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ABSTRACT

Mushroom spawnis prepared on cereal grain mediaby inocul ating them with pure cultures of sel ected mushroom species
under sterile conditions, yet the problem of contamination of spawnisamajor bottle-neck in the growth and spread of
mushroom farming in devel oping countries. Speciesof Trichoderma, Aspergillus, Penicillium, Rhizopus, etc. besides
wet spot causing bacteriaareknown to be major contaminants of mushroom spawn in eastern India, including Jharkhand
affecting commonly grown mushroomsyviz., Pleurotus spp, Hyps zygus ulmariusand Vol variella volvacea, which need
urgent actionfor their management. Inview of reportsof appearance of fungicide-resistant srainsof Trichoderma, therefore,
aNeem- based herbal formulation, viz., Mahaneem containing 0.15% A zadirachtin wastried as aprophylactic pre-
treatment of thewheat grainsused for the spawn medium together with someempirical changesin the current method of
preparation of thegrain pawn medium. The modified method tried successfully for raising healthy, contamination-freeand
productive master and planting spawnsof oyster and paddy straw mushrooms has been discussed.

Keywor ds. spawn, oyster-mushroom, azadirachtin
INTRODUCTION

Grainspawnisamediumthat isimpregnated with mycelium madefrom apure culture of the chosen mushroom strain, and
spawn production isafermentation processin which themushroom mycelium increasesby growing through asolid organic
matrix. Although, grain spawniscurrently prepared by inoculating sterilized grainswith compl ete sterile precaution, yet
smal and medium Size spawn- laboratories il facethe problemsof contaminationi.e. unwanted intrusion of harmful and
competing organismsin the spawn, making them usda essand dangerousfor mushroom production duetotheir potentia for
infecting the bedsand the crop asawhole. Mushroomshave sincelong beenthereinthediet of varioustribesof Jharkhand,
mostly drawn from wild collections during monsoon season, and hence several mushroom farming unitshave comeup
during last few yearsboth in the urban and rural areasof the state. Gradually spawn laboratoriesbothin public and private
sectorsare a'so coming up in major townsto servethe growers. However, due to humid and wet weather conditions
particularly during rainy season, 20-40% | ossesarereported to be caused by bacteria and funga contaminantsof commercid
spawn, restricting theavailability of healthy and quality spawnintimeandin required quantities, whichisserioudy hampering
thegrowth and spread of mushroom farminginthearea.

It hasbeen roughly estimated that about 1 million microbesarekilled while preparing only 1 kg of pure spawn. Moreover,
during the process of spawn making, contamination islikely to comefrom varioussourceslike aerogporaof thelab, impure
inoculum, incompl ete sterilization of grain medium and contaminated spawn bags/toolhands of theworkers, etc, which
obviously make pure spawn making ahighly risky activity. Moreover, cereal grainscarry lacsof microbesinthem,
particularly those escaping full sterilization, either dueto their thermo-tolerance, insect damage, mechanical injury or those
ruptured by over-bailing. Yet, in the preval ent methodol ogy of spawn-preparation, thegrainsare not given any sort of pre-
treatment to reducetheir inoculum-load, athough while preparing the bedsfor oyster and milky mushrooms, their substrates
(whest or paddy straw etc) arewidely being treated with chemica sfungicide[1] or with Neem-oil based bio-formulations
[2] for the same purpose. In the year 1985, the button mushroom Farms of Ireland and again in 1990s of Europe,
America, Canada, Mexico, etc faced devastating on daughtsof Green Mould disease which led to the use of systemic
fungicidesto control themalady. Grogan et al. [3] reported that grain-spawn treated with benomyl or carbendazim or
thiabendazol e could effectively control the causal fungus Trichoderma harzanumbiotype Th2. However, largescaeuse
of Benzimidazol e fungicides soon led to the emergence of afungicide-resistant biotype Th4 of T. harzianum(syn. T.
aggressivum, f. aggressivum), against which the same treatments proved i neffective [4], which led to the banning of
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thosefungicidesin severa affected countries. Obvioudy, such an action hasleft the commercial growersof thoseareas
under the possiblethreat of another epiphytotic.

Thesmall growersof eastern statesof Indiaaremostly raising seasond cropsof oyster, milky and paddy straw mushrooms
with low cost and low input technol ogy and are more proneto diseases and pests. Yet, only some preventive measuresto
manage them are likely to be adopted both by the growers and spawn producers of the area. Hence, in the present
Investigation experiments have been carried out to get rid of asmuch of the contaminating microbial load onthegrainsas
possible by their pre-treatment with potent bio-formulationstogether with suitable modification in the spawn making
methodol ogy so asto ensure effective sterilization of the spawn medium.

