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SUMMARY 

A technique has been described which successfully 

maintains a controlled microenvironmental condition on a 

cellulosic substrate by continuous perfusion with a 

predetermined nutrient solution. This technique has been 

used to study the effect of different ecological factors 

namely pH, temperature, nitrogen sources and glucose 

nutrition on the fungal colonization of a model cellulose 

substrate in the form of heat rolled polythene backed cellulose 

chromotography paper, buried in soil. Different successional 

patterns of fungi colonizing this substrate, have been 

elucidated and the role of " secondary sugar fungi" has 

also been elaborated. The extent of biodeterioration of 

the cellulosic substrate has been determined by its weight 

loss estimations. Maximum biodeterioration was recorded 

in. SUC 

The role of thermophilic actinomycetes in the cellulose 

biodeterioration has been elucidated by using the perfusion 

technique for their selective isolation. Five species were 

identified and their cellulolytic ability was also determined. 

The relative cellulolytic ability of all the fungi 

isolated has been estimated by measuring the depth of clearing 

of the cellulose agar columns. The effect of pH, temperature, 

nitrogen sources and glucose nutrition on the relative 

cellulolytic ability has also been observed. 

An alteration of the perfusion technique has been 

described and used to study the effect of diffusible 

metabolites of cellulolytic fungi on their linear growth. 

The effect of non diffusible metabolites of these fungi on



their cellulolytic ability has also been studied by 

growing them in mixed culture and then observing 

the clearing of the cellulose agar. There were very 

few cases of synergism as compared to widespread inhibition. 

The perfusion technique has also been used to study 

the germination and penetration of the spores of ten 

cellulolytic fungi through different thicknesses of fibre 

glass cloth. The mode of cellulase production and its 

diffusion was also analysed by estimating the weight loss 

of the different layers of a wad of five perfused cellulose 

strips, after inoculating the top strip. 

The perfusion technique has also been used as a 

test method for screening different biocides commonly 

used as textile preservatives. Its scope in detoxification 

studies has also been discussed.
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The term "Biodeterioration" has been defined by 

Hueck (1965) as "any undesirable change in the properties 

of a material caused by vital activities of organisms". 

He differentiated biodeterioration from pathology in the 

sense that materials as substrates for biodeterioration 

are non living in contrast to living substrates in pathology. 

Ecology is usually defined as the study of the relations 

of organisms or groups of organisms to their environment 

or the science of inter-relations between living organisms 

and their environment (Odum, 1959). Thus materials (or 

substrates), organisms and environment which are all 

intimately concerned in biodeterioration, are also the 

essentials of ecology. 

The work presented in this thesis deals with the 

ecological aspects of the biodeterioration of a cellulosic 

substrate. Eggins (1968) has listed three problems within



biodeterioration where ecology has an important role to 

play: the first is fundamental, being concerned with 

predicting the susceptibility of a given substrate to 

attack by various organisms dependent on possibly known 

environments. The second concerns the accurate assessment 

of colonization and breakdown of materials and the third 

is, designing special remedial treatments which will be 

effective against a predicted population of susceptible 

deteriogens. 

Despite previous studies on the colonization of 

cellulosic substrates, it is difficult to predict and 

accurately assess the colonization and breakdown of 

cellulose under precise microenvironmental conditions. 

Therefore, if greater emphasis is going to be attached 

to the above mentioned point of view, it is essential to 

carefully control the microenvironments around the model 

cellulosic substrate and then study the effect of different 

ecological factors on the colonization and biodeterioration 

of the cellulosic substrate. 

In order to control and keep constant the micro- 

environmental conditions around the cellulosic substrate 

some new model techniques based on the continuous 

perfusion of the substrate with known nutrients have been 

described in this thesis. These techniques have been 

used to study some of the ecological factors involved 

in the biodeterioration of cellulose and the use of such 

techniques as test methods for different biocides has also 

been discussed. 

Before embarking on any such research it is imperative 

to review briefly the economic losses incurred by the



biodeterioration of cellulosic materials by fungi. 

A. ECONOMIC EVALUATION 

There is no systematic documentation regarding the 

cost of biodeterioration of cellulosic materials. Eggins 

(1967) has stated some of the difficulties in assessing 

this cost; one of these difficulties is persuading 

biologists who do understand biodeterioration, to be 

interested in its economics and, on the other hand, the 

difficulty of non-biologists in recognizing biodeterioration 

when they see it. Another difficulty is the natural 

reluctance of many manufacturers to admit that biodeter- 

ioration is a hazard at all. 

Though microbiological deterioration of wood is 

very considerable, the biodeterioration of other cellulosic 

materials, e.g. cotton, textiles, paper, etc. will be 

particularly considered in this review since the cellulose 

in wood, unlike that in cotton, is in association with 

lignin and thus undergoes a comparatively different pattern 

of biodeterioration.. 

The statistics collected as early as 1920, indicated 

that 10-15 per cent of raw cotton entering England had 

been disintegrated into short fibres called "fly" 

(Fleming and Thaysen, 1920). This was thought to be the 

result of bacterial action during damp storage. The 

developing organisms were observed to bind themselves and 

the individual fibres into hard felt-like lumps, which 

in many cases occupied the entire centre of the bales.



In addition to these losses, Thaysen (1924) estimated 

that as much as 3% of the total jute import of this 

country was affected by this type of damage. 

Conservative estimates quoted by Thaysen (1924) 

put the annual loss of cotton in England by microorganisms 

at about 14 million pounds sterling. In the United States, 

the annual loss to raw cotton alone equalled 10-30 million 

pounds sterling in 1926 and damage to finished cellulosic 

goods was quoted to be above 40 million pounds. (Nixon, 

19.26). 

More recently, the microbial damage to cotton 

textiles is illustrated by the estimates made on cotton 

fabrics in the United States, which are quoted by Howard 

and McCord (1960). These data a¥® summarised in the 

following table:- 

  
  

Type of Degradation Total Cotton Portion of Market 

Consumption Affected 

Kut ,000' 1b. 

1. Microbiological 

not due to outdoor 

exposure 451,060 270,492 

2. Frequent and lengthy 

exposures to simlight. 226,319 189,354 

3. Outdoor exposures 309,725 154,650 

TOTAL 987,104 614,650 
 



As shown in the table, out of nearly 1 billion 

pounds of cotton consumption, 0.6 million pounds of 

cotton products alone go into uses which are subjected to 

some sort of degradation. Out of these, microbiological 

deterioration is maximal. It would appear that this 

volume should be large enough to attract the research 

needed to develop protective treatments. 

Similar evaluations of biodeterioration of different 

materials have been done by Hueck-van der Plas (1965). 

She estimated the annual production or consumption of 

perishable materials to be worth £20.8 billion in the 

OECD countries (Western Europe and North America). On 

this figure she calculated an annual loss of £0.4 billion 

due to biodeterioration. Among these materials the 

losses due to damage to cellulosic materials are also 

quite high. Hendey (1967) has quoted detailed data for 

the annual cost of decay of different materials caused 

by moulds. The following table represents the loss 

due to the biodeterioration of cellulosic materials 

based on the data provided by Hueck van der Plas (1965) 

and Hendey (1967). 

  

Annual Production Annual Cost of 

or Consumption. Biodeterioration. 

£ x 10° £ x 10° 

Cotton 1, 166 .6 20.8 

Jute 58.0 ie 

Rayon 544.0 keen 

Paper lL, F50e0 3as0 

TOTAL 3,518.6 69.5
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With the evidence available, limited in its extent 

and lacking in specificity, we can roughly estimate the 

annual cost of biodeterioration of cellulosic materials 

at 2% of the cost of annual production or consumption. 

Nevertheless, on this information alone biodeterioration 

must be seen as an added burden on a country's economy 

and a reduction in the profits of industry. 

EB. LITERATURE SURVEY 

The economic importance of cellulose fibre has 

attracted the attention of many workers in the past; the 

early monographs of Thaysen and Bunker (1927) and Siu 

(1951) are sufficient to elucidate the importance of 

cellulose biodeterioration. The majority of the workers 

in this field have concentrated their efforts to find some 

preventive procedures in order to overcome biodeterioration. 

The most common method of prevention has been the application 

of some kind of chemical preservative known to be toxic to 

certain microorganisms, to the cellulose material. 

Normally these preservatives are tested against certain 

organisms under one set of environmental conditions and 

in this way their efficiency is evaluated. 

The lack of understanding of the varying behaviour 

of microorganisms under different environmental conditions 

has lead to the use of an increasing number of different 

preservatives. All recognised fungicides are able to 

protect cellulosic materials to some extent but none is 

completely effective when the material is completely 

exposed to extreme and varying conditions (Turner, 1967).



This discrepancy in our knowledge arises from a 

lack of information regarding the ecology of the 

microorganisms responsible for cellulosic biodeterioration. 

Previously various workers have compiled lists of fungi 

isolated from cellulosic materials, particularly textiles, 

and have also tried to measure the loss of tensile strength 

caused by individual species (Siu, 1951). One striking 

characteristic of these fungi is that all of them have also 

been isolated from soil (Gilman, 1957). In view of this, 

soil has often been used to determine the microbiological 

resistance of different protective treatments (Siu, 1951; 

Lloyd, 1955). The soil burial test has been found to 

predict rather accurately what may be expected under 

prolonged exposure of cellulosic materials where micro- 

biological agents are the principal deteriorating factors 

(Block, 1949). Therefore, in view of such evidence, it 

is worthwhile to study the ecology of the fungi involved 

in cellulose decomposition in soil. Moreover, it is 

widely known that most soils contain an appreciable amount 

of cellulose and hemicellulose which is generally in the 

form of residual vegetable material, thus ensuring an 

active population of cellulolytic microorganisms. 

Studies on the decomposition of plant residues in 

the soil have been carried out as early as 1904 by Van Iterson 

who used pure cultures of fungi. Similar studies in the 

soil were later carried out by Waksman and Heukelekian 

(1925, 1926); Waksman and Skinner (1926) and Waksman 

(1931). Carbon dioxide evolution was normally taken as a 

measure of decomposition of organic matter. These studies



a 

led to the conclusion that fungi are most active in the 

process of decomposition of vegetable residues and in 

particular cellulose which may be incorporated in soil 

(Waksman, 1944). This, therefore, makes soil an 

appropriate substratum to use for studying the ecology of 

cellulolytic fungi in relation to a model cellulosic 

substrate. 

Isolation of the Active Mycoflora of Soil. 

In studying the colonisation of a model cellulosic 

substrate by a mixed inoculum of fungi in soil, it is 

essential to study those fungi which are truly active 

in breaking down the cellulose rather than studying the 

whole population of potentially cellulolytic fungi 

(Chesters, 1949; Garrett, 1955). Many efforts in the 

past had been made to study the active mycoflora from the 

soil (Conn, 1922; Waksman, 1916; Kubiena, 1932; 

McLennan, 1928). Rossi (1928) and Cholodny (1930) used 

a microscope glass slide pressed against a soil surface 

and then stained. This method, in its original as well 

as modified form has been widely used (Jensen, 1934; 

Timonin, 1940; Ryabchenko and Gubanov, 1952; Glathe 

et al, 1954). 

In continuation of these studies, Chesters (1940, 

1948) used an agar medium contained within a glass tube 

pierced with open ended invaginated capillaries to 

retrieve actively growing fungi from the soil. Mualder 

and Durrell (1957) used this technique and described a
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variant of Chesters' technique. A slide trap for soil 

fungi was devised by La Touche (1948), using two cavity 

slides. Thornton (1952) described a screened immersion 

slide which consisted of a glass slide covered with a 

thin film of water agar which was screened by another 

slide having narrow holes. These slides were buried in 

soil and recovered after intervals whence fungal hyphae 

had infected the agar through the narrow holes. 

All the techniques endeavouring to study the active 

mycoflora of soil have been proved to be selective in one 

way or other. The techniques involving the incorporation 

of agar medium in the soil face the problem of anaerobosity 

of the agar medium and thus allows only those fungi to 

be isolated which can tolerate such conditions. Sewell 

(1956) and Brown (1958) used such techniques and reported 

on the dominance of Trichoderma viride. Chesters and 

Thornton (1956) had also earlier concluded that the 

colonisation of the buried agar medium depends on the 

ability of one individual species to compete successfully 

under varying anaerobic conditions of the agar medium. 

Moreover, it had been already pointed out by Garrett 

(1951) that all isolation methods employing agar with a 

carbohydrate as carbon source must inevitably be selective 

for the ecological group of sugar fungi which are 

characterised by their rapid germination and exceptionally 

high growth rate. This fact was also reemphasised by 

Burges, (1958).
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Selective Isolation Techniques. 

Another important aspect of the study of the 

colonisation of substrates is the determination and 

isolation of individual nutritional groups of fungi which 

are active in the decomposition of such substrates. The 

isolation techniques selective for fungi involved in 

cellulose decomposition in soil can be reviewed under 

three headings: 

a) Soil enrichment, 

b) Incorporation of the cellulosic substrate into soil, 

c) Selective cellulose agar media. 

a) Soil Enrichment. 

Among the selective techniques, the soil enrichment 

method seems to be the oldest. This method has been 

employed to isolate specific microorganisms concerned in 

certain processes of importance to soil fertility or of 

special interest for other reasons (Waksman and Schatz, 1945) 

The enrichment of soil with cellulosic substrates has 

found favour with many workers. Waksman and Skinner (1926) 

found that when finely divided filter paper was mixed with 

soil, the number of fungi but not of bacteria increased, 

as determined by the plate method. Dubos (1928), found 

that fungi were encouraged under anaerobic non-waterlogged 

and distinctly acidic conditions but in non acid aerated 

soils, both cellulose decomposing bacteria and fungi 

greatly increased when paper was added. Later on Skinner 

and Mellem (1944) statistically confirmed these results. 

Stapp and Borstels (1934) isolated a number of cellulolytic
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fungi and bacteria, using an enrichment culture technique, 

in which filter paper is placed on a sample of moist 

soil. A similar technique was also used by Harmsen 

(1946) for studying the cellulolytic activity of fungi 

Ln 80a bs 

b) Incorporation of a cellulosic substrate into soil. 

Several general techniques have been devised in 

which a substrate for microbial growth is placed in 

soil. Such methods have also been used to study the 

colonisation of a sterile or non sterile substrate or 

to follow competition between pure culture and the soil 

mycoflora. Sadasiv7an (1939) followed the colonisation 

of pieces of wheat straw by Fusarium culmorum. Garrett 

(1956) used inoculated straw buried in soil to follow 

persistence of soil borne pathogens. Instead of adding 

materials to soil, the colonisation of root tissues 

may be followed by excising shoots and leaving roots to 

become moribund and to decay naturally (Chesters, 1960). 

Other cellulosic substrates like rayon cords, 

cellulose threads, etc., were buried in the soil in 

order to investigate the cellulolytic activity by 

measuring their tensile strength (Richard, 1945; Von 

Goor 1952). 

Kohlmeyer (1956) developed a quantitative gravimetric 

method for determining the cellulolytic activity of fungi, 

using cellophane foils. Although these methods were 

originally developed for the measurement of cellulolytic
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activity in the natural environment, they are also useful 

for isolating organisms. An interesting approach in 

this connection was made by Tribe (1957), who buried 

pieces of cellophane attached to coverslips in soil. 

After different periods of time and at different stages 

of decomposition of the cellophane, the coverslips were 

removed and examined microscopically. Cellophane has 

been used in recent experiments (Tribe, 1957, 1960; 

Went, 1959; Went and de Jong, 1966) to determine the 

ecology of organisms colonising this substrate. Keynan 

et al (1961) found this substrate favouring the growth 

of cellulolytic fungi and not other microorganisms. 

Griffiths and Jones (1963) used lens tissue as a cellulosic 

substrate to study fungal colonisation. Eggins and Lloyd 

(1968) developed a screened substrate immersion tube 

technique to isolate cellulose decomposing fungi and 

study their colonisation of a cellulosic substrate. They 

used fibrous cellulose in the form of polythene backed 

cellulose chromatography paper, wound round a test tube 

and screened by an inert woven fibreglass cloth. These 

tubes are buried in soil. The screening of the substrate 

ensures that there are no soil particles adhering to 

the substrate and only growing fungal hyphae can colonise 

it. Moreover, the form of cellulose used is much more 

similar to the naturally oecdvttiter celivinge in the soil 

as compared to cellophane which is a highly regenerated 

form of cellulose.
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c) Selective cellulose agar media. 

The most commonly used media for the isolation of 

cellulolytic fungi consist of a cellulosic substrate, 

combined with a mineral salt solution, solidified with 

agar or silica gel in most instances. 

Van Iterson (1904) described a medium consisting of 

a mineral salt solution and filter paper for the isolation 

of fungi. Scale (1916) and McBeth (1916) used agar media 

containing specially prepared cellulose. 

Fuller and Norman (1942) used a cellodextrin 

medium for isolating cellulolytic fungi from jute and 

cotton materials. The cellodextrin was prepared by 

precipitating cellulose dissolved in 70% sulphuric acid 

and dialysing the precipitate for 72 hours followed by 

centrifuging. Hungate (1950) used ball milled acid 

treated cotton for the isolation of anaerobic cellulolytic 

bacteria. Hazra et al (1958) employed the same technique 

for fungal isolation and also used chloroiddide of zinc 

to detect zones of enzymatic activity. Eggins and Pugh 

(1962) following Hungate (1950) and Hazra et al (1958) 

used Whatmans chromatography powder and ball milled 

it for 72 hours to form a 4% suspension in water. They 

incorporated this suspension into their medium. The 

finely powdered cellulose becomes evenly distributed when 

the cellulose agar is poured into the petri dishes, 

and as it forms a white opaque appearance, the clearings 

produced by cellulolytic fungi are easily observed. This 

media has been widely used for isolating cellulolytic 

fungi from soil (Pugh et al, 1963; Dickinson and Pugh,
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1965; Pugh and Dickinson, 1965; Greaves and Savory, 

1965; Eggins and Lloyd, 1968). 

Dickinson and Pugh (1965) compared the relative 

abilities of both ball milled cellulose agar and soil 

extract agar to isolate cellulolytic fungi; their 

conclusions were that where there was a high incidence 

of cellulolytic fungi, there was little advantage in 

using a selective medium, but when there was a high 

concentration of sugar fungi, then the technique was 

useful. Greaves and Savory (1965) also tend to confirm 

these findings. 

The ‘Golonisation of Cellulose in. Soil. 

All the selective isolation techniques described so 

far give little information as regards the different 

ecological factors involved in the colonization of the 

cellulosic substrate in soil. Attempts in this direction 

were made by Tribe (1966) and Went and de Jong (1966) 

who buried cellophane in the soil. This substrate was 

reported to be unsuitable for subsequent colonization by 

fungi as different metabolic products were accumulated. 

The techniques required to study the precise ecological 

factors should be able to control and keep constant all 

the microenvironmental factors which affect the coloni- 

zation and biodeterioration of cellulose substrate in 

the soil. In this way the effect of one ecological 

factor on cellulose biodeterioration could be studied 

by keeping all the other factors constant. The technique
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described by Eggins and Lloyd (1968) could be used 

to isolate fungi actively involved in cellulose 

decomposition, but this technique can not be used to 

study other ecological factors as its microenvironments 

cannot be controlled. 

Our present knowledge of the ecology of cellulose 

decomposing fungi comes mainly from the studies in root 

infecting fungi (Garrett, 1950, 1951, 1966). Such 

studies led Garrett (1963) to propose a generalized 

scheme regarding the fungal successions on a corpus of 

plant tissues lying within or upon the soil. During 

this proposed succession, the substrate becomes progres- 

sively depleted. This depletion occurs: in a series of 

overlapping stages, beginning with sugars and the simpler 

carbon compounds, which are easiest to decompose, 

continuing with cellulose and finishing with lignin which 

is most difficult to decompose. Apparently there exists 

a correlation between systematic groups of fungi and 

their ability to decompose; there is an initial phase 

of Phycomycetes followed by Ascomycetes and finally the 

Basidiomycetes (Garrett, 1963). This succession has 

been experimentally analysed by Harper and Webster (1964). 

In the proposed scheme of succession, Garrett also 

recognises a secondary group of sugar fungi, which do not 

live on simple carbon sources initially present in the 

fresh plant tissues but are dependent on the breakdown 

products of cellulose decomposing fungi. They absorb 

a share of these products and hence appear’ in the succession 

in association with these. This phenomenon is illustrated
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by Chang and Hudson (1967) and Yung Chang (1967) while 

studying wheat straw compost. In addition to this, there 

have been successional studies on stems of Agropyron 

repens (Hudson and Webster, 1958), on leaf litter of 

Carex paniculata (Pugh, 1958), on the root surface of 

Halimone portulacoides (Dickinson and Pugh, 19658) and 

from aerial stems and leaves of Salsola kali (Pugh and 

Williams, 1968). Recently such ecological studies on 

plant remains above the soil have been reviewed by 

Hudson (1968). 

The phenomenon of fungal succession on a specific 

substrate has normally been considered and studied from 

an academic point of view. Substrates such as cellulose 

which are major constituents of the residual vegetation 

constantly added to the soil, are of great economic 

importance as illustrated previously. The solution of 

practical problems in overcoming the biodeterioration of 

cellulosic wastes involves an understanding of the syne- 

cology and autoecology of the microorganisms taking part 

in these processes. Griffithsand Jones (1963) suggested 

the creation of artificial environments of known 

characteristics round any substratum whether it be pure 

cellulose or a piece of root. In this way information 

about the probable colonists of any postulated habitat 

may be obtained. 

One of the aims of the present investigation is to 

develop techniques which will enable us to study the 

effect of different microenvironmental factors on the 

colonization and successional patterns of fungi on a 

model cellulose substrate under carefully controlled 

conditions.
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Assay of Cellulolytic Activity. 

The evaluation of the qualitative and quantitative 

cellulolytic activity of fungi has also attracted the 

attention of many workers in the past. Methods designed 

specifically for the assay of the activity of cell free 

enzyme systems have been reviewed by Halliwell in Reese 

(ed. 1963). Many of the assays of enzyme activity employ 

soluble cellulose derivatives such as carboxy methyl 

cellulose, which are oftenmore susceptible to fungal attack 

than cotton cellulose, thus making direct comparisons with 

results obtained on cotton cellulose difficult. 

A wide range of experimental procedures has been 

described by Siu (1951) and Marsh, Greathouse, Butler and 

Bollenbacher (1945) which involve the estimation of tensile 

strength losses of cotton fabrics, brought about by soil 

burial and by selected fungi in pure culture. These methods 

have been adopted as standard test methods for determining 

the resistance of materials to fungal attack by the American 

Society for Testing Materials (ASTM 1957). : 

Several workers have measured the loss in weight of 

cellulose substrates brought about by microorganisms. Reese 

(1947) used filter paper as a substrate, whilst Bose (1963) 

used cellulose powder. Garrett (1963) also used filter 

paper to estimate the weight loss produced by root 

inhabiting soil fungi. A similar method has also been 

employed by Fergus (1969) for thermophilic fungi. A major 

drawback with this method has been the difficulty of 

separating mycelial growth from the residual substrate,
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making it difficult to obtain accurate weighing of the 

latter. Apart from this problem, however, this is probably 

the best method for determining the amount of cellulose 

utilized by an organism. 

Another widely used method is the measurement of the 

diameter of the clearing zone produced on a cellulose agar 

medium inoculated with a cellulolytic microorganism (McBeth, 

1916; Scales, 1916; Aschan and Norkran, 1953). Eggins and 

Pugh, 1962 also detected the cellulolytic organism by the 

production of a clearing zone. Savory et al (1967) measured 

the clearing zone produced by a cellulolytic fungus on 

Eggins and Pugh's cellulose agar, an index of cellulolytic 

activity. They recommended the use of sodium azide to 

prevent fungal growth but not the cellulase production so 

that the clearance zone becomes more conspicuous. Merthiolate 

has also been used previously for inhibition of further 

fungal growth (Aschan and Norkran, 1953). 

Rautela: and Cowling (1966) measured the depth of 

clearing of a cellulose medium instead of the diameter of 

the clearing zone. They used vertical columns of opaque 

medium containing cellulose prepared by the procedure of 

Walseth (1952). As the organisms grow on the cellulose 

agar they secrete cellulolytic enzymes that act to create 

a sharply defined clear zone in the opaque medium beneath 

the growing culture. This clearing is due to dissolution 

of the cellulose substrate. 

Walsh and Stewart (1969), counted the number of 

cellulose particles left after the dissolution by the 

cellulolytic enzymes, using Eggins and Pugh's cellulose 

agar (1962) as a measure of cellulolytic activity.
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All the techniques involving the clearing of cellulose 

do not give a measure of cellulolytic activity in any 

absolute terms, but are very good means of comparing and 

screening different organisms for their cellulose 

decomposing ability. Among these, the technique described 

by Rautela. and Cowling (1966) stands out in its simplicity 

and ease of operation and in the reproducibility of the 

results. 

Interaction between Microorganisms. 

In addition to the studies on isolation, colonization, 

succession and cellulolytic ability of fungi in soil, there 

is abundant evidence in the literature as regards to the 

antagonism and competition between different microorganisms 

in the soil and which becomes most active during colonization 

of an organic substrate and its subsequent phases. Garrett 

(1956) while explaining the competitive saprophytic ability, 

listed four characteristics which are likely to influence 

the colonization of the substrate, namely, 

ee rapid germination of spores and bigh ‘rate of 

hyphal growth; 

Ae good extracellular enzyme production, which favours 

rapid and extensive substrate utilization; 

oo production of substances toxic to other organisms, 

which may reduce competition for the available 

substrates, and, 

a. tolerance of antibiotics produced by other organisms.
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The first two factors are advantageous to maintain a 

high saprophytic activity. The third factor is particularly 

important during early colonization when not many organisms 

are present and toxic substances produced by the organisms 

can provide advantages over other organisms. The fourth 

property is helpful during the later stages of the 

decomposition of organic substrates when the number of 

fungi and the amount of toxic substances produced is maximal. 

The realisation of the medical significance has made 

the production of antibiotic probably the most widely 

investigated area of microbial association. However, 

Park (1960) thought that tolerance of antibiotics produced 

by other fungi may frequently be of greater survival value 

than the actual production of antibiotics. 

In addition to this, many different forms of antagonism 

and other interactions between different microorganisms in 

the soil have been reported by research workers in the past. 

Aytoum (1953) described the destruction of Armillaria sp. 

hyphae by Trichoderma spp. Cellvibrio sp. has been reported 

to inhibit St¥achybotrys sp. when in physical contact 

(Keynan, Henis and Keller, 1961). Competition for nutrients 

and space and other interactions has been described by many 

workers and reviewed by Park (1960). 

The interaction of fungi growing on cellulosic substrates 

have received less attention than other aspects of microbial 

interaction. Tribe (1966) studied the interaction between 

various fungi in the soil using cellophane film. In these 

tests, Trichoderma spp. dominated in all of the combinations 

in which it was tested but was itself overgrown by 

Stachybotrys actra. Both these organisms overgrew Fusarium
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culmorum. The competitive ability of these fungi was not 

related to their cellulolytic activity. Wastie (1961) 

found that F. culmorum had very high competitive ability 

when tested against soil fungi. 

Basu (1948) studying the attack of filter paper by 

very active cellulolytic fungi found no examples of synergism, 

the activity of a combined inoculum normally being 

intermediate to those of pure cultures of the participants. 

Some synergisms were, however, found among combinations 

of the less active and highly active fungi. Basu, Bhattacharya 

and Bose (1950) studied combinations of up to five organisms 

with respect to their ability to cause tensile strength 

losses of cotton. Out of all the combinations, a combined 

inoculum of three organisms was found to be most active. 

Went and de Jong (1966) reported examples of both antagonism 

and synergism while studying cellophane degradation by pure 

and mixed cultures of fungi. Although Trichoderma koningi 
  

and Chaetomium sp. were synergistic with regard to their 

ability to degrade cellophane, a combined inoculum of 

T. koningi and Alternaria sp. showed less activity than 

either organism in pure culture. Similar investigations on 

some other fungal species were previously carried out by 

Wode (1947) and Brien and Dingley (1946). 

Test Techniques for Biocide Efficiency. 

A wide number of tests for the resistance of cellulosic 

materials and the effectiveness of biocides against biological 

attack are carried out with mixed spore inocula or fungal
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species selected at random. Greater knowledge of the 

interactions between fungi might allow a choice to be made 

of an organism based on absolute experimental evidence 

and thus increase the usefulness of test methods. 

A survey of biological test methods for materials has 

been made by Hueck-van der Plas (1965). Some classifications 

of test methods have also been published by Hueck (1957), 

Theden (1960) and Hueck van der Plas (1963). From all 

these surveys of test methods, it is clear that increasingly 

more factors have to be controlled especially when the test 

circumstances are further removed from those of the natural 

environment. This is, of course, well known, as tests are 

deliberately arranged in such a way as to increase their 

reproducibility. This goal can only be achieved by 

controlling as many microenvironmental factors as possible. 

6. A BRIEF OUTLINE OF THE PRESENT INVESTIGATIONS. 

The work presented in this thesis is primarily concerned 

with the colonization and biodeterioration of a model 

cellulose substrate buried in the soil. In this connection, 

a new technique using heat rolled polythene backed chrom- 

atography cellulose paper as a model cellulose substrate 

has been described. This technique is based on the con- 

tinuous perfusion of fresh nutrients of known composition onto 

the model cellulose substrate, thus controlling and keeping 

constant the microenvironmental conditions. 

During the present investigations, this technique 

has been used to study the effect of different pH values, 

temperatures, nitrogen sources and additional carbon sources
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on the colonization of the cellulosic substrate and 

subsequent successional patterns produced by the active 

mycoflora in the soil. The biodeterioration thus produced 

under different microenvironmental conditions has been 

measured by estimating the weight loss of the model cellulose 

substrate buried in the soil, whereas the cellulolytic 

activity of individual fungal species has been determined 

by measuring the depth of clearing produced on the cellulose 

agar columns. 

The perfusion technique described in this thesis has 

also been used as a selective isolation technique for 

cellulolytic actinomycetes, The weight loss of the cellulose 

produced by some of the actinomycetes has: also been 

estimated with the help of this technique. 

A modification of the perfusion technique has been 

used to study the fungal interaction produced by their 

diffusible metabolites. The perfusion technique has also 

been used to study the germination and penetration patterns 

of the spores and the mycelia of cellulolytic fungi. 

Some work has also been done on the possibility of 

such techniques being used as test methods for the 

evaluation of biocide efficiency.



  
 



a 

The presence of fungi in a soil can be studied by direct 

isolation on to glucose agar media (Waksman 1916; Warcup 1950). 

However, greater selectivity can be achieved by the use of 

cellulose containing agars, e.g. Eggins & Pugh (1962). Such 

isolation techniques give little information regarding the 

active mycoflora in the soil. Chesters (1940, 49) isolated 

an active mycoflora from the soil by using agar media contained 

within a glass tube pierced with open ended invaginated capil- 

laries; Thornton (1952) used screened immersion plates to 

isolate active mycoflora from the soil. Chesters and Thornton 

(1956) found these methods to favour isolation of fast growing 

fungi under low oxygen tension. 

A number of methods have also been published which involve 

the burial of cellulosic substratesin soil to study their colon- 

ization and deterioration by microorganisms. Such methods have 

been reviewed by Hazeu and Eggins (1966). The form of cellulose 

used in these techniques have often not been very comparable 

with native cellulose. Eggins and Lloyd (1968) described a
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screened substrate technique which employs a pure form of 

cellulose. The cellulosic substrate used in this technique 

is polythene-coated 3MM Whatman Chromatography paper. The 

advantages of this substrate are primarily that this relatively 

undegraded form of native fibrous cellulose is manufactured to 

a carefully controlled standard and its use in chromatography 

ensures that the extraneous substances are at a very low level. 

The resistant polythene backing enables the substrate to be 

handled even when the cellulose has been considerably deterior- 

ated. This screened substrate technique essentially involved 

the screening of the buried cellulosic substrate from direct 

contact with the soil by the use of a finely woven glass fibre 

tape which, however, does enable fungi to grow through this 

inert fabric and colonize the underlying substrate. 

The polythene backed chromatography paper is used in 

strips 0.5 - 1.0 cm,. wide on which additional nutrients (e.g. 

Eggins and Pugh's salt solution) may be absorbed. These strips 

are installed in the soil, wound round test tubes (polythene 

side innermost). Each strip is then covered with glass fibre 

tape (E.C.T.101, glass cloth, 2"' wide by 0.003" thick; Turner 

Bros. Asbestos Co.) which is then fastened by an adhesive tape 

of heat and water resistant resin-backed glass fibre. Such 

screened substrate tubes are then autoclaved together in 

covered beakers containing a few mls of water. These tubes 

are buried in soil and can be sacrificed after regular inter- 

vals; the glass fibre fabric tape is removed and the underlying 

cellulose strip examined for colonization macroscopically and 

microscopically. The strip may then be cut aseptically into 

small pieces and plated out on to cellulose agar (Eggins and 

Pugh 1962) when fungi growing from these pieces can then be



  

Table 1 

Percentage frequency of occurrence of fungi colonizing polythene backed cellulosic paper. 

  

  

          

    

  

  

  

SCREENED PAPER UNSCREENED PAPER 

CAx Gs" CA Gs 
FUNGI 

Days of Incubation 

2 4 6 2 4 6 2 4 6 2 4 6 

Chaetomium globosum 100 100 66 Ee - - 100 35 

Fusarium oxysporum 100 100 100 100 100 100 66 100 100 100 66 100 

Mucor globosus 100 66 66 

Penicillium funiculosum 100 66 - 100 100 100 100 100 100 66 100 100 

Papulaspora sp. 66 33 66 - 23 

Sporotrichium pruinosum 100 100 100 100 100 100 100 100 33 

Streptomyces sp. 33 

Rhizopus nigricans 33 100 66 | 100 100 

Trichoderma viride a 66 33 66 

Aspergillus sp. 33. 4 °100 66                             

CA = Eggins and Pugh's cellulose agar GS = Eggins and Pugh's glucose starch agar 

= 
O
T
 

=



Table 2 

Percentage frequency of occurrence of fungi colonizing a cloth strip. 

