+ # (Soils), 2017, 49(4): 770-775

DOI: 10.13758/j.cnki.tr.2017.04.019

3 NI, -7 =B/ — 55 N N—=F 1Y
W E T XRE SRR ETIEB VL ERRET
12 * 3 1
5 5
(1 710054 2
710054 3 710004)
(1 25 10a )
(1 ~2a)
pH
Sa
10a
pH 10 a
3 ( 1~2a)-
( 5a)- ( 10 a)
S153 A
71.3%!"
95%
[2] 1
1.1
[3-5]
[ (110°00' ~ 110°24"E  39°11' ~
39°29"N)
1 100 ~ 1 300 m 415.0 mm
[7] 6—9
76% 1 788.4 mm
28759h 8.6 3.2 m/s
[8-9]
(10-11] (Salix psammophila)
(Artemisia desterorum) (Hedysarum laeve)
(Caragana Korshinskii)
100 m
(41401306) (2014QDJ019) (2015s1kj-01)
* (zxgsoil@sina.com.cn)
(1982—) E-mail: dhuadong@gmail.com

http://soils.issas.ac.cn



4 771
[12]
200 ~ 400 m 4 m
20~30m 7l
NaOH - NaHCO;
— HF —
10 ~ 50 cm NH,COOH -
0~ 80 cm pH  pH
1.2
1.2.1 1 2 1.3
5 10a 7 ( SPSS20.0
) (one-way ANOVA)
(LSD) o=
0~ 60 cm 0.05 Excel 2013 SPSS20.0
5
1.2.2
Imxlm 1m
(100 cm®) CANOCO4.5
20 cm x 10 cm (PCA)
2
3
2.1
[12] 1
(1~2a) 26%(P<0.05 1A)
25 -(A)a . U a . X
g 20} \v% 'IS s 40} b %\ .
2 15} % % = 30} %
20 N N © N\
% 1o} % % B 20+ %
Hos % % H 10} %
) N N
0 Us S10 0 UsS S1 S2 S5 S10
BB
20'(C) a 120 (D)
a B >1mmal.00~0.05mm @0.05~0.0lmm o <0.0lmm
P o 100}
§o T ?% % % 80+ E
o &
ﬁg 1o} % %\ g 60
g =
= % \ & 40
B 05} % H
4 ) '\ 20
LN N B
Us S2 < S10 S S10
SRR I B R
( (P<0.05) S1 82 S5 S10 US
1 2 5 10a )
1 AEIBFEER T IEIR 4 RIR TS T

Fig. 1 Evolution of soil physical properties in different subsidence years

http://soils.issas.ac.cn



772

49
24%(P<0.05 1B)
15%(P<0.05 1C)
10 a 3
(P>0.05) 5a
( 1D)
2.2 pH
(ol 2A
60% (P<0.05)
5a [13]
1D >1.00 mm
0.05 mm [14]
Sa
(P>0.05)
10 9.0
T ®)
a
5 a a : 2
=< 85 -
E 6 as)
s c
~ 4t -
4: : 8.0
5l
[y 1 1 t 7.5
US S1 S2 S5 S10 Us S1 S2 S5 S10
ERbAAEIR BAREARIR
2 FEHBPERERLTIRKSD 5 pH ETHHE
Fig. 2 Evolution of soil moisture and pH in different subsidence years
2B pH 8.06
8.36 (P<0.05) 2.3
10 a 1 2a
(P<0.05) 339%(P<0.05)
10 a 10% (P<
0.05)
pH [15]
[16] 1~ [17]
2a
pH
pH 10 a 10a

http://soils.issas.ac.cn



4 773

la
(P 0.05) 34%  32% (P<
(1~2a) 17% 0.05) 2a
46.6% (P<0.05) 429%(P<0.05) 3
ol ( )
5 ~
10a ( ) [19)
[18]
10 a
*1 ARFEEBEFRIIERDIERETHE
Table I Evolution of soil nutrients in different subsidence years
la 2a S5a 10 a
(g/kg) 1.27%#0.28 a 0.85+0.16 b 0.83%+0.19b 0.90=*+0.11b 1.14=%=0.26 a
(g/kg) 0.12%0.06 a 0.13%+0.07 a 0.12%+0.09 a 0.13%0.08 a 0.11=%0.09 a
(mg/kg) 20.55%+2.87a 13.54%1.67b 15.8241.18b 15.954+0.86 b 18.49%2.75 a
(g/kg) 0.50=%*0.12 a 0.4220.08 b 0.412%0.06 b 0.46=+0.14 a 0.45%+0.09 a
(mg/kg) 3.66%+0.52 a 2.14%0.35d 2.24+0.39d 2.55+0.29 ¢ 3.10%+0.33 b
(g/kg) 19.83%2.64 a 10.59%2.11¢ 13.91%1.88 b 18.47x2.68 a 20.00%3.67 a
(mg/kg) 77.07%6.68 a 52.03%7.89 ¢ 55.3948.67 ¢ 62.3249.74 b 72.11%&5.38 a
2.4 10 a
3
5
4 3 1~
25 10a CANOCO4.5 ( 4 Us )
( 4
2a
82.9% Rk e
0 10 20 25
S1 T T T
34 J
3 ( S2
1~2a)- ( 5a)- ( 10 a) E
+ g5
1~2a &
E:[.:*%
US
pH
S5a S10