MATERIALSAND METHODS
M odified method of spawn preparation

Spawn isapotent source of contamination to cultivated mushrooms|[5,6] . Hence, with aview to removethe contaminating
microbesfrom the spawn, an attempt to modify the standard method of spawn preparation now in practicewas madein
thisinvestigation. Required quantities of good quality whesat grainswere procured from thelocal market and their initial
moi sture content was determined. Subsequently, the grainswerewashed 2-3 timesto removeany dirt and artifactsand
soaked inwater for 30 minutesto get rid of any pesticide-residues. Neemoil (Mahaneem) dilutionscontaining 1.5 and
0.15 ppmAzadirachtin were prepared in quantitiesjust sufficient to submerge the grainsand to absorb most of thesolution
s0 asto maketheir final moisture-content to not lessthan 55% as cal cul ated on the basis of their initial moisture-content.
Theinitia pH of the2 setsof dilutionswerekept at 8.5 and 9.0, in which the grainswere soaked for morethan 18 hours
or overnight and al thetreatmentswerereplicated 4 timeswith two controls, viz., grainssoaked i) inplainwater, andii) in
0.05% carbendazim sol ution. During soaking, the contai nerswere covered with plastic sheetsto prevent any loss of the
liquid. The soaked grainswerelater spread thinly onaclean surfacein shadeto dry thefreewater sticking onthegrains, to
which cal cium carbonate was added @ 2% and mixed thoroughly to make the grain spawn medium ready. The medium
wasfilledin 1litre glasshottles up to 2/3"capacity and plugged with non-absorbent cotton, which wereautoclaved at a
pressureof 20 b psi for not lessthan 45 minutes. The bottleswere then shaken to avoid clumpsand kept over-nightinthe
inoculation-room beforeinocul ating themwith 1x1mm inoculataken from the growing edgesof freshly raised purecultures
of Pleurotusflorida and Hypsizygusulmarius. For Volvariella vol vacea al so the grain medium wassimilarly prepared
except that wheat grainswerereplaced by Paddy grains. Theinocul ated mediabottleswereincubated at 28+2 °C/30+2°C
for oyster and paddy straw mushroomsrespectively.

Growth performanceof modified grain spawn

Theinocul ated bottles during incubation were shaken at regular interval sto enhance and ensure uniform growth of the
mushroom mycelium. After 2weeksof incubationtheir final growth-performance, vigor, abnormality /contaminationwere
noted by visua observation. Further, the spawn bottleswere monitored during storagein refrigerator for 3weeksat regular
intervasfor any late contaminants.

Yield-performanceof spawn prepared by modified method

Spawn prepared by modified method weretested for their productivity by raising cropsof P. florida, and H. ulmariuson
paddy-straw in polythene bagsasper Vijay and Sohi [1]. Experiment on P. floridawaslaid with modified spawn treated
with dilutionsof Neem-oil @ 1.5 and 0.15 ppm A zadirachtin adjusted to pH 8.5, and followed by straw treatment with
500 ppm formalin- solution. Two controlsviz., i) Modified spawn treated with 1.5 and 0.15 ppm of Azadirachtin at their
natural pH 5.6 -5.9 followed by straw treatment with 500 ppm formalin; and ii) Modified spawn without treatment but
straw treated with solution of 75 ppm Bavistin and 500 ppm formalin. Experiment on H. ulmarius was however
designed to assessthe performance of the M odified spawnwith grainstreated with 0.1% Bavistininstead of Neem ail, and
straw treated with 37.5 ppm carbendazim and 500 ppm of formalin and the 2 controlskept were: 1) untreated spawn +
treated straw with carbendazim and formalin; and 2) both spawn and straw untreated. The cropswere grown in an
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improvised seasona growingroomintheRKMYV university campus, with temperature ranging between 26-29 °C during
theday.

