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Composting of Spent Oyster Mushroom Substrate using Biogas Plant Slurry
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Abstract

Spent oyster mushroom substrate was incorporated into biogas plant slurry to prepare quality manure.
Among different combinations of spent oyster mushroom substrate and biogas plant slurry, maximum reduc-
tion in C/N ratio  was observed at 2 : 1 ratio of spent oyster mushroom substrate and slurry after 90 days. The
process was further hastened by inoculation with Trichoderma reesei. The C/N ratio of final product after 75
days was 20 : 4.
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With increasing need to conserve natural re-
sources and energy, recycling of organic wastes and
indigenous materials through bioconversion assume
major importance. Mushroom cultivation is an em-
ployment and income generating activity for rural
masses, farmwomen and unemployed youth. Differ-
ent mushroom species are grown on spectrum of plant
wastes that are mainly lignocellulosic. Among vari-
ous species of mushrooms, Agaricus and Pleurotus
are common species grown in different parts of India.
Associated with mushroom cultivation is the genera-
tion of spent mushroom substrate (SMS). For every
tone of mushroom harvested, about 1—2 tones of
spent substrate is generated. The spent straw left
after cultivation of Agaricus species is completely
decomposed and used for raising different crops while
spent oyster mushroom substrate is partially decom-
posed and is discarded as waste creating environ-
mental nuisance (1). Nowadays, the mushroom grow-
ers are facing pressure of environmental legislation
giving rise to the need for more suitable solution for
disposing SMS. Many investigations are carried out
world wide on processes dealing with the utilization
of SMS (2). Many of the previous studies on spent-
oyster mushroom substrate found on the use as soil
amendment but nitrogen is the most limiting macro-
nutrient in this substrate (3). Since  SMS is partially
decomposed by the fungus it can be further composted
for safe disposal. Composting of partially decom-
posed straw can add more nutrients and the process

can be hastened by adding microbial consortium.  Our
department has developed a 2 m3 solid  state Janta
biogas plant for anaerobic digestion of cattle dung
for biogas production (4). Effluent of biogas plant
(slurry) being rich in ligninolytic  microorganisms, can
be used for composting of spent oyster mushroom
substrate alongwith cellulolytic microorganisms. The
study was planned to produce quality manure from
spent mushroom substrate using biogas plant slurry
and cellulolytic organisms.

Methods
Substrate

Spent oyster mushroom substrate (SMS) was
collected from mushroom production technology
laboratory,  CCS HAU Hisar. Effluent slurry from cattle

Table 1. Chemical composition of spent mushroom substrate
(SMS) and biogas plant slurry.

                                                   Value (% dry weight basis)
Components                              SMS      Biogas plant slurry

Total solids 15.7 ± 1.0 9.5 ± 0.5
Volatile solids 87.5 ± 1.0 76.0 ± 0.5
Cellulose 38.0 ± 0.5 16.5 ± 0.5
Lignin 8.0 ± 0.3 8.0 ± 1.0
Hemicellulose 9.6 ± 1.0 4.2 ± 0.5
Nitrogen 0.97 ± 0.50 1.6 ± 0.5
Phosphorus 0.16 ± 0.10 0.60 ± 0.04
Potassium 0.82 ± 0.10 0.93 ± 0.2
C : N 52.32 27.55
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Table 2. Experimental setup for composting of spent mush-
room substrate (SMS) with biogas plant slurry.

                      Total     Volatile      Organic  Nitro-
Treatments    solids       solids      carbon      gen        C : N
(SMS:Slurry)    (%)         (%)          (%)         (%)       ratio

3 : 1 16.6 85.1 49.6 1.07 46.3
2 : 1 16.3 84.5 49.2 1.16 42.4
1 : 1 15.1 83.1 48.2 1.20 40.2
1 : 2 13.5 81.2 47.1 1.21 38.1
CD (0.05%) 0.59 0.43 0.45 0.11

Table 3.  Total solids and total volatile solids content of
spent mushroom substrate (SMS) composted with slurry at
different time intervals.

