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Effects of cattle manure proportion on vermicomposting of
spent mushroom substrate

HAN Yijie, DING Hao, SUN Xiangyang, LI Suyan
(College of Forestry, Beijing Forestry University, Beijing 100083, China)

Abstract: [Objective] To enhance the resource utilization efficiency of spent mushroom substrate , this study
investigated the effects of varying cattle manure ratios on vermicomposting performance and compost quality.
[Method] Five treatments were established with dry mass ratios of spent mushroom substrate to cattle manure:
TO (100:0), T1 (100:5), T2 (100:10), T3 (100:15), and T4 (100:20), alongside a control group (ck) without
earthworms. After 14 days of pre-composting, 20 individuals of Eisenia foetida (earthworms) were introduced
into TO—T4 treatment for 60 days of vermicomposting. Key parameters including earthworm biomass, survival
rate, juvenile/egg counts, physicochemical properties, and germination index (GI) were analyzed. [Result]
Vermicomposting significantly outperformed natural composting (ck) in terms of organic matter decomposition,
C/N ratio reduction, and compost maturity. The average weight, survival rate, cocoon number, hatching number,
and daily reproductive rate of earthworms increased with higher proportions of cattle manure. The addition of
cattle manure not only accelerated organic matter decomposition, reduced pH, and enhanced compost maturity,
but also significantly increased nutrient contents. After 60 days of composting, the germination index (GI) of ck

reached 76.04%, lower than the maturity threshold, whereas TO—T4 treatments exhibited GI values exceeding
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80%, notably, T3 exhibited optimal GI (98.27%), while further increasing the amount of cattle manure in
compost will enhance the risk of phytotoxicity to seeds. [Conclusion] Vermicomposting of spent mushroom
substrate amended with cattle manure significantly increases suitability for earthworm growth and reproduction,
improves waste decomposition efficiency, and yields products with superior quality indicators compared to
conventional composting. The recommended addition ratio in production is 100: 15 (spent mushroom substrate :
cattle manure, m/m). [Ch, 1 fig. 6 tab. 33 ref.]
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Table I Chemical properties of spent mushroom substrate and cattle manure
RS pH FL-S4¢/(mS - em™) SABLIR/ (g kg ™) SAE/(g kg™ S(g kg™ HH/(g kg™ BRALL
AR 8.47 2.14 412.08 14.61 6.20 10.51 28.21
EE 8.22 3.06 281.77 24.34 10.36 7.80 11.58
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Table 2 Growth and reproduction of earthworms in different treatments

Rt /g . " . X .
Qb3 TR R % a5 GRS~ LSS H BA5H A4k
0d 60d
TO 0.160+0.019 a 0.533+0.048 b 75.6£0.017 ¢ 28.1+0.57 ¢ 7.65+0.33 ¢ 0.042+0.005 ¢
T1 0.1710.024 a 0.6010.074 b 90.0+0.017 b 52.3+0.73 d 16.33+0.85 b 0.074+0.011 d
T2 0.168+0.012 a 0.642+0.039 b 91.7+0.009 b 63.2£0.62 ¢ 17.30+0.61 b 0.084+0.004 ¢
T3 0.174+0.032 a 0.784+0.051 ab 93.3+0.014 ab 75.5£0.35 b 19.67+0.66 a 0.096+0.005 b
T4 0.1540.015 a 0.822+0.063 a 96.8+0.021 a 80.3£0.84 a 21.00+0.47 a 0.101£0.007 a

UL . [RIZIR R/ ING SRk 3R A 3L ] 22 57 Bk 35 (P << 0.05)

EC 7RSS HUG ¥ i, Hih TO 4bBE EC KT ok, BEFEZFZERAE AN, ECHF M TO 1Y 15.89%
P2 B T4 (1 34.32%, 5 AbEE TOC Bt /3 BU7EME AL ST 3 TR, PR 10.57%~23.67%. TO 1) TOC
PR 257 T ok (P<<0.05), TOC FESRBE 4 JE U I HL I8 KT #2755 T4 Ab B & 357 F TO A T1 4b 3
(P<0.05), C/N BEA-ZEA NN I HLZBIEAL, 403 60 d HENEJS, FrAALBRRY C/N 5 TR, Hi
T4 ZEFRAY C/N R, BEET ck (P<0.05), 13 B i 5] S AT R M R0 R AT T30 5 HE A

