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ABSTRACT

The thermophilic fungi of paddy straw compost were able to grow in several media; as-
paragine supported better growth than others although utilization of nitrate by several isolates
was rapid. On the basis of temperature relationships, these strains were classified into, (i)
Strong Thermophiles (min 25°C or above, opt. 45-50°C): Acremonium alabamensis, Chaetomium
thermophile, Humicola lanuginosa, Rhizopus microsporus, Sporotrichum tnermophile, Thermoascus auran-
tiacus and Torula thermophila, (ii) Weak Thermophiles (min 25°C or lower, maximum 50-
55°Q): Absidia corymbifera, Achaectomium macrosporum, Mucor pusillus and Theilavia minor, and (iii)
Thermotolerants (min. 20-28°C, max. 50°C) : Aspergilus fumigatus.

The spores of A. fumigatus, H. lanuginosa, S. thermophile and T. thermophila were able to
germinate both, on water agar and glucose agar discs; the rate of germination of spores in-
creased with the rise of temperature from 25 to 45°C. A majority of thermophiles could sur-
vive short exposure to 60 to 64°C; only H. lanuginosa and T. aurantiacus were able to survive
exposure at 72°G (2 and 10 min, respectively).

INTRODUCTION

Thermophilic fungi of late have
been isolated from a variety of substra-
tes (Satyanarayana et al., 1977; Satya-
narayana, 1978; Tansey and Brock, 1978
Johri, 1980). Only limited attempts
have so far been made to study their
nutritional characteristics and tempera-
ture relationships (Thakre, 1975; De-
ploey, 1975; Pandey, 1977; Johri and
Pandey, 1980). Sumner efal., (1969)
and Dart (1976) have reported lower
degree of unsaturation in fatty acids
of thermophilic fungi grown at high
temperatures. Chapman and Ostrovsky
(1975) on the other hand have reported
loss of protcin bands when fungal extracts
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of Papuisapora thermophila were exposed
to high temperatures. It was felt neces-
sary to understand the basic require-
ments of the thermophiles and the pre-

sent report is a results of these investi-
gations.

MATERTALS AND METHODS

The thermophilic fungi were iso-
lated, at various intervals from paddy
straw ompost by (i) direct observation
(ii) plating out of washed particles and
(iii) dilution plate techniques as descri-
bed by Chang and Hudson (1967).

Growth characteristics were studied
in several agarf/liquid media. For dry
mycelial weight determination, fungi
were grown in 100 ml Erlenmeyer fla-
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sks containing 25 m! medium for 6 days
at 45°C in duplicate.

Nitrogen nutrition was evaluated in
glucose-asparagine medium, Asparagine
was replaced in this basal medium with
nitrogen equimolar proportions of urea,
NaNoy; NH,; NO,, (NH,); HP SO,
and (NH), HPO, ; dry weight incre-
ment was recorded on these nitrogen
sources.

The effect of temperature on growth
was studied on YpS® agar plates which
were incubated in the range, 18 to 60°C.
The germination of spores of Aspergillus

Jumigatus, Humicola lanugionsa, Sporotri-
chum thermophile and Torula thermaophila
was studied on water agar and 29
glucose agar at different temperatures.
Germination counts for atleast 200
spores were made after 6 hr (7. thermo-
phila), 8 hr (A. jfumigatus and S. thermo-
phile) or 10hr (H. lanuginosa).

The survival veriod of thermophiles
was evaluated in glass test tubes (18X

150 mm) containing sterile paddy straw

compost upto a depth of 6 cm according
to Fergus and Amelung (1971).

RESULTS

The thermophilic strains of paddy
straw compost grew well in YpSs broth
and agar medium (Table I) suggesting
their ability to utilize starch as a source
of carbon and amylolytic nature. The
growth was moderate on peptone-glu-

glucose-asparagine ard Sabour

cose,
QOat meal was

and’s liquid/ogar media.
a poor substrate expect for S. thermophile,
and 7. aurantiacus; T. minor grew in
oat meal agar but failed to do so in
broth. Acremonium alabamensis, G. ther-
mophile, S. thermophile, T. thermophila and
and 7. aurantiacus showed better growth
on Abram’s cellusose agar suggesing

cellulolytic ability of thesc isolates.

