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Optimization of Improved Substrates on Soil Physical and
Chemical Properties in Coal Mining Areas

CHEN Hua',LTU Na', YAO Xiaogian', LIU Laxiang', LI Qiang"*
(1.College of Life Sciences, Yulin University, Yulin 719000, China; 2.Key Laboratory of Ecological

Restoration in Northern Shaanxi Mining Area, Yulin 719000, China)

Abstract: The massive exploitation of coal resources has caused serious damage to land resources, in order to improve the
soil in the mining area, in this study, the soil in a coal mining area in Yulin city was used as a sample, and a total of 13 treat-
ments were set up, such as blank control(CK1), 5% of coal gasification slag(CK2), 5% of coal gasification slag and spent mush-
room substrate, 5% of coal gasification slag and corn straw biochar, and 5% coal gasification slag + spent mushroom substrate
-+ corn straw biochar. The physical and chemical properties of the treated soil were measured. The improvement effect was
comprehensively evaluated by principal component analysis, and the effective soil improvement formula in mining areas was se-
lected. The results showed that compared with CK1, the capillary water capacity, porosity, pH, and alkali-hydrolyzable nitro-
gen of the soil treated with CK2 increased by 12.32%, 0.92%, 21.41%, and 12.89%, respectively, and the organic matter,
available phosphorus, available potassium, and salt content significant decreased by 76.52% , 39.56%, 26.85%, and 25.12%,
respectively. Compared with the CK2 treatment, the combined application of 5% of coal gasification residue and spent mush-
room substrate, 5% of coal gasification residue and corn straw biochar, and the combined application of 5% of coal gasification

residue + spent mushroom substrate + corn straw biochar could all effectively improved the physical and chemical properties
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of soil. Among them, compared with the CK2 treatment, after applying 5% of coal gasification residue + 30% of spent mush-

room residue + 10% of biochar to the soil in the mining area, the soil bulk density, specific gravity, and soil salt content were

significantly reduced. The soil field capacity, the contents of organic matter, available phosphorus, available potassium, and al-

kaline hydrolyzable nitrogen increased significantly. According to principal component analysis, the treatment of 5% of coal gas-

ification residue 4+ 30% of spent mushroom residue + 10% of biochar had the best effect on soil improvement in coal mining

areas.

Keywords: coal gasification slag; edible mushroom substrate; biochar; principal component analysis; the physical and

chemical properties; soil in coal mining areas
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Tab.1 Soil formulas in different treatment

wE g Ve Wl
Treatment Soil Loall gasifica”  Spent mush Biochar
tion slag room substrate
CK1 500 0 0 0
CK2 500 25 0
T1 500 25 0 25
T2 500 25 0 50
T3 500 25 100
T4 500 25 100
T5 500 25 100
T6 500 25 150
T7 500 25 150 25
T8 500 25 150 50
T9 500 25 200
T10 500 25 200 25
T11 500 25 200 50
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A.B. Enlarge the spent mushroom substrate by 1 000 times; C. Enlarge the coal gasification slag by 1 000 times; D. Enlarge the biochar
by 2 020 times
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Fig.1 The SEM images of spent mushroom substrate, coal gasification slag and biochar
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Tab.2 Bulk density, specific gravity,and porosity of coal mining area soil under different treatments

b B HE/(g/em®) %1/ (g/cm?) FLEREE/ % fab B i/ (g/cm®) R/ (g/cm®) FLEREE/ %
Treatment Bulk density Partide density Porosity Treatment Bulk density Partide densit Porosity

CK1 1.2240.01a 2.2940.04a 46.77+0.56e T6 0.7240.09fg 1.91+£0.06f 62.254 3.64ab
CK2 1.2140.00a 2.21+0.02ab 47.20+1.3%¢ T7 0.6940.02gh 1.89+0.01f 63.29+0.73ab
T1 1.0940.01b 2.16+0.01bc 49.47+0.30¢ T8 0.65+0.02h 1.76+0.06g 65.16+3.24a
T2 0.96+0.01c 2.10+0.04cd 54.20+0.70d T9 0.694+0.01gh 1.86+0.06f 62.90+1.25ab
T3 0.86+0.02d 2.05+0.02de 58.1141.50¢ T10 0.7140.01g 1.90+£0.07ef 62.63+1.48ab
T4 0.81+0.04de 2.0240.03de 59.72+1.48bc T11 0.7740.01ef 2.0540.13de 62.44+2.71ab
TS5 0.784-0.05e 1.95+0.04ef 59.86+1.67bc

VE R )N 5 B 463 AR AR BRI 46 0.05 K F |2 R @ %, FHEMA.

Note: Different lowercase letters in the same line represented significant difference among different treatments at 0.05 level. The same as below.
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Different lowercase letters in the same line represented significant difference among different treatments at 0.05 level. The same as below
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Fig.2 Physical properties of soil water under different treatments
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Fig.3 Soil pH and organic matter content under different treatments
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Fig.4 Available phosphorus and available potassium content under different treatments
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Fig.5 Alkaline nitrogen content and salt content under different treatments
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Red and blue circles represented positive and negative correla-
tion, respectively; Circles from small to large and colors from
light to bright indicated low to high correlation; The numbers in
the circle represented the P-value at the 0.05 level(P=>0.05),
while those without numbers in the circle represented P<<0.05.
SMS. spent mushroom substrate; SB. straw biochar; SWC.
soil water content; SBD. soil bulk density; SPD. soil particle
density; SP. soil porosity; SCWC. soil capillary water capacity;
SFC. soil field capacity; SOM. soil organic matter; SAP. soil
available phosphorus; SAK. soil available K; SAN. soil alkali—
hydrolyzable nitrogen; SSC. soil salt content
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Fig.6 Pearson correlation analysis of improving materi-

als and soil physical and chemical properties
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Tab.3 Eigenvalues and contribution rates of principal

components from different treatment

3352% P 0 ﬁ%ﬁrﬁk?% Eﬁ'ﬁ#ﬂﬂi%
Principal com- . Variance contri- Cumulative con-
ponent number Eigenvalue bution rate tribution rate

1 9.217 76.808 76.808
2 1.191 9.925 86.733
3 0.556 4.637 91.370
4 0.483 4.029 95.399
5 0.313 2.608 98.007
6 0.115 0.956 98.963
7 0.072 0.597 99.560
8 0.032 0.268 99.828
9 0.017 0.141 99.969
10 0.003 0.025 99.995
11 0.000 0.004 99.999
12 0.000 0.001 100.000
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Tab.4 Principal component values and comprehensive

ranking for each treatment

ZiAr UM

Kb 38 F Values of compre= > ™ 4
. . . Compre-
Treat- Principal componentvalues hensive principal -
hensive
ment components )
v V2 v ranking
CK1 -5.041 2.141 -4.222 12
CK2 -5.468 -1.895 -5.061 13
T1 -3.134 0.313 -2.741 11
T2 -1.629 0.612 -1.373 10
T3 -0.723 -0.386 -0.684 9
T4 0.326 0.070 0.296 8
T5 1.122 -0.022 0.992 7
T6 2.075 -0.557 1.775 3
T7 3.025 -0.578 2.614 2
TS 4.543 -0.615 3.955 1
T9 1.490 -0.966 1.210 6
T10 1.524 0.544 1.412 5
T11 1.710 1.337 1.667 4
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