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Abstract: [ Objective] The effects of ryegrass growth on the physical properties and shear resistance of a
mixed substrate were studied in order to provide a scientific basis for the rapid restoration of coal gangue hill
vegetation and for the prevention of soil erosion. [ Methods] The physical structure of gangue is poor and the
nutrient content is low. Ryegrass was planted in pots to which phosphogypsum and mycorrhizal residue were
added to determine the effect of ryegrass growth on the physical properties and shear resistance of a mixed
substrate. [ Results | @ The addition of different proportions of phosphogypsum and mycorrhizal slag
significantly increased the growth of ryegrass. Height, aboveground dry biomass, root weight density, and
chlorophyll content of ryegrass on the mixed coal gangue substrate consisting of 20% phosphogypsum and

10% mycorrhizal slag had the best effect, followed by the mixed substrate consisting of 10% phosphogypsum

5 H #1 :2022-09-27 f&E B #1:2022-12-07

BEITUE : 50 M A BT T00 B Bl 8 o0 A 56 5 AR A0 R DG s AR B R A 92 (B RF 5 324201972864 5
%—1’&%‘.L5§(1996—) e GG, BN A 88 ST L W 058 A, DR 58 5 1) Ry A 9 9 IR AL F . Email : zhaojuyey@163.com.,
BIRAESE X057 (1964—) . B () , e M4 KA B 14, #0832 %2 NS5 R 2 4 W U540 R R 5 T (9 F Y . Email: lfang6435@163.com.,



104 7K R E %43 %

and 10% mycorrhizal slag. @ The addition of phosphogypsum and slag significantly increased the aeration
and water-holding capacity of the gangue mixed substrate in which the natural water content, total porosity,
capillary porosity, and non-capillary porosity of the gangue mixed substrate with 20% phosphogypsum and
10% slag were increased by 18.88%, 14.18%, 13.12%, and 18.08% , respectively, and the bulk density was
decreased by 24.76 % compared with the respective values observed for the gangue mixed substrate with only
10% slag. @ The shear strength of the gangue mixed substrate with 20% phosphogypsum and 10%
mycorrhizal slag increased by 71.71% . and the cohesion and internal friction angle increased by 102.84 % and
45.05% » respectively, compared with the mixed substrate having only 10% mycorrhizal slag. [ Conclusion ]
The coal gangue mixed substrate with ryegrass root complex having 20% phosphogypsum and 10%

mycorrhizal residue had the greatest shear resistance and was beneficial for controlling soil erosion in coal

gangue hills.

Keywords: gangue; amendment; ryegrass growth index; shear strength; soil erosion
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Table 1 Configuration of tested mixed substrate

Ak R HERT A1 % CEER 2] i/ 06
GPB, 90 0 10
GPB, 80 10 10
GPB; 70 20 10
GPB, 60 30 10
GPB; 50 40 10
GPB; 80 0 20
GPB; 70 10 20
GPB; 60 20 20
GPB, 50 30 20
GPBy, 40 40 20
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Fig.1 Growth of ryegrass on coal gangue-phosphogypsum-mycorrhizal mixed substrate
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Table 2 Water content, capacitance and porosity of substrates with different treatments
i 3 SR/ & FHE/(g+em™™) SILBEE/ % BELB/ % EBEILBE/ %
GPB, 21.454+1.36¢ 1.044+0.03" 59.74+1.01° 46.96+0.82% 12.78+£0.41%
GPB, 24.2040.60" 0.8240.02¢ 67.004+0.50° 52.82+0.93° 14.1840.43%
GPB; 25.5040.75" 0.78£0.01° 68.214+0.33" 53.12+1.07° 15.0940.82°
GPB, 23.54+0.33° 0.9240.02° 63.704+0.69° 49.76+0.77" 13.9440.09%
GPB; 23.41+£0.43¢ 0.95+0.03" 62.4940.83 48.79+0.76% 13.70+0.33«
GPB; 23.24+0.51° 1.0740.02° 58.72+0.74¢ 46.08+1.62° 12.6340.88°
GPB; 24.2741.22" 0.8740.03¢ 65.2440.99" 51.204+1.10" 14.047+0.48"
GPB; 26.28+0.35" 0.8140.03¢ 67.334+1.01° 52.53+1.30° 14.80+0.54
GPBy 24.6141.02" 0.9640.03" 62.27+0.87 48.714+0.95% 13.56+0.15%
GPBy, 23.78+1.26¢ 0.9840.04" 61.50+1.16¢ 48.034+0.95% 13.4740.21
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Table 3 Shear strength of gangue-phosphogypsum-mycorrhizal mixed substrate
i B e 2K
100 kPa 200 kPa 300 kPa 400 kPa
GPB, 77.52+4.18¢ 107.58+£3.17¢ 163.47+4.83¢ 187.73+7.48¢
GPB, 98.08£8.37¢ 141.85+7.80¢ 184.04+11.66¢ 233.61410.77¢
GPB; 103.8945.99™ 143.96 42,745 194.5943.17% 244.1648.12"
GPB, 113.57+£12.16® 150.29 44,19 200.92+9.62"° 261.03+17.40"
GPB; 122.34+7.48° 152.93+2.42% 206.1945.08° 273.6949.88°
GPB; 80.1546.40¢ 109.69+7.13¢ 164.00+12.08¢ 192.48+14.26¢
GPB;, 101.7747.81" 142.38+4,19« 185.62+4.,83 239.41+11.88%
GPB 112.854+8.12® 146.60+4,83 190.37+11.88" 258.394 14,95
GPB, 120.76+3.98* 151.34 2,41 201.9746.39° 272.63+3.65°
GPB,, 123.40+5.70° 155.03+£5.70° 208.3049.27° 276.32410.29°
800 mEs  EENERA 140 ) K. GPB, 4H41 5 GPB, 4b B4 2 ] 7 4% 9%
al s . L AEET B0 R B A0 1l 2 R 2R A P
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Fig.2 Cohesion and internal friction angle of gangue-

phosphogypsum-slag mixed matrix
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Fig.3 Cohesion and internal friction angle of gangue-
phosphogypsum-mycorrhizal mixed substrate and

ryegrass rhizosphere complex
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Table 4 Shear strength of gangue-phosphogypsum-mycorrhizal mixed substrate and ryegrass rhizosphere complex

ab B B A 4%
100 kPa 200 kPa 300 kPa 400 kPa

GPB, 91.76+4.75¢ 130.25+8.71¢ 191.4249.49" 220.42+10.54"
GPB, 149.7644.84" 212.52+13.45" 277.904+7.13° 336.96+11.41"
GPB;, 165.06+5.56° 233.08£5.08° 303.22+12.69° 373.88£8.12°
GPB, 139.754+7.13 191.42+8.37¢ 256.28£17.41° 311.13410.17<
GPB; 135.5245.56% 187.20£11.98* 237.304+4.19¢ 310.07410.38*
GPB; 83.85+5.70¢ 117.0744.19¢ 177.7146.39" 203.5549.67"
GPB;, 142,38 44,755 194.59411.41 261.03+7.25% 317.46+13.83%
GPB;g 146.07+6.58" 207.24+14.06" 273.69+11.07" 329.58+17.99"
GPB, 131.314+1.59¢ 172.4444.18 230.4442.41% 299.5243.98%
GPB, 127.6243.98" 162.4243.29° 218.84+8.12¢ 287.405.55¢
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Table 5 Correlation analysis of natural moisture content and

porosity with shear performance parameters
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