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Abstract: [ Objective ] In the central and northeastern parts of China (excluding the eastern part of Inner Mongolia Autonomous
Region), coal mining has caused extensive land subsidence, thus leading to land damage and soil degradation, which in turn
seriously affects grain production, and intensifies conflicts between people and land. The aim of this study was to explore
mechanisms for soil nutrients, for instance, nitrogen (N), phosphorus (P) and potassium (K), migrating and transforming in coal
mining subsidence slopes, and to provide certain scientific basis for comprehensive management of eco-environment in the

mining areas. [ Method ] The cultivated land and forest land in a coal mining subsidence, low in phreatic water level and typical
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of Jiulishan mining region in Jiaozuo City, Henan Province, China, were selected as object of the study. Soil samples were
collected from soil layers (0-10 cm, 10-20 cm, 20-30 cm, 30-40 cm and 40-50 cm) of soil profiles distributed in different slope
positions (center, bottom, middle, top and control) and lands different in land use for analysis of total contents and availabilities
of N, P and K, and further for spatial variability of the indices. [ Result ] It was found that in terms of nutrient spatial variability
on the slope, the three soil nutrients followed an order of available P (118%) > available N (69%) > total N (41%) > available K
(27%) > total P (19%) > total K (4%). Compared with the cultivated land, the forest land lowered significantly (P<0.001) in soil
total P and available P, but ascended significantly (P<0.001) in soil available K. Along the subsidence slope, availabilities of soil
N and K in the cultivated land was the highest at the depressed in the bottom of the slope, while that of soil P in cracky areas at
the top of the slope. However, in the forest land on the slope, availabilities of soil N, P and K were the highest in the depressed
zone at the bottom of the slope, and the lowest in the middle slope zone. The high spatial variability of soil nutrient availability
therein could be explained by the following; 1) loss of dissolved organic N and available K from cultivated soils with surface
runoff; 2) cracks enhancing soil redox potential in the farmland, thus promoting release of soil P; 3) translocation of available K
with vertical leaching in the depressed zone at the bottom of the slope. [ Conclusion ] Therefore, it is suggested that the land in
such coal mining subsidence, low in phreatic water level, should be reclaimed in light of the rules of migration and transformation
of soil nutrients and soil water relative to position along the subsidence slope. The cracky area on the top of the slope, the middle
slope and the depressed at the bottom of the slope should be reclaimed into high-yield cultivated land or vegetable gardens,
shrubbery and economic forest or orchard, respectively, so as to realize sustainable soil management and the goal of
cost-minimizing input in land reclamation of coal mining subsidence.

Key words: Coal mining subsidence; Land use; Low phreatic water level; Nutrient availability; Sustainable soil management
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Fig. 1 Discontinuity (L) and sustainable management (R ) of soil in the subsidence slope low in phreatic water level
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Wefir B rpc P S HEZd YRz B i
Slope position Distance from center /m Altitude/m Slope gradient/° Crack distribution
.0 Center 0 90.53 2.18 Jo%45E No crack
IS Bottom 40 92.06 3.24 %445 M 13 Cracks and holes
P Middle 80 94.33 1.61 $45% K434 Distribution of a large number of cracks
W0 Top 120 95.45 1.38 /b K 244% A small amount of long fissures
Xf#& Control 160 96.41 0.59 JC%L4E No crack

1) PRI AR 0 A s BEEAT N S BRI S 48 X WA i . Note: 1) This column indicates distribution of cracks in forest

