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INZRODRYUETION

The interaction snd interdependance betwean
termite fungus autualisum and the fungus gardens have
fascinated biologists through ocut tho world. Lt due to
the difficulty of working with these tarnite growing
fungus information regarding thelr bioclogy remain largely
snecdotal and fraguentry till today though konig (1779)
mnede the first attempt to study the detalls of this
mycosyxbionts.

The wam humid tropicel climatic conditions
and divezsity in solls of Kerala supporte the growth and
occurrence of wide wariety of mushroom fiore, of which
mamy are edible. It is interesting to note that the
genus Termitomycas is anong the wost highly prized and
scught after mushroom that occur luxuriantly during the
monsoon pecicds through ocut the State. But knowledge oF
thme mutalistic macrofungi aro surprisingly keagre snd
in x3quate to £aciliiale thelr 1 agescal e rroduction by
artificiol wothods. No besic gystematic study has beed
carried cut in Rerala o record their basidioue sscreacrpio.
legy. ecology, syrbiosis gné proper utilization of these



sscul it spacies. Considering these points, the
present study was ufidertakan on the following aspects.

1. Colleciion end identification of difierent species
of Tepmitomycas fron different pwts o Kerala end
study on their natural distribution.

2+ Detalled study on the @orphology snd developmentel
wmorphology of different spzcies

S. Studies on the eoology ©f the locelly available
species and the sycbiotic relationship with termites.

4. Culturai oid physiological studies of aifferent
specice.

%+ Comparative study on the nutritive value of Aifferent
edible species.

G. 5tudies on post harvest processing £ preservation
of ditZerent species.

7. Trials on artificial cultivation of promising epecies
utilizing variocus orgenic substrates.
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REVIEW CF LITERATURE

The ocourrence Cf fuangl in termite nests was first
racorded by the German naturalist Kandg (1779) at Tanjore
in south Xndia, He cbserved inside texmite nests, brain
ghaped Eormaticne of & few centimeters diamster, which he
called "Mushroom gerden Cosb® or Mirsery and believed the
fungus as the £ood of young termites, Smeathman (1791)
publishsd an account of his investigations of terwmite
nests iun wWast Africa, where he referred the conbs @s Hure
sarica, He f£ound that tha cors ware sprinklsd with
small wilto glcbules, sbout the sizs of Pin head which he
later idsntiZisd as thas young stage of a speciss of

mshrocm,

More than half a century later Borkeley (1846)
reported about & gill agaric, found among specimens recei~
vad by him from Ceyion which was said to grow from ebout
£our fest below the surfege of earth, from the termite
caibes. This was the commen termite ageric which was eaten
by nativag in all the countries where it occurs which ha
nsmed as Lentims gartilagensus Serk., Berkeley (1962)
agaln roported in the *"Trensaations of the Linnsean
society® a solerctium £rom Indie under the name of

S§2lerctum gtipdtatnm Berk aad Curr., f£orrarly named by
him as Agaricus termitegena Berk, which was later identified



as Lantinus gartilagensus similer to the gill ageric
cbtained from Ceylons Gibbon (1874) collected few mughe
rooms from Gorakhpur, India about fourtesn inshes in
length, £rom the centfe of tha white ant hillock. GHe
studied in dstail, its hebitat as well se developmant
and cohsezvad that they apreared to emerge from & pescu=
lisr substance always found 4n antelills and which genge
rally was taken for the ant's focd, Hs bglieved that

it is this substance under the conbined influencs of
heat, dampness and darkness viich make ths mashrooms
grows Later thoss mushrooss were identified as Lentimus
gagptilaginaus, M3ller (1893) worked oo fungal gardens
of leaf cutting ants which paved the way for understands
4ng the real nature of mashyocm culture in ternite garde
ens. Holtermann (1698) reported an sgaric growing upon
teraite conbd in Ceylon, Java, Singapcra and Borneo which
rossabled Lentinug gactijagingus, lowever,hs celled tho
nev species a&s Pluteus rajspa iHolterman which was later
found identical with the species Raispa guphizus (Perk.)
$ing reportad from West Bengal, India.

Patouillerd (1858) reported the same funglsas a
termite agaric under the name Coliybia radicate Pan non
Rehles He pointed out that a sponge like mass was attachsd



to tha base of his gpecimen, confirming it to be & tecnmite
agaric, Hennings and Nymann (1699) redesaribed Holter-
mann's egaric as Fholiota jansesna Henn and Nymann and
subsecquently as Flammile janseana kncwing that it was the
same specles, He also described the species dlfferently
& Flammala £ilicendula Hann and Nvm., Pluteus trenbienus
and Piluteus bogoriensis Hens and Nym believing that the

three specimens examinad beloagsd to dhfferent specles.

Karawaiew (1901) gave an account of the white
spheres formed on a termite coxb at Buitonzorg. Subsequ~
ent descripticns of simllar fungl by ssversl suthcrs
created a rugber of syncnyme Heanige (1994) while des~
aribing the £urngus £lora of Scuth America, d&kscribed an
ageric Plutcus termitus Henne from termite nests in
Brasll; which reserbled the termite agaric Lentinug
cartilagineus Berk, Tragardn (1904) published an account
of fungus growing termites in Sudan,, where he gave a
precise doscrivtion of the “white spheres®. Petch (1906)
described Collyhia albuminosa (Berk,) growing from the

nests of variocus Odontctarmes species in Ceylon, He also

noted the association between the gmall mushroom Entoloma
nicrogarpaum Bersts Szowing fram tho nasts of varicus
gdontotarmas spesies in Ceylon o.nd: also noted the



aesociaticn between the amall mushroom Entoloma miorcssrpum
Serk. and Brooms and tho termites. Veiss (1906) from East
Africa chbserved that the agerics on termite nests are cule
tivated by termites f£or thelr foods Jumslle and Perrier ds
1a Bathis (1907) studied in detail the fungi in termite
nests in Madagascare They reported that termite cosbs bear
white conidlal spherss, upto one g diamster and that these
spheres arize frox a myceslium which permsates ths substance
of the sonb and runs over the entirs murface of it.

Boss (1933) isolated xylaria nigripes, Corprinus
species and a species of Termitomyces from Indian Termie
taria, PEottomley and Puller (1923) chserved the fructifile
catien of Entoloma pigrogarpum Berke Brooms, developing
on fragments of combs which was brought up ocut of the nests
by Cdontotermas species during the rainy season in Seuth
Africs. Betholliez (1927) showed that the white nodules,
which aze normally made up of conidiophores and aonidia on
tha fungus coab, are also the primerdia of the agaria phase.
Butler and Bisby (1931) studied Termitomyges ghtristus
(Beeli) Heim. from West Dengal, Grasss (1937) found that
the mycelium which permsates the entire conb, is mixed with
£iner hyphze of Xylaria spacies, generally considsred to be
saprophytic rather then sysbiotics



Boza and Bossa (1940) gave an aczaunt of 20 edible
mshrocm species dncluding Aqaricuas campsstris, Le ex Fr.,
Coprinue comatusg (Mull, ox Fr.) G.0. Gray, Zermitomyces
migrosarpus Berk. Br, and Tarmitomyces albuminosus Berk.
and tieime The £inal break through in the stady of termite
fungl came with the wors of Heim (1942) who created the
genus Termitomyaes for all tho basidicomycetes symbictic
fungl on the ceonivs of Mmorotermitinae and desoribed a
nunber of specles in the group assozlating them with their
termito hosts, wharcver possible. ile alamo diviGed
Termitomynas dnto two subgengra: Frastermitomyce for the
single species Entoloma microsarpnm (Serit. Bre) Heim and

Butermitomyces for the remsining spacies which Zructify
at the tips of 1cong stives or “Pseudorhiza® that grow out
from the fungus combs, through the mcounds or zoll above
the nest. 7The central part of the cap of some of these
lazger spacics is haudened, thickenad and to some extent
pointed as sn adsptation Lo penstrats the soil. This
stEucture termed as “perforaterium® by Heim is taxcacml-
ceally important in the group.

Cheo (1942) esgtablished that the conidial stage

dagaribed &s Agarits duthei Derk, was infact very similar
to ths choaracter of Termitomyces gibuminosus (Berk.) Heim,



Grasse. and Heim (19%50) described Termitomyces medins

as a species somewhat intecmadiste to the two subgeners,
although it is classed as Putermitomyces., Heim (1952)
considered that the size and form of the fungl are to
somz extent influenced by thes size and position of ths
cords and the variations between zpocies ariss partly
from Alffering stuges of adaptation to the ‘Cavernulcust
ccndition. He cbserved that Qdontoterxms species of
termitas appeared to have adopted tO soms change 4in
Termitomyges microcarpus, In this Cese, during rainy
season when tha fungus ig aboud to frustify, ths termites
habituslly shave away the outer layar of its fungus combs
and spresd them cn the surfece of tha scil sbove the
nest whers the fZruastification occurs., He elso dessribed
& new species in the group, vis., Termitomyces microcarpus
£. spe pantsiensis from Ssntal in Bihar.

Chopra and Chepra (1953) in their review of work
on Indlan medicins)l plants msaticned the edible species
of Mushrooms like Texmitomycss albuminosus (Beri.) Helm,
Hiarris (1961) repcrted that intensified foraging in the
arsa where bagidiospores had rascently been disshazrged
would result in reinoculation Of new comsbse Singer (1961)
cbeoerved tho davelcpment of Termitomyses to be Hemian-
glocarpice Pagler (1962) while describing the agaric



flora of Bamt Africa had preparzd an exhaustiva key %o
the East African species of Termitomyces following the
claspification adopted by Heim (1967) descridbed in dat-
atl the morphclogical characters of the spezies identi-
£ied by him as associated with termitegs, IHe described
in dsteil thse mozrhology of eleven important species of
Termitonyzes, Purkayastha end 4 Chandrs (1973)

collected Termitomyces euthizus (Berk.) Hedm for the

first time in India from West Bengal. listarajan (1975)

dasoribed four species of lermitomyces ie., Zaomitomyceg
badius Otino, Termitomyces glypeatus Heim, Termitomyoes
picrogarpmm (Berk. and Bre) Heim and a new spscies of
Termitomyces indicusg Natarsjan sp. nove HNatarajan (2977)
also reccrdsd a new spocies of Termitoryces from Jamma

Zs, JeEmitomyoss radicatus Natarajan sp. nov. Datra and
Batra (1979) while reviewing pest taxonomic classifica-
tion of termite fungi r Llisted out thirty two species
of Termitomyces associating them with their respestive
synbionts, Zcooeri (1972) desoribed in dstail eleven spe=
cies of Termitomyess found in Africa and Asla Eatarajan
(1979) again dascribed another new species of Termitomyceg,
viz., Termitomycep heimii sp. nov. €rom Chapauk, Madras Peg]e* and

Pieazce (1980) gave an account of asix populer edible
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mushrooms of Zarbia including a new species, Termitomyces
titanicus Pegler and Plarso sp. :;w. This species is
reported to be tha one producing the largest knoun Dasi-~
&iogsarp, with plleus messuring sixty three ¢m to e
mutre in diamster. Chaklkarsvarthy ~ . and Khatva

(1979) Gescribad Termitcuyges miorcoarpus as neaw Indien
edible mshroom,.

Bhavani Devi st al.; (2989) reported Tarmitomyoes
gonstus (Baell) Heim ap & nsw eldible funglsfor the eoumn=-
try. Bhw«of(elvsa) also roported two spaciea of Termitomyoey
viz. T, pardiformis and L. misredarpus comucaly oszuring
in Rarxals. Sathe gnd Davyd (1989) reported T, poonenstisspe
Nove frcm Mshagaghtray Podchrella plcrosarps (Berk and
Brs) Singer and T, heimii Natarajan from Karnatekar
Podcbralis. nilcrocazpa (Berk and Br.) singtr var, major
var. Hove, T joagizadicatus sp. Nove and T, quilonsty
£pe nov, fram Keyale. Ravla gb al., (1983) Gescribing
the Termitomycas £lova of chandigarh, India recorded two
nsw specias £or the country viee T, gtelatug (Beeli) Heim
and T, migrocazpus (Berk and Br,) Heim var, Sentalensis.
Psgler (1956) recordsd two epecies of Termitomycas from
Sri Lanks, Lealavathi’ (1967) reported eleven spectes of
Termitomyassg £rom Malabar, KXersls, Sharma et al. (1977) reported

Ternitomyces microcorpus from Hfimachsl Pradesh.
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Egeloqy, Symziosis and Igolsticn

Escherich (1911) suggested that fungl might maintain
the high humidity requirad by termites and their metabolia

heat creates alyr currants that ventilate nssts, Many wore
kere hava conducted extensive studies on the ecology and
eyrbiosis of the fungus and asscciated termites. Randall
and Dooly (1934) noted an odour of acetic or related acid,
vhan gut contents of termites wers acidified. The secre=
tion of soldiers of Qdontotermes also had this smell and
they concludsd that a byprcduct of celluloze digestion has
come to be involved in both dafence and ths adsptaticn of
Termitomyces to a hehitat otherwise imimicel to fungl.
Kelshoven (1936) belicved that fungi in nests of Macrotermesg
Odentctermas and Miorctertas were saton &way by termites
£xom below, According to Grasse (1937) the fungus proviGed
mtriticnal adjuvants or vitamins to the termites, Ghidni
{1938) was of opinion that the com served as the spparatus
for humidity control essentiaml for the growth of the fungus
and termites, According to Mukerji and Mitra (1949) there
was no significant dlzference in pi betwssn termitarium of
Odontotermes redlmanii and surrounding scil and reported
that the pi of conb ganerally ranges oetuween 3.9 and 4,3,
studies conducted by Cheo (1942) also confirmed the above



cdoservaticns. He noticed that the growth of xylapia in
astive conbs was supprossed wnile the growth of spherules
of Termitomyases wap promoted.

Lassher (1951) suagested that the funation of comd
wag comibingd with heay production maintaining a censtant
high temperature in the noest. Luscher {1951) also stue
died ths cerbeondloxids content in the termite nest, which
was found tO go UPLO 2.7 per cent as sgainst 9.3 per cent
in the atmoaphers cutaldc. He also pointed cut that the
high cerbondioxide inhibitsd grors germination and growth
of seme other fungl in the nest, Lilly and Bacnet (1951)
and Betra and Batra (1965) olso cozzcborated the view,
Heim (1952) conelidercd Tarmitomyses to be a tarmitophilous
comensal. He cbhserved that fungl like dylsris nigrives,
Pezign, Mucor, Shamatdium, Cophslosporium, Acperqillup
spacies stics reported o be assosiated with termite hills
are fcund only im ohandoned ccubs. FPadaxon, Gynophragnium
Matasnius Ompholis, Leusoooprinus, Lepicts, Dsalliots and
#erocoms which could also be isolated f£rom termite hills
ere gonsidered to be ssprophytes. Sands (1956) and Ausat
ab al, (1960) reported chat termites of all castes, ordi-
nagily live for only a few hours when taken freom large
tormltarias, They further shovald experimentslly thaz
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fungus cond with mycelium and nolules 1s an important parct
of the dlet of QOdontcharmes and could also prove thal the
territes aven supplied with alternative f£ood caild survive
7o longer vhen starveds He £aund that carbs were made of
aggregationzs of faesces of termites that they were periodi-
cally regeneraced. Heim (1962) reported that termitss
carry with them on their legs mushroom gezrns which could
be found in their £cod and body wastes, He cossrved
ancther asacmycetes funglswalch he identified as Xylarls
aleo males it appearance ¢ca termite nests, When the nests
arc taken out of its natural enviromment, ths Xylaria grows
actively and eventually the explosive appearanae of Yylaria
takes over, chckea the basidicmycetas and destroys it,
Bastra and Bacra (1966) noticed that the spharules and
matrix of fungus covk formsd the fool of large nymphs,
workers and alatss in the termite colconye Batra end Batra
(1966) studied in detail the symoictic relationship of tha
fungl end termitsg and concluded that the dsfensive cral
georetion of the scldlers with the adiltion of saliva
axerts a fungistatic effest in general on fungi other than
Termitomyces. They further reported that all combs excee
vated were acidia in pids They furthear found that the tem-
perature inslde the conrb was warmer in winter months and



11

cooler in summer mcaths. They also cdbserved that, the
heat generated by the metabollism of both termites end
fungl create a temperatura gradient in the combs, Their
studies also brought to 1ight the faot that the nitrogen
acoantent of the fungus coeb was higher than that of plant
material compounds for its ccoastruction, They assumed
that fungus conbs might be a means of conserving nitrogen
which 4in the nest is cycled repestedly batwecn termites
and the fungus.

