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summasv This paper considers the cccurrence and distribution of microflora of some soils in Sri Lanka (Ceylon) which could
be potentially destructive to articles of value such as microscopes, camerae, electrical resistances cte. At the same fime an
attempt is made to examine the responses of some micro-organisms to local environmental conditions and assess the extent to
which application of 2 knowlege of these responsess can provide an ecological approach to biodetericration.

Ceylon was divided intoWet, Dry and Intermediate zones on the basis of rainfall, and soil sampling was done only once
in each locality in thse zones at diffrent times of the year. Thirry-one different fungi have been isolated fron the soils.
Twelve of these were found on the optical systems of microscopes and cameras in Sri Lanka (Nagamuttu,1967) while these and
many others among the isolates were repotted by other scientists on optical materials in the tropics. The commonest genera
isolated are the Aspergillus and Penicillinm. The high total count of colonies had a large number of species represented. It

* appears that the soluble sslt content in the soil has a greater influence on the fungi population than its organic matter.  Also,
there is a drop in the number of organisms occurring at lower levels of the soil. The present survey is a continuation of
the earlier study. The findings were not published but were reported in the University of Ceylon Annual Report for the
period 1968/69. Perics, Liyanage and Liyanage (1979) have subsequently recorded the isclation of some of the identical
fungi in the rubber-growing soils from theWet zone and Matale.  Gf the isolattes in the present study, seven species of fungi
have n ot been reported to-date.

INTRODUCTION

The scientific study of soil began with Adamatz in 1886 (Ranzoni, 1968) when he
collected eleven species of fungi from experimental fields for biological studies, but it was
after the first World War that the importance of fungiin agriculture and pharmaceutical
industry was realised. Since then, microflora of soil attracted the attention and stimulated
intcrest in many scientists such as Jensen (1931) in Denmark; Trester, Backus and Curits
(1934), Miller, Giddens and Foster (1957), Chritensen and Backus (1961) and Ranzoni
(1968) in the United States of America; Nour (1956) in Sudan; Bisbay, Jamesand Timonin
(1935) in Canada; Farrow (1954) in Panama and Costa Rica; Yousef Al Doory, Tolba and
and Al Ani (1959) in Iraq; Eicker (1969) in Zululand; Nagamuttu (1968, unpublished) in
Sri Lanka;Singh (1976) in Newfoundland; Peries et al (1979) in Sri Lanka. It has been
reported (Benjamin, 1969) that more than 150,000 fungi and more than 25,000 new taxa have
been found and still more continue to be identified, while thelowans have stated that there
are as many fungi as there are flowering plants. In addition to the economic importance
of some of these fungi, there is also a broad spectrum of micro-organisms of the soil involved
in the biodeterioration of scicntific and industrial apparatus in the tropics. Identification of
these organisms can give a timely warning as to whether a species encountered in the field
is beneficial or is destructive and whether appropriate measures are to be planned.
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Climate

Fig. 1 shows the division of Sri Lanka intoWet, Dty and Intermediate zones and its
mean annual rainfall in inches. The Wet zoneis bounded by line CD; Intermediate
zone within ABCD and the part of the ccuntry on the right of AB is the Dry zone.
The Wet zone is influenced by the SouthWest monsoon with May to July being the
wettest and January to March the driest months. The climate changes with altitude
and within this tropical belt in the mountain regions, there may exit a temperate
climate. Fig. 2 gives the monthly mean maximum and minimum temperature in

degrees Celcius.

Materials and Methods

The matcrials used were sterilized trowels, screw—capped bottles, spoons, spatulasand
double-layered plastic bags. Soil samples were collected by digging a hole two inches
beneath the surface which had been previously scraped off of litter and thrusting a sterilized
bottle into the side of the hole. This method ensured collection of true fungi frec from
aerial contamination. More than one sample was taken from cach locality. In addition
to these samples at two inches depth, a small quantity of soil at the same site was taken at 2
depth of six inches to study the microbial activity at this depth. All samples were taken
to the laboratory and stored in a safe place to avoid contamination of live-cultures
of parasites and bacteria maintained in the laboratory for teaching purposes. Plant and
fibre materials were picked up by sterilized forceps before inoculating the soil into the
culture media. Direct soil planting method of Warcup (1950) was adopted.