  

SCREENED PAPER UNSCREENED PAPER 
  

      
  

  

  

  

                            

CA GS CA GS 

FUNGI 

Days of Incubation 

2 4 6 2 4 6 2 4 6 2 4 6 

Chaetomium globosum 100 66 100 - - ~ a2 

Fusarium oxysporum 100 100 100 100 100 100 100 100 100 100 100 100 

Mucor globosus 33 - 33 

Penicillium funiculosum 100 100 100 100 100 100 100 66 66 100 

Papulaspora sp, - - 66 33 100 

Sporotrichium pruinosum 100 100 66 100 100 100 100 66 100 33 

Streptomyces sp, 

Rhizopus nigricans 33 100 66 100 100 33 66 

Trichoderma viride 33 33 

Aspergillus sp. 33 a 66     

£
2



identified. 

Eggins and Lloyd (1968) recommended this technique to study 

the patterns of colonization of a cellulosic substrate and the 

effects of micro-environmental factors. Furthermore the effects 

of various protective biocides can also be conveniently studied. 

In order to study the advantages of screening the substrate 

and using a selective medium, a small experiment was performed. 

Two substrates were used namely polythene coated 3MM chromato- 

graphy paper and cloth strips; two types of media were also used: 

Eggins and Pugh's cellulose agar and Eggins and Pugh's glucose 

starch agar (using 5 gms. of glucose and 5 gms. starch instead 

of cellulose in the Eggins and Pugh's medium). 

Twenty-four substrate test tubes were prepared for each 

cellulosic substrate (cloth and paper). Out of these twelve 

tubes were screened and the rest were left unscreened. All these 

tubes were buried in the soil which was contained in large troughs, 

and incubated at 25°C. Four substrate tubes were sacrificed for 

each substrate, after 2,4 and 6 weeks of incubation. Out of the 

four substrate tubes, two were used for inoculations on to 6 

Petri dishes of cellulose agar and the remaining two were inocul- 

ated on to 6 Petri dishes of glucose starch agar. These were 

incubated at 25°C. and observed after 7 days. Similar inocula- 

tions were made for both screened and unscreened substrates. 

The results are summarized in Table 1 and 2. It is quite 

apparent from these results that the frequency of sugar fungi 

increases in the case of unscreened substrates, and furthermore 

when inoculated on glucose starch medium these fungi become most 

dominant. Rhizopus nigrican and Mucor globosus were isolated 

only from the unscreened substrate. The appearance of these and
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other fungi on cellulose agar might be due to the adhering soil 

particles to the unscreened substrate. 

Although the use by Eggins and Lloyd (1968) of a glass 

fibre screened polythene=backed cellulose has facilitated the 

study of colonization of cellulose by fungi, it was observed 

that such cellulosic substrates were considerably affected by 

leaching of nutrients absorbed on the substrate to the soil and 

by alteration of the substrate by decomposition products of the 

colonizing fungi. In order to confirm this phenomenon, a small 

experiment was performed involving the measurement of pH of the 

substrate before and after burial in the soil. 

McIlvaine's buffers (Nay HPO, and citric acid) at pH3 - 

pH8 were absorbed on to the polythene backed cellulose etrips, 

so that the pH of the paper was the same as that of the Buber. 

These strips were incorporated into the screened substrate tubes, 

buried into the soil and then incubated at 25°C. These tubes 

were taken out after 4 days and the pH of the cellulose strips 

was measured again. The following results were obtained: 

pH of the cellulose pH of the cellulose 
strip before burial strip after burial 
in the soil. in the soil. 

3.0 6.0 
4.0 or, 
2.0 oct 
6.0 pe 
7.0 b.3 
8.0 6.4 + 6.8 

pH of the soil was 5.8 and distilled water was 6.5. 

The above results point to the fact that there might have 

been leaching resulting in the escape of the buffers to the soil, 

thus bringing the pH of the paper to nearly the same value as that 

of the soil and distilled water which is used for measuring the
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pH of the paper. Moreover, additional proof of leaching 

was obtained when potassium dichromate solution was absorbed 

onto the paper staining it a yellowish colour. This paper 

when used for a screened substrate tube and buried in soil, 

lost its colour after three days, thus confirming the 

diffusion of potassium dichromate from the paper into the 

soil and hence altering the original state of the substrate. 

Similarly it is assumed that the nutrients, initially 

absorbed onto the cellulose paper in the screened substrate 

tube are leached into the soil; the substrate is also 

affected by the decomposition products of the colonizing 

fungi. This problem is also encountered in the conventional 

culturing techniques on agar plates, when staling of the 

medium results in the fall of the fungal rate of growth and 

certain characteristic changes also occur (Brown 1923, 25). 

Some of these changes have been shown to be due to alterations 

in the composition of the medium through the accumulation 

of substances produced by the growing fungus and not to 

starvation caused by depletion of food substances (Hawker 

1950). Certain fungi may be able to colonize the substrate 

containing stale nutrients, whereas other species may not 

have the ability to tolerate such a fungistatic substrate 

(Dwivedi & Garrett 1968). 

In order to alleviate some of these difficulties, a 

new technique has been evolved which involves a continuous 

supply of fresh nutrients to the cellulosic substrate in 

order to overcome the problem of staling and variations in 

the ancillary conditions of the screened cellulosic substrate. 

A somewhat similar principle of perfusion with nutrients 

has been used by some workers in tissue culture and
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continuous culture of fungi (Moor , 1945; Seim, 1966). 

Plunkett (1966) studied branching of the hyphae of Mucor 

hdemalis by perfusing different amino acids. 

Description of the Perfusion Technique 
  

The practical details of the technique revolve around the 

transport principle of chromatography paper and the property 

of glass fibre sleeving to act as a nutrient conductor. This 

sleeving is normally used after resin impregnation as an 

insulant for electrical cables in high temperature machines 

but since it consists of fine glass fibres woven together, 

liquids will pass along it by capillarity. Thus the sleeving 

can be made to perfuse fresh nutrients from a nutrient 

reservoir to a cellulosic substrate and conduct waste substances 

away. 

The following materials are needed to construct a 

cellulose paper perfusion system. 

Material 

3 MM. Polythene 
backed cellulose 
paper 

Fibre glass cloth 
ECT 101 

Glass fibre sleeving 
4 mm. wide 

Silicone rubber tubing 
3 mm. wide 

Silicone rubber bungs 

Manufacturer 

W.:.& R. Balston Letd., 
Springfield Hill, 
Maidstone, 
Kent. 

Jones Stroud & Co., 
Long Eaton, 
Nottingham. 

do. 

do. 

Jencons (Scientific) Ltd., 
Mark Road, 
Hemel Hempstead, 
Herts.
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Adhesive glass fibre tape General Fabrication Ltd., 
26 Orphanage Road, 
Erdington, 
Birmingham 24, 

9 cm. Petri dish Baird & Tatlock Ltd., 
Petri dish carrier The Laboratory Centre, 
100 ml. conical flask Slade Road, 

Birmingham 23. 

Before constructing a perfusion system, polythene-backed 

cellulose paper is cut into strips, 5 mm. wide and 13 cms. 

long; 4mm. glass fibre sleeving 30 cms. long,is threaded 

through 25 cms. of 3 mm. diameter silicone rubber tubing; 

similarly a 15 cms. length of 4 mm. glass fibre sleeving 

is threaded through 10 cms. of 3 mm. diameter silicone 

rubber tubing; a 9 cms. length of 2 cms. wide fibre glass 

cloth is also cut. 

A perfusion system consists of a 9 cms. glass petri 

dish containing 5 mm. wide polythene backed cellulose strip 

(with polythene side facing downwards) screened in the 

petri dish by a fibre glass cloth. One end of the strip 

is joined to a 30 cms. long 4 mm. wide glass fibre sleeving 

threaded through 25 cms. long 3 mm. wide silicone rubber 

tubing (See Diagram 1); this leads to a 100 ml. conical 

flask containing nutrients. The other end of the cellulose 

strip is similarly joined to a 15 cms. length of 4 mm. 

wide glass fibre sleeving threaded through 10 cms. of 3 mm. 

wide silicone rubber tubing. The glass fibre sleeving 

at this end is exposed to the atmosphere (See Diagram 1). 

The polythene backed cellulose strip is kept in 

position in the petri dish with the help of a glass fibre 

adhesive tape (Photograph 1). The connections of the
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Photograph 1 

Petri dishes containing cellulose strips attached to 

the glass fibre sleeving threaded through silicone rubber 

tubing. (A) Cellulose strip screened by a glass fibre 

cloth; (B) unscreened cellulose strip attached to the 

petri dish with the help of adhesive fibre glass tape.
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cellulose paper strip with the silicone rubber tubings do 

not interfere with the normal closing of the lid of the 

petri dish because of the flattened connections and thin 

wall of the silicone rubber tubing (Photograph 1). 

Five such petri dishes containing perfusion systems 

can be fed from a 100 ml. conical flask containing nutrients. 

The nutrients in the flask can be kept sterile after _ 

autoclaving, by using a silicone rubber bung with a hole 

for five lengths of silicone rubber tubing. The remaining 

gaps in the hole can be filled by silicone rubber glue. 

Fifteen such perfusion systems can be housed in a petri 

dish carrier with three conical flasks attached to 1c 

sides by copper wire (Photograph 2). The whole may be 

autoclaved after filling the perfusing flasks with an 

appropriate nutrient Beit ion’ All the materials used are 

heat and pressure resistant and hence can be autoclaved. 

When in operation, the petri dishes containing the 

perfusion system are filled with soil and then incubated 

at the required temperature. The nutrient solution from 

the perfusing flask moves due to the capillarity of the 

glass fibre sleeving and is then perfused through the 

cellulose strip in the petri dish. The flow of nutrients 

through the system is maintained by the constant evaporation 

at the exposed end of the glass fibre sleeving. 

After incubation, cellulose strips are sacrificed at 

intervals, the glass fibre sleeving being cut to release 

the cellulose strip. Visual observations of colonization 

are made, then the cellulose strip is cut aseptically into 

3 - 4 mm. pieces and plated onto cellulose agar (Eggins 

& Pugh 1962). The resulting fungi are then recorded.
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Phetograph 2 

A petri dish carrier containing perfusion systems. 

(Five perfusion devices are fed by one conical flask 

containing salts solution)



Loe). < 

In order to ensure a steady uptake of nutrient, certain 

checks were made on this perfusion technique. Fifteen 

perfusion systems were made as described previously. 

Instead of 100 ml. conical flasks, 5mm. x 18 cm. glass 

tubes were sealed at one end and are graduated in order to 

measure the fall in liquid level due to perfusion. 

McIlvaine's buffer at pH 3.0 was used instead of nutrients 

and the soil was sterilized before use to avoid any fungal 

growth on the papers, so that liquid uptake could be 

measured under constant conditions. The moisture content 

of the soil was adjusted to 20 - 21%. 

As five perfusion systems were placed on top of each 

other, their height was also taken into account. The 

petri dish lying at the bottom was numbered 1 and the 

petri dish at the top was numbered 5. Three replicates 

were kept for each position of the petri dish. The glass 

tubes containing perfusing buffers were arranged,in such 

a way that all the petri dishes containing perfusion 

systems were above the liquid level in the glass tube, so 

that there was no siphon action working. The uptake rate 

was observed for seven days and several readings were 

recorded, 

The observations are summarized in Table 3. 

The uptake rate in case of all the perfusion petri 

dishes tends to slow down during the first three days of 

incubation, whereas after that it was found to be quite 

constant ranging from 0.31 ml. to 0.36 ml./24 hrs. 

This constant uptake is presumably achieved when the 

equilibrium between perfusion of the cellulose strip and



Table 3 

~ 72 

  

Position of Uptake of liquid m1/24 hrs. * 

  

  

  

Perfusion 

Petri Dishes Days of Incubation 

1 72 3 4 5 6 1. 

Height No. l 0.8 0.64 10.46 |00366).0.32 10:33 .10.33 

2 120 0.69 10.86 10.36 10.37 70.37 10:32 

3 (0) 47/ 0.60510 .86 10,396.10 .32 10.37 16. 32 

4 0.8 0.56 b0 .42+10735: 10:36..10 73%: 10.34 

5 Of7 6.50: 10 G4 10,40 10:36: 10..34 16.33                 

* All the figures are average of three observations. 
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evaporation at the exposed end of the glass fibre sleeving 

is reached. It can also be seen from the results that the 

height of the petri dishes did not matter as equal lengths 

of fibre glass sleeving was used. 

After seven days of incubation and perfusion, the pH 

of the cellulose strip and of the soil was noted. No 

appreciable change was observed. In addition to this, the 

moisture content of the soil was also noted at the end of 

seven days of incubation. The results are summarised as 

  

  

follows. 

initial Final 

pH of the cellulose strip 3.0* S43 

pH of the soil 5.8% 5.8% 

% Moisture content of 

the soil 20.8t P19" 

  

* average of three observations 

+ average of five observations 

These results show that there has been a negligible 

change in the pH of the substrate and the soil; thus 

providing a substrate with constant environmental conditions. 

The soil moisture content observations also suggest that 

the perfusion of the cellulose strip does not alter the 

soil conditions. This technique in addition to eliminating 

the possible staling hazard by conducting the fungal waste 

substances away from the cellulosic substrate can also be
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employed to study the ecology, especially synecology of 

fungi responsible for the biodeterioration of cellulose in 

the soil. It is well known that no one organism is solely 

responsible for the decomposition of cellulose in the 

soil, but a population of fungi is involved in this process. 

With the help of the perfusion technique, the fungal succes- 

sion developing on a defined cellulosic substrate incor- 

porated into the soil can be studied under controlled and 

constant microenvironmental conditions. This insight into 

the different patterns of colonization under varying 

conditions can very much enlarge our knowledge of cellulose 

decomposition in the soil by fungi. 

In nature, the microenvironmental conditions do not 

remain constant as is so with the perfusion technique. 

However, the artificial reproduction of individual environ- 

ments around a cellulosic substrate helps to obtain 

information about the probable colonists of any postulated 

habitat and thus provides a basis for prediction about 

behaviour in natural systems. 

This technique has been used during the present 

investigation to study the initial and subsequent fungal 

colonization of a polythene ~-backed cellulosic substrate in 

the soil. The effect of different microenvironmental factors 

(e.g. pH, different nitrogen sources, additional carbon 

sources, etc.) on the colonization of cellulosic substrate 

has also been shown by simply changing the perfusing solution. 

Moreover, the effect of different temperatures (thermophilic 

and mesophilic) on the decomposition of the cellulose 

substrate by fungi is also studied by this perfusion 

technique, without the usual gross changes which often occur
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with such experiments. 

Certain modifications of this technique have also been 

used to demonstrate the effect of diffusible metabolites of 

one cellulolytic fungal species on to the other. Another 

modification of this technique has been used for studying 

the competitive saprophytic ability and the cellulose 

decomposing power of some of the fungi isolated from the 

soil with the help of the perfusion technique. All these 

modifications will be described in later chapters. 

The soil used for these present investigations was 

collected from a pasture field in Clent, near Stourbridge, 

Worcestershire, England. This pasture field has not been 

treated with any fertilizer or any herbicide for the last 

forty years. The colonizing flowering plants found on 

this field have been identified as follows: 

Trifolium spp. including T. repens L. 

Bellis perennis L. 

Taraxacum officinalis 

Rumex acetosella L. 

Plantago media L. 

Ba lanceolata... 

Agrostis tenuis Sibth. 

Dactylis glomerata L. 

The soil was found to be Perme-Triassic in origin, 

including keuper red and sand stones with pebbly bands. 

It was brown earth with fine Muscovite micas, namely a 

ferric brown earth. The top 15 cms. was a dark reddish 

brown clay loam, with fine block pads. Deeper than
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15 cms. the soil conglomerated into coarse block pads. 

A soil borer of 6 cms. diameter was used for taking 

soil up to 15 cms. in depth. The samples were taken at 

random from 100 sq. yards of the pasture field. The 

soil core thus obtained were transported in beakers to the 

laboratory and were used within a month of collection. The 

soil cores were stored in a humid place and were watered 

frequently in order to maintain the original level of 

moisture content. The average pH of the soil was 6.8 

and the moisture content was found to be 21% to 23%. 

Appropriate number of soil cores were broken and thoroughly 

mixed before use. 

Eggins & Pugh's cellulose (Eggins and Pugh 1962) was 

used for isolating and culturing the cellulolytic fungi. 

4O gms. of cellulose chromatography powder was ball milled 

with two litres of distilled water for 72 hours. 250 mls. 

of this cellulose suspension was used to make one litre of 

Eggins and Pugh's cellulose agar. Rose bengal was also 

added to the medium as a bacteriostat. The autoclaving of 

the medium was done at 10 lbs “pressure for 20 minutes. 

Glass petri dishes 9 cms, diameter were used for pouring 

agar plates. These were sterilized by first autoclaving 

at 10 lbs. for 20 minutes and then oven drying at 160° C. 

for twelve hours. 

The model cellulosic substrate used in these studies, 

as stated previously was 3 MM polythene coated chromato- 

graphy papers. The cellulose fibres undergoé: a mild 

treatment to remove the small quantities of impurities 

such as cotton wax, proteins, pectic and mineral matter



oe a 

during the purification and paper making process. Physically, 

the fibres are subjected to a mechanical "beating" process 

in water which results in varying degrees of polymerisation 

(on a macro scale) with considerable development of the 

external surface. (Balston & Talbot 1952). The resistant 

polythene backing is heat rolled and thus the original 

purity of cellulose is maintained.
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Cellulose decomposition in the soil is governed 

by a number of environmental factors which determine 

the - %elt Meee decomposing ability of the soils, 

varying in chemical and physical characteristics. One 

of these environmental influences is temperature. Many 

studies on the deterioration of cellulose by fungi seem 

to ignore this factor, as most of the observations are 

made at 20-30°C only. If ecology is to play an important 

role in the prevention of biodeterioration of cellulose, 

it is essential to take into account such ecological 

factors; cellulosic materials are exposed to varying 

temperatures some of which may be caused by insolation. 

In order to study the effect of temperature on 

cellulose biodeterioration, the soil was incubated at 

various temperatures. Several methods have been used 

by previous workers for studying the microorganisms 

associated with cellulose in soil (Van Iterson 1904;
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Tribe, 1957; Meyer & Reynolds, 1959; Webley & Duff, 1962). 

The soil enrichment method is one of the most common procedures 

employed to isolate specific microorganisms (Waksman & Schatz, 

1945): 

During the present investigation the soil was enriched 

with cellulose and incubated at 25° Cs 35°: Cx-and 507. 6: 

Time sequential isolations from the incubated soil were made 

on Eggins & Pugh's cellulose agar. These results were then 

compared with those obtained by using the perfusion technique 

at different temperatures. 

The soil cores collected from the pasture field were 

thoroughly mixed with cellulose powder which amounted to 4% 

of the wet weight of the soil. This enriched soil was put in 

18 petri dishes; 9 were incubated at 25° C. and the rest at 

35° C. From every petri dish three simple Warcup isolation 

plates were made using Eggins and Pugh's cellulose agar, after 

different periods of incubation. 

Perfusion sets were also set up as described previously; 

45 such sets were incubated at each temperature. Every time 3 

perfusion sets were sacrificed, the cellulose strip was release 

and inoculated on to 6 E & P (Eggins & Pugh) cellulose agar 

plates. These plates were incubated at the same temperature 

and observed after 7 days of incubation. The resulting fungi 

were recorded. Frequency of occurrence was determined by 

recording its presence or absence in each petri dish. 

o5° 0 e: 
  

The results of soil enrichment and the perfusion 

technique isolations at a5. C. are summarized in Tables 4 and 5 

Nearly all the common cellulolytic fungi occurring in 

the soil, have been isolated by the soil enrichment method.
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Table 4 

Percentage frequency of occurrence of the fungi isolated by Warcup's 

method from cellulose enriched soil incubated at 25° C. 

  

FUNGI 
Days of Incubation of Soil 

  

  

Arthrobotrys sp. 

Aspergillus fumigatus Fresenius 

Chaetomium globosum Kunze 

Dicoccum asperum Corda 

Fusarium solani (Martius 
Appel & Wollenweber 

Gliocladium roseum (Link) Thom. 

Humicola grisea Traaen 

Mucor globosus Fischer 

Paecilomyces varioti Bainier 

Paecilomyces elegans (Corda) 

Mason et Hughes apud Hughes (1951) 

Penicillium sp. 

Rhizopus nigricans Ehrenberg 

Streptomyces sp. 

Trichoderma viride Pers. ex Fr,   

a 

13 | 60 L6 

60 | 46 46 | 13 6 6 

100 | 86 | 100 | 93} 100 | 100 

13 O25 "hs 

93 4 13 60 66 

80 | 46 99. Vana? 

6 6 

6 20 6 

aa 52 66 

60 

86 93 80 } 100 

60,7 2 80 | 86 53 33                
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The most frequently occurring fungi were Fusarium 

solani. and Trichoderma viride. Chaetomium globosum 
  

was also fairly common in the beginning but tends to 

decrease in frequency later. Dicoccum asperum and 

Streptomyces sp. have also been isolated through out the 

period of incubation. of the soil. It is apparent from 

Table 4 that most of the fungi isolated, appeared after 

one day of incubation of the soil. The only exceptions to 

this are Humicola grisea which appeared after 3 days; 

Arthrobotrys sp. which was isolated only once after 6 days 

and Paecilomyces varioti which was occasionally isolated and 

proved to be non cellulolytic. In addition to the cellulolytic 

fungi, some sugar fungi namely Mucor globosus and Rhizopus 

nigricans were also isolated. These fungi were able to grow 

on E. & P. cellulose agar, presumably utilizing yeast extract 

and L-asparagine, as these fungi did not produce any 

clearing of the cellulose agar (Eggins and Pugh, 1962). 

The results obtained from this soil enrichment method 

suggest that there is no fixed succession of fungi associated 

with cellulose colonisation, as most of the fungi were isolated 

after one day of incubation of the soil. This makes the 

delineation of early colonisers from late developers very 

aqittiieuic. 

The results of colonisation of cellulose strip by 

fungi, using the perfusion technique are summarised in 

Table 5. The initial colonisation started as early as 

12 hours but macroscopically visible fungal growth did not 

appear until after 2 days. 

F. solani and T. viride were found to be the main fungi 

involved in the deterioration of the cellulose strip buried



Table 5 

Percentage frequency of fungi colonizing the cellulose strip perfused with E. & P. salt solution unbuffered. 

  

FUNGI 

Days of Incubation 

  

12 hrs| 12 15 18 21 28 35 
  

  

Arthrobotrys sp. 

Aspergillus fumigatus 

Dactylella sp, 

Fusarium solani 

Fusidium viride 

Gelasinospora cerealis 
  

Gliocladium roseum 

Humicola grisea 

Mucor globosus 

Paecilomyces varioti 

Papulaspora sp. 

Penicillium sp. 

  

Trichoderma viride 

Zy gorhynchus moelleri 

64 

16     
100 

80   
100 

16 

80   
100 

64, 

64 

64,   
100 

16 

16 

64   

64 

16 

84 

50 

64   

100 

16 

100 

16 

84   

100 

100 

Be 

32   
100 

Sh   
100 

Bs 

100   
100 

32 

an 

16 

16   
100 

oe 

Se 

32 

64   

16 

64 

16 

16 

48 

Je   
  

- 
g
v
 

-
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in the soil. Fusarium solani was isolated after 

12 hours of incubation and then remained dominant at 

all times. T. viride also had similar occurrence but 

its frequency was comparatively low. 

The non-cellulolytic sugar fungi, namely Zygorhynchus 

moellerii and Mucor globosus, made their appearance 

between 2 - 6 days of incubation; Gelasinospora cerealis 
  

appeared after 3 - 9 days of incubation and was seen 

growing on the strip. The other fungi isolated between 

6 and 18 days of incubation were Arthrobotrys sp., 

Dactylella sp., Fusarium moniliforme and Paecilomyces 

varioti. During this period nematodes were also found 

ramifying in the cellulose fibres. These might explain 

the presence of the nematode catching fungus Arthrobotrys sp. 

which is cellulolytic as well as it produced clearing on 

the cellulose agar plate. 

When the strip was highly degraded a variety of 

fungi were isolated e.g. Papulaspora sp., Gliocladium 

roseum, Penicillium sp. and Aspergillus fumigatus. 
  

The number. of fungal species isolated with the 

help of the perfusion technique is quite low compared 

to the soil enrichment method, but the isolations from 

this technique show some pattern of colonization of the 

cellulose strip, with distinct early colonizers and late 

developers. F. solani and T. viride can be called early 

colonizers which remain dominant throughout the experiment. 

The late developers comprise G.cerealis, Arthobotrys sp., 

Dactylella sp.,Fusarium moniliforme . Other fungal species 

namely G. roseum, Penicillium sp. Aspergillus fumigatus 

and Papulaspora sp. were isolated when the deterioration
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of the cellulose strip was maximum. 

The absence of some well known cellulolytic fungi 

such as C. globosum from the list of the perfusion technique 

isolations is indicative of the fact that the role of 

individual species in a pure culture can give misleading 

information as regards their importance in nature. One 

of the advantages of the perfusion technique is the isolation 

of an active cellulolytic myctoflora since the cellulosic 

substrate is screened from the soil and only actively 

growing fungi can colonize it. 

35°C 
  

The results of the Warcup isolations at 35°C are 

summarized in Table 6, The number of fungi isolated at 

this temperature was extremely low. Aspergillus fumigatus 
  

was the most dominant fungal species occurring on all the 

cellulose agar petri dishes. Since this fungus is a 

rapid sporer other fungi face much competition to manifest 

themselves. The cellulolytic species of Streptomyces have 

also been frequently isolated by both the soil enrichment 

and perfusion techniques. During soil enrichment studies 

Chaetomium elatum,Cephalosporium sp.and Eurotium sp. 

were isolated after 6 days of incubation whereas Sporotrichum 

pruinosum was isolated after 9 and 15 days of incubation of 

the enriched soil. | 

The colonisation of the cellulose strip as studied 

by the perfusion technique has enabled the isolation of 

comparatively more numbers of fungi ( Table 7). Aspergillus 

fumigatus was again dominant and was seen growing on the 

cellulose strip at the time of sacrificing. Streptomyces sp. 

was also fairly common throughout the period of incubation



Table 6 

Percentage frequency of fungi isolated by Warcup's technique 

a5 

from cellulose enriched soil incubated at 35° C, 

  

Days of Incubation 

  

  

  

                

FUNGI 

1 es 2 6 9 36 

Aspergillus fumigatus 100 100 100 100 100 100 

Cephalosporium sp. 6 

Chaetomium elatum ID 

Eurotium sp. 6 6 

Mucor globosm 

Streptomyces sp, 50 50 60 

Sporotrichum pruinosum 26 43 
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It could also be observed on the cellulose strip 

where it produced small pits by utilizing the cellulose. 

Chaetomium elatum was isolated once after 2 days of 

incubation. Among the late developing fungi, Eurotium sp. 

was isolated between 8 and 15 days of incubation. 

During the same period T. viride was also isolated but 

its frequency of occurrence was very low. The fungi 

isolated between 18 and 30 days of incubation were H.grisea, 

Penicillium sp.,Graphium sp.,Sporotrichum pruinosum 

and Coniothyrium fuckeli,. At this stage the cellulose 

strip was found to be fairly deteriorated when observed 

macroscopically. The percentage frequency of occurrence 

tends to decrease in the presence of Sporotrichum pruinosum 

and Penicillium sp. After 26 days of incubation nematodes 

were found ramifying through the cellulose strip but no 

nematode catching fungi were observed unlike the previous 

observations at 25°C. 

With the help of the perfusion techniques, it 

has been possible once again to study the successional 

pattern of colonisation of the cellulose strip by fungi 

at 35°C. At this temperature as well, there is a 

distinct early coloniser namely A.fumigatus which 

by virtue of its fast sporing ability remains dominant 

throughout the period of incubation. Streptomyces sp. 

makes its appearance between 2 and 15 days along with 

Eurotium sp.which occurrs between 8 and 15 days. The 

remaining fungi namely H. grisea., Graphium sp., C. fuckeli 

and Penicillium sp.appear when the cellulose strip is 

fairly deteriorated. 

The comparative review of the results of the



Table 7 
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Percentage frequency of occurrence of fungi colonizing the cellulose 

substrate when perfused with E. & P. salt solution and incubated at 35°C, 

  

Days of Incubation 

  

  

  

  

  

  

FUNGI 

1 Colo 6 8 LO ete 1D AS 1 ah 1 30 

Aspergillus fumigatus | 60} 80 {100} 100] 100] 100 | 100 |100 |100 | 100 | 100 

Chaetomium elatum 16 

Coniothyrium fuckeli 50 

Eurotium 16 |}. 16:1 136 1°32 

Graphium sp. 50 32. 

Humicola grisea 16 Sebi 

Penicillium sp. 64 

Sporotrichum primosum Be } 64 

Streptomyces sp. 20 130 f -60:5100 TSO 7280 4100 

Trichoderma viride 16 16                       
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perfusion technique isolations at 25°C and 35°C will 

reveal that each temperature has its own cellulolytic 

soil fungal flora which has different successional 

patterns at different temperatures. Some fungi which 

are common to the lists of fungi isolated at 25°C and 

at S550. play entirely different roles in the colonisation 

pattern at the different temperatures. These differences 

in the behaviours make such studies at different temperatures 

all the more important. 

50°C 
  

Similar studies have also been carried out at 

mae | This temperature falls in the optimal range 

of the thermophilic fungi. Cooney & Emerson (1964) 

defined a thermophilic fungus as one that has a maximum 

temperature for growth at or above 50°C and a minimum 

temperature for growth at or. below 200 C. Fungi such 

as A.fumigatus which have maxima near 50°C but minima 

well below 20°C have been considered as thermotolerant 

by them. This definition of thermophily has been 

accepted here. 

Surveys using isolation techniques have generally 

indicated a relative rarity of these fungi in the soil 

(Crisan 1959). Therefore it was decided to compare 

isolations from unamended soil with isolations after 

enriching the soil with cellulose and incubating at 

50°C; comparisons were also made with glucose enriched 

soil in order to study the behaviour and occurrence of 

all thermophilic fungi. The cellulose powder and 

glucose added amounted to 4% of the wet weight of the 

S0i..". Each of these amended and unamended soils was 

put in 9 petri dishes and incubated at 5O%e. From



Table 8 

Fungi isolated during the present investigation, at 50 C 

Aspergillus fumigatus Fresenius 

Cephalosporium sp, 

Chaetomium thermophile la Touche 

Humicola_ insolens Cooney et Emerson 

Humicola lanuginosa (Griff, et Maubl.) Bunce 

Malbranchea pulchella Saccardo et Penzig 

Mucor pusillus Lindt 

Myriococcum albomyces Cooney et Emerson 

Sporotrichum thermophile Apinis 

Streptomyces spp. 

Talaromyces duponti (Griff. et Maubl. emend, Emerson) Apinis 

Thermoascus aurantiacus Miehe
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the soil samples, simple Warcup isolation plates were 

mace efter. 0 hr. 1? hr... 1 day and-2, 3,.-6;..9 send 12 daye 

of incubation. From every petri dish containing soil 

six total inoculations were made. Out of these six 

inoculations, 3 were made on Eggins and Pugh's cellulose 

agar plates and the other 3 inoculations were made on 

Eggins and Pugh's glucose agar plates. These inoculated 

plates were also incubated at 50° C. and after 7 days the 

fungal species were recorded and isolated. 

The thermophilic species isolated during this study 

are listed in Table 8. The results for unamended and 

unincubated soil are summarised in Table 9 (first column). 

Five thermophilic species were recorded and isolated but 

their frequency of occurrence was extremely low. Both on 

E & P's cellulose agar and glucose agar, Aspergillus fumigatus 

was most frequent. Cellulose agar (CA) also supported the 

growth of Chaetomium thermophile, Humicola grisea, Mucor 

pusillus and Sporotrichum thermophile. 

The sequential isolations from unamended incubated soil 

(Table 6) gave better results. The number of thermophilic 

species isolated was twice that from the unincubated 

soil. The frequency of isolation of various species 

increased with the period of incubation, whereas 

Cephalosporium sp., Malbranchea pulchella, and Mucor 

pusillus appeared after 12 days of incubation. 

Chaetomium thermophile and Humicola grisea were at a 

maximum after 12 days and 9 days respectively whilst the 

frequency of Aspergillus fumigatus decreased on cellulose 

agar. Many of the known thermophilic species grew from 

incubated cellulose enriched soil (Table 10). Samples



Table 9 

Percentage frequency recorded in cultures derived from 9 portions of one 
sample of soil after 7 days incubation at 50° C., of fungi appearing on 
cellulose agar (CA) and glucose agar (GA) inoculated with unamended soil, 
either unincubated or incubated at 50° C. for periods of various lengths. 

  

  
  

FUNGI 

Period of Incubation of unamended soil 
  

Ovhr, te ar 1 day 2 day 3 days 6 days 9 days 12 days 
  

CA 

GA 

CA 

GA 

CA 

GA 

CA 

GA 

CA 

GA 

CA 

GA 

CA 

GA 

CA 

GA 
  L. 

Aspergillus 

fumigatus 

Cephalosporium 

sp. 

Chaetomium 

thermophile 

Humicola 

grisea 

Humicola 

insolens 

Humicola 

lanuginosa 

Malbranchea 

pulchella 

Mucor 

pusillus 

Myriococcum 

albomyces 

Sporotrichum 

thermophile 

Streptomyces 

spp. 
Talaromyces 

duponti 

Thermoascus 

aurantiacus   

100 
100 

eA 

la 

11 
Re 

11 

11 

33 

a 

| OO 

11   

100 

  

22 

1200   

+4 

100   

Ae 

33 

TE   

22 

ee 

66 

1 

55 

22 

66 

T 
55 

B, 
33 

1 OO 
100 

22 

rt     

ar 

22 

we 
22 

ae 
100 

33 

22 

11 

77 

a3   
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Table 10 

Percentage frequency recorded in cultures derived from 9 portions of one 
sample of soil after 7 days incubation at 50° C,, of fungi appearing on 
cellulose agar (CA) and glucose agar (GA) inoculated with cellulose- 
amended soil incubated at 50° C, for periods of various lengths. 