Treat-          Total solids                   Total volatile solids
ments              (%)                                     (% TS)
(SMS :                               Days after
Slurry)  0         30      60       90       0        30      60      90

3 : 1 16.6 26.9 28.9 30.2 85.5 79.9 71.8 67.9
2 : 1 16.3 28.4 33.5 35.5 78.4 69.9 69.9 63.9
1 : 1 15.1 28.2 33.1 34.1 79.1 74.9 74.9 69.9
1 : 2 13.5 24.4 28.1 33.1 78.7 73.9 73.9 68.9
CD
(0.05%)0.59 NS 1.91 1.65 0.60 0.49 0.58 0.57

Table 4.  Total nitrogen and C/N ratio of spent mushroom
substrate (SMS) composted with slurry at different time in-
tervals.

Treat-                  Nitrogen                       C/N ratio
ment                        (%)
(SMS :                                          Days after
Slurry)     0       30     60     90       0         30      60        90

3 : 1 1.07 1.26 1.34 1.45 46.35 36.82 31.11 27.17
2 : 1 1.16 1.30 1.55 1.60 42.32 35.00 26.19 23.18
1 : 1 1.20 1.25 1.39 1.48 40.16 36.72 31.29 27.43
1 : 2 1.21 1.28 1.45 1.50 38.84 35.70 29.58 26.66
CD
(0.05%) 0.11 0.04 0.07 0.05 – – – –

waste based biogas plant, Department of Microbiol-
ogy CCS HAU Hisar was used as inoculum for
composting of  SMS . Culture of Trichoderma reesei
was obtained from culture collection department of
Microbiology CCS HAU Hisar.

Composting of Spent Mushroom Substrate

Composting of spent oyster mushroom substrate
was carried out in cemented pits (64 × 64 ×76 cm).
SMS was mixed with biogas plant slurry in different
ratios viz. 3 : 1, 2 : 1, 1 : 1 and 1 : 2 (wet weight basis),
filled in compost pits and covered with polythene
sheets. Turning was done at monthly interval.

Analysis

SMS, biogas plant slurry and compost samples
at various intervals were analyzed for total solids (TS),
volatile solids (VS), total nitrogen, phosphorus and
potassium using standard methods (5).

Results and Discussion
Oyster mushroom (Pleurotus species ) is a wood

decomposing fungus belonging to class basidi-
omycetes. It is cultivated in many parts of the world.
Commercial  production technologies for this mush-
room fungus are well developed and are relatively
simple in comparison to other species (6). The spent
substrate after the harvest of Pleurotus needs suit-
able management because of high C : N ratio. Szmidt
et al. (7) reported that oyster mushroom substrate if
applied to the fields leads to disease incidence, nutri-
ent and growth factor depletion. Composting of SMS
with biogas plant slurry which is rich in ligninolytic
organisms will hasten the decomposition process,
stabilize the nutrient loses and   improve manurial
value of compost.

The analysis of spent substrate indicated that it
had 38% cellulose, 9.6% hemicellulose and 8.0% lig-
nin indicating that it had sufficient carbon for
composting purpose and efficient microflora needs
to be inoculated for carrying out composting process
(Table 1). Different combinations of SMS and slurry
had C/N ratio ranging between 38.1—46.3 (Table 2).
Composting of SMS with biogas plant slurry resulted
in decrease in total and volatile solids which was faster
during first 30 days and comparatively slower  subse-
quently. Maximum 35.5% total solid content was ob-
served  at 2 : 1 ratio of  SMS and slurry after 90 days
of which 63.9% were volatile solids (Table 3). One of
the important criteria for assessing compost maturity
has been reported as C/N ratio. Total organic carbon
decreased and total nitrogen content increased as a
result  of composting, therefore reduction in C/N ra-
tio was observed (Table 4). Garcia et al. (8) suggested
that C/ N ratio below 20 is indicative of acceptable
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Table 5. Chemical properties of spent mushroom substrate
(SMS) composted with slurry (2 : 1) along with Trichoderma
reesei. * Trichoderma reesei was inoculated after 30 days of
composting of SMS with slurry.