Czapeck-Cox agar medium with 0.59; yeast extract and Eggins-Pugh medium (personal
communication, 1968) was used for moculating the soil.

Eggins - Pugh medium

Potassium dihydrogen phosphate. . ....... ... ... 10 ¢
Ammoniumsulphate [, oo el & <,
Potassium chloride .............. s SR R e Gis i
Leasaene T SR I G SR LI o Firg
Yenboxtract. Dot AR e L s S o5 SR
Magnesium sulphate (Hydrated)...c.cvicvoeocns 534
Glitose il S srdm b D e ZORAE
BEpell T e e Lt s R
Pl Warer L i aniais ol s vilhveee 1000 cc

An insignificant deviation from Eggins-Pugh medium was the inclusion of 20 g glucose
instead of 5 g as it was the experience of the author in a previous study (Nagamuttu, 1967)
that a high precentage of sugar incteased the osmotic pressure of the substrate, accelerated
the sporulation of xerophilic fungi such as Aspergillus glaucus and also reduced the cultural
period.
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15 mg of the soil was introduced into 2 sterilized petridish and crushed with a sterilizep
platinum spatula to ensure that the particles were fine. 10 ml of CDA medium was poured
into the petridish and the particles of soil were dispersed uniformly by shaking and rotating
the petridish before the agar solidified. Similarly all soil plates with CDA medium were
prepared in triplicate and tube slants with Eggins-Pugh medium were also prepared
in triplicate inoculated with samples of soil. Thesoil collectedat 67 depth wasalso
inoculated into a fourth CDA plate only for the purpose of cc unting fungal colonies at this

depth.

One set of soil plates along with one set of tube slants was despatched immediatly to
the Commonwealth Mycological Institute, U.K., for isolation and rcport while the other
sets were retained and left on a mite-free shelf in the laboratory under prevailing conditions
of temperaturc and humidity. From the seconed day to the fifth day, the fungal colonies
in all plates were counted. ‘Table 1 gives the soil data fungal counts at 2 inches and 6 inches

depth.

Eleven soil plates representing different localities (IMI Nos. 156361 - 156371) des-
patched to the Commonwealth Mycological Institute subsequent to the firstlots weie held
up at the General Post Office, Colombo, for a long period and when these arrived late inU K.
they were found to be attacked by mites and badly shaken beyond isolation of organisms.
Due to lack of facilities, fuirther work in this field was discontinued.

RESULTS

Table 2 lists the fungi identified. Thirty-onc different fungi were isolated of which the first
four could not be identified down to the sub-species as identification is a matter for the
expert. Fungi identified include 7 Phycomycetes, 2 Ascomycetes, 2 Basidcraycetes and 21
Fungi Imperfecti. One Actinomycete and onc Bacillus subtilis were also isolated. Table
1 indicates that the number of colonies counted on the soil plates for each locality differs
greatly from sample to sample and also at different depths. Table 1 rcad with Table 2
indicates that the high total count had 2 large number of species represented; for instance,
Colombo has 31 species against a colony count of 18,400: Vavuniya has 28 species against a
colony count of 18,000 ; Ratnapura 21 against 14,200 ; Diyatalawa 20 against 14,800; Mahi-
yangana 16 against 16,200 ; Parahakelle Teak gardens 11 again st 10,600 while Anuradhapura,
Batticaloz, Jaffna, Puttalam and e ilee Lave Tower connte- Witk smaller aike to ot

sPecics.