Zoberd (1979) conducted expesriments to study the
diatribution of fungi in a termite hill and iasoclated twenty
sevan species repressnting seventeen gensra. He cbserved
that combe insulated from ocuter enviranment was found to
differ in its species composition and that sesscaal change
axerts its influence only upon the populstion of fungus
within the uprer layers of the hill. He also speculated
that the strands of Hylapia spesies are masticated by the
tarmites and utilised fior building new ccmbs whers as the
spherules of Termitomy-es are usad es adiivicnal supply
of £ood and socurces of vitamins for the termites. le is
also of cpinion that the mycelium poumung’;'thdeso required
microclimate within the chamber for the survival of ter
mites. Zoberi (1979) realised tha importanze of gelluloss
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decompositicn, the life process of the termites, as they
derive theizr main scurce of metebolic substrate and
snsrgy from ceilulose. But the Macrotermitaenes species
of termites do not =ecrcte specific enzyme (celluloss)
for esllulose decomposition.

Purhayastha and . ... Chandra (1975) succeeded
in preparing the cultwre of Termitomyces eurhiznn (Bark)
lein in a synchetio msdium an3 identified ten amino
anids from the mycelia. Ghosh and Sengupta (1978) iso-
latsed Termitomyces in & complex solid agar msdium utili-
sing dextrin soluble starch at a temperature of 28 to
32%. They cbsarved filament elongaticn upto 7=8 days.
Howaver, Zoberi (1279) reoordsd that white sperutes daid
not grow artificlally on any of the media tried at diffe

and Fossmann
erent temperatures. Rohsmann,\(wao) reported that
species producea 1lignin degrading ensymes
unlike Xylariz. Iie also found that Synnamata of Termito-
oyces wers composed of 38 per cent protein which containsd
all the amino aclds termites required. Ghosh and Sengupta
(1978) studied the effext of vitemins, hormones and fatty
acids on the submerged mycelisl) ylelds of some mishrooms
grown in synthetic msdia and concludsd that among plant
growth harmenes listed, kinetin wes growth stimlatory
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for Termltomyces qlypsatus, Rebeecs Thomas (19838) davelo-

psd a selective medium to facilitate isclaticn of Termito-
myces. The maximum golony diameter was recorded to 2.20m.
optimum caonditions of temperature and p¥ for Termitcmyces
cuiture asgoclated with different tormite species uers
also standsrdised. She furcher studied the mlorcbisl eso-
logy of meorctermitinas nests snd rcported Tarmitomyces
as the major fungus present in the corb while other fungl
were present only as gpores, which gresw rapldly when combs
were ramoved from nests., She also noted a substanga in
the extracts of food store of termites which prevents ger-
mination of other contaminant fungie.

De (1985) also reported suacess in getting cul-
ture of Lermitomyces microcarpus £rom the gpore daposit,
using malt agar medium by exposing the slants to 0, 6, 12,
18, 24 hour 1ight (1000 Lux) every <day and then incubating
then An ccmplete derkness at a temperaturc of 28 2 2%,

Dixon (1963) condusted detailed studies on the rese
ponse of Termltomyces spscies to raminfall and sporophore
producticn, He noticad it could be dividad into two pha-
se8, a prewraln period of pzimordial initistion and s
posterain pexriod of sporcphore maturation which form sight
€0 ten days. lle also chserved that a £lush could be
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induced duzring mid dry seasons by irrigating the soll sur-
face vith sufficlient water and f£lush was gsen to appear
elght to nine days after drrigstica.

Edibility
Edibility of Termitomyces specles hos been known

from time immemorial. Bakshi (1551) stated that sll recor-
ded species of Termitomyces are edible and very delicicus,

cording to sSinger (1961) most of mushrooms eaten in
Africa beolonged to the genus Termitonycssg, which were con-
sidered as superior to all other mushrooms. Purkayastha
and Chandra {1975) conducted the edibility trimls cn mice
using Termitomyces speclies and cbazerved a significent inore-
ase in body welght of four wzek old male mice.

mtritive valye
Bano et al. (1964) astimated tns protein content in
Termitogas spesias and reported them as & good scurce of

leucine and isoleucine. Protein from Termitcomyces contai-
ned high percentage of histidine and arginine. Miclibi
(1975) astudied the nutritive.. value cf some Ugandan Mushe
roomse Termitomsces was comparsble with or in soms cases
waa greater than that of many grain lequues. Ten essential
amine acids were also recorded in epprecisbls quantities,
Purkayastha and Chandra {1975) separated ten amino acids
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£rom Termitomyces suchizsus (Berk.) and recorded it to be
a better sourcc of alanine. Guy and Thoen.

(1977) also ecetimsated the proteins, fat, carbohydrates
and crude fibre contsnt of £ive specles of Termitomyoes.
Rawls ef zl. (1983) aconducted chsamotaxonomic studies
on three taxa of Tarmbtomyces species by enalysing the
£ree and bound amino acids, Three of Lhom were £camnd to

have Le-arginine in comnon with one another in the free
state and hod Leleucins and Le-mathionine in bound statee.

Preservation end Marketing

CGenerally Termitomyses specles were premerved by
smokings 0SC (1973) gave an aczount of tne method of
collestion, prescrvation and marketing of Termitomyaes
spocies commonly ossurring in several parts of lidgeria,
ile cbserved that the yoruba women after collesting mushe
rooms in the foresl bring them in larga basket to the
main roads where they are displayed for purchase by pasge
ers by. They als=o carry the mashrooms into their village
or town £or sale, Mashroom collected in a day are usua-
11y cocked tho same day. !owaver, they maintain a supply
over & long perlod of time by smoking and storing largs
quantities.
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MATERIALS AND METHODS

In oxrder to study the natural dlstribution of
different speclies of Termitomyneg O©f Kersla a praliminary
survey was carried out in the following lozalitiss in the
fourtesn districts of the State,

(1) Vellayani (Trivandrun)

(2) peyad (Trivandrum)

(3) Xaller and

Manithoold (Trivandrum)

(¢) Puthsnthopa (Trivandrum)

(S) Velianad (Trivandrum)

(6) vVarkala (Tzivandrum)

(7) Anchal {Guilon)

{8) Kottaraksara (Quilcn)

{9) rathanamthitta {pathansmthitta)

{10) Ranni, (Pathanamthittas)
(11) HKayamkulam (Alleppay)
(12) Mavelikkars (Alleppey)
(13) Rumarakcm (Rottayan)
(14) Xottayem (Kotteyan)
(13) Odakkall (Ernakulam)
(16) FRothamangalam (Exnekulan)
(17) Pampacumpara (Taukkt)

(18) Humali (Tdukki)
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(19) vsllsnikkara (Trichur)
{20) Muiundepuran (Trichur)
(21) Pattembl (Palghat)
(22) Chiteor (Paighat)
(23) Hottmkksl (Melappuran)
(24) Mancheri (Halappurem)
{25) Xozhikods (Calicut)
(26) Ferocke (Caricut)
(27) Panniyocor {Cannanore)
(28) Fayyannoor (Cannancre)
(29) Asbalavayal (iynad)

(32) Ralpatta (uynagd)

(31) Pilicods {(Kasargod)
(32) Nileaswaram {Kasargod)

The pesriodicity of occurrenze, scil type, distribue
tion sto. were recorded and agxe prasented in Teble 1,

The specles collected wers identified by comparing
the characters already reported in literature. Desazip-
ticns end terms followed are the gseme used by Helm (1942)
Singer (1975), Pegler (1986) and Natarajan (1978). The
glossary of terms uged are al=o aprendsd aAppendix~I..
Morphological and microscoplgal charactors of all the spee
cimens gollected ware studied and resordaed in a data sheet



prepared by Naiy end Davi (1984)., Data gheet 1s presenteld
in aAppendix-iI , Different meagurerantc of plleus, lome-
llae, stipe, pseudorhiza atc. were taken f£rom an aversge
of 20 spmcimens. AlLL ths colour descriptions used in the
prasent study were accerdlng to the Dioticnary of Colours
by Maarz and Paul (1950) and cited undsr results by aypro-
priate plate nunber {PL).

Spore prints wsre teksn on a white sheet of paper
from freshly collected £ruit bodles. The stipe was cut
of €, just beneath the plleus and was pilazed on a white
paper, facsing the gills downwards. A plece of moist cottem
wvas placed inside the bell jar to maintein molisture. The
whole asscenbly was kept undisturbed for 8«10 h to get a
clear spore print. Pecmsneat spore prints were similerly
made on a sheet of white paper ocanted with gum srabic and
kepe for future referoncs,

The spezimens were dried in a Sigg Porrex dshydrator
and thers esfter lebelled and preserved in ssaled polythene
bags. Specimens were also praserved by wet method using
formalin and agetic acid solution. The ccllestions were
deposited in the herbarium unit of the Department of Plant
Pathology, Collega of Agriculture, Vellayani, ZTrivandrum.



Agaricological tests like macrocheaical and meta-
chramatin reactions of varicus parts of basidlocarps wers
cbserved and recorded following the msthods of watling
(1971) end Singer (1975)s The tests were carried cut en
the surface and context of the pilleus, stips, stipe apex
and bass, Fresh tiscues from the pileus messuring sppro-
ximately cne squares cantimatre were dissected from differw
ent parts of the sparophcre with clesn single edge rasoc
blads and placed in a poccslain spot plate, Two drops of
Malzer's geagent warcepplied and * _. allowed to stand for
a minimum of 15 min befors recording cbssrvaticns. The
colour change was resordad and was graded as inamyloid or
psendcoamylold Lf negative (finel cclour being brown to
purple brown) and amylold 4f positive (£inal colour ysllcow
to black). Melzar's reaction for sporfe maas was 8lso
dstected by ths sam® mathod, Reaction tests were alco
carried cut using ferrous sulphate (3%), agquecus potassium
hydroxtids (3%), hydrochloric acid (1 ml) or Cena.Sulphuric
acid, Phenol (2%) eand sulphovanilliin. Composition of ell
ths reagsnts, media and chemicals used are given in

Apcendix-IIX . Microssopic measurements ¢of all the gtfu-
ctures wars mads £rom mounts in low Potassium hydroxtde
solution at a magnifiication of %2000.
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The Aidentity of the specimans was. conflirmed by the
Royal Botanic Gardsn, England and Centre for Advanced
studies in Boteny, Madraes.

Idsntification of the associzated termites, Collested
from respective termite nasts in all locelitlies was done
by ths Comuonwealth Institute of Entomology, London and
Forest Resserch Institute, Dshradun.

tal) M )} s

Most comnon species which appesred regqularly in
Vellaysni and Payad in Trivandrum distrioct was chosen fox
this study. 8Six termite nests each located in these pla=-
ces wera carefully traced out, using handfcrk and trovel
in crder to keep the acebs proparly expossds Differant
stagas of the sporocerp present in each of the comds in
gltu were recordsd, The nest cavities were then carefully
aoverad with a clean glass sheet and thes escavated soil
was replazed cver it so @as to meintain the natural condl-
tions to ths extent possible. Ragular ocoservations at
tuanty four hour intervals in all the six nests were conw
tinusd for eight days end differcnt stages ©f growth were
rasorded and Sesoribed following previous dascriptions
adopted in Agaricus Chang, 1978 . Fhobographs and drawe
ings of these Adiffersnt stagss were prepared, OGrowth and
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davelcpment of the sporocarps after their emergence above
the =cil to full maturity were also resotded,

Combs of aifferent stages wera carefully removed
2long with a portion of surrcunding soils and transferred
into sterilized glass troughs and covered with glass plae
tes, The troughs were immsdiately transfarred to the
loboratory and kept in & B,0.D. incubstor et 28%. Sterile
wvater was sprinkied at intervals to maintain the scil mol-
sture, Rsguler cbsexvations on ths further dsvelepment of
the aporocarps 4n the conbs were made at 24 h intercvals.
The triel was contimed £or one week,

Egology and synbioste
S4x nests were systematically escavated at Puthenthore

and theair contents were measured end anelysed. One matrs
deep trench was taken about 0,6 m away from elge of each
mound, Thoe trench was gradually widened, and escavation was
done slowly to remove the conbse. The portions of conbs, terw
mites and surrounding soil were lmmediately placed in sterile
gless jars and starile petridishes for more datailed laborae
teory studies.
Tenperature

Temperature of tha coab insida the termite nest and
soll surroundings was determinsd using scil thermcmster,



S

)

The thermometer was carsfully inszerted into the conb lozated
in desper layer of soll snd was allcwed to remein until the
mercury level becams steady. Temperaturs of surrounding sodil
was 8150 msasured by the same method.

Humtdiey

Hamldity of the cosb was determined using Barigse Dial
type hygromster, This instrument was placed carefully into
the comb and readings were taken, after 10 min, directly from
the instrument, This was repeated cutsids the cond also.

Molsture

Twenty g of cood materisl weretaken in a petridish and
was kspt in an oven at 105°%C. The weight of the cosdb materie
al vas recordsd at diffarent intarvals until & coanstant
weight was cbtainad., For desternining the fungal pcpulation
in thes termite nests, the samples weres cruched and glieved.
Serisl diluticns were preparsd in sterile water and from 1074
dilution, 1 ml was plated on Martin®s rose bengal agar,
Colony counts were mede efter incubation £or three days.
Thres replicaticoswere maintained in each cass, To dater~
mine bacterial populatics, 10°° dilution was prepsred end
cone nl of the solution was plated on Mutrient agar medlia
and incubated at room temperature for three days. Three
replicstiocns wers maintained. To dstermine sotinomycste



n

populaticn 10°% Allution was also prepsred and plated on
Ruster®s aqar., Three replications were maintained and
oolony counts were taken after four days of incubatien,

224

Ten g of sieved corb materlal wrrctaken in a 59 ml
beaker and distilled vater was added while stirring.
Stirring was continued for 30 min and contents werxs allcwed
to ssttle for sbout 30 min. Readings were taken directly
from digital pi mater (ELICO Pyvt. Ltd.) standardised aga-
inst buffer sclution of known pi.

Total Nitrogen gontent

The total nitrogen content of ccab materisl was deter=~
mined by Kjsdahl method as cutlined by Jackson (1963). Five
g of sisved comb material we)ctaken and digestsd with 12 mi
of digestion mixture and 30 ml concentrated sto‘ for about
3 to 1 hour till the soluticn bacams clears A 199 ml coni-
cal flask with 8 ml cof 4 per cent Boric zcid solution and
2«4 drops of mathyl red indicatcr wereplaced at the condene

ser tip. 8«10 ml of 40 per cent FHalil = Na 8,0, solution were

then added to the distillation flaske. Abcut 1S ml of Alstie-
llate weregollected and - titrated ageinst 0.00904

Ne ICle 7he end point was indicated by appearance of a
violet coloure A blank experiment uith all the ingredients
except the sample was also donse
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¢ellulose gontent

The celluloss conteant was estimatad by the method
of Updegraif (1963) with slight modification. Two g
sample was digested with 35 ml acetic/nitric resgent in
& belling tube and mixsd well. The tubs was placed on
a vater bath at 100°% for 30 min, It wes cooled to room
temperature and centrifuged at 3000 repsms £0r 30 min.
The supernatent was discsrdsd and the residne vas wvashed
with digtilled water, centrifuged again, the supernatant
discardad. Twenty ml of 67 per cent Hy50, wzre then added
to the residus alloved to stand at room temperaturs for
1 hy for complete digetion, One mL from the stock vas
mads up €0 100 ml and 0,5 ml aliquots Of the diluted golue
tion wore taken in test tubes and 45 ml distilled water
werg added to this end mixed well and the tubss were Xept
in a bolMng watez-bath £or 1% min cooled to room temp=
araturs and tha O.D. was peasured at 8§20 zm againet a
blank prepared identically with 0.3 nl distilled water
instead of the sample., A standard was slso run simaltae
naously using carboxy methyl cellulose,

ash

Two ¢ of comb materiel werctaken in a pravioualy
weighed dighs The dish was inserted into an electric
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mffle furnace and Lhe tenparature was increased to 105%,
when ashing was completsd after 3 h ths dish vas removed
and ccoled in a desicostor.s The dish with its contents
was weighed and the dlfferences in weight was recordsd asnd
the weight of ash was calculated in percentags.

Effect of soil molsture in tho preduction of sporophores

A fleid trial was laid ocut during August 1985 in the
cosonut garden at Puthenthope where cpesies of formitomvces
was found t0 ocour in several solitary nests, scattered in
s fow sites in the garden (Flate 1). Four similar sites
with good concentration of termite nosts were selected.
Produstive nests in sash of the sites (plots) vers identi-
£ied based on emergsnee of mushrooms and ware serially
marked with field labsls., Based on tho continudty, these
warked nest:s in each of the four sites were clustered in
tvo equal groups. On2 group was kepl, as ¢ontrel and the
other received tresatmant (irrigation). ALl ths trested
groups received reguler irrigation with 30 1it water daily
during dry periods in order to keep subsoil, sufficiently
oolst up €0 & dapth of 50 ems The contxol group of nasts
was: left o natural conditicns, with no artificial irri-
gation, Dally cbssrvaticn cn the emergence of mashrooms
in both the treated and control plots in all four sites



wers recordsd. The trial was continued up to the end of
Dacemper, 19835, Termites collected f£rom all locations
were preserved in 95 per cent Ethyl elcohol for identifi-
cation,.

