KFRI Research Report 195

MUSHROOM CULTIVATION USING FOREST LITTER AND
WASTE WOOD

E.J. Maria Florence
M. Balasundaran

! KERALA FOREST RESEARCH INSTITUTE
l]I[' PEECHI, THRISSUR

December 2000 Pages: 28



a b~ W N P

CONTENTS

Abstract

Introduction

Materials and Methods
Results and Discussion
Conclusion

References

Page

15
25
26

File

r.195.2
r.195.3
r.195.4
r.195.5
r.195.6
r.195.7



ABSTRACT

During the past decade, cultivation of edible mushroom has gained importance
because of ther nutriiond vaue  Mushroom cultivaion has dso generaled an
opportunity for sdf-employment of large number of people  Though, organized
sector has made decisve impact on production and processing of mushrooms, the
potentid of rurd employment has been completdy ignored. Popularisation of
mushroom cultivation and trandfer of technology can be effected through training
progranme organisad by experts and locd government authorities  In Kerda, the
mog commonly cultivated mushrooms ae Volvariella volvacea, Pleurotus spp.
and Agaricus bisporus. These ae generdly cultivated on agriculturd waste
materids. In this sudy, forest leaf litter, wood wastes and fdlen trees have been
examined for the cultivation of mushrooms. During the present study an attempt
was made to cultivate various Pleurotus species usng forest litter and wood
wadtes. It was found that among dl the wood waste materids tested, ledf litter is
the best subdrate for cultivating Pleurotus species.  Among different  Pleurotus
goecies, P. florida wes the best in tems of yidd. The quantity of mushrooms
produced on lesf litter was higher compared to the other subdrates. Mixed lesf
litter yielded 1.55 kg of mushrooms from three havess ~ Mushroom cultivation
usng wood logs sawdust and wood shavings was not economicd. Among the
vaious mehods of cultivation tried, polythene bag method yidded higher
quantity of mushrooms. Training on mushroom cultivation for the benefit of the
tribds a Vazhachd crested awareness of the importance of edible mushrooms as
pat of the dit and generated enthusasm among them to initisle mushroom

cultivetion for their own consumption as wel as liveihood.



1. INTRODUCTION

1.1 What is a mushroom?

Mushrooms are a group of higher fungi, which bdong to the dass Basdiomycetes
and the order Agaricdes. They lack chlorophyll and cannot, therefore, synthesize
ther own food. Mushrooms depend on dead organic matter as sgprophytes, on living
plants as parasites or they coexig with other living organiams as symbionts. They
grow on grassy ground, rotten wood, legf litter, dung, celarsand mines.

‘Mudhroom' is the fleshy spore-bearing orgen or fruiting body of the Agaricaes.
Usudly, the fruiting bodies are umbrela sheped dructures, which produce spores in
lage numbas These spores ae minute, microscopic and are digpersed  through
wind. When they happen to fdl on auitable subdrates (like dead wood, straw,
manure, litter or any other cdlulose materid), the gpores germinate and develop into
mycdia As long as the condition is favourable for the mycdiad development and
growth, the mycdia continue to grow, ramify and absorb food from the subdrate
until they devdop many fruiting bodies

1.2 Types of mushrooms

A wide vaiely of mushrooms grow in nature. Some are edible and ddicious, some
are edible but less tagty, dill others are unpdatable and a few are deadly poisonous.
More than 2000 species of fungi are reported to be edible throughout the world and
among these 283 are avalable in India (Purkayastha and Chandra, 1985). Of these,
gght species are cultivated commonly in India and about 20 species have been
cultivated for edible purpose in different parts of the world. Agaricus bisporus
(Lange) Sing. (European or white button mushroom), Volvariella spp. (Chinese or
paddy srav mushroom), Pleurotus spp. (Tropicd or Oyder mushroom), Lentinus
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edodes (Beak) Pegler (Shiitake), Flammulina velutipes (Curt. ex Fr.) Kas.
(Enotake) ae the most popular among commercid growers A, bisporus is
extensvely cultivated throughout the world contributing to about 75% of the totd
production. It requires a temperature of 15-18°C during cropping, hence, cultivation
has become popular in coodler hilly region. Volvariella volvacea (Bull. ex Fr.) Sing.
is one of the most popular mushrooms in Southeest Ada  Its growth is well suited to
tropical dimate and can be cultivated easly on paddy draw. Pleurotus spp. can be
cultivated in dmogt dl pats of the world. They can grow on sawdud, sraw,
indugrid and agriculturd waste or any cdlulosc materid.  Auricularia is generdly
grown on dead wood trunks or logs in forests and backyard. It is commerciadly
cultivated on sawdugt or logs. L. edodes is populaly known as Japanese brown
mushroom. It is expendve due to its excotic taste, high food vdue and medicind
properties. It is grown ether on sawdust or logs.