Among the isolates in this study, the seven fungi not recorded to-date in Sri Lanka are
Rhizopus arrhizus (Cohn) Schroet, Rhizopus arrhizus Fischer, Syncephalastrum racemosum
(Cohn)Schroet, Monascus ruber van Teigh, Aspergillus glaucus, A. penicilloides Speg, A. terreus
Thom and P. rugulosum Thom.
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DISCUSSION

In this study, soil sampling was done only once in each site across the three zones. Of
the 26 sites sampled, only 14 were experimented on. Some months elapsed between the
dates of collection and isolation of fungi. This would have hindered the germination of
organisms in the myceliol state. Identification of organismsin the mycclial states is difficule
as one mycelium would seem similar to another in this state. Hence the smallness in the
fungi population isolated. Perics ef al (1979) have isolated a large number of fungi as they
studied the rubber soils each mor th in the year subject to climatic vatiations. In this study,
Colombo and Ampaiai soils showed the Lighest percontage of organic matter and these
have yielded 2 greater number of Aspergillus than the soils with a lesser amount of organic
matter. This is in agreement with Christenscn and Backus (1961) but is different from the
findings of Peries ef al (1979) in respect of Matale soil which has a higher percentage of
organic matter than the other soils studied by them.

While Peries et al (1979) sifted the soil before dilutior. and inoculation into the culture
“medium, in our study it was decided not to sift the soil as, on a previous occasior, unsifted
the soil yvielded as many genera as sifted soil. This is alsc the view taken by Rabzoni
(1968). The dilution methoa was not used ana the direct soil plating method of Warcup
(1050) was adopted as this technique is less laborious than dilution method and also nas
yicled a larger number of genera thao the dilution methods. In this study emphasis was
f>id on the kinds of fungi rather thar the numbers of individusl ones. The paucity of
fungi population can also be attributed to the limitations of isolation techiques and
culture media used.

In this study, Absidia has been isolated in three out four soils at acid pH which is in
agreement witn Peries et al (1979) who have rccorded the same in five out of six soils at acid
pH. This is similar to the findings of Jenser (1931) who has recorded Absidia cylindrospora

as growing best in purc culture in the pH range 2.53 - 5.52. Warcup (1951) has listed
Absidia orchidis in the PH range 3.8 - 4.6 On the other hand, Nicholls (1956) had isolated
Absidia cylidrospora in five out of eight soils at pH 7.0 or more. warcup (1951 had isolated
A.glauca in the pH range 6.4 -8.4 In our srudy, it is ncted from Table 2 that Mucor exceeds
Absidia, Mortierella and Cunninghamella iv tne watm soils. Thic is in agrecment with
Peries et al (1979) etol (1957) in America and Nour (1956 in Sudan have recorded that
Absidia and * Cunninghamella have excceded Mucor in their waim soils. Thus these
findings aie the re;ult of the 1eaction of organisms to changes in physical factors. This
makes the results more difficult to interpret and less consistent.

Soils have been collected from the teak plantations in Anuradhapura and Amparai
District (Parahakelle) for our study. The ground conditions herc resemble closely those
in a pinc forest or Hevea plantations as the canopy greatly reduces the light reaching the
soil. - In Phytophthora germination, darkness favours the germination of oospores and inhibits
sporangia while bright light favours the formation of sporangia and inhibits oospores,
Light of low intensity favours the formation of both in all apecies of Phytophora (Harnish
1965). However, Phytophthora could not be isolated from thse soils wherecas Perics ef al.
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(1979) isolated this fungus in two wet rubber districts which isolation they considered
was the first in any soil microbiological studies. However earlier, Miller ef al (1957) had
isolated this fungus in the pine soil of Georgia while there is also a reference to isolation of

Phytophthora by Cambell (1949).

