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INTRODUCTION 



1. INTRODIJCTTON 

About  357 mil l ion t o ~ ~ ~ ~ e s  of biodegradable agrowastcs arc bc lnp  

gcncsalecl cvcry year in Ind ia  ('1'ewat.i and Pandcj..  2002) This inclucit. 

dii'tkrenr siraws. sugarcallc bagasse, cotton wasle.  j iite. coirpith.  cocou 

pods. dlfl'erent oil cakes. g roundnut  pod shell ,  tapiuca starch wnstc\ .  

banaun iilastcs and other  ma1 kct x a s t e s  (Sandaik. 30C)7_). Out of tllcsc. I 7 0  

n l i l l i o n  tolincs are left o u t  for' b u r n i n g  o r  criusc c111 iro11111cnt;tl po l l~~ t i c jn .  

i ~ l i i c h  c a n  be avoided to some extent  by b i o r e m c d i a ~ i o ~ l .  H l u r c n ~ e i l i a t i r ) ~ ~  i h  

the biological process o f  degradation of contaminated substrates usiny 

s l ~ c ~ i  f'ic t i i  i c ruurgat~ismb.  

1 1 1  I l ld i i i  ab0~11 7.j nlil lioil tonnes of coirpitli 1 5  h e ~ n g  produced 

aiinu111[>~ ( I \a~n; l ra j .  1994). o u t  o f  which major contr ih i r t~on is t'roni Kcl.aI;~ 

'l'lic n i~rr icnt  value 01' coir-pith is very  low a11d as such  i t ca111-tot bc tiscd ;13 

Illilllilrc. I . ' ~~~- t l l c r  it d c c o r ~ ~ p o s c s  ~ 1 1 1 4 '  i,erJJ sloivly i n  soil bucriusl: o t' i tc, 

very high C' : N ratio a n d  Iligll tannins and phencllic c o n l p o i ~ n d s ,  5tudlc.5 

(Oivstpl~.  1999: Recja. 2002) have indicated the possi hilit!. of colli.cl-r III;: 

cuirpitll i ilto usci'~11 biolliass t l~rougll  biurctnediation. Uo irpith can a1 s o  bc 

11st.d a s  ;I medium l'os mushrootn production thereby rcducing thc cost 0 1 '  

culri\.iiiion o C  mushroom. 

M uslil-oonis rcpt-eseut a n  efficient group of tnicruorganisms gi l'tcd 

\ k i t h  the unique ability to degrade cellulose, hemicellulose and lignin L)I-  

pr.uduc111g its l'ruiiiilg bodics.  'l 'here are more than  2000 cdi blu s p t . c i c ~  L )  t '  

~ n ~ ~ s l l t - o u l l ~  ( 1  t' i \ , l~ ich  -300 species belonging to 70 ger1et.a arc rcpurled 1 ' 1 - O I ~ I  

1ndi:i. I l u ~ i ~ c \ ~ c s .  otlll, A f 'uu 11avc been brought ui1de1. ~ i ~ l t i \ ~ ; l t i o ~ l  011 H 

co~r - i inc r r :~ ;~  I scnlc.. In sou111 India. oystcr mush rouu~  and 11111 ky I I I L ~ S ~ I I - U O I I ~  

i11.c I I I C  ~ M ' U  ~ o t ~ ~ i ~ ~ o l ~ l j ~  c u l l i v a ~ e d  typcs .  

I,'or C L I I I I  va t io~l  of' r n ~ ~ s h r o o r n s  paddy straw. thc most  abunclari~ 

;iy.c~w;isic. i n  I n d i ; ~  is I>cing uscd as  lllc substrate. B u t  i t1  Kernla unlike i n  
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other parts  of India  paddy straw is costly resulting in increased cosr of  

cul t iva t ion .  Inordcr to make mushroom cultivatior~ profitable in  Kerala, i t  

is necessary to use a substrate which is cheap and readily available. 

Coirpith is one such substrate. Considering the above aspects, the present 

study was undertaken with the following objectives. 

1. Isolation of IignocelIulolytic fungi from native coirpith 

2.Collection of wood inhabiting mushroom flora and isolation into 

pure culture 

3 .  Screening of the isolated cultures for selecting the most efficient 

fungi for degradation 

4.  Standardization of techniques for mushroom production on coir pith 
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2 .  REVIEW' OF LITERATURE 

2.1 S U R V E Y  

2.1.1 Pleurotus sp. 

Nature, with varied agro climatic conditions favour growth of a 

number of mushrooms - edible as well as poisonous .The genus Pleurotus 

was first established by Fries in 1821. Berkeley in his survey of Indian sub- 

continent (1  850, 1 852, 1 854) reported nine species of Pleurorus viz . ,  

P. anserinus Berk on dead wood from Jallapahar, Darjeeling, P. dryinus 

(Pers.) Fr. on standing tree from Kashmir, P. eous (Berk.) Sacc, and 

P .  hupulosclerus Berk, on tree trunks from Darjeeling, P. ninguidus Berk. 

on dead timber from Sikkim, P. petaloides (Bull.) Fr. on dead wood from 

Nepal, P. placenrodes Berk. from Birchwood, Sikkim; P. salignus (Pers.) 

Fr. from Sikkim and P. verrucaris Berk. on dead wood from Darjeeling. The 

pioneering study by Berkeley was followed by Cooke (1888) who collected 

and identified P ,  platypus Cooke and Massee from tree trunks from Nepal. 

P, sajor-cuju (Fr.) Singer was reported from India at the beginning of 2oth 

century (1 904-1 919) by Llyod (Butler and Bisby, I93 1) and by Bose ( 1  920). 

This mushroom was. reported from Kerala by Natarajan (1  978). 

According to Pegler (1976) and Singer (1986) the genus Pleurorus is 

known to contain 50 species. Of these, nearly 25 species were known to 

occur in India-Nepal areas (Pegler, 1976; Bilgrami er al., 1979 and Sarbhoy 

el ul., 1986). Among these, ten species such as P .  anserinus (Berk.) Sacc.. 

P , eo1r.s ( B e r k . )  Sacc; P. flabelIatus ( B e r k .  & Br.) Sacc., P. fossulatus 

(Cooke) Sacc., P. aff gemmellaii (Inzeg) Sacc., P. mernbruneous Massee, 

P. ninguidus (Berk.) Sacc., P, ostreatus (Jacq. Fr.) Kummer; P, plucenrodes 

(Berk.) Sacc. and P. platypus (Cooke & Massee) Sacc. were included in his 

monograph (Pegler, 1976) and described them properly. 



Bhavani Dci~ i  ( 1 982) recordcd f'ivc species of Plcuro(u.s i.rorn Kerala. 

They were P. c.c1r)7z,co/>itic (Paulet. Pers) Kolland, P o.v/re(r!l,s (Sncq. I:I..) 

K i ~ m m e r . ,  1'. 1 1 1 1 1 / ~ ) / 7 1 ! . ~  (Con ke & Massee) Sacc., 1'. .rpcr/htrlorlr.i I'ent. and 

P ,  syltut.vo.sulus Mot~ t .  .A n e n  white m ~ ~ s h r o o m  f', cifl-inopi/eirtli.s was 

collected f'ron? In\vcr I'alalii hills ot"l'alni1 Nadu and the cultivarion tucllnique 

was standardisccl by Sil.aptakasan1 el cil.  ( 1  986). A b r a h a r i ~  ( 199 1 ) I-c.cot.dcd 

scvcn specics of Pleutotus t'rom cliffercrit places in Kashmir and  thcsc i i c r t .  

/', c.orni~c.c)pictr?, I ) ,  rb:!:irrz~,s. 1'. , fOs.~~c/lllz/.r, P. f l(rhc. l /cr~t~.c,  P. n ~ u t ~ h i ~ ~ ~ ~ ~ c o r r . ~  a ~ t d  

/ l ~ l l  111 lIlu samc 'cat, Mal-ilnuth~l c i  I , / .  (11j91) reported I ) .  / I / L I ( . I ' / J ! ~ . ) ,  

011 n dead silk colton tree f'som 'l'atnil hTadu. Ucssai el cr /  (1!l9l) co l l ec t c i l  

pinl; musIirooln P .  c o ~ ~ i , .  ~ v l i i ~ 1 1  M'21.2 f0ii11~1 g ~ . o i t i ~ l g  in ~ I u s l e r s  0 1 1  CIL';ICI \vood 

ul' 11~'ga rrcc in 1 u~r lb l i l~a~ l t :  fbrest, K;irnatak;l. I' / t ther-r t .g i i i /~~ ( 1 . 1 . .  j Sillgel. 

i rns  f'irsr tcpol-led 131 FI-iCs it1 I82 1 and placeil u11dcr  he genus I . c ~ ~ r i ~ ~ t r . r  but 

Si1igi.1 (1OX6) recombi~iecl i t  inro I ' I c z i t - o ~ l r . s  'l'hc. most complete 1itci.ar~11-c 01' 

I' I ~ I / ~ ~ I . - I . ~ Q ~ ~ ~ I ~ I  was f'lom Nigeria where  sclcrotia and bas id io~nara  \ icsc 

eaten 2nd I S  I made to com~nercia l i sc  the fu~lgiis  I : I . C ~ I I  

~nus l i rooms  and sclcrotia arc ~raluable  in thc trarlitional medical 171-acticc 111 

Nigeria ( l x i k i l u e ~ ~ ~ h e n  and O k h i ~ o y a ,  1998) .  I t  is pall- tropical in dist~.iburion 

and is fhund gro\ving on  decag'ing logs in the f'c)l-csl (Okhuoya L., i l l .:  1908 ) ,  

'l'iibc1-s ni Y .  / ~ t l ~ ~ t ~ - ~ ' ~ g i t ( t l ~  ibc1-c produced i l l  fllc l~tbnr-arory u-11e11 the f'ii11gu.s 

11 as  cultul-cd i 11 ~ n o i s t  slsai rs  o f  wlleal. sugal-cane Icavcs, s a ~ t ' d ~ s t .  lien? hsa11 

and 1.ic.c h ra~ i .  l 'he ~ .esu l t i t~g  lubers ~ v c r c  i.iablt. and  produco t ' l -~r i t  hociizs 

ivhcn bi~siccl in suil  or- kcpt i l l  polythe~le t~ags in high hulllid c(~ncIition< 

( l )ns l~i  and Sha~.n~zi. 7001 ) .  

1 1 i - I  L J I  7 ( 2 0 0 2  I-eported ~ h t .  c o l  l cc t  io~i. idel~titic.ation ; ~ i l r I  

c icscri l~iion <)I' t i ~ c n t y  spccies  0 1 '  I ' I C L I I - O ~ L I S  i ' ~ - c ~ r i ~  Kurula  alllong \ \ , t ~ ~ > l ~  

L ~ ~ / I . I ~ ~ o ~ J ~ / L ~ ~ I ( I I . s .  1' o o / ( , s .  I ) ,  ~ f I ~ t / ~ c / / o f i ~ . i - .  /), o / ) ! i t ~ ! i i ~ ~ ~  m d  I' j 1 / ~ 1 1 ~ 1 4 / ~ 1 1 . \ -  

I i t  i t c  I -  c i l  I S I I  ( f 0 I I I I I 5 

s p c c l c ~  01 '  \i ild flcsliy 1'~1ngi ~ ~ O I I I  f~t~rcsls  ot' 1 ~ ~ I ~ ~ r a ~ i c l - ~ a I .  111~1ia ii ~ I L , ~ I  

illclucicd I'lr,~~t-c)tr,s. . ~ l i t / . i r . / ~ / r r ~ ~ i r / ,  L , I ! c . ~ ~ L ' / . ~ ~ ' ~ I I ,  ( ; ( O I O ~ L ~ ~ ~ I I I ~ I  i11111 : ~ I I I ~ / / ~ I / ( I .  



c.'. 1 1 7 d i ~ i 1  was firs t  I . C P O I . ~ C L ~  fi-om India  by I 'urkaqas~l~a 311ci C ~ I L I I I ~  I-ii 

i n  1074. I n  rnilly scasuns, ~ v i l d  t b t m s  of' I ' .  indiuu were sold in <'alc.urtn 

ii111I tllcir cdibiliiy was c o l ~ f i l - n ~ c d  1,. Prirkayastha a n d  C'handsa ( 1974)ii!1cl 

l l~~r l ;ayast l~a and N a y t k  ( 1979). Nalui-al occurrence of' C.'. ~nrl icu 1 1 1  j > l ; i ~ i i ! i  

of' la l r l i l  N a d u  and liqjastllan has  a lso  been reported ( D o s l ~ i  i t  ( ( 1 . .  1 9 x 0  ) .  

-l'llc charac ter-s of C'. i t ~ d i r ~ ~  1ve1.c descii bed by l'urliayastha and C ' t ~ ; i ~ ~ r l  I-;I 

0 i I I i t  I it1 soil, 1-0bi1st s i x  3114 L - C * I : ~ I . I ~ J I ! ~  

stipulate. ivhilc or pale ctllourecl wit11 bust: nnt l~ol low. ii i l l i o u ~  ; r r ~ t l r t l  L IS  

ailcl volva and flesh ~ v h i r e .  K t ishnamoorlhy c l  (11. ( 1997) i i l t ' i ~ l l  t'icil 8 

pt)tc'i~lial slrairl ol' C '  i u ~ i i ~ , ~ ~  I ) C C I I I . I - ~ ~ I ~  011 sugarcatie ficld 11cai- C ' ~ ~ I ~ I ~ ~ ; ~ I T ~ I . C .  

E ; r - ~ s h n a m ~ ~ ~ s t I ~ ~ -  2114 N i l l , k ~ ~ r i t n  ( 2 0 0 2 )  c o n d u c ~ e d  u s u r 1 - c ~  I ( >  blud!; 

thc h i r )d i \ . e r s i~~-  aiid hahi~iir 01 '  occilrrcncc ol' C'.  i n d i c , ~ ,  h c I c > ~ i ~ ! ~ : g  l o  

T r i c h o l o ~ ~ l u t a c e a c  famil!, Sc1t.11 str.ains wcre collected !i.c!111 c l i l ' l~~rcnt  

l ~ i i i t i o ~ ~ ~ .  0 ~ 1 t  o f  seven iwl;it~,s. t ivo \\-ere f o ~ ~ n c i  L I I  illc basc r ~ l '  L ~ L ~ ~ ' O I ~ L I I  

trcc. t ~ v o  ocuurrcd i n  paddy field bund  and  01-1~ '  cach i ~ t  thc base of' l u n \ a r l  

rrcc. ; t i -ccan~~t  t1. r~ '  ii11J i n  ballulla f'ield. Anandl1 211ci Prak~isii111 ( 2I)O 3 I 

~ -c lmi .~ed  t h e  occurrcucu u f  ( ' ,  I ~ ~ L ~ ~ L ' L I  and  (,'. ~ u n l b u s r ,  ( F r . )  Sing11 d ~ ~ r ~ i i p  LI 

sur\.(y c o n d ~ ~ c t e d  in thc \ \ ' es[cr~l  Cjhars. 'l'he sporophores ui '  I '  :/irlic.r/ 

\i.ei.2 I . O ~ L I S I .  so111~tilllt's srn;i!ler. usual ly  centrally stipulate iincl i i h i ~ c  

co lo~r red .  This species  was ~,cpol-led to be ve ry  clost.  lo C' ~ y ~ t i ~ l ~ o , ~ ~ ~  

dl t'fclring in t11c slightly larger-. b r o a d l ~ l  ellipsoid basidiospores ; r l~c t  rnorc 

robust ;ind solitasj- sposocarps.  

I . ,  ~ ~ O O L ~ L , , \ .  S I I ~ I ( L ~ I \ C  ~ I I L I S ~ ~ I - O O I ) I S  ~ ~ a l i \ ' ~  LO J L I ~ ) ~ ~ I I .  ( ' 1 1 i 1 7 . t ~  ; ~ I I [ I  t j t 1 1 ~ 1 ,  

Asiirn c o ~ ~ t ~ t i . i c s  and t!.pically grolv (711 h l l c n  hrond l c ~ ~ v c c i  ~I .L 'L 'S.  [ I  1 5  ( I I C  

sc.c.oiid illosl irnl7o1-tai1t rnus1~1-oo1~1 in ~ l l c  woi-lcl ajld i q  special I! r i-c,!su~.c J 

1'01- i t s  n ~ c ~ l i c i ~ ~ ; i l  ~ [ ~ O ~ ~ C I - I I L ~ ~  Its ~ ~ ~ I t i i , ; - i t i o l ~  [\,its ~ . ; I . \ I  ~ I I I ( I C ~ I : I I ~ ~ I I  ; ! I [ ~ L I I I L I  

1 0  I I I I 1 1  I I j. M a ~ l ~ i ~ i l ; ~  ( 19x3) C t ~ i ~ c I o j 7 c ' ~ I  L~ j i ~ !  



to  t h e  Ind ian  spec ies  inc lud ing  the  c o m m o n l y  o c c u r r i n g  spec ies  l ikc 

L .  .squarrosulus, L. subdulcis and L. conncrtus. Most of Lentinus spp.  are 

l ig~lolyt ic  i n  nature and about 14 species have been reporced all over the 

world (Singer, 1986). Gccl l~a ( 1  994) reported fro111 oilpaIm bunch wastcs. 

t f ~ c  occurrerice of I,. scl11crrroszrl~rs and I,. .rlibdti/ci.s Srom A ~ ~ c l ~ a l  i n  Kul la tn 

district 01' Kerala statc  and standardised cultivation technology (1  t. 

I,. . \~ / / t rr t . t~r j . su / l i .~ .  l !padhyq  and Verlna (3000) collec(ed L. .sy itrir.t-o 5 1 1 1 1 i 1  

frvln I3llutan and s i a t - i d i i ~ . d i ~ ~ d  tcchnolvgy for culri\,ation on cereal sl~-,li\. 

