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ABSTRACT

Among the cultivated mushrooms, oyster has maximoomber of
commercially cultivated species suitable for dieeagro-climatic zones of the state
with varying vyield potential, shape, size, coloundaaroma. The present
investigation was undertaken to evaluate the perdoice ofPleurotus pulmonariys

the Indian oyster mushroom in Odisha.

Studies on growth pattern and fruit body charasties indicated that the

mycelium was dense strandy on PDA medium with yhiée colony colour.

Biological efficiency ofP. pulmonariuswas significantly highest (99.30 %) on
paddy straw substrate among the nine substratksec

Stem treatment of substrate at 60 °@®or one hour was found superior in
terms of days to spawn run (14.5) days to firstvlar (21.75) and biological
efficiency (98.90 %).

Among the bag dimensions, 30 x 25 cm bag accomnraglat500 ¢

substrate was superior in respect of biologicatiefhcy (101.18 %).

Both the layer spawning and thorough mixing methadse statistically at

par yielding 97.66 and 96.87 per cent biologicéilcegncy.

No definite role of organic supplements in improwrhof the biological
efficiency of P. pulmonarius could be established. However, boiled wheat

supplementation was superior (93.37 %) amongithe additives tried.

The biological efficiency was found highest in bagacovered after
solarisation (97.34 %) which was at par with bagsntained as such with 1.0 cm

size holes (96.47 %) as recorded in the investgati

December and January spawning were appropriateeatizimg superior
yields (99.5-100.17 %) iR. pulmonarius
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INTRODUCTION

Mushrooms are biota characterizedwmyder. After Yeast fermentation,
mushroom production has been considered as secost amongst the esteemed
commercial microbial technologies. These are thatifig bodies of macro fungi
which are devoid of leaves and of chlorophyll-camteg tissues. Yet, they grow and
produce new biomass. Mushroom mycelia secrete eexzythat break down
compounds such as cellulose and lignin which aesn thbsorbed by the hyphae.
Mushrooms are very nutritious products. It can sexs food, tonic and as medicine.
Cultivation of mushroom does not require fertilmdaas they can grow in the
sheltered rooms degrading altogether various agginlnes.

The mushroom contains low calories and provideerd@gd minerals thus
regarded as a valuable health food. A number oblednushroom species like
Agaricus, Auricularia, Calocybe, Flammulina, Lents Pleurotus, Volvariella, etc
are commercially cultivated in different parts betglobe. They are rich in crude
fibre, proteins and vitamins but low in fat andarads. They possess multi-functional

medicinal properties.

Theophrastus (372-287 BC) wrote thashrooms gathered from farmlands,
fields and meadows were valued as food. Accordinipe medical treatise of Indian,
Sumbhita of the Atreya charak period dating baclprtmbably 3000BC, mushrooms
were classified into three categories : edible,-aedible or poisonous and medical
(Pandey and Singh,1978).

Literature references indicate thAuricularia auricula (black ear
mushroom) was first cultivated in china in 600AD ilwhFlammulina velutipes
(winter mushroom) was grown around 800-900 AD (@hand Miles, 1987).
Cultivation of Pleurotus (oyster mushroom) on tree stumps and logs was$ firs
described at the beginning of the twentieth cen{#glck, 1917). The first known
cultivation of European button mushrooAgéricus bisporusbegan in France during the
period 1550-1650 (Atkin, 1981). Paddy straw mushr@dolvariella volvaceajvas first
cultivated in China in 1822 (Chang, 1969). Culimatof Lentinula edodegshiitake



mushroom) originated in China during 1000 AD. Oui0,000 species of fleshy fungi,
more than 2000 species throughout the world arerteb to be edible and about 300
species belonging to 70 genera are reported fraha.l®ut of 2000 species of prime
edible mushrooms, about 80 have been grown expesathe 20 cultivated

commercially and 4 to 5 species produced on indilistale throughout the world.

As a result of widespread mushroaittiv@ation, there has been a consistent
increase in mushroom production amounting to a dvtwtal of 5.0 MT ( Kues and
Liu, 2000). Asian countries produce more than 7%h6f world mushroom markets
followed by Europe (19.63%) respectively in 201A(; 2015). Around 32.0% of
the total production is contributed by button muosin followed by shiitake
mushroom (25.0%), oyster mushroom (14.0), black rmashroom (8.0%), winter
mushroom (5.0%), paddy straw mushroom (3.0%) ahedrst(13.0%).

Mushrooms are good source of vitersuch as vitamin B1 (Thiamine),
vitamin B2 (Riboflavin). Vitamin B12 (Niacin) anditamin C (Ascorbic acid).
Mushrooms are also rich in minerals such as patagsphosphorus, calcium, iron,
copper and magnesium. Mushrooms are free of cleotdsind low in calories (Lee
and Chang, 1975). Basing upon these food value®, k& recommended mushroom
as a food to supplement the protein need of theeundurished population of the
developing countries. Cochran (1978) has compilég tmushroom based
pharmaceuticals and their components. Annual basioé medicinal mushrooms in
India has reached Rs.150 crores in recent yeawsaT,e2004).

In India, about 72-76% of humamylation lives in 6, 00,000 villages and
is mainly engaged in agriculture and allied adigt Large quantities of renewable
lingo cellulosic residues are generated every wsaresult of extensive agriculture
practices. Mushrooms have the ability to transforatritionally useless waste in
highly acceptable nutritious food. Modern classifion has placed the fungi in a
group distinct from the traditional kingdom Planté&lexopolous and Mims,
1979). Most of the cultivated edible mushrooms hglto the order Agaricales of
the class Hymenomycetes under the subdivision Basigtotina. This order is
composed of fungi forming fleshy, usually umbrelilee fruit bodies. The term
mushroom refers to this fruit body which is otheswicalled as the basidiocarp.

Pleurotus pulmonariuss anedible white rot fungus commonly known as Indian
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oyster, Italian oyster, Phoenix mushroom, or theglwyster, belonging to the
family Pleurotaceae and order Agaricales under thass Agaricomycetes
(Alexopolouset al., 1996, and Jonathaat al., 2012c).

Pleurotusmushroom, generally referred to as ‘Oyster musinroor

Dhingri’ in India is relatively new to the mushroandustry but has gained popularity
at a tremendous pace and today it is cultivatembmut 25 countries of far-East Asia,
Europe and America. It is the third largest culidamushroom in the world and its
annual production is around 8.75, 000 tonnes (ClaamgMiles, 2004). China alone
contributes 88% of the world production. The oth&jor producing countries are
South Korea, Japan, lItaly, Taiwan, Thailand andligffines. At present India

produces only small quantities (10,000 tonnes) w$ter mushroom in Orissa,
Karnataka, Maharashtra, Andhra Pradesh, Tamil N&ilbar, Madhya Pradesh,

Chhattisgarh, Jharkhand, West Bengal and in thehN©eastern states of Meghalaya,

Manipur, Mizoram, Tripura and Assam.

There are about 38 species describeder the genudPleurotus from
different parts of the world and more than 25 spetiave been reported from India.
Presently about 25 species are commercially ctétdvan different parts of the world
which include.P. ostreatus, P. pulmonarius, P. flabellatus, Brifla, P. sajor-caju,
P. cirtinopileatus, P. sapidus, P. cystidiosus,ePyngii, P. fossulatus, P. opuntiae,
P.cornucopiae, P. yuccae, P. platypus, P. djamBretuber-regium, P. australis, P.
purpureo-olivaceus, P. populinus, P. levis, P. cdiinus and P. membranaceetc.
Unlike other cultivated mushrooms, speciesPéurotusexhibit much diversity in

their adaptability to varying agro-climatic condits.

Blocket al. (1958, 1959) appeared to be the first to write gtersive
account on the requirements of the mushroom fodsatvcultivation. They used a
mixture of oat meal and saw dust for cultivation &ound best results on eucalyptus
followed by pine saw dust. They observed some droainormalities in fruiting
bodies due to insufficient light conditions and mashroom production when the

temperature was less thar’@and more than 8G.

In Odisha, oyster mushroom cutitwa has been commercialized since

1992 with the establishment of Centre of Tropicaldiiroom Research and Training



in Orissa University of Agriculture and Technolo@esides the availability of paddy
straw mushroom in abundance, other agro wastesasudmgi straw, maize stalks and
cobs, paddy husk, coir pith, jute stick, groundmaiims and niger sticks are found in

the state.

The production of tropical mushraotike oyster Pleurotus spp, paddy
straw {/olvariella volvacegand milky mushroomCalocybe indica utilizing locally
available agricultural wastes viz., paddy strawgeath soybean, chickpea, mustard,
lathyrus, cotton wastes and lignocellulosic wastes exploited. The production of
oyster mushroom in India is estimated to be arod®e20,000 metric tonnes.
However, the production of paddy straw and milkyshmoom is about 10,000 tonnes
each. Oyster mushroom farming is largely done leyvtbmen of the self help groups
in a small to medium scale. It constitutes an ingodrsource of their income. Paddy
straw {/olvariella volvacea mushroom is very popularly grown in Odisha. Milky
mushrooms can be cultivated throughout the yedheénentire plains of India. It is
hoped that the advocation of mushroom farming Beltome a very important cottage
industry activity in the Integrated Rural DevelopthBrogramme (Thakur, 2013).

In India, Odisha is a leading siatéerms of oyster mushroom production.
As many as 10 species are under cultivation instage with annual production of
6310 metric tonnes contributing to about 40% of tibtal mushroom production of
the state. The condition in most of agro-climattaation in Odisha are suitable for
growing oyster mushroom from month of July to Felboyucomprising of the rainy
and winter season. However, people of Odisha prgfewing oyster mushroom
during winter season i.e. from November to Februahgen productivity of paddy
straw mushroom declines owing to low temperatBteurotus floridaand Pleurotus
sajor-cajuare the preferred species in the state. Besidse thwo specie$,. eouss

also gaining popularity both in the coastal as aslinland situations.