1.3 Food value of mushroom

Mushrooms have been conddered a ddicacy from ancient times. They provide high
nutritive vaue to the diet in the form of proteins, carbohydrates, essentid sdts and
vitamins. As a food item, the nutritive vadue of mushrooms lies between that of
meat and vegetdbles. Chang (1980) reported that protein content of four popular
edible mushrooms such as Agaricus bisporus, Lentinus edodes, Pleurotus spp. and
Volvariella volvacea which are commercidly cultivated in various countries, ranges
from 1.75 to 3.63% of ther fresh weight (Chang, 1980). The fat content in different
gpecies of mushrooms ranges from 1.1 to 83% on dry weght bass (Chang and
Miles, 1993). The carbohydrate content of Pleurotus spp. ranges from 46.6 to 81.8%
on a dy weght bass (Bano and Rgarahram, 1982). The fibre content of these
mushrooms is known to range between 7.4 and 2.76%. Fibre is conddered to be an
important ingredient in a baanced and hedthy diet. Mushrooms are a good source
of minerds aso. It is edtimated that the concentration of K, P, Na, Ca and Mg in
Pleurotus spp. conditutes about 56 to 70% of the tota ash content (Li and Chang,
1982). Edible mushrooms ae a good source of severd vitamins induding thiamin,

riboflavin, niacin, biotin and ascorbic add (Crisan and Sads, 1978). The copper
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content (122 - 21.9 ppm) was higher in al species of Pleurotus than other edible
mushrooms (Chang and Miles, 1993). The mgor component of mushrooms is water
condtituting about 90% of the fresh weight.

1.4 Medicinal value of edible mushrooms

A lage number of mudrooms are used for medicind purposes Lectin, a plant
proten with medicnd properties is isolaed from Agaricus bisporus. Volvaoxin A
is the lectin isolated from Volvariella volvaceae (Lin et al., 1973) and Pleurotolysin
from Pleurotus ostreatus (Jacg. ex Fr.) Kummer (Bernhemer and Avigad, 1979).
Antivird subgtances are reported to be present in mushrooms (Goulet et al., 1960).
Takehara et al., (1981) reported the antitumor activity of Lentinus edodes The
spores and fruiting body of L. edodes contaned subgtances with antivird activity
againd influenzavirusinfection in mice (Tsunoda and Ishida, 1969).

1.5 History of Pleurotus cultivation

The genus Pleurotus contains the highest number of species which are cultivated
commercidly compared to any other genera of Agarics. The Pleurotus species are
currently gaining importance snce they contribute to 27% of world's mushroom
production (Chang and Miles, 1982). Mog of the species of Pleurotus grow wild on
dead logs sumps or dead branches of living trees or on decaying organic meaiter
during rany seeson. It was firgd cultivaed experimentdly on tree stumps and
derilized sraw by Fak (1917). Laer, Kaufert (1935) cultivated them on sawdudst
and caed mixture  Subsequently, Block et al., (1958) successfully cultivated
Pleurotus on sawdus. In India Bano and Sivesava (1962) used draw for
cultivation of Pleurotus. Jandak and Kgpoor (1974) and Rangaswami et al. (1975)
introduced cultivation of P. sajor-caju (Fr.) Singer on an experimentd basis usng
paddy straw and other crop refuse. Some of the common edible species of Pleurotus
ae P. sgjor-caju, P. sapidus (Schulzer) Kachbremer, P. cornucopiae (Paulet ex
Pers) Rolland, P. flabellatus (Berk. & Br), P. ostreatus, P. eryngii (DC ex Fr.)



Qud., P. florida, and P. eous (Berk.) Sacc. A few of them have been exploited for
commercid cultivation.

1.6 Objectives of the study

In Kerda, Volvariella volvacea, Pleurotus spp. and Agaricus bisporus are the most
commonly cultivaied musrooms  These ae generdly cultivatled on agriculturd
wage materids. The potentids of using fores waste materids like lesf litter, wood
wades, fdlen trees, eic. have not been exploited so far. These materids ae
avdlable in our forests as wel as in rurd aress. It is againg this background the
present study was undertaken.

The specific objectives of the Sudy are:

1. To dandardize techniques for cultivetion of edible mushrooms using forest litter
and wood waste as growth substratum
Totrain the rurd and tribal people to cultivate mushrooms,
To creste generd awareness among the rurd and the tribd people the
importance of mushrooms a food and potentids of cultivaing them with
minimum financid input and fadlities



2. MATERIALSAND METHODS

The following facliiesmaerids wee made use of for the cultivaion of

mushrooms.

1. A musroomhouse, ether a thached shed or room with proper aeration
(Temperature should range between 20-24°C and rddive humidity between 80
and 95% in the mushroom house)

Mushroom cultures for the production of spawn
Subgtrates for spawn production and
4. Subdrate for the cultivation of mushroom

2.1 Preparation of mushroom-house

A shad of 36 x 36 m was conveted into a mushraom house for cultivating edible
mushrooms and adso for conducting different experiments.  In order to protect the
room from rodents and other animds, the roof of the shed was dosed with wire
mesh and provison was given for arflow indde the room by opening smdl
ventilators. The windows of the room were dosed with black polypropylene sheet in
order to prevent the direct entry of sunlight.  The temperaure indde the room was
mantaned aound 20 to 24°C and relaive humidity & 80 to 95%. To mantan the
required temperature, the floor was filled with pure sand and watered frequently.
Wet fabric made out of jute (thin gunny doth) was hung indde the room close to the
windows in order to keep the room cool and to maintain high humidity.

2.2 Procurement of mushroom cultures

For the preparation of spawvn of various mushroom species, live mushroom cultures
were collected. Seventeen cultures of Pleurotus spp. were procured from various
laboratories within the country for conducting cultivation experimerts usng leaf
litter as subdtrate (Tablel).



