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ABSTRACT

I nvestigations were made to recycle spent mushroom substrate (SMS) for
the production of vermicompost using earthworms (Eisenia foetida). Spent
mushroom substrate (SM S) was obtai ned after harvesting mushroom grown
on coffee industry wastes. This Spent mushroom substrate has a fibrous
material content, which improves soil physical properties and biological
activity. Different combinations of spent mushroom substrate, cowdung
and farmyard manure were tried for vermicomposting. Maximum growth
and cocoons production was recorded in vermireactor containing cow dung
and SMS. The C/N ratio of vermicompost reduced to 9:35 from 52:2. The
nutrient composition of the vermicast thus produced was of good quality.
Based on investigations it is concluded that recycling of SMS generated
after utilizing coffee wastes can be potentially used as a raw material for
vermicomposting. Recycling/waste management of Coffeeindustry wastes
(primary) to Spent mushroom substarate (secondary wastes) and further to
vermicompost is reported from our findings. Thetransition from chemical
nutrition to bionutrition can be sustained with out affecting the ecological
processes. © 2008 Trade Sciencelnc. - INDIA
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Our urbanized and industriaized society isproduc-
ing largequantities of biologica wastesandincreasing
demand for disposa mechanismto beenvironmentaly
compatibleand sustainableisvery essential. Wastes of
animal and plant origin are one of themajor under-uti-
lized resourcesin many countries. Although various
physical, chemical and microbiological method of

disposal of organic solid wastesare currently in use,
these wastes could not be fully exploited due to the
non-availability of aviabletechnology for their economic
recycling. Earthwormsin dense cultureand large quan-
tities can physically handle most biol ogical waste and
potentially at thefraction of the cost of conventional
methods of waste management.

Many organic wastes have been converted into
vermicompost by different speciesof earthwormswhich
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include cattle dung, horsewaste, mango leaves, turkey
waste, water hyacinth, paper waste, industria sludge,
Coffeepulp and solid paper mill dudge,sheep manure,
spent mushroom waste>217192, Coffeeindustry wastes
(primary waste) arewel | used for growth of mushrooms
and thus generated spent mushroom substrate(secondary
waste) isof large quantity®. Spent mushroom sub-
drate (sometimescaled mushroom soil, recycled mush-
room compost, or mushroom compost) is the
composted organic material remaining after acrop of
mushroomsisharvested. After the mushroomsarehhar-
vested, the*‘spent” substrateisremoved from the houses
and pasteurized with steamto kill insects, pathogens,
and mushroom remnants. The appearance of dried
SMSissimilar to peat, with alight brown color, light,
fibroustextureand containsnutrientslikenitrogen phos-
phorus, potassium, calcium and magnesium.Although
thereissomeinformation on the spent mushroom sub-
strate for production of vermicompost from organic
wastes, thereisno research evidence on utilization of
the SM Sobtained from coffeeindustrial wastes. Hence,
investigationswere carried out to convert secondary
organic substrates such as SM S a ong with Cow dung
and farm yard manure into value added worm meal/
vermicompost using E.foetida. A completerecycling
of primary and secondary wastesisexplored.

MATERIALSAND METHODS

E.foetida

Healthy adult earthwormscommonly known asti-
ger wigglersi.e. Eiseniafoetida weighing between 0.5-
0.7gwererandomly picked up for the experiment from
stock culturemaintained by Centrd Sericulture Research
and Training Institute, Mysore, India

Substrates

Spent Mushroom Substarte (SM S) was collected
after thecultivation of mushroom using coffeeindustry
waste as substrates in our laboratory!?!l. Farmyard
manure (FY M) and Cow dung (CD)) was procured
fromtheHorticulturedept., Mysore, India. The com-
position of the SMS, FYM and CD is used for
vermicompositingispresentedin TABLE 1.

All the organic wastes were used on dry weight
basishy ovendrying at 110°C to constant mass.
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TABLE 1: Composition of SMS, FYM and CD used for
vermicompositing

Parameters SMS(%) FYM (%) CD(%)
Total Nitrogen 1.95 73.0 0.3
Total available 05 04 06