The oyster mushroom is produced eyeyr in the state during the winter
season. It is cultivated under thatched roof (imdadtivation) in both coastal and
inland districts. Cultivation is done largely onmpasteurized paddy straw substrate
without organic supplements. The yield obtainedegirom 1.0 to 1.5 kg /bag (66 —
100% biological efficiency). The reasons for suctlevvariations in the level of
productivity are attributed to use of non pasteadistraw without supplements and
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lack of aftercare. But there is scope for yield ré@se by effective substrate
management besides using productive strains ofspeeies. Raising bags under

appropriate environmental conditions is also imgatt

Pleurotus pulmonariuss a potential protein source especially in
developing countries, besides having minerals ataimns. Besides its edibility it
has also got pharmaceutical properties. HeRt®yrotus pulmonariusould well be
incorporated in to the mushroom farming system rdumvinter season besides the
ruling species, as this species was not in culowaearlier. Hence the effective of
various conventional as well as non-conventiondissates and various growing
techniques need to be standardized for the purpdseide spread cultivation.
Therefore, an attempt has been made to investibatsuitable package of practices
for Pleurotus pulmonariusultivation to be followed by the growers to acldeyood

yield, as under:

1. Growth pattern and fruit body characteristics

2. Influence of substrates on biological efficiency

3. Effect of substrates pasteurization methods orogioal efficiency
4. Effect of bag dimension on biological efficiency

5. Biological efficiency as influenced by method oasming

6. Influence of organic supplements on biologicaladincy

7. Role of post-spawning practices on productivity

8. Influence of weather parameters on productivity.




REVIEW OF LITERATURE

Oyster mushrooms are one of the most popular edibiehrooms belong to
the genusleurotusand the family Pleurotaceae. It is a lignocellulicyfungus and
grows naturally in the temperate and tropical ftwrem dead and decaying wooden
logs and organic matter. It is one of the mostatlé fungal organism for producing
protein rich food from various agro-wastes withcomposting. This mushroom is
cultivated in about 25 countries of far-east Adtayope and America. It is théd3
largest cultivated mushroom in the world and itawal world production is around
876,000 tonnes (Chang, 1999). At the present Ipcbduces 10,000 tonnes of oyster
mushroom. Cultivation on a variety of substratemilability of large number of
species, simple cultivation method, longer shé#-4nd above all highest productivity
among all edible mushrooms has made it so poputeong the growers. Besides
these, mushroom cultivation is an eco-friendly grise and has got the least adverse
effect on the environment. A review of availablerature was taken-up particularly

in the areas of research included in this thesikwtas been briefed here under.

21 History of cultivation

The history of oyster mushroom cultivation is ofert origin in comparison
to Auricularia (600 A.D.), Lentinula edodug1100 A.D.) andAgaricus bisporus
(1650). A very primitive form of growin@leurotusspp was adopted by Lumberman
in Europe during 19 century. He used to carry long logs/stumps in Whogster
mushroom mycelium was growing naturally and sesé¢hlgs in cool and damp

place, which enabled them to periodically colleggter mushroom from these logs.

Falck (1917) for the first time successfully cudtigd Pleurotus ostreatusn

tree stumps at the beginning of twentieth century.

Liese (1934) stated about successful cultivationPlEurotus ostreatu®n

beech turnks.

Block et al. (1958) made an important innovation in experimentdfivation

of Pleurotus ostreatusn saw dust under laboratory conditions. They wseuxture



of oat meal and saw dust for cultivation and reedrdbest results on Eucalyptus

followed by pine saw dust.

Bano and srivastava (1962) reported about culowatif Pleurotusspp(most
probablyP. flabellatus) on paddy straw.

Junkova (1971) laid foundation for substratum prepan and fruit bodies

production on commercial scale.

Quimio (1978b, 1979, 1981a) studied and publigheccultural requirements
and cultivation technology foPleurotus ostreatus var. floridaan isolate obtained

from japan.

Chang et al. (1981) successfully developed a method of cuitivatof

Pleurotus sajor-cajusing cotton wastes from cotton industries.

Zadrazil and Brunnert (1981Rleurotus species are found to be efficient
lignocellulose decomposing types of white rot furigierefore, many agricultural and

industrial wastes can be utilized as substrateth@production oPleurotusspecies.

Ortegaet al. (1992) reported that the practise of oyster mushragultivation
not only produce medicinal and nutritive food blgoaimproves the straw quality.
This takes place by reducing lignin, cellulose, leattuloses, tannin and crude fibre

content of straw making it ideal for animal feed.

Cangy and Peerally (1995) used spawning rates 0.36, 3.00 and 6.00% of
substrate fresh weight for 10 speciedtdurotus.Results showed that 1% spawning
rate was found to be adequate when using the sntaltes (yields >16% of spawned
substrate weight) at temperaturé(i8nge 13-2%).

Singh et al. (2001) cultivatedPleurotusspecies in Manipur.

Kalm and Sargn (2004) studied the use of olive madkte water (OMWW) as

a moisture source for mushroom cultivation.

Gregoriet al. (2007) successfully utilized different techniqued asubstrates
for mushroom cultivation and biomass productiorhvéiphasis on the production of
fruiting bodies and the production of mycelium.
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Kumari and Achal (2008) reported that the main fiomcof rice straw is to
provide a reservoir of cellulose, hemicellulose agndin which is used during growth

and fructification ofPleurotusostreatus.

Sanchez (2010) studied growing of oyster mushrooncdnvert a high

percentage of the substrate to fruiting bodiesiaagkasing profitability.

Buahet al. (2010) investigated the cultivation of oyster nmasim on different
substrate where composting of substrate, stewjizire bagged compost, spawning,

incubation and cropping were done.

Sheret al. (2011) described the production facility fBteurotus ostreatus

under two different agro ecological regions withpdrasis on growth parameters.

2.2 Importance ofPleurotus

The genudPleurotus(oyster mushroom) comprises some most populateadib
mushrooms due to their favourable organoleptic ewedlicinal properties, vigorous
growth and undemanding cultivation conditions. dndoe cultivated on log and a
wide variety of agroforestry (by-)products, weedsl avastes for the production of
food, feed, enzymes and medicinal compounds, orwaste degradation and

detoxification Gregoret al. (2007).

JinWen Shen et al. (2013) studied on exopolysaccharides from Pleurotus

pulmonarius fermentation optimization, characterization and antioxidant activity.

Nurul Azwa Abd Wahalet al. (2014) studied on characterisation of potential
antidiabetic-related proteins frorRleurotus pulmonarius The presence of four
antidiabetic-related proteins which are profilikdi protein, glyceraldehyde-3-
phosphate dehydrogenase-like protein, trehalosspblooylase-like (TP-like) protein,
and catalase-like protein. Hené&®, pulmonariusasidiocarps have high potential in

lowering blood glucose level, reducing insulin s¢gnce and vascular complications.

2.3 Morphological (growth pattern and fruit body) characteristics

Nelson Menolli Junioret al 2011. Morphological and molecular
identification of four Brazilian commercial isolate of Pleurotusspp. and
cultivation on corncob. two substrates preparedmfrgground corncobs



supplemented with rice bran and charcoal were deste mycelium growth
kinetics in test tubes and for the cultivation adufPleurotuscommercial
isolates in polypropylene bags. The identificati@inthe isolates was based on
the morphology of the basidiomata obtained and equencing of the LSU
rDNA gene. Three isolates were identified Ras ostreatus and one was
identified asP. djamor All isolates had better in-depth mycelium devetmnt
in the charcoal-supplemented substrate. In theivation experiment, the
isolates reacted differently to the two substrat@se isolate showed particularly

high growth on the substrate containing charcoal.

Shubhra Shukla and A. K. Jaitly (2011) studied oorphological and
biochemical characterization of different oysterstmoom Pleurotus spp. about
seven different species were collected. Out of $kegen, five species, naming
Pleurotus citriopileatus, Pleurotus djamor, Plewst Florida, H. ulmarius and
Pleurotus sajor-cajuvere selected. Five different morphological traies, mycelial
growth (mm), stipe length(cm), cap diameter (cmargm of fruit body, colour of
fruit body, total yield (kg), carbohydrate contgft) and protein content (%) were
recorded. Results indicate that all the five speoiEPleurotusshows great diversity
in their morphological characters and biochemicabmeters. Thus all these species

have a great genetic diversity.

Guadarrama-Mendozet al (2014) studied on morphology and mycelial
growth rate ofPleurotus spp. strains from the Mexican mixtec region. Direct
relationship between mycelial morphology and grovate was observed. Cottony
mycelium presented significantly higher growth i@ < 0.01) in comparison
with floccose mycelium. Thus, mycelial morphologgncbe used as criterion to
select which pairs must be used for optimizing catifppe-mating studies. Hybrids
resulting from cottony neohaplonts maintained tharacteristically high growth

rates of their parental strains with the hybrid¥81.n being faster than the latter.

2.4 Effect of substrate composition on mushroom gid

Kumar et al. (2000) tried some weeds for cultivation Rieurotus sajor-caju

and reportedd\geratuntwigs to be suitable substrate.



Sharmaet al. (2001) cultivated four species @fleurotuson mycorrhizal
inoculated/un inoculated castor stem and thin brasof allPleurotus sppFrom

castor stem and mulberry branches as compareddatwand paddy straw substrate.

Royse (2002). Studied on influence of spawn rat® @mmercial delayed
release nutrient levels dPleurotus cornucopiae(oyster mushroom) yield, size, and
time to productionPleurotus cornucopiaé08 was grown on a mixture of pasteurized
cottonseed hulls (75% dry wt), 24% chopped wheatstand 1% ground limestone. .
By using a spawn rate of 3.75% of the wet substétdét was possible to reduce the

time to production by a mean of 9.2 days compariid avspawn rate of 1.25%.

Madan et al. (2002) studied the efficacy of different wastes vielding
Pleurotus sajor-cajwand found that the yield obtained from the leavieMlorus alba
was comparable with the yield obtained from paddgvs among the four substrates
tried.

Baysal (2003) reported that increase in the rafiai@e husk within the
substrate accelerated spawn running, pin headrandbdy information and resulted
in increased mushroom yield while more peat andkelm manure had a negative

effect on yield.

Salmoneset al. (2005) studied on comparative culturingRdeurotusspp. on
coffee pulp and wheat straw: biomass production andstrate biodegradation.
Greater metabolic activity was observed in the wh&taaw samples, with a
significant increase between 4 and 12 days of iatioh. The degradation of
polysaccharide compounds was associated with théinfg stage, while the
reduction in phenolic contents was detected in Isotiistrates samples during the
first eight days of incubation. A decrease was ol in caffeine content of the
coffee pulp samples during fruiting stage, whicluldomean that some caffeine

accumulates in the fruiting bodies.

Cristina Soler-Rivag2005 studied on microbiological effects of olive mill
waste addition to substrates fAleurotus pulmonariusultivation, olive mill wastes
(OMWs) and vegetation waters (VWSs) obtained dutimg manufacture of olive oil
were added as substrate supplements for the didtivaf Pleurotus pulmonarius.

The material modified growth of the mushroom ane #mdemic microbiota of the
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substrate, in particular the mushroom-pathogenatebam Pseudomonas tolaasii

which is responsible for bacterial blotch diseasmushrooms.

Pathmasiniet al. (2008) examined locally available grains of kurakka
(Eleusine coracana maize gea mays sorghum $orghum bicoloyr and paddy
(Oryzae sativa for use a spawn substrate f®eurotus osteatus. Among the
substrates, Eleusinepawn produced an acceleration of spawn running, heiad
formation, fruit body formation and increase yieldmpared with other types. The
fastest spawn running of 21 days, pinhead formatibB85 days, and highest mean
yield of 55.37 g and maximum fresh mushroom yietaicpntage of 30.67% were

realized fromEleusinespawn.