R3 ARMAZEXT RS AR A R0

Table 3  Effects of cattle manure addition on efficiency of vermicomposting

pH H1 5%(EC)/(mS- cm™)
AbBE
0d 60d KR /% 0d 60 d 5%
ck 8.47+0.01 a 7.80£0.02 a 7.91£0.53 d 2.140.03 a 2.44+0.06 d 14.02+0.62 ¢
TO 8.47+0.01 a 7.76+0.01 a 8.38+0.49 cd 2.14+0.03 a 2.48+0.03 d 15.89+0.81 ¢
Tl 8.45+0.02 a 7.62+0.03 b 9.82+0.34 ¢ 2.19+0.14 a 2.65+0.12 cd 21.000.59 be
T2 8.42+0.02 a 7.4620.03 ¢ 11.4040.38 b 2.24+0.08 a 2.77+0.04 be 23.66+0.42 be
T3 8.39:0.03 b 7.2740.02d 13.35+0.87 a 2.30+0.05 a 2.960.08 b 28.70+0.23 ab
T4 8.35+0.02 ¢ 7.05+0.02 e 15.57£0.75 a 236+0.11a 3.17£0.24 a 34.32+0.48 a
BAPUEK(TOC) (g kg ") kA L (C/N)
AbBE
0d 60d W% 0d 60d W%
ck 412.08+4.87 a 368.51421.30 a 10.57+0.32 d 28.210.15a 17.5240.42 a 37.89+0.23 d
TO 412.08+4.87 a 344.42+17.50 ab 16.42+0.46 ¢ 2821+0.15a 15.61£031b 44.67+034 ¢
Tl 395.58+11.34 b 323.8948.75 be 18.12+0.54 be 26.7540.26 b 13.9+0.28 ¢ 48.04+0.26 be
T2 380.48+5.78 ¢ 305.79+31.60 bed 19.63+0.33 abc 25.43+0.07 ¢ 12.35+0.19 d 51.44+0.52 be
T3 366.48+3.87d 287.81+14.10 cd 21.47+0.41 ab 2425+035d 10.74+0.14 55.7120.45 ab
T4 353.5849.24 ¢ 269.90+5.52 d 23.67+0.29 a 23.17+0.24 ¢ 9.32+0.07 f 59.78+0.61 a

VLI . [RIZIR R/ ING SRk 3R A 3L ) 25 57 Bk 3 (P < 0.05),

% 4 A[H: TN, TP #IAEBEA 2SS N 26 LT, TK WIGA (A R A4 S MG . HEAR 45
mF, TN. TP F TK J& &0 804 e, S e @A, 20325 T 43.94%~89.78% . 78.87%~
92.42% . 37.90%~45.30%. ANIIMCEHEALAFEZ A, TN, TP, TK B /808 R¥ 0 T4 b e, HiE
ZET ck 1 TO 4 (P<<0.05).

M2 5 A0 A A BRHERL =4 Ca i 040 % 22 5% ;5 Mg. Fe Ml Mn B % 28 2& 4 a2 3% fin i 7+
i, T4 4bBE Mg, Fe Ml Mn 5T & 4380 %4 11.25, 2910.17, 229.74 mg-kg , W T TO AN ck
(P<<0.05). Cr. CdFl As P& 4 ZEU g inmipEAk, T4 4B Cr. Cd. As Fii 408053 5 0 5.87.
0.22. 0.029 mg-kg ', ©FMLT ck (P<<0.05). Pb Fﬁ%¢,§ﬁ§ﬂﬂiﬂﬁi§ﬁﬂﬁﬁﬁ%ﬂm (P<0.05).