  

Period of Incubation of soil and cellulose 
  

FUNGI 
12 hr, | 1 day|2 days|3 days|6 days|/9 days| 12 days 
  

CA. CA CA CA CA CA CA 
GA GA GA GA GA GA GA 

  

    

Aspergillus 100 a3 
fumigatus 22 

Cephalosporium 11 11 100 

en 4A 

Chaetomium 33 33 33 33 100 100 100 
thermophile 44 22 

Humicola 22. ae} lel 22 55 HY. 

grisea 23 

Humicola O39 da 22 66 8s 55 
insolens 11 Ld 

Humicola 

lanuginosa ce 

Ma lbranchea 

pulchella 

Mucor ae 

pusillus 

Myriococcum 22 a3 | 33 33 11 
albomyces 22 

Sporotrichum 11 11 32 33 100 66 Ka 
thermophile 11 88 Pe 

Streptomyces 100 | OO 100 100 100 100 77 
sp. UA 

Talaromyces 

duponti 

Thermoascus | AA 

aurantiacus                 
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taken over a period of 12 days and inoculated on 

CA showed a clearly defined development pattern. The 

incubation at 50°C and the enrichment: of the soil with 

cellulose kept in check the usually fast spore-formers 

namely~ Aspergillus fumigatus and Mucor pusillus and 

at the same time allowed slowly developing fungi which 

otherwise would not have appeared, to manifest themselves. 

This phenomenon was very well illustrated by A. fumigatus 

and Chaetomium thermophile,the former being dominant 

in the beginning while the latter was dominant after 

incubation of the soil for 6 days. Similarly Humicola 

grisea, H. insolens and Sporotrichum thermophile showed 

a parallel pattern of development. There was a constant 

rise in the frequency of occurrence of H. grisea and 

H. insolens starting from the second day to the twelfth 

and ninth day of incubation respectively and then falling 

subsequently. Sporotrichum thermophile was quite common 

in the beginning, having 100% frequency of occurrence 

after 6 days of incubation, but less frequent later on. 

Streptomyces spp.were also very common throughout. 

Other thermophilic species namely Cephalosporium,sp. 

Mucor pusillus, Myriococcum albomyces and Thermoascus 

aurantiacus were also isolated on the cellulose medium 

during the different periods of incubation. Among these 

only M.pusillus was non-cellulolytic, whereas.the others 

produced clearings on the cellulose agar plates (Eggins 

and Pugh, 1962) 

Inoculations from cellulose-enriched soil on glucose 

agar yielded a completely different picture. Very few
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fungal species were recorded and the non-cellulolytic 

fungus M. pusillus seemed to have been inhibited 

by cellulolytic fungi during incubation of the 

cellulose-enriched soil. Sporotrichum thermophile was 

the most successful in establishing itself on this 

medium and had an isolation frequency of 88% after 

9 days of incubation. 

Inoculations from soil amended with glucose yielded 

growth of two thermophilic fungi, Talaromyces duponti 

and Malbranchea pulchella ( Table 11). The observations 

were made both on cellulose and glucose media. Mucor 

pusillus was quite dominant and attained a frequency of 

100% after 3 days of incubation. Talaromyces duponti 
  

attained its maximum frequency after 6 days and was 

dominant throughout on glucose medium. Aspergillus 

fumigatus was only common in the beginning but did not 

make its appearance after three days on GA and six days 

on CA. Other fast sporing late developing fungi may 

have inhibited it. Malbranchea pulchella was not 

common but just made its appearance occasionally 

both on glucose and cellulose media. Sporotrichum 

thermophile was isolated once on cellulose medium after 12 

days and T.aurantiacus occurred both on cellulose and 

glucose media. T. aurantiacus produced a slight clearing 

on cellulose agar. 

The isolation of nearly all confirmed thermophiles 

from one locality indicates a wide distribution of these 

fungi in the soil. This has also been confirmed by 

more recent investigations by other workers ( Apinis 

1963, YungChang 1967, Fergus 1969) The present results



Table 11 

Percentage frequency recorded in cultures derived from 9 portions of one 
sample of soil after 7 days incubation at 50° C, of fungi appearing on 
cellulose agar (CA) and glucose agar (GA) inoculated with glucose- 
amended soil incubated at 50° C, for periods of various lengths. 

  

Period of Incubation of Soil and Glucose 

  

FUNGI 12 hr.|1 day|2 days}3 days|6 days|9 days|12 days 
  

CA CA CA CA CA CA CA 
GA GA GA GA GA GA GA 

  

Aspergillus 80 60 60 60 40 
fumigatus 60 60 60 40 

Cephalosporium 

sp. 

Chaetomium 

thermophile 

Humicola 20 20 40 80 40 
grisea 20 

Humicola 20 20 40 
insolens 

Humicola 
Lanuginosa 

Malbranchea 20 

pulchella 20 20 

Mucor pusillus 20 80 80 100 100 SO 

20 20 80 100 100 100 80 

Myriococcum 

albomyces 

Sporotrichun 20 
thermophile 

Talaromyces 20 40 60 100 
duponti 20 20 20 100 100 100 

Thermoascus 20 20 

aurantiacus 60 40                     
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demonstrate the advantage of soil enrichment and 

incubation at 50°C for the detection and isolation 

of thermophilic fungi. As long as the temperature 

of the soil is low, all the thermophilic fungi cannot be 

isolated on a simple sugar medium using Warcup's 

technique. The sugar medium favours fast growing 

non-cellulolytic sugar fungi which do not allow growth 

of slow growing fungi or those which need some form of 

activation to enable the fungus to manifest itself. 

Most of the thermophilic fungi have been found to be 

cellulolytic to some extent and this renders it difficult 

to isolate them from soil on glucose media. The 

enrichment of soil with cellulose and glucose and 

incubation at 50°C provided favourable conditions for 

both cellulolytic and sugar fungi and thus facilitated 

isolation. 

The fungal colonisation of cellulosic substrates 

was also studied at 50°C with the help of the perfusion 

technique. The colonisation of the cellulose strip 

started after 1 day of incubation ( Table12); deterioration 

of the strip proceeded very rapidly as the polythene 

backing of the polythene backed cellulose strip could 

be observed after 16 days of incubation at 50°C. 

Among the early colonisers, C.thermophile made its 

appearance after 1 day of incubation and had a high 

frequency of occurrence. Whereas H.insolens also made 

its appearance after 1 day of incubation but had a very 

low frequency of occurrence. _H. grisea made its 

appearance after 5 days of incubation when C. thermophile 

and H. insolens had quite high frequency of occurrence.
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Table 12 

Percentage frequency of fungi colonizing the cellulosic substrate 

perfused with E. & P. salt solution at 50° C, 

  

Days of Incubation 

  

  

  

FUNGI 

1 A 3 5 if: 9 12 16 

Aspergillus fumigatus 16 32 

Cephalosporium sp, : 40 16 

Chaetomium thermophile 60 .[60,.1-100. 700... | 100:.4.400" @ 7100... F100 

Humicola_ grisea 80 100 |100 4100 

Humicola insolens 16 100 60 80 | 100 80 

Humicola lanuginosa 32 16 

Mucor pusillus 50 

Sporotrichum thermophile 32 

Torula_thermophile 16 

Streptomyces sp. 100 |100                   
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H. grisea was quite dominant after its first isolation. 

A. fumigatus also appeared between 7 & 9 days but had 

a very low frequency of occurrence. H.lanuginosa 

was also isolated at the same time. It was always 

found along with C. thermophile and therefore it 

was difficult to isolate H.lanuginosa in pure culture. 

This species proved to be non cellulolytic when grown 

on cellulose agar as it did not produce any clearing. 

When the cellulose strip was fairly deteriorated a 

Streptomyces sp.was observed growing on the paper and 

was found to be producing pits on the strip. It was 

isolated between 12 and 15 days of incubation and had 

100% frequency of occurrence. At the same time a variety 

of fungi were isolated. Among themwere Sporotrichum 

thermophile, Torula thermophile and Mucor pusillus. 

Of these fungi only M. pusillus is non cellulolytic. 

Its appearance on the strips when the strip was completely 

deteriorated suggests the possible utilization of the 

breakdown products of cellulose by this fungus. 

The comparative results of isolations at 25°C 

35°C and 50°C with the help of the perfusion technique 

and cellulose enrichment method are summarized in Table 13. 

It is evident from these results that each temperature 

has its own fungal flora. There are some: fungal species 

which occur at more than one temperature range. 

A. fumigatus was found to occur at the three different 

temperatures investigated, but it had a different 

frequency of occurrence at these temperatures. The 

percentage frequency was 94-100 at 35°C whereas at 25°C 

and 50°C it was 1-19; C. globosum was isolated at 25°C 

by using cellulose enriched soil; C. elatum was isolated
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Table 13 

Comparison of the percentage frequency of occurrence of fungi isolated at 
different temperatures by the soil enrichment method and perfusion technique. 

  

O° 0 Oo 
25. &, payee 50° C, 

se* | pr’ | ce | pr | ge | pr 
FUNGI   

  

  

Arthrobotrys sp. Z 22 

Aspergillus fumigatus Fresenius oy. Tere. | Oh 19 

Cephalosporium sp. 

C, elatum Kunze ex Fries 2 a 

Chaetomium globosum Kunze 30 

C, thermophile la Touche 62 90 

  

  

Coniothyrium fuckeli Saccardo 2 5 

Dactylella sp. 

Dicoccum asperum Corda 30 

Eurotium sp. 1 

Fusarium moniliforme Sheldon 9 
  

Fusarium solani (Martius) 96 93 
Appel & Wollenweber 

Gliocladium roseum (Link) Thom, 3 7 

Graphium sp. 8 

Humicola insolens Cooney et Emerson DO 

H, grisea Traaen 32 if 3 28 48 

H. lanuginosa (Griff, et Maubl,) Bunce 6 

Mucor globosus Fischer 42 9 

M, pusillus Lindt 7 1 6 
P, elegans (Corda) Mason et Hughes 5 
apud Hughes (1951) 

Paecilomyces varioti Bainer a 3 

Papulaspora_sp. 

Penicillium sp. 3 
Rhizopus sp, 

Sordaria fimicola (Rob,) Ces & De Not 8 

S. pruinosum Gilman & Abbott o°y 

Sporotrichum thermophile Apinis 41 4, 

Streptomyces spp. 60 26 48 96 22 

Torula thermophile Cooney & Emerson 2 

Trichoderma viride Pers, ex Fr. 57 54 3 

Zygorhynchus moelleri Vuillemin ff               
  

Soil enrichment 

+ Perfusion technique
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at 35° C. and C, thermophile occurred at 50° 6. H. grisea 

was also isolated at all the temperatures. It had 

extremely low frequency of occurrence at 35° C. and was 

only isolated with the hélp of the perfusion technique. 

H. grisea, isolated at 50° C., was placed as a 'variety' 

of this species under the name Humicola grisea var. 

Thermoidea because of its thermophilic habit (Cooney and 

Emerson, 1964). Streptomyces spp. were also fairly common 

and these occurred at all temperatures, though those isolated 

at 50° C. were thermophilic species and had different morphology 

as well. Trichoderma viride was quite common at 25° Cc. but 
  

it had extremely low frequency of occurrence at 35° C. and 

was only isolated with the help of the perfusion technique. 

The comparative review of the total frequency of isolation 

of fungi at different temperatures shows that at 35° C. 

fungi have the least percentage frequency of occurrence. 

This may be due to two reasons. Firstly, this temperature is 

at the threshold of mesophilic and thermophilic temperatures, 

thus neither mesophiles nor thermophiles have their optimum 

growth at this temperature. Secondly, the only fungal species 

which seem to have its optimum temperature at 35° C. ts 

A. fumigatus which is a confirmed thermotolerant species 

(Cooney and Emerson, 1964). As this species is a fast sporer, 

it colonises the whole substrate more effectively than any 

other species; thus making the isolation of any other 

colonisers extremely difficult.
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Effect of pH and Temperature on Colonisation of the 

Cellulose Strip by Fungi 
  

One of the microenvirenmental factors affecting 

cellulose colonisation apart from temperature, is the 

hydrogen ion concentration of the soil and the substrate. 

In environments of neutral to alkaline pH, some micro- 

organisms are capable of growing and liberating the approp- 

riate enzymes for the hydrolysis of the polysadharides: 

at acid reaction, the disappearence of cellulose is mediated 

largely by filamentous fungi. Although the process is 

rapid below pH 5.0 and occasionally below pH 4.0, soils 

with lower hydrogen ion concentration degrade cellulose 

more readily. (Schmidt and Ruschmeyer, 1958). This 

generalisation that fungi usually grow below neutrality and 

bacteria are limited to alkaline pH's, has been established 

on the basis of frequent isolations from the soil. Jensen 

(1931) confirmed these observations by determining the 

range of pH for growth in pure cultures of bacteria 

isolated from the soil. Warcup (1951) investigated the 

relationship between fungal distribution and soil pH 

by determining the mycoflora of five soils ranging in pH 

from the extremes of 8.4 to 3.8. He found that fungi 

showed different distribution in the five soils and was 

thus able to recognize two large groups of fungi; those 

common in the acid soil and those common in the alkaline 

soils. Species of Penicillium and Trichoderma were 

particularly abundant in the acid soils. Brown (1958) 

investigated fungal ecology in sand dunes and also found. 

marked differences in fungal populations between acid and
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alkaline dunes. Pugh et al (1963) isolated cellulose 

decomposing fungal species from sand dunes of near neutrality 

to alkaline reaction. Pugh (1963) also studied the distribu- 

tion of fungi in sand flats having pH 7.2 - 8.0. Went 

and Jong (1966) studied the microbiological decomposition 

of cellulose in the soil of an oak forest with the reaction 

ranging from 3.5 - 7.2. They traced cellophane deteriora- 

tion in seven soil samples having different pH values and 

found that pH was not a dominant factor in the cellophane 

breakdown as was shown by the quick decomposition in the acid 

mull in comparison with the much slower decomposition in the 

mor, both with the same pH. Previously, Tribe (1960) also 

studied the decomposition of cellulose film (cellophane) 

buried in soils having different reactions, with special 

references to ecology of relevant soil fungi. 

The information regarding the influence of pH on 

soil fungi in general and cellulose decomposing soil fungi 

in particular has been indirectly accumulated by taking 

into account the reaction of the soil used, as it is evident 

from the previous investigations. Siu (1951) has 

reviewed the pH optima of some fungi growing on cellulose. 

Siu and Sinden (1951) studied the effect of pH on the 

cellulolytic activity of five fungi grown on bleached 

cotton sheeting wetted with nutrient solutions maintained 

at different buffered pH values. The decrease in tensile 

stength of the cotton sheeting was taken as the index for 

cellulolytic activity. 

As such investigations are done in "pure culture", 

it is appropriate to consider how far such results can be
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applied to pathways of decomposition in soils (Chesters, 

1960). Moreover, the differential absorption of nitrogen: « 

ions such as ammonium and nitrate, may result in a 

considerable pH change. These changes in turn, may have 

far reaching effects of a secondary nature on the growth and 

physiology of fungi (Harley, 1960). The release of 

metabolic end products into the medium also brings about 

significant changes in the substrate, which may alter the 

conditions for the growth of fungi. 

In order to overcome these difficulties and to study 

the effect of pH on the fungal population colonizing 

a cellulosic substrate in the soil, the perfusion technique 

has been employed. The pH of the cellulosic substrate is 

changed by changing the pH of the perfusing nutrient salt 

solution. As this solution is duly buffered and is con- 

tinuously perfused, it takes all the metabolic end products 

away; thus keeping the microenviroment.around the 

cellulosic substrates constant. These studies have been 

undertaken at different temperatures (25° C., 35° C. and 

50° Cc.) in order to elucidate the pH preferences of a wide 

range of cellulose decomposing fungi in the soil. 

The extent of deterioration of the cellulose strip 

was recorded by estimating the weight loss of the cellulose 

strip after different periods of incubations. This is 

the most direct method, since the excess fungal mycelium 

can be separated as the substrate is screened by a glass 

fibre cloth. The weight loss method has previously been 

employed by some workers (Reese, 1947, Siu, 1951, and 

Garrett, 1963). This weight loss represents only that
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proportion of the cellulose actually respired by the 

fungus and does not include the further proportion converted 

into fungal substance (Garrett, 1962). 

The different pH values investigated were 4.0, 5.0, 

6.0, 6.4 (unbuffered cellulose agar) 7.0 and 8.0. The 

perfusing solution used in these studies was E. & P. 

Salt solution» It has an initial pH of 5.5 and can be 

adjusted to different pH levels by adding 0.5 N HCl or 

O.5 N NaOH (Siu and Sinden, 1951). The solution is then 

buffered with McIlvaine's buffer containing phosphate and 

citric acid; the buffers are 0.05M with respect to the 

phosphate ion concentration. 

In order to allow enough replication sixty perfusion 

sets were set up for each pH value. Four perfusion sets were 

sacrificed every time for each pH value; out of these, three 

sets were used for weight loss estimation and the fourth 

set was used for the isolation of fungi colonising the 

cellulosic strip. For the weight loss estimation, 7 cms. 

length of the 5 mm. wide cellulose strip from the perfusion 

set was cut and oven dried at 120° C. for twelve hours and 

then weighed. The difference between this weight and that 

of the control, where no soil had been inoculated was 

taken as the weight loss. 

The cellulose strip was released from the glass fibre 

sleeving, cut aseptically into small pieces and then 

inoculated onto six petri dishes containing E. & P. 

cellulose agar. Four small pieces of cellulose strip 

were normally inoculated én the cellulose agar petri dish. 

Out of these six replicate petri dishes, three were buffered
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at the same pH as the perfusing solution and the other 

three were at the normal pH of 6.4. 

These inoculated petri dishes were incubated at the same 

temperature as the perfusion sets and were observed for growth 

after 7 days of incubation. Frequency of occurrence of a 

species was determined by recording its presence or absence 

in each replicate petri dish. 

These investigations on the effect of pH were carried 

at three different temperatures, i.e. 2576 Gy, 8a5 SC. “and 

50° C. The results have been recorded here under the 

heading of each temperature. 

Ohne 
  

The fungi isolated showed a wide range of pH tolerance 

but the optimal pH could easily be determined by reviewing 

the results comparatively. The hydrogen ion concentration 

also influences deterioration of the cellulose strips. 

The initial colonization of cellulose strip perfused 

with E &-P. sait.solution: at pH's. 4.0,.5.0, 6.0, 6.4. and 

7.0 started as early as 12 hours of incubation, whereas 

it was one day for pH 8.0. Among the early colonisers, 

Zygorhynchus moelleri and Mucor globosus were isolated after 

one day of incubation at pH 4.0, 5.0 and 6.0 only 

(Table 14a - f). JZ, moelleri was the dominant species 

at pH 4.0. It disappeared after three days and then again 

made its appearance when the cellulose strip was nearly 

completely deteriorated. M. globosus was isolated at all 

pH values but in quite low frequency. Though these 

organisms were non cellulolytic as demonstrated by E & P 

cellulose agar (Eggins and Pugh, 1962) they were presumably 

able to make their appearance by utilising the yeast
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extract and L-asparagine from the E & P salt solution in the 

beginning and then might be living on the breakdown products 

of the cellulose and of the cellulolytic organisms. 

Trichoderma viride and Fusarium solani were found to be 

the main fungi involved in the deterioration of perfused 

cellulose strip buried in soil. Fusarium solani was isolated 

after 12 hrs. at all pH levels except pH 8.0 and was most 

frequentty isolated at all times. T. viride was also similar 

in occurrence but had a comparatively lower frequency. 

Other cellulolytic fungi were isolated between six and 

eighteen days of incubation. These fungi were Gliocladium 

roseum, Humicola grisea, Paecilomyces varioti, Arthrobotrys sp., 

and Dactylella sp. After 6 days nematodes were found on the 

cellulose strip. This is significant since Arthrobotrys sp., 

and Dactylella sp., are nematophagous and were found to be 

cellulolytic as well. G. roseum and P. varioti were found to 

be absent at pH 4.0 and 8.0 and later was in a low frequency 

at pH 7.0. G. roseum was isolated after 6 and 9 days of 

incubation at pH 6.0 but it appeared between 21 and 35 days at 

pH 5.0, 6.4 and 7.0. Gelasinospora cerealis made its 
  

appearance after 3 days at pH 4.0, 5.0, 6.0 and 6.4. Fusarium 

moniliforme just made its appearance at pH 5.0 and 7.0 

between 6 and 12 days of incubation whereas it was isolated 

between 15 and 28 days of incubation at pH 6.0 and 6.4. It 

was not isolated at pH 8.0. Papulaspora sp. was isolated at 

pH 6.0 and 7.0. When the strip was almost completely broken 

down, a variety of fungi were isolated, e.g. Paecilomyces 

elegans, Penicillium sp., Aspergillus fumigatus, Coniothyrium 

fuckeli.



Table 14a 

Percentage frequency of the fungi colonising the cellulose strip perfused with E & P salt solution at pH 4.0. 

  

FUNGI 
Days of Incubation 
  

12 nrd 6 9 12 15 21 28 a 
  

Arthrobotrys sp. 

Aspergillus fumigatus 

Coniothyrium fuckeli 

Dactylella sp. 

Fusarium solani 

Fusarium moniliforme 

Gelasinospora_cerealis 

Gliocladium roseum 

Mucor globosus 

Paecilomyces elegans 

Paecilomyces varioti 

Papulaspora sp, 

Penicillium sp, 

Trichoderma viride 

Zygorhynchus moelleri   
50 

16 

16     
64, 

16 

32 
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64 
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64 

32 

50 

50 

64 

50 
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Table 14b 

Percentage frequency of the fungi colonising the cellulose strip perfused with E & P salt solution at pi 5.0, 

  

FUNGI 
Days of Incubation 
  

12 ht, 6 9 i 15 18 zt 28 22 
  

Arthrobotrys sp. 

Aspergillus fumigatus 
  

Coniothyrium fuckeli 

Dactylella sp. 

Fusarium solani 

  

Fusarium moniliforme 
  

Gelasinospora_ cerealis 

Gliocladium roseum 

Mucor globosus 

Paecilomyces varioti 

Paecilomyces elegans 

Papulaspora sp. 

Penicillium sp. 

Trichoderma viride 

Zygorhynchus moelleri   
64 

16 

  
50 

16   
50 

16 

50   
64 

16 

16 

64   

50 

84 
16 

50 

By   
84, 
16 

50   

84 

64 
16 

50   

16 

50 

50   

16 

50 

100 

50 

100 

32   

32 

16 

100 

16 

64   

16 

100 

64 
50 

50   
100 

50 

50   
  

- 
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Table 14e 

Percentage frequency of the fungi colonising the cellulose strip perfused with E & P salt solution at pH 6,0, 

  

FUNGI 

Days of Incubation 
  

12 hr} 6 2 12 15 18 21 28 20 
  

Arthrobotrys sp. 

Aspergillus fumigatus 

Coniothyrium fuckeli 

Dactylella sp. 

Fusarium solani 

Fusarium moniliforme 

Gelasinospora cerealis 

Gliocladium roseum 

Mucor globosus 

Paecilomyces elegans 

Paecilomyces varioti 

Papulaspora sp. 

Penicillium sp. 

Trichoderma viride 

Zygorhynchus moelleri   
64 

  

100 

16 

50 

16   

100 

32   
84 

22 

16 

32 

50   

oe 

100 

32 

8 

32   

100 

16 

16 

50   

100 

Be. 

32 

64   

16 

100 

16 

16 

64   

64 

84. 

16 

64 
16   

100 

Be 

16 

16 

32 

50   

100 

50 

32 

5O 

50   

100 

16 

50 

16   
    

=
-
G
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Table 14d 

Percentage frequency of the fungi colonising the cellulose strip perfused with E & P salt solution at pH 6.4 

(E & P salt solution unbuffered). 

  

Days of Incubation 

FUNGI   

1 . 5 6 g 12 45 18 21 28 35 
  

Arthrobotrys sp. 64 100 100 

Aspergillus fumigatus ; 16 

Coniothyrium fuckeli 

Humicola grisea 

Fusarium solani 64 100 100 100 100 100 100 100 100 100 100 64 

Fusarium moniliforme 48 32 30 

Gelasinospora cerealis 64 16 16 

Gliocladium roseum 32 32 16 

Mucor globosus 16 16 50 32 

Paecilomyces elegans 

Paecilomyces varioti BA 

Papulaspora sp. 38 

Penicillium sp, 16 16 

Trichoderma viride 16 80 80 64 64 84 32 84 100 84 64 32 

Zygorhynchus moelleri 64                             

- 
9
L
 

- 

 



Table t4e 

Percentage frequency of the fungi colonising the cellulose strip perfused with E & P salt solution at pH 7.0, 

  

FUNGI Days of Incubation 
  

12 hr] 1 2 3 6 9 12 15 18 21 28 a5 
  

Arthrobotrys sp. 3A Oe 

Aspergillus fumigatus 16   

Coniothyrium fuckeli 

Humicola grisea 

Fusarium solani 64 100 100 100 64, 64 100 84 100 100 100 100 

Fusarium moniliforme 50 50 2 16 32 

Gelasinospora cerealis 

  

  

Gliocladium roseum 64 32 

Mucor globosus 16 16 32 16 16 

Paecilomyces elegans 16 32   

Paecilomyces varioti 16 

Papulaspora sp, 50 16 

Penicillium sp. 16 

Trichoderma viride ge 32 32 50 50 64 32 16 16 De 

Zygorhynchus moelleri 32 16                                 

i
l
s



Table 14f 

Percentage frequency of the fungi colonising the cellulose strip perfused with E & P salt solution at pH 8.0, 

  

Days of Incubation 
  FUNGI 

12 hrs] 1 2 2 6 9 12 a5 18 a1 28 35 
  

  

Arthrobotrys sp. 16 16 84 100 

Aspergillus fumigatus 16 

Coniothyrium fuckeli 

Humicola grisea 

Fusarium solani 

Fusarium moniliforme 

Gelasinospora cerealis 50 50 32 32 32 50 64 64 64 100 16 

Gliocladium roseum 

Mucor globosus ; 18 

Paecilomyces elegans 32 

Paecilomyces varioti 

Papulaspora sp. 

Penicillium sp, 

Trichoderma viride 16 16 16 32 32 16 16 16 

  

Zygorhynchus moelleri                           
  

- 
9
/
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Table 15 

i FOE 

Isolation of fungi on E & P's cellulose agar at different pH 

values using Warcup's method, 

  

% frequency of occurrence 
  

  

  
  

  

  

FUNGI 

pH 4,0 rt 6.0 Tea) 8.0 5.4" 

Chaetomium globosum 16 16 16 16 32 

Diococcum asperum 16 16 

Fusarium solani 50 85 64 64 85 64 

Gelasinospora_cerealis 16 

Gliocladium roseum 100 100 100 100 100 85 

Gliomastix convoluta 64 

Humicola grisea 64 100 50 85 100 85 

Mucor globosus 85 64 : 

Paecilomyces elegans 50 16 64 64 16 

Papulaspora sp. 50 16 

Stysanus sp. 16 

Trichoderma viride 100 100 85 85 85 

Zygorhynchus moelleri 64 
              
  

unbuffered 
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In order to compare these results with simple soil 

isolations, Warcup's method was also used (Warcup, 1950). 

Soil inoculations were made on E. & P.'s cellulose agar 

maintained at different pH values. Six replicate petri 

dishes were inoculated for each pH value. The observations 

for fungal growth on these petri dishes were made after seven 

days of incubation at 25° Cc. Frequency of occurrence of 

a species was determined by recording its presence or 

absence in each petri dish. 

The isolation results obtained by Warcup's method are 

summarised in Table 15. Trichoderma viride, Fusarium 

solani, Gliocladium roseum, Humicola grisea and Chaetomium 

globosum occurred at all pH levels (pH 4-8). Out of these, 

G. roseum was most frequently isolated at all pH values 

as reported by Pugh and Diickgnsan, (1965). Paecilomyces 

elegans also made its appearance on all pH levels except 

pH 8.0. Most of the cellulolytic fungi occurred more 

frequently on cellulose agar petri dishes maintained at 

pH 7.0 and unbuffered normal pH (6.4). 

The pH preferences of the fungi isolated from the 

cellulose strip are represented in Figure la and 1b. The 

percentage frequency of occurrence of each species is totalled 

and then divided by the number of times sacrificing was made, 

to give the average percentage frequency of occurrence. 

The weight loss results of the cellulose strip perfused 

with nutrient solution at different pH values are summarised 

in Tables léa - 14£. The comparative results of all pH 

values are also represented in Figure 2. The maximum 

deterioration took place at pH 5.0 - 6.0. At pH 6.0 percentage 

\
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Figure 1la-b: Average percentage frequency of occurrence of fungi 
isolated from cellulose strips perfused with E.&P. 
salt solution at different pH values after 30 days of 

incubation at 25°C,
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with E,&P, saltsoution at different pH values and incubated at 
25°C,
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Table 16a-f 

Percentage weight loss of the cellulose strip perfused with E. & P. 

salt solution at different pH values. 

  

  

  

(a) pH 4,0 

DAYS OF % WEIGHT 

INCUBATION LOSS MEAN S.D. * 

2 o.9 4.1 waa SSL, 0.4 

4 6.2 7,3 6.9 6.8 0.5 

6 6.9 a5 1.8 oP 2.6 

8 6.9 Bal 19.8 Ne Pe Rh 

10 eee 1235 14.1 ee 1<0 

12 17.6 19.2 20.1 18.9 lee 

18 kez 43.4 38.6 41.4 2.4 

aa 50.4 49.7 oon 1 The a7 

26 48.7 Lass oA, t 49.9 $26 

30 46.8 45.6 See | 48.1 3.4           

*. Standard Deviation
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Table 16 

(b) pH 5.0 

DAYS OF % WEIGHT 

INCUBATION LOSS . MEAN S.D.* 

4 Leg 320 QD Sil, 037 

6 to G7 0.0 0,86 0.9 

8 9.9 Thos Sel 957. 4,6 

10 1h 1he2 12.8 4354 OF 

12 16.5 18.9 20.0 18.4 9 

18 Be 35,5 Bhs. |, 36.9 eo 

22 45.2 43.8 net 45.3 7,6 

26 Died SORA 54.6 Sua 0.6 

30 148.3 LIES 51.6 49.7 He       
  

* Standard Deviation 
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Table 16 

(c) pH 6,0 

DAYS OF % WEIGHT 

INCUBATION LOSS MEAN Seba % 

6 eT 3,0 2i9 2.8 0,4 

8 Si Lee LS 4.0 0.8 

10 1332 T2328 13.9 13.8 055 

12 1342 16.3 1555 14.9 4D 

18 42.9 44.1 43.4 43.4 0.6 

22 56.6 56.1 wy 55.29 0.7 

26 44.8 44.5 46.0 moet OT 

30 16.9 48.1 54.0 49.6 360       
  

* Standard Deviation 
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Table 16 

(d) pH 6.4 

DAYS OF % WEIGHT 

INCUBATION LOSS MEAN SED ee 

4 Dos 4.2 627 Lk Bea 

6 8.8 ee 6,1 eS) Tel 

8 PALO Teo T24f 14.1 Lent 

12 Td 23.8 19.2 19.2 39 

9h 33k BO aI 26.9 B31 6,1 

20 28.6 35.8 40.8 3530) 6,1 

24, OViis & 42.4 helagl 42.4 Die 

26 63.0 57.8 49.0 56,0 720 

30 570 47.6 Soe 7 53 0) Sait           

* Standard Deviation 
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Table 16 

(6) = p70 

DAYS OF % WEIGHT 

INCUBATION LOSS MEAN Spek 

8 Ae 1 hed 3.0 1.3 

10 11.9 12.8 14.1 12.9 Pt 

2 10.8 1351 16.65 dished Ried 

18 Bhs) 36.4 Bei (. 36.2 1,6 

22 Bae 41.8 <7 43.0 1.9 

26 ha, 45.8 43.0 43.6 a0 

30 A 49.4 AiyeO bce 2.8         
  

* Standard Deviation 
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Table 16 

(f) pH 8,0 

DAYS OF % WEIGHT 

INCUBATION LOSS MEAN Sabie 

6 2.9 het 1.8 2.9 1.1 

8 10.6 11.3 8.1 10,0 1.6 

10 15.4 18.1 16.1 16.5 1.4 

12 31.8 33.1 26.4 30.4 a5 

18 23.4 28.4 ate. 27.7 a 

22 42.7 43.45 1501 43.7 1.2 

26 45.9 47.3 12.8 45.3 2.3 

30 45.6 A 47.3 47.1 4           

* Standard Deviation 
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weight loss reached 55.9 in 22 days of perfusion and 

incubation at 25° C., whereas at pH 5.0 and 6.4 (unbuffered 

initial pH of E & P cellulose agar) the maximum weight 

loss was 54.1% and 56.0% after 26 days of incubation. 

The weight loss tends to decrease after reaching the 

maximum most probably due to the accummulation of fungal 

spores and mycelia. At pH 4.0 the maximum weight loss of 

51.0% was achieved after 22 days but after 30 days it fell 

to 48.1%. The weight loss estimations at pH 7.0 and 8.0 

did not show much decrease in weight loss but had a maximum 

weight loss of 47.2% and 47.1% respectively after 30 days 

of perfusion and incubation. 

The fungal colonisation results obtained by the 

perfusion technique show some kind of colonisation pattern. 

The results show that there are distinct early colonisers 

namely Trichoderma viride and Fusarium solani, which were 

isolated as early as 12 hours and were throughout the 

experiment frequently isolated. Other fungal species namely 

Gelasinospora cerealis, Arthrobotrys sp., Gliocladium 

roseum were normally isolated between 6 and 18 days. 

A variety of fungi were isolated when the strip was partially 

or completely deteriorated. 