Rani et al. (2008) evaluated various lignocellulosic wastesdamyduction of
edible mushroonkleurotus eousandLentinus connotudiological efficiency of 55-
65% was observed in paddy straw followed by sorghatatk (45%) and banana

pseudo stem (33%) for both fungal species.

Naraian et al. (2008) investigated the effect of different nitrageich
supplements in cultivation dPleurotus floridaon corn cob substrate. Among six
additives tried the cotton seed cake was the hagplement producing 93.75%

biological efficiency followed by soybean meal (@3% biological efficiency).

Bernabé-Gonzélez and Cayetano-Catarino (280&)rotus pulmonariusvas
cultivated on dry banana leaveblysa paradisiach or dry “palmareca” leaves
(Chrysalidocarpus lutescepausing two substrate treatments. . Biologicaicefhcy
in the other treatments varied between 41.4-8134bstrates and treatments studied

are suitable for low-cost and small-scale produncaboyster mushrooms.

Ahmed et al. (2009) evaluated different agro wastes viz. Sogbsi@aw,
paddy straw, wheat straw and their combination:in droportion for cultivation of
Pleurotus florida.Soybean straw showed significantly highest yield.58% BE)
with maximum crude protein (23.50%) and maximum g@hmrus content
(920/mg/100g of dry mushroom). The combination @flbean straw + paddy straw
contributed for significantly highest fat (2.60%galcium (310 mg/100g) and iron
(13.06 mg/100g) content.
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Dunkwal and Jood (2009) evaluated wheat and Beassiaw for cultivation of
Pleurotus sajor-cajand found non-significant difference in respeatroide fibre, crude
fat, ash and energy contents, where as signifaiffietence was noticed in crude protein
(25.30 and 26.99%) and total carbohydrates (528468.52%). Both type of mushroom

exhibited good amount of vitamins, amino acids diethry fibres.

Onuohaet al. (2009) studied on cultivation d?leurotus pulmonariugoyster
mushroom) using some agrowaste materials. . Mixtfigawdust and oil palm fibre
and cassava peels and oil palm fibres producedyscgowth. The fungus did not

growth at all on oil palm fibre alone.

Adebayoet al. (2009) studied on evaluation of yield of oyster hmosm
Pleurotus pulmonariugrown on cotton waste and cassava peel cotton westea
better substrate for cultivation Bf pulmonariughan cassava peel. However, with
the high availability of cassava peel in Nigeribe tpotential use of this waste as
substrate adjunct (at 20% of substrate) can beestig) based on the findings of this
study. It can be deduced from this study that caspael may be used for mushroom

cultivation if supplemented with a good nitrogenise.

Sebnem and Buyukalaca (2009) studied on yield pedoces and changes in
enzyme activities ofPleurotusspp. P. ostreatusandP. sajor-cajy cultivated on
different agricultural waste and studied for thalvility to produce laccase and
carboxymethylcellulase (CMCase) enzymes on differgricultural wastes under
solid state fermentatio®. ostreatusndP. sajor-cajugrown on substrates containing
wheat bran had higher biological efficiencies aothlt yields as well as higher

CMCase and laccase activities.

Ingale and Remteke (2010) used different substfatddleurotus in which he

found 85.5 percent yield on rice straw substrate.

Kadamet al. (2010) tried two organic supplements i.e. soybeakecneem
cake with sugarcane bagasse at different concemtradighest reduction in C:N ratio
substrate afteP. sajor-cajucultivation was found in sugarcane bagasse + 6%esoy

cake and lowest ratio was found in sugarcane bagag8c neem seed cake.

Kulshresthaet al. (2010) used different substrates feleurotusin which

maximum Yyield was obtained with handmade paper eawktraw substrate.
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Ruiz-Rodriguez (2010) studied on effect of olive Imivaste (OMW)
supplementation to Oyster mushrooms substrateh@rtultivation parameters and
fruiting bodies qualitySeven Oyster mushroom strains were cultivated ieatvktraw
(WS) bags supplemented with 0 up to 90% olive mdste (OMW). Total phenolic
content and antioxidant activity were also siméad no phenolic compounds from

OMW were detected in the fruiting bodies.

Lianget al.(2011) studied on cultivation of the culinary-medat lung oyster
mushroompPleurotus pulmonariugFr.) Quél. (Agaricomycetideae) on grass plants in
Taiwan. The effects of various combinations of stabes on mushroom mycelial
growth and yield calculated as biological efficigr{BE) were determined. Among 9
experimental substrates, the most suitable substfat mycelial growth was
45ZMS:45S, followed by 45PRS:45S; their myceliabwth rates were obviously

quicker than that of the control substrate

Melo De et al. (2012) studied on applicability of the Use of Watem
different banana cultivars for the cultivation dfetoyster mushroom. The highest
organic matter loss (OML) was obtained from psesitdon + leaf wastes. Therefore,
the use of those wastes showed itself viableFfoostreatuscultivation due to its

availability and low cost, besides decreasing dds#o environment.

Chitamba et al (2012). Studied on evaluation of substrate prodiyg and
market quality of oyster mushroonPléurotus ostreatys grown on different
substrate. Six substrates; cotton lint waste, msieger, jatropha cake, corn cobs,
wood shavings and wheat strawgre evaluated for their productivity and impact on

mushroom market quality &f. ostreatus.

Sharmeet al.(2013) reported that rice straw was found as asdsdtrate with
yield (381.85g) and BE (95.46%) followed by ricevheat straw, rice straw + paper

waste for the production of mushroom.

Jonathanet al. (2013) studied on yield performanceRi€urotus pulmonarius
(Fries.) Quelet, monitored on four agro-industriastes, (coir fibre, oil palm waste,
sawdust ofGmelina arboreaand rice straw). The most abundant mineral elenment
P. pulmonariuswas K (30.20mg/100g).This was obtained on ricavetat 10%
concentration; while the least mineral element Was(0.006mg/100g). Rice straw

produced the highest yield with total mean weigf@233+3.
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Krishnaveni and Saranya (2014) studied on cultvatiof Pleurotus
florida andCalocybe indicausing various agrowaste. The yield of milky musimo
was found to be more with sugarcane bagasse wadste the oyster mushroom
showed good yield with sorghum straw and the ywedd low with banana leaf waste.

Milky mushroom showed higher protein, carbohydrastent.

Sofi et al. (2014) studied on effect of different grains attéraate substrates
on oyster mushroomP(eurotus ostreatysproduction,. By using various grains for
spawn production, and waste paper, wood chips wssed in comparison with wheat
husk for mushroom production. The results of thalysis of variance showed that
diameter of colony extension in various grains @iféeerent and were significantly
affected by substrate type. The maximum and minirnguowth rates were seen in the
corn and millet substrates, respectively. It is atoded that wheat straw in

combination with wood chips are best substrateyster mushroom cultivation.

Sharmaet al. (2014) studied on yield enhancement of differgmécses of
oyster mushroomRleurotus spp.py animal waste products and the effect of addlitio
of nutriwash and coelomoic fluids in the substrate yield of different species
of Pleurotusmushroom. Very encouraging results were obtaimedepeated trials.
Period of spawn run and pin head initiation wasntbio be reduced iR. sajor-
cajuwith 1% coelomic fluid treatment, howeuer cornucopiaeandP. opuntiaedid
not show any effect on spawn run and pin headsiiwbh period. The data also
revealed that the addition of coelomic fluid andrivash @ 1 and 5%, respectively
in the wheat straw significantly increased the djief (Pleurotus floridaP. sajor-
caju, P. cornucopia& P. opuntiag in the range of 11.7 to 18.4% in different specie

of oyster mushroom in comparison to control.

Adenipekun and Omolaso (2015) studied on comparativdy on cultivation,
yield performance and proximate composition Bleurotus pulmonariugries.
(quelet) on rice straw and banana leaves. Bananadewith wheat bran additives,
irrespective of their percentage concentration, batter mushroom quality/size,
yield, biological efficiency and proximate compasit than rice bran and its

performance in rice straw.
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Bhol et al. (2015) worked on coconu€fcos Nucifergbased farming system:
A viable land use option for small and marginalnfars in coastal Odisha. An
investigation was carried out during 2012-2013 umi Eistrict of Odisha to study the
composition, structure and role of cocon@o¢us nuciferd..) based farming in 15
different holding sizes. The coconut based agreforesystem of size 0.8 acre was found

to be the best among the holding sizes studiedneghrd to viability of land use.

Yang et al. (2016) studied onPleurotus OstreatysTea Waste: an effective

and economic substrate for oyster mushroom cuidinatlea waste is the residue that
remainsafter tea leaves have been extracted by hot wat@btain water-soluble

components. The waste contains a re-usable enebgyrate and nutrients which may
pollute the environment if they are not dealt vappropriately. Other agricultural wastes
have been widely studied as substrates for cufiyahushrooms. In the present study,
we cultivated oyster mushroom using tea wastelastratie. To study the feasibility of re-
using it, tea waste was added to the substratéferedt ratios in different experimental

groups. Three mushroom strains (39, 71 and YOU)ewmemmpared and evaluated.
Mycelia growth rate, yield, biological efficiencyhé growth duration were measured.
Substrates with different tea waste ratios shoviféeleht growth and yield performance.

The substrate containing 40—60% of tea waste egbsintthe highest yield.

2.5 Effect of pasteurization methods on mushroomield

Harnandezet al. (2003) studied the use of wooden crates for conmmpst
mixture of 70% grass and 30% coffee pulp, combingkd 2% Ca(OH) ,as a method

for preparing substrate for the cultivationRi€urotus ostreatus.

Banik and Nandi (2004) studied that disinfectionstfaw and manure by
means of 0.1% KMn®+ 2% Formalin solution in hot water caused 42.6%6anse in

yield of Pleurotus sajor-cajwver control ( disinfection with hot water).

Siqueiraet al (2012) studied on cultivation dPleurotus mushrooms in
substrates obtained by short composting and stessteyrization.preparation for
short composting and steam pasteurization was idesdcin illustrative figures in
order to provide expertise to small producers whshwo initiate economic and

sustainable mushroom cultivation making use ofargji lignocellulosic residues.
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2.6 Effect of type of spawning on mushroom yield

Fanet al.(2000) carried out the studies with 2.5-25% spaatas, 25% spawn
rate appeared superior but recommended 10% spawnirraview of the process
economics. The first fructification occurred af@9-23 days of inoculation and the

biological efficiency reached about 90-97% afteré®0days.

Bughio (2001) cultivated oyster mushroorRleurotus ostreatus on
combination of wheat straw, cotton boll loculesgdqastraw, sugarcane and sorghum
leaves at 1:1 ratio in polythene bags (650g/bag)gusorghum grain spawn @ 30

grams per bag followed by boiling of substrates stedlization of bags.

Royse (2002) cultivate@®leurotus cornucopia®n a mixture of cotton seed
hulls (75%), wheat straw (24%) and lime stone (B spawned at various levels (
5%, 25%,125%,375% wet weight). Investigation regdahat there was a negative

co-relation between spawn rate and crop duration.