RESULTSAND DICUSSION
M odified grain spawn medium

Soaking of whest grainsin measured quantity and known strength of Azadirachtin dilutionsfor along duration of 18 hrsor
30, ensured maximum possi bl e absorption and retention of thebio-pesticideintheinternd tissuesof the seedsmaking them
least proneto attacks by the contaminants. Moreover, prolonged soaking of the grains could avoid the process of 30-35
minutes boiling, now in practice, saving thereby leaching of nutrientsof the grainsand their cracking, aswell asthe costly
fuel and va uabletime spent over boiling. Besides, the possibility of killing of the heat- res stant bacteria endosporesduring
autoclaving wasal so very much enhanced dueto their germination to vegetative phase during prolonged soaking. Thiswas
amply revealed by the absence of bacteria soft-rot infectionin any of the spawn-bottles prepared by the modified method.

Growth performanceof modified grain spawn

Grain spawns of 3 mushroom species, viz. P. florida, H. ulmarius and V. volvacea were prepared by the modified
method using two dilutions of Azadirachtin adjusted at 2 different pH in case of former 2 species. However, for all the3
species 2 controlswere kept, one soaked in 0.05% carbendazim and the other in sterilewater only. In Tables 1,2 & 3,
observationson their mycelial growth attained 2 weeks after incubation have been given. Itisnoted that H. ulmarius
attained faster growth at pH 8.5 ascompared to pH 9.0, irrespective of dilutions of the Neem-ail. carbendazim soaking at
0.05% concentration al so supported faster growth-rate of the spawn. Datain Table 2 exhibit the sametrend of growth
responseby P. florida asnoted for H. ulmariusbothin the case of Azadirachtin aswell as carbendazim. The spawn of P.
florida also grew faster at pH 8.5 than at pH 9. However, the growth-rate of V. volvacea was slightly retarded dueto
soakingin 1.5 ppmAzadirachtin ascompared toitslower conc. (0.15 ppm) and a so 0.05% carbendazim (Table 3). Itis
notablethat none of the M odified spawn bottlesunder different treatments/repli cations exhibited any contamination what
soever (Figs.1& 2).

Table 1. Performance of Hypsizygus ulmarius spawn prepared by modified method and treated with Neem oil at different pH

Treatments Azadirachtin (ppm) Carbendazim Water
pH 8.5 pH 9
15 0.15 15 0.15 Control Control
Growth on 13" day ++++ ++++ +++ +++ ++++ +++
Remarks No Contamination

++++ = Complete, +++ = Incomplete

Table 2. Performance of Pleurotusflorida spawn prepared by modified method and treated with Neem ail at different pH

Treatments Azadirachtin (ppm) Carbendazim Water
pH 8.5 pH 9
15 0.15 15 0.15 Contral Contral
Growth on 13" day -+ -+ +++ ++ -+ +++
Remarks No Contamination

++++= Complete, +++=Incomplete
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Table 3. Performance of Volvariella volvacea spawn prepared by modified method and treated with Neem il at different pH

Treatments Azadirachtin (ppm) Carbendazim* Water
15 0.15*

Growth on 14" day ++ ++++ +H++ +H+

Contamination No Contamination

Remarks * Profuse formation of chlamydospores by 18" day

++++= Complete, +++=Incomplete

Figure 1. Hypsizygus ulmarius spawn with Neem Oil 103dilution Figure 2. Volvariella volvacea spawn treated with Neem Oil
atpH9 dilution 10 and carbendazim 0.05%

Further it was also noted that 0.15 ppm A zadirachtin and 0.05% carbendazim treated spawn profusely devel oped brick-
red colored chlamydospores, which areknown to be indicators of healthy and vigorous spawn [7].

Yield-testing of spawn prepared by modified method

Spawn sprepared by Modified method were used to rai se crops of Hypsizygusulmarius, Pleurotusfloridaand Volvariella
volvaceato test their productivity under in vivo conditions on paddy straw as substrate (Figs.3, 4 & 5). Dataobtained
from replicated Experimentson theformer two speciesin Tables4 & 5indicated that the modified spawn treated either
withAzadirachtin (1.5& 0.15ppm) or carbendazim (0.05%) could givegoodyield of P. florida (71-78.33% BE) and H.
ulmarius (56.73-79.20% BE), respectively. However, in case of both the mushroom species, even untreated modified
spawn gaveequally good yield either onformalin+carbendazim treated straw or untreated straw, which might possibly be
duetothevigorousand hedlthy nature of the spawn grown on amorenutritiousmedium. Thehedlth and vigor of the spawn
wasa so indicated by the high yield obtained from P. florida bags even though most of the bagswith treated spawn(but
only formalin-treated straw), got locally infected with green mould bel ow the pointswhere holeswere madefor fruiting.
Another important observation noted in the performance of H. ulmariuswasthe negative effect of carbendazim onthe
productivity of that mushroom giving thelowest yield, when spawn and straw both weretreated with thefungicide (Table
5).