The comparison of the list of fungi isolated by 

Warcup's method with those isolated by the perfusion 

technique shows the absence or extremely low frequency 

of occurrence of certain fungi like Chaetomium globosum, 

Gliomastix convoluta, Stysanus sp., Didecum asperum from 

the list of perfusion technique isolations. Among these 

fungi C. globosum is most conspicuous because of its 

accepted cellulolytic nature and its use as a test fungus



«it 

in many experiments. The inability of these fungi 

to colonise the cellulose strip may be attributed to the 

unfavourable experimental conditions or due to the 

interaction of different organisms or microenvironmental 

conditions in the soil; since the behaviour of an organism 

in pure culture may give little information as regards its 

reaction in nature. 

The other discrepancy in the two lists is the absence 

of Arthrobtrys sp., and Dactylella sp., from the list 

of fungi obtained by Warcup's method. Though these fungi 

come under Garrett's definition of ' soil inhabiting ‘© fungi 

( Garrett 1956 ) their appearance always in association with 

nematodes has once again pointed towards their nematophagous 

nature. The most likely explanation of this association 

of organic matter and predacious activity is given by 

Linford (937). According to him the addition of organic 

matter produces an increase in the number of free living soil 

nematodes which in turn stimulates the nematophagous fungi to 

greater activity. This agrees with our observations in 

the laboratory that these fungi are most active when 

nematodes are present in abundance. Later’ investigators 

( Duddington, 1955, Cooke 1962, Pramer & Kuyama 1963, 

Olthof and Estey 1966 ) also tend to confirm this association. 

35°C 
The colonisation of the cellulose strip at this 

temperature proceeded comparatively slowly. The number of 

species isolated was quite small and some of them had quite a 

low frequency of occurrence. 

The initial colonisation started as early as 1 day 

of incubation ( Table 17a-b) Aspergillus fumigatus was 

observed growing from the edges of the cellulose strip.
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Table17a 

Percentage frequency of fungi colonizing the perfused cellulose strip 
at pH 4.0, 5.0 and 6.0 at 35° C, 

Days of Incubation 
FUNGI 

pH 1 2 3 6 8 10} 12445.) AS Bet 30 

Aspergillus | 4,0 32} 64! 64), 64] 100] 200] 100] 100! 801 100} 100 
fumigatus Dal 321] 32| 64] 100] 100} 100] 100] 100} 100} 100] 100 

6.0 64} 100} 100} 100] 100} 100; 100} 100] 100] 100} 100 

Streptomyces} 4,0 16 50 32 
sp. Gh. 6. 164. ae 32 90 64 Be 

6.0 32) 80} 100] 100] 90] 100] 64} 64 

Chaetomium LEO 

elatum a 16 
6,0 16 

Mucor sp. 4.0 
Ae, Bae. 64 1607 16 

6.0 

Trichoderma | 4,0 
viride BO 

6.0 16 16 

Humicola 4.0 

grisea 5.0 
6,0 16 16| 16 

Eurotium 4.0 

sp. Dail 
6.0 165° 3350 46 

Penicillium } 4,0 

Sp. DoW) 

6.0 641 34 

Sporotrichum| 4.0 

pruinosum 5<0 100 

6,0 

sorderin 4.0 

fimicola 5.0 
6.0 16}. 33                           
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It reached its maximum frequency of occurrence of 100% 

after 6 days of incubation at all pH values. A. fumigatus 

remained dominant throughout the experiment and had a profuse 

growth on the cellulose strip. Streptomyces sp. was also 

isolated after 1 day of incubation at pH7 and 8, after 2 

days at pH 5, 6 & 6.4 and after 3 days of incubation at pH 4.0. 

This species was subsequently frequently isolated at pH 6-8. 

Chaetomium elatum was isolated once after 2 days at pH 5.0 
  

and after 3 days at pH 6.0. Mucor sp.was also occasionally 

isolated between 3 & 15 days of incubation at pH 5.0 only. 

Humicola grisea was only isolated at pH 6.0, 7.0 & 8.0 

between 2 and 18 days of incubation. Its frequency of 

occurrence was quite low at all the pH values. Eurotium sp. 

was isolated only at pH 6.0 and 6.4 between 8 and 18 days of 

incubation and perfusion. Trichoderma viride was also 
  

isolated twice at pH 6.0 and 7.0 after 6 and 12 days of 

incubation. Sordaria fimicola was isolated at pH 6.0 only 
  

after 3 and 6 days of incubation. 

At the end of the experiment, when the cellulose strip 

was fairly deteriorated a variety of species were isolated 

namely Graphium sp at pH 6.4, 7.0 & 8.0, Penicillum sp. 

at pH 6.0, 6.4 and 7.0,Sporotrichum pruinosum at pH 5.0, 

6.0, 6.4 and 7.0. These species were comparatively higher 

in their eplquches of occurrence. 

The average percentage frequency of occurrence is 

calculated as previously and is represented in the Figure 3 

It is quite evident that the least number of fungi have 

been isolated at pH 4.0 whereas most of the fungal species 

isolated occur at pH 6.0 - 7.0. The percentage frequency 

of occurrence of all the species isolated is very low as
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Figure 3: Average percentage frequency of occurrence of fungi isolated 

from cellulose strip perfused with E.&P. salt solution at 

different pH values after 30 days of incubation at 35°C,
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compared to that of A. fumigatus. The fast growing ability 

of this fungus might be responsible for its dominance. 

Moreover, previously the comparative review of isolations 

at different temperatures has shown 35° C. to be its optimum 

temperature. 

The deterioration of the cellulose strip as measured 

by the weight loss estimations (Tables 18a-f ), has also shown 

that the weight loss is quite small as compared to the 

similar studies at 25° C. Maximum deterioration of the 

cellulose strip took place at pH 6.4 and 7.0; percentage 

weight loss being 50.7 and 53.0 respectively. The weight 

loss at other pH values ranged from 20.0% to 33.0%. The 

minimum percentage weight loss was produced at pH 4.0 (Fig 4 ). 

The colonisation patterns of fungi at this temperature 

are not as clear as at 25° C. At.pH 4.0 and 5.0 very few 

fungal species were isolated. Among the early colonisers 

A. fumigatus and Streptomyces sp. were isolated from all 

pH values after 1-3 days of incubation at 35° C. H. grisea, 

Eurotium sp., T. viride and S. fimicola were isolated at 

pH 6-7 after 6-18 days of incubation. The late developers 

comprised S. pruinosum, Penicillium sp. and Graphium sp. 

Arthrobotrys sp. was isolated once after 30 days of 

incubation. Mucor sp. was also occasionally isolated at 

pH 5.0 and 7.0. At pH 5.0 it was quite high in frequency of 

occurrence after 3 and 6 days of incubation. It was only 

isolated once at pH 7.0 after 6 days of incubation. 

All the fungi isolated at this temperature except Mucor sp. 

produced clearing of the cellulose agar. A. fumigatus proved to 

be quite cellulolytic but it did not produce as much weight loss 

of the cellulose strip. Penicillium sp. normally produced 

a pink pigmentation on the cellulose strip, whereas Eurotium sp.
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Table 18 (a-f) 

pH 4,0 
Percentage weight loss of the cellulose strip perfused with E & P 

salt solution at different pH values at 35 C, 
  

  

  

Days of 

Incubation % Weight Loss Mean Sub. 

8 yr: 6.8 7.6 Wise 0.4 

10 2151 1564 18.6 18,3 2.8 

14 8.0 1241 15.1 A157 O55 

18 6,6 8.7 9,8 8.3 1,6 

oe 25.66 2304 18.0 Ate 3 3.9 

26 24.6 18% 17 8 20,1 3.8 

30 Red ve ar.6 22.8 1.3          
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Table 18 

pH 5.0 

Days of 

Incubation % Weight Loss Mean S.D. 

2 9.0 4.1 3.3 3.7 0.4 

4 346 4.9 hal 4,0 0.7 

8 509 byt re] 7.3 ee 

10 Rove 20.9 1351 20.7 2.6 

14 12.0 16.4 17.3 a 2.8 

18 14.2 mD4 1349 14.5 0.7 

22 18.4 19.2 16.5 18,0 13 

26 aes neat 185 alee eeu 

30 27.4 24.3 28.1 26.6 2.0       
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Table 18 

pH 6,0 

Days of 

Incubation % Weight Loss Mean SeDe 

ze MD 26s 3 1S O75 

8 548 4.4 hee a O57 

10 Le pyrite opt) be | O57 

14 26 8.6 Sa 8.1 0.4 

18 lib 247 13.1 16.3 1540 ey 

22 13h 13.9 16.4 14.5 1,6 

26 Ta 18,1 16.9 a7. ke 0.6 

30 B32 Bh5% 31.0 Bea le       
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E & P salt solution unbuffered (pH 6.4) 
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Days of 

Incubation % Weight Loss Mean on? 

2 0.7 2 9 133 0.5 

4 0.1 0.8 1.6 0.8 On7 

8 avo ove 4.3 367 0.5 

10 Ren 1.9 348 Rio 1 

14 Bas 4,6 5a 44 0.9 

18 10.3 9.4 14.1 Tae cok 

22 Ailigte 20,0 2346 21.6 1.8 

26 50,3 SU.4 51.6 504-7 0.7 

30 50.3 52.1 49.3 50.5 ye       
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Table 18 

e) pH 7,0 

Days of 

Incubation % Weight Loss Mean 5.D. 

14 Py. ud i) He. OF5 

18 aei5 18,1 Sue 18.6 aah 

24 255A. Rise 231 Aone 2.0 

28 38.2 39.4 45,6 41,0 2.9 

30 SAie oles hel 53<0 1.7 

Table 18 

ft). 28 3) 

Days of 

Incubation % Weight Loss Mean S.D. 

18 19,3 16.1 2ec0 19.1 Cao 

24 Sue 1033 11,6 1054 426 

28 28.3 Aii2 29.0 26.2 4.2 

30 Pilee 28.8 2536 Lice 1.6         
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was responsible for yellow patches, as all these 

fungi were commonly found growing on the edges of 

the cellulose strip. Among other fungi, Sordaria fimicola 
  

and Coniothyriumfuckeli were observed with their fruiting 
  

bodies partially embedledin the cellulose fibres. These 

also produced a fair amount of clearing of the cellulose 

agar. 

50°C 
  

The results of the perfusion of the cellulose strip with 

E. & P. nutrient solution at different pH levels and 

incubated at 50°C are summarised in Tables 19a -and.19b. 

The initial colonisation of the cellulose strip started 

with the appearance of Chaetomium thermophile at pH 6.0, 
  

6.4,°7.0 and 3,0.after 1 day of incubation and later at 

pH 4.0 and 5.0. Humicola insolens also appeared after 1 day 

of ‘incubation, but.only’at..pH 6.0,.6.4 and 7.0. C. thermophile 

and H. insolens were subsequently frequently isolated at 

all pH values; C. thermophile had the highest frequency 

of occurrence at pH 6.4 and the lowest at pH 4.0. H. insolens. 

was comparatively less frequent with the same pH preference 

( Figure 5).It was isolated only once at pH 4.0 and twice 

et pn. 8.0; 

Humicola grisea made its appearance when C. thermophile 

had established itself. It was first isolated from the 

cellulose strip at pH 7.0 after 3 days of incubation. it 

appeared later on other pH values and then remained fairly 

frequent till the cellulose strip was completely deteriorated. 

H. grisea had maximum frequency of occurrence at pH 5.0 - 7.0 

and a lower frequency at pH 4.0 and 8.0. Aspergillus 

fumigatus, a thermotolerant fungus ( Cooney & Emerson 1964)
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Table 19a 

Percentage frequency of fungi colonising the cellulose strip at 

pH Was 520 and 6.4 at 50° C; 

  

  

  

    

Days of Incubation 
FUNGI 

pH 1 2 3 5 7 9 12 16 

Aspergillus 4.0 16 
fumigatus 5,0 16 

6.4 16 32 

Cephalosporium 4,0 32 

Sp. 50 

6.4 40 16 

Chaetomium 220 16 50 64 50 50 32 32 
thermophile D0 oe 100 100 100 100 100 80 

6.4 60 60 100 100 100 100 100 100 

Humicola LEO 80 64 64 

grisea BO 50 100 100 100 

6.4 80 100 100 100 

Humicola LO 32 
insolens 5.0 16 16 16 16 32 80 64 

6.4 16 100 60 80 100 80 

Humicola 4.0 

lanuginosa 50 

6.4 32 16 

Mucor 150 
pusillus 5.0 16 

6.4 50 

Talaromyces He) 16 16 16 
duponti 5.0 16 

6.4 

Sporotrichum 4,0 ’ 

thermophile SO 

6.4 32 

Torula 4.0 
thermophile 5.0 16 

C.4 16 

Streptomyces 4,0 16 

Bp, Noy 4 50 80 60 
6.4 100 100 

Weight Loss 4.0 As Tas 9.08. 4-10.94 1004 32.60 68.8 
Percentage 5.0 OR 17 8G 4550 49.84| 66.07] 69.5 

6. 1.50] A590 133108 14.2 34070) 63.601 71.3                 
  

* E & P Salt Solution unbuffered
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Table 19b 

Percentage frequency of fungi colonising the cellulose strip at 
pH 6.0, 7.0 and $0 at 50° C, 

  

Days of Incubation 
  

  

      

FUNGI ES 

pH 1 2 3 5 Z 9 12 16 

Aspergillus 6,0 50 32 

fumigatus 7.0 16 100 
8,0 32 50 50 

Cephalosporium 6,0 
sp. 7.0 

8.0 64 

Chaetomium 6,0 80 100 100 64 100 64 100 100 

thermophile 710 100 100 100 64 100 50 64 100 

8.0 80 64 100 80 100 64 100 100 

Humicola 60 100 50 100 100 

grisea 70 32 80 50 64 64 100 
8.0 80 ae 32 100 

Humicola 6.0 16 16 
lanuginosa 7.0 16 32 32 

8.0 

Humicola 6.0 32 32 16 32 50 50 16 

insolens 0 16 16 16 32 32 32 16 
8.0 64 32 

Sporotrichum 6,0 Be 
thermophile 1.0 32 

8.0 

Streptomyces 6.0 64 32 80 

Begs Te 32 50 50 16 80 
8.0 16 32 5O 50 16 80 

Streptomyces 6.0 16 16 

sp. No. 2 7.0 80 
8.0 16 50 

Torula 6.0 16 16 
thermophile 70 32 16 

8.0 

Thermoascus 6.0 16 16 
aurantiacus We, 

8,0 

Talaromyces 6,0 16 

duponti bee 
8.0 

Weight Loss 6,0 Teo Loge 15.8: {54,2 Spe 2 : oe 

P S 3.44 4,3 Vee. 39.9 : ; ercentage iN ante | 4&4 17.9} 46.11 63. 64.8 67.4                
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appeared along with H. grisea but was comparatively 

short lived and was not isolated from the cellulose 

strip at any pH, after 9 days of incubation. It had a 

relatively low frequency of occurrence reaching a maximum 

of 16% at pH 6.0 and 7.0 whereas at pH 4.0 and 5.0 it 

was only 2%. 

Two cellulolytic species of Streptomyces were 

isolated from the cellulose strip after 3-5 days of 

incubation. These were fairly common at pH 7.0 and 8.0 

Streptomyces sp. No. 1 was once isolated from pH 4.0 and 5.0 

and had quite high frequency of occurrence at other pH 

values. Streptomyces sp.No.2 was isolated at pH 6.0, 7.0 

and 8.0 and had low frequency as compared to Streptomyces sp. 

Nosh. 
  

When the cellulose strip was fairly deteriorated, a 

variety of fungi were isolated at different pH values. 

Sporotrichum thermophile was isolated from the cellulose 

strip at pH 6.0 - 7.0 after 12-16 days of incubation. 

After the same period of incubation Torula thermophile 
  

appeared at pH 5.0 - 7.0 with maximum frequency of 6% at 

pH 7.0. Cephalosporium sp.was isolated fairly early at 

pH 4.0 and it was also observed at pH 6.4 and 8.0. 

Among the non cellulolytic thermophilic fungi, Humicola 

lanuginosa was fairly common at pH 6.0 - 7.0 after 7-12 

days of incubation. It was normally observed along with 

C. thermophile and rendered the pure isolation extremely 

difficult. However, when H. JLanuginosa was grown on the 

E. & P. cellulose agar, it did not produce any clearing. 

of the cellulose ( Eggins & Pugh 1962 ) and was just able 

to grow; thus confirming its non cellulolytic nature. Other
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non cellulolytic thermophilic fungi like Talaromyces duponti 
  

and Thermoascus aurantiacus were occasionally isolated from 

the cellulose strip at different pH values. 

The deterioration of cellulose strip was extremely rapid; 

60% - 70% of the weight of cellulose strip was lost after 

16 days of incubation (Figure 6a-b).The weight loss 

estimation results are summarised in the bottom columns of 

Tables 19a-b.Maximum deterioration took place at pH 6.0 and 

7.0. C. thermophile seemed to be mainly responsible for the 

weight loss as it was always observed growing all over the 

cellulose strip and it produced maximum clearing of the 

cellulose agar as well. 

The fungal colonisation pattern on the cellulose strip 

at 50° C. shows some interesting features. The initial 

colonisation startéd with C. thermophile and H. insolens 

which are cellulolytic. This was followed by the 

appearance of H. grisea, H. lanuginosa, T. thermophile and 

Streptomyces spp. Among these fungi H. lanuginosa was 

found to be non cellulolytic (Pugh et al, 1964; Yung Chang, 

1967; Fergus, 1969). Its association with other cellulolytic 

fungi was also studied by Yung Chang (1967), who also came 

to the conclusion that H. lanuginosa was non cellulolytic 

and was able to use sugars produced by the cellulase of 

other cellulolytic fungi. Thus it also comes into the 

category of 'secondary colonisers' as defined by Garrett 

(1963). The other fungi which appeared when the cellulosic 

substrate was completely depleted were Cephalosporium sp. 

and Sporotrichum thermophile. M. pusillus was also 

isolated once at the end of the experiment. It did 

not produced any clearing of the cellulose agar thus,
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confirming its non cellulolytic nature. 

The general pattern of fungal succession varied with 

different H-ion concentrations but essentially it remained 

the same except frequency of certain fungi varied at 

different pH values. On the whole pH 6.0 - 7.0 produced 

most deterioration of the perfused cellulose strip and 

most of the thermophilic cellulolytic fungi were isolated at 

these pH values. 

The review of the results at different temperatures 

and pH values has pointed towards the importance of such 

studies. The behaviour of fungi colonising the cellulosic 

substrate in the soil varies with the temperature and pH. 

It has been elucidated by the fact that biodeterioration of 

the cellulose strip was quite different at different 

temperatures and so was the fungal flora. The comparative 

review of the maximum biodeterioration as estimated by the 

percentage weight loss at different temperatures and pH has 

been represented in Figure/7 . The maximum deterioration 

took place at 50°C with optimum deterioration at pH 6.0. 

The maximum deterioration at 35°C was at pH 7.0 whereas at 

25°C it was at pH 6.0.~- 6.4. The deterioration at 50°C 

was extremely rapid as the maximum weight loss was obtained 

in 16 days whereas it took 22-30 days at other temperatures. 

The fungal colonisation of the cellulose strip was very 

much influenced by temperatures whereas pH normally only 

affected the frequency of occurrence of different fungi. 

The succession of fungi on to the cellulose varied with 

different H-ion concentration but essentially it remained 

the same at one temperature. 

Most of our present knowledge about cellulose
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decomposition in the soil has come through ecological studies 

of the plant remains above or in the soil (Hudson 1968) as 

cellulose is one of its constituents. The succession of fungi in 

the present investigation differs from the previous studies 

because of the nature of the substrate. In these investigations 

the substrate used is pure fibrous cellulose whereas previous 

studies were carried out on mixed substrates i.e. hexose sugars, 

cellulose and lignin comprising the plant remains and organic 

matter continuously added to the soil. Apparently, as stated 

by Garrett (1963) there exists a correlation between systematic 

groups of fungi and their ability to decompose; as there is an 

initial phase of Phycomycetes followed by Ascomycetes and then 

Basidiomycetes. As there is no hexose sugar in the cellulosic 

substrate used in the present investigation, the first 

Phycomycetes phase has been eliminated to some extent. Some 

members of this group were isolated but they did not seem to 

play an effective role in the succession of fungi on to the 

substrate. Thus most of the fungi isolated from the cellulose 

strip were found to be cellulolytic to varying degrees. 

The results obtained with the help of the perfusion 

technique have elucidated a successional pattern within the 

cellulose decomposing fungi. The role of Garrett's "secondary 

fungi" has become much more apparent. These fungi may not be 

"sugar fungi'' in the strict sense as stated by Garrett (1963) 

but produce clearing of the cellulose. Thus these fungi, though 

cellulolytic, will colonise the cellulosic substrate only when 

the cellulose has been previously colonised and the breakdown 

products are at a certain concentration. 

Though the nature of these "secondary fungi" changes at each 

temperature, their overall pattern essentially remains the same,
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During the previous studies on the isolation of 

thermophilic fungi, a number of actinomycetes were also 

observed. Their isolation was rendered difficult by the 

relatively rapid rate of growth of some of the fungi. 

The interest in actinomycetes has greatly been increased 

since the discovery of their antibiotic producing capabilities 

(Waksman and Woodruff 1940). Some attention has also been 

paid to the thermophilic actinomycetes and their role in the 

decomposition of cellulose in composts (Waksman, Umbreit and 

Cordon, 1939). However, their role in the soil has been neg- 

lected as their presence is thought to be related merely to 

their ability to survive under mesophilic conditions rather than 

to any significant role that they might play at thermophilic 

temperatures. This discrepancy in knowledge about actinomycetes, 

especially thermophilic actinomycetes is due to the non 

availability of reliable isolation technique and difficulty in 

identifying them even when isolated. 

One of the reasons for their difficulty of isolation 

is their very low competitive ability. Even at very high 

dilutions of soil suspensions for the dilution plate
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technique, the frequency of bacteria and fungi is 

often so high as to render impossible the isolation of 

actinomycete colonies. Thus actinomycetes are at a 

disadvantage, particularly when competing for simple 

readily available compounds. The only advantage in favour of 

actinomycetes could be the possible production of antibiotics 

which help them to compete successfully for a particular 

substrate. Attempts have previously been made to overcome 

these difficulties by using various methods, such as 

the use of selective media, pretreatment of soil samples 

and soil suspension and incorporation of selective inhibitors. 

Several substances have been suggested as selective 

substrates for actinomycetes. Porter, Wilhelm and Tresmer 

( 1960 ) reported that arginine was a selective nitrogen 

source and El-Nakeeb and Lechevalier ( 1963 ) recommended 

an arginine - glycerol - salt medium. Media containing 

Ghitin as the sole nitrogen and carbon source ( Lingappa 

and Lockwood, 1961, 1962 ) and a starch - casein medium. 

( Kuster & Williams 1964 ) have also been recommended 

Agre ( 1964 ) found that peptone - corn medium supplemented 

with 1% starch, is most suitable for isolation of pure 

cultures and for maintaining collections of thermophilic 

actinomycetes. This was used in conjunction with a 

technique involving the incubation of inoculated agar media 

in vials with tightly closed covers. These acted as 

water containing dessicators to secure optimal humidity 

for growth. 

Methods involving pre-treatment of soil samples involves 

mixing the soil with compounds such as sodium propionate or 

calcium carbonate. Crook, Carpenter & Klens ( 1950 ) 

showed that the addition of 0.4% sodium propionate to 

the soil was optimum for the growth of actinomycetes,
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although concentration of 0.8% adversely affected 

their growth. Tsao, Leben & Keitt ( 1960) mixed 

calcium carbonate with soil samples and incubated 

at 28°C. Pre-incubation of soil at 110°C for 10 mins 

and the use of dried plates have been advocated by Agate 

& Bhat ( 1963 ). Pre-treatment of soil suspension has 

also been investigated by Lawrence ( 1956 ) , who 

recommended the addition of 1.4% ( w/v) phenol solution. 

However, phenol has been shown to have a harmful effect on 

the actinomycetes which inhibit the growth of soil bacteria, 

( Rehacek, 1957 ). With the exception of the latter method, 

all of the techniques mentioned have been used for isolation 

purposes with some degree of success. However, Rehacek 

( 1957 ) commented on the condiderable inadequacies of all 

existing isolation techniques and proposed a centrifugation 

method for isolation of actinomycetes. This method is 

based on the differences in dimensions of different species 

of microorganisms. The removal of accompanying microorganisms 

by this method eliminates their antagonistic effects which 

could distort any quantitative estimations of actinomycetes in 

the soil. Moreover, all these isolation techniques do not 

give any information on the colonisation patterns of 

actinomycetes. 

Antibiotics which inhibit fungi have been found 

particularly useful in studies on actinomycetes. Corke 

and Chase ( 1956 ) used actidione to inhibit growth of fungi 

on plates inoculated with an acid forest soil but concluded 

that agricultural soils with pH 6.0 and above contain 

relatively few fungi in comparison with the numbers of 

actinomycetes and bacteria, and thus the addition of actidione
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under these circumstances is not necessary. In a 

comparative survey Porter, Wilhelm and Tresner, ( 1960 ) 

reported that pimaricin, nystatin and cycloheximide were 

used successfully to suppress fungi on isolation plates. The 

most successful agent was pimaricin at a concentration of 

50 ug/ml of agar. All three antibiotics were also found to 

be useful in decontaminating fungus infected Streptomyces 

cultures. WilliamsS& Davies ( 1964 ) found that the most 

satisfactory medium for isolation purposes was Kuster and 

Williams! starch - casein medium containing sodium, penicillin, 

polyimixin - B - sulphate, nystatin and actidione; the 

anti-bacterial antibiotics being used to suppress the growth 

of bacteria in the cultures and thus allow maximum development 

of actinomycete colonies. 

All the above mentioned studies on the effectiveness 

of antifungal antibiotics has been carried out at mesophilic 

temperatures. The behaviour of these antibiotics cannot be 

assumed to be the same at thermophilic temperatures. Moreover, 

the majority of the isolation techniques using selective 

substrates or enrichment procedures have also been carried out 

at mesophilic temperatures. Therefore, it is essential, 

first of all to test the effectiveness of these antibiotics 

at thermophilic temperatures in relation to the selective 

isolation of thermophilic actinomycetes. 

The antifungal antibiotics used were as following: 

  
Commercial Name Antibiotic Manufacturer 

Actidione Cyclohexamide Light 

Mycostatin Nyastatin Squibb | 

Pimafucin Pimaricin Royal Netherland 

Fermentation Co.
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Each of these antibiotics was used independently and 

actidione and mycostatin were used in combination as well. 

Throughout the investigations the antibacterial antibiotics 

used were sodium penicillin and streptomycin . The 

antifungal antibiotics actidione and mycostatin were both 

used at 50mg/ml and pimafucin was used at 25 ug/ml. The 

soil used was the same as described in chapter 2. Two 

isolation media, Eggins & Pugh's cellulose agar and Kusters and 

Williams' starch-casein agar were always used. The 

antibiotics were always incorporated into the medium after 

autoclaving. 

Three methods have been used for the selective 

isolation of thermophilic actinomycetes these are: 

1) direct isolation using dilution soil plate technique 

and Warcup's soil plate technique ( Warcup, 1950) 

2) :Amending the soil with pimafucin, incubating this 

soil and making subsequent isolation using Warcup's soil plate 

technique. 

3) Perfusion technique: different antifungal and 

antibacterial antibiotics were incorporated into either the 

perfusing flask or directly on to the polythene backed 

cellulose paper. 

Direct Isolation 

To prepare the dilution plates, 1 gm of soil was 

added to 100 ml sterile water in a screw top bottle and 

shaken for 30 mins on a shaker. From the resulting 

suspension a further three tenfold dilutions were prepared. 

1 ml sample of these four dilutions wag: used to make the 

dilution plates. Thirty plates were prepared for each 

dilution for both media, six plates being used for each
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antibiotic and six plates were kept as controls. 

For Warcup's soil plate technique, six replicates 

for each antibiotic and six as control samples were 

prepared for both media. 

All inoculated plates were incubated at 45 C. The 

relative humidity of the incubator was maintained around 

80% in order to prevent the drying of the agar. The 

plates were observed after 5 and 7 days of incubation. The 

appearance of fungi and actinomycetes was recorded. 

The results of the isolations are summarised in 

Tables 20 and 21. The appearance of fungi is recorded by 

a positive ( + ) sign whereas the appearance of actinomycetes 

was recorded by the average numbers of colonies per plate. 

  

  

  

  

  

Table 20 

Isolation es oe by soils dilutio he method using E & P 
cellulose agar (CA) and starch casein agar (s 

SOIL DILUTION 

ANTIBIOTIC 2 
107 10..| 10-4 } 3107 

CA SC | CA SG); CA SC |} CA SC 

Actidone Fungi eee se east Th Get + + 

Actinomycetes oe ee ee eo ge 

Mycostatin Fungi res + es Facer + 

Actinomycetes - - Beg Beat Ss ee eae 

Actidione & Fungi + + ae yet Aces te a 

Mycostatin Actinomycetes - - re eS es 

Pimafucin Fungi = = Ee ee See eee 

Actinomycetes ae | Bie 1 a 3g 

Control Fungi ea + + + + ae 

Actinomycetes - - Se a pees           
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Table 21 

Isolation results obtained from E. & P. cellulose agar (CA) and 

Starch Casein medium (SC) using Warcup's soil plate technique 

with four antibiotics, 

  

Actidione & 

Actidione | Mycostatin] Mycostatin | Pimafucin} Control 

  

CA SC CA SC CA S16) CA SC CA SC 

Fungi + ta af : ota alg - - + 

Actinomycetes - 1% 1 2 is oa 1 3 Bee           
      

Average number of colonies per plate 

It is clear from these tables that pimafucin proved 

to ‘be the most effective antifungal antibiotic. A 100% 

suppression of fungi on all the plates using both Warcup's 

soil plate and dilution plate technique was obtained by 

using this antibiotic. The comparative review of these 

results also show that more colonies of actinomycetes 

were observed on the cellulose agar than on the starch-casein 

medium. This further points towards the active role played 

by actinomycetes in cellulose decomposition in the soil. 

The ineffectiveness of other antibiotics can be 

attributed to the high temperature ( 45°C ). Williams 

and Davies ( 1964 ), working at mesophilic temperatures, 

reported that a combination of mycostatin and actidione was 

most successful in suppression of fungi due to the broad 

Spectrum of antifungal activity of a combination of these 

two agents. However, at thermophilic temperatures, results
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to the contrary effect have been recorded during these 

experiments. None of the antibiotics except pimafucin 

was able to suppress the fungi, though actinomycete 

colonies were observed on Warcup's soil plates containing 

actidione and mycostatin separately. 

Soil Enrichment. 

The information about the effectiveness of various 

antifungal antibiotics from the above mentioned studies was 

used in these experiments. Therefore, pimafucin was used to 

amend:. the soil before incubation. As it has also been 

indicated that thermophilic actinomycetes may play a role 

in cellulose decomposition, the soil was also enriched with 

‘cellulose. 100 gms of the wet soil was enriched with 4 gms 

of Whatman chromotography cellulose powder and was thoroughly 

mixed. From this cellulose enriched soil, 10gm samples 

were taken and placed in each of the six petri dishes. A 

10% suspension of the 2%% pimafucin containing 125mg/ml was 

prepared in sterile water and 2 ml, 25ml, 3.0 ml, 3.5 ml and 

4.0 ml of this were added to each of the petri dishes containing 

soil and thoroughly mixed. The sixth petridish containing 

soil was left unsupplemented with pimafucin. 

Using Warcup's technique, soil plates were prepared using 

E & P cellulose agar and glucose-starch agar. Both media 

contained 25ug/ml of pimafucin and antibacterial antibiotics. 

Three replicates were prepared for each medium and for 

each volume of pimafucin added to the soil. The plates 

were incubated at 45°C. The Petridishes containing 

enriched soil were also incubated at 45°C and subsequent 

isolations were made after every 2 days up to 10 days. 

Observations of all the plates were made after 7 days of
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Isolation re 
2 

122 

sults obtained by Warcup's method by enriching the soil with 

  
cellulose, 

  

  

  

  

Volume of Time of Incubation of Soil in Days shin ne 

Pimafucin i 3 ta Isolations 

added to a & 4 

soil in mls.| GA |GS|CA|GS]CA|GS|CA} GS |CA| GSj;]CA|;]GS|CA GS 

0 + + 3 2 

20 Se at a. Eat 3 1 

225 aa te EE hcl area ata 9 4 

3.0 Seales ee Prot er 9 1 

3.5 H+ | + + ++ Ore 

4.0 te P+ - < + OG, 4                           
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incubation. The frequency of isolation of actinomycetes 

was determined by recording the presence or absence of 

colonies in each sample; a positive record being given 

if colonies occurred on.any of the three replicates. 

The results of the frequency of occurrence of 

actinomycetes are summarised in the Table 22. On cellulose 

agar containing no pimafucin, the occurrence of actinomycetes 

ceased after 2 days of incubation of the soil. On plates 

containing 2 ml pimafucin suspension, no actinomycetes were 

isolated until 8 days of the incubation of the soil. The 

total number of isolations was highest on plates containing 

2.5 and 3 ml pimafucin ) 

On glucose starch agar no actinomycetes were isolated 

from soil containing no pimafucin. Even from the soil 

containing pimafucin, actinomycetes were only isolated in 

the beginning of the incubation of soil and were not isolated 

later. 

From these results it is quite clear that the addition 

of pimafucin to the cellulose enriched soil allows maximum 

isolation of thermophilic cellulolytic actinomycetes. The 

incubation of this enriched soil also helps in their isolation 

as actinomycetes present in the soil are activated and then 

can be easily isolated. Moreover, due to the effective 

suppression of the fungi by the addition of pimafucin, the 

competitive ability of actinomycetes is raised and enables them 

to manifest themselves on the cellulose medium. 