Sangetet al. (2006) reported that both thorough spawning andrlapawning
are equally effective in giving good yields in @ismushroom.

Ram (2007) advocated both thorough spawning aner l&pawning for
obtaining good yields of oyster mushroom varietlashoth the cases spawn run was

complicated in 15-20 days.

Singhet al. (2010) evaluated locally available substrate whikirt best spawn
rate combination on yield of oyster mushroom inurat condition of western U.P.
Paddy straw with 3% spawn rate was the suitabletgtie in terms of the days taken

for completion of spawn run and bio-efficiency.

Dahmardetlet al. (2010) compared the substrate (wheat and barlawstand
level of spawn (50, 70, 90, 110, 130, 150 and Unag) forPleurotus ostreatus.

Maximum yield was obtained on barley straw substeatl50g/bag spawn level.

2.7 Influence of organic supplements on biologicafficiency

Ngezimana2007) studied on the use of organic supplemeamiscamposted
substrates in oyster mushroonPlgurotus ostreatys production. Wheat straw

performed best at 14 % level (104.2 % BE), witm#igant difference from lower
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supplement levels. Composted cotton residues arshtwstraw gave significantly
(P<0.001) higher yields than maize stover and tleintrols. First two flushes

contributed more to the total yields (approximaf&y%) than subsequent flushes.

Ngezimana and Mtaita (2008) studied onimprovingdgwal efficiency of
Oyster mushroomPleurotus ostreatusr. (Polyporaceae), through composting and
use of organic supplementSupplements were equally effective for improvihg t
performance of Oyster mushroom in almost all tHessates used. Composting of the
substrates was beneficial in cotton residues arehtwtraw substrates with biological
efficiency of 145.7 and 28.2% respectively compaedheir controls (32.3 and 5.3
respectively). It was concluded that both suppldmesn be used to enhance

production and composting was not beneficial witiza stover.

Mateus Dias Nunest al. (2012) Studied on nitrogen supplementation on the
productivity and the chemical composition of oysteushroom. The fungi were
grown in various substrates supplemented with oreace bran, and the biological
efficiency, mineral composition, protein afieglucan content were evaluated. The
growth of P. ostreatusin substrates with nitrogen supplementation iregeathe

mushroom’s productivity and nutritional value.

2.8 Influence of weather parameters on biological effiency of Pleurotus
pulmonarius

Hassan Sheret al. (2010) studied on Effect of environmental factorsthe
yield of selected mushroom species growing in twieient agro ecological zones of
Pakistan. Mild winter temperatures of Peshawarmregand low summer temperatures

in Swat, were found most suitable for growth areld/of Pleurotus ostreatus

Yingyue Shenet al. (2014) studied on effects of cold stimulation on
primordial initiation and yield oPleurotus pulmonariusThe findings of this study
suggested that an appropriate cold stimulation srgyance the performance of the
primordial initiation and vyield oPleurotus pulmonariuscultivation during the
summer season. The best performance among the eaPments was recorded

following a 12 h cold stimulation at 5°C.
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MATERIALS AND METHODS

The present investigations were undertaken toystuel effect of the different
substrate composition on mushroom vyield, paigiion methods, types of
spawning, organic supplements (additives) angloeixg the cultivation of oyster
mushroom in different seasons . The materialsl @@l methods followed in the

present study are described below.
Test fungus

Different studies were undertaken during the c®u$ investigation by
taking only one species of oyster mushroom fundrisurotus pulmonariusthe test
fungus was procured from the Centre of Tropidslushroom Research and
Training (CTMRT). Department of Plant Pathology.ll&@ge of Agriculture, Orissa
University of Agriculture and Technology, Bhubanasw

Maintenance of culture

The pure culture of the fungus was maintained datpalextrose agar (PDA)
Slant throughout the period of investigation. Thimgus was sub cultured at an
interval of two months and stored at 28&1 Fifteen days old pure mycelia cultures

of test fungus were used in various studies.
Cleaning and sterilization of glass wares

Borosil glass wares such as culture tubes, destrees, conical flasks, beakers
etc., were used throughout the period of investigatStandard procedures for
cleaning and sterilization of glasswares adoptdtth& glasswares were cleaned in
dilute solution of potassium dichromate and sulghacid (60g potassium dichromate
per litre distilled water, 60 ml of concentratedpdwric acid added slowly to it )
followed by thorough washing with tap water and saduent rinsing with distilled
water before use. Petri dishes, pipettes etc. vadpyth paper were sterilized in hot

air oven at 16%C for two hours.
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Sterilization by flame

The scalpels, inoculating needles, glass rods,romsé wire loops etc. were
sterilized by dipping them in 70% ethanol followglflaming over sprit lamp.

Inculcation and incubation

Aseptic conditions were maintained in the inocolatchamber at the time of
inoculation. The inoculum consisted of small pie¢ghe medium with pure culture
taken out of the culture slants with the help ajculating needle. The inoculated

cultures were incubated at 2%€], unless otherwise specified.

Preparation of potato dextrose agar medium

Potato dextrose agar, the routine laboratory medfomgrowing oyster

mushroom fungus, was prepared as follows.

Two hundred gram of peeled and sliced potato wdsedm 500ml of distilled
water till potatoes were soft. Then the extract Wigasred through cheese cloth and
was collected in a graduated cylinder. Twenty g@nagar powder was boiled in
500ml of distilled water till the ager was dissalveompletely. Both the solutions
were subsequently mixed. Twenty gram of dextrose added and the volume was
restored to 1000ml by adding fresh distilled water.

Before sterilization, aliquots of 10 ml were takém culture tubes for
preparation of agar slants. Media to be poured petri dishes were taken in
Erlenmeyer conical flasks. The culture tube andicadrflasks were plugged with
non-absorbent cotton and autoclaved at 15 p.9.i1%20 minutes. Streptomycin
sulphate was added to the medium at the rate of B§Oper 1000ml before
autoclaving for suppression of bacterial contandmat Slants were prepared by

putting still hot tubes in slating position for ghfication.

3.1 Spawn preparation

The propagating material used by mushroom growers planting is
mushroom spawn. Spawn is also known as mushroomd. seenumber of
materials, alone or in different combination arepplar as spawn substrates.
However, wheat grain was used as the base for mhteEr multiplying the

mycelium in the spawn bottles.
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The protocol adopted for wheat grain substrateaatianed below.

1.

10.

Bold and healthy wheat grains were cleanedveaghed several times to

remove the suspended particles or foreign neseri

The grains were boiled with water in a contafoe about 30 minutes till

they become soft.

The boiled grains were spread on a sieve usldade to decant excess

water.

The cooled grains were mixed with 2% calcitarbonate on dry weight

basis to avoid clumping of grains and improve afig.

The grains were filled up 2/3 portion of theiable space of the spawn
bottles and plugged with non-absorbent cotton eeiiery tight nor very
loose and sterilized in an autoclave at%2€or 22Ibs p.s.i. for 2 hours

followed by cooling.

For inoculating the bottles hygienically, tmculation chamber was
sterilized by putting 35ml of formalin (37-41% foatdehyde) and 17.5
g of potassium permanganate in a glass contairgeclasing the room
for overnight. Alternatively, the chamber was exgubo ultra violet rays

for 30 minutes prior to inoculation.

The sterilized and cooled bottles were asalbjicinoculated under
laminar flow with mycelia bits of 15-days —old myicen culture and

properly labelled.

These inoculated bottled were incubated atl%5-4in B.O.D. incubator

for two weeks.

The bottles were shaken at 4 days intervalllmv proper spread of

mycelium between the grains.

The bottles were then completely colonizedngymushroom mycelium
in about two weeks and that time the spawn wasyréadcultivating

mushroom in large scale.
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PREACUTIONS

1. Cleaned and healthy wheat grains were seldéotespawn making.

2. Grains were not boiled for longer period.

3. Mycelia bits of 15-days-old culture were reéd for inoculation.

4, Microbial contamination of the spawn duringubation was checked

regularly and contaminated bottles were discarded.
3.2 Cultivation of pleurotus

Materials used in bag preparation

Straw from improved or tall Indicarieties of rice was preferred for
preparation of bag and growth of oyster fruitinglpoWell dried, hand threshed and
not more than one year old rice straw was takem. Straw bundles were stored in
protected condition in order to avoid wetting. Téteaw was chopped to a size of
1.5 -2.0” with the help of chaff cutter machine.r Fiveparation of a single bag,
1.5 kg, dry chopped straw was required.

The farm house

All the experiments were conducted in ftnen house of Centre of Tropical
Mushroom Research and Training, Department of PRathology, College of
Agriculture, Orissa University of Agriculture anédhnology, Bhubaneswar.

The farmhouse structure was as follows:

Length ; 50’

Breadth : 20’

Roof : asbestos

Floor : cemented

Windows : Wider, covered with fine wire net
Light and air

To regulate the light and air in the farm hous€®MRT, the wide windows
were covered with gunny bags which were openeaat-west direction so that light
in the morning and evening percolates through fenovindows. Further, the farm

house was well-ventilated.
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Humidity

To maintain proper humidity, the gunny bags scrdemere soaked with water
during cultivation. Moreover, aerial spraying oftelawas done and the sand put on

the floor was also kept moist besides wateringstiiestrate.

Temperature

Pleurotus pulmonariusequired an optimum temperature range of 22 #€26
for mycelial growth as well as fruiting. Therefosd|, the experiments were conducted
during the period from November 2015 to February&20

Construction of raised platform/ shelve

Racks consisting of three shelves at 2.5’ aparewaised in the incubation
room for mycelial growth of the test fungus. Fullyionized bags were hanged in the

bamboo sticks in three tiers in the farm housdriat body induction.

Preparation of Substrate

A single bag (80 cm x 40 cm) needed three bundigzaddy straw which
weighed approximately 1500g. The hand threshediuomged straw devoid of leafy
materials was preferred. The straw was chopped irBe2” size through a chaff
cutter, packed in gunny bags and was soaked inrwatgaining 125ml of formalin
and 7.5g of Bavistin per 90litres of water for aipé of six hours. Straw was pressed
and covered with a polythene sheet. The straw akentout and excess water was
drained by spreading the straw on a clean cemdided Prior to raising bags, the
moisture content of substrate was maintained at @&fliéh was confirmed through

palm test.

Spawning of the Substrate

Freshly prepared grain spawn (20-30 days old) wasyped for spawning.
The spawning was done in a pre-fumigated room (@&hwith 2% formalin). The
spawn requirement was 10% of the dry weight of sates (150g of spawn per bag
having 1.5kg of dry substrate). The spawn was readdvom the bottle with a clean
and sterilized iron rod and divided into four paisch part of spawn as well as the
supplement were put inside the polythene bag om88cA0cm size on each layer of
substrate having 5-6” thickness close to the edgar layers of substrate were seeded
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with spawn along with supplement and the upperantie bag was tied up. Ten to
15 small holes (0.5-1.0cm dia) were made on a#isiof the bag including two to four

holes in the bottom to leach out excess water afakilitate gas exchange.