Table 1. Mushroom cultures procured and their source

S. No. Name of species Source
1 P. citrinopileatus BCKV*, West Bengd
2 P. cornucopiae NCMRT, Solan
3 P. eous NCMRT, Solan
4 P. eryngii BCKV, West Bengd
5 P. flabellatus NCMRT, Solan
6 P. florida TNAU, Coimbetore
7 P. florida NCMRT, Solan
8 P. florida BCKV, West Bengd
9 P. ostreatus IARI, New Ddhi
10 P. ostreatus BCKV, West Bengd
11 P. sajor-caju KAU, Vdlanikkara
12 P. sgjor-caju IARI, New Dehi
13 P. sajor-caju TNAU, Coimbetore
14 P. sgjor-caju NCMRT, Solan
15 P. sgjor-caju BCKV, West Bengd
16 P. sapidus NCMRT, Solan
17 P. sapidus BCKV, West Bengd

* BCKV-Bidhan Chandra Krishi Viswavidyalaya; NCMRT - National Centre for Mushroom
Research and Training; KAU- Kerala Agricultural University; IARI- Indian Agricultural Research
Institute; TNAU- Tamil Nadu Agricultural University



2.3 Preparation of spawn

Soawn is conddered to be the mushroom seed, which is the vegeative mycdium of
mushrooms grown in a convenient medium (Klingmen, 1950). Vaious subdrates
dther angly or in combination were used to grow the mycdium for the production
of spawvn. Smdl mushroom growers usudly purchese spawn from spawn producers

while big commercid farms make their own.

The success of mushroom cultivation depends to a large extent on the purity and
qudity of spawn used. Gran spawn is widdy used by the growers. Spavn was
prepared by using different types of grains such & Triticum wulgare Vill. (wheet),
Sorghum bicolor (Linn) Moench. (jowar) and Zea mays L.(maize). The larger
grans cary a greaer reserve of food materid for mushroom mycdium and so the
spawn prepared udng large grans can withdand adverse conditions. On the other
hand, the smdl grans provide more points of inoculum per gram of spawn, o the
mycdium of the mushroom will cover the subdraium faegter then the large grain
soavn.  Good planting spawn should have the following characterigics 1. Spawn
should be free from contamination, 2. Each gran should be covered with mycdium
and 3. Spawn should be fresh and white in colour. Old spawvn will deveop brown

colouration.

2.3.1 Preparation of agar cultures

To multiply the mushroom culture procured from a culture bank or laboraory, it is
necessty to inoculae the fungd culture in agar medium. Potato dextrose agar
(PDA) was used as the medium for multiplying the culture.  Direct isolaion is
another method of obtaning pure culture of mushroom. In this method, a smdl
portion of mushroom tissue was asepticdly transferred on PDA in petri dishes and
incubated a 25°C for growth of mycdium. Usudly, the mycdium will cover the
petri dish in 5 to 8 days Either of these cultures was used for the preparation of
mother spawn.



2.3.2 Preparation of mother spawn

Jowar was used as the gran for preparing spawn. The grans were cleaned
thoroughly of chaff and dirt and soeked in dean waer for 56 hours. They were then
boiled till turned oft. Overboiling should be avoided snce the gran will split
open and garch will ooze out from the grain. The excess water was drained off and
the grans were soread over a cdean polythene sheet for cooling. The grans were
then thoroughly mixed with Cdcum cabonate 40 g (CaCoskg of grain). This
mixture was then filled in narow mouthed bottles/conica flasks, plugged with
cotton and deilised for 2 consecutive days a 100 kPa for 30 min. Cacium
carbonate absorbed excess water and hdped to avoid cdumping of grans and do to
mantan optimum pH. After deilisation, the bottles were inoculated with mycdid
bits from the mushroom culture raised in petri dishes and incubated a 25+1°C for 3
weeks  The fungd mycdium covered the grain + CaCos mixture within this period
and thiswas used as mother spawn (Fig. 1).

Hg. 1 Fully grown mushroom spawn of P. florida



2.3.3 Preparation of planting spawn

Jowar was the medium used for preparing the spavn on a large scde.  For large
scde production, the grain was cooked and mixed with CaCO3 as described ealier.
Two hundred grams of the grain was then filled in polypropylene bags and plugged
with cotton wool a one end and tied with rubber band. The bags were then
deilized & 121°C for 2 hr in an atodave. When cooled, dl the bags were
inoculated with a few grains from the fully matured mother spawn, mixed and then
incubated at 25+1°C for 15 days. During the incubation period, the whole surface of
the grain was covered with mycdium and was reedy for use.

Different materias like straw, sawdust and other grains like maize and wheet were
adso tested for preparing planting spawn. Straw spawn was prepared by cutting the
paddy draw into 2 cm long pieces and soeked in water for 10 min. Cddum
carbonate was added (2% wiw), mixed well and incubated as above (Chang and Li,
1982).

2.4 Cultivation of mushrooms

The subdrates used for the cultivation of mushroom (Pleurotus spp.) were leaf litter
of tree species such as Xylia xylocarpa (Roxb.) Benth., Tectona grandis L. f.,
Terminalia paniculata Roth, Grewia tiliifolia  Vahl and Terminalia bellirica
(Geertn) Roxb. collected from moist deciduous forest around KFRI. Freshly fdlen
leaf litter was collected and soaked in cleen water for 12-16 hours in a lage
container. The excess water from the soaked litter was drained by keeping them in a
cleen basket. Subsequently, the litter was immersed in fresh water taken in a suiteble
container and boiled for 30 min for gerilisng them. Excess water from the derilised

litter was drained and they were left for cooling after covering the top with a dean
moigt doth.



