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Variations of soil biochemical properties and fungal diversity
in alpine coal mine residue hills during vegetation restoration

Daorina, ZHANG Ying*, LI Qiang, MA Linxiong, TIE Xiaolong

College of Agriculture and Animal Husbandry, Qinghai University, Xining 810016, Qinghai, China

Abstract: [Objective] To study the variations of soil fungal diversity in the coal mine residue
hills with vegetation restored for different years. [Methods] We selected the soil on the coal
mine reside hills of Jiangcang Mine with different planting years (2, 4, and 6 years) as the
research object, measured the soil chemical property and enzyme activity, and used
high-throughput sequencing methods to measure the soil fungal diversity. [Results] As the
duration of restoration increased, significant differences were observed in soil pH, total
potassium, and organic matter. The activities of enzymes such as sucrase, urease, catalase, and
phosphatase gradually increased, which enhanced the fungal richness and diversity in soil. The
variations were more obvious after four years of restoration. The fungi were primarily
dominated by Ascomycota and Basidiomycota, with saprophytic fungi accounting for
43.2%-89.7%. Nitrogen content and soil enzyme activity were the key factors influencing
fungal diversity in the grasslands of the coal mine area in Jiangcang. [Conclusion] Vegetation
restoration can improve the chemical properties and fungal diversity in soil.

Keywords: mine area restoration; alpine mines; vegetation restoration; soil properties; fungal
diversity
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Figure 1 The geographical location of the layout of
the sample plot.
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PIAZTRIEA THR BEASIN , AR A 45 SR kA 7473
5141k ITS1F (5'-CTTGGTCATTTAGAGGAAG

F1 TRREFREMTIEMRTHL
Table 1

TAA-3")HIITS2 (5'-GCTGCGTTCTTCATCGATG
C-3"), PCR W& Z (25 pL): 2xPhanta Max Mix
(p515) 12.5 pL, L. F#ESI(10 pmol/L)F%
1 pL, DNA #itz 0.5 uL, ddH,0 10 pL. PCR JZ
DA 95 °C WA 5 min; 95 °C A8 30 s,
50 °CiE & 30's, 72 °C #Eff 40s, 25 PMEIR;
72 °C F AL 7 min, FFIRZE 4 °C. §34)5 PCR
PSR EE 1.8% A BB M 14 T H VO S e ke
PEATAREIN , F DNA Ji [0 £ (Monarch /23 w])
PEAT IS [T 3 5 Qsep-400 J5 1 HEA T SCE A
X F A T 0 SO AH ] Tllumina NovaSeq 6000
(Ulumina A ")NJEFT EHLNT . M BRZ eI
IR WPHEA RA A 58
1.6 HIESIToHh

%] Excel 2007 AT 8583, iz 1] SPSS
XF A 3 37 4y oE AT BRI ER 22 43 BT (one-way
ANOVA), Duncan & 2160117 25 55 18 24 A 55
(P<0.05). - SEBHEEEIFIFH Origin 2022 F i
e, REZAEEERI AL AR YR
AIRA A =G AN BEZFEEE ] Unite (0
EDEIREEL YT, FH BLAST B9 e i

2 BER540

2.1 AEREFREMTIRUFHERTN
MA[RIVR S A Rt ek s Ak (R D

Changes of soil property in grassland with different greening years

Item Y18 Y16 Y14 YS

Total nitrogen (g/kg) 1.41+0.10b 1.62+0.14b 1.32+0.04b 3.95+0.42a
Total phosphorus (g/kg) 0.89+0.13a 0.80+0.08a 1.12+0.09a 1.63+£0.53a
Total potassium (g/kg) 23.32+0.52ab 24.59+0.77a 19.65+0.51bc 18.76+2.28¢
Available nitrogen (mg/kg)  35.33+5.46a 27.00+6.00a 42.33+7.45a 26.00+6.66a
Available phosphorus 21.23+6.47a 13.90+2.31a 11.83+1.37a 13.17+2.49a
(mg/kg)

Available potassium (mg/kg) 153.67+4.41a
Organic matter (g/kg) 80.68+3.35¢
pH 8.14+0.01d

127.67+31.01a
158.93+28.62b
8.42+0.00a

143.00+13.89a
52.55+11.62¢
8.31+0.01b

164.33+14.90a
328.68+15.75a
8.25+0.00c¢

Y18 indicates construction for 2 years; Y16 indicates construction for 4 years; Y14 indicates construction green for 6 years; YS
indicates un-greened soil of native vegetation. Different lowercase letters indicate significant differences at the 0.05 level, the

same as below.
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Figure 2 Changes of soil enzyme activities in grassland with different greening years. A: Sucrase. B: Urease.
C: Catalase. D: Phosphatase. E: Amylase. Different letters means significant difference between the treatments
(P<0.05). The same below.
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FIES
23 AERIREFREMTIZEEFZHEM ST
23.1 HEE o ZHMSH

X2 NWEEME o ZFEEEME. M ACE 48
BORE, Y14 B{EE, A 300.66+15.11; YS
M IAR, A 219.51422.01, M Chaol #5%k
F, YI4RERE, H}300.91+2.65; YS HI{EHAK
ik, M 230.66+22.79. YS HJ ACE #5%. Chaol
FREOOMR TR FEH . FULTAR, A
Y14 MR 8 A, Y18 By YS myfF