The main genera isolated in this study are the Aspergillus and Penicillium which ate
reputed to be the commonest genera of fungi all over the world (Nour, 1965; Ranzoni, 1968;
Eicker, 1969; Singh, 1976). In this study, more Aspergilius than Pencillium has been isclated
in the Dry zone. This tendency for Aspergillus to replace Penciliumin warm soils is borne
out by Miller ef al (1957) in American soils, Nour (1956) in Sudan and Farrow (1954) in
Panama and Costa Rica. But in the wet zone, Aspergillus and Pencillium as isolated by
us and Peries ef al (1979) are almost equally represented.  Borut (1960) working on the
soils in Northern Negev (Israel) also found Aspergillus and pencillium frequent. He plotted
curves of growth at different temperatures for species of Penicillium and Aspergillus and a
number of other isolates. All species of Pencillium had peek of optimum growth at 26° C.
The Aspergilli were more variable, but the majority had higher optium, 36, 36, 30and 26° C.
The shape of curves for Aspeigilli showed 2 less marked fall at temperatures just below the
optimum than was the case for those Pencillium. This indicates thatﬂpergiﬂus not only
tolerates higher temperatures but also shows near optimal growth attémperatures which
are optimal for the Pencillia. Hence the almost equal representation of both these species
in the tropical wet zone of Sri Lanka as shown by our studies. Conversely, P. lilacinum as
demonstrated by Borut (1960) showed an extended range of temperature abovethe optimum
and is expected to be the most active species of Pencillium at higher temperatures at which
most other species of Pencillum would be inhibited. Hence Peries et al (1979) isolated
P. lilacinum in Matale soil at a frequency of 46 which means that the air and soil temperature
of Matale would have been high at the time of sampling and has nor been conducive te the
germination of other species of Pencillium. In our studies we have isolated Pencillium and
Trichoderma in acid soils. Peries et al too (1979) have isolated these two genera in soils at
acid pH. We thercfore agree with Wazcup (1951) ia his generalisation that Pencillium and
Trichoderma have come tc be associated with soils at acid conditiors. The paucity of
Dencillinm in Matale scil may be due to the fact that the pH of Matale soil was near neutral
(6.4) as recordea by Peries ef al (1979). In coatrast, Ranzoni (1968) has isolated Pencillinm
and Trichoderma in the Sonaran Desert soil in southwestern United States and northwestern
Mexico at pH 7.4 and above and at temperature as hsgh as 41° C.

In our study, we have isolated Aspergillus aculeatus, A. flavus, A. nigerand A. glaucus

“n Colombo shere the mean temperature during the day is 31°C; during night 24.3°C and
_ relative humiditics 74% during the day and 879 during night. The same fungihave been
isolated at"Ramapura where thc mean temperature during the dayis 32.16°C; 22.9°C at

* night and relative humidities 767 and 94%;. In Vavuniya in the Dry zone these fungi
have been isolated at 32°C during day; 22.5°C during night and rH 64% and 84%. P.citrinum
~—ss0-appeared m Colombo and Ramapura under identical conditions as for Aspergillus.
These findings are in agreement with those of Peries et al (1979) but donot conform to the
studies of Chen and Griffin (1966. 19662) on Australian soils and Bisby ef ¢/ (103 5) on Mani-
toba soils. Inthe studies of Chen and Griffin (1966,19662) the effects of both temperature
and humidity vere investigated by adding sterile hair to the soil; it was found that at the

L
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same temperature but different humidities, nost of the fungal flora colonised the hair only
under relative humidities of 95% or more while below 95% the colonising flora consisted
of Aspergillus and Penicillium only. When both temperature and humidity were varied,
A. niger was active at 15 and 20°C under 1H 100% while under rH 85% it was found tc be
active at 25 and 30°C. P. citrinum was found to be active at 15°C under rH 85%; under
rH 80% it was active at 20 and 25°C and under rH 75% it wasactive at 30°C Bisby ef al
(1935) selected different isolates by incubating replicete soil plates at 37, 25 and 6°C. Of
49 recorded isolates of Aspergillus spp., 27 were tolerant to 37°C. The only other organism
regularly isolated at this tempetature was Trichodeima viride. At 6°C scme species of
Penicillium and Mucorales appeared regularly and Cladosporium less frepuently. These
observations show that different species not orly tolerate different humidities at different
temperaturcs but also differ from one another in their activities in the soil.