Growth of Temi.t%gs in differant solid media

Crowth of the fungus wesg studied in ths following
s80l1d madia inmibated at room temperature,
i, Potato dextrose agar
2« Oat meel agar
3¢ Malt extrast agar
4. Cgepek's agar
Se Saboraud medie
6., Natrient sgar
7. Purkayasthe's synthetic medium

8¢ Rebesca's selectlive madium

The composition of varicus media (s, given in
Appendix IIL . Since the fungus had very little growth
in stock cultuzs, both tissues and spherules wers tried
in 211 ths media.

Isglaticn from tissues

Tae dlfferent media were transferred at thes rate of
100 ) 4in 250 ml Erlenmeysr flesks and autoclaved at
1.02 Kg/cm® for 15 £o 20 min, After steriliraticn and

29
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before sclidification 2 mi of 1 par cent Arnbistrin - 3
(streptomyoin sulphate) and cne per cent Penicillin - G
salt were adled to the medium in e2ch flask to inhibit
bacterial growth. The stipe and plleus tissuss from £resh
young mushrooms wera gepavated, surface steriliged with
95 per cent aicohol for cns minute and cut into bits of
2«3 om size. Thass bits were transferred aseptically into
the £lasks and wers incubated at room temparature., Three
replications ware malntained in esch case.

Isolation frem scherulas

Cadhs were remuved garefully and gmall sphsrules were
selectads 7The spherules wore surface aterilized with 95
per cent alcechol for cae minute and were aseptically inoe
culted in 18 ml of cach media plated ¢n sterilized petri-
dishos, Tha dishes were incubated at room temperature,
Three replicaticns ware malntained in eech case.

Geowth in Licuid media

Licuid media were prepared and 30 ml of each medium
weretransfarred o 350 ml Erlenmeyer £flagks and sutoclaved
at 1,02 Kq/cmz. After sterilization the media ware inocue
lated with gpherules., I'our replicaticns wore mainteined
in ezch case. The £lagks wesre incubated at room tempera-
ture, Cbservaticns wete taken afiter 45 h.
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Effect of temperatura cn the mycelial crowth of T.pchustug

Qut of the different rigdia mentioneld above, only the
Rebseca’s selective medium was used £or this study. The

medium was prepared and sutoalaved at 1402 kg/c:n2 for

15 min and poured into sterilizaed petridishes ¢ 9 om dlam,
at the zate of 15 ml 4in each digh and sliowed to solidify,
The spherules were takan, surface sterilized in 95 per ceat
alacacl, and transferred assptically into the dighes. The
dighes were incubated st four different temperatures, vis.,
20%, 25%, 30% and 33%. Radial mescurements of the
£ungal growth were peccrded after 2, 4, 6, 8, 10 and 12
days respectively. Throe replicaticns wers maintalned for

ezch trezatment,

EEfect of licht and darkness on the nmyealial growth of
‘l‘.rd)ustug

Piftsen mi of selective medium we e plated in sterilised
patridishes. Fresh spherules wers sslected, surface sterie
lizad with 95 per cent alcohol, and transferrad asepticaliy
to the centre of the dishes. 8ix dishes were placed undar
crdinary light conditions and the cther set of equal muber
wrappsad with black paper snd incubatsd in complete darkness.
Both the seta were inocuwbated at room terperature, Observa-
tions wers recordsd aftter 45 h.



e ative afficacy cof dliferant w3 trates in
supporting the mycelisl growth of Zermitomycas

The followving six substrates ware tried £or spawn
production. 1. Paddy straw 2. Rice bran 3. Spent tea
waste 4, bBanana pseudostem 5. Saw dast 6. Whoat grain

Two hundred g ©f eagh mbsotrate, exzept gpent tea
waste wagc taken and bailed in water for 10 min. After
draining tho exceas water f£rom the materisls, clean Brlen-
mayar £lagls of 350 ml capasity were half £iiled with the
gubstrate, Five g of galcium carbonate were mixed throughly
with the gralns baScore £411ling. Paddy straw and speat tea
vaste wers £illed as dasoribad carlier. Red gram powder
at the rate of § g was added to eech £lask, The bottles
wore plugged and sterilised at 1,05 kg/em® for 2 h/dey for
2 Gays and allowed to cool down. Mycelisl bits £rom the
pare qulture T.gcbhustus wero incaulatad assptically and
inocbhated at room temperatura. Visual coservaticns of the
mycalial growth of the fungus wers yecorded and arbiterly
gradsd as follows on the 20th day of incubaticn.

Visual cbostvations Grads,
Very good growth oot
Good growth 0K
HModerate growth hia
Very podr growth o

o growth Y
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B2fect of temperatures con the myceliel q:ggntm of r.tﬂt%n
M Efqrent '

Exlsnmeyer £lasks £illed with ths slx gubstrates es
in ths previcus experiments wers inoculiated with the myce-
‘1iel bits of Termitonycae and meintained at differsnt tempe
ecatures, viz., 20%, 25%, 30% ana 33% for 20 days. At
the end Of the insubation period, the myseliel growth wae
visually graded as in ths previous experiments and
zeccrdaed,

gfiect of Atfferant scurges of carbopn on the mycelis)
growth of T.pcbustus

Rebeeca's seleative medium was ussd ae the basal medium
and varicus mono and diseccharides in the form of dextrose,
lactoss and maltoss were substituted for celluloss, in the
sdlective mdi.a as to give the seme percentage of cérbon in
oach' treatimant, ' Samples without addition cf any sugar were
takan as Qontrole

The rmaedium pr;parod as above wasy autoolavad at
31,02 kg/cmalﬂor 15 min, cooled and poured into sterilised
patridishas, at ths rate of 18 ml and allowed tO solidify,
‘ Sphierules were taken, surcfzce sterilised ond transferred
eseptically into the centre of each dish. " The dishes veres
incuated st room temperature and radial growth was msasursd
at intervals of 5, 10 and 12 days.
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Mteitive value
Analysis of moisture

FiZty grams of £resh cmshroomo were taken in a patoie
Gish and dried in & 5igg Dorrex dehydrator at 70°C., till
a constant waight was cbtained, The loss in weight wvas
determized and the percsntage of molature calcoulated. It
was repeated wlth six camples.

Analysis of Total Free Amino acids (Moore and Stein 1948)

Cne hurdred my doy mshroon samples woeres mixed with
10 ml and S por cent TuC.he (Tricholoxo acetic acid) 4n
cold, The extrast was centrifuged and the supernatant
made upto 10 mle Fgom this 0,5 ml wag taken and neatrae
1ised with 0,8 BN NaGiie To this 1 ml nunhydrin reagent
was added and placed in a bolling water bath fer 20 min.
Ceoled the tubes and dlluted to 5 ml using diluent solvent
(Equal volum2 of reagent grads Propancl and lizo)o The
optical dansity of the colourod product was read at 570nm
in a spectophotoneizer (AIMIL) against & blank of diluent
solvent. A standerd was run uaing Lsucin (SICMA).

Analyals of Crude Pibre

T $ ¢ poutlared Aried mushroom sample, in a beaker
200 ml botling 1,25 per cent H,80, wercadded, The beaker
was then placed in o hot place and boiled exacstly for 30min
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Filtersd through a clean €ilter pad, cinsed the beaker
with 50 ml boiling Hzo washad through same filter pad,
removed the pad and transferrad the gontents carefully
into a besker. Two hundred ml boiling 1.28 per cent
NaOH wevec added and again boiled exaztly for 30 min and
£iliered as sbove waghed with 52 ml porticona of water,
After gomplets draining the residue was dried £or 2 h
at 130°%, Cooled in & Gesicoator and waighod, Ignitced
for 30 min at 600°C in a muffle furnace. Cooled in a
desicoator and reweighed. The 108s An weight on ignie
tion was taken and the Cruds £ibre in the sample was
calculatsd in psrcentage.

Analyais of fai {Brard 1963)

Five hundred my of powdered dry mushroom sample weve
transferrsd to centrisugs tubes, with 20 ml alcchols
ether (3s1). The twoe was placed in a constant terpera-
ture water bath at 63°¢ £or 2 he Centrifuged anad decanted
the mpermatant into a graduated measuring cylinder,
Refluxed the residus with 20 ml anloroforms mathano) (1:1)
for 1 h at 85% centrifuged agaln and the comoined supes-
natants were placed in a weighed evaporating basin end
Dun." - 12 notad the walght, The differsnce in weight was
zecordsd and the fat content expressed as g/100 g DeM.
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Analysls of true protein

A homogsnate (1320 w/v) of the dried mishroom sample
was prepazed with cold 0.1 0 NaCH. Tne esgbrast was dlgse
sted for 10 min in 8 g¢onstant temperaturs water bath at
70°%¢ for complete digsclution of proleins centrifuged at
3000 Tepeme £0r 30 nin and the supernatant made upto 10 ml.
An aliquot of ths homegenate was diluted 3 &imes, 1 ml
fxom this was uged for the egtimetion of proteins by the
wethod of Lowry et al. (1951)s To i ml sampls, 4 ml rea=
gent C was addsd, mixsd and kept for 10 min. T this 0.9
nl dlluted Poiincpheral reagent was addsd., Volums was
made up to 10 1l and allowad t© remain st room terperature
for 30 min for colour dsvelopment, The cptical dansity of
the colourad produst was measured at 860 nm 4in a gpeatro
photommter (ATMIL), agsinst a blank preparsd identically
uzing 1 ml distillied water. The protein content was cale
culated using atandard propared with Boving alubmine
{3tgmz) .

L]
Apslvals of tobtal caxbohvirates (Smith 1956)

Ons nundsed oy os Jrica rushroom sample wereaxbracted
with 25 ml aquecus ethanol (B0% v/r) at 109% for S min.
The extract was centrifuged st 300 r.p.me £or 30 min. Super-
natant was collected and mads up to 100 ml, From this 1 ml
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aliquots were taken and the garbcohydrate content was esti-
mated by FPhenol sulphric acid methols One ml alicquot and
ons ml Of £ive per cent Phencl wewrmnixed and added 30 mi
cous.H,80,. The residue fron alccholic extraction was
suspendad in 20 ml 72 per cenat 32804 extracted overnight

at roon temperaturs, After adding 80 ml water mixing eard
allowing to stend £or 392 min the suspension was centrifuged
and ths supernatant was made up to 100 ml Cne ml aliquot
was taken from this and carbohydrate gontent was estimated
as described previcusly.

Finally the residue from the mbcve extraction was gus-
rended in 2 ml water, mixed well and used for the determie
nation of cexbohydrate as desaribed carlier,

A stendard was run using glucose (BDH), Ths Carbo-
hydrate vaiues for the first supsarnatant, second guperne-
tant and ¢he residue were pooled to get total carbahydrate.

Arino acidg

The amino aclds were extrasted from the tissues and
determinad using the method of sinha and Comsions (1964),
Pive g of firesh sarple of mushroom w2 ehomogenissd with
50 ml ethanol (9SX) and kept overnight. The extract was
then filtered and the residue was washed with 59 m)l of
%0 per cent ethanol. The ethanol was removed €rom filtrate



by kesping it at 60°C which was then run tarcugh a Dowex
53 (200 mesh) columa of 10 om langth and § cm dlames The
column was washed with 75 ml of 25 por cent ammonia solue
tion and weshings evoporated to 3 ml at 6%, The amino
acids present were dsternined qualitatively by Thin Leyer
Chrometography. 7The solvent pysten used was butancld
acetia acids water (4:135). The spots ware dsvelcped by
spraying ninhydsin solutioa (0.3 per cent in sthanol).
Stendard amino acids vere spotted simultmnecusly £or com=-
pariscn of Rf values.

gtudies on post harvest procesaing

Dehydrstion

One hundred g of £resh sporccarp of Terrdtomyces
gechustus were teken, pseudorhiza snd bulbous portion of
stipes uvaore rexmoved and dried under sun for 3 days to
re2yce the molsture content t£o 5«6 per cent. Sim:ltane-
ously, other samples were alco dshydrated keeping it in
Sigg Dorrex dehydrator continucusly f£or 24 h at a tempe=
ratura of 55-70%C, The dehydrated zsamples were trang-
ferred to polythene bags of 100 gauge thickness and sealed.
Ancther get of samples waS. kept in air tight containers.
Dried cnes kept opensd secved as ccatrol, visual cbhserva-
ticns and organcleptlic tests were conducted at differsnt
pericde after 3, 6, © and 12 months respectively.
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Brzepervation by powdering

samples of mehroom  were dehpdrated using a Sigy
Dorrex dehydrator and wexe powdered and storxad either in
polythsas bags cf 109 gaugs thiciness or air tight qone
tainers. Samples kept cpen, servad as control-Visual
coservatiocns and organoleptic tests were condacted, at
different periods sfter 2, 6, 9 and 12 months respectie-
velye In order to allow for safe storags of fresh muishe
rocme, the following msthods of pressrvation and process-
ing were tried.
Refcigeration

One hundred g sasples of freshly collected mishrooms
were stored in refrigarator at 10-23°%C. Samples were
Kapt 1o both open and closed polythens begse ¥Fiva replie
cates maintained in ezch cass, Visual cbservations were
taken aftsr 24, 48, 72 and 96 h, respectively.

Bresarvat:ion in brine

Young maghrooms before full expansicn of pileus
vare collested, weshed in tap water and steeped in bolle
ing water for 3-2 min. 3rine of 1 to 7 per gant ccngene
tration was propsred by dissolving sodium chlerids in
sterile water. AaAn aliquot of 150 mk each of the sclution
was transferred to olean conicel f£lasks of 250 ml capacity
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and sutoolaved at 1,02 kg/cmz. Equal guantity of mashe
rooms Wwash transferrcd aseptically to each flask, contain-
ing the brine and ware incubated at room tenperature,
Three replications were mainteinsd fog each treetment,

The miarcbial flora of the above preserved mushreoms
were estimaced £ollowing the sarial dilution plats tech-
nique at weskly intervals for a parlod of 6§ weeks Guring
storsge periods, Visual cbservations of the pressrved
mishrooms at dlffarent concentrations were made. A 10™/
dtlution of brine was prepired and the bacterial, actinoe
mycetes end fungal population from the preserved samples
ware estimated employing Nutrient agar, Kuster's agar

and Martin's rose bengal agar respsstively,

Blenching

Two hundred and £47ty grams of fresh mashrooms were
taken, wached well, and dipped in boiling water for £ive
min. It wvas then takea mtilgm dried for 3 days. The
dried material was thoen packed in polythene bages of 100
gaugs thickness and stored et room temperature end by
refrigsration and chservaticns wore taken at three days
interval for three months,

Hundred grams of young mashrooms wors washed, ent
into szall pleces of abcut S=10 mm thickness, bolled in
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30 per cent vineger soluticn for 10 min allcwed €0 drein
for 24 h and dried in suns They were then pleced in
glags jars containing gingeliy oli, Tne pieces were
pressed dewn to eliminate air bubbles and were completely
govered with cil. The jars were tightly closed end sterie
lized in water bath for 45 rin before storing. Feriodical
chearvations on the pregerved matecrlal was mads az in the

above OBsas.

Pickling

Pour £ifey grams of ycuny mashrooms were washed, cut
into several pieces and placed in a pan, covared with
vinegace The followlng ingredients were also addod.xscm-
111 powder (oae tea spoon), Ground glnger (one tea spoon),
chopped onlon (225 ¢) and 4 pleces Of garlice The ingre-
dients wore cooked gantly until tenlar and simmered in hot
gingally oll, Cooled and £illed in clean, steriliced
glass bottles ; sealed alr tightly and stored,

Eatohup

Four £4fty grams of frogh mashrocms were cut into
snall pleces, spread them out in a bowl and sorinkled six
teble gpoons of salt covared and left for two days, At

intervals, they wers stirred and squashed. Then they wers
transferzed Lo largs: pan, adding one cup vinsgar, two
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tebls spoon chepped onlon, 4 toeaspoon pepper and four
teaspoct ol and vers gently simmared for sbout 1 h until
it became 2 strong ocncantrate. It was then strained
through a clean cheesa cloth into sterilicsed bottle and
sealed alr tight. The bottle was fuxther sterilisad in
water bagh befors being stored.