21ncl rcpurtcd a b i ~ l u g i c i ~ l  ~ t ' l ' ~ c i c ~ ~ c . ~  ol' 48-52 per cent i \ f '~c r  cuI t i \a l ing i r  t i 1  

c l ic~nical ly  sterilized paddy slrau.. Kaur  and  Lakhanpal ( 2 0 0  I j 

standal-dised the c u l t i v a ~ i u u  oi' L ,  rLioLlc..v 011 indigenous substt.ales i n  1 1 i i l i ; t .  

2 . 1 . 4  Grrnodcrrrtcl s p p .  

C;. ~~p~>lar?crt~,rni was rii'st dcscl-ihcd hy Findlay i n  1977 and  1atc1- I ) ?  

Pacioni i l l  1985, which i vas  foulid growing on  n wide variety o f  hl-o;lrl 

Icn\.ud trees nnci f'al len 11-uriks of' the less  durable tintbcrs. 'l'llc I)t-;ic.L.c~ 

shapcd I'r~ictiCi'ication 1,cachcd a sizc of' 40 centimcri-cs o r  111ol-c. I husc : i t , <  

hard wit11 l i ~ l n p ~ '  crust  n l l d  redciish hrt)ii ,n spores.  The port: suri'ricc lL!r,ns 

b r o i v , ~ ~  \vllcn scl-arched. C;. I1lcidzl117 ~ t . a s  casily r u c o g ~ ~ i / . c d  t ly  its Y O  i~ndc-(1, 

pu l i s l~ed  lateral s talh \vhicIi. Illily h e  11lucl1 lor-igcs than the r a t h r ~  st11;1ll 

k idncy  sllaped cap.  I t  is gt.i~c.rull>* f'uuricj at thc gruu~icl I c i ) c l  p o i \  i l l y  OLII 

fro111 ducayed s tumps of' hal-d \i,oocI t ~ ~ c s .  

2.1 .5  I'ycnc~psrrrs cin nnhrrriilrrs 



2 .2  CULTIVATION 

2.2.1 Cultivation of Oyster Mushroom 

2.2.1.1 Substrates 

Cultivation of Pleurolus spp. o n  natural habitat like tree stumps and 

logs was first described at the beginning of twentieth century (Falck, 

191 7). The foundation for the commercial production of Pleurotus on 

different substrates was laid by several workers (Kalberer and Vogel, 
#' 

1974; Zadrazil, 1974 and Kurtzman, 1979). In India, the poly bag 

technology for the production of oyster mushroom on paddy straw was 

standardised by Baskaran et a!. ( 1  978). 

Chandramohanan and Moorthy ( 1  99 1 ) used both freshly fallen areca 

leaves and leaf sheath alone as substrates for cultivation of P. sajor-caju 

and obtained an average yield of 344 g and 468 g respectively per four kg 

wet weight of the substrates. Kochu Babu and Nair (1991) recorded oil 

palm mesocarp as an ideal substrate for Pleurotus cultivation and obtained 

a biological efficiency of 58.4 per cent. Kothandaraman el a / .  (1991) 

reported the feasibilities of growing oyster mushroom (P. florida) on 

rubber wood sawdust and observed a biological efficiency of 88.80 per cent 

compared to 50.80 per cent in paddy straw. According to Mathew el ul.  

(1991) rubber wastes obtained after processing could be used as a 

substrate for growing oyster mushroom giving a biological efficiency of 

44 to 45 per cent. Pandey and Tewari (1991) obtained very poor yield 

with distorted and small sporophores when tea waste alone was used for 

growing Pleurorus, ,while they got better growth when tea waste and 

coffee pulp in combination with paddy straw was used as substrate. They 

could enhance the growth further by spraying tea waste extract at various 

concentrations. Coffee pulp when mixed with 2 5 ,  50 and 75 per cent 

paddy straw, recorded significantly higher yield compared to paddy straw 

alone. 



Rao (1991) tried various locally avaiIable substrates both alone and 

in conlbinatio~l with paddy straw and found that karad hay gave high 

production rate followed by paddy straw, sugarcane bagasse and banana 

plant residue. 

Rawal e l  a / .  (1991) used chopped maize straw. which was found 

superior to jowar straw, sugarcane bagasse and sawdust. According to 

Singh and Dwivedi (1 991) silk cotton wood chips and banana pseudostem 

were suitable substrates for mushroom cultivation. Sharma and Jandaik 
!-- 

( 1  991) reported the yield response of P. ostreaius and P. f lor id~ on spent 

straw and spent compost. They could obtain the maximum biological 

efficiency of 78.22 and 75.55 per cent respectively in the combination of 

wheat straw and spent straw at 3: 1 ratio. Suharban and Nair (1991) 

studied the cultivation of oyster mushroom on wooden logs of 16 trees of 

Kerala and found that mango tree log yielded the maximum followed by 

cashew tree. Singh and Singh (1991) reported that a combination of 

soybean and wheat straw ( 1 :  1 ratio) supported better growth compared to 

paddy and wheat straw alone. According to Kadari (1994) P. squarrosulus 

cultivation can be done on rice straw, maize straw and sorghum waste. 

Mathai and Suharban (1994) studied the cultivation of oyster mushroom 

on weed substrate Eliocharis and paddy straw and found that rate of 

spawn run and yield were higher in the case of weed substrate. 

Bhatia and Suhag(1997) reported cotton waste and gram straw to be 

better than paddy straw in terms of production of fruiting bodies by oyster 

mushroom. The utilization of wild grass in  combination with paddy straw 

as a potential substrate for oyster mushroom production compared to using 

the substrates alone was reported by Das ef  al. (1997) and Jacob and 

Abraham (1998). Thomas er al. (1997) studied the oyster mushroom 

production on leaf stalk and bunch waste of coconut, which were found to 

be superior to leaflets and coirpith and produced significant biological 

efficiency of 58.9 per cent and 56.9 per cent respectively. Similar 



observations were also made by Thomas and Rajagopal (2003) and they 

reported that mushroom yield was increased significantly (upto 63 per 

cent) when fermented coirpith was used. Owseph el  a!. (2003) reported 

the maximum yield of Pleurorus spp. on paddy straw followed by non-retted 

coirpith. While studying the comparative efficacy of different varieties of 

banana pseudostem, Suharban et al. (1997) reported that pseudostem of 

red banana supported the highest yield of 1966 g/kg in the case of oyster 

mushroom. 

Chandrasekhar and Savalgi (2003) studied the feasibility of growing 

oyster mushroom (P. sajor-caju (Fr.) Singer) on sugarcane byproducts. 

He obtained a biological efficiency of 73 per cent from sugarcane trash 

and milled bagasse combination followed by milled bagasse alone (72 per 

cent) compared to paddy straw (88 per  cent). 

Gogoi and Adhikary (2002) evaluated the bio-efficacy of non- 

conventional substrates for oyster mushroom ( P ,  cirrinopileutus) 

production and obtained the highest yield in turmeric leaves (93.75 per 

cent biological efficiency), eventhough it was less superior to paddy straw 

(95.83 per cent). Lowest biological efficiency was recorded with tea 

leaves (58 per cent). Singh (2002) studied yield performance of P. fJorida 

on various sizes of cereal residues and found that paddy straw out yielded 

wheat straw and white powdered form of substrate producing uniform and 

more flushes than full sized and 3-4" sized straw. According to Vadivel el al. 

(2002) P. sajor-caju has the potential in recycling agrowaste materials and 

reported its growth on a variety of agrowastes. They obtained maximum 

yield in paddy straw followed by paddy husk, green gram hay and black 

gram hay. 

2.2.1.2 Supplements 

According to Seth (1976) supplementation of organic amendments 

such as wheat bran, cotton meal, brewer's grain, wood dust and chicken 



m a n i ~ r e  o n  paddy straw at 14 per cent  level enhanced the yield of 

mushroom by 6 - 8 per cent. Rano a n d  Rajarathnanl (1982) reportccl thc  

highest yield of P. sujc~r-uuju on protein supp lemel~ ted  straw. A11 

s u p p l e ~ n c n t s  tried viz., I~orsegram powder, cot ton seed powdcr, yeast mud,  

groundnut cake and rico bran enhanced yield of mushrooms,  but a d ~ i i t i o ~ i  

ol' cot to^^ seed powder t o  paddy slraw rccordcd a m a x i n ~ u n ~  yield of  I .48 

l i ?  01' i ' r~lit  boilics PCI. kg 01' S L I ~ S ~ I . ~ ~ C .  ~ l l 1 l ; l ~ e g i I r ~ l l  i t i ld (;!-ahan] (IOh'7, 

f o ~ ~ n d  rice bra11 as a hettes s u p p l c n ~ c u l  f o r  pl-ioenis mushrocln-t p r o d ~ ~ c t i r l n  

111;itl s u \ b c a ~ l  tncal. '1'11~ s u l ) p l e ~ n e n ~ ; ~ ~ i o n  r tsul lcd i n  7 . 2  pc't- L L ~ ~ I I  

hincfficizncy as compared lo 2 3 , 4  pct cent in the conti-01. Suharhan 

( 1987) studied the s u i t a b i l i t  of organic supplements  f'or t'l-uil llod!, 

prociiicr iori aucl obtained 11 111aximum yield wheil b c ~ i g a l  g imn po~vcic t \ \  i ih 

i ~ s c d  ;is s 1 p 1  13ahsa1n ( 198')) reportcd iucreased yield r l  I '  

1'. , s p ) ~ ' ( ~ I r , s s  and I', w y t ~ g i i  by s u p p l e n ~ e n t a ~ i o n  with o11c pcr c c ~ i t  t i c ; l ~  

b ran .  3 .8  per cent  dricd gram flour and 5.6 pel- ccut soybean flour. Sandi~ih 

( 1  989) reporred 18.3 and 28.6 per cell( incrcascd yiald i t1  I' . s r r j o r . - c ~ ~ ~ j ~ l  \I h c ~ ~  

\vhciit bra11 and  brewer 's  grain ivcrc uscd as s u p p l e m t ~ ~ t s ,  n a h ~ ~ k h n n r l i  ; i t l ~ l  

C'hamola ( 199 1 ) reported inasiinum yicld f'1.onl I'lcio.o~ir.r s p p ,  ii hell ~ h c ,  

subs~r ; i~ t . s  \\-ere supplcuncntcd it11 6-8 per  cent  ivhcar and rice hr,ail. 

I l u h i ~ y  a n d  Das  ( 19C>7) studied the eff tct  of incol-poratir~~i of' s ix  o r y ~ i i ~ i c  

s u p p l e m e n t s  with paddy slraiu 21 I ' i ~ c  pcr cunt le \~el  and  f.ound thar p ~ ~ g i o t l  

pc;i s u l ~ l ~ l c l ~ l e n ~ c d  substl-ato psoduczd the highesl >it.ld a n d  hioloyic.;~l 

efficiency l'ollowed by dhal  powder at14 karanj cakc.  

Kumuthakalavall i  a t ~ d  Ijanicl ( 109 1 ) studied thc  t f t 'ect  of d ~ f f i . ~ - c ~ ~ r  

p ~ i l s c s  ;IS protein supplc l?~cnt  0 1 1  1 1 1 ~  sporophore yicld ul' oystcr r n ~ i s l ~ r c ~ c ~ t ~ l  

l'h~. ( I  l7t; i i  U C C ~  I I I C  highest ~ r i c l d  I?!. supp le1~1~1i ta t io i~  ~ \ , i t h  I iorw 91-~1111 

E;;it\;in t J t  r t l .  (1991)  I - C ~ I O I - ~ C ~ ~  Ihc. t~ ighus i  yield a n d  11t.t pl-rjtcin C C ) I I I L > I I I  ( 1 1  

P / I O I , / L / L ~  i i l ~ ~ l  1). . s ~ t ~ o t - - r ~ ~ j ~  0 .45  ~ L ~ I -  cClit 11iil.t)2cn ~ L I ~ ~ I ) ! ~ I ~ I ~ I I ~ ~ I ~ ~ O I I  \i ! t l ~  

citllct- ir>'l)c;111 f'l0~11- (>I- C o l l O t l  wc'd ~;11\2. I< l l l l l~~ L!I L I I  j 1007)  sl~lciit'L! 1111' 

l l L  I I I I I s  I I  r ,  100 g psi- L.; 



subst ra te  with besan and wheat chokar either alorie or  in combinu t io l~  on 

the yield of P. sajor-cuju and found maximum yield after s ~ ~ p p l c r n e n l a t i o n  

of the s i ~ b s ~ r a r e  with both giving a biological ef'ficicncy of 155 pt ' r  c ~ i l t .  

Manc ct a / .  ( 1  997) reported that five per cent supplumentl-ltiol~ti of' 

\ ; e s~~~icc ,mpo"  on paddy straw substrate produced signif'icantlj- bettcl- 

spawn r u n .  yield, biological ef'liciency and protein conversinl~ eft<cicnc>- 01' 

P. j o - I  I'alra P I  [ I / .  (1997) reporled that paddy straw s u p p l u ~ - t ~ e n t r d  

iv i th  2 5  pet cent neem leaves or one per cent neeln cake pi-oduccd an yiclcl 

ut' 7 1 3  2 a1ii1 768 g rcspc.cli\:ely. 

Banik cu/  c r l .  ( 1994 j sttidieci the c'f-fect of' residual slul.r>. fl-om hiug;~s 

\v l lcn supplt .n~cnteii  uri t l l  I-ice. straw f i l l -  rhe PI-oduction of' 1'. . c t r j r l c . - ~  r r j / ,  ;t{lcf 

ubsel- i~td sisnificanlly highcl- yield a11d protein content in  i ' r ~ i i ~  bociies. 

C;ccih;i ( 1904) reported rhiit supplementation of ~nushr-ool-11 bctis 1% i t t ~  [.our 

per cent  rice bran, lwc) per cent  each of celIulose and slarch I I I . O ~ I ~ C C C ~  

signil'ic;i~ltl!' Iligher yield ivl-ien compared to other s u p p l c ~ l ~ c n r ~ .  Si1i.o~ 

K u m a l  a11iI Siligll (2002) i~ - i i . c s~ iga tcd  rhe effect of difi'crent s u p ~ - r l c ~ n c ~ l r s  

such a s  ~vhr3al bran,  rice bran. g ram powder. neeIn cake and c h i c k e n  

inani~l-c un the yield of I,'ol~.crr.iclln tliplrrsicr. 

2 . 2 . 2  C'ulti! iltiotl ul' A'Iilk!~ Mushrooln (Sumtncr Mushr-uom) 

I ' r r i o r . ~  h c  in~l'it.r, (!nil k y  rn i~shroor i~ )  is all nttl-acti1.c specie.?; u,ith 

mil  k q  \I hire.  large spor-up11o1.c~ belonging to tllc hlui  I!; I ~.icholuili;~r;icc:it' 

of' lhc ~ r d c i .  Agaricalrs.  (:, intiic3cr was cultivated f ' r b t  the first time t)! 

Put-ka!,as\ha and Chandrn (1974).  Its c l~a rac tc r s  were f i r - s ~  clcscrihcd 1,. 

I'uskaya\tha n11d Cha~ldi-a ( 1985). 

I ' l t l-k;~! ;lsflla a n d  Nnynl, ( 19s 1 ) obst.1-ved ~ I I L ' I . C ; ~ S C C ~  yicI(1 ~ I I ~ I I  

n i t rogcr~c~us 5uhslr-ates \~,cr-c: i~scci i o r  cultivarion of' f ' ~ r l o c ~ l , ! ) ~ ~ .  I tivcdi r r / .  

( 1 )  ) I t i  I I  f ' i t t ~ l j ( ' i /  011 d i  I '~ .L : I .CI I (  ~ ~ ~ I - ~ C L I I ~ L I I  , I ]  



wastes. Wheat straw in combinat ion with maize m e a l  was found to bc the 

best subst ra te  for milky mushroom production giving a biological 

cf'i'lcic~~cy o f  45 per cenr. Joseph cl a / .  (1991) rcpo1-teci a b ~ o l u g ~ c a l  

efficiency of 53.3 per cent when rubber wood sawdus(  was used as ;I 

substl-ate. I-LIS thc cu i t i \~a t io i~  of sumtner tnushroom. Ralakrishiinn i ~ n d  I , i~ lu  

Das (2001)  developed n low cost tcchniquc fat cultivation oi' C' ~nrlicl ,  

~isi11g spent subs~ i -a te  of  oyster mushrooln.  

St r~r l ies  cn i~d i~c red  by Bhavann and Thornas (2(102', rt.venIcd r hi11 

i 'crmcnia~ion of' coil-pith is a n  effective p r e t r e a t m e ~ ~ t  to c n h a l ~ c c  rht. yicld 

01' mill;. rnushraom. 'l'l\c.! reported an average i ' l.esl~ mi~shl-uom 4-icld ill '  

486 .75  g per hag I\ i t11  :I I>iological cl'l'iciency of X 1 - 1 6  pcr cc11t .~ncI 

indi~:icIurll r n ~ ~ s h r o o ~ i l  \ w ~ y  h l  oi' 99.5 g. K r i s h n a t ~ ~ o u r t h s  (2003 ) ~ - ~ p o l - t ~ ~ i  

I I K  ~ i ~ l t i i ~ ~ t i o ~ ~  of  n ~ i l k !  1nt1shroot11 on a wide rallgc oK cellulosic s u h s ~ i . : i r ~  

I - I L  . paddy str-aw. m a i x  st;~ll;s. sot.gl1~1nl slalk. pamarosa grass, i , c t i \ ( r  

grass. sugarcane bagasse.. suybcan  hay and g~.oundiiul haultn and  t;ci111(i 

padd!- srs;Iw 21s the bes l  substrate for commercial p r o d ~ ~ c t i o r l .  

Clasi tlg is at1 absollrtc I-cquiremenr for proper fructification of  C '  I ~ ~ ~ ~ I ~ ~ ~ I .  