2.4.1 Preparation of mushroom bed using leaf litter

Polythene bags (100 gauge) of 60 x 30 cm Sze wee used for prepaing the
mushroom bed. The seded portion of the polythene bag was tied a the end so that
the bottom portion of the bed becomes round in shape and convenient for keegping
them on dands or hung from top. Ingead of polythene bags, polythene tubes were
adso usad to prepare beds. For agration, 20-25 holes (0.5 cm dia) were punched on
the polythene bags. A sed rod, plagic tray and a mild disnfectant (Dettol) were
kept on a dean table before preparing the bed. Hands were properly washed with
the didnfectant before filling the bags If the planting spavn was prepared in
battles, a clean iron rod was used to mix the grainsinsde the bottle.

Adequatdly mature spawn raised indde polypropylene packet or glass bottles was
emptied in a dean dignfected plagic tray. The spavn was mixed thoroughly with
hands to didribute them evenly. Initidly, a smal portion (about 50 g) of the spawn
was didributed a the bottom of the tied polythene bag and a layer (5 cm thick) of
litter was spread over the spawn. Spreading the spawn over eech layer of litter was
repeated until the bag was filled. The top five-centimeter length of the bag was kept
urfilled to fadlitate for tying the mouth of the polythene bag.  The spawn was
digributed dong the Sdes of the polythene bag because the mushrooms grow
outdde from the ddes of the bed. These beds were then hung from the top usng
plastic ropes (Fig. 2).

The bed can dso be kept on racks made of iron or wood. Watering of the bed was
avoided for the firda 3 days. The temperaure and reaive humidity insde the shed
was mantaned between 20-24C and 80-95% respectivdly. Mycdium ramification
(spawn running) throughout the leaf litter occurred within 10-12 days.  Young
pinhead shaped sporophores gppeared after 12 days (Fig. 3).
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Fg. 3 Mushroom primordiacf Pleurotus florida
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At this sage, the polythene cover was cut open and the beds were watered 23 times
a day for about 3 days to ensure 80-95% RH. From the pinhead initids the
mushrooms developed from the third day onwards and they were harvested after 34
days Every day the doors and windows of the shed were opened for 30 min, to
dlow dreuldion of fresh ar in the musroom house Also, sufficient amount of
light was provided in the room, for formaion of fruit bodies Fully deveoped
mushrooms were removed by cutting at the base of the mushroom. The right Stage
of picking is prior to the curving up of the margin of the pileus ie, before the
mushrooms  overmature. Care should be teken to mantan complete hygiene insde
the shed. Asgptic condition was maintained darting from the preparation of bed to
mushroom havesting. Paddy sraw was used as subgtratum (control) to compare the
yidd of mushrooms grown on different subdratum.  Pleurotus spp. procured from
various sources were cultivated using ledf litter as prescribed previoudy. Harvesting
was done three times from each mushroom bed within a period of 30-35 days.

2.4.2 Preparation of mushroom bed usng sawdust

Pleurotus sajor-caju and P. florida were used for cultivetion of mushroom on
savdus in polythene bags Sawdust of rubber wood, which was avalable in plenty,
was a0 usad as the subgratum for cultivation. The sawdust was soaked in clean
water for 36-48 hr in order to soften it and to remove any toxic chemicds in the
savdus.  The soaked sawdust was filled ether in doth or in clean gunny bags and
the excess water was removed by pressng the bags The sawdust was steamed for
45 min in an autodave and then soread on a deen table to cool and to bring down
the moisture content to 60%. It was then mixed thoroughly with CaCO3 (20g/kg)
and subsequently filled in polythene bags and the mushroom spawn soread as a layer
over it. The process was repeated as done in the case of leef litter. The filled in
bags were kept on wooden dands indde the mushroom shed. After the spawn
running was completed, the bags were cut open and watered 2 times a day till the
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mushroom primordia gopeared.  When the pinheads were developed into mushrooms
they were harvested after 34 days A minimum 3-4 harvest was taken during each
cultivation.

2.4.3 Cultivation in sawdust using trays

For the cultivetion of mushrooms in trays usng sawdust as subdraium, Pleurotus
sajor-caju and P. florida were used. The sawdugt for mushroom cultivation was
prepared as above and approximately 2 kg of dry sawdust was taken in each tray and
mixed with 200 g of spawn/tray. The top of the tray was covered with sawdugt, and
the surface of the tray closed with polythene shest in order to mantan moidure
indde the tray. Watering was done on every dternate day during spawn running
and after the gopearance of mushroom pinheads. These pinheads were dlowed to
grow into mushrooms and harvested within 3-4 days.

2.4.4 Cultivation on logs

Only Pleurotus sajor-caju was used for cultivation trids on logs  Rubber wood
logs of 60 cm length and 20-25 cm dia were collected, dried for 10 days in the sun
and soaked in water for 7 days. Every dternate day the soaking water was changed
in order to check bacterid growth in the water. Inoculation was done after making
10 holes (2 cm dia and 2 cm deep) at a distance of 6 cm on the surface of the log.
Each hole was filled with spawn and the hole was covered with moist cotton. The
whole log was covered with polythene shest and incubated a 22-30°C. The
inoculated logs were sprinkled with water as and when necessry. The polythene
cover was removed when the primordia began to develop. The mushroom was
harvested when they were fully mature.

2.4.5 Cultivation on wood shavings

Mixed wood shavings of Tectona grandis (Tesk), Artocarpus hirsutus (Jack) and
Xylia xylocarpa (Irul)) were collected from a nearby saw mill and soeked in clean
water for 36 hr to soften the wood shavings and to drain the extractives in the wood.

