivity was measured by drying method. The relationship between diversity index and bio-
mass was explored by correlation analysis. [ Results ] For shady slopes, the plant diversity and evenness was
higher at the lower part of slopes while they were higher at the upper parts of sunny slopes. With the succes-
sion, the plant diversity gradually declined on the shady slopes, while it increased on the sunny slopes. The
aboveground vegetation, litter, and aboveground total biomass were greatest at the upper part of shady slope
and at the middle part of sunny slope, respectively. The litter and aboveground total biomass were signifi-
cantly greater on the shady slope than those on the sunny slope(p<C0. 05). Shannon—Wiener diversity index
was significantly correlated with productivity Caboveground vegetation, litter, and aboveground total bio-
mass, p<0.05). However, we did not find any significant relationship between productivity and other plant
diversity indexes ( p > 0. 05). [ Conclusions ] Vegetation succession and restoration processes of coalmine
dumps in Fuxin City might depended on slope aspect and slope position. When vegetation reclamation was
carried out for coalmine dumps, the differences in the characteristics of habitats should be considered.

Keywords: ecological restoration; dumps; slope aspect; slope position; biomass

[1-3]

( )240 s 2 894 hm*,

1.20X10° m’,
.

° b A b 9

:2014-01-06 :2014-01-27
: “ 7(51474119)

(1981—), «( ) , s s . E-mail: wangkai 2005@ hot-
mail. com,



o]

1 339
:5], [6]0 . R
. . , 5~20cm , 1.27
s ~1.57 g/cm, pH 7.06~7.42,
7-8] 5.6~12.3 mg/kg, P

6.7~9.5mg/g., N
12.9~19. 6 mg/kg; <0. 05 mm
3.7%£0.5%,0.05~0.1 mm  6.8%=+0.6%,

0.1~0.25 mm  37.9%+1.5%.0.25~0.5 mm

15.8%+2.0% >0.5mm 16.7%+2.6%.,

. . 2
1 3,5 10 a 5 10 a
( [} 5 a )
(121°38'33"E,41°57'16"N) , NE24°, SW22°; 35° ,
R 539 mm, 1 800 mm, 60 m( o
7~10 C, 50% ~60% . , .
s N \ 3 s
, . 15 . 1.
1
/a

(Setaira viridis) .

capillaries)

(Heteropappus altaicus) |

(Lespedeza davurica) .

(Artemisia anethoides)

(Cirsium setosum) |

(Artemisia sacrorum) . (Artemisia
(Ixeridium sonchi folium) .

(Artemisia scoparia)

3
. . N (Lespedeza hedysaroides) . .
(Metaplexis japonica) . . (Scorzonera austriaca) . (Salsola collina)
. . . N (Ulmus pumila)
. (Melilotus of ficinalis) . N . . (Calystegin-
hederacea) . (Xanthium sibiricum)
5 N \ R N . R (Taraxacum of ficnala) | (Elymus
sibiricus) | (Izxeris denticulata)
10 N N N
(Tribulus terrestris) | (Echinoc hloahispidula) | . N N .
5 . . (Poa annua) . N N (Carum carvi) |
(Amaranthus retroflexus) . (Chenopodium album)
10 N N N N . (Diplandrorchis sinica)

(Xanthium sibiricum) .

2.