Nitrogen Nutrition (Table IT):

The utilization of asparagire was
good for all strains. Nitrates (NaNO,,
KNO,; supported modcrate growth ex-
cepting in T. mirer. The uunlizaton of
nitrate and ammonium sul-

ammonium
thermo-

phate was poor; 7. minor, C.
phile and T. auranticéus did not utilize

these sources at all.

Temperature Relationships:

The pattern of mycelial growth of
these strains was studied on YpSs agar
medium in the temperature range, 18
to 60°C. On the basis of growth, mini-
mum, optimum and maXimum tempera-
tures for each thermophile were obtained
(Table III} and this was then used in
categorising the strains into the follow-

ing :

Group 1-Strong Thermophiles : This
class eomprised of thermophiles depic-
ting high minimum temperature (25°C
or above) but grew best at 45 to50°C
viz., Acremonium alabamensis, C. thermo-
phile, H. lanuginosa, R. microsporus, S.
thermophile, T. aurantiacus and T. thermo-
phila; of these only H. lanuginosa and
7. auranticcus were able o grow at 60°C.
Among these, G. thermophile, H. laaugi-
nosa and 7. aurantiacus failed to grow
at temp. below 30°C suggesting their
strong thermophilic natwie. Mature peri-
thecia of T. aurantiaus were produ-
ced in the temp. range, 40 to 50°C, below
40°C and above >0°C it produced only
vegetative mycelium. Chaetomium thermo-
phile was able to produce perithecia at
only 40 to 4,°C.

Group 1I-Weak Thermophiles : Stra-
ins which grew at 2:°C or below but
which did not show any noticeable growth
at 50 to 55°G. The optimum growth of
these strains usually occwrred at 40°G,
viz., A. corymbifera, A. macrosporum, Mu-
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TABLE 11

GROWTH OF PADDY STRAW STRAINS ON VARIOUS NITROGEN SOURCES IN LIQUID MEDIUM AT 45¢C

Dry mycclial wt in broth (mg) on 7th day

o Aspara-  Urea NaNo, KNO, NH, (NH,); (NH,), Controls
gine NO, SO, HPO,

Absidia corymbifera 81.5 0.0 56.0 33.0 15.0 26.0 28.0 12.0
Achaetomium macrosporym 76.0 0.0 75.0 76.5 32.0 27.0 20.0 5.0
Acremonium alabamensis 6.0 36.0 85.0 73.0  28.0 33.0 60.0 0.0
Chactomium thermophile 91.0 7.0 12.0 6.0 10.5 0.0 5.0 0.0
Humicola lanuginosa 53.0 30.5 18.0 28.0 23.0 24.6 27.0 13.0
Rhizopus misrosporus 70.8  15.0 12.0 10.0 18.0 21.0 68.0 1i.5
Sporotrichum thermophile 78.0 0.0 42.0 101.0 42.0 28.0 33.0 21.0
Thielavia minor 72.5 0.0 0.0 0.0 0.0 22.0 0.0 10.0
Thermoascus aurantiacus 91.0 0.0 40.0 82.0 48.5 0.0 50.0 0.0
Torula thermophila 56.0 7.0 8.0 0.0 22.0 12.0 14.0 10.5

*Liquid broth without any added nitrogen source

TABLE I1I

TEMPERATURE REQUIREMENTS FOR GROWTH OF

THERMOPHILIC FUNGI OF PADDY STRAW COMPOST

Temperature characteris-

tics ( °C)

Organism

Mini-  Opti-  Maxi-

mum  mum  mum
Absidia corymbifera 18 40 50
Achaetomium macrosporum 25 40 50
Acremonium alabamensis 25 45 55
Aspergillus fumigatus 18 40 50
Chaetomium thermophile 30 45 55
Humicola grisea 18 35 45
H. lanuginosa 30 40 60
Mucor pusillus 18 10 50
Rhizopus microsporus 18 45 55
Sporotrichum thermophile 25 45 55
Thielavia minor 18 10 45
Thermoascus aurantiaeys 30 50 60
Torula thermophila 25 45 55

N r————

cor pusillus and T. minor; the perithecia
production was restricted to 35 to 40°C,

Group IlI-Thermotolerants - Aspergillus
Jumigatus was only organism in this class.
This mould was able to tolerate high
temperatures like a true thermorphile
but also grew well at 20 to 28°C, and
failed to grow beyond 50°C.