Studies of soil microbiology thus clearly indicate that groups of organisms vary from
soil to soil in a way related to physical environments. Vaiious experiments have been
cartied out under simulated tropical environments in order to elucidate a generality for
groups of organisms active in the soil. These concections wete fallacious. The diversi-
ties of these views and the failure of these conceptions to receive wide acceptance or recog-
nition indicate that they are not accurate. The tropical environment of Sri Lanka vaties
widely as regards temperature, humidity and H relationships fron place to place and from
season to season. Experiments designed to simulate tropical environments must not only
consider temperatures as high as 36°C with the lower order of relative humidity values,
but also the effects of rapid and considerable drops in temperature at night on any of the
moulds under investigation. There is, therefore, a need for more studies on the three-
dimensional relationships of pH, rH and temperature to fungal growth. This should be
supported by several isolation techniques and identification on soil Glates at different pH,
rH and temperature and with varied nutrient supply in the culture-media. As the pH
varies, the availability of certain nutrientions in the medium may lead to secondary effects.
A dynamic step to study the ecology of soil microbiology wouiciﬁe the creation of miodel
systems containing a number of known common organisms whose activities on purc
culture might be checked in competition with the soil work on the field.  Such investiga~
tions could lead to the prediction of fungi likely to be active in soils of different reaction:.
Unless these factors are explered and a generality arrived at, the proble:: of biological
deterioration which still baffles the wotld-scientists cannot be SUH* i @:

ACENOWLEDGEMENTS

. The author wishes to thank the Commonwealth Mycological Institute, England. for
identifying the fungi; the Department of Meteorolegy for providing aee '&ogicai'

data; Dr K. N. Mendis of the Department of Parasitology for rcading the manuscript and
for making useful suggestions; Miss Y. de Silva and M. I. Keragala for the drawings and
Mr. S. Marimuthu for the assistance in collecting soil samples.



8.
9.
10.
11.
12.
13.

14.

15,
16.
17
18.

19,
20.

MICROFLGRA OF SOME SOILS OF SRI LANKA AND ECOLOGICAL CONSIDERA IS

REFERENCES

Benpamry, C.R. (1968): The Changiny face of Mycology. Mycologia, 60, 1-8

Bisay, G.R. TimoniN, ML & James, N. (1935): Fungi isolated from Soil profiles in Manitoba. Can. J. des. C, 13
47-66

Borur, S. (1968):  An Ecological and physiological Study of soil fungi of Northern Negev (Israel). Bull. Res. Coutt.
Israel D B, 65-80.

Campert, W.A. (1949): Isolation of Phytophthora cinna(Eo(Ei directly from the soil. U.S. DA. Reporter, 33,134-135

CueN, A WHE-CRU & Gruriy, D.M. (1966):  Soil physical factors and the ecology of fungi V Further studies in
relatively dry scil. Trans. Brit.(Eycol.Soc., 49, 419-426,

Crien, A WHE-CHU & GRIFFIN, 1. M. (1966a): Soil physical factors and the ecology of Fungi VI further Interactions
between temperature and soil moisture. Trans.Brif, mycol.Soc., 49, 551-561

CHrISTENSEN & Backus, MLP. (1961): New or Noteworthy Penicillis from Wisconsin soils.  Myrologia, 53, 451-463
Ecems, FLO.W. & Pren, G.J.F. (1968): Culture medium for soil fungi (personal communication)

Eicer, A. (1969): Microfungi from surface soil of forest communities in Zululand.  Trans. Brit. mycol.Soc., 53, 380-392
Fannow, W.M. (1954): Tropical soil fungi. Mycologia, 46, 632-646.

Hapmisi, W.NL (1965):  Effect of light on production of oospores and sporangium in species of Phytophthora. Mycologia
57, £5-90.

Jexsew, HLL, (1931): Fungus flora of the soils. Soil Sdi., 31, 123-158.

Muieg, I.H., Giovexs, .E., & Fosrer, A.A. (1957): Survey of the fungi of forest and cultivated soils of Georgia,
Mycologia, 49, 773-808.

Nacamutiy, 5.(1967): Moulds on lenses and prisins of microscopes and cameras of Ceylon and control measures.  Int.,
Biodern. Bull. 3 (1) 25-27.