RESULTS



RESULTS

A ptate wids survey was conducted during the South
West and Horth Esat mcnsoon periods in 1984-85 for the
collection of Termitomyces species. The following nine
spasiea were collected f£rom thirty two losalities of the
state (Fig. 1)

1. Teormitomyces robustus (Besli) Hedm
3¢ T heimil Natarajen sp. Nov,

3s T glvpeatus Hedm

4. T, radicatus Hatarajan sps Novs

S¢ To gtriatys (Besli) Heim

6. ZIe parforang Hoim

7« T. glotulus Heim Goossens

8¢ T, microcarpus (Bark and Br,) Heim
9+ T. miorooarus var. gantalensiz Heim

Detalled studles on mezphological and microscopie
characters were carcied ocut fopr identifying the specirens
and the dstalls are given ssparately. Their pericdicity,
frequency and intenaity of coovrrenae, distribution and
soll types ware also dbsarved end enumerated in the
table 1 .
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Tahlae=l

Parlodicity of cccurrence and distribution of Termitomyces sppe

Name of ths Place of District Scil typs *Intensity Honth of
gpecies collection and habit of occurrence
gacurrence
1. Termitomyces Thraughout June-July
rchugtua zhe State All dlstricks All soll typs + Septerber-Octcher
2¢ To heimid Kaller Trivandoum Foregt lozm LR Suly
Mapnithooki Trivandrum Forast loam R R July-October
Ambalavayal Wynad Forest loam + + > H July
Odakxail Dras'aalem Leterite LK I R July=-0Octcbey
3¢ T tun Vellanad Trivendrum Laterite + v ¥ July
4. To radicatus Poyad Trivandum Lnterite + + July
5. T. ghriatue Pachallocr  Trivandrum Red loam + + October
6. 2. glcbulus Puthenthope Trivandrum Coasgtal sandy + ¢+ July
lcan
7. s pecforang Mavelikara Alleppy Laterite + June~July
Septemcer-Qctcber
8. T. migrocarpus Throughout A1l districts All soil type + + + +
the state June=July
9. T» microcarpus Odak<ald Ernakulam Laterite PO ggﬁ;ﬁ‘f;"‘ctd’e“
var.gantalensis Poamdi Trivandgum rForest loam L N Septerwer=-Octdber

* Inteasity and habit of ogcurrence

+ +
+

+ ¥+ 50=192 and mOLe Sporcoarps -
+ + 25«50 Sporocarms
Q.

+ 13)=25 GSporocerps
+ 1l=13 Sporocarps

Large groups
- Small groups

= Seattercd

~ Solitary

vy






CGhassrvations shewed that amoag the nine speaies
ecllected 1. BASKOSAKRMS 1. BASKOSGANINA ver saatalensia
and 2. rNSEIR WeSe the most commonly eocurring ead
videly alstributed species through out the Stats, Calle-
ctions revealed that they have a wide rengs of distcridue
sion irvespeqtive of soil Sype. 2. haimii showed less
common distribution and thelr ccourrence were mainly con-
£4ined to the undisturbed forest soil undexr thick vegeta-
sion. I, gAchwius, I almeatus 1. Rasforsas 2. sachataa
and T. radigatup vere chserved infrequent in theirxr die~
szibution during the geason,

The data pressnted in the twsble 1 revealed that
based on the intensity and habit of cecurrenace 2. gobustus
and T. gtristis were slweys found growing solitary sbove
the hypogesl termite ecwbs. 1. miorogarpya end I. migxe-
SALINA var gantalenala osocurzed in widely scattered groups
consisting of more than hundred sporocarps sbove the
scattered termite cosbs. L. halmil elso cogurred in
groups of more than hundred spofocarps growing arcund of
on sbove the partly epigesl termitaria. ZI. glypeatus and
T gAiuing were aoticed growing in small scattered groupe
of 33-30 spogocerps shove the hypogeal termitse combs
uhile T. radicasus and T» Rexferans sppeered in well sce-
ttared groups of 10=-33 sperccarps.



Plate-11a dfermitomucef robuttud
iy vatura? habitat

Plater jr.b
Sporocarp of T robusius Shomng



The results relating to the periodicity of occurr-
ence of different species of Feritc3yo™s showed that
among the nine speoles six of them abundantly ooaurred
during the poet monsoon periods vis#,July and Oatcber
(south Nest and North East) while the two spooles £-

giflgoCICHfIft aad X. Bift <«m FUSFtkyMITFt «»***
during both monsoon periods#

EcfiffliraBV P faft B#ull> Huim. la Bull* Jard. Boti
Brux 2112119 44-46 (1951)
achulsarla# rdbusta Boell i1n Bull* son# Belg# Di1 Beig#
idiTS
TermitoBtvraafl fullalnosus Heim in Arch. Hus# Net# Hist#
Nat# Paris VX* 18# 118 (1842)

sporophores solitary or scattered# found growing
iIn tho termite mounds# (Plate ZZa) Pilous 6-20 am dias##
convex# planoconvex at maturity with obtusely pointed
dark brownish black perforatorium (PIJ*=-14-6-B&Y  Surface
uniformly tawny brown (E&*12-5 BCED)# irregularly ridQed#
often glabrous# viscid when moist# Margin incurred# often
lacerate and reflexed at maturity# Flesh* white and soft
I mm thick with hyaline* Interwoven hyphe of 5-19 mw#
T.smsllae white to pale ochraoceous with a pinkish tint#
free to subadnate with decurrent tooth# 6 am broad#



Plate - 1lia

Termltotnyco3 helmli Sporocarps
in natural habitat

Plate - 1Il1lb

heimii Sporocarp showing
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crowded, with lamallulae’ mergin cremulate. Stipe 1%=-29 x
3-3 om in epigeal region, smooth, white, solid, aylindric
but thiskening into a bulboue base below the soil and thea
tapering inte a long subtesransan pssudorhiss (16.5 x 1.8cm)
with selerotised dies, (PL-8-32-L) ending in the termita-
siun, (Plate IIb) sSpore print piankish gressm. BSasidia
35-33 x 78 mm, alavate bearing 4 sterigmeta. Spores $.7 -
82 2 4.3-8 mm, cbovoid to ellipscid, smooth, Cyssidia
mumercus. Pleurc cystidia 36.3-26.2 x 10-14.2 mm (rig. 3)
Chedlocystidia 14.1 =~ 16 x 7-11.1 wm varisble in shape from
alavate, aylindric to mapi formy thin welled, Hymsmophoral
trams indistingtly bilateral, All hyphss laacking alasp

connestion,
Bdibilicy - Emcellent
seasan « Horthekast and South-lNest monscon periocds

1984-'83
Distribution < Colleated from different places throughout

the state.
Locally kaown as Uppukeon, Messthandan, Nilampulappan.
mdpoplomtocmmndmmmm.

facaltomrons haANLL Hetarsjan sp. Bov.

sporophoge gregericus growing An large mmbecs in
tha focess soil. (Plate 1ila) Pileus 4.7 om in dlam,, conven
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crowded, with lamsllulae’ msrgin cremlate, Stipe 13-30 x
3-3 am in epigeal regiom, smooth, whits, solid, aylindriec
but shiskening into a bulbous base below the solil and then
tapering inse a long subtesrenssn pssudorhisa (16€.5 x 1.8om)
with sslerotised disg, (PL-8-12-L) ending in the termite~
sium. (Plase IIb) 3poss print piakish aresm. Besidia
2833 x 7-8 mm, clavate besring 4 sterigmata. Spores 8.7 -
8.2 x €§,3~-5 ma, cbovoid to elllpscid, smooth. Cystidia
mumercus. Plewro cystidia 24.$-36.2 x 10-14.2 mm (Pig. 2)
Chedlocystidia 14.1 ~ 16 x 7=11.1 wm varisble in shape from
elavate, aylindric to mapi forms thia walled. Hymsaophoral
srama indissinasly bilateral., All hyphae lacking alamp

connection,

Eaibiricy = Rwmosllent

Season = Horth=East and south-Nest mongoon periods
1904~-'89

Phetribution < Collected from different places throughout
the state.

Losally known as Uppukoon, Massthandan, Rilampulsppan.
Local pedple uss to aollect and gonsume Auring the ssason.

Temmisomrons helmil Nstarajan sp. nov.

Sposophare gregerious growing in large mmbers in
the forest soll. (Plase Illa) Pileus 8.7 om 4in dlam,, convex



Fig 2

Territomyces robustus

a Habit x 3/4

b Basidiospores x 2000
c Basidia x 2000

d Cheflocystidia x 2000

e Pleuro cystidia x 2000






43

Decening planssesavex et maturity sub ushbonate wish dhtuse
tip. Surface white %0 light brown (Peifel-A) greyish
beown in eeatre, with promineat wabo (PLeil-i=A), smoeth
€0 squamiloes) visaid whan moles’ margin entire ta@ ldbed,
Context white, 8 mm Shicks hyphas flat. Lamelless free,
besowing pink & wm broad, orowded wish lamsllulae; margin
sexrete. Reagtion with Melser's reagent inamylodd,
Stips 10=19 n 1-1.3 om, whise, aylindrical attemsating
sowards bases solid above ground level) white, glebrous
%0 squamiloss, hollevw below the soll with long pssudechiss
(F=82eid), 16~0,7 am which ends in the termise Rest.
{Plate I1ID) Anmslus hangiag. (Flate Iile) persissens,
spece print pink. Basidiospeses elllpsoid, 7=9 x 4.5 um,
hysline inamyleid, shick walled with few refractive guttu-
les. Basidis alavate 22.2% um x 68 pm, 2-4 spored (rig.3)
Chetilocyssidia and pleurccystidia absent. Jill trama
recular, hyphss 3-8 a 13 um diam, All hyphas lacxk clamp
etnnections.
Béibilivy = Emoellent
Seasan = South-iWest monsoon 1984-83%
Gistribution <« Colleoted from Manithookki and Kallar
forest areas. They are seen growing
in large mmabers in forest area 4in the






Fig 3.

Termitomyces heimi

a. Habft x 1

b Basidiospores x 2000
C. Bosidia x 2000

d, Cheilocystidia x 2000



Pfote.-1Uq J< fie/mii  stipe- showing Super-
ior , prominent anna/us.



undlstushed ground undsr the txses,
Tribal pacple collaat thsm fOP consume
pticn and marketings Looally kncwn as
Perumkala.

Termitorysss glvpentus Heim, Bull. Jexd. Bot. Bruxelles
230307

sporcphora odlitary or scattarsd on tha grounds
Pileus 3«5 cn diam,, with very pointad perforatorium
(Flate IV), sSurface glabrous, light brown, with dark
brown centre (PLel3«=SeA), minitely striater viscid when
moisty margin lcbad, Plleus surface & repsnt epicutis
of hyphae 2«6 mm in dism., Context white 5 mm thick,
hyphae 3«17 um in diem,, reasticn with Melzaer's reagant
inamylcid, Lanellse white to pale oshracecuns frse, 0.3
m broad, crovded with lamellulae, Stipe 4.8 X 0.3=36 cm,
ovlindrical, solid, whits, becoming dark brown nsar the
baszs, Base slightly swollen with 3-6 lomg, brownish black
(3=5 x 0.8 cm) Psuderhiza spore print pink. Basidiospores
broadly ellipscid 6«7 x 4.5 mn, hysaldne, inamyloid, thick
walled with prominent cefractive guttules (Fig. 4). Besie
dla clavate, 18«21 x 6.8 e, tetragporic, sterigmata
excepticnally long aven upto © mas Cheilocystidia pyrifozm
25«33 x 15~20 ms Pleurcoystidia rare 25«32 x 7-18 ym,



Fig 4.

Termitomyces clypeatus

8.
b,
C.
d,

(-1

Habit x 1
Bosidiospores x 2000
Bosidia x 2000
Chellogystidia x 2000
Pleurocystidia x 2000
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pyriform to ventrigose, rostrate, thin walled. Gill

trama raguler, hyphes 8«14 ma, All hyphae lack clamp

conngations,

Edibdlity = BExcellent

Seascn - North Bast ond South West mcnsoon 1984-88

Distribution - Collected Lrom Vellanad, Trivandrum dist-
rict &uring Mey~June, 1694 and 1988,
LOzally known as Mullukoonu.

Termitomyces padicatusy Natarajan spe nove

Sporcphores sclitery or scottsred, Plleus 1,%«2,5cm
in diam,, convex to plano convax at maturity, sometimes
uplifted with ceatrel peintod perforstoriumy surface whie
tish grey (PL=7C=10) saocoth, (Flate V) Plleal surface an
apicutis of hyphae 2.5 mm brosdy margin splitting and
striate. Lamellulae free, whits, 4 mn broad, crowded
with lamslliulee. Context 4 mm thick whites hyphas 2-5 um
diem, Reacticn with Melzer's reagent inamylcoid stipe
2e8 X 0.2+043 cme Cylindrical yellowish white, solid,
glabrous, without annulus. DPsudcrilza 2.8 X 0.2 cm. Spore
print pluk. Basidiosporas broadly ellipsoid, 7«8 x 4.5 um,
hyaline, inamyloid, thin walled prominsnt refractive
guttule. (Pig. Sb) Basidla clavate, 27=30 2 6.7 um,
tetrasporic, sterigmate upto 3 nm longs Cystidia absent.



Fig 5a.

Termitomyces microcarpus

a.
b.
C.
d.

.

Habit x 1
Basidiospores x 2000
Basidia » 2000
Cheilocystidia x 2000
Pleurocystidia x 2000



Fig 5b. Termitomyces radlcatus

f. Habit x 1
8. Basidispores x 2000
h. Basidia x 2000






T T
Plate-\v Spovocarp of T.Clypeatus
.Showing S,ging Pevf‘ovatoriu#,

L

Plate-v T vadicatus



Plate- IV sporocarp Of Tciopeatus
Showing spiny perforatorturn

K

Plate - v T. yddicatus



Gill srama regular consisting of thin walled parsllel
hyphae. All hyphas lack clamp aonmections.
Edibilicy = Excellent

Sesson - South-~lest monseon period 1984
Distribution -« Collested from Peyed, in Trivandrum
districe

Tarmitonrass sScaiatug (Seelt) Heim An Mem. Aead. 3ai.
IaskAt Yrance 64147, 8% 1-10 (1941)
SsislancAa sSrAata Peeli in Bull. Jerd. Dok, Brux 185:329,%.
Sporophore solitary or scattared in the sodl under
shede of gocomust plantation. Pilleus 8-1) om dism,, con-
vex to flat surface smeoth ivory white (PLe9«CeD) with
broadly eonical perforatoriums margin thiock, incurved
when young splitting on expansion (Plate VI) Lameliulas
fzee, creamy white turning psle pink =4 mm broad, orowded
wvith lamsllules. dtipe 18-2) x 3-2.2 am, cylindric, white,
slightly swollen in the middle and ettemsated above and
below, with pesudoshisa 9-18 am long stuffed sbove eli-
ghtly hollow below. Context 0.7 om thick at the centre,
spongy and whitish, consisting of interwoven hyphas which
are inamylodd, Shin walled 3-11 mm diem. Spovre primt
pink. Spores $.35+9 x 3-3 um, cbevid to ellipsoid, hysline,
dnamyledd, thin walled with few gustules. Basidie



Fig 6 Termitomyces striatus

A Habit (x%)

B Basidiospores (x2000)
o Basidia (x 2000)

D Cheilocystidia (x 2000)
E Pleurocystidia (x 2000)

F Pileus surfece structures (x 1000)









14=2% x 38,3 um, clavate bearing four sterigmets. Cheilo-
gystidia rare 3$-37.% x 13.13 um clavase, pyriform, thin
walled and hyaline. (rig. 6) PFleurccystida not ddbsssved,
Hymsnopnorsl trame sub regular to regular, hyeline, fnemy-
lokd oonsisting of thin welled hyphas 2-5 mm dlam. Pileal
surface an epioutis of repent hyphas which are insmyledd
thin walled 1.5 = 2,3 pm diem, Clamp connections sbsest.

Edibility « Emcellient

Season - HNorth Bast monsoon

Pistridution -~ Collected from Paschalloor, Trivandrum
dstriot growing on the sides of the
red sodl mud fence under the aogonut
plantation.

Daimitomvoes Rexforans Heim in Termites et Champignons
(1977)

Sperophofe gregaricus or scastersd in small groups
growing 4in che plain greund or in epen fields. Flleus
3-2.3 on dlam., copemulats to ceaven, then expanding %o
plano aonvex with sharp, pointed perforstorium, Suriace
grteyish white (PL~13-ABC) darker im the asatres d4ry,
glabrouss margin straight, becoming deesply incised and
ldbed at msturity., Lamsllulas free to adnmmed, thin,
white to pale pinkish) 2 mm brosd, moderately crowded
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wvith fow lamslliules. 3Stips w=4.7 x 2.2 ~ 3., white,

solid, smooth gylindric above the soil and with a base

eontisuing as 3~4 am long and white pssudeshiss. Con~

text thin, white, aonsisting of looesly inter wovea

hyphas with {nflated qells of 35S mm diam., Spore prim

pink. 8pares 6.3 = 7.2 x 3.$=4.7 pa, avold to ellipecid,

hyslins, inamyloid, thin walled with one or more refra~

otive guttules. Basidia 24=33.4 x 4,66~7.4 i, clavete

vith 4 sterigmeta., Chellocystidis and pleurocystidis

sbsent, Hymsnophorsl trema regular, hyeline; hyphae

€e4-7:3 to 16.1=19 mn dlam. Pilesl surface an epicutis

of thin welled, hyeline parallel hyphe of $=75 mn dlem.

Clamp coanections absent.

saibilicy = Excellent

Season = $South Weat monsoon

Distribution = Callested from Mavelikkara and
Kottarakkara daring June 1984, Comm-
only callected and consumed by local
pecple and is Juown by the 1ocal name
‘Arikoom’ .

Terattonyoqs glebulys Heim and Goossens in Bull, Jar. Bok.