The excess water was drained off. Subsequently, the wood shavings were boiled for
13



45 minutes in a container and the excess water was removed from the boiled wood
chips by kesping in a dean basket. The dhavings were then mixed with mushroom
gpawn and prepared the bed asin the case of ledf litter (2.4.1).

2.4.6 Cultivation usng different types of leaf litter

Leaf litter of different trees such as Xylia xylocarpa, Terminalia paniculata, and
Tectona grandis, Acacia auriculiformis A. Cunn. ex Benth. and Eucalyptus
tereticornis Sm. were usad for cultivation of mushrooms Fresh leaves of each
gpecies were collected and processed separately and prepared the mushroom bed as
done in 24.1. Spawn of P. sgjor-caju and P. florida was used for comparing the
mushroom growth in different lesf litters  The beds were incubated in the
mushroom shed. The mushrooms were harvested when they were reedy and the
weight of the mushroom recorded for each bag. Control bags were prepared with

paddy straw.

25  Training on mushroom cultivation

One of the objectives of the project was to conduct traning to demondrate the
vaious deps involved in mushroom cultivetion. A one-day training was conducted
for sdected tribes and locd people of Vazhachd and surrounding area to cultivate
edible mushrooms using forest litter. The tribes were sdected as the beneficiary
because of the potentid of adding the nutrient rich mushrooms in their daly diet.
The mudroom cultivetion was dso expected to provide employment to the
unemployed youths. The programme was aranged with the hdp of 'Kudumbasreg
an autonomous body under Locd Adminigration  (Collectorate, Trichur) working
for the wdfare of rurd and tribd people  The traning was organised under
'Manavegyam' progranme. The venue of the traning was Gowvt. Tribd School,
Vazhachd. Tribds were identified from vaious tribd colonies of Athirgpilly
Panchayat.
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3. RESULTSAND DISCUSSION

Among the different materids used for preparing the planting spawn, jowar was
found to be the best and it yielded more mushrooms than other subgtrates (Table 2).
Svgrakasam e al., 1994 reported that mushroom spawn prepared with jowar and
bgara grains recorded higher yied of P. sajor-caju than spawn from other grans
and subdtrates.

Table2. Mushroom yidd using spawn made of different types of maerids

Period taken to Quantity of Cost of NC;A(I):]
Subgtratum attain maturity mushroom substratum/ Psp Kets

(days) produced (kg) kg (RS) ackg
Wheat 20 135 1000 5
Jowar 15 158 6.00 7
Maize 20 0.96 1000 3
Sawdugt 30 contaminated -- 3
Straw 25 0.37 100 9

Yidd of mushrooms depended upon the type of spawn usad (Quimio 1978, Munjid,
1975). The use of jowar grains has an added advantage from the economic point of
view. This grain is chegper than maize and larger number of spawvn packets can be
prepared per unt weght (Svgorakesam, 1980). The mycdium of the mushroom
covered the whole grain within 15 days. The mycdid growth rate aso was fager on
jowar when compared to other grains. On sawdust and straw, which were used for
the preparation of spawn, the mycdid growth was very dow when compared to
gran and it took aout one month for the mycdium to cover the whole subdratum.

Also it was observed that the chances of contaminaion was more on spawn prepared
with sraw and sawdust since it required more days for maturing. Sivgprakasam and
Kandaswvamy (1982) reported that wood shavings, sawdudt, bran and husk of rice
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were poor spawn bases for P. sgjor-caju. The fager growth of mycdium on gran
may be aitributed to the to presence of high amount of carbohydrates in the grains.
Use of grain spawn appears to be preferable for mass production of mushrooms.

3.1 Cultivation of mushrooms using leaf litter

The totd yidd of mushrooms obtained from three havests of dl the 10 different
speciesof Pleurotusisgivenin Table 3.

Table 3. Yidd of Pleurotus mushrooms on 2kg of dry ledf litter

. Yidd of
No. Species mushrooms
1 Pleurotus citrinopileatus 021
2. P. cornucopiae 0.56
3. P. eous 048
4, P. eryngii 057
5. P. flabellatus 0.64
6. P. florida 155
7. P. florida (usng paddy Sraw) 185
8. P. ostreatus 0.85
9. P. sapidus 0.35
10. | P.sajor-caju 133

Among the Pleurotus species tested, P. florida (TNAU) (Fig. 4) and P. sajor-caju
(KAU) (Fig. 5) yielded more on lesf litter.

At the end of three harvests, P. sajor-caju yidded 1.33 kg of mushroom and in P.
florida, the yidd was 155 kg. The mushroom yidd on control subsratum was 1.85

kg. It was reported that the yield of sporophores of Pleurotus was rdated postivey
with cdlulose content and cdlulose: lignin ratio and negaivey with the lignin
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Fg. 5 Pleurotus sajor -caju

Fg. 4 Pleurotus florida

and ortho- dihydroxy phenolics content of the subgrate (Sveprakasam, 1980).
Cdlulose rich organic substances have been reported to be good subgtrates for the
cutivaion of musrooms (Quimio, 1978). This may be the reason for the higher
yidd of mushrooms when paddy straw wes used as the subsraium.  The colour of
the mushroom, P.sajor-caju was more whitish in paddy sraw where as, in lesf litter

it was dightly brownish (Fig. 6).