'l'c\i,at.i and T'atldcy (1094)  I-cpui-ted t h e  use of coi r  dust as  a better- c;ls111g 

~n;itrr.ial l?ccii~ise of its h igl~t ' r  ~vatct- holding ccapacit!. and porc>si~!~ 

A u c o ~ - d i ~ ~ g  t t r  D o s l ~ i  and Sha1-1ni1 (, 1095) cowdutig pattics z1t.e gotjd c.r~si:~g 

m a ~ c r ~ i a l \  K ~ . i s l i l ~ ; i ~ ~ ~ u o ~ ~ l ~ ! ~  ;i11tl M L I ~ ~ I L ~ S ~ I I I ~  ( 1997) i ~ p o ~ - t e c i  cia! t oii[n 

yariicn si l l1 o f  pl-I 8 .4  to bc 11 b c t t t . ~  casing material in  I,'(rio~.~~ho culri ~ ~ I U I I .  

I3alnli1-isli1la11 ;itlcl Lulu 11~1s (300  1 ) o b t a i ~ ~ c d  the highest yicld when catItc. 

clu~lg. si~ild ~ l n ~ l  soil i l l  1 : 1 : 1 pr-r,porrion was usctl as lllc cr~sing mrltc*r-i;~l. 

I < r i s I ~ n i ~ r ~ ~ n o ~ - ~  I]!, r.1 u/. ( 7 0 0 2 2 )  l 'oi~nd that clay loam  so^ I o f  1314 8.4 11;ii.ilig 

5 0  pci- C ~ I I L  I I I C ) ~ S ~ L I I . C  \i ;IS thc hest c n s i ~ l g  n~nt t .~ - i a l  f-ol. 1iighc.r yiclcis c ,  t' 

milky ~ ~ ~ t t ~ h r o o r n .  I!sc ul' cuirl,ith ivith two 1 x 1 .  cciit calcium carbo~~; l rc .  ;i.: 

cas ing ruatCi-ial was tllc hcst to product m a x i m u m  !.icld oi' i l - t i lk !  



mushroom (Geetha er ul. ,  2002). The optimal casing thickness for higher 

yields of rnilky mushroom was reported to be 1-2 centir t~etre ( S h a s ~ n a  ('/ ( ] I . .  

1994 and Krishnamoorthy ct a ] . ,  2002a) .  

I '~~rkayas lha  cr c l l .  ( 1 9 8  I j reported increased yield of C ' I I / C I I ~ , ~ L '  b ~ '  

urilizing I I I ~ I ~ ~ C  inual supplcrncntcc~ padck s t r aw  a s  s i~bs t sa tc .  P ~ i r k q a s t h a  

and  C 'hr t~~dra  ( 1985) usccl ricc straw anci wheat s t ra~v irl conibinaticln i r i r l ~  

n ~ a i ~ e  meal fbr- the cult ivalion of ( 'nIoc:~:be. l 'his  co i l~b ina t ion  along with 

dchycirated lucertlc was l 'u i~nd co be all ideal subst tn tc  for growing this 

~nushroom (Trivedi ec a) . ,  1091) .  Shatlna el  r , / .  (1994) repor l td  n n  

inctcasc i l l  ~ h c  biological zf'f'icienc~. by s u p p l e r ~ ~ e ~ l t i l ~ g  wheal  strat i  1% ill1 

ricc husk .  111;iir.e l-ileal, wheat I ) I - ; ~ I I .  coconut  I l ~ ~ s k  and inorgar~ ic  s a l ~ s  such 

a s  t - e S 0 4  01.  %11S04. L j ;~ l ;~kr i sh~ la~ i  rind LLIIU l)as (200 1 ) ilsCd spi.111 

s u b s r r a ~ ~ .  r ) i '  o\; 'stc~- mushroom stipplu~iit.nred with 20 per cen t  r i c e  brill1 I'or 

c ~ i l l l \ , a ~ i o ~ ~  ol' ru i lky  mushrooin a11d PI-oduced yield cc t~npa t ; t l ivc l  bcttl.1. 

t11;in tlial of' ! ~ i i ~ i d y  5 t l . a ~ .  

13iodeyr~dntion is a c o l n l ~ l c x  rlssci~lially anaeruhic fcr .n lc~~inl ion  

process L I ' I I L ' I . ~  a chain of' mictof101-a are i~l r~olvecl .  i v l ~ ~ s l ~ r o o r n  f'i~ngi HI-t. 

11alul-e's gifr whicll act 011  rl \ -a~. ic ty  of plant  polymers (cellulose. 

l ~ c ~ t ~ i c e l l u l o s c .  Iignin etc . )  by production of enzymes which degrade them.  

\.Vor)d IJr ( 1 1 .  I I 988)  reported that n l ~ ~ s l ~ ~ o o t n  degrade all n ~ a j o ~  C O I I I I > O I I ~ ~ ~ S  

of I i ~ n r ~ c e l l ~ ~ l ~ ~ s i c s  S L I C ~  as l ignin.  cc.llulc?se and hetniccllulosu t ~ ~ l i l  11a1.e ~ 1 1 1  

I I 1 I 111  ~ i r g r a d i i ~ g  tlic n a l i ~ , ~  l iyrir)ci . l l~~los~c:s 

W I I I I ~ L I I  1 1 1 ~ r i I 1  ~ , i . c - f r - ca tn~c~ l t ,  l ' t ~ c .  JCgr;idariun of' r :ornl~lcs I i g i ~ u c c I I u I o s ~ ~ s  

\,i*nsrc.j h! I ! I I , I - O U ~ ~ ; I ~ I ~ S I ~  131-2t11 i ir lxn(is  on t l ~ c  s y ~ ~ u ~ - g i s r i c  riction 0 1 '  

c 1 I r ~ 1  cel IuIrll- <11;1~~rncs I i kc 1ig11:1scs. c~cIIulascs ii11ii  hc1n1ceI1uIasc.s. '1 hcsc 

e n v ~ n c s  : ~ r c  r : I ~ i i ~ ~ a ~ t ~ ~ i ~ ~ i c i i I I !  p ~ - o ~ l ~ i c r d  by highel. f u ~ l g i  ~ ) ; i ~ ' t i c ~ ~ l ; ~ r l y  ~ h c  
. , 

wooci ~ l ~ g i - ; ~ ~ : i t ~ g  hasiciiolnycetes ( l ' h ; l k u ~ -  r 3 /  r r l . ,  2002) .  



2.3.1 Pfe~rrofns  spp. 

Jandaik and Kapoor (1975) reported that P. sajor-cajzt could degrade 

banana pseudostem, milled cobs and paddy straw. Bano et  ul. (1  979) 

recorded higher levels of degradation of rice straw, when P. flubellarus 

was grown on it. Among the various white rot basidiomycetes, Pleuroius 

spp. was reported to be the most efficient colonizers and degraders of 

lignocellulosics (Rajarathnam et al . ,  1987; Chang and Miles, 1989). 

Theradimani and Marimuthu (1  99 1 )  reported that P. platypus was efficient 

in reducing C : N ratio, lignin and cellulose content when inoculated into 

coirpith. Similar observation were also recorded with P. sajor-caju by Rai 

and Saxena (1991) and obtained a direct correlation between the amount of 

enzyme production and fruit body formation. Degradation of lignoce~lulosic 

biomass of water hyacinth by P. ostreatus and P. sajor-caju was reported by 

Ghosh and Nandi (1995) and P. djnmor and P. oslreatus by Sharma el nl. 

(1 999). 

Geetha and Sivaprakasam ( 1  998a) elaborated the enzyme production 

potential of P. citrinopilealus and P. djamor in the biodegradation of 

lignocellufosic substrate. Paddy straw followed by a combination of 

paddy straw and paper waste showed higher rate of cellulose reduction 

indicating that substrate rich in cellulose was preferred by the fungi. P. djumor 

recorded higher rate of cellulose degradation while P.  citrinopilearus 

recorded higher Iignin degradation. Sharma et al. (1999) reported 

high cellulase activity in P. osfreatus WC 598 compared to P. djamor 

R 22 indicating a correlation between bioIogical efficiency and cellulase 

activity. 

Ramamoorthy el  a/. ( 1  999) reported that C,'. indicu was least 

effective in cuirpitll degradation. Only 6.89 per cent reduction of 

cellulose over control was found on coirpith degraded by this fungus. 



C' indiucr produces ccllulases, laccases and polyphcnol oxidascs d u r i n g  

~ h c i r  g rowl l~  on substrate (Krishnamoorthy ef  a / . ,  2002b). Anandh and 

P ~ ~ a k a s a m  (2002)  studied the e i ~ z y ~ n o l o g y  and subslratc degrada t~o l l  

pattern of wild cdiblc mushrnorn such as T?.iuholot~~r/ Iohl/yr:'n.c~' ( S I  and 

U'(.'I. ), 7' S ~ ~ L I I I I L J L I I H  (IiK13M alld W MM).  I '  I ~ I ~ ~ C ' L I  ( S M M  and AI'I<2) 

and ( ' gr(r~i7bo.sr1 (llIjS and VMM)  and  showed that d r y  matter. ce l l i~ losc  

a ~ ~ r l  tigrirn ii'crc degradud by ( l i t  n-iushrc~om accessions at a i;~stcr 1;1tc 

duj-in: I ~ L '  i l ~ i l i i j l  C U ~ ~ I ~ ~ L ~ I I I L ~ I ~  of  the s ~ ~ b s t r a ~ r s  I ) l l o ~ k c d  hy a stci~ci! 

dccrc;~sc. i n  C.' : N ratio. 

K r i s h n i ~ ~ n n o r t h y  c !  vl. (20O2b) reported liighcr levels 01' cxo II I ICI  

cndo-cell  ~ ~ l ; i s c s  p r o d ~ ~ c i i o r l  h), I '. ir7riir:o (on padd? sir;~w. s o r g h ~ ~ r n  sr :)I 1;s 

and  m a i m  s ta lks  whereas laccasc p r o d u c ~ i o n  was higher i n  blricl;grii~-il IILI!. 

anci soyhcurl hi? and  I ~ j g h  p o l ~ ~ p l ~ c n o l  osidasc activity \\:r-is I . O L I [ I C ~  011 

saivdus1, ~ S O L I ~ I ~ I I L ~ (  I ~ C I L I ~ I I I S .  C ~ C .  shoiving a ~ ~ ~ s i t i v r :  c o r r e l ; i ~ i ~ ~ ~  bct\zc*cil 

prucluc-tiori u f  cirqvmt. and yicld. Rcc,jii 1.1 ( I / .  (2002)  stildicd the ~,attel-n 0 1 '  

degl-r~dnlion 0 1 '  cir! irialrcr, ccllrllclsc and  l isn in c o ~ l t c n t  of' cc> i r l~ i r t~  

i11oc~11;itcci ~ ~ i t l ~  i', i r /J icht{ .  

Olii ( I /  r t l .  ( 108 3) I - C ~ X > I . ~ C ( ~  the bi odcgradar io~l  oc sol't wood l igni n :111il 

euaiacyl glyccrcll-bcra guaiacq 1 uthur hy means  o f  L-srl-a ce l lu la r  c ~ - t ~ y j i l c  i I I  
L 

thc case of I . ~ : I ~ ~ I / I ! I . S  cdodas. I.aler. Pilr-tnchottc ( I OS4) i ic i r io~~st ra tud t h ~ ~ r  

selective deliy~ii ' icatiun is morc p~.ovalent arnong white ro t  Ilingi. 111 lllc 

casc of' biodtgi-adation of' l i g t ~ o c ~ l l ~ r l o s c s  such coltr l~l-gin ti-ash.  t h c  

fungus  l '~1~c~17opr~1~111~ c~i17t1r/hr/t.i/~rt.\ d i d  11ot rapid\> ~-c.i i~ovc I ignin c ~ l l l p i i l - ~ d  

lo r ~ r h ~ i -  l i ~ l , ~ ~ r i c c l l ~ i l o ~ t  L ' O ~ I I ~ O ~ I L ' I I ~ S  ;IS I .L 'POSIC>C~ 17). S [ I ~ I ~ C I - I ; I I I ~  ( 1 0 8 4 1  

II11ncs t J t  1 .  ( 1084)  o I ~ \ c ~ ~ \ ~ ~ d  ~IIIII I i g n o c . ~ . I I ~ ~ l o I ~ ~ i c .  c ~ l ~ x ~ ~ ~ ~ h  r ) I  

I ) / I ( ~ ~ I L , I . O L ~ / I ~ I ~ ~ I ~ J  ~ ~ I I I . . ~ : . s o , Y / ) o I - I ~ I I I ?  u <I-V ~ I L : I  I biitcii I 1 1  r l l c  ~ ) I - C S C I I C ~  1' I igli in 

Asura  u11d S;i~~clllti ( 1 9 8 5 )  111 their- sluciy obsci-1c.d hasidlu~~i!,ci.lc:, t r )  I,(. 

hct tc~.  I ~ C L ; I S C '  ])I-od~1crl.s arld ~ i i ~ c * o ~ n p o s c r s  of' \\-nail :: lignii-1 11>;1n o~ l l c t ,  



fungal groups and degraded sawdust causing a total weight loss of seven 

to eight per cent and a l ignin loss of  uplo I0  per cent in 30 days. Geiget. 

el ul. (1986) i n  their study observed that in the case of biodegradation of 

rubbe r  bvood, Rigiduporus l ignost~s has a better tendency to degrade I ignin 

while Phellinus noxius preferentially degraded the polysaccharide 

fraction. 

2.3.4 Biodegradation by Native Microflora 

Masroor and Biharilal (2002) reported the role of different 

actinomycetes, fungi and bacteria in biodegradation of agricultural wastes. 

Among fungi, Aspergilius flavus, A.  ferreus, A ,  niger, Rhizopus s f o I o n ~ e r ,  

Chaeromium olivaceurn, Psnicillium chrysogenum, P. oxalicum, 

Trichorhecium roseurn and Trichoderma viride were found to be effective 

degraders. Savithri and Khan (1994) isolated different organisms viz . ,  

Aspergillus sp.,  Streptomyces sp. ,  Penicillium sp. and Trichodermu sp. 

from native coirpith. Among them Trichodermu sp. and Aspergillus sp.  

were found to be potent degraders as they reduced the C : N ratio to its 

lowest values. Ramamoorthy e! al. (2000) observed A.  niger as an 

effective biodegrader of coirpith among the native microflora studied, 

followed by A ,  flavus, PeniciIlium sp., Fusariun~ sp. etc. Shirkot et  ul. 

(2001) could isolate cellulolytic fungi such as Trichodermu sp.,  

Cladobofrym verticil/atum and Papulospora byssipla from mushroom 

compost which were able to degrade cellulose for their growth by 

producing a complete set of cellulase enzymes. 

2.4 COIRPITH 

The pith material forming non-fibrous tissues of the husk is 

generally referred to as coirpith or as cocopeat (Bhowmic and Debnath, 

1985). Annual production of coirpith in India is about 7.5 million tonnes 

(Kamaraj, 1994), out of which 11 lakh metric tonnes is from Kerala alone 

(Reeja er al . ,  2002) and a major portion of these goes unutilized. 



Raw coirpith (RCP) is a recalcitrant l ignocellulosic ci7astc and 

contains 8 - 12 per cenl soluhle t ann ins  like phenolics (Fan or r r l . .  1982) 

that  inhib i t  plant  growth and ~nicrobial activity by immobi1iz.in.g nitrogen 

dur ing polymerization (Nagarajan c! al. ,  1990). Savithri and Khan  (1993) 

~ , e p u ~ - t e d  lllar the cu~npos i t ion  o f  coirpith varies depending upon v i i r i o i ~ s  

i.actors such as i'ertility stalus of' coconut  garden. mclhad of exil-r1c.r i c ~ l l ,  

d isposal .  t i l t l e  ui' collection and cuvil-onmental f'acro1-s. C'onipostlllg 0 1  

c o i r p i ~ h  helps i 11 cieluxii'ying phenolic co rnpou~~ds ,  reducing tllc h ~ ~ l l i i  IIL'SS 

of lhc  ~na te r i a l  and  cuni'el.ti11g 111c plant nutrient ~u ;i t 'orn~ ~iloi-L. 1 . ~ , i i l l l !  

a i~a i lob le  10 p l a l ~ t  ( R a m a r n c ~ n s ~ h ~ ~  ct ur., 2000). 

'I'llayunlanavall ( 1  982) rcpol-tcd I l~al  cxtraccllular  unzyillcs o t' i'urlgti:, 

play a major rolc in tlic dugradation of  strucrural c lc~ncnts  s u c l ~  as 

cellulose., hcn~icel lu lose .  l i g ~ ~ i i l  rind pectiil in nalul-a1 s u b s t r u ~ c s .  I 'hc 

cnzy  [nc system 0 1 o 1  s p p .  ~ I I V O I V L ' ~  i t 1  I - a  oi 

lignoccllulusic substrates arc' ~ " ~ ~ d i ~ g l ~ l c o ~ ~ a s e ,  I3-gl ucosldase. ~ , I ; I I I ; ) S C .  

l a m i ~ ~ a r i n a s e ,  laccase a n d  polyphc.1101 oxidast: ( M a d a n  and Uis;il.i;~. I 9S.: 

and I < ~ j a r a t h n a m  P I  u1.. 1087). 