A crop of Volvariella volvacea was al so raised with Azadirachtin treated modified spawn by the Cage-culture method ,
but it could not bereplicated and itsyield performance could not be assessed. However, good fruiting wasrecorded with
attractive and healthy sporocarps (Fig. 5). Useof cereal grainsfor mushroom spawn wasintroduced by Sinden [8] as
early asin1931 the superiority of which wasestablished by Szudygaand Mallinowske[9] evenintheyear 1974, athough,
variousmodifications continued to be proposed therein. Lemke[10] suggested that the grains should contain 50% mois-
ture and the pH of the spawn medium be adjusted between 6.5-6.7, while Kumar et al. [ 11] recommended the use of
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Figure 3. H. ulmariusinfruiting Figure4. P.floridain fruiting

Figure5. V. volvacea in fruiting

Table4. Yield Performance of P. florida spawn prepared by modified method and treated with Neem oil on chemically pasteurized straw

Treatments RoomTemp. Yidd BE Remarks
Spawn Sraw (*C) @ %

Carbendazim (ppm) Formalin (ppm)

Azadirachtin (1.5ppm) @ 8.5 pH - 500 27-29 un 7833 Contamination of
Trichoderma sp.

Azadirachtin(0.15ppm) @ 8.5 pH - 500 27-29 1140 76.00

Azadirachtin(1.5ppm) at natural pH (5.6-5.9) - 500 27-29 1085 7233

Azadirachtin (0.15ppm) - 500 27-29 1065 7100

Untreated control natural pH 375 500 27-29 115 7433 No contamination
CD5% 46.76

calcium carbonate and gypsumintheratio of 1:3 for better spawn growth. Mantel [12] earlier in 1973 had perfected the
method of grain spawn preparationin India, whichisstill being practiced al over the country and itsvicinity with minor
changesonly, withlittleattentionto quality and health.

Besideshigh productivity and consumer-friendly traitsof the mushroom strain, maintenance of health and vigor of spawn
arevery important aspects, which areinter-related. A healthy spawn must be free from contaminantsto be vigorous.
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Table5. Yield Performanceof H. ulmarius spawn prepared by modified method and treated with carbendazim on chemically pasteurized
straw

Treatments Room Temp. Yied BE Remarks
Shawn Sraw (°C) (9 %
Carbendazim 0.1% Carbendazim + Formalin 26-29 81 56.73 No contamination observed
—-Do- Untreated 26-29 %7 6447
Untreated Carbendazim + Formalin 26-29 1075 7167
Untreated Untreated 26-29 1188 7920
CD5% 101.15

Similarly, only avigorous spawn can remain contamination-free[ 13]. Obvioudly, both these aspects depend heavily on
nutrientsavailablein the spawn-medium. Avoidance of boiling of thegrainsand absorption of dmost al thewater used for
soaking inthemodified method being discussed here very well prevent thelossof val uable nutrientsby leaching and hence
thegrain medium so prepared ismore nutritiousand well set to support ahealthy and vigorous spawn. Further, prolonged
soaking in agueoussolutionismost likely to induce the heat-resi stant endospores of Bacillus sp, causing wet-spot disease,
to germinateinto heat-sensitive vegetative phaseleading to their elimination, asalso of somethermo-tolerant speciesof
Aspergillus, during the standard process of autoclaving. Thus, the modified grain spawn mediumismorelikely to be
contamination-free.

The current scenario of spawn health and quality in Indiaand abroad is, however, worrying. Soriano [6] surveying the
Central Luzon recorded the problem of spawn contamination among 91% mushroom growers, 67% of whom referred it
asoccasiond, and 16% each asfrequent and seldom. InIndia, 5-yearsdatafrom apublic sector Mushroom Research and
Development Laboratory in Haryana, reported 5-25% spawn contamination by variousmouldsaswel | aswet-spot causing
Bacillussp. [14]. Earlier, Ahlawat et al. [15] a so reported appreciable damage to A. bisporus spawn dueto Bacillus
subtilisinfectionat NRCM, Solan. From the North Eastern State of Assam also, 8 fungal and 1 bacterial specieswere
reported ascommon contaminants of oyster mushroom spawn, being more frequent during the monsoon months[ 16].