The advantages of' a selective isolation procedure have 

once again been shown by the low frequency of occurrence of 

actinomycetes on glucose-starch medium as compared with the 

selective cellulose medium.
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Perfusion Technique 

In order to explore further possibilities of the 

isolation of thermophilic cellulolytic actinomycetes, the 

perfusion technique was also used. Thirty perfusion 

devices were made as described previously. The cellulose 

substrate was perfused with Eggins & Pugh's nutrient salt 

solution. Due to the insoluble nature of mycostatin and 

pimafucin, actidione was chosen for use in this technique. 

Actidione was added to the nutrient solution at a 

concentration of 50ug/ml. The antibacterial antibiotics 

sodium benzyl penicillin and streptomycin sulphate were 

also added to the perfusing solution at a concentration of 

1.0 ug/ml. 

Another similar experiment was run using pimafucin. 

As mentioned earlier, due to its insoluble nature it is 

difficult to incorporate it into the perfusing nutrient 

solution. Therefore, a suspension of pimafucin was 

prepared in sterile water containing 25ug/ml pimafucin. 

Thirty pieces of 9 cms long fibre glass tape used for 

screening the cellulosic substrate were sterilized ani then 

soaked in the pimafucin suspension overnight. Another 30 

perfusion devices were made and the soaked tapes were then 

placed on to the cellulose substrate, after autoclaving, so 

that the pimafucin solution was constartly present in contact 

with the substrate. 

In order to allow enough replication, three cellulose 

strips were sacrificed for each experiment after every 

day for the first three days, then every following two days 

for a total period of 16 days. The strips were first
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Table 23: Isolation results obtained by perfusion technique using actidione 

and pimafucin as antifungal antibiotic, 

  

  

  

  

Day of ACTIDIONE PIMAFUCIN 

Incubation Fungi Actinomycetes Fungi Actinomycetes 

1 a = y 

2 ++ + + 

3 ++ + + 

5 +++ ++ 4 

7 +++ + ++ 

9 +++ + ++ 

11 ++ +++ 

13 ++ + + ~ +++ 

15 +++ +++             
aa poor growth 

++ moderate growth 

+++ excellent growth
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observed under a microscope and then infected parts 

were selected, cut aseptically and plated on to 9 

cellulose agar petridishes, all containing pimafucin. 

The inoculated petridishes were incubated at 45°C and 

then observed after 7 days for recording the presence or 

absence of actinomycetes or fungi. 

The results of these experiments are summarised in 

Table 23. Actidione was once again found to be completely 

ineffective in suppressing the fungi and thus the isolation 

of actinomycetes was rendered difficult. Actinomycetes 

were isolated only once after 14 days of incubation. This 

much frequency of actinomycetes can even be achieved 

without using any antibiotic. The most common fungus was 

found to be A. fumigatus 

The isolation results obtained by using perfusion sets 

containing pimafucin showed a different picture. The 

growth of cellulolytic thermophilic fungi was greatly 

suppressed. After 9 days of incubation of the perfusion 

sets, actinomycetes could be seen growing on the cellulose 

strip. After the same period of incubation A. fumigatus 

was also observed growing on the edges of some of the cellulose 

strips, though its frequency of occurrence and growth was 

quite small as compared to the results obtained by the 

perfusion of actidione. The fungi growing on the cellulose 

strip when inoculated on to the cellulose agar, grew only on the 

piece of cellulose strip and not on the cellulose medium 

containing pimafucin, whereas the actinomycetes grew both on 

the inoculated cellulose strips and on the cellulose medium. 

These results have also proved the effectiveness of 

pimafucin for the selective isolation of thermophilic
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actinomycetes. The use of pimafucin in the perfusion 

technique has given quite encouraging results. Nevertheless 

the incorporation of pimafucin could be made more effective 

by soaking the cellulose strips in its suspension before 

inoculating soil on top of it. The observation regarding the 

growth of A. fumigatus on the piece of cellulose strip and 

not on cellulose agar containing pimafucin could thus be 

overcome. In order to eliminate A. fumigatus considerably, 

it has been found during present investigations, that its 

frequency of occurrence is very’ low at 50° C. Thus the 

selective isolation of thermophilic actinomycetes would be 

comparatively easier at 50°00. than at 45 wis 

The use of the perfusion technique after the above 

mentioned alteration could then be applied to the hitherto 

relatively unexplored field of the ecology of thermophilic 

actinomycetes by working on one variable at a time and keeping 

other micro-environmental factors constant. 

Identification of the Thermophilic Actinomycetes. 

The actinomycetes isolated so far, could be differentiated 

into 6 different isolated on the basis of their cultural 

morphology. These isolates were numbered from 1 - 5. The 

method of classification used for the Streptomycetes was the cod 

system of Cross and MacIver (1966). This system is based on a 

number of characteristics thought to be most useful in the iden- 

tification of species. These characteristics are melanin 

production, surface morphology of spores, aerial mycelium 

morphology, colours of aerial and substrate mycelia and 

carbon compound utilization. 

The results of these tests with isolates No. 1 - 5 are
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summarised below: - 

Isolate No. 1 

Streptomyces = .M259S1, Ad; C25. 61,° U4, 3y-7. 

i.e. melanin negative, smooth spores, open loop sporophores, 

grey aerial mycelium, buff substrate mycelium, ability to 

utilise mannitol, raffinose, sucrose. 

Isolate No. 2 

Streptomyces. M2,.,S3.A2, C25, Gl, Usy 45 75:85 

i.e. melanin negative, smooth spores, flexour sporophores, 

grey aerial mycelium, buff substrate mycelium, ability to 

utilise fructose, mannitol, sucrose, xylose. 

Isolate No. 3 

Streptomyces: M2, SlicA2. C2).Gl; (Us, 34:2. 

i.e. melanin negative, smooth spores, flexous sporophores, 

grey aerial mycelium, buff substrate mycelium, ability to 

utilise fructose, inosital, sucrose. 

Isolate No. 4 

Streptomyces MZ, SI, .A3;, C2, Gi, UG; 7. 

i.e. melanin negative, smooth spores, open hook sporophores, 

grey aerial mycelium, buff substrate mycelium, ability to 

utilise mannitol, sucrose. 

Isolate No. 5 

Streptomyces *“M2,..S1, Al, C2,.6), UL, 2.) 3, 4,0) 6, 78s 

i.e. melanin negative, smooth spores, flexous sporophores, 

grey aerial mycelium, buff substrate mycelium, ability to 

utilise arabinose, fructose, inositol, mannitol, raffinose, 

rhamose, sucrose, xylose.
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This method of classification described is an attempt 

to co-ordinate certain characteristics considered as good 

taxonomic characters into a working system. Although the 

laying down of codes to define the characteristics aids in the 

classification of the techniques and factors used in 

Streptomycete taxonomy, certain problems, such as the subjective 

nature of colour determination still remain. However, using 

this system in conjunction with other literature (Bergey, 1939) 

isolate nos. 2 and 3 were found to conform to the description 

of Streptomyces thermoviolaceus var pingens Henssen. 

Isolates 1 - 6 were sent to Dr. T. Cross, University of 

Bradford, England, for further identification. S. thermoviolaceu 
  

var pingens was confirmed. Isolates no. 4 and 5 were thought 

to be the strains of Streptomyces rectus Henssen, although the 

production of the soluble dark brown pigment usually produced 

by this organism did not occur in either of the isolates. 

Isolate No. 1 could not be identified further than 

Streptomycetes sp. This culture was catalogued as 

Streptomyces CUB 59 at the University of Bradford. Isolate 

No. 6 was identified as Actinomadura glauca. It had light 

blue colour and grew well on the cellulose agar. 

The cellulolytic ability of all the isolates was 

also examined by estimating the weight loss of the cellulose 

paper inoculated with these isolates. The perfusion 

technique was again used for this purpose; 1 cm. wide 

polythene backed cellulose paper was used and was perfused 

with E & P salt solution. A standard inoculum using 1 cm. 

diameter cork borer was used to inoculate the perfused cellulose 

strip. Fifteen perfusion devices were set up for each isolate
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Three cellulose strips were sacrificed for each isolate, 

atter-1,.2,*3; .and 4 weeks. Three perfusion devices were 

kept as controls. From every cellulose strip, 7 cms 

were cut and dried to constant weight at 116-0. 

The results are represented in Table 24. 

Table J/ 

% Weight Loss, of the perfused cellulose strip caused by different 

species of Actinomycetes, 

  

Period of Incubation 

ACTINOMYCETES   

1 week 2 weeks 3 weeks 4 weeks 

  

  

Actinomadura glanca 

Streptomyces sp. 

(CUB 59) 

Streptomyces 

thermoviolaceus var 

pingens 

Streptomyces sp. 

(S, rectus) 

Streptomyces sp, 

(S, rectus)   

1.3% 

2.6 

0.8 

0.0 

0,0   

11.0% 

43 

2.6 

4.1 

0,0   

22.3% 

4.4 

8.0 

noe 

0,0   

33.0% 

14.07 

1 Bae 

3.5 

O30 
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Four out of the five actinomycete species tested, 

produced weight loss of the perfused cellulose strip. The 

maximum pecentage weight loss was produced by Actinomadura 

glauca after 4 weeks of incubation and perfusion of the 

cellululose strip. S. thermoviolaceus var pingens and a strain 

of Streptomyces sp. (CUB 59) produced moderate weight loss. 

A strain of Streptomyces sp.(S. rectus?) produced very little 

weight loss whereas another strain of the same species 

produced no weight loss even after 4 weeks of incubation. 

(Both these strains are thought to belong to S. rectus by 

Dr. T. Cross, University of Bradford). 

The cellulolytic ability of all these species have also 

been tested using Rautella and Cowling's technique (Rautella 

and Cowling, 1966) as described previously. Any appreciable 

clearing was observed only in the case of A. glauca and 

Streptomyces sp. (CUB 59). The results have been recorded in 

Chapter 6 where these species are recorded as Streptomyces sp. 

No. 1 and No. 2 respectively. The clearing in the case of 

S. thermoviolaceus var pingens could not be observed due to 

the production of deep pink pigment. Two strains of S. rectus 

did not produce any measurable clearing at all. 

Cellulose decomposition by thermophilic actinomycetes has 

also been studied by some workers (Henssen, 1957; Waksman, 1959, 

1961) but only qualitatively and on a mixture of cellulose 

and some other readily available organic compound.Very little 

exact information concerning the ability of many thermophilic 

actinomycetes to produce cellulolytic enzymes is available. 

Fergus (1969) found S. thermoviolaceus var pingens to be the 

only actinomycete to degrade filter paper effectively. Apart 

from these studies there has been very little work done on 

the ecology of thermophilic actiomycetes. This lack of
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knowledge is mainly due to the inadequate isolation techniques 

and the use of ineffective antifungal antibiotics. This 

discrepancy in our knowledge has resulted in the fact that 

during the formulation of new biocides, the role of 

actinomyces in biodeterioration is normally ignored as there 

is not enough information available on their ecology. 

The role of these microorganisms in biodeterioration 

has been reviewed by Williams (1966). It was shown that 

actinomycetes can attack a wide range of dead plant materials. 

Some studies have also shown that these microorganisms play 

a major role in the heating processes causing spoilage of 

hay (Gregory and Lacey, 1963). On the other hand, this 

process could be useful for composts in which mushrooms are 

to be cultivated (Fergus, 1964).
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A. Nitrogen Nutrition. 

Most of the physiological studies on fungi have 

been carried out using non cellulolytic fungi growing 

on sugars as carbon source ( Foster 1939; Steinberg 1939 ) 

The relationship between nitrogen and carbon assimilation 

in the formation of humus from cellulose in the soil have 

_ been investigated ( Jensen 1931; Waksman 1938). Greathouse 

& Ames ( 1945 ) investigated the effects of different 

nitrogen sources for 16 spp. of Chaetomium. Basu ( 1948 ) 

carried out similar studies on different cellulolytic fungi. 

Siu & Sinden ( 1951 ) studied the effect of various mineral 

and environmental conditions on the growth of some mesophilic 

fungi growing on cellulose. There are a few other scattered 

studies on the mineral nutrition of cellulose decomposing 

fungi earlier of which are reviewed by Sia: (19389: in his 

monograph. 

It is well known that soil fungi use the carbonaceous 

material of the soil as energy for their growth and the 

available nitrogen in building their mycelial tissue. This 

nitrogen may be used in the inorganic form as nitrate, 

nitrite or amonium or in the various amino forms. The
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use of nitrogen by fungi is always associated with 

the use of energy material and it has been pointed out 

that this nitrogen, if not an abolute necessity in the 

decomposition of cellulosic materials is definitely an aid 

in this process and hastens the utilisation of cellulose 

by the fungi ( Heck 1927 ). The amount of nitrogen 

necessary in this decomposition process has been estimated 

by Waksman & Heukelkim(925, 26 and Jensen (931). In 

general, for each gram of nitrogen taken up about 25-55 grams 

of cellulose are decomposed. Such figures can be misleading 

since the growth of fungi may depend on a mobilisation of 

nitrogen from older hyphae and use of it for new growth, 

( Cochrane 1958 ). Morton and Broadbent ( 1955 ) observed 

during their studies with Scopulariopsis brevicaulis that 
  

nitrogen is neutralised after exhaustion of available 

exogenous nitrogen. 

Organisms differ in respect to their preferences for 

sources of nitrogen ( Cochrane 1958, Siu 1951 ). Greathouse 

& Ames ( 1945 ) have shown this difference in different 

species of Chaetomium. Dawson ( 1919 ) found A. fumigatus 

to prefer inorganic nitrogen to organic, whereas the reverse 

was found to be for H. grisea. Among the inorganic nitrogen 

sources there is a differential response of fungi to two 

utilisable classes of compounds namely nitrate and ammonium. 

Basu ( 1948 ) studied the nutrition of some cellulolytic 

fungi and compared their cellulose decomposing ability using 

sodium nitrate, ammonium nitrate, asparegine and peptone as 

the nitrogen source, Heukelkian and Waksman ( 1925 ) found 

that T. koningi: and Penicillium sp.preferred anjoni.um nitrogen 

to nitrate nitrogen. Siu «1951. )}. used Hoth amonium and 

nitrate nitrogen to study the rate of cellulose breakdown
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by Myrothecium verrucaria, Curvularia lunata and 

A. flavipes. In addition to these studies, there have 

been a few other scattered studies on the mineral nutrition 

of cellulose decomposing fungi, earlier work having been 

reviewed by Siu ( 1951 ) 

All these studies on nutrition have been carried out 

on an artificial medium using pure cultures of the fungi. 

In doing so, as stressed previously, the ancillary 

environmental conditions around the fungus cannot be kept 

constant. For instance when a fungus is grown with an 

ammonium salt as the sole source of nitrogen, the reaction 

of the medium tends to become more acid. Fungi vary in 

the rate at which their growth leads to increasing acidity 

of an ammonium salt medium and also in their toleration of a 

low pH ( Hawker 1950 ) 

In order to study the effect of different inorganic 

nitrogen and organic nitrogen sources on the fungal 

colonisation of the cellulosic substrate, perfusion technique 

has again been used. 

In the previous studies on the colonisation patterns: 

of the cellulosic substrates ammonium sulphate has been used 

in E. & P. salt solution as inorganic source of nitrogen 

( Eggins & Pugh 1962 ). In this medium asparagine & yeast 

extract, provided as an organic nitrogen source. These 

two sources of nitrogen have been commonly used for culturing 

cellulolytic fungi. 

The effect of different nitrogen sources on the 

colonisation of a cellulosic substrate has been demonstrated 

by replacing the nitrogen source from the perfusing E. & P. 

salt solution. Different nitrogen sources used were
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ammonium nitrate and potassium nitrate instead of ammonium 

sulphate; arginine instead of asparagine. The effect of 

asparagine was also observed by comparing the results after 

eliminating it from the: perfusing. solution. 

In order to allow enough replication, 60 perfusion 

devices were set up as described previously, for each nitrogen 

source. Every time four such devices were sacrificed; out of 

these, three were used for estimating the weight loss of the 

cellulose strip while the fourth strip was used for isolating 

fungi by cutting the strip aseptically and inoculating it 

onto six E.&P. cellulose agar petri dishes. Out of these, 

three petri dishes contained the same nitrogen source as 

perfused while the rest of the petri dishes contained ordinary 

cellulose agar. The inoculated petri dishes were incubated at 

25°C and observed after 7 days of incubation. 

The results of the fungal colonisation of the cellulose 

strip when perfused with different sources of nitrogen are 

summarised in Tables 25 - 28. 

The colonisation of the cellulose strip perfused with 

E.&P. salt solution containing ammonium nitrate was quite 

rapid and the number of fungi and their frequency of 

occurrence was quite high (Table 25). The initial colonisation 

started with Fusarium solani which remained dominant 

through out the process of deterioration of the cellulose 

strip. Another three species of Fusarium namely 

F. sporotrichiodes, F. oxysporum and F. moniliforme were also 

occasionally isolated. Trichoderma viride was isolated after 

6 days and it remained fairly common afterwards; but still 

its frequency of occurrence was much lower as compared to 

F. solani. The species which occurred after 4 days were
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Table 25: Percentage frequency of occurrence of fungi isolated from the 

cellulose strip perfused with E.&P. salt solution containing 

ammonium nitrate. 

  

Days of Incubation 
  

FUNGI 8 2 16 22 26 30 
  

CAx CA CA} N CA IN CA | N CA CA CA} N 
  

  

Fusarium 

solani 

Fusarium 

sporotrichoides 

Fusarium 

oxysporium 

Trichoderma 

viride 

Humicola 

grisea 

Paecilomyces — 

elegans 

Gliocladium 

roseum 

Penicillium 

Spp. 

Chaetomium 

globosum 

Mucor 

globosus 

Zygorhynchus 

moelleri 

Diococcum 

asperum 

Aspergillus 

fumigatus 

Arthrobotrys 

Sp. 

100 

66 

33 

    

33 

66 

33 

33 

100 

33 

22 

    

100 

oa 

33 

66 

32 

  

33| 66 

66 

53 

33 

on 

66 

33 

100 

33 

33 

100 

    

Ie Lon 

66 

33 

66 fl00 

100 | 66 

NOG 35 

66 

66 | 66 

  

100 }100 

33 | 66 

66 | 33 

66 

33 | 66 

SF +92 

66 | 66 

100       

66 

66 

a 

ee 

ae 

ao 

ae 

at 

66 

ae 

33   

66 

aa 

33 

66 

i 

66 

100 

100   

a2 

66 

33 

66 

i 

33 

33 

100 

66   

100}100 

100 {100 

33 

33 

100) 33 

66 

Oa Le     
  

* E & P Cellulose Agar. 
+ E & P Cellulose Agar containing Ammonium Nitrate, 
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Paecilomyces elegans and Mucor globosus. P. elegans remained 

quite common up to 26 days while M. globosus was occasionally 

isolated. Humicola grisea, Gliocladium roseum, Penicillium sp. 

and Chaetomium globosum were isolated after 8 days of 

incubation. C. globosum was isolated only twice (after 8 and 

22 days) on ammonium nitrate medium, whereas P. elegans and 

G. roseum were fairly common between 8 and 26 days of 

incubation and were observed growing well on both media contain- 

ing ammonium nitrate and ammonium sulphate (E & P cellulose agar) 

Nematodes were observed ramifying through the cellulose strip 

after 16 days of incubation. Arthrobotrys sp. was isolated 

between 26 and 30 days of incubation. A. fumigatus was isolated 

between 16 and 30 days of incubation. When the cellulose strip 

was completely deteriorated, F. solani and T. viride were still 

most common in occurrence. H. grisea, Penicillium sp. and Mucor 

globosus along with P. varioti also made their appearance. 

Penicillium sp. produced a pink pigmentation on the 

paper whereas F. sporotrichiodes produced a dark yellow 

colouration on the cellulose strip. P. elegans could normally 

be observed under the sterjoscopic microscope growing on the 

cellulose strip. 

The results of the perfusion of the cellulose strip with 

E & P salt solution containing potassium nitrate instead of 

ammonium sulphate are summarised in Table 26. F. solani and 

T. viride were again very common and were found to be early 

colonisers. F. sporotrichiodes was also occasionally 

isolated on E & P cellulose agar containing ammonium sulphate. 

T. viride and F. solani were equally common on both types of 

cellulose agar media: one containing ammonium sulphate (CA) 

and the other containing potassium nitrate (N). Penicillium sp.
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and &M. globosus were also isolated as early as 2 days and 

were both occasionally isolated through out the period of 

incubation. After 4 days A. fumigatus appeared on the 

cellulose strip and had the highest frequency of occurrence 

after 12 days of incubation. P. elegans was isolated between 

4 and 16 days of incubation. C. globosum made its appearance 

between 6 and 12 days but its frequency of occurrence was not 

very high. H. grisea was isolated between 8 and 20 days of 

incubation. Sordaria fimicola was observed between 6 and 

16 days and was mainly isolated nitrate medium. Coniothyrium 

fuckeli appeared when the cellulose paper strip was fairly 

deteriorated. It was first isolated after 16 days of incubation. 

When the cellulose strip was completely deteriorated, T. viride, 

F. solani, A. fumigatus, G. roseum and C. fuckeli could 

still be isolated. In addition to these P. varioti was also 

isolated between 20 and 30 days of incubation. 

The number of fungi isolated from the cellulose strip 

when perfused with E.&P. salt solution without L-asparagine 

and yeast extract (level of inorganic nitrogen was same as 

normal in E.&P. salt solution) was comparatively low (Table 27). 

F. solani and T. viride were isolated after 2 days of 

incubation. T. viride had nearly the same frequency of 

occurrence on both types of media i.e. E.&P. cellulose agar 

and E.&P. cellulose agar without L-asparagine and yeast 

extract whereas F. solani had an extremely low frequency of 

occurrence on the latter medium. A. fumigatus and 

M. globosus also made their appearance between 2 and 8 days 

of incubation. P. varioti was isolated twice after 8 and 10 

days only on the medium without L-asparagine and yeast extract, 

G. roseum was isolated once after 10 days on E.&P. cellulose 

agar only. Penicillium sp.made its first appearance after 8
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Table 27: 
without L-asparagine and yeast extract. 

Percentage frequency of occurrence of fungi isolated from the cellulose strip perfused with E.&P. salt solution 

  

FUNGI 

Days of Incubation 
  

8 10 14 18 ee, 26 30 
  

CA -A* CA -A CA -A CA -A CA -A -A CA -A CA -A CA 

  

  

Fusarium 

Sp. 

Trichoderma 

viride 

  

Aspergillus 

fumigatus 

Paeciliomyces 

varioti 

Gliocladium 

roseum 

  

Penicillium 

funiculosum 

Paeciliomyces 

elegans 

Mucor 

globosus   

33 

100   

33 

33 

100   

100 

100 

100   

a2 

100 

33 

  

100 

2 

  

100 

33 

  

100 

a 

66 

100   

33 

33 

33 

66 

  

100 33 

100} 100 

p> 

66 | 100 

100; 100     

66 

100 

100 

  

100 

100 

33 

100 

100 

66     

100 

66 

  

33 

100 

33 

66   

100 

100 

66   

66 

100 

33 

100 

    

100 

100 

33 

66 

106 

  
  

E & P cellulose agar without L-asparagine and yeast extract,
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days and remained fairly common through out the period of 

incubation. It was isolated on both media with and without 

L-asparagine and yeast extract. Paecilomyces elegans was also 

isolated after 14 days and was continuously isolated mostly 

on E.&P. cellulose agar up to 30 days of incubation. 

Trichothecium sp. was also isolated once after 14 days. When 

the strip was quite deteriorated, Graphium sp., H. grisea 

and S$. fimicola were observed growing on the cellulose strip. 

The results of the perfusion of the cellulose strip with 

E.&P. salt solution containing arginine instead of asparagine 

are summarised in Table 28. The initial colonisers were 

again F. solani and T. viride but their frequency of occurrence 

decreased considerably towards the end of the incubation 

period. In addition to these F. oxysporum was fairly common 

in the begining but was occasionally isolated at the end of 

the incubation period. H.grisea was found to be the most 

dominant species since it was first isolated after 2 days 

and was repeatedly isolated through out the experiment. 

Penicillium funiculosum was isolated between 4 and 20 days of 

incubation. It:-had.a quite low frequency of occurrence. 

P. elegans also had a similar frequency but was only isolated 

between 4 and 12 days of incubation. G. roseum was also 

occasionally isolated only on E.&P. cellulose agar. S. fimicola 

was isolated after 16 and 20 days only. Its perithecia 

were found growing on the cellulose strip. A. fumigatus was 

also isolated between 16 and 30 days of incubation. When the 

cellulose strip was completely deteriorated, F. solani, 

T. viride, G. roseum, H. grisea and A. fumigatus was stil. 

present and were isolated on the cellulose agar. 

H. grisea normally produced black patches on the cellulose



Table 28: Percentage frequency of occurrence of fungi isolated from the cellulose strip perfused with E.&P. salt solution 

containing L-arginine instead of L-asparagine. 
  

Days of Incubation 
  

FUNGI 2 4 6 8 12 16 20 a4 28 30 

  

CA Are CA Arg | CA Arg | CA Arg | CA Arg | CA Arg | CA Arg|CA Arg] CA Arg GA Arg 

  

  

Fusarium solani |100 66 100 66 100 100 100 66 10056333 100 100] 66 33 33 32 

Le viride 66 1003, 33 B32 53 66 66 33. Soe 33 93 35 33 

F, oxysporum 100" “33 66 66-39 33 66 i, 

G, roseum a2 33 66 33 33 

Mucor globosum 33 a0 3 i 

H, grisea 33 66 66 SI 1.00 100,233 66 66 66 33 1100 33 M00 66 66 66 1005 33 

P, funiculosum (. 33 33: Bo 33 66 is i eS 

Paecilomyces* Es 33 > 33 

elegans 

Penicillium sp. 33 33 

Zygorhynchus 66:- “66 66 100 66 

moelleri 

P, varioti BS 

Sordaria 100 100 33 

fimicola 

Aspergillus | 33 33 33 33 

fumigatus 

  

                        
E.&P. cellulose agar containing L-arginine instead of L-asparagine 

yee 
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(without L-asparagine : g 
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20) Te ~” JP 

10 4 7 . He 

peat 
te 

@ t 4 + —t 
10 20 30 10 20 30 

Days of Incubation Days of Incubation 

Figure 8: Average percentage weight loss of the cellulose strip 

perfused with E.&P. salt solution containing different 

nitrogen sources,
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strip and its dark brown chlamydospores could be observed 

under the stereoscopic microscope. 

The weight loss results of the cellulose strip perfused 

with varying sources of nitrogen are summarized in Tables 29a-d 

and are represented in Figure 8. There was not much 

difference in the maximum percentage weight loss of the 

cellulose strip at different nitrogen sources. Most 

weight loss was recorded when the cellulose strip was 

perfused without any organic nitrogen source. It was as 

high as 63.1 t 2.5 per cent. It is evident from Table 27, 

that T. viride and F. solani were most dominant during this 

perfusion;these species might be responsible for this 

maximum weight loss. Bravery (1968) found L. asparagine and 

yeast extract to have an inhibitory effect on the cellulose 

decomposing ability of the fungi and he recomended their 

omission from the medium. Perfusion of ammonium nitrate and 

potassium nitrate produced nearly the same extent of 

deterioration of the cellulose strip. The weight loss 

estimated after the perfusion of arginine as the organic 

source of nitrogen was comparatively low as it reached 

only 48.5 per cent. 

The relatively small difference in the deterioration of 

the cellulose strip, produced by perfusing different nitrogen 

sources does not imply that the fungal flora isolated and 

their frequency of occurrences were also the same. The 

average frequency of occurrence of all the fungi isolated are 

represented in Figure 9. It is evident from these results 

that the fungi which have been isolated at all the nitrogen 

sources have a varying frequency of occurrence. T. viride 

had quite high frequency with potassium nitrate and when 

perfused without any organic nitrogen,whereas when perfused
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Table 29: Percentage weight loss of the cellulose strip perfused with 

  

  

a-d E.&P. salt solution containing different nitrogen sources, 

a) ss 

Days of 

Incubation % Weight Loss Mean eu, 

4 1.6 Beh O.5 eS WL 

8 nae Deo Ve Del mel 

12 6.3 2.9 8.6 5.9 2.8 

16 44.5 18.1 20541 TH 1 G8 

20 31.6 24.6 27,8 Aoi0-t Bey 

24 29.8 ata Adee 36,212 556 

28 4.8 49.7 51.1 ji ay a 

30 49.3 51.8 53.4 sto eae       
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Table 29 

b) NH)NO, 

Days of 

Incubation % Weight Loss Mean} SD 

z eke 1.8 Sy 2.6] 0.6 

8 2.9 il ont oat 

12 6.4 Vel a4 6,2] 0.9 

16 16,8 10, 103 To. Uses 

20 28.2 24.3 1957 O)AlAe 

24 34.7 38.1 29,8 34.2)4.1 

28 Lod. Ls. S 49.6 47.2) 267 

30 Shes 46,1 oye 50.5) 4.1         
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Table 29 

c) E,&P. salt solution without L-asparagine and yeast extract 

  

  

Days of 

Incubation % Weight Loss Mean S.D. 

8 a 2.8 Fol 2.6 0.6 

10 13.0 14.7 15.5 14.4 tue 

14 19.6 Zoe a1.5 20.4 0.9 

18 27,6 39.5 40.3 2954 ‘lee 

22 42.7 AY,5 44.1 42.7 te 

26 48,2 49.1 50.8 49.3 1.3 

30 66,0 6154 62.3 63.1 a           
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d) Arginine 
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Days of 

Incubation % Weight Loss Mean B.D: 

4 1.8 7.6 5.6 5.0 29 

8 10.8 8.2 9.6 9.5 153 

ie Vk 78 5.6 8.3 eet 

16 1795 aa 16.4 19.0 vee 

20 16.7 1592 2055 alae 2.6 

24 aah 44.0 38.6 38.0 6.3 

28 48.8 54.3 36.7 46.6 9.9 

30 50.6 47.8 eT a 48.5 1.8       
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Percentage frequency 
of 

Occurrence T. viride 

80 F. solani H. grisea 

60 

40 

20,, 

0 

P. funiculosum G. roseum P. elegans 

40 

30 

20 

10 

0 

40 

30 C. globosum A. fumigatus P. varioti 

20 

10 

ee aor es 

40 
F. sporotrichioides F. oxysporum Arthrobotrys sp. 

30 

20 

: ae Ve ob Ee 
z 2 f eas ¢ 3 

gsi a Be 2 ee: 
ae nh ZA wood oe 

roa P a8 x 2 # Be Bo 4 B 4 4 
Figure 9: Average percentage frequency of occurrence of fungi isolated from 

the cellulose strip perfused with E.&P. salt solution containing 

different nitrogen sources,
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with ammonium nitrate and arginine it was quite low in 

occurrence. Similarly F. solani had its maximum frequency 

of occurrence with potassium nitrate and minimum with 

inorganic nitrogen source (ammonium sulphate only). 

l 

F. sporotrichiodes have been recorded with potassium 
  

nitrate and ammonium nitrate while F. oxysporum was found 

with ammonium nitrate and arginine. Chaetomium globosum 
  

was also found with potassium nitrate and ammonium nitrate 

whereas S. fimicola was present with potassium nitrate 

and arginine. Coniothyrium fuckeli was isolated with 
  

potassium nitrate only. All these fungi have been 

reported previously to utilize nitrate nitrogen (Robins, 

1937). This does.not mean that these fungi can not grow on 

ammonium nitrogen but it simply indicates their preference 

(Lilly and Barnett,1951). H. grisea had the highest 

percentage frequency of 61.0 when perfused with arginine 

whereas it was 14.0% and 22.0% with potassium nitrate and 

ammonium nitrate respectively. Dawson (1919) and Reese 

(1946) also found similar results. Paecilomyces elegans . 
  

was also isolated with all the four nitrogen sources; it 

had its maximum frequency of occurrence with ammonium 

nitrate. P. varioti was also found to be present with all 

the nitrogen sources but its frequency was much lower than 

P. elegans. Arthrobotrys sp. was only.isolated with 
  

ammonium nitrate and had a frequency of 14.0%. 

All these fungi isolated with varying nitrogen sources 

proved to be cellulolytic except P. uO), to a varying degree 

as demonstrated by clearing on the cellulose agar (Eggins & 

Pugh, 1962). Detailed studies on their relative cellulolytic 

ability will be presented in the next chapter.
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Glucose Nutrition 

Certain carbon sources such as glucose and sucrose are 

generally utilizable by most microorganisms. On the other 

hand cellulose is not a satisfactory source for many fungi 

but is an excellent substrate for a relatively restricted 

number of species (Siu 1951). Most of the cellulolytic 

fungi also grow quite well on simple sugars. 

It is believed that the presence of such simple sugars 

along with cellulose might inhibit utilization of cellulose 

by fungi. However, instances have also been recorded in 

which the presence of such sources leads to stimulation of 

cellulolytic activity in vitro (Mamdle and Reese 1957, 1965; 

Talboy 1958; Johansson 1966). Horton and Keen (1964) 

found that glucose inhibited enzyme (cellulase) synthesis 

at high concentrations and regulates it.at low concentrations. 

Siu and Sinden (1951) had found that in the presence of 

sugars with cellulose, no cellulolytic action occurred until 

the sugar was consumed. Arakawa (1934) reported that the 

same sugar elicits varying reactions from different fungi. 

Thus, while xylose,arabinose, glucose and sucrose inhibited 

the action of Aspergillus oryzae 30 = 49% on filter paper, 

they actually stimulated the cellulolytic activity of 

2. koningl . 

In view of the probable inhibitory role of these 

sugars, their effect has been studied on the colonization 

of the cellulose strip and its deterioration by fungal 

populations. 

In order to study the effect of the perfusion of 

additional carbon sources on to the cellulosic substrate, 

three concentrations of glucose were perfused along with 

the normal E & P salt solution. These concentrations of
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glucose were 0.25%. 0.5% and 1.0%. For adequate replication 

60 perfusion devices were set up as described previously, 

for each glucose concentration. Every time 4 such devices 

were sacrificed; out of these, there were used for weight 

loss determination and the fourth one was inoailated on to 

6 cellulose agar plates, 3 of which contained the same 

concentration of glucose along with cellulose. The 

inoculated agar plates were incubated at the same temp- 

erature as the perfusion sets, i.e. 25° C., and were 

observed after 7 days of incubation. 