Brux. 21 216, 1983

Sporophores solitary or scattered growing on
plain fields., (Plate VIIa) Pileus 8-12,3 cm dlem., at



Plate-V\\a T7. globulus sporocarps with

excavated termiraria in the sand” soil-

Plate- vithb J.. globulus Sporocarps shouting

the bldck long pseudorhtzd, globulus pileus
Ulith perforatorium.
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first glcbose and semetimss staying s0 of expanding to
osnven - campamilate or applanste wish a poorly defi-
ned usbonate perforatarium., surface pale dull sepia
(PL~a=~A~17), shining, smooth o slightly fibrillose,
often cragiing radially almost €0 ths gentre, Maxgin,
shin, at first involuts and remsining inflexed sven
after expansion. Lamsllulae f£ree, white to pink; 8 mm
brosd, crowded with lamsllules. Context white, 17,3-13
X 1e5=2.,2 om sbowe grounds aylindria, solid, surface
whisish, fibrous devoid of any veler structures, expan-
ding slightly below ground level (1.7-2 am) and then
forming a lang slender tapering brownish black pseudor-
hisa (10=13 x 3.7 om) (Plate VIID) Spofes 6~8 x J=4 um,
obovold, ellipsodd, Spore print pink. Basidia 26-3) x
7-8.3 um, clavate, bearing four sterigmsta. Theilo-
oystidia polymerphic, hysline. Pleurocystia rave 23.33x
1320 nm, HymenophoCal trams &t first bilateral becom-
ing subregular, All hyphas lack clamp connections.
sdibility - Excellent
Season = South west and NHorth East monsoon
Distribution « Collected from coastal sandy loem
under cogonmut plantation mixed with
sagshew trees. Puthenthops, Trivendrum
dlstrict. Commonly known as
“Pararbinkoon®.



Termitamyoes microgarsug (Berk. and Sr.) Heim in Mem.
Asad, sai. Iast, Iz, 64172 (‘9“)

Hygreohorus ¢gbrugggug Berk. in Hooker, Lond. Journ, Bot,
6.489 bis (1547) proparte, non H. cbrusseus (Fr.) rr.,
Epiarisis, 331 (1838)

Agarious miarocerpus Berk. and Bre in journ. Linn. 3oo.,
Bot. 11:337 (1873),

A. intaEmixtys Berk, and Br., 10C, Cit,: 337
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Sporophore growing la large numbers on ths ground
and ia lawns. (Plate VIIXI) Pileus 0.3~3 om diam., cam~
panmalate %0 oonvex, expanding, usbonats to papillate.
Surface whitish to aream samstime pale brownish darken~
ing ochraceous et the centre (PL-12-BCD) dry, glabrous.
Margin entirs, and incised, Lamsllulas subfree to sdne-
wed, thin, white tO pals cream, crowded i~2 ma broad,
with lamsllulase. Context thin, white consisting of
interwvoven hyphae 5-1) ma dieam, Rsaction with Melser's
reagent insmylodd. Stipe 2«4 x 0.3 slender, wvhitish,
straight, ayllndric sttemuated to form g pseudorniza
wvhich is nos distinct,. Spofe print pink to flesh colo-
ured, idpores 6-8,3 x 3,7=4.6 um ovoid to ellipsoid
hysline to pala straminecus, inamyloid, thin walled with
one or moge refractive gustales. (Fig. Sa) Basidia
20-30 x 6~8 pm, glavate. Chesilocystidia and plewrogy-
stidie similar inconstant and often rare 16-4) x 9=1ilsm
pyrifora to gylindric. Hymsnophoral trams regular,
Pileal surfage an epicutis of thin walled radially para-
1led hyphas 3«4 mm diam. All hyphas lack clamp conne-
ations.

Edibility = Excellent
Season = 3outh West and North East monscon
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Ddstribution = Celleated from all the localities throuwgh
out the State. A eommon mushroom growing
in large numbers during the monsoon pee~
son giving ths appearance of spresding
rice grein on the soll hence it is loce-
lly known as “Arikoon®; gollected and
aonsumed by the pecple of the State.

Termitomyces microseryus (Berk. and Br.) Heim forme gamta-
isasls Heim, Mem, Aced, Sci. Inst. Frence 64173 (1941).

Sporophore growing in groups o scattered oa the
plain ground. Plleus 0.3-0.6 om Pileus 0,3 -~ 0.8 om 4n
diam, (Plate IX) convex to plane convex at maturity with
osntral small wbos surface striate, glabrous, vhite
(Pi~91-A)) margin entire, rarely, ldded. Lamsllulas frese,
less crowded, whitish, thin, with few lamellulee. Plleus
surfage a repent epicutiss hyphse made up of cylindrical
units, 25-15 x 7=-13 um, Context very thin i mm thioks
hyphae 4=1) um, thin walled, brancheds reaction with
Melser's reagent thin inamyloid. Stipe oylindricel 2-2.3x
%+1=J.2 om, solid glabrous without pseudorhiza. Spoce
print pink, (Plate X). Basidiospore short, ellipsold,
6.7 = 4.3 pm, hyaline, inamyloid, thin walled. Basidia
alavate 17.24 x 6.7 um, tetrasporic with sterigmata wp



Iable=2
sem-dhlmtmﬁmctm

stages of Time Measurement of dlffereat structures in me
develop~ in h Nesphological charactess Complete stipe Ramdoxhiae
ment Spexo~ PLlens [oqgth Dism. Lemgth Diam.
~RED
1. Sphecule 24 Glabose to subglebose 1 - - - - -
whits, solia
2. Clowe bud 48 Rasesbles clove mud in
shape with round head and 18 8 3 S 3

short cylindrical stalk.
Pileus region dark brown

in galour.
3. Primocdial 72 Pileus ani stips differen-
slangation tisted. Pileus gidcdbose
brown and viscid, stalk 20 8 15 7 15 7
thick, browm undifferentisted
4. Posdorhnizssl 96 Pileus distinctly compamu-
stage late cromish white with

prominent brownish wbo. - 45 - - 15 11
Stipe rudimssntary. Promi-

meat black pssudorhisa whkth

pushes the organs upwards.

(Contdeeeees?)

[*% Y



mant sporo- Plleus .
S8xp

as ssall convex to glchoee

stoucture.
6. Epigeal egy Pileus convex, campamulats;
stage browm, smooth and viscid
144 with central dark raised - 81 20 12 12% 18

wbo, Stipe short whits,
thick and salid.

7. Epigeal Pileus inareages in dlam.,
slongation 168 stipe beccomes prominent - 92 38 1 138 18

8. 192 3Sporocarps attains full sise
stipe slongates fully and
the pileus increases in Aalas
convex to plancsoavex, crea- - 112 98 21 138 18
umish browa saooth and vigcid
margin entire, surface with
pointed dark browm perforata-
rium in the gentre. Pssudor-
hisa long, tapering and
sclerotised.

i

s s et e et ot
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to 4 am long. Gill edge hetercmosphoune. Cheiloocystedis
alavate 13,23 x 6~9 um with large vacules. PFleurcogysti-
dia clavate tO pyriform 19.23 x 2.19 ym vith large vacuo-
les; thin walled. Gill trams regular with hyphas 3-1) um

Season = Neeth Rast monsoon

Bistridution <~ Collected Irom dsbris of termits ur-
series seen in groups. Collected during
Septenber October 1983 from Panniyoor,
Cannanore and Trivendrum districts.
Commonly known as ‘Arikoom’.

Developmental mecphalogy of fecsitomross sbugtus

Developmental mosphology of T. pobyptus which appe-
ared commonly in two localities, viz., Vellayani and
Peyad (Trivandsum district) were studied in dstail during
the South West and North West post monsoon periods.
Based on the morphological differentiation, eight stages,
vis., Spherules, Clove bud, primordial elongation, psem-
doshimal stage, Epigeal button, Epigeal egg, Epigesl
elongation and Mature stage were cbserved and described
(Tabla 2). The first four stages of growth and develop-
ment were hypogesl while remaining four stages were
epigeal. (Fig. 7).







Fig 7 Different stages of development of Termitomyces robustus

1 Spherules

11 Clove bud stage

111 Primordial elongation
v Pseudorhizal stage
v Epigial button

\'2 1 Epigial egg
VIl Epigial elongation

VIII  Mature stage
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Excavations of termitaris from different places
sevealed the presence of largs muber of spherules all
over the termitaria. This tiny sphezxules tweuty four
hours after its first appearance developed into glo-
boese, white, salid, structures of i s diam. Critical
cbservations of sphexules in vertical sections revealed
an undifferentiated pileus and stipe and the whole sph=
esules appesred as a tiny knot of hyphae.

After 48 h of development the globular spherulas
were transformed intc a shape of ¢love buds with round
head and short cylindrisel stalk. The apical globose
thick regicn slowiy developed into deep browm, smooth,
solid pileus (8 ma dla.) and gylindrical undifferenti-
sted region (stalk) consisting of stipe and pseudoshisa
about 8 mm in length.

The third stage of dsvelopment, vis., primordial
elongation (72 h) revealed distinot thick globose dark
brown, s0lid plieus of 9 sm diem., and a stipe with the
sise of 13x7 mm, During this stage the rate of growth
of stipe region is more than that of pileus region,

In the pseudoghissl stage, pssudorhisa forms the
predominent structure meaguring 1% x 11 mm, The pseu-~
dorhiza is dark brown and thigk and tapers towards base.



Tne plleus is comparatively smsll and gonvex with a
brownish usbo.

In the epigesl button stage (120 h) the pileus
enarges just above the solil as smll gichomse to sonvex
structure with 8 short rudimentary stips. Plleus sur-
feoe creamish brown, smooth, vigeid when wet. 7The pseu~
dochisa derk brown, fibrous, 98 x 12 sm long below the
sall.

The £4£fth epigesl egg stage of development (144 h)
revesled the follouing strugtures. Pileus 81 m= diem,,
cempanulate brownish, smooth, visaid when wet ocentral
dark raised usbo. 3stipe shorct, thiock, white, oylindri-
cal, samooth and solid (28x19 sm)s pseudochiza 125x18 mm
adlam,, near the soil level tapering towardsg the tip
(3=8 ma), root like f£ibrous bromaish blacsk and sclerctised.

In the epigeal elongation stage of 168 h from the
sphetule stage the pileus axpanded and increased to a
diam., of 92 ma, Pileus dark brown in the centre with
broadly spiaiform perforatarium and pale brown towaerds
the margins sargin entire. The stipe considerably elon-
gates t0 a sise of 38x10 mm which enlarges into bulbous
base (10 mm) just below the scil level and again sbruptly
nezTows Aown into & long brownish black sclerotised
pesudorhisza of 125x18 mm,
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The £inal mature stage after 192 h of development
depicts the last stage of development of the sporocarp
and is cdserved growing solitary above ths termitearia,
Pileus 122 mm diam,, convex t¢ plane gonvex, surfece
dark brown ia ceatre, pale oreamish brown towerds margin,
smooth visaid when wet. Perforatorium broedly spiniform.
Margin straight, reflemed and fncised in the old speci~
men, 3tipe 98x21 mm cylindrical smooth white and solid,
Pseudoshiss long, dsep brown to blagk, fibrous, sclero-
tised 135x18 mm in sise tapering towards the basal region
which ends in termite camd,

{3 YASKQ studies on the dsvelopmental mosphology of
Lo zomatus

To study the growth of fungli on the gombs, three
productive termite combs were escavated, transferred in
sterile glass troughs, braught to the laboratory and
incubated, After thres days incubstion, strands of myce-
lia developed from the cosd and grew upwards., Outwerd
growkh of mycelia from the base of the comb was first
iaitiated by & number of rabust leading hyphae, which
branched at fairly wide intervals to form progressively
sthinner branahes. 30ms of the branches resched to the

144 to which they becams aprressed and grew towards all



Table-3

Temperature and lmmidity inside and cutside
the coabs of T. pgonstusg

Ingide the cowd outsids the cood

c 39.06 28.22

Homddity
{Percentage) 17 923.9)
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directions, in such a manner that the eatire gurface

of the trough becams covered by these areeping hyphas
which later anastomoeed. These hyphae were later iden-
tified as species of Xylexia. wWithin a period of three
weaks these hyphas becams tougn and dark and developed
into long black stalks. It was also ddserved that sph-
or ules did not establish any further growth in these
qanbs. These resilts were repeatedly ddserved in all

the gonbs under gtudy.

tures and humidity of the somb of I, pobugtus

The data relating to the tempersture and humidity
given in the table ) revealed that there was not much
variation in the maximm and minimam tempsratures f{nside
the termitarium and in the surrounding soils. Maximus
and minimum tesmperature regorded inside the comd and
surrounding sofls were 31.2, 28,1, 29.5 end 27,3°%C res-
pectively. Results showed that the cosbs wers alightly
warmer (31.9°C) relative to the surroundings (29.5%).
Maxisum internsl humidity of 13) per gent was recordsd
inside the comb while it was 86«98 per aent in the
serrounding soils were 99.6 per ceant and 89 per cent



19

Rame Mods~ Cellu- Carbon Mitro-

ture lose gen pH Ash

-haimii S.4 17,08 36.808 0,022 4.0 $.9
8.8 17.01 38.00 0,028 6.9 10.8

8.8 18,03 37.92 0.02¢ 4.3 8.9

8.8 18.1 38.99 0.024 4.8 7.3

Mean 8.7 17.9 $7.% 0¢J24 4.5 Te)
1’“ 8.9 17,72 38.%) J+026 4.9 12,9
8.7 17.03 41.04 0.028 4.8 7.0

8.6 17.93 42.12 J.021 4.2 8.3

8.8 17.01 39.29 2.027 4.3 9.9

Mean 8.8 17.%2 39.7 24,023 4.4 9.1%
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respectively. Observations showed that the combs were
fully saturated with water vapour.

Chemical composition of the combs of T, robwmgtus end
o halmlh

The chemical composition of the combs of T.gobustus
and Z.haimii oiven in the table 4 showed that there was
wp stgnificant difference in the total moisture, cellu-
lose, carbon, nitrogen goatent and pii, The moligture
peroantage of the acubs of T.prebygtus snd T.heimii were
8.8 and 8.7 respectively. The cellulose, carbon and
nitrogen eontent of the cowbs of T.robustua were 17,32,
39.7 and 9.0239/130g DN respectively wvhers as in the case
of Tehalmil it was 17.5, 37.5 and 0.024g/137g DM respec~
ively. 7The pii values of the casbs of T.pchuggug and
T.heimii were 4.4 and 4.3,

Lselation of othex fungl from the termitapis

Isocletions of other fungl from six samples of
termitaria gollested from different jocslities revealed
the cocurrence of 19 species of fungl belonging to 12
genera. 7The results dbtained are given in the fable 5 .
Among the 19 species of fungi Agpergillug and Xylexis
were found to be the predominent fungi in the conbs.




Table-$
Fungl isclated fxom the gombs ©f Z.pdbsiatis

Name of fungi

1. Ageexgillus dioer

2. A, fhavNe ldak

3. A, gryase (Ahlburs) Cohn.

4. Ampergiliug sp.

5. Pealgillivug =.

6. ikemhyliug lamnglnosam Hers.
7. INSAKANA SUtARRL (Cerds) Saga.
8. TusaxAum =p.

9. Trighodarma sp.

13.  zrhkeschers furesta

11. X plgripes (Klotzch) Deanis.
13.  X. muitiplex

13.  yyiesphers sp.

4. Qiieqledivm roseum (Link) Bainter
15.  MuQeR sp.

16. Neugogpora sp.

17.  Rotxyediplodis sp.

18.  ALKAEDAZAS ep.
19. Togula op.
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Species of termites associated wvith Toxmitomrdss spp.

6J

Ho. Nams of Tesmitomyoces spp. Name of termite spp.

1. IT. gobustug odontotermag Rrugamy (Hegea)

2. I. balmid dentoternes malsbaricus
(Holmg, and Holmg.)

3. I. glypestus odentotermag redemani (wesmean)

4. T. gadicavyg dentotermes hagiy (Rasbur)

S. 3. mAORReIRME densotermes ghemip (Resbur)
6. I. msEAarmg

var. pantalensis dontotasmes hamia (Resbur)
7. 2. stxiatug Qdeusotermes gspeqiss
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Iexmites assogiaced with She Sermitaxia

Different termits species assoziated with different
species of termitomyces were identified and Jisted Teble ¢
It was found that Odontotermes was the most acomon
termite geners found throughout KXetsla associated with
these mishroome,

odontotermes shemig was found to be associated with
the termitomyces spedies belonging to pratesrmitomyces.
The rest of the termitomycss specios beloanging to the
sibgenus eutermitomyces showed speficity in association
with different specias of termites. Q. hrunnesis, 9. WAlA-
RAKiQus, Qo fedagen) and Q. gpegieg showed sysbiotio asso-
clstion with I. pebustie, I- balmil, L. alypestus and
Z. giziatug respectively.

Pests of SPe

The Aghlyorus ghnqtipianis weas found to be the common
pest of different germitomyons sp. The beetle was found
to fnfast and feed the emergiag as well as msturs sporo-

carps wnich made the sporocarps unfit for consumptiom.