Coirpith is a recnlcirranr ; t y o  rcsidue c o n r ~ ~ i ~ l i n g  high ; ~ I I I O L I I I ~  O I '  

lignitl and  cellulost. ~-es is t ing dtcolnposi t ion by n ~ i c i - o o r g a n l s ~ n  uildcl. 

natural c o n d i ~ i o ~ l s .  I3rganisms belonging to basiclionlycetous fung i  lil.;cl 

m l ~ s l l s o o n ~ s  are capablc 01' dcgraciing cuirpith.  Solne  specics of' ~ ' / L > ~ I I . O I ~ I . \  

11ad thc capability of producing laccrise which degradcci prlrt ot' cc-llulosc 

:r11d l ignin prcst.rlt i l l  coir L~IISI ( l icddy.  1985 a n d  h!agari~,jan ( 1 1  r r l  . 1 O S 5 )  

/ ' / c ~ i ~ ' < i l ~ / ~ ~  sp]>. i i 1 . t  111051 i ~ c ~ - ~ ; \ l i l e  ~ I I ~ I S ~ I - U O I I ~  C ~ L ~ L I I ~ ~ L  Of- L ~ ~ ~ I I ~ L I I I ~  ; I I I C ~  

degrading ii \ i~rict?. oi' lig11occ.l l ulos ic. ivaste m;i~c.rials ( C ' l ~ n ~ l s  a n d  hli lcs.  

I 8 I 11triidiniu111 and h4ar1 tn 11r11u ( 190 1 ) :~s.rc.sst.d IIIC ~l ' l ' ic;i~! '  0 I' ';c\ c[1 

species uf' / ' / r ~ / / / . , ~ ! ~ ~ . ~ ,  I ' o l ~ . c r / - i c ~ i i o  I * O / I ! L I L ' C L /  ;111d I ) I I C  / ' o / ~ ~ ) u I ~ L ~ , \ ~  517 011 

c o l l ~ ~ c ~ s l i l l g  of' coirpitll. A I I I O I I ~  t l~c  I I I ~ I S ~ I ~ O O I ~ I S  l cs [ec i .  1' ~ ) / L / [ I ~ ) I / , Y  



found to be an efficient degrader of coirpith. Biodegradation of coirpith 

using the oyster mushroom 1'. sujor-cajtc was reported by Vijayakumari cr a / .  

(1991); Suharban et al. (1997) and Owseph (1999). Nallathambi and 

Marirnuthu (1993)  reported P. platypus to be a potent mushroom for 

organic recycling of agricultural wastes. Bioconversion of agrowastes by 

P. jlfloridcr has been reported by Veena SavaIgi er al. ( 1994). 

The degradation potential of P. djamor and P. citrinopileutus on 

various lignocellulosic materials were studied by Geetha and 

Sivaprakasarn (1 998b). Ramamoorthy er al.  (1  999) assessed the efficacy 

of degradation of coirpith by Pleirrofus sp. viz.. P, djamor, P. citrinupilecrtus 

and P. eous and they found that among the fungi tested, P. @amor 

degraded the coirpith to the maximum level by decreasing the cellulose, 

lignin and organic carbon content. Sharma et a / .  (1999) studied the 

biological efficiency and cellulase activities of early and late fruiting 

PIeurotus spp, viz. ,  P. djamor and P. osfreatus on paddy straw and found 

that both the species were capable of degrading lignin, cellulose and 

hemicellulose components of straw. 

Owseph er a / .  (2001) assessed the lignocellulose degradation by 

oyster mushroom and found that P. sajor-caju was the most effective 

degrader of cellulose and lignin. Reeja (2002) reported that P. eolts and 

P. sajor-caju were effective degraders of cellulose and lignin in coirpith. 

Ramamoorthy et a / .  (1 999) reported that C. indica was the least effective 

fungus when compared to PIeuroius sp. in degradation of cellulose and Iignin 

component of coirpith. Enzyme related biodegradative potential of C. indica 

was studied by Krishnamoorthy et at. (2002b). 

The C : N ratio plays an important role in the decomposition of any 

organic matter. Cornposting narrowed down the C : N ratio and reduced 



cellulose and lignin content. If the material has wider C : N ratio, then i t  

will decotnpose very s l o i v l ~ ~  and iminobilization of ilutrier~ts niay take 

place. 

Microorganism required carbon for growth and N for protein 

synthesis. On an average, they utilize 30 parts of carbon per one part of 

N.  Therefore CIN ratio of 30: 1 was desirable for composting. If i t  was 

above 35 ,  then the process become inefficient and require more time for 

completion. If it was below 26,  the excess N was converted to NH3 and 

wasted into atmosphere (Poincelot, 1974). Cappaert er ul. ( 1  q76) 

recorded a C : N ratio of 25 to 3 5  per cent to be optimum for cornposted 

organic matter. By proper adjustment of C/N ratio, agricultural wastes 

could be profitably recycled with greater degree of enrichment. 

Nagarajan et a / .  ( 1  9 8 5 )  reported that coirpith having a C : N ratio of 

24 : 1 could be used as good source of organic matter for field crops. 

They also found that organic C content was reduced from 29 per cent to 

24.5 per cent while the N content increased from 0.26 per cent to 1.06 per 

cent during decomposition. 

Theradimani and Marirnuthu ( I  992) reported P. platypus as the most 

efficient degrader of  coirpith. It could narrow down C : N ratio from 104 : 

1 to 18 : 1 .  ~allat&mbi and Marirnuthu (1993) reported that P. plarypus 

was very efficient in decreasing organic carbon and increasing N content 

of the substrate after 15  days of inoculation. Organic carbon content 

decreased from 45 per cent to 36.6 per cent and N content increased from 

0.32 to 1.19 per cent. 

According to Alexander (19771, a C : N ratio of less than 20 : 1 

served as an indicator of the maturity and stability of organic substrate. 

Biddappa et al. (1998) reported that C : N ratio of coirpith was reduced to 

13.04 : 1 from 103.4 : 1 ,  after composting with P. sajor-caju for a period 

of two months. During this period N content of  coirpith increased from 



0.29 per cent to 1.92 percent and organic C content decreased from 29.88 

to 25.24 per cent. 

According to Ramanloorthy et al. (1999) P. djnmor decreased the 

organic C content to the maxinlum i , e . ,  23.14 per cent and increased the N 

content to maximum level i. e., 1.15 per cent. The C : N was ratio decreased 

to 20 : 1. Kadalli and Nair (2000) reported that while cornposting with 

Pleurotus spp. the C : N ratio of raw coir dust was decreased to 34.19 per 

cent from 112.9 per cent. Ramamoorthy el  al. (2000) studied the efficacy 

of native microflora -viz., Aspergillus niger, Penicillium sp., Fusnrium sp., 

Srreptornyces spp. and Bacillus sp. in degrading coconut coirpith and 

found that A. nige~ .  brought about maximum degradation. It reduced C : 

N ratio from 109 : I to 39:l .  Reeja (2002) reported that the maximum 

reduction in organic carbon and C : N ratio was brought about by P. eous 

whereas increase in nitrogen was brought about by C. indicu-2 in both 

retted and non-retted coirpith. 

2.4.1.2 Cellulose Degruhtion 

Cellulose, the most abundant carbohydrate produced by plants in the 

biosphere, is a linear polymer of glucose units linked by P - I ,  4 glycosidic 

linkages. Cellulose content of the substrate was reduced following the 

growth of Pleurotus spp. (Zadrazil, 1978; Rajarathnam et a l . ,  1979 and 

Moorthy, 1981). This is due to the enzyme ceilulase which plays a major 

role in the degradation and recycling of cellulose (Beguin and Anbert, 

1985). Degradation of coirpith with Pleurolus spp. reduced the cellulose 

content to 10.1 percent from 26.5 per cent (Nagarajan el ul., 1985).  

Among the different species of Plezaroius sp.,  maximum yield and 

cellulolytic enzyme production was noticed in P. florida (Joseph el  uI., 

1991). Rai and Saxena (1991) reported a direct correlation between 

enzyme production and fruit body formation in the case of P. s~qor-cuju. 



Theradimani and Marimuthu (199 1 ) reported the efficacy of 

P. plutypirs i n  reducing the cellulose content from 27 to 11.2  per cent, 

when inoculated into coconut coirpith. Theradimani and Marimuthu 

(1  992) found maximum reduction of cellulose at 35 days of inoculation of 

coirpith by Pleurorus spp. P, platypus brought about 58.6 per cent 

decrease of cellulose over control. Reduction of cellulose content of the 

substrate following the inoculation with Pleurotus spp, was reported by 

Geetha ( 1  994). Later Geetha and Sivaprakasam ( 1  997) reported that 

substrates rich in cellulose are preferred by the fungus and a higher rate of 

cellulose degradation was recorded by P, a'jamor when inoculated into 

different substrates indicating that P. cijamor elaborated maximum amount 

of cellulase and laccase enzymes. 

Owseph (1999) reported that the cellulose content of retted and non- 

retted coirpith decreased to 1 1.26 and 22,50 per cent from 25.50 per cent and 

36.30 per cent respectively after 30 days of incubation. Maximum per cent 

of cellulose reduction was recorded in retted coirpith on 301h day of 

incubation with P, sajor-caju. Ramamoorthy et al. (1999) reported that 

P, djarnor degraded the cellulose of coirpith to maximum level by producing 

endocellulases (c 1) and exocellulases (cx) enzyme activity which lead to the 

reduction of cellulose content of 62.2 per cent over control. In the same 

study C, indica was found to be least effective in reducing cellulose which 

was about 6.89 per cent reduction over control. 

KadaIIi and Nair (2000) reported that cellulose content of coirpith 

reduced from 35.5 1 per cent to 18.8 1 per cent after an incubation period of 

120 days. Owseph et  al. (2001) found that P. sajor-caju was the most 

effective degrader of cellulose. Enzyme related biodegradation potential 

and reduction of cellulose content by C, indica was reported by 

Krisl~namoorthy et a/.  (2002b). Reeja (2002) found that P. eous and 

P. scrjor-cuju were very good decomposers of cellulose in the case of 

retted coirpith. 



It is estimated that the planet currently contains 3 x 10" m e ~ r i c  

tonnes of lignin with an annual biosynthetic rate of approximately 2 x 10" 

tonnes (Argyropoulos and Menachem, 1997). Lignin is a very complex 

structure formed by the oxidative polymerization of coumaril, coniferyl 

and synapyl alchohol (Kirk and Farrell, 1987 and Boominathan and 

Reddy, 1992). Lignocellulosic materials comprise about 95 per cent of 

earth's land based biomass, about 25  per cent of which is lignin 

(Janshekar and Fiechter, 1 985). In general, tremendous amount of lignin 

produced annually from photosynthesis is balanced by the amount of lignin 

that is decomposed by microorganism. Lignin degradation is important on 

global recycling of carbon because of the great abundance of lignin in the 

biosphere and also it is an important factor determining the degradation of 

cellulose and other palysaccharides (Kirk and Farrell, 1987). 

Complete degradation of lignin may be the result of co-operative 

action of various fungi, bacteria and other microflora in the soil 

(Janshekar and Fiechter, 1983). Fungi still remain the most studied 

organism of all the other inhabitants of the soil. Based on the type of 

decay, the fungi were classified as white rot, brown rot and soft rot. It is 

generally recognized that the lignin are first attacked by basidiomycetes 

and are substantially degraded by ascomycetes and fungi imperfecti. The 

wood decaying fungi of white rot type are mainly responsible for 

degradation of the lignocellulosics in forest litter (Kawase, 1962; Kirk and 

Farrell, 1987). 

Thayumanavan (1982) reported that the enzymes frequently 

associated with lignin degradation in nature were phenol oxidases 

(tyrosinase and laccase). Enzymology of lignin degradation in coir dust 

by P. sajor-caju was studied by Reddy ( 1  985). He observed that P. sujor-cyju 

had the capacity to produce laccase and degrade part of cellulose and 



lignin present in coirpi t l~.  The con~rnonly cultivated or wild mushroom 

fungi can utilize lignocellulose as carbon source. Thus they too have a 

potential in the bioconversion of lignin. According to Hiroi (1981) 

P, osrreutus could degrade wood lignin upto 34.5 per cent. Nagarajan et  

a/ .  (1985) reported 84 per cent reduction in lignin content after 

cornposting raw coirpith with Pleurotus spp. 

Beg el al. (1986)  reported that P. sajor-caju could reduce husk 

lignin to the extent of 40.9 per cent. Boominathan and Reddy (1992) 

reported that lignin degradation was occurred by secondary metabolism 

when the essential nutrients are exhausted and growth ceases. Lignin 

mineralization was optimal at neutral to slightly acidic pH whereas 

lignocellulose degradation with lignin solublization and acid precipitable 

polymeric lignin production was promoted at alkaline pH with 

Streptomyces viridosporus (Pometto and Crawford, 1986). 

According to Leal-lara el al. (1989)  genetically improved strain of 

P. ostreatus could degrade 46 per cent lignin and 30 per cent hexose as 

compared to the potential strains which could degrade 44 per cent of both 

cellulose and lignin after 50 da$s of incubation. 

Theradimadi and Marimuthu ( I  99 1 ) studied the efficacy of Plezrrvtus spp., 

I/ .  volvuceu and Po(yporus sp. in degrading lignin content in coirpith. P. su/or- 

caju brought about 82.26 per cent reduction in lignin content. Geetha and 

Sivaprakasam (1 998a) observed that P. ciirinopi/eatus degraded lignin more 

effectively compared to P, djamor. Owseph (1999) obtained maximum 

per cent lignin degradation by P. sajor-coju in retted coirpith on 30Ih day 

of solid state fermentation. Ramamoorthy et al. (1999) tested the efficacy 

of P. djamor, P, citrinopileatus, P .  eous and C. indica on degradation 

of lignin present on coirpith and found that among the mushrooms tested 

P. djamor decreased the lignin content to 6.25 per cent i .e . ,  77 .87  per cent 

reduction over control. C. indica was least effective in degradation of 



l ignin c o n t c n ~  i n  c o i ~ . p i l l ~ .  Kadall i  and Nair (2000) reportcd 1ha1 al'tcs 

cornposting wit11 P/~~lo-oiz~,s spp. the lignin conlent was reduced to 34.01 

per- c e n t  from 48.91 per cent. Krishnamoorthy et a / .  (2002b) reported t h e  

narrowing of C : I, ratio in the substrates tested after studying the enzyme 

related biodegradative potential of C,  indiccr. Reeja (2002) reported the 

mas  i mum I ignin degradation on non-retted coirpith by P .  scijor--~-crj~r and 

I', e o  11s. 



MATERIALS AND METHODS 



3. MATERIALS A N D  METHODS 

3 . 1  1SOI.ATION OF LIGNOCELLULOLYTIC FUNGI F R O M  NATIVI: 

COIRPITH 

3.1.1 ColIection o f  Coirpitll Samples 

The nlaterials leftover after extraction of coir fibre from the coco~lut husk. 

I ~ I Z . ,  which composed of coconut coirpith along with smal I bits of coir fibres. 

were collected fro111 the dumping yards of coir factories. Retted coirpith was 

collected from Vazhamuttain area of Thiruvananthapuranl district of' Kerala 

state, while the non-retted coirpith was collected from Thiruvithamcode district 

of Tamil Nadu and con~posted coirpith was obtained from Instructional Farm, 

College of Agriculture, Vellayani, Thiruvananthapuram district of Kerala 

State. 

Lignocellulolytic fungi from native coirpith (retted) were isolated by 

adopting serial dilution plate technique (Johnson and Curl, 1972). 

One gram of coirpith sai~lple  (retted coirpith) was taken in a 250 ml 

conical flask coiltaini~lg 100 ml  of sterile water. The contents of the flask 

were shaken for 20 minutes using a rotary shaker. One ml of th i s  ivas 

taken using a sterile pipette and transferred into a series of test tubes 

containing 9 ml of sterile water to get dilutions of lo", loL2, and lom4. 

Inorder to assess the number of fungi, one ml from dilution was 

transferred into sterile petridishes and Rosebengal agar was added. It was 

allowed i t  to solidify and incubated under room temperature for 24  hours 

or fungal c o l o ~ ~ i e s  to appear. 

3 .2  COLLECTION AND ISOLATION OF WOOD INHABITING 

MUSHROOM FLORA 

A s u r v e y  was conducted in  different parts of T l ~ i r u v a ~ ~ a n r l ~ a p u r a m  

dist~+icts viz . .  Nedumangadrr. Palode. Anchal. Venganoor and 1'echip;il.a of 



Tamil Nadu and mushrooms were collected from decayed plant parts and 

tree stumps. The morphological and taxononlic characters of these 

nlushrooms were studied. 

Mushrooms were isolated by adopting tissue culture method. 

Medium sized healthy mushroom sporocarp was surface sterilized by 

wiping it  with cotton dipped in 70 per cent alcohol. The mushroom was 

split open 1ongitudinaIIy and a small bit of the tissue from the exposed 

surface was scooped out with the help of a sterile forceps or an 

inoculation needle and transferred to Potato Dextrose Agar (FDA) slants 

under aseptic conditions and incubated under room temperature (28 & 4°C) 

for four days. The growth obtained from this was then purified by the 

hyphaf tip method and maintained on PDA slants by periodic subculturing. 

3 . 3  SCREENING OF THE ISOLATED CULTURES FOR SELECTING 

THE MOST EFFICIENT FUNGI FOR DEGRADATION 

Retted coirpith (300g) was taken in polypropylene bags of size 

7 x 15", plugged with cotton after inserting a PVC ring of 1 %" diameter 

and steam sterilized by autoclaving at 1.05 kg ~ r n ' ~  for one hour. The 

sterilized coirpith was inoculated by transferring myceliat bits under 

asceptic conditions. The inoculated bags were kept under room 

temperature and observations were recorded regarding: 

I .  Nature of myceliaI growth on coirpith 

2. Time taken for,complete colonization of coirpith 

3 .  Carbon content of  coirpith 

4.  Nitrogen content of coirpith 

5 .  Cellulose content of coirpith 

6 .  Lignin content of coirpith 



3.3.1 Assay of Organic Carbon 

The organic carbon content of the coirpith sa~nples  was estimated 

following Walkley and Black's rapid titration method (Jackson, 1973). 