Spore Germination, :

The conidia of 4. Jumagatus, H.
lanuginosa, §. thermophile and T. thermo-
phila were able to germinate well both
on water agar and glucose agar. The
time required to achieve 100% germina-
tion on water and glucose agar respec-
tively was 10 and 8 hr for A. Jumigatus,
16 and 10 hr for H. lanuginosa, 14 and 8

hr for §. thermophile, and 8 and 6 hr for
T. thermophila.

Thermal Survipal »

The theimal resistance of the straw
strains in terms of survival time at 60,

64, 68 and 72°C is given in Table IV
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TABLE 1V

SurvivAL TIME (HOUR —mHR, MinUTEs - MIN) oy
THERMOPIHILIQ FUNGI EXPOSED TO SELECTED TEMPE-
RATURES IN PADDY STRAW COMPOST

Temperature °C
Organism S

60 64 68 72

Absidia corymbifera 2 hr 30 min 5min 0

Achaetomium macros-

porum lhr 30min 0 0
Acremonium alabamensis 4hr L hr 10 min 0
Aspergillus fumigatus 4hr Ihr 5min 0
Chaetomium thermophile 24hr 2hr 10 min 0
Humicola grisea lhr 13min 0 0

H. lanuginosa 24hr 5hr 15min 2 min
Mucor pusillus lhr 30min 0 0

Rhtzopus microsporus 2hr 30min 5min 0

Sporotrichum thzrmo-
phile 12hr 2 hr 5min 0

Thiclavia minor lhr 30min O 0

Thermoascus aurantiacus 48 hr 2 hr 30 min 10 min

Torula thermophila 4hr lhr 10min 0

0=No survival even at the shortest exposure period.

which amply demonstrates that expec-
ting H. lanuginosa and T. aurantiacts (su-
rvived 10 and 2 min exposure to 72°C
all others failed to resist 2 min exposure
to the highes. temperature; the peak
temperatures during’composting in large
heaps often reach 70°C.

DISCUSSION

The temperature makes the basis
for delineating species into mesophiles
and thermophiles and the need to un-
dertake such studies for latter group has
been emphasized by Fergus (1964),
Emerson(1968), Tansey and Brock (1978)
and Johri (1980). There is however

some diflerence of opinion on the defi-
nition of a thermophile but according
to Crisan (1973) a broad working onr
includes all organivms growing at  or
above 40°C) into his group. ‘Thakee
(1975) has reported that the coal-mine
isolate of K. microsporus was able to grow
at 60°C but the straw isolate of this
toermophile was not able to do so ; only
H. lanuginosa and 7T, aruantincus  were
able to grow at 60°C which incidentally
approaches the near limits for the cukar-
yotic organi.ms (Tansey and PBrock,
1972). The over all growth pattern and
temperature characteristics of straw str-
ains were quite similar to thermophiles
described from other sources (Ofosu-
Asiedu and Smith, 1973; Subrahman-
yam and Gopala Krishna, 1975; Tansey
and Borck ,1978).

The conidia of A. fumigatus, H.
lanuginosa, S. thermophile and T. thermo-
phila showed complete nutritional in-
dependence by germinating on water
agar devoid of any other nutrients; the
enhancement of germination rate by
glucose was remarkable but this phe-
nomenon has been reported for Alter-
naria solant and Trichoderma viride (meso-
philes) and Rhizopus rhizopodiformis, a
thermophile (Satyanarayana, 197¢ ;
Thakre and Johri, 1974; Johri and
Pande, 1980). The temperature response
of compost strains of thermphilic fungi is
similar to that described for mesophiles
(Cochranc, 1958). The only known re-
port pertaining to survival timing for
thermophiles is that of Fergus and
Ameclung (1971) and with which the
behaviour of straw isolates compared
favourably; only 1. lanuginosa and T,
aurantia us survived cxposure to 72°C;
detailed investigations of this nature can
help in successful selective isolation of
slow growing thermophiles from natural
substrata which is much needed too
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becawe of the ubiquity of A, fumipatus
and the problems poxed by it in normal
isolations,
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