The results of the perfusion with varying concentration 

of glucose are summarized in Tables 30+32. 

The number of fungi isolated at the 0.25% concentration 

of glucose was relatively low. However, the frequency of 

occurrence of sugar fungi namely Mucor sp. and Zygorhynchus 

moelleri was quite high (Table 3). These were quite common 

throughout the period of incubation. Among the cellulolytic 

fungi, Fusarium solani was isolated as early as 2 days 

and had a very high frequency of occurrence throughout the 

process of deterioration of the cellulose strip. Trichoderma 

viride, another well known cellulose decomposer, had a 

much lower frequency of occurrence and was first isolated as 

late as 8 days of incubation. It only became dominant 

towards the end of the incubation period. Humicola grisea 

appeared only between 4 and 8 days. Gliocladium roseum and 

Paeciliomyces elegans were also isolated after 4 days but 
  

remained dominant throughout the experiment. G. roseum had 

a higher frequency of occurrence as compared to P. elegans. 

Penicillium funiculosum was observed growing in the cellulose 

strip after 6 days of incubation and it was then after



Table 30: Percentage frequency of occurrence of fungi isolated from the cellulose strip perfused with E.&P. salt solution 

containing 0.25% glucose, 

  

  

eo 
US
T 

om 

  

  

  

  

  

  

Days of Incubation 

FUNGI 2 8 12 16 ee 26 30 

CA G* CA G CA G CA G CA G CA G CA G CA G CA G 

Aspergillus fumigatus 100 33 33 

Chaetomium globosum 33 

Dipcoccum asperum 33 

Fusarium oxysporum 33 33 

Fusarium solani 66 33 100 2 100 66 66.1100 * 100 33 33 OO? 100» 14,00 33 100 664.06 6 

Gliocladium roseun 66 33 37 66 33°5|2 100° 100 33 66 33 33: p00 66 | 100 100 

Humicola grisea 66 66 66 

Mucor globosus 33 66 33 66 100 33 22 33 66 33 33 ee 66 33} 100 100 

Paecilfomyces elegans o 33 ak. a 66 33 33 33 66 33 

Penicillium fuhiculosum ga 3 60 | 66.7 1004, 39. «100 | 66 100 66 66 

Trichoderma viride 33 oa 66 66 23 35-100 | 100 66 | 100. 100 

Zygorhynchus moelleri 66 100 100 100 | 100 100 33 66 66 66 
                    
  

E & P cellulose agar containing 0,25% glucose 
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repeatedly isolated. Among other fungi, Dicoccum asperum 

was once isolated after 4 days and Chaetomium globosum was 

isolated after 30 days of incubation. A. fumigatus was also 

observed after 16 and 22 days of incubation of the 

perfused cellulose strip. 

The colonization pattern obtained by the perfusion of 

0.5% glucose concentration in the E & P salt solution, 

revealed interesting results. (Table 31). At this concentratio1 

of glucose T. viride was found to be very dominant in 

frequency of occurrence whereas F. solani had a much lower 

frequency. T. viride reached a 100% frequency of occurrence 

and it was the same till the cellulose strip was completely 

deteriorated. Mucor globosus was isolated after 2 days of 

incubation and it had quite high frequency of occurrence 

throughout the period of incubation. Penicillium funiculosum 

was isolated after 6 days and it was again very high in 

frequency till the complete deterioration of the cellulose 

strip. Paecilomyces elegans was also isolated during the 

same period but was comparatively low in frequency of occur- 

rence. G. roseum also made its appearance between 6 and 

22 days of incubation. A. fumigatus also made its appearance 

after 6 and 14 days. Among other species, Rhizopus sp. 

and P. varioti were isolated occasionally during the 

period of incubation. Eurotium sp. was also isolated towards 

the end of the experiment. During the period of incubation, 

some nematodes were observed on the cellulose strip, but 

no nematode trapping fungi were recorded. 

The perfusion of the cellulose strip with E & P salt 

solution containing 1% glucose enabled the isolation of more 

species as compared to similar isolations at lower glucose
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Table 31: Percentage frequency of occurrence of fungi isolated from the cellulose strip perfused with E.&P. salt solution 

containing 0.5% glcose. 

  

FUNGI 

Days of Incubation 
  

10 14 18 22 26 30 
  

CA CA CA CA CA CA G CA CA G CAcs G “CA 

  

  

Aspergillus 

fumigatus 

Fusarium sp. 

Gliocladium 

roseum 

Mucor globosus 

Paeciliomyces 

elegans 

Penicillium 

fimiculosum 

Trichoderma 

viride   
100 66 

100   

ao 

100 

66 

100 

100   
a2 

a 

100 

100 

66 

66 

66 

100 

100 

100   

33 

33 

a 

100 

33 

66 

100 

100   

100 

100 

66 

100 

100 

66 

66 

100   

33 33 

fe? 33 

33 33 

100 100 

a> * 100. 

100% 100   

66 

66 

100 

100 

66 

100 

100 

100   
33 

10052233 

100 100 

100 100   100 100   

33 

33 

100 

100 

33 

100 

66 

100 

100 
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Table 32: Percentage frequency of occurrence of fungi isolated from the cellulose 

containing 1,0% glucose, 

strip perfused with E.&P. salt solution 
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concentrations (Table 32). The early cellulolytic colonizers 

namely, F. solani and T. viride were isolated after 2 days 

and had nearly the same frequency of occurrences. These 

species had maximum frequency of occurrence 100% between 

8 and 16 days whence it decreased towards the end of the 

incubation period. Among the sugar fungi, Zygorhynchus 

moelleri, Mucor globasus and Rhizopus sp. were isolated 

after 2 days and were common throughout the experiment. 

Most of the remaining fungi were isolated after 4 days of 

incubation. Among the most frequent species were Penicillium 

funiculosum, Paecilomyces elegans and Humicola grisea. 

Among these P. elegans and H. grisea reached a maximum 

frequency of 100% after 12 and 16 days when after it 

declined. P. funicolosum had a similar maximum frequency of 

occurrence but it was between 4 and 12 days where after it 

just made its appearance.G. roseum was also ieelated after 

4 days and was occasionally isolated afterwards with quite a 

low frequency of occurrence. It was mostly isolated on cell- 

ulose agar containing 1% glucose. F. oxysporum: was also 

isolated on this medium after 4 and 6 days of incubation. 

Penicillium sp., Paecilomyces varioti, A. fumigatus and 

Eurotium sp. were also isolated after 4 days but were only 

isolated once or twice later on. C,.fuckeli and Chaetomium 

globosum were also isolated once, after 12 and 16 days 

respectively. 

The results of the extent of biodeterioration of the 

cellulose strip as estimated by its weight losses are 

summarized in Tables 33a~c.- There was again not much 

difference in the weight loss produced at varying glucose 

concentrations (Figure 10 ). The percentage weight loss
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Figure 10: Average percentage weight loss of the cellulose strip perfused 

wth E,&P. salt solution containing different concentrations of 
glucose.
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Table 33a-c: Percentage weight loss of the cellulose strip perfused with 
E.&P. salt solution containing various amounts of glucose, 

a) 0,25% glucose 

  

  

  

Days of 

Incubation % Weight Loss Mean S.Dy 

z Raa ay 1 4.1 39 0.9 

6 1a 4.3 2.8 $0 Tee 

8 3.6 vs Ze? 3.8 Tet 

12 6.7 6,1 75 6.7 0.5 

16 15,8 16,1 18,3 16.7 1.3 

22 ats 38.6 40.7 36.8 49 

2% 44.6 39.6 43.2 42.5 2,5 

30 49.8 52.1 50.4 507 104         
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Table 33 

b) 0.5% glucose 

Days of 

Incubation % Weight Loss Mean SD. 

4 1.8 e.1 7.7 3.8 oul 

6 16.5 12,1 14.4 14.3 ee 

8 11.8 155 14.1 13.8 "5 

12 4 ees ta03 47.3 16.2 3.6 

16 nos e129 26.1 eaeD Ie 

20 5752 sd 3356 50.4 1.8 

24, 4d.6 Lda 40.6 43.4 2.6 

30 56.4 ra 58.6 5565 2.9       
   



Table 33 
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Days of 

Incubation % Weight Loss Mean oD. 

2 12 0.54 0,8 0.84 0,33 

4 2.8 1.2 eat 22 0.4 

6 4.6 563 Ben 4.3 1,0 

8 9.1 8.5 10.1 pe 0.8 

10 19 TES 20.1 Pg Rat 

14 32.2 3he1 Foes 52.5 14 

18 53.0 D345 54.8 at 0.9 

22 48.3 47.5 49.5 48.4 1,0 

26 46.9 48.1 47.8 47.6 0.6 

30 55.8 66.1 S203 54.6 oe       
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ranged from 49.7 to 54.6. The validity of some of these 

results can be doubted as in these cases quite thick "mats" 

of P. funiculosum were observed growing from the edges of the 

cellulose strip. It was very difficult to remove fungal 

mycelia from the cellulose strip without damaging it or 

removing some cellulose fibres with it. This effect does 

not seem to be too great to invalidate the results. Moreover 

the standard deviation of most of the observations is quite 

low and fairly constant. 

In spite of little difference in the extent of 

deterioration of the cellulose strip at varying concentrations 

of glucose, the colonization patterns have shown interesting 

results. The average percentage frequency of occurrence of 

different fungi at different concentrations of glucose are 

represented in Figure 4. At 0.25% glucose, F. solani had 

the maximum frequency of occurrence whereas T. viride had 

the lowest frequency of occurrence. This phenomenon was 

completely reversed at 0.5% glucose where T. viride had the 

highest and F. solani the lowest frequency of occurrence. 

It is interesting to note that maximum weight loss of the 

cellulose strip also took place at 0.5% glucose. This 

fact indicates that T. viride is the main fungus involved 

in the cellulose decomposition. This conclusion is also 

born:.oat« in the preceéding results, when the cellulose 

strip was perfused with E & P salt solution without any 

organic nitrogen; it produced maximum weight loss. In 

this case T. viride also had highest frequency of occurrence 

(Figure 2) and F. solani the lowest. This phenomenon may 

be due to two factors. Firstly, the low concentration of 

glucose (0.25%) may be able to stimulate the growth of
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Figure 11: Average percentage frequency of occurrence of fungi isolated from 
the cellulose strip perfused with E.&P. salt solution containing 

various amounts of glucose,
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F. solani and not T. viride. Secondly, the dominant 

position of F. solani may in turn act as an antagonist to 

T. viride. At 0.5% glucose, T. viride is also presumably 

stimulated as it has maximum frequency of occurrence.. This 

high frequency may in turn inhibit F. solani which might 

explain its low frequency of occurrence. At 1% glucose 

concentration, it seems that some part of equilibrium has 

been reached as both these species have nearly the same 

frequency of occurrence. Another interesting example is 

that of G. roseum. It had a maximum frequency of occurrence 

of 53.0% at 0.25% glucose. This frequency decreased with 

the increase of glucose concentration. The frequency of 

this species was quite low when the cellulose strip was 

perfused with E & P salt solution only. These observations 

can best be explained by the assumption that glucose when 

present in very low concentrations stimulates the growth 

of certain microorganisms whereas these might be inhibited 

at higher concentrations of glucose. A. fumigatus also 

belongs to this category of fungi as its frequency decreased 

with the increase in concentration of glucose. This may 

be due to the high frequency of occurrence of T. viride at 

0.5% glucose. Certain other cellulolytic fungi such as 

H. grisea, P. funiculosum and Paecilomyces elegans showed 
  

different behaviour. It was found that their frequency of 

occurrence was directly proportional to the glucose 

concentration. It seems that glucose, in this case is acting 

both as a stimulatory factor and as a substrate. This 

phenomenon has previously been demonstrated in cellulolytic 

bacteria by Stainies (1942). On the other hand Siu (1951) 

has quoted Fahraens (1942) who found that 0.1% solution of
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glucose retarded the growth of Cytophaga globosa and 

0.25% glucose stopped its growth altogether. This discrepancy 

in the results can be explained on the assumption that the 

low concentration value of glucose needed for the stimulation 

of fungi varies with different fungi.
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The majority of the fungi isolated so far, using 

the perfusion technique at different pH values, temperatures 

and nutrients, produced a clearing of the cellulose agar 

(Eggins & Pugh, 1962), thus confirming their cellulolytic 

nature. The extent of the clearing of the cellulose varies 

with different fungi and their micro-environmental conditions. 

A simple method for determining the relative cellulolytic 

activity of fungi which was originally described by Rautela 

and Cowling (1966) has been employed here, after some 

modifications. This method essentially involves the 

measurement of the depth of clearing of an opaque column 

of cellulose agar medium contained in a boiling tube. Rautela 

and Cowling (1966) used cellulose prepared by the procedure 

of Walseth (1952). In this process Whatman powdered 

cellulose is made 'reactive' before incorporating into the 

media by swelling the cellulose in o-phosphoric acid and then 

it is regenerated and washed in cold water. Thus according to 

the C,C, concept (Siu & Reese 1953), during the hydrolytic 

dissolution of the cellulose, the componement C,. of the
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cellulase system will be most active but may also 

involve the other enzyme component ( C,) which is active 

on crystalline cellulose only ( Siu & Reese, 1953). 

In the procedure described by Eggins and Pugh ( 1962 ) 

a crystalline cellulose is used in their medium instead 

of partially crystalline regenerated cellulose as used by 

Walseth ( 1952 ). In Eggins & Pugh's cellulose agar 

Whatman chromot graphy powder is used after ball milling for 

72 Wei Ball milling decreases the degree of polymerization 

by reducing the particle size. King ( 1966 ) demonstrated 

a direct proportionality between substrate surface area 

and the rate of enzymic solubilization of cellulose. He 

has discussed some evidence that endwise hydrolysing cellulases 

do exist; whereas normally cellulases appear to hydrolyse 

cellulose at random along the length of the molecule. 

Cowling ( 1963 ) seemed quite sceptical about this evidence 

and regarded degree of polymerization of limited significance 

in determining the susceptibility of cellulose to enzymatic 

hydrolysis except in the relatively rare case of enzymes that 

act by an endwise mechanism. 

In this respect, the form of cellulose used in Eggins 

& Pugh's cellulose medium, more closely approximates native 

! ' cellulose since ball milling does not make it ‘ reactive 

but only reduces the particle size to help dispersion in 

the mediun. Thus dissolution of this cellulose may involve 

both C,& C.. factors of the cellulase enzyme system. 

Sterile, uniformly opaque, vertical columns ( 4 - 6 cms 

in height ) of Eggins & Pugh's cellulose agar medium were 

prepared in 18mm diameter test tubes. This was easily 

done by pouring sterile molten cellulose agar into the sterile
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Photograph 3 

A test tube containing an opaque column of E. & P. 

cellulose agar.
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S. thermophile C. thermophile H. insolens A. fumigatus 

Photograph 4 

Opaque columns of cellulose agar showing depth of clearing.
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test tubes standing in cold water so that the cellulose 

agar set rapidly and therefore the cellulose could not (Photo 3 ) 

settle down. These opaque columns were inoculated with 

standard discs of fungal mycelium and agar from the pure 

culture plates. The inoculum was always taken from the 

growing edge of the colony with the help of a 5mm diameter 

cork borer. The inoculated tubes were then incubated standing 

upright, at the required temperature. The measurement 

of the depth of clearing was taken after different intervals 

of incubation by measuring the clearing against a strong 

light. In order to standardise the observation and to 

minimise the visual error, the level of the cellulose agar 

column was marked on the test tube with a sharp wax pencil, 

before incubation. The subsequent measurements of the depth 

of clearing were always taken from the same point. 

This simple technique has been employed in the present. 

investigation to study the effect of different micro- 

environmental factors on the relative cellulolytic ability 

of the fungi previously isolated with the help of the 

perfusion technique. The effect of microenvironmental 

factors namely pH, temperatures and nutrients, on the 

colonisation of the cellulosic substrate has been investigated 

and discussed in the previous chapters. The effect of 

similar environmental factors on the relative cellulolytic 

ability of fungi.has been studied here by simply changing 

the pH of the medium, or the chemical composition of the 

medium, or by*incubating the inoculated tubes at different 

temperatures. 

The results of these investigations are presented in 

this chapter under the heading of different microenvironmental 

factors.
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Effect of pH and Temperature on the Relative Cellulolytic 

Ability of the Fungi Isolated at Different Temperatures. 

Eggins and Pugh's cellulose agar media was prepared 

at different buffered pH values (pH 4.0, 5.0, 6.0, 6.4, 

7.0 and 8.0) as described previously in Chapter 3. The 

opaque columns of cellulose agar were made out of this 

cellulose medium maintained at different pH levels. Three 

replicate test tubes containing cellulose agar columns were 

set up for each fungus at every pH level. The fungi isolated 

at various temperatures were tested for their relative 

cellulolytic ability at the same temperature. The results, 

hereafter, are summarised under various temperature headings. 

25" ¢. 
The maximum relative cellulolytic activity of the fungi 

at different pH values, after 30 days of incubation is 

represented in Figures 12 a - b. 

Out of all the fungi tested, Trichoderma viride 

proved to be the most cellulolytic. The pH did not have 

much effect on its cellulolytic activity as the depth of 

clearing varied from 25.5 mm. to 18.0 mm. The maximum 

depth of clearing was produced at pH 4.0 and minimum at pH 

a0 Fusarium solani and F. moniliforme also seemed to be 

quite cellulolytic with their maximum clearing of 18.0 m. 

and 19.5 mm. respectively at pH 6.4. The other fungus which 

reached a comparable degree of cellulolytic activity was 

Aspergillus fumigatus. It had as high degree of clearing as 

21.0 mm. at pH 6.4. The depth of clearing here again was not 

very much affected by different pH values. 

Among other cellulolytic fungi Chaetomium globosum 

Gliocladium roseum, Humicola grisea, Arthrobotrys sp.,
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30 days of incubation at 25°C at different pH values,
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Gelasinospora cereali, Paecilomyces elegans and 

Papulaspora sp, produced clearing of the cellulose 

in the range of 10 mm to 15 mm, The optimum pH for 

maximum clearing varied with various fungi; but still 

there was not much difference at different pH values. 

There were certain fungi which produced less than 

10 mm clearing of the cellulose agar column after 30 days of 

incubation. Such fungi were comprised of Dicoccum asperum, 

Penicillium sp., Stysamus sp. and Graphium sp. Most of 

these fungi showed their maximum cellulolytic ability between 

pH 6 and 7. Penicillium sp. and Graphium sp. produced a 

clearing of 11.0mm at pH 4.0 and 13.0 at pH 6.4 respectively. 

Some fungi produced no clearing of the cellulose 

agar column and thus proved to be non cellulolytic. These 

were Mucor globosus, Paeciliomyces varioti, Rhizopus sp. 

and Zygorhynchus moelleri. 

The comparative review of the relative cellulolytic 

activity and the percentage frequency of occurrence of 

these fungi showed some interesting features. T. viride 

and F. solani had the highest frequency of occurrence 

( Fig la Chapter 3 ), similarly these two fungi have also 

proved to be highly cellulolytic, the only difference being that 

optimum pH for frequency of occurrence was 6.4, whereas 

T. viride had optimum pH 4.0 for maximum cellulolytic activity. 

A.fumigatus was extremely low in its frequency of occurrence 

whereas it had a very high cellulolytic activity. This 

might point towards its nature as an airborne contaminant, 

playing an insignificant role in the cellulose deterioration 

in the soil at 25°C. 

Arthrobotrys_sp.and F. moniliforme were fairly common 

at pH 6-6.4 and pH 7.0 respectively. The relative
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cellulolytic activity of F. moniliforme was quite 

high and can be placed in the category of F. solani and 

T. viride, whereas Arthrobotrys sp. proved to be moderately 

cellulolytic. 

The remaining cellulolytic fungi had a very low 

frequency of occurrence ranging from 3% to 10%. Their 

cellulolytic ability was also comparatively lower than 

the above mentioned species but not as low as their 

frequency of occurrence. 

Any discrepancy in the frequency of occurrence and 

the relative cellulolytic ability of the fungi might be due 

to different experimental conditions. The percentage 

frequency of occurrence is calculated after recording the 

abundance of the fungi associated with cellulose deterioration 

under comparatively natural conditions; whereas the relative 

cellulolytic activity of the fungi is estimated by measuring 

the depth of clearing of a cellulose agar medium which 

provided comparatively artificial conditions. 

35°C 
The relative cellulolytic ability of the fungi isolated 

at 35°C is represented in Fig B. 

Among the fungi tested for cellulolytic activity 

at this temperature, A. fumigatus proved to be most 

cellulolytic, producing maximum clearing of 20.0 mm at 

pH 6.4. Minimum clearing of 16.5mm was produced at pH 4.0 

and 8.0. Among other fungi tested at this temperature, 

Eurotium sp. and Sprotrichum pruinosum were also quite 

cellulolytic, producing 14.5 mm - 18.0 mm and 11.5mm - 15.0mm 

clearing respectively at different pH values. At pH 5.0 

the cellulolytic activity of Eurotium sp.was maximum whereas 

optimum pH for S. pruinosum was 6.4. .. Humicola grises
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and Chaetomium elatum also produced a fair amount of 

clearing on the cellulose agar column. The clearing 

produced by H. grisea ranged from 10. O mm to 14.5.mm; 

the maximum being at pH 6.0 and minimum at pH 8.0. 

C. elatum had quite low cellulolytic activity at pH 4.0 and 

pHs. Its optimum pH was 6.4 where it produced 13.5 mm 

clearing of the cellulose agar. Torula sp. and Graphium sp. 

produced comparatively less clearing. Torula sp. had a 

maximum clearing of 11.0 at pH 7.0 and minimum 5.5 mm at 

pH 5.0 and it did not grow at pH 4.0. Graphium sp.also 

did not grow at pH 4.0 but had maximum clearing of 11.5 mm 

at pH 6.4 and minimum 7.5 mm at pH 5.0. Streptomyces sp. 

tested for cellulolytic activity did not grow at pH 4.0 and 

pH 5.0 but produced a clearing ranging from 8.5 mm to 6.0 mm 

with maximum clearing at pH 6.0 and minimum at pH 8.0. 

Coniothyrium fuckeli also produced very little clearing and 

it managed to grow on all pH values, having its maximum 

clearing at pH 6.0. 

The role of A. fumigatus at this temperature will be 

much elucidated, if these results are compared with those 

of the percentage frequency of occurrence ( Fig 3 Chapter 3 ). 

A. fumigatus had an extremely high frequency of occurrence 

and so was the case with its cellulolytic activity at this 

temperature. This strongly points towards its association 

with cellulose deterioration in the soil at 35°C unlike its 

negligible role at 25°C. Most of the remaining cellulolytic 

fungi had a comparatively low frequency of occurrence and low 

pH also seemed to be the limiting factor. This phenomenon 

was also depicted in their relative cellulolytic ability where 

it was extremely low at low pH values. Streptomyces sp.
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did not produce any clearing at pH 4.0 and 5.0 and 

Graphium sp. and C. fuckeli also did not grow at pH 

4.0 when inoculated for testing their cellulolytic ability 

at this pH. C. elatum had a very hon -fesauehar of occurrence 

but its cellulolytic activity was fairly high whereas 

reverse was the case with Streptomyces sp. 

50°C 
The results of the relative cellulolytic activity 

are presented in Fig 14 and some in Photograph 5. 

Chaetomium thermophile,Cephelosporium sp. and 

Sporotrichum thermophile proved to be the most cellulolytic 

fungi at this temperature. The maximum clearing of the 

cellulose agar produced after 30 days of incubation was 26.0 mm 

at pH 6.4 for C. thermophile, 26.5 mm at pH 4.0 for 

Cephelosporium sp.and 25.0 mm at pH 5.0 for S. thermophile. 

The depth of clearing at other pH values did not vary much 

from the maximum except that S. thermophile did not grow 

on the cellulose agar column at pH 4.0. Humicola grisea 

var thermoidea was also fairly cellulolytic. It produced 

clearing ranging 13.5 mm to 16.0 mm at different pH 

values. The maximum clearing was produced at pH 5.0 

and.730 . H. insolens did not produce any clearing at 

pH 4.0 and 5.0 whereas at other pH values it produced 

clearing ranging from 10.8mm to 12.5mm; maximum clearing 

being at pH 6.4. Torula thermophile also did not grow 

at pH 4.0 and at other pH values the degree of clearing ranged 

from 8.5 mm to 11.5 mm with the maximum clearing at pH 7.0 

and 8.0. Streptomyces sp. No.1. and Streptomyces sp. No.2 

produced clearing only at pH 6 - 8 . The depth of clearing 

ranged from 7.5. mm to 8.5.mm. Maximum depth of clearing
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was produced at pH 7.0 A. fumigatus was able to grow on 

the cellulose agar column at all pH values but its depth 

of clearing was extremely low. Maximum clearing was 6.5 mm 

and was produced at pH 6.4 - 7 0. 

The comparison of the relative cellulolytic activity with 

the frequency of occurrence of these fungi has shown some 

interesting results. Out of the three most cellulolytic 

fungi, only C. thermophile had the equivalent high percentage 

frequency of occurrence. S. thermophile and Cephalosporium 

sp. had an extremely low frequency of occurrence. H. grisea 

and H. insolens had a fairly high frequency of occurrence 

and so was their cellulolytic activity. Torula thermophile 

was also extremely low in its frequency of occurrence where 

it cleared a fiar depth of the cellulose agar. Streptomyces 

sp. No. 2 was only isolated at pH 6.0, 7.0 and 8.0 and it 

also produced clearing at the same pH values. 

Effect of different nitrogen sources on the 

Cellulolytic activity of Mesophilic Fungi 

The effect of different nitrogen sources on the 

relative cellulolytic ability of the fungi at 25° C. has been 

studied by simply adding or replacing the appropriate 

nitrogen source from Eggins and Pugh's cellulose agar used 

for making Rautela and Cowling's cellulose agar columns. 

The pr rack of four combinations of sources have been studied. 

These are: 1) potassium nitrate and L. asparagine; 

2) ammonium nitrate and L. asparagine; 3) ammonium sulphate 

only, and 4) ammonium sulphate and L. arginine. Yeast 

extract was present in all the combinations. The effect of 

these nitrogen sources on the fungal colonisation of the 

cellulosic substrate has been discussed in the preceding chapte 

The fungi tested for these nitrogen sources have been
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isolated by the perfusion technique, perfusing varying nitrogen 

sources. Three replicate cellulose agar tubes were set 

up for each fungus for each nitrogen source. These tubes 

were incubated at 25°C and the depth of the clearing was 

observed over a period of 30 days. 

The measurement of the depth of clearing after 30 days 

of incubation is represented in Fig 15 a-b. 

Amajority of the fungi grew well on all nitrogen sources 

but produced varying depths of the clearing of the cellulose 

agar column. Potassium nitrate, ammonium nitrate and 

arginine did not have much effect on the relative cellulolytic 

activity of these fungi. In the case of ammonium sulphate 

some fungi failed to produce any clearing or the clearing 

was very small. The exceptions to this generalisation were 

T. viride and P. funiculosum. Both these species had their 

maximum clearing of 24.0 mm and 11.5 mm respectively with 

ammonium sulphate as the only nitrogen source. Fusarium 

solani and F. oxysporum preferred potassium nitrate nitrogen 

as these had maximum relative cellulolytic activity for 

16.5mm and 17.0 mm respectively. F. sporotrichiodes had 
  

maximum clearing of 11.5 mm with organic nitrogen i.e. 

arginine. H. grisea Dicocum asperum and Papulospora sp. 

also had their maximum depth of clearing with arginine as its 

organic nitrogen source. Paecilomyces elegans,Gliocladium 
  

roseum and Sordariia fimicola had their maximum relative 
  

cellulolytic activity with ammonium nitrate as the inorganic 

nitrogen source. Chaetomium globosum and Aspergillus 

fumigatus had their optimum clearing with potassium 

nitrate as the inorganic nitrogen source. The difference



Figure 15a-b: Maxtinh depth of clearing produced by different 
fungi after 30 days of incubation at 25 C with 
different nitrogen sources, 
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Figure 15b 
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between the depth of clearing with potassium nitrate 

and ammonium nitrate was quite small as compared to that 

of ammonium sulphate only and arginine. 

The comparison of the relative cellulolytic ability 

of these fungi with their percentage frequency of occurrence 

has revealed interesting results. A similar preference 

for the nitrogen source has been found both in the case 

of percentage frequency of occurrence and the relative 

cellulolytic ability for most of the fungi tested. Among 

such fungi are F. solani, T. viride, P. fumiculosun, 

G. roseum, Paecilomyces. elegans, H. grisea and A. fumigatus. 

In case of these fungi the nitrogen source producing maximum 

frequency of occurrence also produced maximum depth of 

clearing. Among other fungi C. globosum was only isolated 

when the cellulosic substrate was perfused with E. & P. 

salt solution containing potassium nitrate and ammonium 

nitrate. The maximum frequency of occurrence was at 

potassium nitrate. In the case of Lido lative cellulolytic 

activity, it produced maximum clearing with potassium nitrate 

and it also produced comparatively less clearing at other 

nitrogen sources. F. oxysporum produced maximum clearing 

of the cellulose agar with potassium nitrate and less with 

other nitrogen sources, whereas it was only isolated from 

the cellulose substrate when perfused with ammonium nitrate 

and arginine. Similarly F. sporotrichiodes had quite 

a low frequency of occurrence with potassium nitrate and 

ammonium nitrate and was not isolated from the cellulose 

when perfused with ammonium sulphate only and arginine, 

whereas it produced maximum clearing with arginine.
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Effect of Additional Carbon Source on the Relative 

Cellulolytic Ability of Mesophilic Cellulolytic Fungi 

Glucose was used as an additional carbon source to 

observe its effect on the depth of the clearing of the 

cellulose agar by cellulolytic fungi. It was used in different 

concentrations in addition to the ball milled cellulose. 

These concentrations were 0.25%, 0.5% and 1.0% of glucose 

in the E & P cellulose agar. 

The effect of these concentrations of glucose on the 

colonisation of the cellulosic substrate by fungi, has also been 

studied with the help of the perfusion technique, the results 

of which have been discussed in the previous chapter. The 

fungi isolated with this technique have been tested for their 

cellulolytic ability with varying concentrations of glucose. 

Three cellulose agar tubes were inoculated for every 

fungal species tested at each concentration of glucose. 

The inoculated tubes were incubated at 25° C. and the depth 

of clearing was measured over a period of 30 days. 

The results for this experiment are represented in 

Figutes: l6a-b. The relative cellulolytic ability of most of 

the cellulolytic fungi tends to decrease with the increase in 

concentration of glucose. This is particularly true in 

the case of A. fumigatus, C. globosum, D. asperum, F. oxysporum, 

G. roseum, Papulaspora sp., P. funiculosum, S. fimicola and 

T. viride. The degree of the decrease in the depth of 

clearing varies with different cellulolytic fungi tested. 

G._roseum had a profuse growth on all the concentrations of 

glucose but it failed to produce any clearing on 1% glucose. 

Papulaspora sp. only produced clearing of the cellulose agar
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Figure 16b 
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with 0.25% glucose but there was no clearing with 

0.5% and 1% glucose. Higher concentrations of glucose 

seemed to inhibit the growth of this species, whereas in 

most of the cases glucose allowed luxuriant growth but 

inhibited the cellulolytic activity of the fungi. Eos 

sporotrichiodes did not have much difference in the depth 

of clearing of the cellulose agar with varying concentrations of 

glucose. It had a profuse growth and produced deep yellowish 

pigment on all the glucose concentrations. F. solani 

was on the whole very much inhibited with regard to its 

cellulolytic activity. The relative cellulolytic activity 

was maximum at 0.5% glucose whereas it was nearly the same 

at 0.25% and 1% glucose. Humicola grisea also produced 

maximum depth of clearing with 0.5% glucose whereas it was 

comparatively less on 1% glucose. Paecilomyces: elegans 

also produced maximum clearing on 0.5% glucose. This depth of 

clearing was nearly the same as produced on cellulose agar 

without any additional carbon source. Different concentrations 

of glucose did not seem to have much effect on the cellulolytic 

activity of .C.; fuckeli. The depth of clearing increased 

slightly with 1% glucose which was equal to the clearing 

produced on the cellulose agar without any glucose. Nearly 

all the fungi tested Chas. the relative cellulolytic ability 

with varying concentrations of glucose, were found to have 

an inhibitory effect on their cellulolytic ability. Some 

other fungi produced nearly the same amount of clearing 

with glucose as without any glucose. No concentration of 

glucose tested, was found to enhance the cellulolytic activity 

of the fungi under observation. 

The comparative review of the relative cellulolytic 

activity of the fungi with varying concentrations of glucose
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and their percentage frequency of occurrence (Figure 11) 

has shown that there does not exist any definite correlation 

between these two results. The most commonly occurring 

soil fungi namely, F. solani and T. viride had their 

maximum frequency when the cellulosic substrate was perfused 

with 0.25% and 0.5% glucose respectively, whereas their 

optimum cellulolytic activity was found to be at 0.5% and 

0.25% respectively. Among other fungi, G.~roseum had quite 

a high frequency of occurrence at 0.25% glucose and it 

was much lower at 1% glucose. Similarly G. roseum produced 

maximum clearing at 0.25% glucose and no clearing was 

observed at 1% glucose. The frequency of occurrence of 

P. elegans increased with the increase in the concentration 

of glucose whereas its maximum clearing of the cellulose was 

produced at 0.5% glucose. C. globosum was only isolated 

at 0.25% and 1% glucose and it had extremely low percentage 

frequency of occurrence. Its cellulolytic power also 

decreased with increase in the glucose concentration. The 

cellulolytic activity and the percentage frequency of 

occurrence both decreased with the increase in the glucose 

concentration in the case of A. fumigatus.
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Interaction between Cellulolytic Fungi 

The cellulolytic ability of the fungi which have been 

isolated at 25° C. with the help of the perfusion technique, 

have already been studied by measuring the depth of the 

clearing produced on the cellulose agar column. Out of 

these cellulolytic fungi, the ten most cellulolytic species 

were inoculated in combinations of two in order to observe 

whether such combinations resulted in a depth of clearing 

greater or less than could be produced by either organisms alone 

All the inoculations were made with a 5 mm. diameter cork 

borer from a 7 daySold culture. The depth of clearing was 

measured as previously. Three cellulose agar tubes were 

inoculated for each combination in order to allow enough replica 

tion. All the inoculated tubes were incubated at 25° C. 

and the depth of clearing was measured over a period of 

30 days. 