One hundred milligram of coirpith sample which passed through 

0.5 mm sieve was taken in 500 ml Erlenmeyer flask. Twenty mi potassium 

dichromate (IN) and 40 ml concentrated sulphuric acid were added and kept 

aside for 30 minutes for completing the reaction. Two hundred ml distilled 

water was added after 30 minutes to stop the reaction and the content of the 

flask was back titrated with standard ferrous sulphate solution using ferroin 

indicator. A blank titration was simultaneously carried out and the volume of 

ferrous sulphate consumed for the blank was determined. 

3.3.2 Assay of Total Nitrogen 

The total nitrogen content of the coirpith samples was estimated by 

modified Microkjeldahl method (Jackson, 1973). 

This method involved two steps : 

i) Digestion of sample to convert organic form of nitrogen to ammonia 

ii) Determination of ammonia in digest (distillation) 

Five hundred mg of ground coirpith sample was digested with 10 ml 

concentrated sulphuric acid and catalyst "Kjeltabs Cd3.5" (3.5 g KzS04 + 

0.4 g CuS04 5H20) in a Kjeltech system. The digested sample was made 

upto 100 ml using distilled water. From this 10 rnl was taken for 

distillation in the Kjeltech distillation unit. The liberated ammonia was 

collected in 20 ml of four per cent boric acid with two to three drops of 

mixed indicator. After distillation, the contents of the flask was titrated 

against 0.0 1 N hydrochloric acid. 

3.3.3 Assay of Cellulose 

Cellulose content of coirpith sample was estimated by adopting the 

method described by Updegraff (1969). 



One hundred mg of oven dried sampIe was mixed with three ml 

acetic : nitric reagent [150 ml (80 %) : 15 n ~ l ]  in a test tube. The tube 

was placed in a water bath at 100°C for 30 minutes. The contents of the 

tube was centrifuged at 8000 rpm for 15 minutes. The supernatant was 

discarded and the residue washed in distilled water. Ten mt of 67 per cent 

sulphuric acid was added to the residue and allowed to stand for one hour. 

From this one ml was taken and diluted to 100 ml. Ten ml of anthrone 

reagent was added to one ml of this diluted solution and kept in a boiling 

water bath for 10 minutes. After cooling the transmission was measured 

in a spectrophotometer at 630 nm. Anthrone reagent with distilled water 

served as the blank. 

A standard curve with cellulose was prepared. One hundred mg 

cellulose was taken in test tube and 67 per cent sulphuric acid was added. 

This was allowed to stand for one hour. From this one ml was taken and 

diluted to 100 ml and a series of volumes (0.4 to 2 ml corresponding to 

40-200 pg of cellulose) was taken. To this 10 ml anthrone reagent was 

added, kept in boiling water bath for I0 minutes, cooled and transmission 

was measured at 630 nm. 

3.3.4 Assay of  Lignin 

The lignin content of coirpith sample was determined as per the 

procedure outlined by Prasad and Govindarajan (200 1 ). 

Two hundred mg ground coirpith sample was weighed out and one 

ml of 72 per cent sulphuric acid was added for each 100 mg of sample. 

Then the mixture was placed in a water bath at 30 f 5°C and stirred 

frequently. After one hour the sample was diluted with 28 rnl of water per 

mi of acid and the contents were transferred to 125 ml flask and 

hydrolysed again by autoclaving at 12Q°C for one hour. The hot solution 

was filtered through a tared Gooch crucible. This filtrate (Kalson lignin 

residue) was washed with water to remove the acid. Crucibles containing 



samples were dried to constant weight at 105°C and the lignin content was 

expressed as per cent of the original sample. 

3.4 STANDARDISATION OF TECHNIQUES FOR MUSHROOM 

PRODUCTION ON COIRPITH 

3.4.1 Spawn Preparation 

Paddy grain spawn of Pleurotus j7orida and Caiocybe Indicu were 

prepared by adopting the method described by Sinden ( 1  932, 1934). 

Paddy grains were boiled in water t i l l  the husk splits. After draining 

excess water, it was mixed with CaC03 at the rate of 50 g per kg of paddy 

grain to prevent adhesion of grains and for optimizing the pH for spawn 

run. Glucose drip bottles of 750 ml capacity or polypropylene cover were 

filled with the grains to two third of its capacity, plugged with cotton and 

autoclaved at 1.05 kg/crn2 for two hours. Inoculation of the grains with 

pure culture of P. florid0 and C. indica were carried out and incubated at 

room temperature 28 f 4°C. The nature of  growth and time taken for 

completing mycelial colonization of the grains were recorded. The spawn 

thus prepared was utilized for laying out mushroom beds. 

3.4.2 Preparation of Mushroom Beds 

Three different substrates were tried for mushroom production viz., 

retted coirpith, non-retted coirpith, coirpith compost. 

Table 1 Effect of retted, non-retted and cornposted coirpith on yield of 

oyster and milky mushroom 

Substrate 

Retted coirpith 

Non-retted coirpith 

Cornposted coirpith 

Oyster mushroom 
yield (g) 

58.25 

42.55 

- 

Milky mushroom 
yield (g) 

3 8 . 2 5  

58.45 



Preliminary studies on the suitability of retted, non-retted and 

con~posted coirpith on mushroom production was conducted and the 

results indicated the unsuitability of the same as observed by poor 

mycelial growth and sporophore production. Hence these were not 

included in the list of treatments and paddy straw was maintained as 

control. The different treatment combinations included were : 

Treatment 
No. 

TI 

T2 

T3 

T4 

Ts 

T6 

T 7 

T8 

T9 

T 1 

T2 

T3 

T4 

T5 

T6 

T7 

Ta 

Treatment combinations 

Rettcd coirpith + Paddy straw (3  : 1) 

Retted coirpith + Paddy straw ( 1  : 1) 

Retted coirpith + Paddy straw ( 1  : 3) 

Retted coirpith + Spent mushroom substrate (3  : 1 )  

Retted coirpith + Spent mushroom substrate (1 : 1 )  

Retted coirpith + Spent mushroom substrate (1 : 3) 

Retted coirpith + Cellulose 2 % 

Retted coirpith + Starch 2 % 

Retted coirpith + Neem cake 4 % 

Non-retted coirpith + Paddy straw (3 : 1)  

Non-retted coirpith + Paddy straw ( 1  : 1)  

Non-retted coirpith + Paddy straw (1 : 3) 

Non-retted coirpith + Spent mushroom substrate (3 : I )  

Non-retted coirpith + Spent mushroom substrate ( 1  : 1) 

Non-retted coirpith + Spent mushroom substrate (1 : 3) 

Non-retted coirpith + Cellulose 2 % 

Non-retted coirpith + Starch 2 % 



Mushroom beds were prepared folIowing the compact polybag 

method described by Baskaran el  al. (1978). Retted and non retted 

coirpith were soaked in a solution of 0.1 per cent quick lime (calcium 

oxide) for seven days, after that the substrates were taken out and 

sterilized chemically by treating with a mixture of 500 ppm formalin and 

75  ppm bavistin (Carbendazim 50% WP) for 18 hours (Gokulapalan er al., 

1989). The excess water was drained out and beds were laid out 

following poly bag method. Paddy straw and spent mushroom substrate 

were steriIized by following the chemical method of sterilization as 

explained above. 

Ts 

TI 

Tz 

T3 

T4 

T5 

T6 

T7 

Ts 

T9 

The different supplements viz., neem cake, starch and cellulose were 

sterilized by autoclaving at 1.05 kg cmm2 for one hour and mixed with 

substrate (as per the given ratio) after cooling. 

Non-retted coirpith + Neem cake 4 % 

Coirpith compost + Paddy straw (3 : 1 )  

Coirpith compost + Paddy straw ( 1  : 1 )  

Coirpith compost + Paddy straw ( I  : 3) 

Coirpith compost + Spent mushroom substrate (3  : 1) 

~ o i r ~ i t h ' c o m ~ o s t  + Spent mushroom substrate ( 1  : 1 )  

Coirpith compost + Spent mushroom substrate ( 1  : 3)  

Coirpith compost + Cellulose 2 % 

Coirpith compost + Starch 2 % 

Coirpith compost + Neem cake 4 % 

Polythene tubes of 100 guage thickness and 60 x 30 cm in size were 

used to prepare the beds. Two holes of one cm diameter were made at the 

centre of  the tube for permitting air circulation. For preparing one bed 

500 g of substrate (when dried) and 150 g spawn were used. First layer of 



Plak 1 Cultivation trials on Oyster mushroom (P. florida) 

m 
Plate 2 Cultivation trials on Milky muahroom (C. iudico) 



substrate was placed at the bottom of the bag to a height of about five cm 

and spawned with paddy grain spawn, again the second layer of substrate 

to a height of five cm was placed and spawned. Similarly, the third and 

four th  layers were spawned. Finally at the top of the fourth Iayer, the rest 

of spawn was spread. The bags were then tied to form compact mass. The 

bags were then kept for spawn run (Plate 1). 

In the case of C. indica, casing was done after spawn run for the 

proper emergence of fruiting bodies. The casing mixture used in the 

present study was 1 : 1 : 1 ratio of sand, soil and dried powdered 

cowdung. The casing mixture was sterilized by autoclaving for one hour 

and applied at the top of the beds to a thickness of two centimeters after 

cooling (Plate 2). The following observations were recorded. 

1) Nature of mycelial growth in mushroom beds 

2) Time taken for mushroom production in beds 

3) Number of sporophore per bed 

4) Total yieId per bed 



RESULTS 



4. RESULTS 

4.1 lSOLATION OF LIGNOCELLULOLYTIC FIJNGI FROM NATIVE 

COIRPITH 

Following lignocellulolytic fungi were obtained after performing 

serial dilution plate technique. 

Table 2 Fungi isolated from coirpith 

4.1.1 A. niger 

S1. No. 

1 

2 

3 

4 

Black powdery colonies of the fungus appeared on PDA plates. It 

covered a 9 cm petridish within 4-5 days at 28 f 2°C. Conidiophores were 

produced from long, broad, thick walled, mostly brownish sometimes 

branched foot cells. Conidia are large, with radiating heads, mostly 

globose, irregularly rough, 4.0 - 5.0 fi m dia. Conidiophores bear metulae 

and phialides carrying black conidiospores at their tips. 

Fungi 

Aspergillus niger van Tieghem 

A ,  ochraceous Wilhelm 

Rhizopus stolonifer (Ehrenb. ex. Link) Lind 

Trichoderma harzianurn Rifai 

Colonies appeared brown in  colour on PDA plates consisting of 

conidiophores and conidial heads with aerial mycelium. Conidiophores 

vary in length, commonly several millimeters, rough or pitted bearing 



large radiate conidiai heads. Vesicles globose, 60-75 prn dia, phialides i n  

two series, primary commonly 15-30 pm long, secondary 7-10 x 1.5-2 pm. 

Conidia globose to,  elliptical, smooth or delicately spinulose, yellow, 

3 . 5  - 5 pin, orange to vinaceous or purple, sclerotia commonly present. 

Colonies very fast growing and often over 2 cm high, grey-brown. 

stolons hyaline to brown, abundantly branched, rhizoids and whorls of 

sporangiophores produced terminally. Spofangiophores pale to dark 

brown, usually straight. It bears columella which is subglobose to oval, pale 

brown. Sporangiospores subglobose, biconical to oval 7- 12 x 6-8.5 p m  

Colonies are white at first, turning dull green in colour at sporulation 

and grows rapidly. Young cultures compactly tufted fluffy and white with 

prominent aerial mycelium showing good amount of diurnal variation. 

Sporulate less often under darkness. Hyphae are hyaline and septate. 

Chlamydospores measure about 4.26 x 4.84 pm. Length of conidiophores 

varies, highly branched, phialides mainly in group of three, wide apart, 

length approximately 40 pm. Phialides with length 3 .85  pm, phialospores 

grouped at the tip of phialides, globose, pale green with an average size of 

2.2 - 2.78 pm. 

4.2 COLLECTION OF WOOD INHABITING MUSHROOM FLORA 

AND ISOLATION INTO PURE CULTURE 

The results of  survey conducted in different parts of 

Thiruvananthapuram district and border areas of Tamil Nadu are presented 

in Table 3 .  The collected mushrooms were described, identified and 

brought them into pure culture. 



Plate 3 Pycmoporus sanguineus on csconut stump 

Plate 4 G. appldnat~m on cotanut shmp 

r - 



Table  3 Mushrooms obtained during survey 

Table 4 Mushroom flora used in  the present study 

, Sl. 
N o  

1 

2 

3 

Naine of mushroom 
species collected 

Pycnoportrs sunguineus 
(Fr.) Murrill 

Plate 3 

Uunodern7u upplanaturn 
(Persoon) Patouif l ard 

Plate 4 

Plc.zrrotzrs luber-regiunz 
(Fr.)  Singer 

Plate 5 

SI. 
No.  

I / 5 1 P .  sanglrineus / Obtained during survey I 

1 

2 

4 

3 

Substrate 

Dried coconut 
(Coco.r nuclfera I,.> 
stump 

Name of species 

-1 
Location and pcriod 

of collection I 
College of 
Agriculture. 
Vellayani, i 

Source 

Pleurotzrs ,j?oridu 

Culocybe indicu 

P .  tuber-regium 

Lentinus edodes (Berk.)  Sing 

Pure culture obtained from 
Instructional Farm. College of 
Agriculture, Vellayani 

AICMIP, TNAU. Coi~llbatore 

A 
Pure culture obtained from 

, .lune.2002 I 
--I 

Dried coconut i College of. 
I 

(Cocos nuctferu L.) I Agriculture. 
stump Vellayani . 

Dried mango tree 
(Mungtfera indica) 

June.3003 

University College. 
Thiruvanat~thapilram. 
July,  2002 I 

! 
A 



1 .2 .1  MUI-phoiogical Cllaracters of Collcctcd Mushroonls 

Collecred froill College of Agriculture, Vellayani 

Habitat : On dried branch and truuks 

Carpophores 3-6 cill or more. bracket shaped, sessile, deep orange- 

red tending to darken, at first slightly pubescent then glabrous. fairly 

rugose with faint zoilation towards margin. Tubes 1-3 mm long, blood 

red, pores small round. pubescent. Flesh red, leathery. first spongy then 

suberose. Odour and flavour negligible. Spores white cylindrical. smooth 

5-6 x 2 - 2.5 pm. 

The mushroom was identified as P. .scrnguinuu.s. The identification 

was confirmed by Dr. Peter Roberts. Mushroom Taxonomist. Royal 

Botauical Garden, London.  

Collected from College of Agriculture, Vellayani 

Habitat : Parasite, persisting after death of the host as saprophyte 

Carpophore 10-40 cm, flat. bracket shaped, often imbricate. sessile 

sometimes first white soon covered by a smooth, honey crust  becumirlg 

reddish-brown and knobbly or grooved, margin sharp, white or greyish. 

Tttbes rust - coloured. stratified 1-4 kt111 long. pores white. turning brown 

wh tn  touched, small, round or irregular. Flesh c i n l ~ a n ~ o n  brown and felt- 

like. Spores rusty brown. elliptical or ovate and finely warty 6.5 - 8 .5  x 

5 - 6.5 pin. 

This fungus is easily identified by its flat brackets. somewhat crusty 

surface and white readily discolouring surface. 



Collected from University College, Thiruvananthapuram. 

Habitat : On dried stumps of Mangifera indica 

The sporophores are medium to big sized, creamy white coloured, 

slight yellow in the centre. Soft at immature stage and medium leathery at 

maturity. 

Pileus : 12 to 15 cm diameter, infundibuliform, surface smooth, creamy 

white, margin entire. 

Gills : Decurrent, creamy white 

Stipe : 2 to 5.6 cm long, 1.2 to 2.6 cm in diameter, central, cylindrical, 

creamy white, base slightly flattened and surface is smooth. 

Veil, volva and annulus are absent. 

Spores : Oval in shape, creamy yellow coloured 

Spore print : White 

Edibility : Edible 

Based on the above characters the mushroom was identified as 

P. tuber-regium and the identification was confirmed by Dr. Peter 

Roberts, Mushroom Taxonomist, Royal Botanic Garden, London. This 

fungus is reported for the first time and is a new record for India. Hence 

trials were conducted to find out its suitability for cultivation. 

4.2. f .3.1 Cultivation trials of P. tuber-regiunt 

4.2.1.3.1.1 Spawn Production 

Complete coverage of mycelium was observed in paddy grains after 

15 days of inoculation. The mycelial growth was thick, fluffy and 

numerous pin heads were noticed after 23-35 days of inoculation (Plate 6). 



- 
Pirte 0 Spawn t~f P. t1chwmghrn 

Plate f Sporophore of P. tuber-regiwn on paddy straw beds 



Table 5 Growth of 1ignoceIIulolytic fungi on retted coirpith 

Thick cottony mycelial growth 
Moderate cottony mycelial growth 
Thin growth of mycelium 
Very thin mycelial growth 

S I .  
No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

I0 

Fungi isolated 

Aspergillus niger 

A. ochraceous 

Rhizopus stolonifer 

Trichoderrna harzianurn 

Pleurorus jlorida 

P. tuber-regium 

Calocybe indica 

Lentinus edodes 

Ganoderma upplanalum 

Pycnoporus sanguineus 

Time taken for 
colonization on retted 

coirpith (days) 

20 

2 1 
P 

18 

11.5 

19.75 

16 

19 

1 F.'2 5 

12.5 

22.5 

Nature of rnycelial 
growth* 

++++ 

+++ 

++ 

++ ++ 

++++ 

++++ 

++++ 

+++ 

++++ 

++++ 



Fig. 1 Growth of lignocellulolytic fungi on retted coirpith 



Cultivation trials on paddy straw indicated that spawn run was 

completed in a period of 13 days after bed preparation and sporophores 

appeared after 18-20 days (Plate 7). An average yield of 461 g was 

recorded per kg paddy straw, giving a biological efficiency of 46 per cent. 

The results indicated that P. tuber-regium is a promising species that can 

be cultivated profitabIy in Kerala. 