land; Cracks in the cultivated land caused by tillage are inconspicuous.
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Table 2  Contents of total and available nutrients in the soil of the subsidence area
£ R Exil AR A R
i H Item Total N/ Total P/ Total K/ Available N/ Available P/ Available K/
(gkg") (gkg") (gkg") (mgkg!) (mgkg!) (mgkg™)
- Hl 2R R Bl
0.792+0.269a  0.982+0.187a 15.15+£0.54a 13.39£11.28a  12.42+12.06a 51.06£7.19b
Type of land use  Cultivated land
hN:i)
0.823+0.386a  0.812+0.096b 14.93+0.72a 15.93+8.72a 3.9943.24b 62.50+18.63a
Forest land
FAH Fvalue” 0.596 35.74 1.773 1.803 25.60 21.07
Pk P Sig. P 0.445 <0.001 0.191 0.187 <0.001 <0.001
ULBEI A #1.> Center 0.897+0.365a  0.899+0.171b  14.39£0.59b  21.84+8.26a  6.23+7.18a 59.94+14.71a
Subsidence IS Bottom 0.778+0.314a  0.849+0.130b  14.91+0.74a 15.39+13.64b  6.53+6.62a 57.21+12.35a
slope position i Middle 0.752+0.334a  0.890+0.132b  15.16+0.58a 14.06+10.16b  9.08+10.15a  55.79+13.74a
YT Top 0.807+£0.435a  0.861+0.151b 15.36+0.53a 10.70+7.76b 10.06+14.02a 55.13+17.96a
% #8 Control 0.797+0.322a  1.030+0.249a 15.2740.57a 11.34+6.68b 8.41+£9.45a 57.98+20.27a
FA{d F value® 1.109 5.092 4.704 4.423 0.895 0.348
w#E M PSig. P 0.366 0.002 0.003 0.005 0.476 0.844
A g 2 0~10 cm 1.308+0.272a  1.043+0.194a 14.80+0.69b 25.94+11.48a 19.15+11.63a  76.90+21.42a
Layer of soil 10~20 cm 0.942+0.120b  0.964+0.160ab  14.90+0.74b 19.02+8.06b 13.47+9.56b 54.06+8.05b
profile 20~30 cm 0.718+0.110c ~ 0.905+0.118b 15.15£0.46ab  10.55+4.30c 5.15+3.69¢ 51.92+5.88b
30~40 cm 0.574+0.089cd  0.806+0.107¢ 15.42+0.62a 9.04+6.87¢ 1.95+1.20¢ 50.25+6.29b
40~50 cm 0.496+0.101d  0.766+0.105¢ 14.95+0.62ab 8.76+5.76¢ 1.30+0.54¢ 50.79+8.46b
FA{4 F value” 44.82 12.50 2.204 12.84 19.54 12.76
W#EVE P Sig. P <0.001 <0.001 0.086 <0.001 <0.001 <0.001

e [RIZAH ) T R A — P R OR RDK P ) JE 3 M 22 5 o) 20K 30 7 6% 50 300 s 14 48 ] (9 £ M o 7 0T L . Note: The
same letters in the same factor column mean insignificant difference between different levels( Duncan, P=0.05 ). a ) The test is based on linear

independent paired comparison of the estimated marginal mean values.

http://pedologica.issas.ac.cn



4 1 LA SRAREDTREA S i - S AR SR o0 A o i) 25 ) A S b 849
SRS MO LA S R B R R (P<0.05) THiE 4.97 mgke !, A

(P<0.001) FFE, FREERBEIR 68%; 1Mk 13
RO A A B (P<0.001) FHE, FHE He il
g 22%; A RCE A RAE 2 Fh R 2R )
E5 ., VBN L, SXEME, A8%EE Y
1E D A A B2 P<0.01)TF i, THE Ee il 93%,
HAE A Bl DORA VR BE A B i g, e A
O AP AR . 7 R L AR BRI
YRN8 35 ( P<0.001 ) iR 2 RERY , £)Z 0~
10 em HHEARA . BRI &SR IRIZ 40~
50 cm [ 2.96 5. 14.7 f5H1 1.51 f%.

A RCAERI KT (B 3), PR S/ &

FIAG LS ZUAE P ol i ) P S 78 i) 34 o 3k 3] b 3 2
o G DIFETREE RSN, Bk IR A PSR
FURAREBE LR MR N, Wb | BRI O b e A
USRS =m0 X AL 8 £, 16 551 20 %5 Ak
A e S AN O A A B SR AR SR A X R
89%. TEHHERIHZE I, WEEAVESAENhRZ
0~10 cm Ml 10~20 cm ¥4 BB AR RE00, ML
FEMRHLFRZ 0~10 cm A B A RALNE, 43
NRJZE 40~50 cm HIHERY 4.14 %5, 6.38 £5 41 9.00 5.
5EZ 0~10 em Mz, WEZHFEZEHBEESRAS
HETEMM A B3 (P<0.05) FHE.

25 25 1
ey BT HIAS 2 DON o |
o B A5 NO-N B
EV.) 15l OBEENHN Ev”ls |
% 10 _ 7 g 10 -
:.om o
0 R BT Perp I LRI Xf A BT Y S 2N
Control ~ Top Middle Bottom Center Control ~ Top Middle Bottom Center
DAY Subsidence slope position LB Subsidence slope position
Z SN content/(gkg™) AN content/(gkg™)
0 ? lp 1.5 %0 %5 3‘0 0 ? 1‘0 1.5 %O 2‘5 3.0
0~10 [ ] 0~10 -
g E 0
§:10~20 m §10~20 |
:% 20~30 I #;i 2030 [T
Soo-o T E ) —
40~50 I a0 [T7]

K3 DR X ISR A 2 (ZER i, AR bk )

Fig. 3 Differences in the composition of soil available nitrogen between cultivated land (L ) and forest land ( R )
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Fig. 4 Trends of the spatial variation of soil nutrient availability in the subsidence slope
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