2202 RF) AR ;6 e R B R 6 ot 2 6 Al TQNTML;yg@ﬁ%ﬁaﬁ ck (P<0.05), %%
PR AHENE Z () S ALBR B TC i 2 25 S, B AR 2SI i3 n, 3l S ALBRB RN . T2~T4 A B AR ¢
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Table 4 Effects of cattle manure addition on TN, TP and TK of vermicomposting
- BAE(TN)/(g kg ™) EAWE(TP) (g ke ™) BAI(TK) (g kg ™)
0d 60 d B 21% 0d 60d W 219% 0d 60 d B4 21%
ck  14.61+0.25a 21.03+0.44f 43.94+0.38d  6.20+0.07c 11.09+0.11d 78.87+0.15¢  10.51+0.06a  14.49+0.31 a 37.90+0.25b
TO 14.61+0.25a 22.06+0.18 ¢ 50.99+0.56d  6.20+0.07 ¢ 11.58+0.24c 86.77+0.45b  10.51+0.06a  14.51+0.25a 38.10+0.38 b
T1 14.79+0.12a 23.31+0.26d 57.61+0.62cd 6.39+0.24c 12.05+0.33 ¢ 88.63+0.52 ab 10.36+0.12ab  14.33+0.29a 38.35+0.17 b
T2 14.96+0.37 a 24.77+0.14 ¢ 65.57+0.86 bc 6.63+£0.13b 12.66+0.41 b 90.92+0.32 ab 10.23+0.15 abc 14.35+0.28 a 40.25+0.46 ab
T3 15.11+£0.49a 26.80+0.36b 77.37+0.27 ab 6.81£0.09b 13.06+0.15b 91.78+0.29 ab 10.11£0.23 bc  14.47+0.19a 43.11+0.53 ab
T4 15.26+0.71a 28.96+0.23a 89.78+0.77a  7.05+0.11a 13.57+0.28 a 92.42+0.38 a 9.98+0.09¢c  14.50+0.15a 45.30+61.00 a

BT : IR IRING 5B Ab A 22 5 1 35 (P <<0.05).

R5 ARLEHEEFIHNEFTENEERRES Y
Table 5 Concentration of nutrient elements and heavy metal of different treatments
e JLR TR 0(mg- kg )
Ca Mg Fe Mn Cr Pb Cd As
ck  13497+£3.74a 10.85+0.04b  2565.73+2530b  207.41+525b  8.03+0.03a  3.06+£0.02e 0.29+0.004a 0.052+0.0007 a
TO  136.85+2.46a 10.93+0.07b  2660.23+44.10b  209.34+£7.32b  7.23+0.05b  3.74+0.01 e 0.24+0.006 b 0.049+0.001 0 a
T1 137.08+0.59a 11.11£0.09 ab 2672.13+110.20b 221.78+5.19ab  7.04+0.02b  5.50+0.01d 0.23+0.005b 0.042+0.0009 b
T2  138.89+0.66a 11.13£0.05ab  2768.39+73.10ab 223.37+4.17ab 6.65+0.04c  8.15+0.07c 0.23+0.003 b 0.038+0.0004 bc
T3  140.07+0.75a 11.16+0.05ab 2898.05+28.90a  225.72+6.64ab 6.13+0.03d  9.79+0.04b 0.22+0.005b 0.032+0.0003 cd
T4  144.49+195a 11.2540.07a 2910.17+£35.50a  229.74+6.05a  5.87+0.03¢ 11.41+0.09a 0.22+0.002b 0.029+0.0003 d

Y RIS R ING FhER R A B R 22 57 8 25 (P<<0.05).
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Table 6 Physical properties of different treatments

LLEE AR/ (grem ™) LB/ % WAL % kg g
ck 0.194:0.004 b 89.05+0.45 a 17.224127 b 3.1540.09 ¢
TO 0.22140.010 ab 90.24x1.18 a 22.10£2.25a 3.24+0.12 be
Tl 0.225+0.015 ab 89.74+0.73 a 20.22+1.01 ab 3.51%0.15 be
T2 0.247+0.009 a 88.62+0.77 a 19.91+2.33 ab 4.35+0.31 ab
T3 0.252+0.012 a 87.55£0.66 a 18.8542.61 ab 5.1240.22a
T4 0.255+0.013 a 87.46+0.58 a 18.34:1.84 ab 5.34+0.24 a

Uil [RIFIRIE NG FRER IR AL LR 22 57 3 (P<<0.05).

HERE = K ) B R T ck (P<<0.05), Ui T2~
T4 ZhFRAE R AR L 0] O R K - B T AR R,
LK G
23 AREEXEEHEWHTFEFHEEHI

ME 1 ATLAE . 25 AL B PG EH 2 A1 GI REHEAE
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I GI N 21.019%~23.98%, TO0~T4 [ GI 1£ HE B 55
6 Kt R LAk, 5 ck HLLIRAT 1 AL .
HEAR 39 dJF, T2, T3 Ml T4f ek 88 2, 60
dJE, B&ck4h, FrfaAbBE GIik 80% L) L #ind
XM TR GIYE T ck, Hob T3 4b B AY e &
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