4.3 SCREENING OF THE ISOLATED CULTURES FOR SELECTING 

THE MOST EFFICIENT FUNGI FOR DEGRADATION 

4.3.1 Nature of rnycelial growth 

The results presented in Table 5 indicated that the mycelial growth 

was thick and fluffy for T. harzianwrn and A. niger and moderate for 

A ,  ochraceous. The myceliaI growth was feeble in the case of 

R stolonver. 

Among the mushroom fungi P. sanguineus, G, applanufum, 

C. indica, P, jlorida and P. fuber-regium produced thick cottony growth 

while L. edodes delivered a moderate growth on the substrate (Plate 8 ) .  

4.3.2 Time Taken for  Complete Colonization in Retted Coirpith 

Among the native mciroflora tested T,  harzilrnum was Sound to be the 

fastest colonizer of the substrate taking only 11 .5  days for completely covering 

the substrate. This was found to be significantly superior over others followed 

by R. sfolonifer ( 1  8 days). A, ochraceous and A. niger were found to be poor 

colonizers taking maximum time of 20 and 21 days respectively (Table 5 and 

Fig. 1). 

G. upplanaturn was found to be significantly faster among the 

mushroom flora tested taking 12.5 days for complete coverage followed 

by L.  edodes (15.25 days) and P. fuber-regium (16 days) which were 

found to be on par with each other. P .  sanguineus was found to be the 





Table 6 Effect of lignocellulolytic fungi on the organic carbon, total nitrogen 
and C:N ratio of retted coirpith 

Fungi 

Aspergillus niger 

A. ochraceous 

Rhizopus stolonifer 

Trichoderrna 
harzianum 

Pleurotus florida 

P ,  tuber-regium 

Calocybe indica 

Lentinus edodes 

Ganodermu 
applanaium 

Pycnopor us 
sanguineus 

Control 

Organic 
carbon % 

23.36 

21.38 

24.34 

f 7.09 

24.36 

19.62 

28.08 

23.35 

15.43 

23.37 

34.49 

Percentage 
reduction 

over 
control 

32 - 2 5  

38.01 

29.43 

50.4 1 

29.37 

43.10 

18.57 

32.27 

55.25  

32.22 

0 

Total 
Nitrogen 

(%I 

0.91 

0.80 

0.96 

1.66 

1 , O I  

0.86 

1 .OO 

1.23 

0.72 

0.98 

0.3 1 

Percentage 
increase 

over 
control 

196.09 

161.27 

212.58 

441.50 

257.92 

181.08 

227.0 I 

300.94 

133.99 

2 19.82 

0 

C :N 
ratio 

25 .90: l  

26.78: 1 

2 5 . 3 5 :  1 

10.36: 1 

24.48:l 1 
22.91 :1 

28.00: 1 

18.96:1 

21.54:l 

23.76: 1 

112.21:l 



Fig. 2 Effect of IignoceIluloIytic fungi on organic 
carbon content 

Fig. 3 Effect of IignocelluIolytic fungi on total nitrogen 
content 



Fig. 4 Effect of lignocellu1olytic fungi on C:N ratio 



least efficient colonizer which took the maximum time of 22.5 days for 

covering the substrate. 

4.3.3 Organic Carbon 

The results on the in vitro studies conducted on the degradation of 

coirpith using different fungi were presented in Table 6 and Fig. 2 .  

G. upplanaturn caused the maximum per cent reduction in organic 

carbon content (55.25 per cent), reducing carbon content from 34.49 to 15.43 

per cent followed by T. harzianurn (17.09 per cent) and P, tuber-regium 

(19.62 per cent) which caused 50.41 and 43.09 per cent reduction over control. 

L. edodes, A,  niger and P. sanguineus were found to be on par with each other 

causing 32.27, 32.25 and 32.22 per cent reduction over control. C. indicu was 

found to be the least efficient degrader which produced only 18.57  per cent 

reduction of organic carbon compared to control. 

4.3.4 Total Nitrogen 

All the fungi tested caused increase in N content as a result of 

degradation. T. harzianum caused the maximum increase in N content i .e. ,  

1.66 per cent compared to 0.31 per cent in control, giving rise to 441.50 

per cent increase, followed by L,  edudes which increased nitrogen by 

300.94 per cent. P. florida, C, indica, R. stolonifer and A .  niger were 

found to be on par with each other causing 1.01, 1.00, 0.96 and 0.91 per 

cent increase in nitrogen content. G. applanatum caused the least increase 

in nitrogen content i . e . ,  133.99 per cent increase over control (Table 6 and 

Fig. 3). 

4.3.4.1 C : N Ratio 

C : N ratio of retted coirpith was found to be 112.21 : 1 when 

analysed. After the degradation of coirpith samples with different fungal 

species, the C : N ratio was diminished. T. harzianum produced significantly 



Table 7 Effect of lignocellulolytic fungi on the cellulose and Iignin content 
of retted coirpith 

Fungi 

Aspergillus niger 

A. ochraceous 

Rhizopus stolon fer  

Trichoderma 
hmianum 

Pleurotus jlorida 

P. tuber-regium 

Cafocybe indica 

Lentinus edodes 

Ganoderma 
appianatum 

Py cnoporus 
sanguineus 

Control 

Cetlulose (%) 

17.60 

21.47 

21.41 

12.65 

17.84 

2 1.20 

19.55 

14.21 

22.72 

25.11 

29.2 1 

Percentage 
reduction over 

control 

39.78 

26.48 

26.72 

56.70 

38.85 

27.28 

33.00 

51.41 

22.18 

1 4.04 

0 

Lignin (%) 

15.64 

22.32 

26.87 

12.76 

17.46 

23.86 

21.16 

16.19 

24.0 1 

26.67 

32.43 

Percentage 
reduction over 

control 

51.71 

31.18 

17.03 

60.68 

46 -04 

26.5 1 

34.69 

50.06 

25.87 

17.71 

0 
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Fig. 5 Effect of lignocellu1oIytic fungi on cellulose and lignin content 



higher reduction of C : N ratio to 10.36 : 1 followed by L. edodes (18.96 : 1) ,  

G. crpylunalrtnt (21.54 : 1) and P. tuber-regiunz (22.91) while C. indiccr 

produced significantly lower reduction in C : N ratio (Table 6 and Fig. 4). 

4.3.5 Cellulose Content 

Cellulose content of retted coirpith was found to be 29.21 per cent. 

Cellulose content of tetted coirpith samples after degradation with different 

species of fungi were analysed and the results (Table 7 and Fig. 5) showed 

that the maximum cellulose reduction was brought about by T. harzianum 

(12.65 per cent) indicating 56.70 per cent reduction over control which was 

found to be highly significant compared to other fungal species except 

L. edodes (14.21 per cent) with 5 1.4 1 per cent reduction of cellulose over 

control followed by A.  niger (1 7.60 per cent) and P. jlorida (1 7.84 per cent) 

with 39.78 and 38.85 per cent cellulose reduction. P. sanguineus was found 

to be the least efficient degrader of cellulose which caused only 14.04 per 

cent reduction. 

4.3.6 Lignin Content 

Lignin content of retted coirpith was found to be 32.43 per cent. 

The lignin content of coirpith samples after degradation with different 

fungal species presented in Table 7 and Fig. 5 showed that significantly 

higher lignin reduction was brought about by T. harzianum (12.76 per 

cent) indicating 60.68 per cent reduction over.contro1 followed by A.  niger 

and L,  edodes which caused 51.71 and 50.06 per cent reduction of lignin. 

C. indica and A. ochraceous were found to be on par with each other 

causing 2 1.16 per cent and 22.32 per cent reduction of lignin followed by 

P. tuber-regium (23.86 per cent) and G. applanatum (24.01 per cent). 

P. s u n g u i n e ~ s  and R .  srolonifer were found to be the least efficient 

degraders with 26.67 and 26.87 per cent reduction of lignin. 



Plate 9 Spawn of P. florida 

Plate 10 Spawn of C. indica 



Table 8 Efficacy of retted coirpith on oyster mushroom production 

Treatments 

T I 

T2 

7-3 

T4 

Ts 

T6 

T7 

Ts 

T9 

Control 

Time taken 
for spawn 

run in beds 
(days) 

19.00 

15.00 

11.50 

2 1.75 

1 3 . 7 5  

20.00 

14.00 

13.75 

10.75 

17.75 

Time taken 
for mushroom 
production in 
beds (days) 

22.00 

22.00 

16.25 

24.75 

16.00 

22.50 

16.00 

24.00 

12-00 

20.75 

sporophores 
per bed 

33.13 

52.19 

88.94 

17.13 

123.88 

79.2 1 

43.19 

37.25 

58.06 

78.38 

Tota ly ie ld i  
bed (g) 

129.00 

272.98 

440.68 

165.84 

627.50 

40 1.43 

180.29 

150.80 

286.73 

400.78 
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Fig. 6 Efficacy of retted coirpith on oyster mushroom 
production 



4.4 STANDARDISATION OF TECHNIQUES FOR MUSHROOM 

PRODUCTION ON COIRPITH 

4.4.1 Spawn Preparation 

Grain spawn of P. jloridu and C. indica were prepared on paddy 

grains (Plate 9 & 10) and 15 days oId pure white, good quality spawn were 

used for laying beds. 

4.4.2 Production of P. florid# 

4.4.2.1 Reiled Coirpitlz 

Among the different treatments tried for oyster mushroom 

production, retted coirpith amended with four per cent neem cake (T9) and 

fifty per cent paddy straw (T3) recorded the fastest spawn run which were 

10.75 and 1 1.5 days respectively. These treatments were followed by T5 

(RCP + SMS, 1 :I), Ts and T7 (two per cent each of starch and cellulose 

amended beds) and T2 (RCP + PS, 1 : l )  which were found to be on par 

with each other and significantly superior to control (Table 8 and F i g .  6 ) .  

Faster mushroom production was obtained in the Tg followed Ts, T7 

and T3 were found to be on par with each other and found significantly 

superior over control. 

The maximum yield and sporophore number were seen in a 1 : 1 

mixture of retted coirpith and spent mushroom substrate (627.50 g and 

123.88 respectively) (Plate 11) which was significantly superior to 

control (400.78 g and 78.38 ). A 1:3 combination of retted coirpith and 

spent mushroom substrate (Tb) which produced an yield of 401.43 g and 

sporophore number of 79.2 1 was found to be on par with the control. The 

Ieast yield as well as sporophore number were recorded when retted coir 

pith and paddy straw was mixed in the ratio 3 : l(129 g and 33.13) .  

As the concentration of paddy straw in retted coirpith increased 

from 25 to 75 per cent showed a corresponding betterment of all yield 



Plate 11 Yield of P.florida on RCP + SMS (1:1) compared to control 

Plate 12 Yield of P. jlorida on NBCP + SMS (1: 1) compared to control 



Table 9 Efficacy of non-retted coirpith on oyster mushroom production 

- 

Treatments 

TI 

Tz 

T3 

T4 

T5 

I- 6 

T7 

T s 

7-9 

Control 

Time taken for 
spawn run in 
beds (days) 

19.25 

13.25 

7.00 

24.25 

10.75 

20.50 

25.00 

24.75 

24.50 

17.75 

Time taken 
for mushroom 
production in 
beds (days) 

22.00 

24.00 

20.00 

28.75 

19.75 

23.75 

3 1.25 

30.50 

27.00 

20.75 

Number of 
sporophores 

per bed 

45.19 

49.56 

55.19 

1 5 .OO 

50.50 

49.56 

10.00 

8.81  

24.63 

78.38 

Total yield / 
bed (g) 

225.00 

245.69 

262.50 

59.70 

274.22 

26 1.45 

41.86 

40.88 

76.77 

400.78 
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parameters. In the case of spent mushroom substrate, increase in yield 

was observed as a concentration increased from 25 to 50 per cent and 

thereafter the yield decreased. 

A 1 : 3 mixture of non retted coirpith and paddy straw (T3) took the 

minimum time of seven days for spawn run, This was followed by Tj 

(NRCP+SMS, I : 1 )  and T2(NRCP+PS, 1 : I )  taking 10.75 and 13.25 days 

respectively. These treatments were found significantly superior to control 

( 17.75 days). 

, The time taken for mushroom production is noticed in treatments Ts 

and T3 was on par with the control beds. A two per cent starch and 

cellulose amended beds took the maximum time for mushroom production 

(30.5 and 3 1.25 days respectively) (Table 9 and Fig. 7 ) .  

Yield realized in Tr, T3 and Tg (274.22, 262.5 and 261.80g 

respectively) (PIate 12, 13 and 14) were on par and was inferior to the 

control. The yield obtained in non-retted coir pith amended with starch 

and cellulose were as low as one tenth of the control. 

4.6.2.3 Cornposted Coirpith 

Cornposted coirpith was not found to be a good medium for production 

of oyster mushroom, when composted coirpith was amended with starch 

and cellulose it  failed to support the growth of the mushroom (Table 10 

and Fig. 8). Compared to 17.75 days in control all the treatments using 

composted coirpith took more than 24 days to complete spawn run. Similarly 

the time required for sporophore production in these treatments was more 

than six to eleven days compared to control. The maximum yield in these 

treatment: was recorded in the bed prepared by mixing composted coirpith 

and paddy straw in the ratio 1 : 3 (69.26) (Plate 15). 



Plate 13 Yield of P. fhrida on NRCP + PS (1:3) compared to control 

Plate 14 Yield of P.florid~ on NRCP + SMS (1:3) compared to control 





Table 10 Efficacy of cornposted coirpi th on oyster mushroom production 

Treatments 

T I 

T2 

T3 

T4 

TS 

T6 

T7 

T8 

T9 

Control 

Time taken for 
spawn run in 
beds (days) 

27.00 

26.25 

24.75 

28.50 

26.00 

24.00 

- 

- 

29.00 

17.75 

Time taken 
for mushroom 
production in 
beds (days) 

30.75 

28.50 

27.00 

3 1.75 

28.25 

26.00 

- 

- 

3 I .25 

20.75 

Number of 
sporophores 

per bed 

4.13 

8.44 

20.94 

3.94 

12.63 

17.06 

- 

- 

3.13 

78.38 

Total yield / 
bed (g) 

19.16 

35.65 

69.26 

19.50 

46.66 

58.78 

- 

- 

14.69 

400.78 



Table I 1  Correlation between retted and non-retted coirpith on oyster 
mushroom production 

Particulars 

Time taken for 

spawn run in 

bed (days) 

Time taken for 

mushroom 

production in 

beds (days) 

Number of 

sporophores per 

bed 

Total yield per 

bed (g) 

RCP 

15.50 

19.50 

59.22 

283.9 1 

NRCP 

18.81 

25.22 

34.27 

165.34 

SE 

0.27 

0.62 

2.09 

CD 

0.75 

0.65 

1.74 

5.90 
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Fig. 9 Correlation between rctted and non rctted coirpith on oyster mushroom production 



4.4.2.4 Conrparative Ef/i'cacy of rron-retted coirpif l~ nrld retted coirpitit 

otr Oyster Mirslrroot~r Prod irciiorr 

Results presented in Table 1 I and Fig. 9 on the interaction between 

retted coirpith and non-retted coirpith indicated that retted coirpith was 

significantly superior to non-retted coirpith in all the yield parameters 

tested in  the production of oyster mushroom. It boosted oyster mushroom 

production by promoting earliness in spawn run and mushroom 

production, which were 15.5 days, 19.5 days respectively. Similarly yield 

was also more in beds prepared out of retted coirpith. 

4.4.3 Production of C. indica 

The time taken for spawn run in beds prepared from varying 

combinations of retted coirpith and other amendments varied from 13.50 

to 20.75 days (Table 12 Fig. 10). Except treatments Tj where it  took 

13.50 days to completely cover the substrate and TI  which took 20.75 

days, all other treatments were on par with the control where paddy straw 

was used as the substrate, 

The time taken for mushroom production in retted coirpith varied from 

25.50 (T3) to 32.75 (TI).  These treatments also took minimum and 

maximum time to cover the mushroom bed. There was significant difference 

in the time taken for mushroom production when the retted coirpith was 

amended with different concentrations of spent mushroom substrate. 

Compared to 75 per cent biological efficiency observed in control, 

the biological efficiency of retted coirpith ranged from 14.40 per cent 

[RCP + NC (4%)] to 60 per cent [RCP + PS (1:3)]. Out of the nine 

treatments only two (Tj and Tg) gave a biological efficiency of more than 

50 per cent. All these treatments were inferior to the control (Plate 16). 



Table 12 Efficacy of retted coirpith on milky mushroonl production 

Treatments 
Time taken for 
spawn run in 
beds (days) 

T3 

T4 

T5 

T6 

T7 

Ts 

T9 

Control 

Time taken 
for mushroom 
production in 
beds (days) 

13.50 

18.00 

15.00 

15.50 

15.50 

i7.25 

17.25 

17.75 

Number of 
sporophores 

per bed 

Total yield 1 
bed (g) 

25.50 

31.00 

29.00 

28.50 

3 1.75 

32.75 

29.25 

27.75 

3.8 6 

2.25 

3.00 

2.5 6 

1.75 

1.75 

1.88 

3.3 1 

301.44 

132.45 

285.33 

154.75 

1 16.06 

90.75 

72.50 

350.25 



Plate 16 Yield ef C. r n d h  on ACk + P6 (i:3) compared to control 

Plate 17 Yield of C. h d k a  on NRCf + FS (1 :33 eomsared to control 

I 
PIate 18 Yield of C. indica on CCP + neem cake (four per cent) 

compared to control 
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Fig. 10 Efficacy of retted coirpith on milky 
mushroorn production 



Most of the treatments were significantly superior to control beds in 

spawn run. Treatments Ts (NRCP -+ SMS, 1 : I) ,  T7 (two per cent 

cellulose amended beds) and Tg (two per cent starch amended beds) 

promoted faster spawn run with 1 1.25, 1 1.5 ,  12 days respectively which 

were found on par with each other. These were followed by T; (NRCP + 

PS, 1 : 3) .  All these treatments were found significantly superior over 

control in spawn run ( 1  7.75 days) (Table I 3  and Fig. 1 I ) .  