Crop Management
Incubation

Spawned bags were kept on shelves in the incubatom for mycelial
colonization of the substrate. During mycelial gtiovibags were not opened and no
ventilation was needed. Moreover, water was naysa in the room as there was no
need of maintaining high relative humility. Daily aximum and minimum

temperature of incubation room was recorded.

Fruit Body Induction

Once the mycelium fully colonized the substrate &orthed thick mycelial
mat, the bags were removed from the incubation ranchmade naked and arranged
on wooden shelves with a minimum distance of 1®iRhetween two beds in tiers in
the cropping room. Appropriate light (200 lux fol8 hours a day), temperature (20-
30°C) and relative humidity (70-80%) were maintaineddcilitate fruiting. The bags
were sprayed with water twice daily during mornargd afternoon hours to maintain

moisture status of the substrate.

Fruiting and harvest

Three to four days after opening of bags, mushrpomordia (fruit bodies)
started to appear. Fruiting bodies were harvestedbout three days after their
appearance. Harvesting was done by grasping theastd gently pulling or twisting
the mushroom from the substrate level. Mushroontirfigicontinued after harvesting
of first flush at an interval of 7-10days up to 3ldshes covering a crop period of
45-60 days.

Yield

The yield ofPleurotus pulmonariuyaried depending on kind of substrate,
supplement, temperature and relative humidity durocropping. However, the

biological efficiency ranged from 80 to 100 per tehthe dry weight of substrate.
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Precautions

1. The cereal straw for the preparation of substrateilsl be dry and free from

rotting and inert matters.

2. Very old contaminated spawn should not be used.

3. Watering on bags should not be excessive.
3.3 Morphological characterization ofPleurotus pulmonarius
Morphological characterization &leurotus pulmonariusvas done in order to
ascertain its identity.

For this purpose, the test species was grown o roathod as standard
protocol. After mycelial run was over, the bags evencovered and put on the shelves
in the mushroom growing room. Watering of bags @Wase as and when required.
Fruit bodies were harvested from the first flushihet appropriate time. A random of
10 fruit bodies were collected and brought to Himratory of the pileus, stipe length,

stipe thickness, margin and texture of fruit bodrevrecorded.

3.4 Effect of substrate composition on mushroom gid

The trial on substrate composition was conducteding out the appropriate
substrate for obtaining higher yield. Nine differgypes of substrates such as maize stalk,
maize cobs, sugarcane bagasse, coconut coirranedaddy husk, green gram, saw dust
and paddy straw were procured for cultivation as $abstrates were available in
abundance across the State. All the substratescahiepped into pieces of 1.5-2.0” size
and soaked for 6 hours in clean and cold watethEuthe moist substrates were steamed
under pressure inside the autoclave at 10 IbDimirButes for pasteurization.

The substrates were taken out and allowed to cm@hdcat room temperature.
Excess water was allowed to drain out and bag®9om8x 40cm size were raised as
per the procedure mentioned earlier and incub@#dr the bags were colonized by
the fungus, they were placed on shelves in tieteencropping room for induction of
fruiting. Each treatment was replicated thrice. Tieatment having paddy straw as
the substrate served as control. Appropriate ligimiperature, humidity and substrate
moisture were maintained in the cropping room. @lm®ns on time taken for
spawn run, first harvest, average weight of frgtihody and mushroom yield

(biological efficiency) were recorded.
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3.5 Effect of pasteurization methods on mushroomigid

The efficacy of different substrate pasteuratmethods were evaluated in

terms of mushroom productivity.

Four pasteurization methods along with theaated control were employed
in the investigation. In the boiled water treatmetite chopped and moistened
substrate was soaked in hot water (70%) for one.hsiter draining excess water,
spawn was added. In case of steam pasteurizatierpre-wetted chopped straw was
packed in wooden trays and then kept in a pastgioiz room at 60-8C for 2-3
hours. Substrate after cooling to room temperatves seeded with spawn. In
solarization, the moistened straw was spread onectsd floor in thin layer and
covered with clean polythene sheet and treatedimalight from 10.00 AM to 4.00
PM in bright sunny days. In case of chemical pagtation technique, in each 100l of
water 7.5g bavistin and 125ml formaldehyde (40%}% waxed and chopped straw
was wetted for the required period. Straw was @ekssd covered with a polythene
sheet. Straw was taken out excess water was draimé spawned. Chopped straw
soaked in clean and cold water served as contemh Ereatment was replicated four
times. Appropriate conditions were maintained i@ thopping room for induction of
fruit bodies. Observations on time taken for spawn, days taken for pinhead
formation, tome takes fortland 29 flush, average fruiting body weight and yield of

mushroom (biological efficiency) were recorded.

3.6 Effect of type of spawning on mushroom yield

Various spawning methods such as thorough spawnmopy,spawning and
layer spawning were evaluated in terms of mushrgatd. In thorough spawning,
spawn (20-30 days old) was mixed thoroughly wite gre wetted and pasteurized
substrate at the rate of 10% of the dry weightefdubstrate, put inside the polythene
bag of 80cm x 40cm size, tied and incubated. I cdstop spawning, spawn was
distributed on the top of the pre-filled polythdmey with substrate, covered, tied and
incubated. In case of conventional layer spawniggawn was put in layers
(preferably four), tied and incubated. Each treatim&as replicated seven times.
Observations on time taken for spawn run, timeridie first harvest, average fruit

body weight and mushroom yield (biological efficighwere recorded.
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3.7 Effect of different organic additives on mushoom productivity

An attempt was made to evaluate the efficacy o mirganic supplements and
control (no supplement) such as maize powder, pagider, bengal gram powder,
mustard oil cake, chicken manure, boiled wheag bian, tapioca and boiled maize
as additives over control (without any additive)yield improvement oPleurotus

pulmonarius.

The procedure of cultivation was adopted as meatlorarlier. Different
supplements were use@ 200g per bag. The supplements were steamed under
pressure in the autoclave for 20 minutes at 10 geuand cooled to room

temperature. Bags prepared without using any agdsgerved as control.

The treatments were replicated thrice and the @xeet was laid down in the
farm house of CTMRT in favourable conditions. Okaépns on time taken for
spawn run, time taken for first harvest, averagéifrg body weight and mushroom

yield (biological efficiency) were recorded.

3.8 Effect of bag dimension on mushroom productity

In this investigation, an attempt was made to maaip the bag size in order

to maximise the biological efficiency.

Various quantities of dry substrates (500g, 10&)Og, 2000g, 2500g and
3000g) were used for preparation of bags out otébespecies. Layer spawning was
followed with the pre-wetted and pasteurized sualbstat the rate of 10% of the dry
weight in bag of variable sizes, tied and incubated

Each treatment was replicated four times. The dmgaining 15009 of dry
substrate served as check. Appropriate light, teatpes, humidity and substrate

moisture was maintained in the cropping room.

Observations on time taken for spawn run, firstvést, average weight of
fruit body and mushroom yield were recorded.

After the bags were colonized by the fungus, tveye shifted to the cropping

room for induction of fruiting.
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3.9 Role of post-spawning practices on yield andrqductivity of Pleurotus
pulmonarius

Post spawning practices such as maintaining thetisib within the polythene
cover till the end of the cropping cycle and uncowgthe substrate at the initiation of

fruiting were evaluated for their yield and produity.

Oyster mushroom bag of normal size were prepasedyu.5 kg dry substrate
each following standard protocol and were incubatedwever, after mycelia
colonization half of the bags were maintained ashswithout uncovering the
polythene bags, having two different hole sized @m and 0.5cm and remaining
bags were uncovered as usual. Each treatment phsated 7 times and bags were
placed on racks. Appropriate temperature, humiditypstrate moisture, light and
ventilation were maintained in the cropping roonbsérvations on time taken for
spawn run, first harvest average weight of fruitbmdy and mushroom yield were
recorded.

3.10 Influence of weather parameters on biologicaéfficiency of Pleurotus
pulmonarius

In an attempt to find out the appropriate time oftication of Pleurotus
pulmonariusbags were raised at 15 days interval from NoveriBdo February 28
2015-16 covering the winter season. Bags were médgallowing the standard protocol
as described earlier. However, the cultivation si#gected to ambient conditions in the
mushroom growing room to ascertain the appropitiiie of cultivation. Triplicates were

maintained for each treatment in Randomized Bloekidh.

Observation on time taken for spawn run, firstvleat, average weight of

fruiting body and mushroom yield were recorded.
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EXPERIMENTAL RESULTS

Oyster mushroom is an edible mushroom of the teogid subtropics. Odisha
is the leading state in terms of Oyster mushrooodyction in IndiaPleurotus sajor-
caju andPleurotus floridaare the ruling species of the state because af sbéi and
fleshy texture and excellent flavour. Mild winteoupled with humid coastal agro-
climatic situation with abundance of man power aguiculture waste has made it

most suitable for cultivation of Oyster mushroom.

It is often cultivated outdoor under the coconugcanut, mango, jack fruit,
cashew nut, bamboo and casurina trees in the alisstof Cuttack, Jagatsinghpur,
Kendrapara, Khurda, Puri and Ganjam. However, laiigely an indoor crop in the
remaining districts. An attempt was made to docurttentotal mushroom production
of the state vis-a-vis the production of oyster hmasm during the month of March,
2016. It was estimated that the total mushroom yorhdn of the state comprising of
oyster, paddy straw and button was 15,986 tonndiseiryear 2015-16, out of which
the contribution of oyster mushroom was 6,310 tesnaecounting for 39 percent of
total production. The four leading districts nameBuri, Ganjam, Khurda and
Dhenkanal are combinely contributing to 58 per adribtal oyster production of the
state. However, it was observed that all the 3@idis of the state are engaged in
commercial oyster mushroom cultivation employing tbonventional cultivation
procedure. The above exercise has establisheaystdr mushroom has been fairly
popular one in the entire state of Odisha and asduthe shape of the cottage
industry being livelihood option of a large sectioh the society. Since 2014,
Pleurotus pulmonarius;ommonly known as the Indian oyster has been intted in
the state with astounding success. The pale wihte textured mushroom with

acceptable aroma and high yield is fast assumipglpaty (Fig. 1 to 12).

4.1  Growth pattern and fruit body characteristics d Pleurotus pulmonarius

Among all the cultivated mushroon®leurotusis appreciated for its culinary
properties and broad adaptability under varied -&fjmatic conditions. Simple
cultivation technique, highest productivity, choicé species/variety, ability to
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degrade a large number of substrates and aftetoalyjer shelf life has made this

mushroom the preferred one among the tropics aodrepical ones.

The test species was grown aseptically in thei pétes containing potato
dextrose agar medium for observation on the grquattern. The data on pileus size,
stipe length, stipe thickness, along with few maipbical characters are presented in
Table 1 and Fig. 13 to 15.

