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Abstract: Nowadays, coal mining activities remain of great environmental concern because of several negative impacts on
soil ecosystems. At the same time vegetation restoration in coal mining area is getting more and more concern in China. This
study aimed at building a cost-saving and effective gangue platform vegetation allocation and conservation mode in the
northwest arid desert area of China, plant community stability, system self-organization capacity, environmental carrying
capacity and sustainable development capacity in the initial stage of vegetation restoration of gangue platform area were

explored multi-dimensionally. Four types of vegetation allocation and conservation mode including arbor shrub grass (M, ),
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shrub grass (M,), ornamental shrub grass (M,), and shrub forest (M,) in the gangue platform area were taken as the
study objects. Artificial seeding of Caragana korshinskii, Artemisia sphaerocephala and Medicago sativa in the gangue
platform without taking any conservation measures pattern was the near-natural restoration mode ( CK, control). The
community composition, species importance value, and species diversity changes of different vegetation disposition and
conservation modes were analyzed using common ecological methods. The characteristics of vegetation community structure at
the initial stage of restoration were also analyzed. The environmental and economic benefits of each mode system were
calculated by emergy method. The results showed that: (D The plant species composition of the four plant disposition and
conservation modes increased, presenting a high species diversity. Species diversity followed the order as M,>M,>M,>M >
CK. @ Purchased emergy dominated the emergy input structure. The utilization of renewable resources of the four modes
was lower than that of CK (99.86% ) and the utilization of non-renewable resources of M, was the highest (29.52%). 3
Compared with the emergy indicators of different vegetation configurations and conservation modes, M,’s net emergy yield
rate (EYR) and emergy self-sufficiency rate ( ESR) were higher than others, which had the greatest advantage in
production efficiency and a strong independent development ability. The emergy investment rate ( EIR) and system
sustainability index (EISD) of M, were higher than other modes, and the environmental load rate (ELR) was lower than
other modes, indicating that M, had a high level of economic development and low dependence on the environment. The
pressure generated was small and had a certain potential for sustainable development. @) M, was the best mode in terms of
community characteristic structure, system economic development level, dependence on the environment and sustainable

development ability. M, was the optimal mode in terms of production efficiency and independent development ability.

Key Words: energy analysis; configuration and conservation mode; plant communities; species diversity; sustainable

development ability; arid desert area in northwest China
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Fig.1 Survey map of the study area
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Table 1 Basic information of sample plot
i X LR EES AT PHE A A
Configuration mode Plant species Reconstruction method Conservation measures Reconstruction time
R+ A7 2% + UK B + B

TRl R (M)

Tree, shrub and grass model

MR (M,)
Shrub grass model

WUE TR (M)
Ornamental shrub grass

model

AL (M)
Shrubbery model

A SRR E R (CK)

Near natural recovery model

FUR+ V02 + R+ SRR +
UREL B Y+ 47 %+
VREL+EAHR

FEMI+ SRR+ 7 2+ DK+
B 7 A%+ UK+ RER
R SRR+ DR+ BOARAR

OB+ AR +F7 e+ B 25 +
TR + UK B 5 52 0y e Bk +
AR +FT 5+ B 35 + FOARME +
VREE S8+ AR + 47 55 + 5
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YO HA + 2RI B

Pk U E

RS W N N
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Fig.3 Emergy flow diagram of different vegetation configuration and conservation model system
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RO LR JETRAR (EISD) = W {E ™ th 3R (EYR) x BEfHIX VTR (EIR) / ERHEAR(ELR)  (8)
YIRhZRENE 43 M7 . A 55 9 Fh 2 BE 4% 3 #7 R ] Shannon 2 BEPEFE S0 (H) | Pielou Y 5] BEF8 50 (E) A
Margalef 3 & JEFEE(Ma) 7,

Ma = (S - 1)/InN (9)

H=- Z P.lnp, (10)

E = H/InS (11)

TeARJE T EAE = (X8 B + R B0EE + AR XT3 ) /3 (12)
TEAR)Z (AR ) HEAH = (AT L +AH X B E + A 2 ) /3 (13)