The fastest mushroom production was observed in T3, T2 (NRCP + 

PS, 1 : I) ,  Ts and T r  taking 27, 27.5, 29 and 29.5 days respectively which 

were found to be on par with each other as well as with the control (27.75 

days). 

Maximum number of sporophore and yield of 4.5 and 497.5 g was 

realized in the case of T3 (Plate 17) which was found significantly 

superior to control with 3,31 and 350.25 g, respectively. This was 

followed by Ts with 4.19 and 342.31 g which was on par with control. In 

the case of TI, yield of  297.5 g and spotophore number of 3 .31  were 

observed. The least yield of 61.25 g and sporophore number of  1 .13  were 

observed in the case of  TI (NRCP + PS, 3 : 1) which was found to be on 

par with T8 with 85.75 g and 2.19 number, respectively. Treatments T3, 

T5 and Tz showed a biological efficiency of more than 50 per cent. 

4.4.3.3 Cumposted Coirpilk 

Results as per Table 14 and Fig. 12 indicated that composted 

coirpith was a poor source for milky mushroom production. None of the 

treatments promoted significantly any of the yield parameters compared to 

control. A four per cent neem cake amended composted coirpith (Tp) and 

T3 (CCP + PS, 1 : 3)  took comparatively less time in spawn run i . e . ,  23.5 

and 25.75 days respectively which were found to be on par with each 



Table 1 3 Efficacy of non-retted coirpith on milky mushroom production 

Treatments 

I- I 

Tz 

T3 

T4 

Ts 

T6 

T7 

Ts 

T9 

Control 

Time taken for 
spawn run in 

(days' 

18.50 

15.25 

15.0 

17.50 

11.25 

14.75 

11.50 

12.00 

17.50 

17.75 

Time taken 
for mushroom 
production in 
beds (days) 

33 -50 

27.50 

27.0 

35.75 

29.00 

32.75 

29.50 

30.00 

45.50 

27.75 

Number of 
sporophores 

per bed 

I .  I 3  

3.3 1 

4.50 

2.00 

4.19 

3.44 

2.13 

2.19 

3.44 

3.313 

Total yield / 

bed (g) 

61.25 

297.50 

497.50 

104.69 

342.3 1 

186.50 

126.56 

85.75 

158.00 

350.25 
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production 
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Table 14 Efficacy of  composted coirpith on milky mushroom production 

Treatments 

TI 

Tz 

T3 

T4 

Ts 

T6 

T7 

Ts 

T9 

Control 

Time taken for 
spawn run in 
beds 'days) 

32.75 

28.00 

25.75 

32.25 

27.75 

26.75 

- 

- 

23.50 

17.75 

Time taken 
for mushroom 
production in 
beds (days) 

49.25 

44 .OO 

40.75 

49.00 

42.75 

41.75 

- 

- 

32.50 

27.75 

Number of 
sporophores 

per bed 

1 

1 

1 

I 

1 

1 

- 

- 

1 

3 .31  

Total yield / 
bed (g) 

9,88  

24.93 

36.45 

11.10 

25.23 

32.08 

* 

41.43 

350.25 



TabIe 1 5 Correlation between retted and non-retted coirpith on milky 

mushroom production 

Particulars 

Time taken for 

spawn run in 

bed (days) 

Time taken for 

mushroom 

production in 

beds (days) 

Number of 

sporophores per 

bed 

Total yield per 

bed (g) 

RCP 

16.81 

29.89 

2.50 

163.06 

NRCP 

14.81 

32.28 

2.92 

206.67 

SE 

0.30 

0.32 

0.06 

2.92 

CD 

0.84 

4 

0.90 

0.16 

8.2 5 
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Fig. 13 Correlation between retttd and non rotted coirpith on milky mushroom production 



othcr. 'This was followed by T6 (CCP + SMS,  1 : 3), Tj  (CCP + SMS. 1 : 

1 )  and TZ (CCP + PS, 1 : 1) taking 26.75, 27.75 and 28 days respectively 

which were also on par with each other. T I  (CCP + PS, 3 : 1)  took the 

maximum time of 32.75 days for spawn run. 

T9 promoted faster  mushroom production taking 32.5 days for the  

appearance of fruiting bodies, followed by T6 and T5 which were found to 

be on par with each other. The yield of milky mushroom obtained in 

composted coirpith ranged from 9.88 g (TI) to 41.43 g (T9) (Plate 18). 

None of the treatments had a biological efficiency of more than 10 per 

cent. 

4.4.3.4 Comparative Efficacy of Ref fed and Nun-retted Coirpitla in 

Milky Musli room Prod~ci ion 

Milky mushroom preferred non-retted coirpith for its growth and 

production of sporophores than retted coirpith. This mushroom took two 

days more time for completely covering the bed and mushroom production 

in retted coirpith compared to non-retted coirpith. Similarly the yield 

obtained per bed in retted coirpith (163.06 g) was more than 20 per cent 

less compared to non-retted coirpith (206.67 g) (Table 15 and Fig.13). 



DISCUSSION 
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5.  DISCUSSION 

I.ignoccllt~losic sribstanccs are the 111ost abundant naturally occul-ring 

org;lnlc pol) mcl-s i n  the biosphere. 'l'his i t~cludc diffri-cilt 5tl.ait s. 

sugarcane bagassc, cottor1 wastes, coirpith ( c o ~  r wastes j. cocoa pods. 

dif'f'erent oil cakes. sunflower straw, groundnut pod shell.  tapioca slilrcll 

waste. uVater h!lacinlh and  certaitl o the r  d r y  and wet land ~veeds ,  l3an;in;i 

p s c u d o s t c ~ ~ ~  and ~tlai-ket wastes jdandaik, 2002).  All of' thcsc 

cons!i lute a perennial source o f  raw materials for mush soon^ p r o d u c t ~ o n  

.4mong this. the most common substrate utilized for I ~ I L I S ~ ~ - O ( J I I I  p t .od~1~1i013 

i s  pac id~  straiv. Hut in Kerala paddy straw is a costly s~tbs11-ate. ' ~ t h l l ~  

coirpilh is  :i\ i~ i l ab lc  il l  p lcnly 

One 1o11ne of' coi rpi t l~  is produced fro111 appro xi mat el^^ 10,000 11~115 

(Nagas;lja~l c J /  r r l . .  1 9 8 5 ) .  In  India, 7.5 million tonnes r ~ l '  coil-pill1 arc 

prodi~ced a n ~ ~ u a l  ly (Kamaraj. 1994). out  o f  which major  conr r ibu~ io r l  i s  

f'ronl Kerala. A[ present coir  indust r ies  are racing problelns of  dicposal of' 

this waste hecause of its low hu rn i i~g  quality and r e s i s t a ~ ~ c e  ro nlicrobial 

dzgi-adation. 'I'l~e low biodegradability is mainly d u e  to the' prcscncc 01 '  

sulublc tatinin related phenolic con~pounds  (8- 13 per cen t )  (1:an P I  01 . .  

1982). high C' : N ratio and h igh  l i gn in  conlent (Kadalli and h a i r .  2000).  

f3ucausc 01' thest. L~cturs  i t  is not being applied in  the field a s  a iilanurc i n  

ils I . ~ V , ,  ~OI-11) .  

111 Indiri, n~~~s l - i rooms  arc tnainl y C L I I  t ivatcd 011 M . I I C ; I I  ;i tlc1 ~ i ~ d ~ l y  

I ' I ' l ~ c s ~  substrates Iiavc cex.eral other indusr~-ial and i lo111tsti~ I ISCS 

such as  c i ~ t l l c  trcci. T ; ~ M -  111alel.i;il fi) r paper n~r tk i i~g .  iu1- tli;ilcl~i 11: I I ~ L I ~  

I lousc~ .  c t ~ .  [.l>c' r~t'tllis c o s ~ l y  substr ;~tc is r l~c 111ain I - C ~ S ~ I I I  for Iligh cosr 01 '  

p1.oci~iction of' n-rushl-ooms in Keral ;~ .  ' 1 ' 1 ~  prcsenL slu+ \ < a s  th~sc1i)l-c' 

~ ~ l ~ c i c s t ~ ~ l ~ c n  to SSSL'L~II  t hc 11iosI e t ' f ' i~ie~ll  Sullgi for  l> io~Icgr :~~ja t  1011 0 1 .  



coil-pit11 anii 10 find oiit ~ t l t  suitnbilit!, oi' usit~g coir pi th as a substrate f'ol- 

oj,stcr and m i l k y  musl~room productiol~. 

I n  the present study. the native microflora such as Aspergillus n i ~ , e r .  

A. ochrcrceotr.~, Rt~izo~rrus s[olon~fi.r and Trichoderrnu hlrrzicrnun~ were 

isolated from retted coirpith. These fungi were screened to find out their 

ef'fioacy in biodegrading retted coirpith. Three types of mushroom were 

isolated fro111 s t u n ~ p s  of coconut and illailgo during a survey conducted in 

different parts of Thiruvananthapuram district of Kerala during South West 

monsoon period. In addition to these. P~e~rrotusfEorida, Culocybe indica and 

Lcntinrts edodes were also procured from Instructional Farm, College o f  

Agriculture. Vellayaui and All India Coordinated Mushroom Improvemen1 

Project. Tamil Nadu Agricultural University, Coimbatore and included i n  

the study.  

The carpophore of one of the collected mushroo~ns was sessile and 

bracket shaped. with deep orange-red coIour tending to darken, pubescei~t 

which turn  glabrous on maturity and with faint zonations. These 

descriptions were similar to that of Pycnoporus sanguineus (Fr.) Murrill 

and it  was further confirmed by Peter Roberts, Mushroom Taxonomist, 

London. The  carpophores of the second mushroom isolated were pure 

white, very hard textured, sessile, bracket-shaped, turning brown when 

touched. flesh cinnan~on brown and felt like. Based on these characters i t  

was identified as Gcrnuder-m~r crppluncrrum (Persoon) PatouilIard. Similar 

findings reported by Findlay (1977) and Pacioni (1985) confirms the identity 

of this mushroom. The sporophore of the third mushroom isolated were 

medium to big sized, creamy white coloured with slight yellow in the 

centre, soft at in~niature stage and medium leathery at maturity. Thc 

characters of this mushroon~ was similar to Pleuro~us  tuber-regiun~ ( F r . )  

Singer and i t  was further conf i r~ned  by Peter Roberts. P. rubur-I-egir~m is a 

new record of niusl~room from India and i s  found to be a promising 

species for cultivation in Kerala with 46 per cent biological efficiency. 



Organisms belonging to basidiomycotina like mushrooms, are 

capable of degrading coirpith by acting upon cellulose and lignin 

components. Out of the ten fungi used for the decon~position of retted 

coirpith, T. harzianum was the fastest in colonizing the substrate indicating 

its aggressive nature of growth. G. applana/um and T. harzianum were two  

fungi which were highly efficient in minerahsing the organic carbon 

content of the coirpith. This is clear from the fact that these fungi could 

reduce the carbon content of the coirpith by 55.25 and 50.41 per cent over 

the control. Changes in the organic carbon content is an indirect estimate 

of organic matter content (OC x 1.724). Apart from reducing the carbon 

content of coirpith, T. harzianum also increased the nitrogen content of 

the coirpith to 1.66 per cent which is 44 1.50 per cent more than what is 

observed in undecomposed coirpith. High increase in the nitrogen content 

of the coirpith was also brought about by L. edodes. The decomposition 

of coirpith is effected by means of enzymes liberated by the organisms 

growing on it. Theradimani and Marimuthu (1992) observed a positive 

correlation between the enzyme produced by the fungi and rate of 

degradation of coirpith. 

According to Ramamoorthy (1998) the celluIase production by 

T. harzianurn is correlated with the biodegradability and a consequent 

reduction in C : N ratio, thus supporting the present observation. In the 

present study the lowest C : N ratio was recorded in coirpith degraded by 

T. harzianum (10.36 : 1) which confirmed the finding of Ramamoorthy et  

al. (1999). This-finding is further supported by the work of Shirkot et a / . ,  

2001). According to them Trichoderma sp. isolated from mushroom 

compost possessed good amount of cellufolytic activity and these produce 

fairly good amount of carboxy methyl cellulase, xylanase and beta 

gtucosidase which have capacity to degrade plant polysaccharides to 

simple sugars. 



In the present study C. indica was found to be the least efficient 

degrader of coirpith, when C : N ratio was used as a yardstick for 

assessing the efficacy of organism in degradation. This may be because of 

the poor enzyme production and activity by C. indica on the substrate 

(Rainamoorthy et al., 1999). Coirpith, being a high ~ignocellulosic 

substance, inorder to be an efficient degrader, the fungus must produce 

sufficient amount of cellulase, laccase, polyphenol oxidase etc. to exploit 

the substrate completely and to convert it into a useful compost of low 

C:N ratio. Probably C, indica lacked such an efficient enzyme system. 

The reduction of C : N ratio of retted coirpith may be due to 

microbial utilization of coirpith and by immobilization of nitrogen into the 

ceIIs of the colonizers. While most of the carbon is released as carbon 

dioxide (Alexander, 1977) the nitrogen remained entrapped in the fungal 

cell and remained in the decomposed coirpith without loss. 

Decomposition by microbes also substantially reduced the volume of 

coirpith, which may result in an increased nutrient concentration in the 

final product (Reeja, 2002). Moreover, the nitrogen fixing ability of 

higher fungi may also contribute to increased nitrogen content of coirpith. 

The nitrogen fixing ability of P. sajor-caju and other higher fungi have 

been reported by Rangaswami er al. (1975) and Thayumanavan (1979 and 

1980). 

The decrease in cellulose content of the coirpith in the study, as a 

result of fungal decomposition ranged from 14.04 to 56,70 per cent. This 

is because these fungi preferred substrate rich in cellulose for their growth 

(Zadrazil, 1 978; Rai and Saxena, 199 1 ; Geetha and Sivaprakasam, 1998a). 

The organism which can produce cellulolytic and lignolytic enzymes were 

found to be efficient degraders of coirpith (Ramamoorthy el al., 1999). 

Among the fungi tested, T. hurzianum, L.  edodes and A.  niger reduced 

cellulose and lignin content of retted coirpith to the maximum extent. The 

lignin content of the coirpith as a result of fungal decomposition ranged 



from 17-71 to 60.68 per cent over the control. A positive correlation was 

observed between the rate of lignin and cellulose degradation. All the 

fungi which were efficient degraders of lignin were also efficient cellulose 

degraders. This is clearly exhibited in the present investigation. T. harzianum 

was an  efficient lignin and cellulose degrader while P, sanguineus was the 

most inefficient cellulose and lignin degrader. A similar result was 

reported by Saxena -and Rai (1992). Lignin degradation by the fungus 

helps to increase the accessibility of native celluloses to cellulolytic 

enzyme and thereby increasing the rate of decomposition. 

In Kerala, currently mushrooms are commercially cultivated using 

paddy straw as a substrate. Paddy straw being very costly, the farmers are 

finding it difficult to get better profits using this substrate. In the present 

investigation, attempts were made to use the most widely available 

organic matter in Kerala namely coirpith as a substrate for growing oyster 

and milky mushroom. Coirpith is available as retted and non-retted types. 

Mostly retted coirpith is available in Kerala, while non-retted types are 

popular in Tamil Nadu. In the present investigation efficiency of 

mushroom production on retted, non-retted and composted coirpith was 

studied. Among these three substrates tried, the composted coirpith did 

not support sporophore production of both P. JZorida and C. indica. Even 

in retted and non-retted coirpith, the production of sporophores was only 

58.25 and 42.55 g for P. jlorida and 38.25 and 58.45 g for C. indica 

respectively. Relatively low yield in the coir pith could be due to the poor 

ability of fungus to degrade and utilize the hard lignocellulosic fibre. The 

structural features of coir pith limit the sites for enzymatic attack as the 

lignin surrounding the cellulose form a physical barrier and the cellulose 

present in the biomass possess a highly resistant crystalline structure. But 

improved yield has been reported in a mixture of substrates when 

compared to individual substrates (Burgarski et, a l . ,  1 996). Thus, inorder 

to improve the sporophore producing ability of these substrates, they were 



amended with paddy straw, spent mushroom substrate, neem cake, 

cellulose and starch in different proportions. 

The spent mushroom substrate was the leftovers obtained after 

harvesting oyster mushroom on paddy straw. Before mixing it  with 

coirpith it  was sterilized using carbendazim (75 ppm) and formalin (500 

ppm). Amending RCP with 50 per cent SMS was the best in realizing 

maximum number of sporophores and yield. This combination also 

produced sporophores within 16 days compared to 20.75 days in paddy 

straw. The suitability of SMS for mushroom production has been reported 

by Balakrishnan and Lulu Das (2001). The chemical analysis of SMS has 

clearly indicated that they contain easily hydrolysable nutrients in 

sufficient quantity (Thomas and Rajagopal, 2003). Apart from this it  was 

found to be a ready source of enzyme such as cellulases and laccases. 

These enzymes apart from detoxifying the phenolic compounds present in 

coirpith but also helpful in releasing simple sugars which enhances the 

growth of mushrooms in the substrates. Thus in the study 1 : 1 

combination of SMS and RCP accumulated all the advantages favourably 

and lead to the realization of maximum yield (627.59) and biological 

efficiency (125.50 per cent) over control (400 g and 80 per cent 

respectively). An increase in proportion of SMS in RCP from 25 to  50 per 

cent increased the yield. However, further increase of SMS to 75 per cent 

reduced the yield compared to 1 : 1 proportion but it was on par with the 

control where paddy straw was used as the substrate. 