on paddy straw
FHg. 6 Colour varigion of Pleurotus florida

17




The colour change may be dtributed to the absorption of chemicds by the
sporophores from the leef litter. The yidd from other species like P. ostreatus P.
sapidus, and p. citrinopileatus was not promising. In dl the three, the yidd was less
than 1 kg. Low quantity of mushroom was harvested from ledf litter usng the
gpawn of P. eryngii, P. flabellatus and P. cornucopiae. The lowest quantity of
mushroom wes obtained from P. citrinopileatus It is reported that the idedl growth
conditions required such as rdative humidity, temperature and moisture content of
the subgtrate vary from species to species (Chang and Miles, 1993). The optimd
temperature for the devdopment of fruiting bodies ranges from 10 to 28°C,
depending on the species, eg, P .ostreatus -14 to18C; P sajor-caju - 20 to 24 and
P. cydidiosus - 26 to 28°C. In the present experiment, the mushroom shed and
pawn-running room was maintaned a a temperature ranging from 22 to 24°C and
humidity of 8590%. The vaiaions in the microdimatic conditions may have
influenced the growth of different mushrooms species. This may be the reason for
the low yidd of mushrooms from certan species The conditions ingde the shed
were favourable for the growth of P. sajor-caju and P. florida. Since P. sajor-caju
and P. florida were found to be the best for cultivation on ledf litter a the norma
temperaiure prevdent in this area, dl other experiments were conducted using these
two species.

3.2 Cultivation using sawdust

The average quantity of mushrooms obtained from P. sgjor-caju and P. florida
were 675 g and 550 g respectively. The growth of the fungus on sawdugt was dow.
It took more than 18 days for the fruiting primordia to gopear on the sawdug,
wheress in ledf litter, it was only 12-13 days. The moisture content indde sawdust
bed was high when compared to litter. This may be one of the reasons for obtaining
low yidd of mushrooms on sawdust.

The yidd of mushroom obtaned from sawdugt in trays was very low. Average
quentity of mushrooms obtained from P. sajor-caju and P. florida was 375 g ad
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256 g respectivdy. The maximum quantity of mushroom was obtaned from the
fird haves. The method of cultivetion of mushroom is known to influence the
production of sporophores (Smith, 1980).  Polythene bag method recorded the
highes yidd of gporophores This result is in conformity with the observation of
Svgprakasam and Kandasavmy (1982).  The reason for increase of sporophores in
poly-bag method may be due to more surface area of exposed sides and compactness
of bed, which hdps in retaining moigure.  The reason for obtaining low quantity of
mushroom in trays may be the drying up of the mushroom bed snce the beds are
prepared in open trays.

3.3. Cultivation on logs

Pleurotus sajor-caju was cultivated using rubber wood logs The mushrooms
gopeared on logs dter one month of inoculation.  The yidd was not very promising.
An average of 189 g of mushroom was only obtained from eech log. Chekravarthy
and Sakar (1982a) ds0 had recorded low mushroom yidd on log of Mangifera
indica (179 gllog),  Artocarpus dakota and Casuarina equisetifolia (27 g/log).
When compared to the method of cultivation in polythene bag, this method appears
to be vy ample However, this method cannot be usad for large-scae production
sncetheyidd was Sgnificantly low.

3.4 Cultivation using wood shavings

Snce the wood shaving was dightly bigger in sze when compared to sawdus, it
took aout one month for completing the spawn running and another 5 days for
production of mushrooms. Fom each bag an average quattity of 340 g of
mushroom was obtained. The quantity of mushroom obtained from wood shavings
was very low and not comparable with that obtained from leef litter or paddy draw.
Snce the wood shavings are not eedly avalable the cultivation may not dways be
possble.
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3.5 Cultivation using different types of leaf litter

The yidd of Pleurotus sajor-caju mushrooms on mushroom beds filled with
different types of leaf litter is given in table 4. The highest quantity of mushroom
was obtaned from mixed ledf liter.  Among the individud species Terminalia
paniculata, Xylia xylocarpa, and Tectona grandis yidded 960 g, 758 g and 710 g
respectively. Quantity of mushrooms harvested from A. auriculiformis and E.
tereticornis was compardivey low. The initiation of the mushroom primordia dso
varied from species to species. It took 19 days for A. auriculiformis and 17 days for
E. tereticornis litter and 14 to 15 days for the res of the species for mushroom
production. The decay rate of leaf litter of A. auriculiformis and E. tereticornis was
reported to be very low when compared to that of other litters (Sankaran et al.,
1993). The low decomposahility of acacia litter has been atributed to the high
content of crude fibres in the phyllodes and dso the presence of thick cuticle on the
phyllode surface (Widiga, 1980; Byju, 1989).  The lignin content of acadia leef
litter was dso higher compared to that of tesk and Xylia xylocarpa (Kumar and
Deepu, 1992; Sankaran et al., 1993).

