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Abstract: In semi-arid areas, underground coal mining could cause ecological and environmental problems such as surface subsidence,
which can increase soil erosion intensity and damage vegetation habitats. In these ecological damages, the effect of mining ground fissures
development on the seedling banks still needs to be studied further for its important role in plant restoration. In this study, the density, com-
position, and diversity characteristics of seedling banks were clarified at different horizontal distances (0-1 m, 1-2 m, and 2-5 m) from the
mining ground fissuresin the Yushenfu mining area. Then the spatial variability of driving factors affecting seedling establishment were
explored by combining soil factors, aboveground vegetation communities and litters characterization. Finally, the species similarity model
was used to explore the effects of seedling banks on the natural vegetation regeneration in different areas from the ground fissures. The res-
ults showed that: (D In the control site without fissures development, the composition of the seedling bank was dominated by perennial
grasses (57%), but after fissures development, the proportion of perennial herbs decreased to 30% and 35% in the 0-1 m and 1-2 m area
from the fissures, respectively. Compared with the control sites, the seedling density increased significantly by 92% and 68% in 0-1 m and
1-2 m area, the Margalef richness index, Shannon-Wiener diversity index, and Simpson dominance index of the seedling bank increased by
42% and 24%, 62% and 40%, and 33% and 18%, but Pielou evenness index was reduced by 55% and 38%, respectively. However, there
were no significant differences in the composition, density and diversity of seedling bank in 2-5 m area from the ground fissures compared
to the control area. Therefore, the impact of ground fissures development on the characteristics of the seedling bank was within the range
of 2 meters. @ After the development of ground fissures, the same factors affected seedling establishment were soil moisture content, soil
organic matter content and litter thickness in the 0-1 m and 1-2 m areas from the ground fissures. In addition to the above factors, seedling
establishing factors in 0-1 m area also included litter cover, soil crust cover and thickness, aboveground vegetation cover and biomass.
With increasing distance from ground fissures, the key factors limiting seedling establishment were reduced in the 2-5 m area, and were
similar to those in the control area, which included soil moisture content, aboveground vegetation cover, and litter cover. ® In0-1 mand
1-2 m areas from ground fissures, the annual herbaceous species composition were less similar to that of above-ground vegetation species
which dominated by the perennial herbs, the species similarity is only 0.42 and 0.48, respectively. Considering the weak contribution of
annuals to plant community succession, it can be concluded that the contribution of the seedling bank is limited for vegetation restoration
with in the 0-2 m areas from the ground fissures which is greatly disturbed by the fissure. In the 2-5 m area and control area, the species
similarity between the seedling bank and aboveground vegetation was 0.67 and 0.68, which indicate that the recovery potential of the ve-
getation community is not affected by the development of ground fissures in this area.

Key words: coal mining subsidence; ground fissures; seedling bank; seedling establishment; vegetation restoration
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Fig.2 Illustration of field sampling plot
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Table 1 Characteristics of aboveground vegetation and environmental factors at different distances from the

mining ground fissure

PEMIZL4ERE RS AVED/ (Fk'm™®) AVEC/% AVEB/(g'm ?) SCC/% SCT/em LLC/% LLT/cm LLB/(g'm ?)
0~1m 91.87+9.54a 26.00+321c  67.86£9.52c  27.00+2.82a  0.31+0.02a  20.81+3.26a  0.77+0.16a  101.63+18.75ab
1~2m 98.34+6.78a 32.14+3.09bc  80.57+9.83b  12.18+2.47a  0.28+0.02a  18.71+3.73a  0.78£0.10a  82.35:9.91b
2~5m 62.517.22b 46.20+6.60ab  92.25+7.83b  20.10+4.54a  0.18+0.03a  25.6042.22a  0.51+0.10a  131.73+28.18ab
Xif HE X 64.11=11.33b 52.77+731a  119.8248.03a  17.89+2.30a  0.13+0.02b 27.22+7.18a  0.45+0.03a  163.90+19.01a

: AVED: b FHISE; AVEC: M FAHWEEEE; AVEB: i bAEBA )i, SCC: HIEE i ; SCT: HIELE LR ; LLCANEYIZER Y ;

LLTAEEZRE ;. LLBASEYZA Y CRXIRIX; P BARIR P ERE 2 s AF/NG FREoR R —DERAR T, BRSRSEAR K

S b AR A 25 R B (P < 0.05), TR,
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Table 2 Physicochemical characteristics of soil at different distances from mining ground fissure

PEMb RIS B AP S RA(gke ) LEEAKE% MRS R/(mgkg)  BUEESR/(mgkg) O HRUA (mgkg)  AE/(gem)