Studios on the effect of s0il moisture for the pro-
duotion of sporophores given in the tabld/7 revealed that



Teble-7

Insidence of sporocarps in T. roiustig in irrigated
and aan irrigated (Control) termite nests

Plot

Ko, %0, of termite

nests Izrigated DNom ifrrigated

1 [ ] 27 a7

3 [ 19 11

3 ¢ 20 14

4 ¢ 19 19
Total 24 [z} § 853

Mean 3.30 2.22
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the nuaber of sporocarps emsrged from daily irrigated
plots wos maxisum (61) when compared to the non~irri-
gated plots (53),

In order %o study the growth character of 2.Kcbustus
on different media, tissues ss well as sperules were
inoculated asssptically in 4lfferent »clid and liquid
media, Myocelial growth was not cbserved in all the media

inoculated with tissues. But scanty growth was cbserved
in Rebeeca‘'s medium (Selective medium) at 30°C lnoculated
with spherules Tsble 8 . Maximum radial growth cbtained
was 16 mn (Plate X).

Eifeqt of differsnt temperatures gn the growth

Growth of Termitomyges sphetulas at different tem~
perstures wag studied using the Rebeeca'’s s0lid medium.
The dishes were incubated at 4 Aifferent temperatures,
vis., 5%, 25%, 30°% end 35%.(r4g. 8) Gdservetions
showed that maximum myoslial growth of the fungus wes
cbserved at 30% (16 mm) fallowed by 23°C (13 mm). No
growth vas cbserved at temperatures sbove 30°C and below
28%.



Effect of 4ifferemt oources of carbon

In order to £ind .t the beast source
of carbon for the mycelial growth, dextrcsc
maltose and lactose were incorporated in the
basal 30114 medium. Observations rewaled
that cellulose wsas the best source of
carbon showing waximum radial growth (16 mm)
followdd by maltose (14 mm) and lactose (10 rm)
respectively. Growth was poor when glucose

vas used as carbon source.



Table-d

Radtal growth of m on different solid media incubated
at_dLferent temperasuxes (in mm)

Tesperature 29°% Temparature 3% TempeTrature 3% Tempexature 3%
Medivm iacubation in days incubation in days incubation in days incubation in days
3 4 6 8 13122 4 6 8 1212 2 4 6 8 17 12 2 4 6 8 10 12

Oat meal

agar ® @ e @ e ® @ w w W M e w e e ® w ® @ ® ® ® w -
Matrient

w - ® e = & @& e ® @ = = 2w e = w® ® W w W - - e e -
Saboraud

mediag - = e e B ® e @ @ = e @ ® ®™ @ @ ® ® = e w ® =
Purkaysstha's

)

media - e e wm e @ @ e e o w o w oW e W m™ ® W ® @ w e e ® =
Csapek's

m - W s = W W W @ W @ @ o W W = @&  @® = W™ w» = w e e
Richard's

msedium .« e e = e e @ w ® e @ ® ® ® e @ ® e e @ e ® @ w -

Rebeeca
media 2.9 2.6 11 11 12 12 0.5 3.6 12 13 14 14 11 12 13 16 15 16 1) 11 12 13 14 1%

*~ M2
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The sesults indigated that the rate of growth of
the fungus wes more OF less same in the cese of gultures
ingubated in the iight and Jdarikness. Maximum growth
(15mm) was sttained om the 12th day of incubation ia
darkness while the gorresponiing maximum growth dbserved
4n the case of cultures incubated in light was ldmm,

Studies aandugted with six substrates for support-
ing che mygslial growth revealed that the smdstrates
were covered with non-basidiomyeste mycslium after 48 h
of incubation.

Basrisive velus of spaxochoge

The mutritive value of the sporephofes of aix
species of Termitomyces wiS assessed and the results
cbtained are given in Table 9 . The true protein
content was betwesn 28,99 ¢/103 ¢ and 20.49 ¢/13) g &y
mtter. Tormitomyosy haimii wes found to have maximum
protein aontent (28.99 g/139 g 4ry matter). Miaimum
protein gontgnt was ddserved in the case of T.xobustus
(19.84g/139g dry matter)., The carbohydrate aonteat was
betwesa 53.920/10%g and 46,19/103¢ ary matter. Maximem



IaRhe2

Matritive value of MW.

True protein Carbohydrste rat Crwds Total free Ash Dey
(g/100g M) (g/100g DM) (g/200g fibse amincecids e
o) (g/100g (g/100gim)
o)

1. 1. m 19.84 $2.23 6.4 $.500 2,828 7.0 8.2

2. I. hadmid 28.99 33.32 2.9 8.8 8.062 10.3 11.0

3. T. ghypestus 23.8¢ $3.92 3.8 8.8 0.628 8.3 10.%

4. I, tadigatua 22.3) 9.1 4.2 3.1 0.838 12,0 8.0

S. T. giorooarpug  20.4 46.1 3.8 3.2 0.82 10.83 8.1
6. T. plarocarRus

var gantalengis 21.4 $0.01 4.8 3.2 .74 9.27 7.9

7. 2. gicbulug 23.10 49.2 3.9 3e3 9.82 11.9 8.1

9L
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2.
3.
L 1)
S.

2.
8.
%
19.

8sids recorded from Tepetonrens EGRASEIA

Lysine *
Hissidine +
Arginine A
Threonine *
Valine +
Methionine *
Iscleucine *
Leuaine *
Tyrosine *
FPheayl alanine *

+ iadigste the presence.
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garbohydrate content (33.92¢g 133 dry matter) was dbser-
ved in the case of I. glypeagtug. The fet gontent ran-
ged between 6 and 2.59/133%g dry matter and the maxtimuam
wap recorded in the case of I, pobugtus (69/100g dry
matter). The crude f£ibre value ranged between 8.8 and
3.2¢/190¢g dry matter, Ten essentisl amino acids were

datected in the sporocarps of Termitomyceg robugtug
and are 1isted in Tabla 19 .

Zxasscvaticn
Rehvdrasion

Visual dbservations of six samples of Ishydrated
mushrooms kept in closed polythene bags and in air tight
aontainers pressrved for a period of 3 o 12 months
revealed that samplas were free from miorcbial spolilage.
The samples kept open were deteriorated within one week
and damsged Dy maggots and moulds like Rhigopug and
Agpargillug.

Eowdering

Powdered samples kept in air tight containers end
polythens bags remsined free from any miarcdbial spolilage
for a period of ten months. The samplas kept Open rema~
ined only for & period of two weeks which subsequently
deteriorsted.
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Refzigeation

Storage of fresh sporocarps of Termitomyoesg
gstug under refrigeration revealed that the samples
which ware kspt in open polythene bags remaineld fresh
up to 48 h of stosage. The samples started shrinking
and showed brown disaclouration after 72 h of storage.
Organoleptic tests also showed no taste difference after
aooking The sample kept for 48 h daveloped a bad flavour
and was found to be unpalatable after cocking. Jamples
kept in glosed polythens bags showed that aftter 24 h of
preservation ssgumalation of moisture in polythene bags
and oosing of dark brown liquids f£rom the mushrooms.
Such sporocarps were unfit for consumption and decayed
emiting a foul smell.

Exeservation in bring

Fresh mushrooms in epigetl egg stage were harvested
cleaned and presetved in different songentrations of
brine (1 to 7X) for six weeks., Visual ddservations of
the preserved mugshrooms at 4different goncentrations of
brine revealed that the mushrooms retained more or less
original coleur. Organcleptic tests of the above ssmples
geve moderate acceptability. The data (Table 11) showing
the microbial assay of presesved mushrooms conducted at



exial growth when presexved in 5, 6 and 7 per cent brine
up to four weeks. I'he fesuits indicated gradual reiu-~
etion in bagterial population as the gonoentration of
brine inareased, Aatinomycetes wag sbsent in sll the
treatmants throughout the experimental period.

Bhanching

Visual dbservations on the blanched specimens
packed in polythens bags kept at room temperature showed
that the sushrooms remained fresh for only four days.
The same sample kept wander refrigerstion remained fresh
up to one wesk. The blanched specimen kept in sterili~
sed jars zemained fresh up to thres months,

PAkiing end ketghup

The samples which were prasexved by these methods
remained free of miorcbial sttaack £or a period of six
moaths, Both the preparstions were palstable and had
a very good taste,



DISCUSSION



The werm humid climatic conditions and diversity
4n solls of the stats faveur the lumriant growth of
e wide varisty of fungal flora., HNO sugtained effart
has besn made 90 far for & systematic study of this
Righly prissd esculent nstive mearofungi. Results of
the present preliminery state wide survey condugted on
the cocurrence of Termitomyges flors of Kerala revealed
the immense potsntialities of this state to suppert
the growth of this excellent species of termite agaric.
FPirst step to expleit this protein source is the sye-
tematic acllection, ideatification, detailed desarip-
sion and documentation of essh species aleng with the
place of eoourrence and the sessons of its appearance.
The most detalled accounts of this intriguing, paleo
tropical mushroom genus Termitomyges Heim and its relat-
ionship with tarmites were those of Heim (1977) mainly
from Central Africa and Batrs and Basrs (1979) in India.

For the present study of Termigomyges species of
Kerala, intensive and axtensive acllections were made
during the 3cuth west and Noxrth East monsoon periods
during 1984-83 in 32 localities. Identification of the
collections revealed the cocurrence of nine speaies of



Tasniiomraeg of vhiah seven belong to the subgeners
Eutermitomyces and the rest two praterwitomyces.

Sased on the salmon pink solour of the spore print it
is grouped under rhodosporase (Singer 1961), The resu~
lts of macrochemical ctests performed on fresh meteri-
als in sccordance with ~etling (1971) show no merked
or gonsistent difference between species and was recos-
ded es inamyleid.

The ethnomyuologicel data of the nine species of
Tarmi somyoes wvere also collected as far as possible
from the natives of the State.

In oxrder te documsnt the most comnon species of
the Stats, their frequency of ocourrence snd sbundsnos
were recorded by aollecting sams species repestedly from
thizrty two localities of the state with special refer-
eRce to several places in Trivandrum district. bgerva~
tions showed that 1. mictoasrpus, 2. migrogarpug var.

matalensls end T, ghmetiug wers the most gommon and
widaly dlistributed species throughout the state irres~
pective of soll type. Bhavani Devi (1982) reported the
ococurrence of T, glarogespus and T, gobugtug for the
first tims from Kerale., Bose and Bese (1949), Helm
(1932), Macarajan (1973), sethe gt gal. (198)) and
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mxmmy«mu) also reported the ccourrence of
T. mioxogarpus and T. glarocarpus ver gagtalengis from
different parts of the gountry.

Though the people of Kerals used to collest and
consume T, giorocagus spp. from time {mmemorial no
systematic study has been made in the egology and taxo-
nomi3 character of this species till Bhavani Devi (1952)
gave & dstailed acacunt of the mushroom flora of the
States This sml)l fungus with a maximum basidioms sise
of 2,3 om ecours in swverms over large area., Pssudorhiss
and a preminent perforstorium are laaking In T.ElgrQQexpug
and T. picrogarpus var gantalengis. But they differ
mainly due to the golour varxiation of the pilesl surface.
In T. gharogespug the colour of the pileal surface ranges
from greyish white %0 creamish white dnile ia T.gigro-
garpug var gantalengis it is always fvory white.

Heim (1952 and 1977) has thoroughly discussed T,
miaxogarpus (subgenus pratermitomyces) and ita variants,
whicn showsd epigeal development, lacking pseudorhisa
and have a regular hymencphorsl trama. Typical T.giqge-
QAKIA i3 recognised by its smsll sise and its appearance
in spectacular swerms on the ground. He ddssrved that
spegies of texmites appesred to have adapted to some
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aqhange in I, gigrogagpug. In this case during rainy sea~
son when the fungus is about to fructify the termites

habisually shave swsy the cuter layer of its fungus combs
and spread them on the surface of the 30il sdove the nest
where the frustificetion oocurs. Me described T. gigxe-

garpys var. santalengis from santsl in Bihar,

- shexogarpug is one of the moet common species
gollected and asonsumed by the natives and is locally
known by the aame ‘Arikoon' becsuse its appearande resem-
bled white rige grains spread on the ground,

T. heimii. The medium simed species of Termitomyces
was found to grov gregaricusly aonsisting of hndgeds of
fruiting bodies in a group in the fowest scils of the
state, Critical cdservations of the gporophores aollested
£zom the different iccalities in the forest area revealed
that the termites in the undisturded soil below the thiek
vegetation used te build epigeal mounds ani the basidio~
carps dsveloped in and areund the mounds have shors peesw~
dorhisza, (8-10 am) compared to the basidiocarps with long
pssudorhiss (2730 om) callected from the hari ground
sites (Flate XI a and b) In the £irst case the termita-
rium was located in few centimsters below scil abaove the
termite mounds where as in the second case it was lozated



st & depth of 25-3) om, Plate XIg, C(bessrvakions showed
that the leagth of the pseundorhise dspended upon the
depth of the subteranian termitaria., The above cbserva-
tion coxroborates with that of Heim (1982) who eonsidered
that the sise and form of the termite fungl were to some
extent influended by the position of the comba. Plileus
of this speaies was fleghy with broed usbo., Stipe strong
and solid with prominent sanuluse. Natarajan (1979) des~
oribed T. heinli as & nevw species by swbstantiating the
contrasting charscters of T, qurhimis (Berk) Heim whish
closely zresmsbled T. heimii. Present collestion elso
resenbled spesies of [@pigty by possessing white pileus,
thick amsulus and peculiar odour whiah are the distingui-
aning marphological features of Lepiocka. This aculd be
the reason why Heim (1941) and Pegler (1942) reporsed it
as Laghota albumingey (Berk) Heim and Magroleptoss
shbuminoss (Berk) Pegler.

Though T. Reiail is less common ia their distribu-
tion shan . pobustug snd To microsarpug and meinly con-
fined to the forest areas, it appears to be ons of the
major £ood ftems during the season for the tribes and
pecple who live in the near subnibs, ‘Perumkada’ s the
nams given to this fleshy Termitomyceg species because
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of i%s long psendoshiss looking like & white stick, 354ince
they ogour in large musbers during the season, it forws e
popular gommodity of the local merket,.

Tammitomrees £RMENME Delouging to the sibgeners
Zuternmitomyces is Whe second owmon and popular Termito-
Eries speaies distributed throughout the state lrrespeat-
ive of selil type and physiography. This large rabust spe-
cies s alwvays found to caqur above the hypogeal texrmite-
rium of Qdgntotermis REMANMNS, locsted 20-30 om below the
soll level., Hence it is charscterissd and &letinguished
by dark spiniform perforatorium and long blask, fibrous
pssudoghise. These two prominent and striking characters
make the species unique. Hers agsin cbservations in the
preseat study corraborates with the cbservation of Heim
(1982), Heim (xsm.f"%isfx 11979) and Shavent Devi
(1982) reported this species from Congo, Zssbia and India
srespectively, S5Since this species is commonly collected
and consumed by the paople, it is xnown by several verna-
cular names vis,, Uppukoon, Mazathandan, Nilampulzppan,
Perumsalan etc. sach revesling the dlstinguishing chara~
aters of the sporophore. It is interesting to note that
collections of Termitomyoes gicbulus were made from the
aocastal sandy loam sall in Trivandsum dstrict.
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Ogsurrence of this fungus during the monsoon period in
the sandy soil appear to have some close relationship
with the vegetation of the area vis. cashew trees and
gogoout palms. It is cbssrved that the termitaria
cdontotermes cheamia i wade up of mesticated cashew
leaves and root bits of cagonut. £. glgbulug has &
mediun sised glcbular pileus with a perforatorium and
10-15 an long black, fibrous and abruptly narreowing
pesudoshise. ‘Paresbin koon' is the local nams given
to this mach sought after mashroem providing dsliciocus
daily dish for the local pecple,

T. gizigtys is found to ootur in red loam soil
above the hypogeal termitaria. Ihe pssudochisa though
long, 18 not £ibrous and brownish black like T.zchmetus
but semi hollows creamish white and slightly tapering.

Tasaktomyses glypestus, I. perforang ani L. adh-
gatus have larger pileus and moderstely developed pseud-
orhizs than T, picrogarpus. Perforatorium is very sharp
and spiny in 7. glypeatug broadly spiny form 11 T.parfo-
£82g. They are locelly known as Mullukoon and ‘Arikoon’.
Growth, occurrense ana distribution of mushroom
£lora in & state generally depcnd on rainfall and avati-
labllity of suitable substrates. 7The results relating
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to the periodicity of cocurrence of all the eight species
of Termitomyoes showed a post monsoon maxims while ZT.
migrogarpus exhibited & monsoon maxime, Fig. 9.

Dixon (1963) who studied the influence of rainfall
on the seasonal production of T, gtriatug dcdserved that
fruiting of tropiaal Teqmmbtomyges spp. ceours during the
rainy season. The aporophore production of T, gtriatus
is confined to0 3eptesber-ioveaber rains, He also regor-
ded that 2-3 om rain pex day initisted a flush of sporo-
phore production., He abserved a two phags periocd s pre-
rain period of primordiel induction and s posterain
periad of sperophore msturation.

