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Soil Fertility Characteristics and Influencing Factors of Different Open-pit
Mine Reclaimed Lands in Antaibao
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Abstract: This study investigated the effectiveness of four reclamation modes on three-year reclamation of Chinese pine (Pinus
tabuliformis), alfalfa (Medicago sativa), potato (Solanum tuberosum), and degraded alfalfa field at the Antaibao coal mine, the

largest open-pit coal mine in China that has suffered severe ecological degradation due to the mining activities. Nineteen soil quality
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indicators, including physicochemical properties, enzyme activities, and microbial populations, were measured across these
reclamation modes, in order to provide theoretical help for the ecological restoration of Antaibao mine and other coal mines. The
results show that soil pH remained relatively stable across the four reclamation modes after reclamation. Soil moisture content of
reclaimed Chinese pine field decreased significantly to (9.27+0.461)% , and the soil bulk density increased significantly to
(1.33+0.076)g/cm’. Conversely, the field water-holding capacity of reclaimed potato field increased significantly to (17.63+0.992)%,
while soil organic carbon content was highest in the potato field, reaching (9.25+0.816)g/kg, significantly exceeding other
reclamation modes. Total nitrogen content of reclaimed Chinese pine and alfalfa fields was highest, reaching (0.52+0.204)g/kg and
(0.52+0.025)g/kg, respectively. The available nitrogen content of reclaimed alfalfa field exhibited the highest at (14.93+0.038)mg/
kg. Total phosphorus content of reclaimed potato field increased significantly to (0.51+0.035)g/kg, while the available phosphorus
content increased significantly to (16.11+0.827)mg/kg. Sucrase activity increased significantly in reclaimed alfalfa and potato fields,
reaching (0.138+0.003 2)mg/100 g-h and (0.1354+0.001 6)mg/(100 g-h), respectively. Urease activity was highest in reclaimed potato
field, reaching (1.32340.062 5)mg/(100 g-h). The catalase content was significantly higher in degraded alfalfa, reclaimed alfalfa and
potato fields, compared to the unreclaimed control. Polyphenol oxidase and alkaline phosphatase activities were the lowest in the
unreclaimed control ((0.001+0.000 1)mg/(100g-h) and (0.013£0.001 0)mg/(100 g-h), respectively), while highest in reclaimed
Chinese pine field ((0.003+£0.000 1)mg/(100 g-h) and (0.040+0.005 5)mg/(100 g-h), respectively). The number of bacterial increased
significantly in Chinese pine, degraded alfalfa, and potato fields, reaching (8.12+0.489) x10° cfu/g, (7.64+0.623)x10° cfu/g, and
(8.93+0.197)x10° cfu/g, respectively. The number of nitrogen-fixing bacteria increased significantly in degraded alfalfa field ((2.01+
0.254)x10° cfu/g). Denitrifying bacteria were significantly higher in the degraded alfalfa and Chinese pine fields ((14.33+0.629)x10°
cfu/g and (10.57+0.925) x10° cfu/g, respectively), while the potato field had the lowest count ((3.39+0.636) x10° cfu/g).
Actinomycetes were least abundant in the unreclaimed control and most abundant in the degraded alfalfa field ((1.94+0.154)x10° cfu/
). Fungal populations reached (7.99+0.518)x10 cfu/g and (7.89+0.229)x10* cfu/g in the alfalfa and potato fields, respectively, and
were significantly lower in the Chinese pine and degraded alfalfa fields compared to the unreclaimed control. In conclusion,
different reclamation strategies have varying impacts on soil properties and microbial communities in post-mining environments.
These findings provide valuable insights for guiding ecological restoration efforts in open-pit coal mines in China.
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Table 1 Basic information of the different vegetation recovery types

R FRIR R

RP R 2 B AR ERA = AR

RA HE BTG Ll B R RS AR

RT HRLUH Sl B R R T AR

DA IBALEAE LRI 34 B AR G IT AR AL, el R AL 3 4R 5 ke .
WR KRR REEIT AR R




1310 PN === Q2PN s = I0Y)

47(6) 2024

—
O
-~
-
[6)]

EIKE/%
o o

RP RA DA RT WR
SE&K

15

10

BNB(gke')
()]

RP RA DA RT WR

RP RA DA RT WR RP
SE#EK

RP RA DA RT WR ~ RP

RA DA RT WR
SE&K

b T

RA° DA RT WR

SBEEKX SBERX SBEEK
(9 20 (h) () 20
B 15 b B 15
£ o s
s b 0
RP RA DA RT WR RP RA DA RT WR RP RA DA RT WR

SBREN

SBREN

SBREX

BEl1 R[ESE R AR iR
(a) BRI ; (b) Sk ; (o) FERE KR ; ()R TE; (e) A MUK ; (DR (9 BFA ; (h) &8 ; )R K /NG FH:40.05
IOV Y 25 5
Fig. 1 Soil physical and chemical indexes in different reclaimed land
(a) pH; (b) Water content; (c) Field capacity; (d) Bulk; (e) Organic carbon; (f) Total nitrogen; (g) Available nitrogen; (h) Total phos-

phorus; (i) Available phosphorus.The lowercase letters are significant differences at the 0.05 level.
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Table 2 Correlation among physical and chemical properties of soil
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Fig. 2 Enzymatic activity in different reclaimed lands
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The lowercase letters are significant differences at the 0.05 level.
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Table 3 Correlation among soil enzyme activities
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Fig.3 Microbial quantity in different reclaimed lands
(a) Bacterium; (b) Fung; (c) Rhizobacter; (d) Denitrifying bacteria; (¢) Actinomycetes.

The lowercase letters are significant differences at the 0.05 level.
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Table 4 Correlation among soil microbial numbers
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FELAE 08770 —0730% 0802 T H A2 A L e, 35 8 (1. 3340.076) g/em’,
BORE 0593 0508 051 069 L 6 T (K 5 I R 168 59, 3K 15— e 2 3 1

T 72 0. 01 K- CRUI) | 58 2 AHOG , *7E 0. 05 7KF- CBUi )
ERFEMRL.

Note: ** significantly correlated at the 0. 01 level (two-sid-
ed). * significantly correlated at the 0. 05 level (two-sided).
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Table 5 Sensitivity classification of comprehensive indexes of soil quality in different reclaimed lands
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Table 6 Scores and comprehensive scores of soil factors in

different reclaimed lands
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