Table. 4 Mushroom yield from beds made up of leef litter of different pecies

Nemeot pies | Gl (9 [ o o
Xylia xylocarpa 0. 758 15
Terminalia paniculata 0.960 14
Tectona grandis 0.710 14
Acacia auriculiformis 0.315 18
Eucalyptustereticornis 0.330 17
Mixed ledf litter 1370 15
control (Paddy straw) 1508 13
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3.6 Training on mushroom cultivation

A oneday training was conducted on mushroom cultivation usng forest litter for the
benefit of tribds & Vazhechd aea (Fg. 7). Altogether 77 tribes from different
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Fg. 7 Introductory class on cultivation of edible
triba colonies paticipated in the training programme. The sdected triba colonies

were Kadar colony of Peingdkuth, Madayan colony of Thavidkuzhipara, Kadar
colony of Wachumaam, Kadar colony of Ambdapparas Kadar colony of
Maakkappara, Kadar colony of Pokdgppara, and tribds resding a Vazhechd.
Mrs Lahika Sundaran, Member, Athirgpilly Grama Panchayat  presded over the
function and Mr. Shibu Chdi, Sanding committee Charmen (Wdfare),
Chdakkudy Block Panchayat inaugurated the function. An introductory class was
given on svead agpects of mushrooms like vaious species of mushrooms in
nature, edible and poisonous ones food vaue and the economics of cultivetion. In
another lecture, the preparation and maintenance of mushroom shed for keeping the
beds for mushroom production was explaned. The demondration of some of the
procedures for cutivation induded boiling the lesf litter, draining and filling the
polythene with legf litter and mushroom spawn (Fig. 8).
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Individud trainees were dlowed to fill one bag each (Fig. 9). A pamphleé on
‘Cultivation of Mushroom” (Koonkrishi) in Maayaam (Appendix) was released on

the same day. A packet of mushroom spawn, polythene covers and a copy of the
pamphlet were digtributed to dl the trainees to encourage mushroom cultivation.

Fg. 9 A traineefills the polythene bag with legf litter and mushroom spawn

3.7. Economics of mushroom cultivation using leaf litter

Mushrooms play an important role in recyding cabon and other dements by
bresking down the lignocdlulosc plant resdues. Mushroom cultivation using
agriculturad/ wood weste or lesf litter is one of the best and chegper methods to
produce qudity protein. The production of food through mushroom cultivaion is
sverd times higher than from growing convetiond agriculturd crops It is
edimated that annua litter fal in tropicd forests is between 55 and 153 t hat
(Lauddot and Meyer, 1954; Williams and Grey, 1974). A pat of the leaf litter can
be effectivdy utilized for the cultivation of mushrooms. The tribals can deveop
mushroom cultivation as a source of income,
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A smdl unit, managed by one family (two members), can produce up to 15 kg of
mushreom per day using leef litter as the subgtratum (Table 5).

Table. 5 Invesments/expenditure required for the production
of 1.5 kg of mushroom using lesf litter

9. No [tem Cost (Rs)
Onetime investment

1 Oneroom(12x12 ft) To be -
arranged by the beneficiary

2. Modifying the room into 1000
mushroom shed

Expenditure for one month

3. Spawn10 packets @Rs.10 100

4, Polythene cover, 300
disnfectant, tray etc.

5. Miscdlaneous 150

6. Totd 550

Production cogt of 1.5 kg of mushroom x 30 days will be Rs550. Sdling cost of 45
kg (30x15kg) of musroom @ Rs50kg will fech an amount of Rs2250.
Mushroom produced a the cost of Rs12.2 /kg (Rs 550 for 45 kg) can be s0ld a
Rs50kg dter meding dl the recurring cods  Thus, producing about 45 kg of
mushroom in a month can provide an income of (45kg x Rs 50kg - Rs550)
Rs1700. Besdes managing the mushroom production, they can cary out the
normd work in the fidld and kitchen.
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4. CONCLUSION

Mushroom production is an income generding environment friendly activity, which
needs encouragement among rurd and tribd houssholds  The technique is smple
and even a layman can adopt the technique very esdsly. Among wood waste
materids and ledf litter tested as subdrates, ledt litter was the best for cultivating
Pleurotus species in terms of mushroom production. Mixed ledf litter yielded large
quantity of mushrooms.  Mushroom cultivation usng logs and wood wastes such as
savdust and wood shavings was not economicd in teems of yidd. Cultivation usng
polythene bags yidded more quantity of mushrooms than the other methods Among
the Pleurotus species, P. florida was found to be the best for cultivation on lesf
litter. Popularisation of mushroom cultivetion and trandfer of technology can be
effective through training programme organised jointly by the expets and the
Gramma Panchaya authoritiess Mushroom cultivation offers  sdf-employment  for
rurd/triba people and asource of additiona income for housewives and villagers.

24



5. REFERENCES

Bao Zakia and Sivadava, H.C. 1962. Sudies on cultivation of Pleurotus species
on paddy straw. Food ci., 12: 363-365.

Bano Zakia and Rgaahnam, S 1982. Pleurotus mushroom as a nutritious food.
In. Tropical Mushroom - Biological Nature and Cultivation Methods.
Chang, ST. and Quimio, T.H. (Eds). The Chinee Universty Press, Hong
Kong, 363 pp.

Benheémer, AW. and Avigad, L.S. 1979. A cytdlytic proten from the edible
mushroom Pleurotus ostreatus. Biochem. Biophys. Acta, 585: 451.

Block, SS, Tsao, G. and Han, L. 1958. Production of mushroom from sawdust. J.
Agric. Food Chem., 6: 923-927.

Byju, G. 1989. Impect of Eucdyptus and Acacia plantations on soil propeties in
different pedogonis environments in Kerda M.Sc. (Ag.) dissertation. Kerda
Agriculturd Universty, Vdlayani, Kerda, 160 p.

Chakravaty, D.K. and Sarkar, B.B. 1982a Cultivation of Pleurotus sajor-caju on
wood logs. Indian Phytopath., 35 (2): 291-292.