According to Zadrazil (1975) when P. fIorida was grown on paddy 

straw, 80 per cent of the nutrients was used by the fungus for its growth 

and only 20 per cent of the original substrate by weight remained as spent 

substrate. This spent substrate may contain nutrients in an avaiiable form 

as it had undergone partial decomposition during the mushroom 

production. When this SMS was incorporated in coirpith, the nutrients for 

the initial growth are present in an easily available form to the 



~ ~ ~ u s h r o o n ~ s .  For the remaining nutrients, the fungus had to depend upon 

the co i rp i t t~ .  I'he n h i I i t y  of the S M S  to enhance the growth and production 

of mushtoom is clear frotn the fact that 50 per cent SMS was better than 

25 per cent.  When the P I . O P O ~ I ~ O I I  of' SMS was further increased there was 

no corresponding increase in yield, this may be due to the adverse effect 

of SMS such as increased bulk density and water holding capacity. 

The lleein cake (four per cent) amended beds produced fruit bodies 

much earlier than the other treatments. The suitability of neenl cake 

suppiementation on mushroom production was reported earlier (Hazarika. 

1998; Srivastava and Singh, 1999). The present study with neem cake 

confirms the earlier findings. Comparatively high nitrogen content of the 

neenl cake might be the reason for the positive effect of this amendment 

on ~ n u s h r o o n ~  production. Saroj Kumar and Singh (2002) reported that 

addition of nitrogenous organic substances to substrates increased yield of 

m u s h r o o l ~ ~  significantly. 

When retted coirpith was supplen~ented with paddy straw, n~ush room 

yield was increased with increase in the proportion of straw used from 25 

to 75 per cent. The present study indicated the unsuitability of coir pith 

when used alone for mushroom production. However, mixing o f  coir pith 

with paddy straw enabled to obtain higher mushroom yield. Similar 

finding was observed by Thomas and Rajagopa1 (2003). The lignin rich 

piantation wastes formed a suitable substrate for oyster mushroom 

production as reported by Chandramohailan and Madhusudhanan (2002) 

wit11 areca n u t  bunch waste. Kochu Babu and Na i r  (1991) with oil palm 

M-aste and Matl-lew pi .  111. ( 1  991 )wit11 saiv dust of' rubber tree. Var ia~ion  in 

mushroom yield in different combination o f  substrates could be attributed 

to tl-te difference in the nutrient content. 

The yield of P. jlorida in non-retted coirpith alone or w h e n  amended 

with different materials was less compared to similar treatment combinations 



where RCP was used as the substrate. The phenolic compounds in retted 

coirpith is less compared to NRCP as most of the phenolic compounds are 

washed during the process of retting. In general, the production of 

mushroon~ in NRCP is less than the control either alone or when amendcd. 

Among the amendments, maximum yield was obtained in 1 : 1 proportion 

of NRCP and SMS. Amending NRCP with celfulose and starch supported 

least sporophore production. This may be due to the inability of t l ~ c  

amendments to produce even small quantity of nitrogen. Nitrogen atleast 

in ve ry  small quantity is required for the faster productiorl of sporoplzot-cs 

(Hazarika, 1998; Srivastava and Singh, 1999). 

When interaction between tslted and  non-rerted coirpith was studied. 

i t  was Sound that RCP treatment co~llbinations promoted oyster n - iushroo~~l  

p roduct io i~  as it boosted the yield parameters by minimizing the tinle for 

spawn run and mushroom production on bed and increased the number and 

yield of sporophores. This may be due to the fact that yield of sporophort. 

was positively related to t h e  ccllulose content and cellulose-lignin rat iu 

(Sivaprakasam and Kandaswamy, 198 1) .  Also high cel lulase e n ~ y n t .  

activity of P. ,floridu on the substrate which lead to higher yield of 

sporophores (Sivaprakasam, 1986; Geetha and Sivaprakasam, 1998b) and 

high water holding capacity of RCP ( I  109.28 per cent) cornpared to NRCI' 

(886.66 per cent) reported by Reeja (2002). 

When compared to RCP and NRCP, cornposted coir pith was vorq 

poor in supporting both oyster and ~ n i l k y  rnushroonl production. This ma) 

be due to the presence of different antagonistic agents, which ma)  

suppress the growth of musllrooms. Often cotllaminants such  a s  

Trichmdermu spp. ,  C'oprinr4s cotnafus. Aspergilllis nigo-  were o bscrved 

dominant on all the beds. Trichollcrntm spp. have been repurled lo be lllc 

major fungal compelitors \vt~icli advtrsely nffcclcd the yicld of r d ~  h l e  

fungi (Vi jay  ancl Solli, 1987). ?'he ield of mush roo~ns  Iatgcly d e p u ~ ~ d c c l  

upon the nature o f  substrates. 'l'l~c reason for thc poor gr t~wth and low 



yield in cornposted coirpith could be related to the bulk density and water 

holding capacity of the substrates .In more and compact substrate aeration 

will be poor and proper gaseous exchange will not be possible. Similar 

observations were noticed by Krishnamoorthy and Muthusamy (1 997) i n  

the case of C, indica. Again, high nitrogen content of the substrate further 

pulled back the mushrooms in growing and establishing on the substrate. 

The work of Gogoi and Adhikary (2002) revealed that higher nitrogenous 

substrate such as tea leaves was less beneficial for mushroonl growth also 

supports this observation. 

The yield of sporophores of inilky ~nushroo~ns was highest when t h c  

substrate used was paddy straw. Enriching coirpith with almendrnellts such 

its paddy straw, SMS, cellulose, starch and neem cake did nut increased 

the yield of mushroom in the case of retted coirpith. While in  NRCP n 

higher yield than the control was recorded when paddy straw and coirpith 

were mixed i n  the ratio 3 : 1 and thc yield was on par with the control 

when coirpith and SMS were mixed in the ratio I : 1. The reduced growth 

of milky mushroom in RCP may be duc to its richness in lignin content 

(Owseph, 1999). Better growth of milky mushroom in NKCP may bc due 

lo its low water holding capacity (Reeja, 2002). Milky mushrooms require 

somewhat dry and sturdy substrate for better anchorage and growtlj 

Milky n-lushrooms are i n  general low producers of e n z y n ~ e s  and hence are 

poor degraders of complex organic matter. 

The rcsults of the study clearly indicate that i t  is possible to cultivate 

inushroorns ir-i coirpith amended with SMS or paddy strafir. Thereby, thc cost 

of productiorl of mushrooms can be brought down considerably by reducing 

the use of costly substrate namely paddy straw. For decomposition of 

coirpith Pleuroiu.~ spp. are being used. Instead the present investigation 

sllows that T. hlrr-zilrnzit~t. can he used ns a better substitute. 



SUMMARY 



6.  SUMMARY 

This s tudy  was conducted to find out the most  efficient fungi  for  

clcgrading coirpi 111 and to perfect methods for growing oyster and milk!; 

mushraor-11s o n  ct l i rpi th  profitably. 

l . ' u ~ ~ r  different lignocellulolytic microflora I ,  A ~ p ~ r g i l l ~ ~ s  n ~ g o , ,  

4 ,  I .  K h ~ z o p l ~ s  .s~oIon~JC~r  a t ~ d  Trichodermll hc~rzianum isolatcd 

f'rom rcttcd cn i rp i th ,  tltret. n1ush1-ooms v i z . ,  Py~*nt~porus .SCIHJ!,' I ILML'ZI\. .  

Grrtlou'ernicr ~lpplllnurlrnr and I ' I c ~ I ~ ~ ~ I L I s  t u b ~ ' r - r r g i ~ ~ t ~ ~  collected dur ing  

sur\?t .ys  iu ciiffctent parts of  7'hiruvananthapiiralll district. I' /7vt-icl1/ and 

C'u(oqhc' r,rdicb[, procured f'rotn Instructiona! Farm,  Vellriyani and 

1,c~rtrinu.r cdol/c.\ from .~ICEVIll'. I 'YAIJ  were uscd in the stuck. 'l'hcsc 

fungi i ze rc  t l rought  into pure cu l tu re  a ~ l d  screened to i'lrld 0111 tl1c 1 n o 5 t  

ei'ficienl t ' l~ngl  for degrading coirpith.  

A m u ~ i g  ttlc fungi collcctcd d ~ r r i n g  the survey, I' !~rhct*-~cgi lrnt  is L I  

11cit. rcpc~rt  of' eciiblc mushroom f'or India. This mushl-oom could hc 

cultiva~zcl In paddy straw. procii~ccd sporophores with1 n 18-30 days auci 

gave a biological efficiency of 46 per  ce111. 

It7 v i t r o  SIUJ~L'S rcvealed that  7: hlirziurrut7t was t h e  l'astcst colotiizer 

of I-ertcd coirpith followed by Ci. rrpplunolun~ and L edode .~ . .  

7' /7~11.31111111m1 rediiccd organic carbon content of retteii c o ~ r p i t h  f r o n ~  

34 49 lo 17.U') pCr ccnt and C' . N I-atio from 1 13.3 1 : 1 to 10.36 . 1 

C' i t l r / / ~ ~ r ,  \ i f i s  the least ci'flcient a s  a degradcr of coirpith. 

The c . c l l ~ ~ l o s ~  and ligllin coiztent rcduced to thcir Iocvcst va lues  h! 

T,  / t ~ l t , z j ~ / t ~ / i t j ~  li\!lo\\)cd by  1,. ~ { ~ O L I ' L J . ~  C I I I L ~  : I .  t ~ i ~ y ~ t * .  



111e tnaxirnunl yield was obtained in a substrate containing 1 : 1 combinatiol~ 

of retted coirpith and spent mushroom substrate. 

A substrate c o ~ ~ t a i n i n g  non-rctted coirpith and paddy straw in 1hc 

1 : 3 rat io p r o n ~ o t c d  faster spawn run while iaslcr rate o f  mushroom 

pi-ucluctlun and h ig l~er  yield itcru noticed in beds con ta in i i~g  a 1 : 1 r .dl~o 

oi ' i ion-r t ' t~cd c o i s p i t l ~  and speijt mushsuum substrate and 1 : ; ratio or non- 

S C ~ I C C I  ~ 0 1 1 . 1 l i t l 1  and paddy slraiz. 

1-rister- \ p a \ \  11 ruli of' I I I I ~  k! 11111~11 t-oo~n i n  rclted u o i r l > i ~ h  ivas not i cod  

wherl i t  was s u p p l e m e ~ ~ t e d  with paddy straw ( 1  . 3 I-atiu) and  spent 

~ ~ ~ ~ ~ s h r o o i i i  suhsrrate ( 1  : 1 and  1 : 3 ratio). The  m a x i l l ~ u ~ n  yield ol' 

sl>or-ophor-c u a s  r c a l i ~ e d  on rottcd coirpith supplementcci ii i l l1  p;dcly st~,: i~\ 

( 1  . 3 ratlo) and spent m u s l ~ r o o m  st~bstl-atc ( 1  : I ratio). The yiclcl 

obtained in rcttcd coirpitll substrate was significantly lcss rhntl that o f  

c o ~ ~ l r o l  \ivherc paddyr straw was uscd as the substrate. 

A comhina l iun  of' non-rctled coirpitli and spenr mus111-oum suhstratc 

( I : I )  I J I - L ) I I I O ~ C L ~  t a s t c ~ .  growth 01. III! C C I I L I I I I  ut' 1111 lky  I I I L I S ~ I ~ O O I I I ,  i v l ~ i  ILI 

f'i~srcl- ~ n c ~ s l l s o o ~ i ~  p r o d u c ~ i u ~ i  and Iiighcr yicld wel-c sczn i n  a suhsrl-ate w i t h  

3 combinat ion  of' non-rctted coil-pith and paddy straw ( 1  : 3 )  Uollowetl by 

nun-retrcd co i rp i t h  and spenr mushruom sctbstrate ( 1 : I ra t io) .  

C'oinposteci coirpith was Ibuud l o  be a poot substrate fbr oyster  and 

111 j I k y  I I I U S ~ ~ I - ~ ~ I ~ I  p1,ud uc t io i~ .  
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APPENDIX - I 

Kcy to  t l ~ c  idctltificntion of must~rooms 

Collection No. .................. Date of collection ................. 

....................... Collected by 

I .  General 
Locality 
Habitat 
Any other details 

2. Pileus 
.............................. Colour ............................. Diameter 

Shape ............................... immature mature 

Texture soft, brittle, fleshy, coriaceous, membranous 

Surface dry, moist, greasy, smooth, downy, velvety, shaggy, 
peeling out easily or not. 

Margin Regular, wavy, smooth, rough, furrowed, incurved 
or notlstriate or not 

Veil Presentlabsent Colour 
abundant, scarce, 
appendiculate/membranous 

Chemical 
Reaction amyloidlnon-arnyloidldextrnoid 

3. Gills/Pores/Teeth 
Colour 
Arrangement : remote/free/adnateladnexed/sinuate crowded or 

distant, easily separable from piIear tissue or not. 

Consistency : Pliable/brittle/waxyIfleshy 

Size nolcrn . 

Gill edge : Special features if any 

4 .  Stipe 

Position Central/eccentric/sessile 

Colour 



Size Length .. . ..... diatt~eter ... ... ... .. 
Cot~sistency : flesl~y/leathery/woodg 
Surface 

Characters : fibrilloseidry/viscid 
Pubscent~squamose/glabrous 

Annulus present/absent size . . . . . . single/double 
Membranous/filarnentous 

Position apical, medial, basal 

Volva presentlabsent 
Shape 
Colour 

Texture fleshy/tough/papery 

5 .  Flesh 
When wet When dry 

Colour in pileus 
Colour in stipe 
Changes in colour when exposed to air 

6 .  Others 

Presence of abnormal liquidlmilkyfluidlothers 
before cuttinglafter cutting 
Any other character 



h l a c r o  characters 

I .  Basidia 
Size 
Shape 
No. of sterigrnata : 2/4 

2 .  Basidiospores 

Colour 
Size 
Shape : apiculate~arcuatelbullet like/ 

Cylindrical/echinulate/eIliptical/ fusiform/ 
Glo boselovatelreticulate 

Chemical reactions : Cyanophilous / acyanophilous/ 
amyloid/dextrino,id 
non-amyloid 

3. Cystidia 
Presentlabsent 
Gill edge/ 
Gill medium/ 
on pileusl 
stipe 

Shape : 
Size : 
Nature : thin walled coIoured/hyaline 

4. Others 
Spore print 
Any other details 

Specimen identified as : 



APPENDIX - I1 

Cor~~posit ion o f  t h e  mcdia uscd for  ttlc study 

I .  Potato Dextrose Agar 
Potato - 
Dextrose 

Agar 

Distilled water 

pH - 

2. Martin's Rose Bengal Agar 

Dextrose - 10 g 

Peptone - 5 g 

Potassium 

dihydrongen phosphate - 1 g 

Magnesium sulphate - 0.5 g 

Rose Bengal 33 mg 

Streptomycin solution 
( I  per cent) - 3 ml 

Distilled water - 1000 ml 

pH - 7.0 



APPENDIX - 111 

Annul us - Ring - like structure on stipe, derived from partial 
veil 

Carpophore - The fruit-body or conspicuous and falniliar part of the 
higher fungi, which bears the reproductive structures 
(asci and basidia) 

Decurrent - Gills that descend stipe to some degree 

Gills - Radially arranged plate - like structures on the under 
sides of  the caps of the gilled fungi, which bears the 
basidia 

Glabrous - Without any hair or other ornamentation 

Imbricate - Overlapping, f ike roof tiles 

Infundibuliform - Funnel shaped 

Pore - The orifice of the tubes that form the hymenium of the 
Boletaceae and the Polyporaceae 

Pubescent - Covered with very fine, thin, soft hairs 

Rugose - Wrinkled, rough 

Sessile - Without a stipe 

S tipe - The part of the carpophore that supports a cap or the 
hymenium in general; the stem or stalk of the fungus 

Suberose - Corky, rubbery 

Tube 

Veil 

Volva 

- Tubular structures lined by the basidia in the boletes 
and polypores 

- The tissue covering the immature carpophore of 
certain fungi; on expansion of the fungus this veil 
breaks and leaves patches or remnants of  the cap or a 
sac - Iike cup or remnants about the base of the stipe 

- The remains of the universal veil which stay at the 
base of the skin of certain fungi 
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ABSTRACT 

The present study entitled "Utilization of fungi for con~posting and 

mushroom production an coirpith" was conducted during 2001 to 2003 at 

College of Agriculture, Vellayani, Thiruvananthapuram district with the 

objective to isolate most efficient fungi for degradation of coirpitl~ and 

standardization of technology for nlushroom production on coirpith. 

Four lignocellulo~ytic fungi v i z . ,  Aspergillus niger, A ,  ochraceous, 

Trichoderma harzianum and Rhizopus srolonifer were isolated from retted 

coi rpi t h. Three mushrooms viz., Pycnoporus sanguineus, Ganoderma 

applnnatum and Pleurolus tuber-regium collected during surveys 

conducted in different parts of Thiruvananthapuram district, and Lentinus 

edodes, Pleuroltis jlorida and Calocybe indica were procured from TNAU 

and College of Agriculture, Vellayani. 

P. fuber-regiun~, a mushroom collected during the study is a new 

report from India. This edible mushroom has a biological efficiency of 46 

per cent and is ideally suited for cultivation in Kerala. 

T. harzianztrn was the fastest colonizer on retted coirpith followed by 

G. applanatunt and L. edodes. The maximum reduction of organic carbon, 

C:N ratio, cellulose and lignin and the maximum increase of nitrogen 

content in retted coirpith was recorded when it  was degraded by 

T. harzianum. 

Among the different substrates used for mushroom production, the 

maximum yield of P. jlorida was realized in a substrate containing I : 1  

combination of retted coirpith and spent mushroom substrate while the 

maximum yield of  C. indica was observed in a substrate containing 1:3 

combination of non-retted coirpith and paddy straw. 

Cornposted coirpith was found to be unsuitable as a substrate for 

large scale cultivation of oyster and milky mushrooms. 
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