X, S HREE DR BAE(A) N RTEE R WA PR EE(A)  POS P S,
K H Excel 2010 F1 Origin 2018 B X5 $id 15 17 1Ak BE AN (& M, SR SPSS 24.0 B F48 40 M s
SR BR300 2593 B LSD AR S A [l it & 5 0 7 X al i 25 5, M7k OF P=0.05,
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Table 2 Species composition and important value of plant community

S%pjfifs*f\ame Eﬁ?;rﬁ genus M W, M M K
F+ AR Arbor Fffi Ulmus pumila tEHe R 66.13
VA Elaeagnus angustifolia TR R )R 33.87
A Shrub ¥4 Caragana korshinskii SRR 56.41 33.93 30.46 23.33
T Tamarix chinensis BRI 2238 25.73 23.85 24.79
LETEME Amorpha fruticosa R 31.81 34.65 6.61
58 Corethrodendron lignosum URRE R 11.06 19.42
S Bk Amygdalus mongolica TRk I 6.25
HHIEL Rosa xanthina TR R 10.96 31.17
YO HAH Juniperus sabina FARHE A 6.48 30.29
VR Calligonum mongolicum SR AR 23.74
A Subshrub U0# Artemisia desertorum HERE R 7.57 8.69 2.9
jszh?fu fﬁ jj BRAFE Tripolium pannonicum HERE TR 20.15
— AR R KN Gaillardia pulchella L ESVIN <) 6.62 65.74 43.62
Annual herb FKIE Cosmos bipinnatus R R 59.71
fifii% Suaeda glauca PR 6.59
JEIREL Chioris virgata AARR R 9.23 9.65
W JRH Setaria viridis RAFH RS 12.20 15.00
WK Linum, usitatissimum SRR R 16.37 45.93
#E Chenopodium album PR 14.35 15.55 5.29
FAEB Echinochloa crusgali AARHLE 18.15
AR R FARME Melilotus officinalis UREAREE 40.11 51.99 26.09
Biennial herb 9% Alcea rosea HEER R 12.27
ZARE R YPITHE Astragalus adsurgens TREER 13.38 44.44 14.43
Perennial herb LALHTE Medicago sativa SRETE R 13.43 8.56 100.00
VK Agropyron eristatum ARARHKE 32.64 38.34 16.88
T3 Calamagrostis epigeios AARTH)E 15.50 52.02

M, TR Tree, shrub and grass model ; M24¥$1‘§f§ Shrub grass model; M5 MR I B Ornamental shrub grass model;M4;?§*%T§ﬁ Shrubbery model;
CK. IF A AWK E#E3 Near natural recovery model

£3 TREHEESREEXNYT SRR
Table 3 Species diversity index of different vegetation allocation and conservation patterns

Margalef =F & EEF5 %0 (Ma) Shannon ZHEMEFRE(H) Pielou Y5 IR ¥ (E)

Margalef richness index Shannon diversity index Pielou uniformity index

Fic B 5 PR T 20

Allocation and conservation types

M, 1.356+0.224b 2.665+0.325b 1.239+0.086ab
M, 0.992+0.242¢ 2.004+0.327b 1.120+0.083b
M, 2.471+0.460a 3.527+0.350a 1.342+0.051a
M, 1.311+0.221¢ 2.025+0.020b 1.130+0.011b
CK 2.734+0.059d 1.056+0.181¢ 0.719+0.058¢

[T ARG B s b B ] 22 57 2 (P<0.05)

32 A[EECE SO A AR A R (R AT
321 BRMEBAT G5 S AT

FERBIEHIEA T AR FAEH I E S R BRI R EHR A B EARN (R 4) 5 CK ML, SR EB AR
Ay HIEEINT 1.877 x 107(M,) .1.904 x 10'7(M,) .2.422 x 10" (M,) .1.950 x 10" (M,) , T8 K T LA BIfEFI
AR A HLAB IR A4 5 CKAH L[] 25 38 in 45 5 =2 19 W] 587 A B AE 30 A B CKORE LE 23 3 38 173,05 (M, )
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Fig.4 Renewable organic emergy input in different vegetation allocation and conservation modes
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Table 5 Emergy indices of different vegetation allocation and conservation patterns
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System sustainability indicators
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