Thus, inthe present challenging scenario [ 17] of disease management, every effort needsto be maderight at the starting
point, i.e. preparation of spawn by keeping them fully freefrom the contaminantsaswell asmaintainingtheir qudity and
hedth. Also, mushroomsthemsel vesbeing fungi asa so most of the contaminants, they cannot be managed with fungicides
and other hazardous chemicals alonefor obvious reasons[18]. Therefore, preventive measures like preparation of
contamination- free grain spawn medium like the one described here, together with observance of full terile precautions,
cleanlinessand hygieneareessentia to be adopted in all spawn |aboratories, which might ensuretheavailability of healthy
and vigorous spawnto thegrowersat large.

ACKNOWLEDGEMENTS

Thefirst author isgrateful to Swami Atmapriyanandgji Mahargj, Hon' bleVice-Chancellor and Swami Shashankanandgji
Maharg) Adminigtrative Head (IRTDM Faculty Center, Ranchi) of RamakrishnaMission VivekanandaUniversity, Belur
Math, Howra (West Bengd) for providing al the necessary facilitiesfor carrying out thiswork.

REFERENCES
[1] Vijay B and Sohi HS. (1987). Cultivation of oyster mushroom Pleurotus sajor-caju (Fr.) Singer on chemically sterilized wheat
straw. Mush. J. Tropics 7: 67-75.

[2] MahtoY andVermaRN. (2008). Organic production of oyster mushroomin India. In Mush Biol Mush Prod. Lelley JL and Buswell
JA Eds. 6: 212-219.

[3] Grogan HM et al. (1996). Control of Trichoderma harzianum — a weed mould from mushroom cultivation. In “Brightol Crop
Protection Conference- Pests and Diseases. 337-342 .

[4 Rinker DL and Alm G. (2000). Management of green mould diseasein Canada. Mush. ci. 15: 617-623.

335



Proceedings of the 8" International Conference on Mushroom Biology and Mushroom Products (ICMBMP8) 2014

E

(6]

(7]

(8]
9

(1]
(1]

(12
(13

(14
(19

(16

(17

(18]

336

Chang ST. (2009). Training Manual on Mushroom Cultivation Technology, United NationsAsian And Pacific Centre For Agricultural
Engineering And Machinery), Beijing, China.

SorianoAE. (2010). The Mushroom Industry in Central Luzon: Towards Fine-tuning R& D and Extension for Industry Revitalization.
Philarm Journal. 7 (1): 238 p

Quimio TH. (2002). Updates on Spawn production of Volvariella volvacea, the tropical straw mushroom. In Mush. Biol. Mush.
Prod. Eds. Sanchez et al. 337-343.

Sinden JW. (1932). Mushroom Spawn and method of making the same. US Patent, 1: 869, 517

SzudygaK and MallinowskeAE. (1974). Productivity comparison between manure spawn and grain spawn, mushrooms grown on
different substrates. Biuletyn Worrywniozy 15: 297-303.

Lemke G. (1971). Spawn raising experimentswith perlite and yields of cultivated mushrooms. Garten bauwissenschaft, 36: 19-27.

Kumar Set al. (1975). Studies on quantities of gypsum and calcium carbonate singly and combination on spawn production of
Agaricusbisporus. Indian J. Mush 1: 27-31.

Mantel EFK. (1973). Development of Mushroom Cultivation-FAO No.TA3220, Rome.
Momeni H. (2003). Applied Cultivation of Oyster Mushroom. Jangal Esfahan Publication. pp. 139.
Singh A et al. (2007). Microbial contaminants during commercial spawn preparation. Inter. Confr. Mush Biol & Biotech. 116 p.

Ahlawat OP et al. (1999). Bacterial Contaminantsin spawn of the mushroom, Agaricus bisporus (Lange) Sing. Mush. Res. 8 (2): 19-
21

Mazumder N and Rathaiah Y. (2002). Management of fungal and bacterial contamination in spawn bags of oyster muhroom 1. Ind.
Mush.Confr. Carbendazim 73 p.

Grogan HM. (2008). Challengesfacing mushroom disease control in the 21%century. In Mush Biol Mush Prod Lelley JL and Buswell
JA Eds. 6: 120-127.

VermaRN. (2011). Prevention and Containment of emerging mushroom diseases through consolidated management practices.In
“MolecularApproachesfor Plant Fungal Disease Management” HP Singh and Chowdappa. Eds. 253-263.