Studies were aonducted to dboserve the different sta-
ges of development of I, pebugtus. This species has been
selected for the present study, becauge of its common
ogourrence during the season. vYery little study has been
conduated to know the developmental morphology of the
termite growing fungus, prdbably due to the difficulty of
maintaining the termite oocabs in the laborstory., The pre-
seat study is ths fore most attempt in the country and
also elsewheres in the world.

In an attampt to study the diiferent stages of deve-
lopment of T. rabustus close cthservaticnswere carried out



P/dfe-XIC _T heimii shoeing lono pseudorhizd

Plate-xii T. Ypbustus Termitari®nm Shouin
ljJh'tte Spherules
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from the mycelial ramification of the fungus in the
termerteria to its epiglal meturity stage. Eight stae
ges vis,, spherules, clove bud, primordial elongation,
Pssudorhisal stage, opigeal button stage, epigeal egy,
epigesl elongation and mature stage wers @served iden-
tified and named agaordingly. Amoug these stages the
first four stages of growth and dgvelopment were hypo-~
gieal while the remaining four stages were epigeal.
Termitaria ensavated from different places revealed the
presence of large mumber of pearl white, glcbose, solid
structures salled spherules or 'mycotste’ (Heim 1977)
all (Plate XI1) over it. Tha spherules in vertical
seation showed a tiny knot of hyphase without any differ-
enciation of pileus and stipe. (Buller 1958)

The spherules gredually developed into & clove bmd
stage showing slight differenciation of stipe and pileus.
In this ssage the fruiting body resesbles the shape of
clove bud without shewing any differsnciation of stipe
and pseudoghiss. In the next stages vis, primordial
elengation the anserior end of the fruiting body wes
stout and thick aonaisting the primordia of pilews and
stipe wvhile the posterior portions narxrowed down to a
distinct dark brown pseudorhiss, & aharacteristio of
the gemms.
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Pssudorhisal stage reptessnts the 4th stage of
development of the fruiting body. In this stage the
zate of elongation of pssudochiss is mocre than the
rate of development of pileus and stipe. As the gro-
wth of the fruiting body is mmvdgqooeropte. it
elongatss upward pushiag the pileus and stipe region
towards the soll after 4 days of development, On the
£ifth day the glchose plleus smerges just above the
soll level, with a short solid stipe region still be-
low the ground, This epigesl button stage is followed
by the epigeal egg stage whers the pileus and stipe
incresses in sise. BEpigeal egg stage is the idesl
time for the harvest of the biasidicoarp, because cbser-
vations showed that harvested fleshy bodies
soon get spoiled die $0 the infestation of insects and
maggots and made them wnsuitable for gonsusption,

Oa 8th day the gporocarp reasches its maturity
stage. The plleus expanded to ¢ diam. of 13 om, with
pale creamish brown surface and s broed central perfo-
ratorium, Fruiting body is usually hacvested by bres-
king the stipe at the soil level leaving the long eub-
terzanian pseudorhima, The resuits of the present
study revealed that the period of maturation of the
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sporepheres of L. Eghiatus may range from 7-8 days.
Dinon (1982) recorded e similar dbservation and repccted
that I. giratys required a period of 6=19 days for the
sporophore maturation,

In the present study an attespt was also mads to
study the scology and sysbiosis of TarmitoRyoes oceourr-
ing in the State. Many workers have stu in detail

Hendee 1934) 3
the ecology and symbiosis of Termitomyoes spe  Satrs
.‘d.m ”‘3. .Mc ”“o M.

1979).

The dats relating to the tempersture and humidigy
showed that there was no significaat varistion in both
Sesperature and husidity inside the cob and surroun-
ding soils. This findings agree well wvith the views

of previcus workers (Mukerji and Mitra, 1949, Krishna
ond Batra

1969, Batra and Batra (1979).

The chemigal domposition of the aowbs of Z.pchustug
and T.haimli showed that thers vas no significant differ-
ence in the total moisture, oellulose, carbon, nitrogen
gontent and pii, The combs are made by termites using
almost eimilar plant msterials. This could be the ree-
son for the insignificant varistions in the chemical som-
position of the gombs of two species of mighrooms. The
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molsture percentage of the conbs of Tarmitomyqes were
8.8 and 8,7, Alrspaces in goils that can suppoct vege~
tation are saturated with water vapour (Buckman and
Bredy, 1969), therefore it may be expected that air
surrvounding fungus gardens is also ssturated. Few
oritical dats are aveilable for scil modsture movemsnt
within tersite nests and the effect of tenperature
gredients that exist with 4in their nests as compared
with the surrounding scils (Weir, 1978).

The oelluloss and carbon gontent of the conbs of
Termitomyces sp. were mach higher than the nitrogen cone
tent. 7This ls contrary to the cbservations made by Batra
and Batrs, (1979) who found that the nitrogen aantent
of 0. ghamp cond was oonsistently higher and the gellw-
lose cogTespondingly lower than that of persumed rew
materials. The higher celluloss and carbon ontent cbs-
exved in the present study could be attributed due to the
higher sarbon and cellulose content of plant debrises
utilised for the preperation of the combs by termites.

The pH values of the sconbs wers in the acidias range
of 4.4 and 4.5, This 13 in agresmsat with the findings
of Batre and Bakra (1979).
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Minstesn species of fungi could be isoclated from
the termite cambs. Among the fungi isolsted, Agpergiliug
and gyleriq were the predominent ones. Similar cbesrve-
tions were meds by previcus workers who gtudied this
tropical mushrooms Petsh (1907) fsoleted mumber of
species of Xylagia from the termite cosbs. 1Ia the abs-
ence of termites ths ssprophytic fungi multiplied in
the cosbe, Heim (1932) dbserved fungi like Xylaria
aigrices, Eesia migor, Thamindiwe Cephalosporbwm,
Aspergillus sp. eta. in abandoned cosbs. Zdberi (1979)
isclated twenty seven species represanting seventesn
geners. le also apeculated that the strands of Xylaria
speciss are masticated by the termites and utilised for
building nev sombs where &s the spherules of Tarmitonyoss
are used ss additicnal supply of food and sources of
vitaming for the tarmites.

Qdentotermeg spe was the most Gownon terwmite genera
found throughout Kersls sssogiated with Termitomyces sp.
Batrs and Batra (1977) have studied and established the
reletionship of odgptotarmes sp with Tesmitowyges sp in
Indis. l.mm{h%;q(fmn also studied the commensalic
role of Qdentotermeg sp with Termitomyoes sp. The asso-
clation of Qdontotermeg sp with different speciss of
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Taxmlitomroea sp recorded in the present study appesss
to have an cbligats association with Sermites as repor-
ted b;yu;:o (198¢). MHe has aleo Lfdensified the asso-
clstion of alfferent speciess of Qdontojermeg and other
qensrs with seven species of Tarmitomyqes in Zasbis.

In the present study Qdontokermeg was the caly genera
associated with TemDpitomyges specles.

The bestle_Asblvopus gingeipinnis wes found to be
the common pest of Termitomyges & Many insects of

the wood sating groups belonging to Ggleopirs have become
mitritional specialists and posses intra=cellular gymbio~
tic fungi. The Coleoptra bestle reported in the present
stuldy was found to infest and feed the emerging as well
a8 mature gporocarps whigh might have also been resulted
in sywbioctic association,

The ousber of sporogarps emsrged from dailly irri-
gated plots wars maximum when gomparsd to the non-igri-
gated plots., The present results confirm and extend the
general cbservations that fruiting of tropical Termite-
EXgeA srp. oocurs during the rainy seasons. T.gtristus
flushes during both rainy seasons (Alascadura, 196¥ aad
Dixea, 1983).
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Dixon (1983) cbserved that the production of fruit
bodies of T, gtriatys appears to be trigerred in vesponse
€0 & large amount of rain. He also suggested that &
£lush couls be induced during mid=dry seasons by irrige-
ting she soil surfece with sufficient water.

Scanty growth was cbserved om the solid Rabeeca's
sedius st 39°C when Termitomroes Fobmstus was incoulsted,
slow growth of Termigtomyces hxve been reported by Helim
(1977) and newly isolated cultures are generally slower
than their sub isolates. MNaxisum growth of the fungus
vas doserved at 30°C. Growth was less below 23°c and
sbave 30°C. Batra and Batra (1979) made simifer dbser-
vations., 7This confizrms that the optimum temperature for
the growth of the fungus ranges from 23°% teo 39% on
solid medis supported with various mtn-nu‘:,;lv:o indi~
aation of the impartance of synbiotic relationship of
the fungus with termites for proper growth and sporophore
production. Ghosh and Seagupta (1978) isolated Termito-
mes in a complex solid medium utilising dextrin solwle
starch at s tempersture of 28 to 32°C. They cbserved
filamsnt elongation up to 7«8 days. However, Zoberi(1979)
xecorded that white spherules 414 not grow artificially
on any of the media tried at different temperature,
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Poor growth of the fungus on solid medie cbsexved in
the present study esphasises the importance of the

sysbiotis ralatiocaships of the fungus with termites
foxr propeX growth and sporophore produstion.

The zaste of gzrowth of the fumgus inocuwbased in
iight and dariness was more or less sems indicating
shat light aad darkness had no {nfluense on the growth
of the fungus.

in the preseat study msximum growth of Termiko-
oes £ANatys was ddserved when dellulcss was given
as the carbon source. Teraltgurges sp whose natural
habitate being termit scabs are cepable elaborating
the easyms csilulases for the ensysatic break dowm of
oslluliose are well adepted to ligno-gelliulolitic sub-
Srates. Batra and Batra (197F) dbserved good growth
of T, albusinoges on cellulose agar. dberi (1979)
realised the inportance ¢f celluloss deconposition, r
the life process of the termites as they derive their
main source of mstabolic adstrats and energy f£rom
celluloss. The ecologieal rola of Pgrmitauayges in
termite combs fur the ligno-sellulolitic dscomposition
has bsen wall Jocumsnted (Zobori, 1979 and Rohymenn, anc Ross
1983),
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@and Chandra
Though many workers Purkayasths ,(1978) Batrs and

Bstra “a’er"R‘og::mm Sengupsa (1978), Zdberi (1979),
Rohrmann (1989) and Rsbeeca Thomas (1983) studied the
physiclogical and gultursl aspect of these mutuslistio
fungl, none has suoceedsd in ddtaining spprecisble ay-
oslisl growth in any of the medin tested. In the pre-
seat study &lsoswwhey Fesult have besn cbtained even
after repested experiments indicating she influence ef
some wnknown fagtor for the myovelial growth and spread
of the fungus. 7Trials wvere alsc conducted with the sca-
aty mycelial steak culture to test the efficegy of aiff-~
erent substrates for spewn production, C(bservations
showed that there was cosplete sheense of myuelial gro-
wth of the fungus in any of the substrastes under study,
Henos further investigations to standerdise the culti-
veation methods remained unsugoessful indicating that
more dstailed studies have to be conducted in Shis aspest.

The txus protsin coatent of the sperophores ranged
betwesn 29.99 ¢/100 g 80/23.49 ¢/102g 4ry matter., Mukxibd
(19731) gould cbtain erude protein approximately 36g/170g
4ry matter in the case of Termitomyges sp. in Uganda.
In the pressnt study estimations were made for the true

and Rossmann
protein gontent of the sporophore, Rohrmann , (1983) has
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conter:t
reported 35 per gent protein in T. gymasals, Ten essen-
tial amino acids have besn regorded whiash ip in agree-
mant with the findings of Bame et a4l. 1964, Mukiibi,
and Rossmann {(1380)
1971 and Rohrmann, 7he carbohydrate, fat and arude
£ibre values cbtained are in agresment with previous

workers(sand gt al. 1964 and Makiibi, 197%)

Various msthods were attespted for the preserva-
tion of Termitomyces gmstun. This iacluded dehydra-
tion, powdering, refrigeration, preservation in brine,
blanching, piakling and ketahup. All thess aonventional
methods were found to prese:rve the mushrooms for prolosm-
ged or short daration storage, Dehydration and powdering
and storage in air tight aontainers sould prolong the
shelf life as it present the migrebial spoilege and arr-
est the gellular and extra gsellular ensymstic activiey.
This method is lass expensive and could be sasily sdapted
under village aconditions,

Mtrigeration is a conventional method of storage
of fruits and vegetables for shorter duretion and in the
case of Termjtomyceg sy also the shalf life was restricted
to 48 h under refrigeration as in the case of many other

MASNCOOMmS .
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Ons of the common methods of presexzvetion of
maghrooms is preserviag them in brine solution,
Tarmitomyrges sp could also be preserved ian brine sclu-
tions of 5, 6 and 7 per eent strength. It was also
found poesible %o pressrve Termitomyges by adopting
blanching or converting into pickles and ketchup as
in the case of othsr vegetsbles.



SUMMARY



A State wide survey was conduated during the south
West and North Zast monsoon periods in 1984~'8S and nine
species of Termitamyces were oollected, idantified and
recorded from thirty two localities. Among the nine spe-
ales of Tarmitomyses collected and identified T.hedsld,

L+ glypestug and T.microgarpug ver. gantalengig wers the
fAirst pegords for Kerala,

Detailed desoription of the morphological and micro=
saopisal chearacters of the nine species were recordsd in
the data sheet along with the ethinomycological and gas-
tronomic data colleasted from the local people. Informa-~
tien cellected from the 1odal peocple however, revealed
that all the fermitomyces species were actually being gon-
sawed in the region under survey and that each species are
known locslly ss Uppukoon, Arikoon,fawbnkoon, Nilampulappen.

During the survey dbsarvetions on the f{requency and
intensity of ocsurzence of the nine speaies showed that
Lowlexesarpug, L.ghcreoarpus ver. gsncslengly and T.gcbustug
weke the most cammonly and sbundaatly ocoqurring mushrooms
dissributed throughout the 3tats, irrespective of soll type.
Observations on their habit of oacurrence also revealed
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that T.robuatuj aad t.aS&SSii* — *»

epare the hypogeal termite caafcs? while J*I2£SSSEHHFL. end
r.nucgoaar”™ua rer santalenals ooaurred in widely scattered
groups of more then hundred sporoaerps shore the eaettered
termite aoftfcs. T.helmll ooaurred la groups of more then
hundred eporoaarps shore the pertly eplgeal termierle T.
gbataaSiar IraXs&ites u “ E«g»E-grvia «xe
appeared in well eaettered groups of 25-51 end 10-25 sporo-

oerps above the eUbterrenlen aonbs.

The results relating to the perlodialty of oocurr-
enoes of different speoles of rarmltomyces Indicated s
post monsoon (July# October) maxima for the six species
belonging to subgenus Cuterndtomyees end s monsoon (Junet
Septeober) maxims for the two speoles vis. r.mjarocarcua
end «&EHIF2IP12. var* the subgenus
preterrartomycese

Studies conducted to dbserve the different stages of
growth and development of r.rcbustus from mycelial stage
till maturity revealed that different stages of develop-
ment can be divided Into eight stages via. spherule#
oolvsbud# primordial elongation# pseudorihal stage# epl-
geal button# eplgeal egg eplgeal elongation and mature
stage. The first four stages of development were hypogeal
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and took 192 h te attain the 4th stage of dsvelopment
vis. pssudorhisal Angohics pseadoshise focrmed the mejor
part of ghe sporogarp. The next four stages of develop-
ment vis. epigesl button, epigesl egg, epigeal elongetion
and mature stage were spigeal and took 96 h to attain the
maturity stage. Critical dbservations of the different
stages of growth and development revealed that pseudorhise
and perforstorium pleyed an impestant rolo in the hypogeal
development of the sporocarp. It was also cbeerved that
the leagth of the pseudorhiza meinly depended on the depth
and losation of termitaria in the soll. In vitro studies
on the developmental morphology of R.pobugtyg revealed she
sbundant groweh of the mycelia of yylaria in all the
experiments.

The data relating S0 the temperature and humidity of
the cosb of T.gebustug end surrounding scil showed insi-~
gnificant varietiocas. Maximum and minimum temperature
resorded inside the coumb and surrounding soils were 31,2,
28.1, 29.3 end 27.0% respectively. The hmmidity recorded
ves 100 end 99 per eent.

A gomparstive study of the ghemicsl aomposition of
the cambs of T.pdustug and T.heimii showed listle differ-
ences in the total moisture content, gellulose, carbon,
aitrogen and pM,.
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Isolations of other fungi from the termitaries dbtai-
ned from differsat localities revealed the ogzurrenae of
19 species belonging to 12 genera indicating thelr possi-
ble role in osiluless decomposition in ths environment.
Among the 19 species isolsted, species of Agpargillug and
Xylaciy were found to be the predominent fungi in the
aosbs.

Spscies belonging to Odontotermss was found £0 be the
most common termits essccleted with different species of
Termitomyoep in Kerale. Q.gbeguq wvas always found to be
assosiated with gpecies of Termitomyseg milrosarpmg.

During the course of the present study the beetle
Amhlyemms aingtipinnie was found te be the adommon pest of
Tetmitomyceg. The bestlo was founl to infast and feed the
emerging as well as mature gporocarps and turn them unfit
for consumption.