The average depth of clearing of various combinations of 

these fungi, after 30 days of incubation have been summarised 

in Table34. Certain features of the behaviour of fungi in 

association with other fungi have emerged from these results. 

Table 34 also contains the results of visual observation, 

where possible, regarding which organism was dominant in the 

combinations and it is represented along with the measurement 

of the depth of clearing. Other symbols are explained in 

the key to the Table 34, 

In majority of the cases, the depth of clearing produced 

by fungi in combinations, was found to be intermediate 

between that of the two organisms in pure culture. There 

was only one example of synergism. among the combination
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tested. Fusarium solani and F. moniliforme when grown 

together produced slightly more clearing of the cellulose 

agar than that of either grown in pure culture Table #4). 

There were many examples where the cellulolytic 

activity of the combined fungi was less than the activity 

of either of the fungi grown separately. This phenomenon 

was mostly represented when fungi such as:Groseum, Humicola 

erisea, Papulaspora sp. and to some extent Coniothyrium fuckeli 
  

  

were grown in combination with other fungi. Trichoderma viride 
  

and F. solani were largely affected by the presence of these 

fungi as their depth of clearing decreased to quite a large 

extent. Aspergillus fumigatus produced this effect only in 
  

combination with Papulaspora sp. when the depth of the 

clearing of both these fungi, especially A. fumigatus 

decreased considerably. 

The visual observations of the growth on the cellulose 

agar columns suggested that T. viride, F. solani, C. globosum 

tended to be dominant when inoculated in combination with other 

organisms. Some fungi e.g. H. grisea, G. cerealis, and 

Papulaspora sp. made their appearance quite well even when 

the other species was dominant. 

The type of clearing of the cellulose agar produced 

by various fungi in combination was different with different 

fungi: C. globosum produced a clearing with a brownish tinge 

and this light coloration was present with all the fungi tested. 

T. viride produced a very distinct nearly transparent clearing 

of the cellulose agar and was always the same with all other 

fungi tested. F. solani produced a comparjtively hazy clearing, 

both in pure culture and in combination with other fungi. 

Arthrobotrys sp., S. fimicola and P. elegans produced more 

or less similar type of clearing. G. roseum produced quite
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light clearing of the cellulose and the degree 

of this lightness varied with the fungus in combination. 

Among other fungi tested, Papulaspora sp. and H. grisea 

produced very thick mycelial mats and comparatively less 

distinct clearing;the thickness of the mycelial mat also 

varied with different fungi in combination. 

All the investigations discussed above have been 

done by inoculating two fungi together ‘on to a cellulose agar 

column and then measuring their effect on the depth of 

clearing. Any increase or decrease in the cellulolytic 

activity may be due to a number of factors. One of them 

may be the mycoparasitism: of various fungi, such as G. roseum 

and Papulaspora sp.( Shigo 1958, Barnett & Lilly 1962 ). 

The other factor may be the production of antibiotics or 

other toxic metabolites by one fungus which might be active 

against the other. The action of these substances may be 

localised or these substances might only be produced at the 

point of contact between the two fungi under test. The 

‘third factor may be the low oxygen tension below the surface 

of the cellulose agar. The fourth possible factor for any 

influence on the cellulolytic activity might be the rapid 

staling of the cellulose agar medium. This factor has 

been also reported by many early workers who demonstrated 

the inhibition of fungi by autdtoxic bye-products or staling 

substances and not by the depletion of nutrients or the 

organic substrate. Tribe ( 1957 ) has also reported the 

unsuitability of his cellophane film buried in soil for 

further growth after sometime. In view of these observations 

by other workers, it seems plausible that the decrease in 

cellulolytic activity may be due to the staling of the medium 

as it might be very rapid since two fungi were inoculated
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on the cellulose agar medium. 

This phenomenon of inhibition of a fungal culture 

due to staling has been termed iso-antagonism by Waksman 

(1937) as compared to hetero-antagonism existing in the 

soil. In order to study any real interaction between 

different fungal species, it is essential therefore, to 

continually remove all the autotoxic substances responsible 

for the iso-antagonism and to allow these substances to be 

used by other known fungal species, so that any real effect 

could be observed. In doing so, the effect of diffusible 

metabolite of one fungus on to the other will be studied, 

as compared to the effect of non-diffusible metabolites on 

different fungi as investigated by measuring the depth of 

clearing on the cellulose agar column. 

In order to investigate this particular phenomenon of 

interaction between different fungi involving their diffusible 

metabolites and eliminating the hazard of staling and 

mycoparasitism, a technique has been evolved which appears to 

overcome succesfully the above mentioned snags. 

The technique to be described here is based on the 

measurement of the linear growth of different fungi on a 

cellulosic strip. The effect of diffusible metabolites of 

one fungus is observed on the linear growth of the other. 

This technique essentially involves continuous perfusion of 

the cellulose strip with fresh nutrients. The form of 

cellulose used here is 3MM polythene coated chromatography 

paper (Eggins & Lloyd 1968) which in this work, is to cut 

into U shaped strips, the arms being 5mm in width; the base of 

the U is covered by a coverslip which is kept in place by 

silicone adhesive glue (See Diag. 2). One arm of the U strip 

is attached to a 12 inches length of a 4mm wide glass fibre
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sleeving, threaded through 10 inches of 3mm bore silicone 

rubber tubing. This leads to a 100 ml flask containing 

nutrients. The other arm of the U strip is attached to a 

6 inches similar glass sleeving which is threaded through 

4, inches of silicone rubber tubing so that a part of the 

glass fibre sleeving is exposed to the atmosphere. The nutrients 

are taken up from the flask by the capillarity of glass fibres 

and are perfused on to the U shaped cellulose strip, where it 

is perfused all the way and is evaporated on the other side. 

Two different fungal species are inoculated on the 

opposite arms at X and Y (Photo ). The fungus inoculated at 

X can not cross the cellulose strip covered by the coverslip 

becuase of the low oxygen content and therefore, it will 

preferably grow towards fresh nutrients. Thus only the 

metabolites of the fungus at X will be passed on to the fungus 

Th alae 

The level of nutrients is kept constant by having a very 

thin fibre cord running beneath the U shaped polythene backed 

cellulose strip. The cord is only in contact with the second 

arm of the U strip (PAkoto @. This extra nutrient supply takes 

into account the utilisation of nutrients by the fungus 

inoculated at X. After inoculation of the fungal species on 

both the arms of the U strip, linear growth of the species 

inoculated at Y is measured at different intervals. The 

comparison of this linear growth is made with controls (no 

inoculum at X), to show any effect of the diffusible 

metabolites of the species inoculated at X. The initial 

point of inoculation is marked on the back of the glass petri 

dish and subsequent readings are taken from it. The linear 

growth can easily be measured by simply holding the petri dish
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Photograph 5 

A petri dish containing interaction polythene backed 

cellulose strip: shaded portion represents the position 

of the coverslip which is kept in position with the help 

of silicone rubber glue, It also illustrates the contact 

of the auxillary fibre glass cord with the cellulose paper.



  
Photograph 6 

Same petri dish upside down, showing the fibre glass 

cord (dyed black) running beneath the polythene backed 

cellulose interaction strip. The white blob is the 

silicone rubber glue.
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Photograph 7 

A petri dish carrier containing cellulose interaction 

perfusion systems.
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containing the inoculated interaction strip against strong 

light. 

During the previous investigations with mixed cultures of 

fungi, the inhibitory role of Gliocladium roseum was most 
  

striking. Therefore, it was considered worthwhile to study the 

effect of diffusible metabolites of this species on the linear 

growth of different cellulolytic fungi. The fungi tested for 

this effect were Arthrobotrys sp., Chaetomium globosun, 
  

Coniothyrium fuckeli, Humicola grisea, Sordaria fimicola and 

Trichoderma viride. 

G. roseum was always inoculated at point X on the inter- 

~ action strip and the test fungi were inoculated at Y after 

2 days of the inoculation of G. roseum. Three replicates 

were kept for each test fungus and a similar number of controls 

were also kept where only test fungus was inoculated. 

The inoculum was taken from a 7 days old fungal colony 

growing on E & P cellulose agar. A 5 mm. diameter cork 

borer was used for all the inoculations. Before inoculation 

E & P salt solution was added to the perfusing flasks and the 

petri dishes containing the U strip were put in petri dish 

carriers (Photo 7 ). After autoclaving the strips were then 

inoculated and incubated at 25° C. The linear growth of the 

test fungi were recorded every day for a period of about 

two weeks depending upon the growth rate of the test fungi. 

All the results are expressed as an average of three 

observations. The results of the effect of the metabolites of 

-G. roseum on Arthrobotrys sp., C. fuckeli and T. viride are 
  

represented in Figurel7a. The linear growth per 24 hours and 

percentage inhibition or otherwise is calculated and 

summarised in Table 35. Arthrobotrys sp. reached a linear
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Figure 17a Linear growth of different fungi when perfused with the 
diffusible metabolites of G. roseum (G.r) 

Legend: Arthrobotrys sp. (A.sp); Coniothyrium fuckeli (C.f); Trichoderma 
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Figure 17b: Linear growth of different fungi when perfused with the 
diffusible metabolites of G. roseum, 

Legend: Chaetomium globosum (C.g); Humicola grisea (H.g); Sordaria 
fimicola (S.f).



Table 35 

Effect of the diffusible metabolites of Gliocladium roseum on the 
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linear growth of different fungi. 

  

Linear Growth / 24 hrs.* 
  

  

  

ea. with Inibition | % Inhib. 

Control (C) | G.roseum (T) | C&T =T1 | I/CxX100 

Arthrobotrys sp. 0.37 cm. 0.41 cm, _ et - 29.0! 

Chaetomium globosum 0.81 cm, 0,64 cm. O17 2.0 

Coniothyrium fuckeli 0,23. om, 0,.22..cm, 0,01 4e3 

Humicola grisea 0.31 cm. 0,26 cm, 0,05 16.1 

Sordaria fimicola 1.3 tm, 4.2 cm, 0.6 33.3 

Trichoderma viride 1.2. eo. 0.93 cm, 0.27 2255         
  

* All figures are average of three readings 

+ Percentage increase of linear growth 
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growth of 3.4 cms. whereas when it was perfused with the 

metabolites of G. roseum, its growth was enhanced and it 

reached 3.7 cms. in 9 days. This increase was calculated to 

be9,g%, C. fuckeli proved to be extremely slow growing and 

reached 2.1 cms. after 9 days as compared to 2.0 cms. under 

the influence of G. roseum. As this was an extremely small 

difference, the percentage inhibition was 4.3 as compared to 

29% increase for Arthrobotrys sp. T. viride which is 4 well 

known fast growing fungus, achieved its maximum linear growth 

of 7.5 cms. in 6 days, whereas when it was grown with the 

metabolites of G. roseum it grew comparatively slowly 

reaching 7.5 cms. in 8 days instead of 6 days. This 

inhibition was calculated to be 22.5%. 

Figure 17b represents the results for S. fimicola, 

C. globosum and H. grisea. S. fimicola is also a fast 

growing fungus as its mycelium reached 6.4 cms. in 2 days but 

it was until 4 days that it started producing perithecia; 

there was no fixed pattern of perithecial production. The 

broken lines in Figure 17b represent the formation of 

perithecia. S. fimicola when perfused with the metabolites 

of G. roseum grew comparatively slowly, reaching its maximum 

linear growth of 6.0 cms. in 3 days after which it slowed 

down completely; the significant difference being the lack 

of perithecia even after 5 days. Perithecia did eventually 

appear on the cellulose strip but their number was drastically 

smaller than those of the controls. This fungus had a maximum 

inhibition value of 33.3% (Table 35). C. globosum showed 

a steady linear growth reaching 7.3 cms. in 9 days. Here 

the perithecia were produced from the very beginning and the
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entire strip was covered with them. Its linear growth slowed 

down under the influence of G. roseum and was only able to 

reach 5.8 cms. This slowing down process began after 4 days. 

The inhibition percentage calculated for this fungus was 

21.0. Like C. fuckeli, H. grisea is another slow growing 
  

fungus which reached 2.8 cms. linear growth in 9 days. This 

fungus was further slowed down when perfused with the 

metabolites of G. roseum; it reached a linear growth of 

2.1 cms. The inhibition value for this fungus was calculated 

to be 16.1%. 

Out of all the above mentioned fungi tested, the linear 

growth of Arthrobotrys sp. was enhanced whereas all other 

fungi were inhibited by G. roseum by varying degrees. 

In order to compare these results with those of the 

non diffusible metabolites of G. roseum, percentage decrease 

in the depth of clearing of these fungi is calculated from 

Table 34 and is summarized in Table 36. 

The percentage inhibition obtained from both experiments 

(depth of clearing and linear growth) is represented in 

Figure 18. There was no marked difference between the 

inhibition of cellulolytic activity and linear growth of 

C. globosum, C. fuckeli, H. grisea and S. fimicola. 

Arthrobotrys sp. had a 23% inhibition of cellulolytic 

activity whereas its linear growth increased by only 29-0 

in the presence of G. roseum. T. viride showed a maximum 
  

inhibition of cellulolytic activity of 45/6% whereas its linear 

growth was suppressed by only 22.5%. This result is signif- 

icant since T. viride is the most common soil fungus and is 

mostly responsible for the cellulose decomposition in the 

Soil.
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The percentage decrease or increase of the depth of clearing produced 

by different fungi when grown in combination with Gliocladium roseum, 

  

Depth of clearing in 30 days * 

  

  

  
  

FUNGI with Inhibition | % Inhib. 

Control (C) | G.roseum (T)| C -T=I_ | 1/Cx100 

Arthrobotrys sp. 13.0 mms, 10,0 mms, 3.0 23.0 

Chaetomium globosum 14.0 mms, 11.6 mms, nak 1% 

Coniothyrium fuckeli 10.6 mms, 9.5 mms, ted 10.3 

Humicola grisea 13,0 mms, 11.3 mms, Tf 13.0 

sordaria fimicola 15.5 mms, 11.3 mms, Ase PLAS 

Trichoderma viride 23.0 mms. 12.5 mms, 10.5 45.6         
  

* All figures are average of three readings 

 



                      

  

  

  

  

  

  

                  

  

      

  

  

  

  

  

  

  

  

                  

  

  

  

      
  

Figure 18: The percentage inhibition or increase in the linear growth and depth of clearing of different 

fungi when grown in combination with Gliocladium roseum, 
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With all the test fungi, the cellulolytic activity of 

G. roseum also decreased. The possible explanation of this 

may be its mycoparatic:: nature which might be affecting the 

cellulose enzyme production. The other explanation for this 

decrease in the depth of clearing of the cellulose might be 

the rapid staling of the cellulose agar medium to which 

G. roseum seems to be very sensitive. 

  

Trichoderma viride and Fusarium solani have been found to 

be the most commonly occurring fungi in the soil and their 

association with cellulose decomposition has also been 

elucidated in the previous chapters.. Some workers have also 

reported antibiotics from these fungi which are active against 

other microorganisms. (Bilai 1963). Therefore two similar 

experiments were carried out using the perfusion interaction 

technique to observe the effect of the diffusible metabolites 

of T. viride and F. solani on the linear growth of different 

cellulolytic fungi. These results were then compared to those 

obtained by inoculating these fungi in combination on to 

the cellulose agar column and then measuring the depth of 

clearing. 

T. viride was inoculated at point X (See Photo. 5 ) 

on the interaction U strip at the same time as the test 

fungi which were inoculated at point Y. The controls for test 

fungi*were also Kept where T. viride was not inoculated. 

The results of the effect of diffusible metabolites of 

I. viride on the linear growth of eight cellulolytic fungi 

namely Arthrobotrys sp., C. globosum, H. grisea, F. solani, 

G. roseum, C. fuckeli, Papulaspora sp. and S. fimicola are 
  

represented in Figures 19a-b. The percentage inhibition of
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Figure 19b: Linear growth of different fungi when perfused with the metabolites of 
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Figure 19a: Linear growth of different fungi when perfused with the metabolites of 

Trichoderma viride, 

Legend: Arthrobotrys sp. (Ar.); Papulaspora sp. (Pap.); rest same as Fig, 17a-b, 
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the linear growth of these fungi has been calculated and is 

represented in Table 37. The linear growth of Arthrobotrys sp. 

and C. fuckeli were not very much suppressed by the metabolites 

of T. viride. The degree of inhibition of their linear 

growth was calculated to be 5.4% and 17.0% respectively. 

C. globosum seemed to be very much inhibited as its linear 

growth was only 2.8 cms. after 12 days of incubation as 

compared to 6.0 cms. after 8 days of incubation. This 

inhibition was calculated to be 69.3%. The linear growth of 

H. grisea was also suppressed by 34.4%. This was found to be 

a slow growing species and its linear growth reached 3.5 mms. 

whereas under T. viride's influence it was reduced to 2.3 cms. 

Papulaspora sp. was found to be a fast growing species 

covering the whole cellulose strip in about 8 days which is 

then followed by blackening of the strip due to the penetration 

of the mycelium into the cellulose fibres. This blackening 

of the strip started after 5 days. The metabolites of 

T. viride slowed down the linear growth of Papulaspora sp. 

and also delayed the blackening of the cellulose strip. The 

degree of inhibition was comparatively small as it was calcul- 

ated to be 20.4%. Fusarium solani also experienced inhibition 

of its linear growth under the influence of the metabolites 

of T. viride. The extent of inhibition was calculated to be 

46.0%. Among other fungi tested, G. roseum and S. fimicola 

underwent nearly similar degree of inhibition of their linear 

growth when perfused with the metabolites of T. viride. The 

degree of inhibition was 26.0% and 28.5% respectively. 

S. fimicola was previously found to be quite fast growing 

species but during this experiment it was comparatively slow 

growing and its linear growth was 5.1 cms. after 12 days.



Table 37 
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Effect of the diffusible metabolites of TI, viride on different fungi. 

  

Linear Growth in cms 

  

  

  

/ gh tes, * % Inhib4 

eu Perfused with i a 
igi ee Difference 100 

(Cc) ol; bs uaa hone 

Arthrobotrys sp. 0.37 cm. 0.35 cm, 0,02 54 

Chaetomium globosum 0.75 ous 0523 cm, 0.52 69,3 

Coniothyrium fuckeli 0,23°-em, 0,19: cm. 0,04 wlio 

Fusarium solani OC37 Oe, 0.20 cm, O 517 46.0 

Gliocladium roseum 0.3.1. om, 0,23 cm, 0,08 26.0 

Humicola grisea 0,29 cm. 0.19 cm, 0,10 34.4 

Papulaspora_ sp. 0.54 cm. 0.43 cm, 0.11 20.4 

Sordaria fimicola O. 42 cm, 0.30 cm, 0,12 2OaD           
  

* All the figures are average of three readings,
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The production of perithecia was also quite slow and they 

appeared on the cellulose strip as late as 10 days of 

incubation. The perfusion of S. fimicola with the metabolites 

of T. viride slowed the linear growth slightly but it somehow 

produced perithecia earlier than the controls. The perithecia, 

in this case were observed after 8 days of incubation. 

The percentage inhibition of the cellulolytic activity of 

the test fungi has been calculated and represented in the 

Table 38. It can be seen from this table that the cellulolytic 

activity of only 4 species namely C. fuckeli, H. grisea, 
  

G. roseum and Papulaspora sp. was inhibited to varying degrees. 

The maximum inhibition was produced by Papulaspora sp. and 

G. roseum. All the other species tested had their cellulolytic 

activity in between the cellulolytic power of T. viride and 

the test fungi. These results are contrary to the results 

obtained with the metabolites of G. roseum where the activity 

of all the fungi tested decreased. 

The percentage inhibition of the linear growth and the 

cellulolytic ability has been represented in Figure 20. 

The linear growth of all the fungi tested was inhibited whereas 

the cellulolytic activity of some of the test fungi was 

increased. The comparison of C. globosum was quite marked 

as its linear growth inhibition was as high as 69.3 while 

the cellulolytic activity increased by 25.0%. 

Due to this widespread inhibition of the linear growth of 

all the fungi tested by the diffusible metabolites of 

T. viride, another similar experiment was devised in order to 

observe the effect of the diffusible metabolites of these 

fungi on the linear growth of T. viride. The interaction 

perfusion strips were set up as described previously. This



Table 38 

The percentage inhibition or increase in the depth of clearing of 
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different fungi when grown in combination with TI, viride, 

  

  

  

  

Depth of clearing in 

FUNGI a aay? Difference % 

a Inhibition 

Control (C) | T.viride (T) € iit 

Arthrobotrys sp. 13,0 mms, 19.3 mms, te 43.8 

Chaetomium globosum 14.0 mms, 17.5 mms, Jo 25.0 

Coniothyrium fuckeli 10.6 mms, 10.3 mms, - 0.3 - 2,8? 

Fusarium solani 18,0 mms, 20.0 mms, 2.0 Tel 

Gliocladium roseum 16,5 mms, 12.5 mms, - 4.0 - 24.2% 

Humicola grisea 16.0 mms, 11.8 mms, - 1.2 - 9.2 

Papulaspora_sp. 15,0 ms, 11.5 mms, - 3.7 - 24.6% 

Sordaria fimicola 15.5 mms, 19.5 mms, 4.0 mae           
  

* = % inhibition



Legend 
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[] = % inhibition of cellulolytic activity C.f = Coniothyrium fuckeli 
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time the test fungi were inoculated at point X and T. viride 

at point Y in the cellulose U shaped strip (Photo. 5 ). 

Appropriate controls were again kept for this experiment. 

T. viride was inoculated after 2 days of the inoculation of 

the test fungi, so that enough time was allowed for the 

diffusible metabolite of the test fungi to reach the point 

Y where T. viride was inoculated. 

The results of the measurement of the linear growth of 

T. viride growing on the metabolites of different cellulolytic 

fungi are presented in the Table 39. The diffusible metabolites 

of Arthrobotrys sp. F. solani and Papulaspora sp. did not 

produce any effect on the linear growth of T. viride. (Fig. 21) 

S. fimicola and H. grisea were just able to suppress its 

linear growth to a small extent whereas C. fuckeli and 

C. globosum inhibited the linear growth of T. viride to a 

relatively large extent. The degree of inhibition was 

calculated to be 26.6% and 46.6% respectively. 

The inhibition of the cellulolytic activity of T. viride 

when grown with other fungi, have also been calculated and 

represented in Table 40. The depth of clearing produced 

by T. viride in combination with other fungi, decreased with 

all the fungi tested. Maximum inhibition was produced by 

C. fuckeli which was 55.2% whereas minimum inhibition was 13.0% 

produced by F. solani. 

The comparison of both the inhibitions, i.e. linear 

growth and cellulolytic activity have been presented in 

Figure:..32. °C. gzobosum, C. fuckeli, Hs. grisea and S.:. fimicois 

produced inhibition of the both, linear growth and the depth 

of clearing of the cellulose agar produced by T. viride, 

whereas: Arthrobotrys sp., F. solani and Papulaspora sp.
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Table 39 

Effect of the diffusible metabolites of different fungi on the linear 

growth of TI, viride, Linear growth of T, viride = ae = 1.5ems/24 brs 
C 

  

  

  
  

Linear growth of 

T, viride perfused 

FUNGI with metabolites f 
a Inhibiti 

of test fungi, per - pp oy 

24 hours.* (T) Difference 

Arthrobotrys sp. 1.5 cms. O 0 

Chaetomium globosum 0.8 cms. 0.7 16.6 

Coniothyrium fuckeli Tela cine, 0.4 26.6 

Fusarium solani Te 52 cme; 0 0 

Humicola grisea 1.25 cms. 0.25 1645 

Papulawspora_sp. 1,5 CMSs 0 O 

Sordaria fimicola led seme; 0.1 6.6         
  

* = All figures are the average of three readings,
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Table 40 

= 219.6 

The percentage inhibition or increase in the depth of clearing produced 

by I, viride when grown in combination with test fungi. 

i viride — 23.0, mn, 

  

  

  

Depth of clearing % 

a) abe with the test Difference Inhibition 

fungi (T) xt of T,viride 

Arthrobotrys_ sp. 19.3 mms, oe t 16.0 

Chaetomium globosum 17.5 mms, 565 23.9 

Coniothyrium fuckeli 10,3 mms, 12.7 55.8 

Fusarium solani 20,0 mms, 360 0 

Humicola grisea 11.8 mms, Nt2 48.7 

Papulospora_ sp. 11.3 mms, 14,7 50.7 

Sordaria fimicola 19.5 mms. ia 15,4          



Legend: same as Fig. 20 
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produced inhibition of the depth of clearing but had no 

effect on the rate of linear growth of T. viride. 

Similar experiments have been performed to demonstrate 

the effect of diffusible and non diffusible metabolites of 

Fusarium solani on the growth of 5 other cellulolytic fungi. 

These were Arthrobotrys sp., C. fuckeli, F. moniliforme, 
  

H. grisea and S. fimicola. During the isolation and 
  

colonization studies of these fungi, these were found to be 

commonly occurring and showed some sort of interaction on the 

cellulose agar plates. 

The interaction perfusion strip were made as described 

previously. F. solani was inoculated at point X on the 

interaction cellulose strip whereas the test fungi were 

inoculated at point Y so that the metabolites from X could 

be perfused on to the point Y (See Pheto=z 5 ). 

Figure 23 represents the results of the linear growth of 

cellulolytic fungi under the influence of F. solani. The 

percentage inhibition or enhancement of the linear growth of 

these fungi have also been calculated and is summarized in 

Table 41. 

F. solani did not seem to have much effect on the linear 

growth of the fungi tested as compared to G. roseum and 

IT. viride. The linear growth of Arthrobotrys sp. was enhanced 

by 30% when perfused with the metabolites of F. solani. It " 

did not have any effect on F. moniliforme. The maximum iAkebi- 

A >_> occurred in the case of S. fimicola when the inhibition © 

"was 45.3% whereas H. grisea had an inhibition of 21%. Very 

little inhibition of the linear growth of C, fuckeli was 

_ observed as it was only 3%. 

The percentage decrease or increase in the depth of clearing
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Figure 23: Linear growth of different fungi when perfused with the 
diffusible metabolites of Fusarium solani, 

Legend: Fusarium moniliforme (F.m); rest same as in previous figures, 
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Table 41 
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Effect of the metabolites of Fusarium solani on different fungi. 

  

Linear Growth/24 hrs, 

  

  

  

FUNGI 

with 

Control F, solani Difference % 

Arthrobotrys sp. 0,52 0.68 - 0,16 - 303 

Fusarium moniliforme 0.53 0.53 0 0 

Coniothyrium fuckeli 0,29 0,30 - 0,01 a Bed 

Humicola grisea 0,28 0.22 0,06 Blk 

Sordaria fimicola cea, 0.93 0.97 ' 45.3 8.24           
 



Table 42 
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The percentage decrease or increase in the depth of clearing of 

different fungi when grown in combination with F, solani, 

  

FUNGI 

Depth of clearing in 30 

days in mms, 

  

  

  
  

  

Difference |Inhibit- 

with eae 
Control (C) | F. solani (T) Ou D % 

Arthrobotrys sp. 13350 16.0 — 3,0 «22° 3" 

Fusarium moniliforme AS) Ss: 2185 2220 = Onn, 

Coniothyrium fuckeli 10.6 14.5 2.39 . 37,0 

Humicola grisea 1350 13-0 O O 

Sordaria fimicola 15.5 14.5 Ree 6         
  

* = Percentage increase in the depth of clearing, 
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of the cellulose by test fungi when grown with F. solani has 

been summarized in Table 42. The depth of clearing of 

Arthrobotrys sp. and C. fuckeli has been increased to some 

extent when grown in the presence of F. solani. There was 

no effect on the clearing produced by H. grisea in combination 

with F. solani. The depth of clearing produced by F. monili- 

forme and S. fimicola was decreased to a small extent when 

grown with F. solani. 

The comparison of the cellulolytic activity and the 

effect on the linear growth of the test fungi of the 

metabolites of F. solani has been represented in Figure 24. 

Arthrobotrys sp. had an increased cellulolytic activity and 

linear growth in association with F. solani. There was very 

little decrease in the linear growth of C. fuckeli but there 

was qiute a large increase in the depth of clearing of the 

cellulose agar. 

The effect of the diffusible metabolites of the test 

fungi has also been observed on the linear growth of 

F. solani using the interaction perfusion technique. The 

measurement of the linear growth of F. solani perfused with 

the metabolites of the test fungi are represented in 

Figure 25 and are summarized in Table 43 

The diffusible metabolites of H. grisea and C. fuckeli 

enhariced the linear growth of F. solani by 5.5% and 3.1% 

respectively. Arthrobotrys sp. whose linear growth was 

enhanced with the metabolites of F. solani, produced an 

deni cory effect on the linear growth of F. solani. The 

inhibition produced by F. moniliforme was maximum as it 

ranged to 34.7%. S. fimicola did not produce any effect 

on the linear growth of F. solani.
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Percentage Increase 
(or decrease) in 
Linear growth 
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Ar. = Arthrobotrys sp. 

C.£ = Coniothyrium fuckeli 

F.m = Fusarium moniliforme 

H.g = Humicola grisea 

S.£ © Sordaria. fimicola 
  

% increase in linear growth Mm 
(rest same as Fig 20) 

Figure 24: Percentage increase or decrease of the linear growth and depth 
of clearing of cellulose by different fungi when grown with 
Fusarium solani,
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Table 43 
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Effect of the diffusible metabolites of different fungi on the 

linear growth of Fusarium solani. 

Linear growth of F, solani = 0,31 mm./24 hrs. (C) 

  

  

  
  

  

Linear Growth Difference % 

nie (T) 0.58 Difference 

Arthrobotrys sp. 0,28 0,03 10,7 

Fusarium moniliforme 0,23 0,08 34.7 

Coniothyrium fuckeli 0532 - 0,01 - 3.1 

Humicola grisea 0,34 - 0,02 - 5.5 

Sordaria fimicola 0.31 0 0         
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Table 44 

The percentage decrease or increase in the depth of clearing of 

Fusarium solani when grown in combination with other test fungi. 

Depth of clearing after 30 days of F, solani = 18.0 cms, (C) 

  

  

  
  

  

Depth of clearing 

FUNGI with test fungi Difference % 

(T) Coat Inhibition 

Arthrobotrys sp. 16.0 mms, 270 qe i 

Fusarium moniliforme 21,5 mms, - 3.5 - 19.4% 

Coniothyrium fuckeli 14.5 mms, 353 19.4 

Humicola grisea 13.0 mms, 54.0 Blsil 

Sordaria fimicola 14.5 mms, 355 19.4       
  

a = Percentage increase in the depth of clearing. 
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The percentage inhibition or otherwise of the cellulolytic 

activity of F. solani in association with other test fungi has 

been calculated and summarized in Table 44 . The comparison 

of the effect on the linear growth and cellulolytic activity 

has been represented in Figure 26 , 

Among all the fungi tested F. moniliforme and F. solani 

when grown together resulted in increased cellulolytic power 

as the depth of the clearing of the cellulose agar increased 

by 19.4%. The decrease of the depth of the clearing of the 

cellulose agar occurred in all other instances when F. solani 

was grown with different test fungi. As C. fuckeli and 

H. grisea enhanced the linear growth of F. solani, its 

cellulolytic activity was decreased in their presence. The 

extent of inhibition was 19.4% and 27.7% respectively. 

In addition to these experiments, some investigations 

were made on the interaction of A. fumigatus with G. roseum 

and Papulaspora sp. A. fumigatus occurred on the cellulose 

agar plates quite frequently and it showed some sort of 

interaction with these two fungi. Therefore a similar 

experiment was run using perfusion interaction technique. 

The results of the interaction between A. fumigatus and 

G. roseum are represented in Figure 27 . The diffusible 

metabolites of A. fumigatus suppressed the linear growth of 

G. roseum by 1.1 cms. after 12 days of incubation at 25° 

The percentage inhibition of the linear growth of G. roseum was 

calculated to be 19.6%. The diffusible metabolites of 

G. roseum when perfused to A. fumigatus suppressed its linear 

growth as well. This suppression was only 0.8 cm. after 

12 days of incubation. This inhibition was calculated to 

Bee Lh. 17.
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Legend: same as Figs 20 and 24. 

Figure 26: Percentage increase or decrease of the 

linear growth and depth of clearing of cellulose 

by Fusarium solani when grown with other fungi.
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Figure 27: Linear growth of Gliocladium roseum(G.r) and Papulaspora_sp.(Pap) when perfused 

with the diffusible metabolites of Aspergillus fumigatus(A.f). 
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The effect of the diffusible metabolites of A. fumigatus 

was also observed on Papulaspora sp. using the same interaction 

perfusion technique. There was no inhibition of the linear 

growth of Papulaspora sp. but its growth was very poor as 

compared to the controls and it did not produce much 

blackening of the cellulose strip as is normally produced 

by the dark brown hyphae of Papulaspora sp. 

The metabolites of Papulaspora sp. were also perfused 

on to A. fumigatus to observe the effect on its linear 

growth. The results are represented in Figure 27 

The linear growth of A. fumigatus proceeded steadily up to 

6 days of incubation after which it was slowed down to a 

large extent. After 12 days it reached 2.8 cms. as compared 

to 4.2 cms. of the control. This inhibition was calculated 

te ‘be 33.32. 

In addition to the inhibition of the linear growth of 

A. fumigatus, its cellulolytic activity also decreased to 

quite a large extent when grown in combination with 

Papulaspora sp. 

From these results obtained, it~ is quite apparent that 

the perfusion interaction technique has worked quite successfull: 

thus allowing the study of any quantitative effect on the 

linear growth of one fungus by the diffusible metabolites of 

another. 