1

7—8 ) , 3 20 m
X 20 m , )
3 5SmX5m
(2012 , 1 1 mX1m



340 35
. . \Simpson . Pielou \Alatalo
. , Margalef Patrick
, ) ) ( . )
80 C 24 h s ) N ,
. . (Three-way ANOVA), .
2.2
L1o-11] ; N
, Duncan
@)) :
Shannon— Wiener= — > P,1nP; ,
Simpson=1— > P? ,
(2) : SPSS 16.0
Pielou=(— 2 P;InP,)/InS o
Alatalo=C(>2 P?) ' —13/Cexp(— 2 P;InP,—1)) 3
(3
Margalef=(S—1)/InN 3.1
Patrick=S 3.1.1 .
:S—— ; N—
; P,=N,/N, N,—— i (Shannon—Wiener  Simpson )
. (p=>0.05), .
(Shannon— Wiener (p<<0.05C  2),
2 N
Shannon— Wiener ~ Simpson Pielou Alatalo Margalef Patrick
0.813 0.550 0.457 0.111 0.007** 0. 097 <0.001*** <0, 001 ** <0.001***
<0.001%*** 0.197 <0.0017*** <C0.001* ** <C0.001*** 0,007* * <0.001*** <0.001*** <0.001***
<C0,0017*** 0.008** <0,001*** 0,006** 0.023* <0, 001*** <0,001*** <C0.001™ ** <C0,001***
X <0.001%*** <0, 001*** <0,001*** 0.004** 0.113 0.002** <0.001*** <0.001*** <0.001***
X 0.029* 0.016™* 0.020* <0.001*** 0,005** 0.024% <0.001*** 0.002** <0.001***
X <0.001*** <0.001*** 0.296 0. 685 <0.001*** <€0.001™** 0. 880 <0.001*** 0.001**
X X 0.409 0.001** 0. 047 <0.001*** 0.390 0.682 0.016* 0. 681 0.001**
s p<<0.05; * % p<<0.01; * *x % »<<0.001,
Shannon—Wiener Pielou  Alatalo
) (p=>0.05), .
; 5 10 a Shannon—Wiener . X . X
(p<<0.05), 10 a (p<<0.05)C 2), Pielou
(p<<0.05); ,
, Shannon— Wiener (p<<0.05); S 10 a
) C 3, 3 b5a Pielou (p
Simpson , <C0.05); , Pielou
; 10 a Simpson s ,
3 5 a(p<<0.05), 10a 10a 5a(p<C0.05C 3),
5a(p<<0.05C 3), 3,5 10a Alatalo
3.1.2 . . s 5 10 a



341

; 5a 10 a Margalef (p<
Alatalo (p<<0.05);  0.05), 10 a (p=>
, N Alat- 0.05); y Margalef
alo C 3, s
3.1.3 \ C 3, 3 5 a Patrick
. . X s 10 a s
X Margalef  Patrick 10 a 3 ; 5a
(p=<<0.05C 2), 3 5a Patrick (p=<<0.05),
Margalef , 10 a (p<<0.05);
10 a , 5 10 a Patrick
; 5a . ) C 3,
3
Shannon— Wiener Simpson Pielou Alatalo Margalef Patrick
/a
1.0540. 03¢ 0.49+0.01c 0.594+0.02¢ 0.524+0.01c 1.0940. 09a 9+0.9a
3 1.35+0.03b 0.64=40.01b 0.67=+0.03b 0.63+0.01b 1.4040. 08a 1040. 7a
1.5340.07a 0.7340.03a 0.86+0.01a 0.78=£0.05a 1.10£0. 10a 8+0. 3a
1.0540. 09a 0.54+0. 10a 0.6240.07a 0.73%40.19a 1.3840.03a 8+0. 6a
> 1.1040.12a 0.54740.05a 0.6140.03a 0.6140.01a 1.42%+0.13a 9+0. 3a
1.2540.03a 0.6440.02a 0.70£0.02a 0.7240.03a 1.16£0. 04a 8+0. 6a
0.8040.06b 0.3940.03b 0.73740.05a 0.53740.02b 0.8070. 04a 4+0. 3b
10 0.95%0.03b 0.5540.02a 0.77%0.03a 0.78=£0.02a 0.8540.07a 4+0. 3b
1.2040. 06a 0.4540.01b 0.80%+0.01a 0.3740.05¢ 1.04=£0. 10a 7+0. 3a
0.9040.03a 0.6640.02a 0.5140.02a 1.32+0. 04a 0.9540.01a 7+0. 6a
5 0.7040.12a 0.414+0.11b 0.4340.07a 0.73+0.16b 0.81+0.01a 7+0. 3a
0.35740.06b 0.2240.01b 0.2540.01b 0.66=40.03b 0.56=40.10b 6+0. 3a
1.1540. 05a 0.6040.01a 0.647+0.02a 0.71%£0.05a 0.9840.05a 7+0.7a
10 0.904£0.03b 0.5140.02b 0.512£0.03b 0.7140.05a 1.0240. 10a 7+0. 3a
0.90=£0. 08b 0.54%+0.02b 0.53%0.01b 0.81=£0.05a 0.9140.10a 7£0. 6a
+ ; (p<<0.05),
3.2 4
(p<<0.001) /a /8 /g /g
C 9. 3 . 101+5a 230+ 2a 331+7a
3 73+9a 129+£12b 201+3b
(p>0.05), o 10 92412a  139+18b  231+13b
(p<<0.05); 390+22a  31249a 702+ 16a
(p< 5 174+12b 126+4b 300413b
0.05), . 145423b 161+3b 306+23b
(p=0.05), 364+ 3a 295+ 6a 659+ 6a
10 21644b 180+3b 396+4b
(p<<0.05). 2554+18b 128416b 383+7b
(p<<0.05), 10 a 169+ 11a 2042b  189+17a
(p<<0.05), 5 176 +17a 37+4a  213+13a
, 172+£18a 18+2b 190+20a
(p<0.05), 10 a 54 181+15a 89+8ab 270+ 16a
10 185+5a 111+12a 296+11a
(p<<0.05)C 4, 164242 57+10b 221+ 14a




