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Abstract: [ Objective ] The aims of this study are to investigate the impact of ground fissures on soil physical and
chemical properties under multi-coal seam repeated mining in the ecological fragile area, and to provide scientific
support for land reclamation and ecological restoration. [ Methods] Subsidence fissure zones caused by primary,
secondary and tertiary mining were selected as the research objects in Huojitu mine of Shendong mining area.
Through soil sampling and testing, soil physicochemical properties were analyzed, and their responses to mining
frequency were revealed. [ Results] (1) The soil layer, repeated mining and their interactions significantly affected
the soil bulk density, moisture content, total porosity, capillary porosity, maximum water holding capacity, and

capillary water holding capacity in the fissured area. The soil porosity decreased, bulk density increased, and soil
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water holding capacity decreased in primary and secondary mining-induced fissure zones. Soil porosity and water
holding capacity increased in the tertiary mining-induced fissure zone, and soil water content was significantly
higher than that in the same soil layer in the undisturbed zone (»<<0.05), with a maximum value of 15.01% (50—
70 cm soil layer). (2) Repeated mining significantly affected the contents of soil total nitrogen, alkaline nitrogen,
total phosphorus and organic matter in fissure areas (p<C0.05). Soil total nitrogen and total phosphorus contents in
primary and secondary mining-induced fissure zones were significantly lower than those in the undisturbed zone
(p<<0.05). There was no significant difference in the contents of total nitrogen, alkaline nitrogen, and total
phosphorus between the tertiary mining-induced fissure zone and the undisturbed zone (p=>0.05). The contents of
available phosphorus and organic matter in the 0—10 cm soil layer were 9.97 mg/kg and 13.18 g/kg,
respectively, which were significantly higher than those in other areas (p<C0.05). (3) Repeated mining
significantly enhanced the negative correlation between different soil physical properties, soil nutrient content and
soil water content in fissure zones (p<<0.05). [ Conclusion] It can be seen that the spatial heterogeneity of soil
physical and chemical properties is enhanced by multi-coal seam repeated mining in fissure zones, but the exact
direction and degree of variations has no correlation with mining frequency.

Keywords: subsidence fissures; soil physicochemical properties; multi-coal seam; repeated mining; ecologically

fragile mining area
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Table 3 Soil pH, nutrient contents and variance analysis in different mining fissure zones
o - 2R/ A/ 2/ AR/ AHHLET/
A BRI e bt (mg-kg)  (mg-kg")  (mgekg)  (mg-kg")  (gokg))
0—10 8.204+0.34Aa 353.33+19.14Aa  31.57+15.34Aa 319.33+£19.76Aa 2.77+0.61Ba 6.04+0.59Ba
10—20 8.54+0.19Aa 245.00£22.11Ab  26.50+£3.96Aa 308.33+19.01Aa 1.93+0.25Bab  4.50+1.21Bab
A 20—30 8.234+0.09Aa 245.00+8.54Bb 20.83+6.51Aab 227.00+16.00Ab 1.67£0.49Ab  3.59+0.89Bb
FIX 30—50 7.864+0.09Ab 182.33+20.84Ac  18.88+3.10Aab 218.33+£20.26Ab 1.63+0.31Ab  3.80+0.77ABb
50—70 8.204+0.09Aa 201.33+14.01Abc 14.11+3.03Ab  225.00£12.53Ab 1.57£0.06Ab  3.554-0.64Bb
70—100 7.914+0.09Bb 193.33+22.37Ac  15.30+0.57Ab  260.67+11.93Aab 2.774+0.55Aa  3.98+0.60ABb
0—10 8.30+0.34Aa 208.33+35.50Ca 6.64+4.03Ba 183.33+£7.51Ca  3.13+£0.46Ba  7.18+1.66Ba
10—20 8.444+0.19Aa  77.00+21.70Ch 8.01+1.77Ba  145.674+2.52Cb  1.27£0.21Bb  3.93+£1.17Bb
—W) 20—30 8.23+0.09Aa  55.33+£16.29Db 7.49+2.30Ba  142.33+2.08Bb  1.27+1.50Ab  3.02+1.32Bb
R X 30—50 8.144+0.06Aa 21.67+2.52Dc 7.50+2.89Ba  154.00+9.17Bb  1.77£0.06Aa  2.47+0.89Bb
20—70 7.774+0.02Bb  30.33+3.51Bc 5.85+1.47Ba  158.67+3.51Bb 1.90+1.04Aa  2.64+0.38Bb
70—100 8.49+0.15Aa 4.00+4.36Cd 6.00+1.64Ba  149.33+16.26Cb 2.23+1.01Aa  3.10£0.31Bb
0—10 8.194+0.29Aa 275.00+47.09Ba  27.10+10.34Aa 239.67+£16.77Ba  2.43+0.49Ba 5.34+0.41Ba
10—20 8.76+£0.29Aa 199.67+£12.52Bb  22.77+£9.74Aa 248.33+11.02Ba 1.67£0.12Bb  3.72+0.29Bb
— 20—30 8.544+0.06Aa 175.33+13.61Cb  27.66+15.09Aa 248.33+£65.73Aa 1.60+0.17Ab  3.664+0.12Bb
KB IX 30—50 8.50+0.60Aa  81.67+20.53Cc  15.374+0.38Ab 213.33+31.02Aa 1.43+0.51Abc  2.7740.65Bbc
50—70 8.364+0.03Aa  24.33+27.74Bd 6.724+0.24Bc  185.67+45.62Aa 0.97£0.15Bc 2.9240.41Bbe
70—100 8.494+0.21Aa  15.00+15.87Cd 6.61+0.28Bc  204.00+19.70Ba  1.10£0.10Bc 2.534+0.31Bc
0—10 7.78+0.25Ba  369.00£56.56Aa  23.63+14.95Aa 278.67+31.79Aa 9.97+1.70Aa 13.18+1.45Aa
10—20 7.004+0.02Bb  209.67+63.11ABb 29.70+14.89Aa 249.33+15.28Ba  4.93+1.07Ab 10.41+1.56Aa
=k 20—30 7.084+0.30Bb 287.67+22.94Aab 21.77+17.97Aa 189.67+44.75Ab 1.37+0.29Ac  5.174+0.23Ab
KX 30—50 7.844+0.13Aa 136.00+24.25Bd  16.07+4.52Aa 199.67+24.11Ab 0.73£0.12Bc 5.57+£1.27Ab
20—70 7.344+0.19Bab 194.67+15.01Ac  11.97+3.30Aa 202.33+£7.23Ab  0.80+0.17Bc 5.15+0.40Ab
70—100 7.2240.09Cab 120.48+12.13Bd  12.34+4.16Aa 189.40+£12.40Bb 0.92+£0.28Bc  4.6240.99Ab
+= 0.125 0.024" 0.058 0.067 0.035 0.001"
pE R 0.073 0.019’ 0.020" 0.007" 0.066 0.046'
T2 XEE R 0.533 0.001" 0.092 0.910 0.033" 0.016"
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Fig. 5 Correlation between soil physical properties in different mining fissure zones
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Fig. 6 Correlation between soil water content and chemical properties in different mining fissure zones
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