Table 1 Growth pattern and fruit body characteristics of Pleurotus
pulmonarius
Growth pattern on PGA Characteristics of fruit bodies on paddy straw
substrate
Sl. . Pileus| Stipe Stipe .
No. Mycepla Type of Colony size | length |thicknesg colour Margin
density growth colour
(cm) | (cm) (cm)
1 |Dense | Dense strandy Pale whité.4 4.0 0.9 Pale Whil|eWavy
2 |Dense | Dense strandy Pale whit8.5 4.0 1.0 Pale whiJeWavy
3 |Dense | Dense strandy Pale whité.5 3.0 1.2 Pale whiteWavy
4 |Dense | Dense strandy Pale whité.7 3.8 1.0 Pale whiteWavy
5 |Dense | Dense strandy Pale whits5.0 4.2 2.1 Pale whiteWavy
6 |Dense | Dense strandy Pale whité.3 4.3 1.2 Pale whiteWavy
7 |Dense | Dense strandy Pale whitg.2 5.5 2.3 Pale Whil|eWavy
8 |Dense | Dense strandy Pale whité.5 2.5 0.9 Pale whiJeWavy
9 |Dense | Dense strandy Pale whité.8 3.4 1.4 Pale whiteWavy
10 |Dense | Dense strandy Pale whité.8 4.2 1.2 Pale whiteWavy
Mean| - - - 7.17 3.89 1.32 - -

The observation on morphological characteristicthe test species raised in
the month of December indicated that the mycelidnPleurotus pulmonariusvas
dense strandy on PDA medium with pale with cottonlour. The pileus diameter,
stipe length and stipe thickness varied betweenrl6.Q, 2.5-5.5 and 0.9-2.3 cm
respectively. In all the 10 fruit bodies observdtk margin was found to be wavy

with pale white pileus colour.
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Production process ofPleurotus pulmonarius

Fig: 1 Culture of Pleurotus pulmonarius Fig: 2 Fully grown mushroom fruit bodies

Fig: 3 Mushroom spawn bottles Fig: 4 Breaking of spawn bottles

Fig: 5 Spawn of Pleurotus pulmonarius Fig: 6 Spawn ready bagging
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Fig: 7 Bag preparation Fig: 8 Oyster bags

Fig: 9 Mycelia colonization Fig: 10 Removing cover on bag

Fig: 11 Placing of bags in growing room Fig: 12  Fruiting bodies ofPleurotus
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Growth pattern and fruit body characteristics

Fig.13 Culture of Pleurotus pulmonarius

Fig. 14 Detached fruit bodies of Fig. 15 Fruit bodies ofPleurotus
Pleurotus pulmonarius pulmonarius
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4.2 Influence of substrates on yield and yield atbuting parameters of
Pleurotus pulmonarius

The experiment was conducted to find out the appatgsubstrate in terms of
days taken for spawn run, days to harvest, avenayght (G) of fruiting bodies and
biological efficiency. Nine different ligno-cellusic substrates such as maize stalk,
maize cob, sugarcane bagasse, coconut coir, rase paddy husk, pulse stick , saw
dust, paddy straw(check) were tried in the invesiiyn to evaluate their potential on
yield and vyield attributing parameters. Observaioecorded on days to spawn run,

days of first harvest, average fruit body weight 4gd biological efficiency (%) are
presented in Table 2 and Fig. 16.

Table 2. Effect of substrates methods on biologit efficiency of Pleurotus

pulmonarius
S | paseurzation | D30 | O 0 ghioit | 000
method) bodies (g)
1 |Maize stalk 17.33 24.33 9.73 92.25
2 |Maize cob 17.67 24.67 9.84 91.93
3 |Sugarcane bagasse 22.00 23.33 6.66 61.07
4 |Coconut coir 21.00 29.33 5.99 64.37
5 |Rice bran 19.67 25.67 7.41 70.20
6 |Paddy husk 17.33 23.00 8.41 80.27
7 |Green gram stick 17.00 24.00 10.05 88.27
8 |Saw dust 20.33 27.33 8.39 77.40
9 |Paddy straw (check) 16.33 21.33 10.71 99.30
CD (0.05) 1.22 1.10 0.80 3.63
CV (%) 3.76 251 5.42 2.60

Analysis of data showed significant difference amdime substrates in terms
of days to spawn run. Superiority of paddy stralsstates was observed with lowest
days to spawn run (16.33 dO among all the substratewever, this was statistically

at par with green gram stick (17d), maize stalk33@) and paddy husk (17.33d). The
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incubation period varied in the range of 16.33-28.0n the experimentally. Crop
duration was also found significantly (21.33 d)conventionally used paddy straw
substrate. Further, the average weight (g) of faatly was numerically highest
(10.159) in the paddy straw substrate which wasovi@d by green gram stick
(10.059). Biological efficiency varied within 61 @7on sugarcane bagasse to 99.30%

on paddy straw.

Hence, the results clearly indicated the supeyi@itpaddy straw over other
substrate in the terms of yield and vyield attribgtiparameters inPleurotus

pulmonarius.

Influence of substrates on biological efficiency

Fig. 16 Pleurotus pulmonariusraised on paddy straw
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4.3  Effect of substrate pasteurization methods on muslmom productivity

Data recorded on days to spawn run, days to fastdst, average fruit body

weight (g) and biological efficiency (%) are pretshin Table 3 and Fig. 17 to 21.

Table 3.  Effect of substrate pasteurization methosl on biological efficiency of
Pleurotus pulmonarius

Days to Average Biological
SL. Treatment Days to Y weight of 109
o first . . efficiency
No.| (pasteurization method)|spawn run fruit bodies
harvest (%)
(@)
1 |Boiled water treatment 16.00 24.00 7.88 91.80
2 |Steam treatment 14.50 21.75 8.45 98.90
3 |Substrate solarisation 16.50 24.25 8.80 82.95
4 |Chemical treatment 17.50 24.25 9.15 96.68
5 [Control (No treatment) 16.50 22.50 7.10 79.28
CD (0.05) 1.07 1.12 1.25 6.29
CV (%) 7.48 3.10 9.83 4.54

Steam treatment of substrate at 66@3@r one hour was found superior in
terms of days to spawn run (14.50 d) days to fiestvest (21.75d) and biological
efficiency (98.90%). Treatment of the substratehvitie chemicals was association
with longer incubation period (17.50d) and crop afian (24.25d). However, the
average fruit body weight (9.15 g) was better ttf@ steam treated substrates were
98.90 and 96.63% respectively and they were statilt at with each other. The
untreated substrate produced the lowest yield 87%2. The steam treatment thus,

proved its superiority over others in terms of gief mushroom.
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Effect of substrates pasteurization methods on biogical efficiency

d 4 STEAM
TRERT ENT

Fig.19 Fruiting on the solarizedtreated substrate Fig.20 Fruiting on the steantreated substrate

S8 HoT WATER
i TREATMENT
o T2y~

!_"‘; Sy

Fig.21 Fruiting on the hot watertreated substrate
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4.4 Effect of bag dimension on biological fifiency of Pleurotus pulmonarius

An attempt was made to manipulate the bag dimensiander to improve
the productivity ofPleurotus pulmonariusSix diverse bag types such as 20 x 15
cm, 25 x 20 cm, 30 x 25 cm, 40 x 25 cm, 50 x 25 and 60 x 25 cm
accommodating 500, 1000, 100, 2000, 2500 and 3@dGgbstrates respectively
were used to assess their yield performance. Aedlymta on days to spawn run,
days to first harvest, average fruit body weight #g9d biological efficiency (%)

are presented in Table 4 and Fig. 22 to 24.

Table 4. Effect of bag dimension on biological @€iency of Pleurotus
pulmonarius
Treatment . Aye rage . .
Sl. Daysto |Daysto first| weight of Biological
(substrate . . )
No. oo spawn run harvest fruit bodies |efficiency (%)
quantity in gram) )
1 |00 (20x15cm) 15.50 21.75 7.13 95.60
o (1000 (25x20cm) | 41559 23.00 7.40 98.40
3 (1900(@B0x25¢cm) 1709 24.50 10.23 101.13
4 (2000 (40x25cm) | 1g g 26.00 10.43 90.05
5 (2500 (50x25) 18.50 26.75 10.93 87.40
6 |3000 (60x25) 20.00 27.25 10.30 87.75
CD (0.05) 1.36 1.32 1.04 2.12
CV (%) 5.17 3.51 7.34 1.50

Significant difference was observed among treatmémtrespect of all the
parameters recorded. An increase in the incubatsiod (15.50-20.00) and the crop
duration (21.75-27.25) was observed with the inseei the quantity of substrate
used from 500-3000g per bag. However, superiority 30 x 25 cm bag
accommodating 1500g substrate was recorded in aesggebiological efficiency
(101.18%) among all the six treatments evaluateerame fruit body weight (g) was
numerically highest in 50 x 25 cm bag containin@@% substrate. The variation in
wield was in the range of 87.40-101.18 kg/100kgssalbe in the investigation. Thus,
it was found that neither the smaller nor the larpags were beneficial for

improvement of productivity ifPleurotus pulmonarius.
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Effect of bag dimension on biological efficiency

Fig.24 Fruiting in beds having 20 x 15 cm
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4.5 Influence of methods of spawning on biologit efficiency of Pleurotus

pulmonarius

Three spawning methods such as layer spawningough spawning and top

spawning were evaluated to assess their yield paten Pleurotuspulmonarius

Analysed data on days to spawn run, days to fastdst, average fruit body weight

(9) and biological efficiency (5) are presented able 5 and Fig.25 to 27.

Table 5. Influence of method of spawning practicesn biological efficiency of
Pleurotus pulmonarius
Average . .
Sl. Treatment Days to |Days to first| weight of B'O.qu'cal
(Method of . . efficiency
No. : spawn run harvest | fruit bodies
Spawning) (%)
9)
1 |Layer spawning 16.33 23.00 8.38 97.66
2 |Thorough mixing 16.33 23.33 8.15 96.87
3 |Top spawning 21.17 27.67 9.55 78.37
CD (0.05) 1.36 1.59 1.07 5.90
CV (%) 5.90 5.02 9.61 5.05

Data indicated that both the layer spawning andotingh mixing of spawn
along with the substrate wee statistically at pmarespect of all the four parameters
recorded. However, the highest yield of 97.66 patreeas recorded from bags where
in thorough spawning method was adopted. It wassstally equal to the yield
(96.87%) obtained from the treatment with thorougixing of both spawn and
substrate, the biological efficiency was signifitgriowest (78.37%) in case of top
spawning. Therefore, it was once again ascertaim&idtop spawning procedure was
not viable for commercial cultivation of oyster rhusom. In view of the increased
labour requirement in case of layer spawning, thghospawning could be a viable

proposition for commercial farms.
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Biological efficiency as influenced by method of gvning

Fig.27 Top spawning
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4.6 Influence of organic supplements on biologicagfficiency of Pleurotus

pulmonarius

This experiments was designed to evaluate as euwiborganic additives
such as maize meal, ragi powder, bengal gram powdestard oil cake, chicken
manure, boiled wheat, rice bran, tapioca pearls lzmitbd maize for their role in
improving mushroom productivity over the untreatéeck (control). Data recorded
on time taken for spawn run (d), first harvest @jerage weight of fruit bodies (Q)

and biological efficiency (%) are presented in Eabland Fig. 28 to 34.