342 35
2.3 0.05), Shannon— Wiener .
( . Simpson . Pielou .Margalef
) ( N Patrick .
) ) )
Shannon— Wiener (p<< (p=>0.05C 5),
5
Shannon—Wiener  Simpson Pielou Alatalo Margalef Patrick
—0.679% —0.651 —0. 046 —0. 148 —0. 247 —0.582
—0. 669" —0.503 —0.340 0. 036 —0.237 —0.378
—0.723*% —0.636 —0.171 —0.082 —0.261 —0.539
0. 258 0.003 0. 230 —0.441 0.323 0.158
0. 637 0. 350 0. 628 —0.422 0. 686 0. 482
0.598 0. 304 0.585 —0. 444 0.651 0. 445
% (p<20.05),
A , )
4,1 ) o
) 4.2
] ’ Ls] ’
[12] R R [14] 3
(3] Esther N
; ) ) .
(p=0.05C 2), el
(10 a ) , s
. 60~80 cm, ,
(p<<0.05), ) 3
, , ) .
, . )
; , (p<<0.05),
, . ) . )
’ (el b o
, ’ s ; 4.3
[9] 3
) ) 3 .
(p<<0.05), Deasl,
) , ) .
la , Shannon— Wiener (p<<
, 0.05), ,
s 1a s ,
) o ; )



343

2009,29(2) :197-201.

, . [8] Bochet E, Garcia-Fayos P. Factors controlling vegeta-
, tion establishment and water erosion on motorway slopes
in Valencia, Spain[]J]. Restoration Ecology, 2004, 12
’ ’ (2):166-174,
’ [9] : C
[Jl. ,2010,30(24)
6892-6900.
’ o [10] (I1):«a

(GEDIRAE ,1994,2(3) :162-168.

: : [11] s . (1):«a

[1] Cheng Jianlong., Zhaohua Lu. Natural vegetation recov- ¢ OO0 1984, 2(4) 231
ery on waste dump in opencast coalmine area[ J]. Journal 230,
of Forestry Research, 2005,16(1) :55-57. [12] ’ ’ ’

[2] Jackson S T, Hobbs R J. Ecological restoration in the . 2013, 32
light of ecological history[J]. Science, 2009,325(5940) ; (1).7-14.

567. r13] . . .

[3] Suding K N, Hobbs R J. Threshold models in restora- . 12004, 24(8) ;17561764

tion and conservation: A developing framework [ ] ]. (147 ’ !
Trends in Ecology & Evolution, 2009,24(5):271-279.
0JJ. ,2003,20(4) :330-335.

. s C

o [l ,2011,31(1) ;215 .
: ,2011,22(5):1107-1113.

[5] Naeem S. Ecosystem consequences of biodiversity loss: [16] Tilman D. Wedin D. Knops J. Productivity and sus-
The evolution of a paradigm[]]. Ecology. 2002,83(6): tainability influenced by biodiversity in grassland eco-
1537-1552. systems[J]. Nature. 1996.379(6567) :718-720.

[6] RuizJaen M C, Mitchell Aide T. Restoration success: [17] Guo Q. Berry W L. Species richness and biomass: dis-
how is it being measured [J]. Restoration Ecology, section of the hump-shaped relationships[J]. Ecology.,
2005,13(3) :569-577. 1998,79(7) :2555-2559.

[7] s , , [18] s .

L. . [l -2002,10(1) :49-60.
( 326 ) [6] Wang Changjiang, Wang Qian, Zhao Jie, et al. The

[3] N s s site-selection system for land consolidation project based

[1]. ,2013,41(4).:393 on GIS and computational intelligencel M ] // Applied In-
304, formatics and Communication Berlin Heidelberg:
[4] s s R Springer, 2011,227.195-203.
7. ,2013,41(3) ;421-422. 7] . .o AHP
[5] Lyl .2009, 25

[D]. ,2007.

(5):202-209.