MNAGAMUTTU, S. (1968, unpublished): Microflora of some soils of Sri Lanka.
NicHorts, V,O. (1956): Fungi of chalk soils. Trans. Brit. mycol. Soc, 39, 233-238.
Nour, M.A. (1956): A preliminary survey of fungi in Sudan Soils. Trans. Brit. mycol., 39, 357-360.

Paniss, O.S., Livanacr, A. De 8. & Livanacg, NLLS. (1979): Fungi associated with rubber growing soils in Sri Lanka
JI. Rubb.Res.inst, Sri Lanka. 56, 9-20.

Smich, P. (1976): Fungi of the forest soils of Newioundland. AMycologia 68, 881-890.

Trnstnew, H.D., Backus, MLP. & Curtes, LT, (1954):  Soil microfungi in relation to hardwood forest continum in
Northern Wisconsin., Mycologia 46, 314-333. :

21. Wancup, J.H. (1950): Soil plate method for isolation of fungi. Nature, 166, 117-118.
27 Wamcue, LH. (1951 T:h" > ""v;' of soil fungi. Trans, Brit, mycol. Soc. 34, 376-399.



S. NAGAMUTTU

TaBiE |
Localities where No. of colonies in %, Organic  %Soluble
soil samples dry soil at 2" depth matter salts
were collected. pH- ¢ 6
AMPARALI C.5 5.8 14,6004 2141 0.20
13,8004+
ANURADHAPURA C.8 5.4 11,6004 1.50 0.60
10,5004+
BATTICALOA C.5 7.3 11,7004+ 123 0.70
11,0004 4-
COLOMBO G.S 5.2 18,4004 2.6 0.20
{Campbell Park) 17,200+ +
DIYATALAWA CS. 6l 14,800+ 1.30 0.30
13,2004+
JAFFNA G.S 5.80 10,200 4- 1.20 0.65
10,000+ +
KANDY - G.S. 6.3 14,000 4- 0.70 0.30
13,8004+
MAHIYANGANA F.5 5.80 16,20004 1.20 0.20
15,600+ +
MANNAR C.S, 5.4 9,800+ 1,20 0.20
7,000+ +
PARAHAKELLE
TEAK Gdus. F.S. 7.50 10,600 4- 1.20 0.16
10,000+ +
PUTTALAM G.S. 5.4 9,500+ 1.20 0-70
9,000+ +
RATNAPURA GS. 58 14,2004 1.40 0.2
13,9004 -+
TRINCOMALEE E.S Tald 10,6004 1.20 0.70
10,0004-+
VAVUNIYA B 5.1 18,0004 2.20 0.18
16,000 +-

.8, - Cultivated s0'l; G.S - Grass soil ; E.S - Forastsoil
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Frequency of occurrence of fun
counted as one frequency)

Classification
PHYCOMYCETES
Absidia sp.
Cunningha mellas p.
Mortieretta sp.
Mucor sp.
Rhsizopus arrhizus
{Cohn}Schroet.
Rhizopus arrhizus
Fischer.
Syncephalasterum
racemostm (Cohn)
Schroct,
ASCOMYCETES
Chactomivm sp.
Monaseus ruber
vinTeigh.
BASIDOMYCETES
Basidomycetes I
FUNGI IMPERECTI
Alternaria sp.
Aspergillus acnleatus
Izuka.
A flavus Link ex Fr.
A. glancus group.
A.yger van Teigh.
A.penicilloides Speg.
A.sydowi(Bain & Sart)
Thom & Church.
R terrens Thom.
R.verisicelor(Vuill.)

Tiraboschi.
Aspergiilussp. 1
Aspergiliussp. I
Boetryodiplodiea

theobromae Patou
Fusarfuni 5p.
Penicilliim citrinum
Thom.

P.funiculun Thom

P lilacintm Thom
P.rugulesum Thom
Penicilliumsp. - I
Penicilfiwm sp. 11
Trichoderia harzianum
mifai.

Trichoderma viride

ex S.E.Gray-
Trichoderma viride
agg. sensu mifai.
Dark sterile mycelium
White mycelium -
Yellow mycelium.
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