                       SMS : Slurry (2 : 1)         SMS : Slurry (2 : 1)
Parameters      Without inoculation         Inoculation with
                                                             Trichoderma reesei
(% dry                          Days after                        Days after*
 weight basis)   0         30      60       75       30       60      75

Total  solids 16.3 28.4 33.5 34.5 28.4 34.0 36.0
Total volatile
soilds 84.5 80.0 70.0 66.0 80.0 65.0 60.0
Total organic
carbon 49.2 45.5 40.6 39.2 46.4 37.7 34.8
Nitrogen 1.16 1.30 1.55 1.57 1.30 1.58 1.70
Phosphorus 0.84 0.86 0.87 0.88 0.86 0.88 0.90
Potassium 0.82 0.83 0.84 0.88 0.83 0.88 0.89
C : N ratio 42.4 37.9 26.2 24.3 37.9 24.9 20.4

compost. The C / N  ratio at 2 : 1 ratio of SMS and
slurry after 90 days was 23 : 1 which  was higher in
other combinations.

Inoculation of cellulolytic microorganisms has
been reported to enhance rate of decomposition (9).
Inoculation of Trichoderma reesei culture at 2 : 1 ra-
tio of SMS and slurry resulted in mineralization of
more nitrogen than in uninoculated control. As a re-
sult, reduction in C : N was also faster than control.
The C /N ratio after 75 days in Trichoderma reesei
inoculated samples was 20 : 4 (Table 4). Garcia et al.
(10) included rock dust in SMS to accelerate the
composting process due to increased microbial ac-
tivity and resulted product was valuable for agricul-
tural utilization and soil reclamation.

Total phosphorus and potash content remained
stable during composting process suggesting that
Trichoderma reesei which is rich in lignocelulolytic
enzymes, hastened the process of decomposition
thereby reducing composting time which ultimately

reduced the loss of nutrients through leaching and
volatilization (Table 5).

Conclusion

The results of the present study indicate that
spent oyster mushroom substrate can be used as
quality manure after mixing with biogas plant slurry
and inoculation with cellulolytic fungi.

References

1. Levanon D., Y. Hadar and P. J. Wvest. 1994. Nature
and use of spent mushroom substrate. Comp. Sci.
and Util. 2 : 22—23.

2. Beyer D. and R. Noble. 2006. Opportunities for using
spent mushroom substrate (SMS). Mush. Int. 103 : 19.

3. Sangwan P. S., S. Swami, J. P. Singh, M.S. Kuhad and S.
S. Dhaiya. 2002. Effect of spent mushroom compost
and inorganic fertilizers on yield and nutrient uptake
by wheat. J.  Ind. Soc. Soil Sci. 50 : 186—189.

4. Leela Wati, K. K. Kapoor and B. S. Kundu. 2009.
Cattle dung based modified solid state biogas plant. Pp.
137—142. In R. Z. Sayyed and A. S. Patil (eds).
Biotechnology emerging trends.  Scientific Publ.
Jodhpur, India.

5. Anonymous. 1970. Official methods of analysis. 11th
edition. Assoc. Off. Agric. Chem. Washington DC,
USA.

6. Gogoi G. and R. K. Adhikari. 2002. Suitability of
certain newer plant wastefor production of oyster
mushroom. Mush. Res. 11 : 25—27.

7. Szmidt R. A. K., J. Ferguson, S. McLennan and C. A.
Wilkins. 1998. Uniformity of spent mushroom
substrate (SMS) and factors in applying recommenda-
tions for use. Comp. Sci. Util. 3 : 64—71.

8. Garcia C., R. A. K. T. Hermandez, F. Costa and M.
 Ayuso. 1992. Evaluation of the maturity of municipal
compost using simple chemical parameter. Commun.
Soil Sci. Pl. Anal. 23 : 1501—1512.

9. Gaind S., A. K. Pandey and Lata. 2005. Bio-degrada-
tion study of crop residues as affected by exogenous
inorganic nitrogen fungal inoculants. J. Basic Microb.
45 : 4301.

10. Garcia A. G., R. A. K. Szmidt and A. Roig. 2002
Enhancing the composting rate of spent mushroom
substrate by rock dust. Comp. Sci. Util. 10 : 99—104.