phosphorus
Total potassium 04 0.74 0.28
Total calcium 3.6 1.98 2.23

Total carbon 3.6 9.98 47.3

C: Nratio 3.1 14.1 47:1

Ver micomposting

Vermicompositing was conducted during Septem-
ber-December, 2006 at CFTRI, Mysore,India. Five-
vermireactorsweighing 100g (dry weight basis) with
different combinationssuchas1.FYM, 2.CD, 3.SMS,
4.FY M+SM S-50:50, 5.CD+SM S-50: 50,were used
for vermicompositing. E.foetida, teninnumbersweigh-
ing approximatdy 0.5-0.7gwereplacedinvermireactors
to provide optimal sticking density as 100-200mg/g
body wt/day*!!. The moisture content was maintained
at 70+10% of water holding capacity by periodic sprin-
kling of an adequate quantity of water. All the contain-
erswerekept indark under identical conditions (temp.
25+3°C, relative humidity, 60-80%). The experiments
weredoneintriplicates. Oneset of eachfeed wasmain-
tained without worms, as control. Theweights of the
earthworms were taken periodically. After the feed
materia was converted to loose granular mounds due
to feeding and defecation by theworms, the sprinkling
of water was stopped to lower the moisture content of
the vermicompost. During the experimental period
(90days) thetota number of earthwormsand coccons
were sorted by hand sorting for wel ghing and counting
periodically. Thevermicompost produced wasair dried
at room temperature and packed in airtight container
for further andysis.

Chemical analysis

Tota organic Kjeldhal nitrogen wasdetermined by
digestingthesamplewith conc. H,SO,and HCIO, (9:1v/
V)@ Totd phosphorus (TP) wasandyzed using thecolo-
rimeter method with molybdenumin sulphuricacid, to-
tal Potassium (TK) was determined after digesting the
samplein di-acid mixture (concentrated HNO,: con-
centrated HCIO, 4:1v/v), by flame photometer (Elico,
CL 22D, India¥). Totd organic carbonwasdetermined
using potassium dichromatetitration method*¢. Micro-
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nutrients were determined by atomic absorption spec-
trophotometer (AAS) (AAS414, Electronic corpora-
tionof India, BLL 0.001mg/l) after digestingthesamples
with Conc HNO, and Conc HCLO,(4:1V/V)*8. The
pH and moisture content of the sampleswas measured
asdescribed by!*424, All chemical were of anaytical
reagent (AR) gradefrom standard companies. All the
sampleswereanayzed intriplicatesand result were
averaged.

RESULTSAND DISCUSSION

Duringtheexperimenta period thewormsgrew well
invermireactors. Figure 1 showsthegrowth pattern of
E.foetidain different vermicomposter withtime. These
species of earthworm were selected duetoitstoler-
ancetowiderange of temperatureand high metabolic
ratel’%, Maximum earthworm biomasswas observed
incombination comprising of cow dung and spent mush-
room waste. Maximum worm biomasswasattainedin
the 8" week and gradual decreasein biomasswasre-
cordedin all vermicomposters. It may be dueto the
exhaustion of worm feed in vermicomposters. When
E.foetida reclaimed food below amaintenancelevd, it
lost weight at arate, which depended upon the quantity
and natureof itsingestiblesubstrates™™. However, there
was no linearity inincreasein the number of wormsin
the combinationsused.

Thequdity and amount of food materia sinfluences
not only the size of earthworm popul ation but also the
species present and their rate of growth and fecundity®®”;
E.foetida are characteristic to have more metabolic
rate, high conversion and production rateand aremore
useful for vermicompost.

Nutrient content of ver micompost

Thespent mushroom biofertilizer wasobtained from
earthworm, which carriesabioprocessin converting
the spent mushroom waste grown on coffeeindustry
wadteinto organic manure. Thevermicompost wasmuch
darker black in colour and homogeneousafter 90 days
of earthworm activity, whereasthe material without
earthwormsremained in compact clumps. The colour
of thevermicompost varied in thecombinations used.
The colour of typical vermicomposti.e. black wasob-
served with combination of SMSand cow dung. Inall
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TABLE 2: Nutrient composition of thever micompost

Par ameter CD+SMS FYM+SMS
Moisture 65% 62%
PH 7.0 7.1
Colour Black Sl.Brownish
Nitrogen 2.02% 2.03%
Phosphorus 0.21% 0.15%
Potassium 0.45% 0.32%
Organic carbon 18.9% 17.0%
C:N 9.35% 9.11%
Zn 65.3 ppm 50.1 ppm
Cu 30.3 ppm 22.0 ppm
Mn 37.0 ppm 23.0 ppm
Fe 2750 ppm 2100 ppm

Earthworm population in vermireactors

—
=
=]

No of earthworms

|[BFYM BCD B SMS B5MS +FYM 0SMS +CD
*EYM-FarmYard M anure, CD-Cow Dung, SM S-Spent M ushr oom substr ate

Figure 1. Earthworm population in ver mireactors at
samplingtime

other combinationstried, the colour wasnot very dark
compared to cow dung and SM Sthe combinationwith
Farmyard manure and SM Swasdlightly brownishin
colour. ThepH of the SMSand cow dungwas 7.0 and
the FYM and SMS combinationwas7.1. Themois-
ture of the SMS & Cow dung combination was 65%
whereasthe FY M and SM Swas 62%. Theanalysisof
thevermicast of combination with Cow dungand SMS
showed 9.351n C: N ratio compared to the 70.8 start-
ing materia (TABLE 2). Therewasanincreasein ni-
trogen and organic carbon but adecreasewas observed
with phosphorus, potassium and nitrogen. Therewasa
7.5%fold decreasein C: N ratiointhevermicast.