B3 AREREBMHERERFERERIKNE

Fig.3 Dendrogram of hierarchical cluster in different subsidence years

http://soils.issas.ac.cn



49

774
S Ogi
osi
i, DY "
R oSt |
S i L
. sioo SES‘ _f‘ E'SZ ’ pH
_ A [ Os2
S Osio ! 2 osl
=3
N I g10g i z
I 0 ]
. 10! is10 N os!
- - < = >AV¢;/'
U S S EsS os2
[N ] s !
O [on = os; si
) us
hm"‘z - us o Ei: Oss os 7
i s us
as2
O us ll os2
asio |
i ous
v
<
T
10 PCI (70.7%) 10
B4 FRRSIBIAER L RIER BRER
E RS IRFE

Fig.4 PCA biorder diagram of soil properites-subsidence years

3
1)
>1.00 mm 0.05 mm
5a
2) pH
S5a
pH
10 a
3)
10 a
(
)
S5a 10 a
4)
( 5 a)- ( 10 a) 10 a

(1]

(2]

(3]

(4]

(3]

(6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

. [M].
,2000-2014
Zhou D W, Wu K, Cheng G L, et al. Mechanism of mining
subsidence in coal mining area with thick alluvium soil in
China[J]. Arabian Journal of Geosciences, 2015, 8(4):
1855-1867
Cheng W, Bian Z F, Dong J H, et al. Soil properties in
reclaimed farmland by filling subsidence basin due to
underground coal mining with mineral wastes in China[J].
Transactions of Nonferrous Metals Society of China, 2014,
24(8): 2627-2635
Gilland K E, McCarthy B C. Microtopography influences
early successional plant communities on experimental coal
surface mine land reclamation[J]. Restoration ecology,
2014, 22(2): 232-239
Wright I A, McCarthy B, Belmer N, et al. Subsidence from
an underground coal mine and mine wastewater discharge
causing water pollution and degradation of aquatic
ecosystems[J]. Water, Air & Soil Pollution, 2015, 226(10):
1-14
Putten W H, Bardgett R D, Bever J D, et al. Plant—soil
feedbacks: The past, the present and future challenges[J].
Journal of Ecology, 2013, 101(2): 265-276

s b

1. , 2008, 17(3): 38-40

0. , 1994, 1(4): 127-137
[7]. , 2005, 19(7):
152-156
1. , 2014, 28(2):
118-122
1. ,2016, 48(1): 22-28
[M].
,2010
/12006 [C].

,2006: 103-107
— 1.
, 2015, 40(6): 1442-1447

[J1. , 1999,
5(4): 6-9
Simek M, Cooper J. The influence of soil pH on
denitrification: Progress towards the understanding of this
interaction over the last 50 years[J]. European Journal of
Soil Science, 2002, 53(3): 345-354

http://soils.issas.ac.cn



4 775

[17] Balesdent J, Chenu C, Balabane M. Relationship of soil intensively-managed  agricultural  landscape[J].  Soil
organic matter dynamics to physical protection and Biology and Biochemistry, 2014, 68(1): 252-262
tillage[J]. Soil and Tillage Research, 2000, 53(3): 215-230 [19] s S , .

[18] Bowles T M, Acosta-Martinez V, Calderén F, et al. Soil [J]. , 2010, 47(2): 262-267
enzyme activities, microbial communities, and carbon and [20]
nitrogen availability in organic agroecosystems across an [D]. : ,2010

Evolution of Topsoil Physical-chemical Properties After Coal Mining
Subsidence in Yu-Shen-Fu Sand Covered Mining Area

DU Huadong'?, ZHAO Xiaoguang'’, ZHANG Yong’, NIE Wenjie'

(1 College of Geology & Environment, Xi’an University of Science and Technology, Xi’an 710054, China; 2 Institute of Green
Coal Mining Geological Security Technology, Xi’an University of Science and Technology, Xi’an 710054, China; 3 Shaanxi
Provincial Department of Water Resources, Xi’an 710004, China)

Abstract: The soil samples in different years of coal mining subsidence (1, 2, 5, 10 a, and un-subsidence area) at
Yu-Shen-Fu Mining areas were collected, and the soil physical-chemical properties were measured. The results showed that soil
quality showed a degradative trend in subsidence area compared with un-subsidence area. Soil bulk density, hardness, contents of
clays, moisture, organic matter, available nitrogen, available phosphorus, available potassium, total phosphorus and total
potassium were significantly decreased, while soil total porosity, pH, and sand content increased in the early stages of subsidence
(1-2 a). However, the change of soil total nitrogen was not obvious in the research period. The above soil indexes showed an
improving trend after 5 years natural restoration, soil physical properties, moisture and total nutrients recovered rapidly and
reached up to the level before subsidence in 10 years; while available soil nutrients, pH and organic matter has not yet reached
level of un-subsidence area. The succession of soil quality under natural restoration can be divided into three stages, namely the
degradation stage (1-2 a) - improvement stage ( about 5 a ) - partial recovery stage (after 10 a). Those results implied that coal
mining subsidence had a certain sustaining damage on soil properties at Yu-Shen-Fu Mining area.

Key words: Yu-Shen-Fu mining area; Coal mining subsidence; Soil physical-chemical properties; Successional rule;

Ecological restoration
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