Table 6. Effect of Organic supplements on biologat efficiency of Pleurotus
pulmonarius
Average : .
Sl. Treatment Days to Da}ys o weight of qulqglcal
(Organic first . efficiency
No. supplements) SPawn Tun |- o rvest fruit (%)
bp bodies (g)
1 | Maize meal 17.67 24.33 10.33 91.00
2 | Ragi powder 18.67 26.67 7.37 78.37
3 | Bengal gram powder 17.33 23.33 10.20 90.99
4 | Mustard oil cake 19.00 25.67 7.17 79.00
5 | Chicken manure 18.33 25.00 10.93 93.07
6 | Boiled wheat 17.67 24.33 11.00 93.37
7 | Rice bran 17.33 24.67 10.94 92.33
8 | Tapioca pearls 18.00 25.67 7.08 80.40
9 | Boiled maize 17.00 23.33 9.02 92.53
10 | Control (No 17.33 23.33 10.01 91.07
supplement)
CD (0.05) 1.29 2.01 0.98 5.42
CV (%) 4.22 4.76 6.05 3.58
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Influence of organic supplements on biological effiency

Boiled Maize

B poidvhea T

i

Fig.32 Ragi powder as the supplement Fig.33 Maize powder as the supplement

Fig.34 Fruiting without supplement
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Analysis of data indicated as close variation amtirggincubation period of
the test species under the influence of nine aditilt ranged from 17.00 d in boiled
maize to 19.00 d in mustard oil cake. The treatntleait received no supplement was
having an incubation period from 23.33 d to 26.6ih dhe investigation. The crop
duration was lower (23.33 d) in case of Bengal ggaowder, boiled maize and
control treatments. The average fruit body weigh)t was higher in treatment that
required boiled wheat as supplement (11.00 g) whiah statistically at par with rice
bran (10.94 g), chicken manure (10.20 g), maizel n(ilfd33g) and bengal gram
powder (10.20g). The biological efficiency was nelmml numerically highest
(93.37%) in boiled wheat treatment which was at \pdh the yields realized from
chicken manure (93.07%), boiled maize (92.53 %ge ran (92.33%), untreated
control (91.07%), maize meal (91.00%) and Bengalgmpowder (90.99%). The
biological efficiency varied in the range of 78.3M4agi powder to 93.37% in boiled

wheat in the investigation.

4.7 Influence of post-spawning practices on biogjical efficiency ofPleurotus
pulmonarius

Diverse post-spawning practices such as uncovén@gyster bags just after
mycelia colonization or maintaining the bags thiowg the crop period either with
small holes (0.5 cm) or big holes 91.0cm) are iarapon among the growers. Hence,
an attempt was made to assess their yield perfa@nahfarm house situation during
the winter season of 2015-16. Data recorded on ttagpawn run and first harvest,
number of fruit bodies per bag, average fruit badyght (g) and biological efficiency
(%) were analysed and are presented in Table Fan8b to 37.

Table 7. Influence of Post-Spawning practices on iddogical efficiency of
Pleurotus pulmonarius

No. of Average , .
sl Treatment_ Days to Da_lys to fruit weight of qulc_)glcal
(Post-Spawning spawn first . . efficiency
No. ractices) run harvest bodies / fruit (%)
P kg bodies (q) 0
1 | Bags with 1.0 cm hole 15.83 24.17 146.83 9.98 96.47
2 | Bags with 0.5 cm hole 16.00 24.00 144.00 9.73 91.68
3 | Bags uncovered 15.67 21.5( 183.83 7.58 97.34
CD (0.05) 1.17 1.36 6.98 1.18 4.07
CV (%) 5.77 4.56 3.43 10.06 3.33
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Role of post-spawning practices on productivity

Fig.37 Bag without holes
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Data indicated that the days to spawn run wasstitatily equal in all the three
treatments ranging from 15.67-16.00 days. Howetrer,days to first harvest (crop
duration) was significantly lowest (21.50) in th@covered bags. Similarly, the
number of fruit bodies was significantly more (1383. in the uncovered bags. Average
fruit body weight was recorded lowest (7.58 g) mcavered bags. However, they are
recorded at 9.98g and 9.73g in bags with 1.0cnOasain holes respectively, which were
statistically at par with each other. The biolobiefficiency was found highest in
uncovered bags (97.34%) which were at par with matijs1.0cm holes (96.47%). Bags
with smaller holes were associated with a bioldgfeciency of 91.68 percent. Hence, it
was ascertained that bags with either big holes.@fm size or uncovered ones were

almost parallel in their yield performance as rdedrin the investigation.

4.8 Effect of period of spawning on biological efficieny of Pleurotus
pulmonarius

Traditionally, Pleurotus spp.is growing during winter months (November —
February) in the state of Odisha. However in aanapt to find out the influence of
spawning period on yield and associated parametersail was formulated by
growing this newly introduced species from Novembdé&iebruary at 15 days interval
in the ambient situation. The data recorded ordyald yield attributing parameters

were analysed and are presented in a Table 8.

Table 8. Effect of period of spawning on biological efficieny of Pleurotus

pulmonarius
Sl Treatment Daysto | Days to first Average . Biqlqgical
No. | (Date of Spawning) | spawn run harvest We'ght[ offruit | efficiency
bodies (g) (%)

1 |1.11.2015 20.00 27.33 7.90 88.93
2 116.11.2015 20.67 27.00 8.04 88.00
3 |1.12.2015 17.00 23.33 10.67 99.15
4 116.12.2015 15.67 22.67 10.64 99.87
5 |1.01.2016 16.00 22.67 10.42 100.1y
6 |16.01.2016 16.67 24.67 8.53 80.43
7 (1.02.2016 17.00 25.67 8.17 80.33
8 116.02.2016 20.67 29.00 7.67 77.37

CD (0.05) 1.72 0.98 0.98 3.72

CV (%) 5.48 2.22 6.18 2.38
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Analysis of data showed significant difference amahe eight dates of
spawning. It was observed that spawning frofrDecember, 2015 till A February,
2016 (fire date) were it par in respect of dayspawn were in the range of 15.67-
17.00 days. The incubation period was lengthendatieaspawning period was either
preponed or postponed. The same trend was alscedoin respect of days to first
harvest (crop duration). Average weight of fruitdies were recorded maximum on
its 15t December, 2015 spawning which as at par with spayvat 18" December,
2015 and ¥ January, 2016. The biological efficiency was nuoadly highest
(150.17%) on ¥ January, 2016 spawning which was statisticallyag¢tm ' and 16’
December, 2015 spawning (99.15 and 99.86%). Thailtsesrevealed that
December and January spawning were appropriatealizing superior yields out of

Pleurotus pulmonarius.
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DISCUSSION

Pleurotus is/ relatively new to the mushroom industry but hagained
popularity at a tremendous pace because of theesiouftivation techniques, highest
productivity among the cultivated mushroom, choafespecies, adoptability to a
variety of substrate and above all, longer shédf lDut of 38 species describe under
the genus, about 25 species are commercially etdtily in different parts of the
world. In Odisha, two species nameBleurotussajor- cajuandPleurotusflorida are
popular among the farmers owing to their high yiptitential and acceptable taste
and flavor. However, efforts are being taken to yjapze few more promising
species or varieties and different agro-climatioem of Odisha. For the, nutritive

value of Oyster mushroom is as good as other edibkhrooms.

Pleurotus mushrooms are rich in vitamin B complex and C,idess the
presence of most of the mineral salts required bgndn beings. Moreover, a
polycyclic aromatic compound pleurotin isolated nfrdPleurotus spp.possesses
antibiotic properties. In view of the aforesaid wn@ance associated witAleurotus
mushroom, a new species or varidleurotus palmonariyscommonly known as the
Indian oyster, Italian oyster, Phoenix mushroonther lung oyster having similarity
to Pleurotus ostreatyshe pearl oyster, has recently been introducetthenstate of
Odisha with success. This species or variety hashgh yield potential, besides
having excellent aroma and good shelf life. Anratie has by made to develop the
package of practices for commercial cultivation Rie€urotus palmonariusn this

investigation.

The study and growth pattern and fruit body charastics of Pleurotus
palmonarius raised during the month of December indicated thatthe potato
dextrose agar medium, the growth pattern of thecispewas dense strandy in
behavior. Further, the colour of the fruit bodieaswpale white at large. Margins of
the fruit bodies were entire when young, wavy awést. The pileus diameter, stipe
length and stipe thickness varied between 5.2 16,105 to 5.5 and 0.9 to 2.3 cm
respectively. Singhet al. (2010) established the fact that among all thebledi

mushrooms, wide variation in shape, color, margihghe fruit body and growth
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pattern on nutrient media existedRiteurotus Shukla and Jaitly (2011) characterized
different species oPleurotusmorphologically which was conformity to the findisg

of this investigation.

A large number of agricultural, forest and agroustties by products rich in
cellulose and hemicelluloses and lignin are usédul growing oyster mushroom.
However, yield of oyster mushroom largely depenas$he nutrition and nature of the
substrate. Fresh, dry and properly stored substfadée from mould infestation are
appropriate for the purpos@leurotuscan utilized a large number of agro wastes
including cereal straw, stalk and leaves of mgme&ar and bajra, sugarcane bagasse,
jute and cotton waste, peanut shell and haulm,leuaf and niger stalk, discarded
waste paper, dried grasses, used tea leaves wastdtecan also be cultivated on
industrial wastes. In the eastern parts of the wgurPleurotusis commonly
cultivated on paddy straw substrate which is abélan abundance at cheaper rates.
However, in certain areas of Odisha, niger stigkugdnut haulm and coir pith in
combination with paddy straw are successfully zedi as substrates for oyster
mushroom cultivation. Over the years, various reseavorks have been trying to

find out the appropriate substrates for the purpose

In the present study, nine agro wastes includirg paddy straw were
evaluated for their performance in terms of yidldrying performance was observed
among the substrates in respect of days to spamwand fruit harvest, average weight
of sporophores and biological efficiency. Howevtdre paddy straw was found
superior among the substrate in terms of fruitdy(®9.30%). Coconut coir, rice bran
and saw dust were proved to be the poor yieldeth 4.37, 70.20 and 77.40%
biological efficiency. Realization of superior ydsl through utilization of paddy straw
was in corroboration with the findings of Pagkal. (1975), Singh (1981), Ramzan
(1982), Mathewet al. (1996) and Ingale and Ramteke (201®leurotuscomes up
well in cellulose rich un-composted substrates mgvielatively higher C : N ratio
(40-60) and the cellulose helps in more enzyme ymtion which is correlated with
good yields. Paddy straw substrate being rich ltulose could probably facilitate

higher production through the action of the lignhdelytic Pleurotusspecies.