With therapid devel opment and expansion of cof-
feeindustries, cultivation of mushroom using these
wastes can generate of large quantity of SMS. These
waste materials form pretreated materials for
vermicompost. Variousagriculturd, horticultura, ani-
mal wastes, silkworm litter, weeds, kitchenwaste, city
refuse, spoilt food etc., have been used for vermicom
post!2,
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Pig manurewaspretrested for vermicomposting by
E.foetidal®. E.foetida has been successfully used in
dudge management™3, paper pul p® and lignocelulose
waste of maple?®. Asasoil amendment, spent sub-
strate adds organic matter and structureto thesoil. In
our studies, the coffeeindustry wasteswere used for
growth of mushroom (first stage) and the spent was
used for vermicomposting.

Chansand Griffithg¥, reported that wormsfed with
untreated pig manure died within afew hours. Simi-
larly®, wormswereunableto survivein paper pulp mill
sludge. In our studiesthe mushroom spent with cow
dung had agood number of total earthwormsthanfarm-
yard manure, which significantly increased the sexual
maturity and reproduction of E.foetida. Hencethe sub-
strate appearsto be more supportivefor carrying out
theactivity of earthworms.

Vermicompostingisan aerobic, biooxidation, non-
thermophilic processthat depends on earthwormsto
fragment, mix and promote microbial activity!®. The
processtakes placeat mesophilic temperatures, where
the broken up organic matter iscombined with soil par-
ticles. Thefina product isastabilized, well-humified,
organicfertilizer, with adhesveeffectsfor soil, timula
tor for plants, and most suitablefor agriculture. The
potential of different kindsand combinationsof wastes
to support the biomass of earthwormwill dictatethe
qudity of vermicast.

Our lab scal e experiments of processing cow dung
and SMSmixturesby earthwormsprovidevauablein-
sight about the process and the changes brought about
by the earthworm ectivity. It appearsthat theinitia few
weeks after introduction of earthwormsto feed mix-
turesarethemost critical . During thisperiod, most of
the decomposition and stabilization of feed mixturesby
earthworm occurs.

Mushroom compost hasafibrous materia content,
whichimprovessoil physica propertiesand biological
activity. The C:N ratio, one of the most widely used
indicesfor maturity of organic decreased dueto de-
composition. A declineof C:N ratioto lessthan 20in-
dicatesan advanced degree of organic matter stabiliza-
tion and reflects a satisfactory degree of maturity of
organicwastes. In our studiesthe carbon nitrogenratio
indusiveof cow dungand spent mushroomwaste, which
IS 52:2 decreased to 9:35 with time and activity of
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worms. Thisiswell supported when compared to the
C:N ratioin control (wormlessvermireactor) Theloss
of carbon as carbon dioxidein the process of respira-
tion and production of nitrogenousexcretamay enhance
theleve of nitrogen, which lowerstheC: N ratio.

However, thefina product wasmorestabilized, as
demonstrated by asignificant decreasein C: N ratio.
Theuseof secondary wastesi.e. spent mushroom sub-
strate (SM S) obtained through use of coffeewastesas
raw materia can potentialy help to convert thiswaste
into ava ue-added product that isvermicompost which
isamixtureof residue, al typesof beneficid microor-
ganisms, mgor and micro nutrientsand undigested or-
ganic matter.

CONCLUSIONS

Recycling/waste management of Coffeeindustry
wagtes (primary) to grow mushroomsand theavailable
spent mushroom substrate (secondary wastes) to fur-
ther vermicompost isreported from our findings. Our
Investigationson harnessing vermitechnol ogy utilizing
cow dung and Spent Mushroom substrate (SMS) pro-
videvauableing ght about the processand the changes
brought about by the earthworm activity. The earth-
wormsdid not feed much on SM S and has accepted it
asadiet only when cow dung was spiked withit. Mix-
ing of organic supplements such as cow dung creates
suitablemicrocosmsfor the earthworms. Thephysica
and chemical quality of thevermicompost comprising
of cow dung and spent mushroom waste not only ac-
cderated theminerdisation of nutrientsbut dso proved
amediafor vermiculture. Thetransitionfrom chemica
nutrition to bionutrition can be sustained with out af -
fecting theecol ogical processes. Hencetheintegration
of wasteutilizationindiversified formsisan attractive

concept.
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