Studies on the effect of soil modsture for the produ-
oticn of gporophoses revealed that the musber of sporocarps
emarged from ths daily irrigated plots wes more when Gom~
psred o the non irrigated plots. Among the sight medie
tested Ashesss seleasive medium was found to be the oaly
medium for the mycelial growth of T.rcbugtug. Maximum
myaelial growth of 161 mm was cbserved et 37°%C. o growth
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was noticed st temperatures above 30°%C and below 25%.

studies on the effeat 0of light on the mycelial growth
of T.pgbustig showed llttle difference is the rate of
growth culsures incudbeted in the light and in darkness. In
YAtzo studies on the best source of carbon and Nitrogen
for the myaelial growth of the fungus indicated that aellu=-
lese wvas the best gsource of serbon followed by maltese and
lactose. Growth was poor when glucose was used as carbon
souroe., Studies on the mutritive value of seven species
of Texrmizomyoes showed that maximum protein sontent of
28.99 g/100 g 4ry matter was cbserved in the case of T.heimii
while minimum protein aontent of 19,64 g/120 g Ary mstter
was recogded in the sase of L.xchistus. Ten essential emino-
acids were dsteated from I,gobugtug.

Studies condugted to test the sultability of different
substratgs for spawn produstion revealed that ell the six
substratesunder study failed to support any myceilial grewth
of the fungus.

Studiss on the preservation of the asporocarps revealed
that dehydrated sporcoaarps and powdered samples of the same
can be preserved in closed polyshene covers snd airtight
containers fof ten monghs. Fresh sporccarps of Termitomyges
could be stured in opea polythene bajs for 48 h without eny
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taste difference. Pressrvation in varicus condentrations
of brine indicated that miorddial contamination is very
low at five, six and sevea per gent concentrations kept
for four weeks. Observations also showed that blanashed
spegimens Mapt in sterilised glass jars resained fyesh
upte f£ive months in room tempersture, While the samples
pescked in polythens bags remained £resh only for four days
from the sams treataent kept samples under refrigeration
semained £resh up o One week. JSporooarps oculd be pleklied
and stored for six months wishout microbial spoilage.
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Amyleid

Areclats
Agtenuats
Bgeldium

Bustons
Cheilecystidium
alavate

Appendix « I

GLOSSARY

= gille attached 0 the stipe with their
entive widsh

- sny gill fungl

- colour resgtion with Nelser's reagent -
bleck or slightly greyish if amyloid,
brown to purplish brown when pseudosmy-
1044, yellowish if inamyledd (negetive)

= fusion betwesn hyphas of branshes to
form & metwork

-~ & ring 1like partial veil, or peart of it
round the stipe after expansion of pilevs

= divided into small segments Dy aofeaking

= narrowed, tapering

- spore mother gell of hasidiomyceses
bearing spores oa short sterigmata

- enlarged at the base

- young unexpanded cap

- gystidium in she edge of & gill

- alub like

~ the hyphal mass between the superior
surface and subhymsnium or trama of
basidiocsarps



cusicle
Cystidia

Epigeocus
Fibrilloss

Froe (gills)
Glabrous
Gregarious
Gustulase
Hygrophaneas
Hymsnium

Hymenophore

outermost layer of asp or stipe

sterile, unicellular light colour large
cells in the hymenium of Easidiomycetes
above the ground

conposed of lengitudinal fibres or hairy
filament

gills that do nct touch the stipe

smookh, not hairy

growing in groups, bus not in tufts
spores with one or meny olil droplets
having water soaked sppearance when wet
o fextile layer that bears either basidia
and basidiospores of ssai and aasgospores
mixed with parsphyses eta.

the portion of the gazpophore which bears
the bymenium

subterranean, growing undsrground

plleus margin as 4if gut into

masgia (of pileus) rolied inwerd

as Af roughly out or torm

having gills

Anversely ovats

aclour of oghre, dead yellow or iron rust

gsolour



Oveld ~ gpores widsst near she paiat of
attachment

Partoratorium « dark ooloured spiny projection in the
ssatre of pileus

PMleus - gthat porsion of earpophore which resembles
usbrella like cap
Pirifom = pear ghaped

Pleurocsystidium - gystidium om the sides of the gill

Pssudorhisa - 8 root Llike extension of the stipe
Reflemed = gturn back (mergin of pileus)
sexzate - toothed, like edge of & emvw
Spoxophors « fruit body of a mashroom

Squamose - haviag scales

ssipe - gten, stalk of fungal fruit bodies
ssriate « marked vith tiny streaks

Subhymenium = ghe layer of intexrwowven hyphas between
the hymanium and trams giving gise to
basidia

Subterransan ~ underground habit, hypogeal

Tawny - aolour of tanned leather (Mll yellowish
brown)

Trama = the Sissue lying between the hymsnial
layex, ususlly consisting of densely
packed or loosely interwoven hyphas



Yabe - & osntral swelling like the begs of @

shield
veil - UsuAlly meEFanecUs SEXUCSUFe OF Somstimes
spider web like. It eavelops the pert

or the eatire garpophere
Vissid - moist, seiaky



Appendix = XX
DATA SfaREr USED FOR THE MUAFHCDQGICAD DFtSCRXFTIOM
Cf MUSHROOM

aauitwi

Sl _Mo. Data oS collections

Collected by 1 MFtlityi
(/11 lage/TaluK/Diat.)

Final Identification«
(Confirmed by

SMOMTI
order*
Family*
telli
Common name™ ooaal name*
Soil type* " /egetation™
Substrate«
season™ Xarv>. R.H. Rainfal I*

Any other information on climate*
Others*

Habitat* Terrestrial/iigniaoloua/Kplxylosa/boprophilou*/

Humicolloua
Habit*  solitary/scottercd/Caespitoae/Orcgarious

yxuue
when young* Coniaal/spherioal/bampanulate/convex

shape* At maturity* InfundibulifornvAmbonata//roadly usbonata/
Cang>anulate/Ustoi lieate/Eplanate/Conioal/
Convex/Petal o1Vfr label lifom/kuoronata/

Dupreaaed/Dimidiata/Resuplnata/



When young fl
Siwes

At maturity ]
Calours
Texture s

Caontext [}

coloux shanges with -
1. Melser's reagent:
2¢ Oresa Vitrial [}
3+ Phenaol [
4. Sulphovanilin '

sSofw/Brittle/rieshy/Coriacecus/
Hygrophanous/Fragile/Cartilagiacus/
Mesbranscus
smooth/scaly/Rugose/Rugul ose/ /i scl &/
striate/Dry/squamil ose/Velutinous/
Pubesoent/strigose/sul cate/romentose/
Alveclate/Farinose/Floosose/Punctste/
Rivose/Rivulose
Serrate/serrulate/smoot/Undulece/
Reflexed/Iavolute/Fisbriate/Ineised/
Lobed/Revolute

Before austings
Calours

After autting)

Amylod &/Pesudoamyl oi 4/Inamyledd

* & o o o » = 8 & s o O

® o @ o ¢ 8 o & e 0 ° o s v & @



Amogmot inlofr re</PtourrintAdn*tiZAinia>A"

Itivali
Tthapt 1Rounded aauioly or posteriorly/
lanoMitU/vmtrieoMi/~tioulait
Texture 1 SoEt/Terlttle/ferreeoua/wexy/rhlak
Papery/opaque
Hergin 1 draocottv/~™avy/serrateA” inferlate/bentate
else e tuatoer per Cou
Gill trams «Regular/Irregular/bilateral/Xnverse

Cyetidla
Im Pilooystidia Sieei
2* Pleurooystidie h

3* Chailoaystldla l.
4* Cauloaystidie 3.

a« Ventrlooee/ b. Clavate/
43 Pillion/ d. figpform/

e* I*agsnifonv  «e Rostrate/
g~ Snorusted/ h. Rostrate/
le panoeolata/ |y Pyrlfora/
t Granulate/ X. Pointed/
flJ Beaiced/ ™ Capitate
Ueoythlfom/ pg Cylindrical
I« 2* 3* 4.

o



Type 0 Present/Absent Universal/Partial
Colewr
Texture Nesbraneeus/¥leshy/smooth/
Positiens Corissecus
AILUS Pregent/Absent
Sine s
Texture s
Colewr Pleshy/Cerisaecus/Papery/
Tnin
Attachaent Superior broad/Medisl pendu-

lous/Inferior/Narrov fragesata
Appendiculate/Fibrillose/

Novsble

aTIMR

Present (3tipitate)/Absent (sessile)

Length

Siues

Dismeter

Shape: Clavate/Ubclavase/Cylindrical/dclid/Mollow/

slendex/shoss
AStachment o Pileus: Letersl/Besentria/Ceatral/Resupinate
susface Glabrous/scal y/Pubssosas/ Velutinous/
Squamose/Tomentosw/Fibrilloss

Bafore acuttings
Calours

After quSting



Reaction with Melser's

seagent
Basal Part

Before autsting
]
Afsexr custing

SPORE PRINED

Cotton blue

s Amyloid/Pesudoanylelid/Inamyleld

s Glcbulss/Annular stripes/Fuseid/
Bulbous/shesthing Bulbous/Margimately
depressed bulb/Pesudorniseid

Rhi sinese/Ah semerphodd

+ Persissent/Bvanssoent

1 Pree/Lcbed/Ixregqular/Cup Like

3 Sofe/Tleshy/Teugh/Papery

s Agrid/Mealy/Acidnloug/Blunt

s No. L7237 74/

s Cyanophiiia/Asysnophilia



Nelser's reagent 1 Amylold/Pssudcamyloid/Inamyloid

Shape s Ovate/Elliptieal/Glcbose/swd glddose/
Apiculate/Cylindrical/Frusiforw/

Angul ax/Bohinsl ase/Vesrrucose/

Astigulate/Tuberculate/Oveld/
Absugely fusifors/Allantolid/Oustulase/
PAp shaped/Pyriform/Pedlcilate/
Mmiriform/Filiform

(£ig, )

Other gharacters ef sporesst
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Appendix - IIX

CONPOSITION OF REAGENTS, CHEMICALS AMD MEDIA U3ED
FOR THE STUDY

Bpageats and chesloals
Melser's reagent, (Melser, 1934)
Potassiom Lodide - 148 4¢
Zodine - 0.8 ¢g
Water - 20 ml
Chloxal hydrate - 22¢
Potassium hydroxide - 3 par oent aquecus solutic
Hydroshloric acid - 1 = solution
Cancentrated sulphuric asid
Ferrous sulphate - 3 per eant aguecus solutic
Phenel - 2 pex gent
Formal dshyde - 40 per cent in distilled
wvater
tadia
Potato duetroge sqar medivm
Peoaled potato - 2%0 ¢
Glucess - 20¢g
Agar - 18 g
Distilled water - 1300 m1
- | - 6= 6.9



4.

at el _seex
Osts

Agar ager
Ddstilled wmter

o

BalS _sAraat aedive
Mals extract

Agar agar

Distilled vater
Caanek's sgar
Seerose

sedium altrate

Dipotsassium phosphate

Nagnesium sulphate
Potassium chloxide
Ferzous sulphats
Ager-agar
Distilled watar

100 g
18 g
1000 ml
6 = 6.8

3.0 - 4
18.% ¢
1000 m
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7.

MAKiant _seax.

Peptons - 10 ¢
Beef axtract - Sg
Distilled water - 1000 ml
Agar-agar - 20 ¢
ﬁ' - ’.‘ - 1.‘
DaEsAYastne's synthetic madia
Glucoees - 10 g
0 - alaripe - 19
mzm‘ - 0.8 g
Mgs0, mzo - 0.3 ¢
Thissine hydroshleride~ 8.5 ¢
Dissilled wvater - 3900 md
Sabeeen’s ssieqtive media
Cellulese - 1% ¢
(lli‘)a IO‘ - 0.8 [- ]
X ceo - 0.5 g
mzw‘ - 10 ¢g
Mg 80, M0 - 0.2 kg
Caal, - Ol g
Yoast extract - 0.8 ¢
Ager-agar - 20,0 ¢
Benomyl - Ol @
Karsthane - 04300 g



Gallic actd - Oudg
Oxbile - 19

After smtoclaviag - streptomyoin sulphate - 0.6 gl and
Pencillin and Sodiuam salt = 3.1 g 1" were added.

P Bamar’s Ager

Glyoerol - 10¢g
Caesin - 3.3 ¢
sodiwe chloride - 29
Dipotassium hydrogen

phosphate - 29

Magnesius sulphate - 0.38¢
Caloium garbonate - d.02¢9

Iiron sulphate - Je21¢g
Ager-agar - 15 ¢
Distilled water - A9 m
10. ¥axsin's ose Rengel Agel
Dextross - 10.0¢g
Peptone - S22 ¢g

Potassium 4dihydrogen
phosphate - 1.0 ¢

Asee bengal (one part ia 30,000 parts of media)

Agar-agar - 0.0 ¢
streptamycin (39 mg/litre)
Pistilled vater - 4000 m)

o S |
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State vide survey was condicted during the sSouth
West and North Bast monsocn periods in 1984-83 and nine
species of Tormitouyoes were collected and identified
from thirty two localities of the State. Ameng the aine
species. I. haimld, 1. ghxpestus end . mACKecAMS ver.
gAntajlengis were the first regord for Kerals.

Detailed desaription of ths morphologicel and
migrosoopical charasters of the nine spesies oollected
vere recorded in the data sheet along with the ethicno-
mysolegical and gastranomiz details. All Termitomyces
species wete commonly consumed by the looal pedple during
the seasons and wefes kaown by different vernacular names.

Observations on the periodicity freguency and
intensity of cocurrence of the nine spedies showed that
T.mloxooncens, I. migKosarpue var. gagtaleasis and I.
Edistuys were the most commonly ococursing species abund-
antly distributed throughcut the state, irrespective of
soll type. Their habit of cccurrense alec revealed that
L. gebuatua and I. SSEASEAR Wefe always seen solitary
while all the other spegies cgour gregericusly comsisting
of ten to hundred SpPOCOSArps.



The results relating to the periedigity of cosursr-
ence of differsnt species of Terwjitomyges indicated o
post monsoon maxime for the seven species belonging to
subgenus Eutermitomyces and & monsoon maxima for the two
speaios vis. . mierooarpus and T, gigrogappug var.
gantajengly of the subgenus pretersdtomyces.

Studies condicted to hsexrve the developmental
mocphology of T. gpobugtus £rom mycelial stage till mstu-
Zity revealed that different stages Of development een
be divided into eight stages vis. sphetuls, clove bud,
primordisl elongation, pseudorhiszal stage, epigeal butsom,
epigeal egg, epigesl slongation and mature stage. The
first four stages of development wexe hypogeal and sook
192 h to attain the 4th stage vhile the next four epigeal
stagas took only 96 h to reash the mature stage, Criti-
oal cbservations of the different stages of growth and
development of the sporocarp revealed She signifizance
of pssudochisa and perforstorium in the hypogesl develop-
ment of the spOrocarp.

The data relating to the temperature snd humidity

of the comdb of L. ghthbulua and surreunding the environ-
ment showed insignificant variations.



A gomparative study of cthe chesigsl composition
of the cosd of I. pobugtug and . hepmii{ showed little
dlfference ia the total moisture sontent, cellulose,
sarbon, nitrogen and pi.

Isolation of other fungl from the termitaria
dbtained from different localities revesled the ogaurr-
snce of 19 spedias of fungi Delomging 0 13 genera indie
cating their possibla role in celluloss decomposition
in the environment. Among the aineteen specie: isclsted,
species of Agpergillug ani Xylaria were found to bs the
predominent fungi in the combs.

Speaies belonging to Qdontotermis was found to be
the most comson termite asscociated with different spe-
ciss of Teaxrmitomyges in <ersla. Q. gbegus wvas always
found to be sesociated with its fungus matuslist
Iarmisomyces mioregarmug. The bestla Anblyopus ainoeti-

pinnls was found to be the common pest of Iermitomyces.
The bestle was found to infost and feed the emsIging as

wall es mature gporocarps end turn them unfit for
congumption,

Field trials on the effect of sall moisture for
the produstion of aporooarps revealed that the nuaber



of sporocarps emerged from the daily irrigated plots
were more when gompared to the noa irrigated plots.

Among the eight media tested Redeeca’s selective
medium was found o be the only medium to support sca-
nty mycelial growth of T.gobugtug. Maximum mygelial gro-
wth was cbserved st 39°%C. Experiments on the effect of
light in mycelial growth of £, pabugtus showed no sig-
nificant difference in growth,

in TARro studies indicated that cellulose wes the
best socurge of carbon followed by meltoss and lastose.
Maximum protein gontent was cbserved in L.heimii when
compared to other species.

Trisls on the suitability of different substrates
for spawn production failed to support any mycelisl
growth of the fungus.

Dehydrated sporocarps preserved in sealed poly-
thene covers showed maximam shelf life when gompared to
other methods of preservation., Though fresh sporoocarps
could be stoared in polythene bags for only 48 h it was
possible £o extend their shelf life when preserved in
brine solution. B8lanching and pickling were the other

methods of preservation of the spofocarps of Termitomyoes
tried.