The mycelium ofPleurotusis saprophytic in nature and it does not require
selective substrates for its growth. The myceliawgh can takes place on simple
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water treated straw but there are number of otlenpetitor moulds sometimes
restrict the growth oPleurotusmycelium due to secretion of toxic substances or
metabolites. Hence, four different substrate pastation methods along with
untreated done (control) were evaluated for thmldypotential superiority of steam
treatment of substrate in terms of realization aishroom yield (98.90%) was
established in the investigation. However, yieldtaoted (96.63%) out of the
treatment pasteurized with chemical was statidyicd!| par with the steam treatment,
through it was associated with longer incubationqoe(17.50 d) and crop duration
(24.25 d). The fact is that steam was got greadeejating power and hence, has
been able to pasteurize the substrate well for festimg better productivity (Siqueira
et al.,2012). Besides, the chemical treatment leavesuesith the substrate which
probably lengthened the incubation period and thep oduration initially. The
performance of chemical treatment was in agreemhtthe findings of Vijay and
Sohi, 1987. The untreated substrate (control) preduhe lowest yield (79.28%),

which explained the abilities of the competitor rusuo reduce yield substantially.

Bag dimension plays a vital role in maintaining store and temperature of
the and there by influencing the sporophore yield great extent. The investigation
on the effect of bag dimension on mushroom proditgtindicated the superiority of
30x25 cm bag accommodating 15009 substrate indewprThe significantly highest
yield of 101.18 percent among all the six experiteegvaluated. It was closely
followed by the bag dimension of 25x20 cm accomniadal000g substrate which
recorded 98.40% biological efficiency. It was obeer that the large sized bags
(40x25 cm, 50x25 cm and 60x25 cm) were poor yiald8i7.40-90.05%). The bag
size of 20x15 cm accommodating substrate could §&60% biological efficiency
which would probably be the best option for smaibwgers. Suman and Sharma
(2007) advocated use of 60x45 cm bags of 125-15(reydhickness for oyster
mushroom cultivation, which accommodated 3.0 kgligf substrate. However, this
investigation ascertained that medium sized ba@s2& cm) with 1500g straw could

be the best option for commercial growers.

The oyster mushroom growers employ different spag/methods such as
layer spawning, top spawning and mixed spawningjfierent localities. However, to
assess their yield potential, an investigation wadertaken during the winter season
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of 2015- 16. It was observed that both layer spagrand mixed spawning were
statistically at par in respect of yield as wellths associated parameters recorded
in the trail having given the yields of 97.66 and.& % respectively. However,
the top spawning was poor yielder with a yield & 37% the findings of this
investigation was in conformity with the findingé ®anger et al.(2006) and Ram
(2007). A single focal point only at the top of thag might be responsible in
giving poor yields in top spawning in comparison dthers which have large

number of foci to initiate fruits.

The nitrogen contents in most of the substrategedmetween 0.5-0.8%
and hence, addition of organic nitrogen in the salbs helps in obtaining higher
yields. Some of the common supplements in use &eatbran, rice bran, cotton
seed mill, mustard oil cake, groundnut cake, sogbeake, boiled wheat grain,
chicken manure, maize powder etc. they are us&d18% on dry weight basis of

the substrate for yield improvement in oyster mosinm.

In the investigation on the effect of different angc additives on
mushroom vyield, nine additives along with controb (additives) were evaluated
for their yield potential. Analysis of data indiedt a close variation among the
incubation period of the test species under théuémice of nine additives. If
ranged from 17.0 d in boiled maize to 19.0 d in taus oilcake the untreated
control was having an incubation period of 17.3Bde crop duration was lower
(23.33d) in Bengal gram powder, boiled maize andlaated control.

The biological efficiency was reported numericafliighest (93.37%) in
boiled wheat which was at par with the yields readi from chicken manure
(93.07%), boiled maize (92.53%), rice bran (92.33@b)reated control (91.07%),
maize meal (91.10%) and bengal gram powder (90.99%4j)ious workers have
evaluated diverse groups of supplements for yietdmwtions of Pleurotus.
Upadhyayet al. (1991) indicated that rice bran at 5% level was aippropriate
substrate forPleurotus. He also used wheat bran and powdery manure as
supplements but yields obtained were lower than thhaice bran. Veenat al.
(1994) evaluated supplements in combination anccatdd thatPleurotus florida
performed well with a combination of rice bran asalys dal powderPleurotus
mushroom have an appreciable degree of competgperophytic ability and
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therefore, the bags receiving no additive also peed statistically equal yield with

the boiled wheat supplementation.

An attempt was made to evaluate few post-spawniogeplures such as
uncovering the mycelia bags after colonization. M&ning the bags with either
small (0.5cm) or big holes (1.0 cm) for their yigddtential. It was observed that the
yields obtained out of both uncovered bags (97.34#4) the bags with 1.0 cm holes
(96.47%) were statistically at par, bags with seralioles are comparatively poor
yielders (91.68%). This might be attributed to thiéiculty in fruit body emergence

in case of small holes and/or availability of freshfor fruit body induction.

The earlier workers suggested the opening of thgs kefter complete
colonization in order to get more yield (Suman &ichrma, 2007, P&t al, 2015).
However, the present investigation ascertainedewen without uncovering the bags,
good vyields could be recovered out of the bagss Timding may well facilitate

saving of labour for large scale producers.

Pleurotus mushroom, being a sub-tropical mushroom, comeswalb in
winter season in the East and South-Eastern cqasial zone of Odisha. In order to
find out the appropriate time of spawning, eightedaof spawning starting fron®'1
November, 2015 to 16 February, 2016 were evaluated for their yield ptd.
Analysis of data showed significant difference amdme eight dates of spawning in
respect of yield and associated parameters. THedal efficiency was numerically
highest (100.17 %) in*1January, 2016 spawning which was statisticallyabtp =
and 18' December, 2015 spawning (99.15 and 99.87 %). ¢ thas ascertained that
for coastal situation of the state, December anday spawning were appropriate in
realization of higher yields. Unlike other cultiedtmushrooms, species Bleurotus
exhibit much diversity in their adaptability to yarg agro-climatic conditions.
Various workers have shown to recover good yielaisad oyster mushroom raised
during rainy/winter seasons at a temperature oR-B%C and relative humidity
70-90 % (Bano and Rajarathnam, 1982; Shanmugang, 488 Sangest al., 2006).
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SUMMARY AND CONCLUSION

Among the edible mushrooms grown in industrial ecal India, oyster
mushroom Rleurotusspp.) enjoys a special status owing to its cuiiiiveon a variety
of substrates, availability of a large number oéa@es suitability to varied agro-
climatic conditions of the country, simple and easitivation procedure, longer shelf
life and above all, highest productivity. It isetl8? largest cultivated mushroom of
the world contributing to 15 % of the total worldoduction of mushrooms after
Agaricus bisporusandLentinula edodesin Odisha, this mushroom occupies second
place next only to straw mushroom in terms of paptyl. It is cultivated largely on
paddy straw substrate with or without supplemeatatvith a biological efficiency
ranging from 80-110 per cent. Among the edible Eg®P. sajor-cajuandP. florida
are commercially cultivated because of their higbietogical efficiency, attractive
colour and excellent taste and flavour. During pinesent course of investigation, a
series of experiments were conducted to evaluate ndwly introduced species
P. pulmonariusof oyster mushroom in the East and South-Easteastal plain zone

of the state in terms of its productivity and asated attributes.

Studies on growth pattern and fruit body charasties revealed that the
myceliumP. pulmonariusvas dense strandy on PDA medium with pale whiterngo
colour. The pileus diameter, stipe length and dfifiekness varied between 5.2-10.0,
2.5-5.5 and 0.9-2.3 cm respectively. The margirthef fruit body was found to be

wavy with pale white pileus colour.

Among the nine substrates evaluated for their ypslténtial, superiority of
paddy straw was established in terms of realizagidsiological efficiency (99.30 %).
Sugarcane bagasse, rice bran and saw dust werel fofgrior with biological
efficiency of 61.07, 70.20 and 77.40 % respectiv&lye biological efficiency varied
within 61.07 % on sugarcane bagasse to 99.30 Yaddypstraw.

Among the pasteurization methods of substrate atedufor cultivation of
P. pulmonarius biological efficiency of steam as well as cherhiceated substrates
98.90 and 96.63 % respectively and statisticallgaatwith one another. Solarization
and boiled water treatment of substrate were astsuatwith the biological efficiency
of 86.0 and 85.5 % respectively. The non-pastedraéstrate (control) was a poor

yielder with the biological efficiency of 76.0 %.
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Six diverse bag types such as 20 x 15, 25 x 2@, 38 40 x 25, 50 x 25 and
60 x 25 cm accommodating 500, 1000, 1500, 20000 26@ 3000 g of straw were
tested for their yield performance. It was revedleat the bag size of 30 x 25 cm
accommodating 1500 g substrate was associatediveithighest biological efficiency
(101.18 %). Irrespective of bag size, the biolobeficiency was quite appreciable in
all the bag types (87.40-101.18 %).

Method of spawning in oyster mushroom has beerr of controversy over
years. The highest yield of 97.66 per cent wasrdetb from bags wherein through
spawning method was employed. However, it wassstatily equal to the yield (96.87
%) obtained from the treatment with thorough mixaigoth spawn and substrate. The

biological efficiency was significantly lowest (38.%) in case of top spawning.

The study on the influence of supplements on y@ldP. pulmonarius
indicated that build wheat (93.37 %), chicken man(®8.07 %), boiled maize (92.53
%), rice bran (92.33 %), substrate without supplan(@1.07 %), maize powder (91.0
%) and Bengal gram powder (90.99 %) were statibtied par in respect of yield
performance. Ragi powder, mustard oil cake andbtappearls with productivity of
78.37, 79.00 and 80.40 % produced even lower yi¢adsO7 %) than control
treatment. The finding ascertained that oyster mugshs could successfully be
grown in the absence of organic supplements asast ¢ot highest degree of
competitive saprophytic ability among all edibleshtooms.

Among the post-spawning practices, the biologidétiency was found
highest (97.34 %) in uncovered bags which wasssizdily at par with bags with 1.0
cm holes surrounding the bags (96.47 %). Bags witialler holes (0.5 cm) were
associated with a biological efficiency of 91.68 %.

The biological efficiency was numerically highedi00.17 %) on the i
January, 2016 spawning which was statistically etua and 18' December, 2015
spawning (99.15 and 99.87 %) among the eight spaywiiates evaluated during the
winter season at 15 days interval each. The rethults revealed that December and

January spawning were appropriate in realizing sapgields out ofP. pulmonarius

+€D3
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