0~1m 1.14+0.11b 8.33+0.79b 127.69+7.69¢ 0.65+0.11b 30.71+2.55b 1.09+0.05b
1~2m 1.49+0.10b 9.09+0.42a 113.56+5.13¢ 0.37+0.02c 38.89+2.52a 1.23+0.06b
2~5m 2.38+0.11a 9.72+0.39a 157.93+3.87b 1.17+0.10a 39.18+2.92a 1.37+0.03a
X REIX 2.68+0.24a 9.34+0.26a 178.50+4.43a 1.19+0.06a 33.49+1.56a 1.23+0.02a
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Fig.3 Seedling bank density characteristics at different dis-

tances from mining ground fissure
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Fig.5 Diversity characteristics of seedling bank at different distances from mining ground fissure

355



2024 4F5 2 11

#HEHMFHAK

52 %

XoF S b SR A AN () KT B 8 40y o PR 5 A S A TR
FZIEXRIAT CCA HEF 44T, CCA HEF EIHT M
i B 1) IR B AR 4 O 62.25% . 72.96% ., 47.97% .
50.51%. KN L TG, FEHZEE 0~ 1 m([&] 6a
M 3), WEL L) PERFTR S5 MR IR F iR 2,
AL R b AR R SR AR

JE | BT AP R BERE RS OR, S
1~ 2 m Ji R4 i AR Vi 40 R X B P 702 (14 6
I3 3), 4 oA 2 SR g YR
WFEMK . WAL 2~ 5 m G HE L s 4 sz -
SR 7K R AR o R N R R (] 6c R 3),
I ELA TP Ro A A% o) 55 R AT 4% 0 7 0T B XA

o F
= = A3BA28
AlZA13
Al0 LLT
Al7 LLE A354 LC
NS Als A3 All
AVEC VEB
N AP 3 _ Al
§ = A9
& UKaAR12 < ANT—_ AR\ 10
2 B A scc N 3 A%zﬁ
= AAN P = SMe—
~ A o~ LLB
< A < scc
) 2N &) Al
© AG © A19:50AD
SMALY A2
SOM A@%&27
AVEB AK
S o SOM
T ml 1 T ml 1
-1.0 1.0 -1.0 1.0
CCAL1 (31.33%) CCA1 (40.53%)
(a) MBS RS 2448 K T BE S 0~1 m (b) FRES RN EE KT IERS 1~2 m
S F S F
24
A24 LLC }25 AVEC
LL A8
A3
N
BD
< S ¢
& e A .
= A4 g Vi A?}
= Al AA8
3 afy] 3 AitZas,
O A20 A31 S K12
@) SCC AAIA 31
SM AVEB
SCTA e AVEB
A6 SCT
< 2
T ul 1 T ul 1
-1.0 1.0 -1.0 1.0

CCALI (29.28%)
(d) XX

CCAL1 (28.52%)
(c) HE SR ANH 288 /K B BT 2~5 m

LLEFEMURIEN 7, A= MIEAR YR
VE: YIRS R A1—4E4E LI Erodium stephanianum; A2—FAKME Melilotus suaveolens; A3—2HHIRIT Lespedeza davurica; A4d—W4EH
Artemisia scoparia; AS—FA3E Swertia bimaculata; A6—53E3E Ixeris polycephala; AT—HE Parthenocissus tricuspidata; AS—ylFS%,
Lipschitzia divaricata; AY—/RIZMIEEAL Aster altaicus; A10—pRE Artemisia capillaris; A11—iZi& Polygala tenuifolia; A12—IK 155 Stipa
bungeana; A13—3ETE Salsola collina; Al14—52 15 Artemisia mongolica; A15—REN ¥ & Astragalus scaberrimus; A16—3L3K Ku Euphor-
bia esula; A1T—HIZET K Astragalus laxmannii; A18—J ¥ Setaria viridis; A19—EIL[ART Vincetoxicum mongolicum; A20—¥74k Caragana
korshinskii; A21—_(aFMILHE Limonium bicolor; A22—WIFABRFH Cleistogenes hackelii; A23—Z25F; Artemisia giraldii; A24—fRN K 148
Gueldenstaedtia stenophylla; A25—4515 Leymus secalinus; A26—%E151% N Daucus carota; A27—RVZ Allium chrysanthum; A28—3R{E % Sten-
osolenium saxatile; A29—75Ei 3% Sonchus oleraceus; A30—""25 Phragmites australis; A31—4{5. Oxytropis glabra; A32—E 714 Medicago
sativa; A33— B Thymus mongolicus; A34—FN G Patrinia heterophylla; A35—IUEIFRT- ¥ Cleistogenes hancei; A36—T5 1 Artemisia
caruifolia; A3T—I13EE Artemisia stechmanniana. R 5ER T AVEC—H AW 5% ; AVEB— DAEB A i ; SCC—HIEAs v % ; SCT—
TIELEERE; LLC— AW LLT— 828R, LLB— A& ZE W ; SOM— A ML, SM— Tk hal; AK— Iz
B AP— TR AN—TIEHAUA; BD—TIEAE. TIH
B 6 JERzhHPLT R H S ELTHET CCA#HFHE
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Fig.7 Heat map of correlation between environmental factors and seedling bank at different distances
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Fig.8 Collection of seedling bank and aboveground vegetation species composition at different distances from mining ground fissure
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