*2 HEHE o SHM
Table 2 Alpha diversity of fungal community

EEE AT E FEH, T HARE RS YS 2
B UG %25 . M Simpson F8E0E, YS W{HHk
B, N 0891004 ; Y14 MIE AL, N
0.80+0.06. M Shannon #84(E, YS HIMERE .,
h 4.3240.54; Y16 MMHRAK, ~ 3.96£0.22,
BERT L, YS MIREE ZFHEMR S, Y14, Y16 1Y
BAR. B2, SHEMZALEEES, YI4 1
MEFEERR, YS WSS R . W6
RIEE )T UAES], S 0k m
JG(operational taxonomic unit, OTU)’@(?U 30,Y18
AR OTU 30k 75,Y16 B4 ) OTU $0h 67,
Y14 AW OTU Hh 66, YS MAR OTU %k
H 46,

Sample ACE index Chaol index Simpson index Shannon index
Y18 244.97+7.52a 246.98+7.19a 0.85+0.01a 3.99+0.09a
Y16 266.96+4.92a 291.45+20.01a 0.85+0.02a 3.96+0.22a
Y14 300.66+15.11a 300.91£2.65a 0.80+0.06a 4.21+0.55a
YS 219.51+£22.01a 230.66+22.79a 0.89+0.04a 4.324+0.54a

The values in the table are mean+standard deviation. Single-factor variance LSD method was used to analyze the differences of
bacterial richness and diversity index in the same soil among different sites (P<0.05).
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Figure 3  Alpha diversity of fungal communities. A: Shannon curves. B: Venn plot.
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Figure 4 Composition of fungal community. A: Fungal phylum level. B: Fungal genus level.
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Figure 5 Beta diversity of soil fungi. A: Community NMDS plot. B: PERMANOVA plot.
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Figure 6 Predicted soil fungal function.
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Table 3 Relationship between soil fungal community diversity and environmental factors

Item Shannon index Simpson index ACE index Chaol index
Total nitrogen —0.067 0.056 -0.267 —0.346
Total phosphorus 0.040%* 0.027* —0.015%* -0.127
Total potassium 0.195 0.138 0.191 0.192
Available nitrogen 0.133 0.003** 0.021* 0.016*
Available phosphorus -0.078 —0.030* —0.148 -0.012%*
Available potassium 0.199 0.261 —-0.118 -0.212
Organic matter —0.068 0.085 —0.300 —0.340
pH —0.042* 0.000 —0.049* —0.069
Sucrase 0.255 0.125 0.179 0.089
Urease 0.214 0.149 —0.022* —-0.129
Catalase 0.198 0.150 —0.004** —0.155
Phosphatase 0.232 0.174 —0.036%* —-0.059
Amylase 0.150 0.062 0.174 0.143

* means significant (P<0.05); ** means significant (P<0.01); *** means very significant (P<0.001). The same as below.

*® 4 DREAFEFEZHMSHREETH Mantel

test 74T

Table 4  Mantel test analysis of soil fungal
community diversity and environmental factors
Item R value P-value
Total nitrogen 0.429 0.007] ***
Organic matter 0.425 0.0071***
Urease 0.352 0.001***
Catalase 0.443 0.001***
Phosphatase 0.303 0.002%**
Total phosphorus 0.315 0.007**
Total potassium 0.161 0.056
Sucrase 0.141 0.080
Amylase 0.113 0.142

pH 0.083 0.220
Available potassium  0.060 0.252
Available phosphorus 0.027 0.368
Available nitrogen 0.018 0.381

242 HEHZESEHWNZWEF

MIE 7 Rl U, PRSI 3 SRR
TV AT AT 2 A HEFY il o0y e B AL S 20 ) A
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0.525, P=0.006). TN (R’=0.547, P=0.008). pH
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o

|
0
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Figure 7 Canonical correspondence analysis of soil
fungal. The black arrow indicates environmental
factors, and the length of the arrow indicates the
strength of the correlation between environmental
factors and bacterial community structure. The blue
arrow indicates the type of bacteria, and the arrow
pointing in the same direction as the environmental
factor arrow indicates a high positive correlation.
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*5 TRAEERESEMSHREETH envfit R

Table 5 Envfit of soil fungal community structure and environmental factors

Item CCAl CCA2 R P-value
Total nitrogen 0.210 -0.978 0.547 0.008 **
Total phosphorus 0.671 —-0.741 0.254 0.074
Total potassium —0.394 0.919 0.220 0.074
Available nitrogen —1.000 —0.007 0.004 0.942
Available phosphorus 0.594 0.804 0.233 0.057
Available potassium 0.091 -0.996 0.095 0.339
Organic matter 0.206 —-0.979 0.525 0.006**
pH -0.918 —0.396 0.342 0.016%*
Sucrase —0.102 —0.995 0.281 0.036*
Urease 0.036 —0.999 0.590 0.001***
Catalase 0.093 —0.996 0.687 0.001***
Phosphatase 0.042 -0.999 0.634 0.001***
Amylase 0.981 —0.192 0.339 0.007**
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