Chang, ST. 1980. Mushrooms ashuman food. Bioscience, 30: 399.

Chang, ST. and Li, SF. 1982, Mughroom culture. In: Advances in Agricultural
Microbiology, Subba Rao, N.S. (Ed)., Oxford and IBH, New Delhi, 677 p.

Chang, ST. and Miles, P.G. 1982. Introduction to Mushroom Science. in: Tropical
mushroons- Biological Nature and Cultivation methods. Chang, ST and
Quimio, T.H. (Eds). The Chinese University Press, Hong Kong: 3-10.

Chang, ST. and Miles, P.G. 1993. Edible Mushrooms and their Cultivation. CSB
Publishers and Digtributors, New Delhi. 345p.

Crisan, EV. and Sands, A. 1978. Nutritiond vaue. In: The Biology and Cultivation
of Edible Mushrooms. Chang, ST. and Hayes, W. A. (Eds). Academic
Press New York. 137 p.

Fak, R. 1917. Ube die Waddkultur des Audempilzes (Agaricus ostreatus) auf
Laubholzstubben. Zeitschrift fur Forst-und Jagdwesen, 49: 159-165.

Goulet, N.R. Cochran, KW. and Brown, C. 1960. Differentid and specific
inhibition of ECHO viruses by plant extracts. Proc. Soc. Biol. Med., 103: 9.

25



Jandaik, C.L. and Kapoor, JN. 1974. Sudies on the cultivation of Pleurotus sajor-
caju (Fr.) Snger. Mushroom ci., 9: 667-672.

Kaufet, F. 1935. The production of asexud spores by Pleurotus corticathus
Mycologia, 27: 333-340.

Klingman, A.M. 1950. Mushroom Culture, Kenneth Square, Pa. U.SA., 257 p.

Kumar, M. and Deegpu, JK. 1992. Litter production and decompodtion dynamics
in moig deciduous forests of the Wesern Ghats of Peninsular India For.
Ecol. and Manage., 50: 181-201.

Lauddot, H. and Meyer, J. 1954. Mineral dement and organic materid cydes in
the equetoria forest of the Congo. Oecol Plant., 7: 221

Li, GSF. and Chang, ST. 1982 Nutritive vaue of Volvariella volvacea, in:
Tropical Mushrooms - Biological Nature and Cultivation Methods. Chang,
ST. and Quimio, T.H. (Eds). The Chinee Univarsty Press Hong Kong,
363p.

Lin, JY., Teng, TW.,, Shi, GY. and Teng, T.C. 1973. Isoldion of a new cardiotoxic
protein from edible mushroom, Volvariellavolvacea. Nature, 246. 524.

Manjul, RL. 1975, Production of qudity spavn of Agaricus bisporus and
Volvariella spp. Ind. J. Mushrooms,, 1. 1-4.

Purkayastha, R. P. and Chandra, A. 1985. Manual of Indian Edible Mushroom
Science-1. Atd, CK., Bhat, B.K. and Kaul, T.N. (Eds). Indo-American
Literature House 41-48 p.

Quimio. TH 1978. Introducing Pleurotus flabellatus for your dinner table The
Mushroom J., 69 282-283.

Rangaswvamy, G., Kandaswamy, T.K. and Ramaswamy, K. 1975. Pleurotus sajor-
caju (Fr) Snger, a proten rich nitrogen fixing mushroom fungus.  Curr.
Sci., 44: 403-404.

Sankaran, K.V., Bdasundaran, M., Thomas P. Thomas. and Sujatha, M.P. 1993.
Litter dynamics microbid assocdions and 0l dudies in Acacia
auriculiformis plantationsin Kerda. KFRI Research Report No. 91, 56 pp.

Svgorakesam, K. 1980. Sudies on oyser mushroom (Pleurotus sajor-caju (Fr.)
Snger). Ph. D Thess, Tamil Nadu Agriculturd Universty, Coimbeatore, 115

P

26



Svaprekasam, K. and Kandasawvmy, T.K. 1982, Effect of cultivation methods on
sporophore production of Pleurotus sajor-caju (Fr.) Singer. Madras Agric.
J., 69: 631-683.

Svarakesam, K., Dorasamy, S. and Seetharaman, K. 1994. Factors influencing
the sporophore production in oyser mushroom with specid reference to
Pleurotus sajor-caju. In: Advances in Mushroom Technology. Nair, M.C.,
Gokulgpdan, C. and Lulu Das (Eds). Sdentific publishers, Jodhpur.  pp.
134-138.

Smith, JF. 1980. Mushroom growing in relaion to bed sze and shape. A review.
The Mushroom J., 88: 127-133.

Takehara, M., Mori, K., Kuidg, K., and Hamawa, M.A. 1981. Antitumor effect of
virus like patides from Lentinus edodes on ehricich ascites caccinoma in
mice. Arch. Virol., 68, 297.

Taunoda, A. and Ishida, N. 1969, A mushroom extract as an interferon inducer.
Ann. N.Y. Acad Sci., 173; 719.

Widiga M.C. 1980. Reaults of decompostion research a Ubrug forest, Jetiluhur,
Indonesa  Ph.D Thesis. Biology Dept, Pedjadian Univ. Bandung,
Indonesia

Williams, ST. and Gray, TRG. 1974. Decompodtion of leef litter on the <ol

aurface. In: CH Dickinson and G.JF Pugh (Eds). Biology of plant litter
decomposition. VVol. 11. Academic Press, London: 611-632.

27