Reviewing the results thus obtained, it is quite clear 

that there are very few examples of the increase of the linear 

growth as compared to the inhibition of test fungi. Arthrobotry: 

Sp. was the only species which produced a notable increase as 
Ag 

its linear growth was enhanced by 29% when perfused with the
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diffusible metabolites of G. roseum whereas metabolites of 

F. solani produced 30.3% increase in its linear growth. 

Coniothyrium fuckeli had its linear growth enhanced by 3.4% 

when perfused with the metabolites of F. solani. The 

diffusible metabolites of T. viride did not produce any 

increase of the linear growth of test fungi. On the other hand, 

the linear growth of T. viride was suppressed by 46.6% and 26.6% 

when perfused with the metabolites of C. globosum and 

C. fuckeli respectively. The linear growth of F. solani was 

slightly increased by 3.1% and 5.5% when perfused with the 

metabolites of C. fuckeli and H. grisea respectively.
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The ecological studies carried out on the soil 

fungi can be better understood with the help of several 

concepts formulated by Garrett ( 1950, 56,63. ) All 

these concepts elucidate the synecology of the fungi 

colonising a specific substrate. The studies of many 

workers ( Brian 1957; Gottlieb & Siminoff 1951; Wright 

1955 ) have pointed towards the antagonism, interaction and 

competition between different microorganisms in the soil, 

emphasising those which become most active during the 

colonisation of an organic substrate and its subsequent 

phases. This behaviour of the microorganisms in the soil 

is referred to as competitive saprophytic ability ' by 

Garrett ( 1950 ) who defined it as " the summation of 

physiological characteristics that make for success in 

competitive colonisation of dead organic substrates " 

In this connection Garrett listed four characteristics that 

are likely to contribute to a high degree of saprophytic 

ability, namely : 1) rapid germination of spores and a 

high rate of hyphal growth, both favouring rapid colonisation; 

2) good enzyme production, which favours rapid and extensive 

substrate utilisation; 3) production of substances toxic to 

other organisms, which may reduce competition for available



~ 236 - 

substances; and 4) tolerance of antibiotic substances 

produced by other organisms. The third factor is important 

during early colonisation when not many organisms are present 

and toxic substances producéd by the organisms can provide 

advantages over other organisms. The fourth property “< 

is helpful during the later stages of the decomposition of 

organic substrates when the number of fungi and the amount of 

toxic substance is maximal. These factors have been studied 

to some extent in the previous chapter, using the perfusion 

interaction technique and mixed culture inoculations ot to 

the cellulose agar columns ( Rautela & Cowling 1966 ). The 

first two factors pertaining to spore germination and 

enzyme production are advantageous to maintain a high 

saprophytic activity ( Park 1968 ). 

The factors involved in the spore germination and 

fungal viability have been discussed by Sussman ( 1966 ) 

Park(1965), and Sussman & Halvorsun ( 1966 ). Some workers 

have also observed inhibition of fungal spares in the soil 

which was termed fungistasis by Dobbs & Hinson ( 1953 ). 

They observed a widespread fungistasis in the soil which 

was later termed as mycostasis by Dobbs, Hinson & Bywater 

C1957), Although the soil provides an Evi cunent suitable 

for growth of many fungi, the mycostatic activity may result 

in the inhibition of spore germination and mycelial growth 

which was found to be due to biological factors ( Dobbs, 

Hinson & Bywater 1957 ). Lockwood ( 1964 ) considered this 

inhibition was completely removed by sterilizing or air 

drying the soil. Brian ( 1960 ) indicated that only 

antibiotic production was not a possible cause of widespread
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fungistasis. In order to apply these synecological concepts 

in the particular situation of the germination, colonization 

and subsequent succession on the perfused cellulosic substrate, 

a small experiment was performed using the perfusion 

technique. 

Spore suspension of the following ten cellulolytic 

fungi as there were commonly isolated from the soil was 

prepared by using 0.5% Tween 80 (Admek 1965). The fungi 

used were Arthrobotrys sp., Chaetomium globosum, Fusarium 

solani, Gliocladium roseum, Humicola grisea, Paecilomyces: 

elegans, Graphium sp. Sordaria fimicola and Trichoderma 

viride. These fungi were grown on E & P's cellulose agar 

slopes for 7 days. The spore: suspension was prepared 

by adding 10 mls. of 0.5% Tween 80 in sterile water to the 

agar slope, shaking the slope and then recovering the 

suspension. The number of spores in the suspension were 

counted using a haemocytometer. The spore suspension was 

diluted if necessary and then varying volumes of suspension 

of various fungi were mixed in order to have equal numbers 

of spores of all the above mentioned fungi. 

The perfusion devices were made as described in Chapter 

2. The fibre glass cloth used to screen the cellulose strip 

was 2 cms. wide and 9 cms. long. It was used in a thickness 

of 1, 2, 3, 5, and 10 layers. For each number of layers 

10 perfusion devices were made. E & P salt solution was 

again used for perfusion. After autoclaving, all the 

perfusion devices were inoculated with 2 mls. of the spore 

mixture suspension. In order to prevent the spore suspension 

filtering through the different layers of fibre glass cloth
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the 2 mls. spore suspension inoculum was pipetted on to 

2 cms. x 9 cms. glass fibre cloth contained in a sterile 

petri dish. The fibre glass was allowed to absorb the 

suspension for 5 minutes and then extra suspension was 

removed by simply tilting the petri dish. This inoculated 

fibre glass cloth was then transferred aseptically on to 

the perfusion devices containing different number of layers 

of fibre glass cloth. The inoculated perfusion devices 

were then incubatéd at 25° C. 

After different intervals of incubation, one perfusion 

device was sacrificed for each thickness of fibre glass 

cloth covering the cellulose strip. All the layers of 

fibre glass cloth were removed aseptically and the cellulose 

strip was released from the fibre glass sleevings, cut into 

small pieces and inoculated on to E & P cellulose agar (as 

described previously). These plates were observed after 

7 days of incubation at 25° C. and all the fungi appearing 

were recorded. 

The results of this experiment are summarized in Table 44 

The most rapidly germinating fungi were found to be T.viride 

and G. roseum. These were isolated from all the cellulose 

paper strips covered with 1, 2, 3, 5 and 10 layers of fibre 

glass cloth after 8 hrs. of incubation. The spores of 

T. viride could be seen germinating on the fibre glass cloth 

and giving rise to mycelium which penetrated the different 

layers of fibre glass cloth to reach the cellulose paper 

strip. Its mode of growth was also observed through various 

layers of fibre glass cloth. The mycelium thus formed after 

germination of the spore, produced spores in turn while still
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on the fibre glass cloth (Photograph8). This characteristic 

gave an added advantage to T. viride for successful coloniza- 

tion of the cellulose strip. 

The spores of G. roseum also germinated readily but 

were able to reach the cellulose strip through up to 3 

layers of fibre glass cloth after 8 hrs. of incubation. 

Its frequency of occurrence decreased with the increase in 

the number of the layers of fibre glass cloth. After 6 

days of incubation G. roseum was also isolated from the 

cellulose strip covered with 5 layers of fibre glass cloth 

whereas after 22 days it was isolated from that of 10 layers 

of fibre glass cloth. 

G. roseum had a fairly high frequency of isolation from 

the cellulose strip throughout the period of incubation, 

whereas T. viride had a very high frequency of occurrence in 

the early days of incubation but it decreased towards the 

end of the incubation period and was just able to make its 

appearance. Moreover, at the end of the incubation period, 

T. viride had a sparse growth on the cellulose agar which 

also had a staled appearance. G. roseum had been recorded as 

a genuine soil inhabiting fungus(Pugh and Dickinson 1965) 

and a destructive mycoparasite (Barnett and Lilly 1962) 

and has been shown capable of killing hyphae of Rhizoctonia 

solani in paired cultures (Pugh and van Epden 1969)... In 

view of such observations by many research workers, it can 

be presumed that the sparse and unhealthy growth of T.viride 

on the cellulose agar plate might be due to the activities of 

G. roseun.
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Photograph 8 

The sporulating mycelium of T.viride produced 

immediately after the spore germination on the 

fibre glass cloth.
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Paeciliomyces elegans was able to penetrate the 

first five layers of fibre glass cloth covering the 

perfused cellulose strip after 1 day of incubation. After 

2 days of incubation it penetrated 10 layers of fibre glass_ 

cloth as it was isolated from the cellulose strip screened 

by 10 layers of fibre glass cloth. P. elegans was not isolated 

again during this experiment except after 6 days when it was 

isolated from the perfused cellulose strip screened by 

5 and 10 layers of fibre glass cloth. 

The frequency of isolation of F. solani and F. sporotri- 

chiodes seemed to be very low. F. solani was never isolated 

from the cellulose strip covered with 10 layers of fibre 

glass cloth. F. sporotrichiodes had a much lower frequency 
  

and was only isolated between 1 and 10 days of incubation. 

C. globosum was first isolated after 6 days of incubation 

from cellulose strip covered with only 1 layer of fibre glas 

cloth. It was also isolated after 16 and 22 days of 

incubation. Arthrobotrys sp. was isolated from 1 and 2 

layers thickness after 6 days of incubation and was isolated 

from all thicknesses of fibre glass cloth after 10 days of 

incubation. After 22 and 30 days of incubation, it was 

only isolated from the cellulose strip covered with 5 and 10 

layers of fibre glass cloth. 

Penicillium sp. and S. fimicola were isolated for the 

first time after 10 days of incubation. Penicillium sp. 

was isolated from all thicknesses of the fibre glass cloth 

after 16 days of incubation, whereas it was only isolated 

from 5 and 10 layers of fibre glass cloth after 30 days of 

incubation. S. fimicola was never isolated from the cellulose
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strip covered with 1 and 2 layers of fibre glass cloth. It 

was only isolated from 3 - 10 layers of fibre glass cloth 

after 16 - 30 days of incubation. The percentage frequency 

of occurrence of these fungi was quite low. 

H. grisea was also isolated once after 6 days of incub- 

ation from the cellulose strip covered with 1 - 3 layers of 

fibre glass cloth. The only fungal spores which either 

failed to germinate or if they germinated the hyphae produced, 

failed to penetrate in order to reach the cellulose paper 

strip was that of Graphium sp. The first 3 layers of the 

10 layers of fibre glass cloth covering the cellulose strip, 

produced Graphium sp., when inoculated into the cellulose 

agar whereas there was no trace of any further penetration 

by Graphium sp. 3 

All the fungal spores except Graphium sp. were able to 

germinate and colonize the cellulose substrate. A careful 

analysis of the results can illustrate a succession of 

fungi colonizing the cellulosic substrate, which is composed 

of early colonizers and late developers. 

Under these experimental conditions, as roughly equal 

number of spores were mixed, no one organism had any 

preadvantage over the others. Thus any fungus from the early 

colonizers of the cellulose strip, must have a high 

competitive saprophytic ability as the gusceseiah colonization 

can only take place due to the 'rapid germination of spores 

and a high rate of hyphal growth'. The spores having such 

characteristic could be referred to T. viride and G. roseum 

and P. elegans which comprise the early colonizers. Among 

these T. wiride and G. roseum were continuously isolated
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throughout the experiment whereas P. elegans was. isolated 

only up to 6 days of incubation. This disappearance of 

P. elegans may be attributed to the interaction with other 

organisms which by now had been able to germinate and colonize 

the cellulose strip. Among these fungi are Arthrobotrys sp., 

C. globosum and H. grisea. Among the late developers are 

S. fimicola and Penicillium sp. which were isolated after 10 

days of incubation. 

The average total percentage frequency of isolation of 

different fungi isolated from the cellulose strip covered with 

different layers of fibre glass cloth is represented in 

Figure 28 

The delineation of these fungal spores into early dev- 

elopers and late developers might be due to certain factors 

which influence thelir germination in spite of the constant 

environmental conditions. This phenomenon has also been 

observed and pointed out by other workers (Dobbs and Hinson, 

1953; Dobbs, Hinson and Bywater, 1957; Dwivedi, 1968; 

Park, 1968). These factors could also be explained by 

applying Garrett's concept of inoculum potential. Garrett 

(1956) defined it as "the energy for growth of a fungus avail- 

able for colonization of a substrate at the surface of the 

substrate to be colonized". This concept has been commonly 

used in plant pathology. A host exerts a physical and 

chemical resistance to fungal penetration and the extent to 

which this penetration takes place depends on the growth 

energy or inoculum potential of the pathogen. Park (1968) 

discussed similar phenomenon with regards to dead substrates. 

" He termed it "substratum resistance" as an ecological equivalent
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to host resistance. There are at least three possible 

sources of substratum resistance. Firstly, it may be a 

residual resistance carried over from the living host 

to the dead substratum. Secondly, there may be some toxic 

substances produced by the microorganism already active in 

the early stages of substratum succession. Thirdly, it may 

be due to the initial nature of the substrate and thus 

microorganisms might need some "starter" energy in order 

to successfully colonize the substrate (Park, 1968). 

In the present investigation, the first source of 

resistance is irrelevant, as the cellulosic substrate used 

has been purified and contained negligible impurities. The 

remaining two factors can well be used for explaining the 

late or early germination of various fungal spores.
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Penetration 

As has been stated previously, for the effective 

utilization of the substrate by fungi, one of the factors 

is good enzyme production which favours extensive substrate 

utilization. In order to investigate this phenomenon, 

another small experiment was performed, again using the 

perfusion technique. 

In this case, some cellulolytic fungi which had 

been isolated previously, were used to study the enzyme 

production and the penetration of their mycelium by 

inoculating the fungal species on top of 5 layers of 

3 mm. Whatman cellulose paper and then estimating the 

weight loss of different layers of the cellulose paper. 

The cellulose paper used in this experiment was the 

same as used in the previous experimens, i.e. 3 mm. Whatmans 

chromatography paper. The only difference being that it did 

not have any polythene backing. This cellulose paper was 

cut into 1.0 cm. wide strips. A wad of 5 such strips was 

incorporated into the perfusion system. The length of the 

strips was 9 cms. except the middle strip which was 13 cms. 

long. This strip was attached to 6 mm. wide glass fibre 

sleeving threaded through 5 mm. wide silicone rubber tubing 

which then led to 100 ml. conical flask containing the 

nutrient solution (Diagram 3). The nutrients were conducted 

on to the cellulose strip which was in the middle of the 

wad of 5 cellulose strips. From this, the nutrients were 

diffused on to the cellulose strips above and below it. 

All the sides of the wad of the cellulose strips were 

sealed with silicone rubber glue and the top of the cellulose 

strips was also covered with glass fibre tape. A known
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Table 45 

FUNGI Cellulose Strip Layer No, 

1 2 3 4 5 

C, globosum Q% 2 2 : 44 

C, fuckeli 2 ‘Zz 4 11 4 

F, solani 2 dL L L L 

G, roseum 2 2 4 L L 

H, grisea 2 2 4 44 

Popalacaau SDs 2 2 2 Z h 

S, fimicola 2 - 11 44 20 

T, viride 2 2 2 2 2             

* All figures represent the days of incubation after which 

first isolation was made, 
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fungal species was inoculated on the glass fibre tape towards 

the evaporation end of the perfusion system so that the 

fungus could grow towards the fresh nutrients. Moreover, 

the fungal mycelium could only penetrate the cellulose strips 

from the top surface as all the sides of the cellulose strips 

were sealed. 

In order to allow enough replication 15 such perfusion 

devices were made for each fungal species. Three such devices 

were sacrificed each time after 2, 4, 11, 20 and 32 days of 

incubation. The wad of cellulose strips was released from the 

glass fibre sleeving and a 5 mm. diameter was removed with 

the help of an alcohol flamed cork borer.from each layer of 

the wad and inoculated onto the E & P cellulose agar. A 

standard 5 mm. x 50 mm. punch was also removed from each wad 

and the weight loss of each layer was estimated separately. 

The eight fungi tested were Chaetomium globosum, Fusarium 
  

solani, Humicola grisea, Gliocladium roseum, Papulaspora sp., 

Coniothyrium fuckeli, Sordaria fimicola and Trichoderma viride. 
  

E & P salt solution was used to perfuse. The incubation 

temperature was a5°°.¢, 

The weight loss results are represented in the various 

graphs in Figure 29 and 39 . Each reading is a mean of 3 

observations. The isolation results are summarised in Table45. 

All the figures represent the day of its first isolation. 

F. solani and T. viride produced maximum weight loss. 

T. viride was isolated from all the layers of the wad of 5 

cellulose strips after 2 days of perfusion and incubation; 

whereas F. solani was isolated from all the layers after 4 

days of incubation. C. globosum and C. fuckeli produced a
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moderate weight loss in the first 3 layers of the wad of 

cellulose strips whereas little weight loss was recorded in 

the fourth and fifth cellulose strip. C. globosum was able 

to penetrate the first 3 layers in 2 days, the fourth Layer 

in 4 days and the first isolation from the fifth layer was 

made after 11 days of incubation. The penetration rate of 

C. fuckeli was not as rapid as C. globosum. C. fuckeli was 
  

isolated from the first layer after 2 days, from the second 

and third layer it was isolated after 4 days, whereas it took 

11 days to penetrate the fourth and fifth layer of the 

wad of cellulose strips. Papulaspora sp. produced 16.3% weight 

loss in the first layer whereas in all the other lower 

layers the weight loss ranged from 5.7% to 8.5%. On the 

contrary, the rate of penetration of Papulaspora sp. was 

quite rapid. It penetrated the first 3 layers in 2 days 

and the fourth and fifth layer after 4 days of incubation and 

perfusion. H. grisea can also be grouped with Papulaspora sp. 

as it also produced quite high weight loss in the first two 

layers but quite low in the fifth layer of the wad of cellulose 

strips. H. grisea was also able to penetrate the first 2 

layers in 2 days, third and fourth layer in 4 days while the 

fifth layer was penetrated after 11 days of incubation. 

G. roseum and S. fimicola produced little weight loss in the 

various layers of the wad of the cellulose strips. The rate 

of the mycelial penetration of these two fungi differed with 

each other as the rate of penetration of G. roseum was 

quite rapid and it was able to penetrate first 2 layers in 2 

days and the remaining after 4 days of incubation. The rate 

of penetration of S. fimicola was comparatively slow as it
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took 2 days to penetrate the first layer, 4 days for the 

second layer, 11 days for the third and fourth layer and 20 

days to penetrate the fifth layer of the wad of cellulose 

strips. 

It is apparent from the graphs in Figures 28 and 29 

that the percentage weight loss decreases from layer number 

1 to 5; maximum weight loss was produced in the layer 

number 1 and the minimum was normally produced in the layer 

number 5. The extent of this difference varies with various 

fungi. These differences have been summarised in Table 46 

The maximum percentage difference has been calculated 

to be 65.2 and 63.5 in the case of H. grisea and Papulaspora sp. 

respectively. The least percentage difference was estimated 

with F. solani where it was 22.0%. All sorts of variations 

on percentage difference were found between these two 

extremes (Figure 31 ). 

This difference in the weight loss of the various layers 

of the wad of the cellulose strips presumably depends on 

the following three factors: - 

a. The rate of diffusion of the enzyme cellulase. 

b. The rate of penetration of the fungal mycelium. 

c. The enzyme production under a tendency to anaerobic 

conditions. 

The degree of penetration of these fungi has been demonstrated 

(Table 46 ) whereas the weight loss results represented in 

the Figures 22 and 30 are summation of the 3 above mentioned 

factors. For example, H. grisea had a maximum percentage 

difference in weight loss between the first and fifth layer 

of the wad of the cellulose strips; its penetration rate 

was comparatively high as it penetrated the first 4 layers in
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Table 46 

“igo. * 

Maximum and Minimum weight loss after 32 days of incubation 

  

  

Maximum Minimum % Difference 
FUNGI Difference 

% Wt, Loss | % Wt. Loss ee, X 400 
Max, Wt.Loss 

C, globosum 12.3 51 ae: 58.5 

C, fuckeli 13.4 6,0 7.4 5552 

F, solani 20;:0 15.6 ade 22,0 

G, roseum ie Lees 2.9 40.2 

H, grisea A750 5.9 11 gah 65.2 

Papulaspora_ sp. 16.2 5.9 10.3 63.5 

S. fimicola B8 B02 3.1 49.2 

T, viride 19.9 12.0 lad BOK, 
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four days of incubation. This discrepancy in these two 

observations might be due to the low enzyme production under 

an atmosphere of low oxygen tension as more free oxygen is 

available to the first layer than to the subsequent ones. 

Papulaspora sp. and C. globosum also seem to be in the same 

catepgory. C. fuckeli produced maximum percentage weight loss 

in the first three layers of the wad of cellulose strip. 

This observation coincides with the fact that these three 

layers were also penetrated by its mycelium after 4 days of 

incubation whereas the fourth and fifth layers were penetrated 

as late as 11 days and hence quite a low percentage weight 

loss. The percentage difference in the case of G. roseum and 

T. viride was nearly the same. The rate of penetration was 

also quite rapid as T. viride was isolated from all the layers 

after 2 days and G. roseum after 4 days. The weight loss 

produced in the lower layers seem to be due to the diffusion of 

cellulase produced on the first and presumably second layer 

of the wad of cellulose strips and the mycelium present in 

the 3-5 layers does not seem to have produced enough cellulase 

in order to produce weight loss comparable to the first 

layer. 

The percentage difference in the weight loss in the 

case of S. fimicola seems to be due to a very slow rate of 

penetration. The minimum difference in weight loss was 

produced in the case of F. solani as it also had a quite 

rapid rate of penetration.
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The realisation of the problem of biodeterioration 

and recent advances made towards its control have 

resulted in a number of fungicides being used to preserve 

cellulosic materials from microbial attack. Wessel 

and Bejuki ( 1959 ) have prepared a list of industrial 

fungicides ( including wood preservatives ) mentioning 493 

products representing 140 different chemicals or combinations 

being marketed by 171 different companies. The nature and 

type of fungicide used depends on the nature of the material 

and its potential use which varies from one product to 

another. 

Considering the great variety and number of these 

fungicides, it is obvious that awide array oftests pertaining 

to the biodeterioration of cellulosic materials exists; 

many of these test methods have been described and reviewed 

by Siu ( 1951 ) and Hueck van der Plas ( 1965b). 

During the present investigation, the perfusion technique 

has been used as a test method to demonstrate the effectiveness 

of some of the commonly used paper and textile preservatives. 

The following were the preservatives used in various 

concentrations: 

1. Copper naphthenateO. 2%, 0.4% and 0.8% 

2. Sodium pentachlorophenol 0.1%, 0.3% and 0.6%
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3. Lauryl pentachorophenol ae 

The ready availability, cheapness, ease of application 

and dependability of copper naphthenate made it the fungicide 

of almost exclusive use for tents, gun covers, tarpaulins 

etc., during the second World War ( Block 1967 ). Later 

on numerous other copper salts like copper - 8 - quinolinolate, 

copper formate Copper botate etc., have been used as textile 

preservatives. 

Pentachlorophenol, because of its powerful fungicidal 

activity, low cost and lack of colour has found use as a 

textile preservative. Sodium pentachlorophenate is also used 

in the manufacture of paper board resistant to microbial 

degradation ( Shapiro & Volina 1961 ). bt7is weed 10 

boxboard such as is employed for packaging electrical 

equipment for shipment to the tropics and the effective 

concentration was found to be 0.3 - 0.6% of the weight of 

the board. 

The use of pentachlorophenols as textile preservatives 

has however, several disadvantageous characteristics among 

which is the liberation of hydrochloric acid upon decomp- 

osition in sunlight, a reaction which accelerates deterioration 

( Bertolet 1943 ). Lauryl pentachlorophenol has been found 

to meet some of the objections to pentachlorophenol especially 

those based on its skin irritating properties. Lauryl 

pentachlorophenol has been shown to give satisfactory decay 

resistance in soil burial tests at 0.5 - 2.0% when used with 

a water repellant ( Hueck and La Brijn 1960 ). 

The polythene backed cellulose paper was coated with all 

the above mentioned fungicides separately at different 

concentrations. This coated paper was used in the perfusion
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devices in order to study the effectiveness of these 

fungicides. The resultant observations have also been 

compared with similar observations obtained by Eggins & 

Lloyd's screen substrated immersion tube technique 

( Eggins & Lloyd 1968 ). 

With the substrate immersion tube technique, both treated 

cloth and paper were used. Only two fungicides, namely 

copper naphthenate and sodium pentachlorophenate, were tested. 

Their concentrations were the same as mentioned previously. 

The difference between the screened and unscreened substrates 

was also noted. Therefore, to allow enough replication, 24 

immersion tubes were prepared for each concentration of a 

fungicide. Out of these, 12 wee kept screened and the 

remaining were left unscreened. These immersion tubes were 

buried in troughs of soil and incubated between 25 - 29°C. 

The sacrificing was made after 1 week, 3 weeks, 5 weeks and 

7 weeks of incubation. Each time, 6 tubes were sacrificed 

for each concentration of the fungicide; 3 for the unscreened 

and 3 for the screened substrate. The cellulose paper, thus 

recovered was cleaned with a sterile brush in the case of 

the unscreened substrate; aseptically cut into small pieces 

and inoculated on to 9 cellulose agar petri dishes. The 

species were recorded after 7 days of incubation at 25-0. 

A similar experiment was run for the treated cloth strip; 

The results for both paper and cloth treated with sodium 

pentachlorophenol and copper naphthenate are recorded in 

the Tables 47-50. 

Fusarium solani and Sporotrichum pruinosum seemed 
  

“to be the most commonly occurring fungi on the | Paper 

treated with 0.1%, 0.3% and 0.6% sodium pentachlorophenate. 

A, No



Table 47: Percentage frequency of occurrence of fungi colonising the cellulose 
strip coated with varying concentrations of sodium pentachlorophenate 

(NaPCP) using screened substrate immersion tubes, 

  

Conc. 

  

  

      

FUNGI of 1 week 3 weeks 5 weeks 7 weeks 

fa pe <8 us Ls be". #8 us: | 6 

Fusarium 0.1% 100 100 100 100 100 100 100 100 

solani 0, 3% 100 66 100 100 100 33 100 100 

0.6%-| 100 33 100 100 66 33 100 66 

Sporotrichum | 0.1% 100 66 66 33 33 100 100 

pruinosum 0.3% 66 33 66 100 66105 

0.6% 66 33 100 100 

Penicillium | 0.1% 100 66 33 66 

fumiculosum | 0;3% 100 33 33 

0.6% 100 = 33 3 

| Aspergillus {0.1% 33 - a 

Sp. 0,34 

0.6% 

Chaetomium 0.1% 100 66 33 33 33 33 

globosum 0.3% 35 - 33 66 66 ao 

0,6% B23 - 0 ~ ~ 

Trichoderma |0,1% ie - 

viride 0.3% 100 100 

0.6% 100 66 

Gliocladium |0,1% 66 33 

roseum 0.3% 

0.6% 

Paecilomyces | 0.1% 

varioti 0.3% 33 

0.6%                       

US unscreened; Ss screened,
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Table 48: Percentage frequency of occurrence of fungi colonising the cloth 

strip coated with varying concentrations of sodium pentachloro- 

phenate(NaPCP) using screened substrate immersion tubes, 

FUNGI ca 1 week 3 weeks 5 weeks 7 weeks 

Na ‘ 
PCP US S US Ss US S US Ss 

Fusarium 0.1% {7-100 |. 100-4 100. } “100 -} 406 100 {400° 4.700 

solani 0.3% 66 33 100 100 100 100 100 66 

0.6% - - 100 e3 66 Bo 66 33 

Sporotrichum | 0,1% 400: 4 700 100 100 66 66 66 66 

pruinosum 0.3% 66 - 100 66 66 33 66 33 

0.6% - - 66 a - aa 66 - 

Penicillium 0.1% | 100 66 33 

fumiculosum 0.3% 33 a3 32 

), 0.6% 100 - 66 35 

Aspergillus 0.1% 33 

sp. 0.3% 66 

0.6% 100 33 

Chaetomium 0.1% 66 

globosum 0.3% 33 100 

0,6% aS                      
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Table 49: Percentage frequency of occurrence of fungi colonising the 
cellulose strip coated with varying concentrations of copper 
naphthenate using screened substrate immersion tube, 

  

  

  

  

FUNCI 1 week 3 weeks 5 weeks 7 weeks 

US S US Ss us S US S 

Fusarium 0.2% 100 100 100 100 100 100 100 100 

solani 0.4% 100 100 100 100 100 100 100. | 100 

0.8% 100 50 100 33 100 100 

Sporotrichum 022% 100 100 100 100 33 66 66 100 

pruinosum 0.4% 66 33 33 - . 66 100 100 

0.8% - - - a = a 66 23 

Gliocladium 0.2% 33 33 

roseum 0.4% 33 

0.8% 

Penicillium 0.2% 66 33 33 66 66 66 66 66 

fumiculosum 0.4% 33 66 66 66 

66 33 30 66 fs 

Aspergillus 0,2% 66 66 66 33 100 33 

sp. 0.4% 33 a 66 100 100 

0,8% 33 = 100 33 100 a                      
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The frequency of occurrence was comparatively high among the 

unscreened isolations compared with the screened ones. The 

majority of the species isolated were recorded after 1 week of 

soil burial of the paper treated with 0.1% sodium pentachloro- 

phenate. S. pruinosum was first isolated after 3 weeks of soil 

burial of the paper treated with 0.3% and 0.6% of the fungicide. 

Chaetomium globosum was isolated after 1 week from the paper 

treated with all 3 concentrations. It was not isolated after 

3 weeks but reappeared only at 0.1% and 0.3% concentration of the 

fungicide, after 5 weeks and 7 weeks of soil burial: it had 

quite a low frequency of occurrence at this time. Penicillium 

funiculosum also made its appearance after 1 week and then after 

5 weeks of soil burial. Its frequency decreased with the increas 

in time of the soil burial. Gliocladium roseum was isolated only 

once from the paper treated with 0.1% sodium pentachlorophenate 

after 5 weeks of soil burial. Trichoderma viride was also 

isolated from the paper treated with 0.3% and 0.6% fungicide, 

after 7 weeks soil burial at 25° C. At this time its frequency 

of occurrence was quite high. In addition to these fungi 

Paecilomyces varioti was also isolated from 0.3% fungicide 

treated paper after 1 week of soil burial. 

The results of the similar experiment performed 

with the cloth strips are summarised in Table 48. The 

pattern of isolation was generally the same with some 

difference in the frequency of occurrence of certain fungi. 

F. solani and S. pruinosum were again the most commonly 

occurring fungi but the cloth treated with 0.6% fungicide 

resulted in the decrease of the frequency of occurrence of 

S. pruinosum. P. funiculosum was isolated first after 5 

weeks of soil burial of the cloth strips. C. globosum 

was also occasionally isolated but its frequency of occurrence
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was quite low. Among other fungi observed on the petri dish 

but are not recorded in the table, were A. niger, G. roseum, 

Rhizopus nigricans, Scopulariopsis brevicaulis and T. viride. 

The results of the colonisation of the paper treated with 

varying concentrations of copper naphthenate are summarised 

in Table 49. At.0.2% and 0.4% copper naphthenate, F. solani 

had the highest frequency of isolation. This frequency 

decreased at 0.8% concentration of the fungicide. S. pruinosum 

also had a similar effect, as at 0.8%, copper nephthenate, 

it was first isolated after 7 weeks of soil burial. 

P. funiculosum and Aspergillus sp. were quite high in their 
  

frequency of isolation as compared to the previous experiments. 

Aspergillus sp. and P. funiculosum were first isolated 

after 3 weeks of soil burial except at 0.2% copper naphthenate. 

P. funiculosum was isolated after the first week. G. roseum 

had a very low frequency and was first isolated from the 

paper treated with 0.2% and 0.4% fungicide, after five weeks 

of soil burial at 25° c. 

The results of similar experiment with the cloth strips 

are summarised in the Table 50. Again the same type of fungi 

were isolated. The relative frequency of isolation of all 

the fungi isolated was higher than the similar isolations 

from the paper. G. roseum was isolated from the cloth at 

all concentrations of copper nahthenate. T. viride was 

isolated only once after seven weeks from the cloth treated 

with 0.8% copper naphthenate. 

The average percentage frequency of occurrence of the 

individual fungi has also been calculated by adding the 

percentage frequencies and then dividing them by the total
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Table 50 ; Percentage frequency of occurrence of fungi colonising the 
cellulose strip coated with varying concentrations of copper 

naphthenate using screened substrate immersion tubes, 

Cone. 1 week 3 weeks 5 weeks 7 weeks 

FUNGI of 

Cu, 
Nepith, US S US 5 US S US S 

Fusarium 0,2% 100 100 100 100 100 100 100 100 

solani 0.4% 100 100 100 100 100 100 100 100 

0.8% 50 50 100 100 100 100 100 100 

Sporotrichum 0.2% 100 Fs 100 “a 66 . 66 sd 

pruinosum 0.4% 100 ie 100 we 33 ee 66 me 

0.8% | 100 - 33 66 66 - a is 

Penicillium 0.2% a - 66 66 33 ie = a 

funiculosum 0.4% 33 s- 66 66 66 66 a 

0,8% 66 66 100 66 60 33 oo - 

Gliocladium 0.2% - - - a3 ~ ~ - - 

roseum 0.4% 83, - ~ ~ 33 - 33 ~ 

0,8% - - - - 33 33 33 35) 

Aspergillus 0,2% 33 33 100 i 100 100 33 “a 

Sp. 0.4% - 33 - “ 100 100 30 ~ 

0.8% - - = 100 66 = fe 

Trichoderma 0,2% 

viride 0.4% 

0,8% 33                   
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number of isolations made. The results are represented 

in the Figs 32-35, It will be seen, as stated earlier, 

that the frequency of occurrence of the fungi was quite 

high among the unscreened substrates. A maximum number 

of fungi were recorded from the paper treated with sodium 

pentachlorophenate. Some of the fungi such as T. viride, 

G.roseum and C. globosum sometimes appeared on the substrate 

towards the end of the soil burial period, when a fair 

amount of fungicide had leéched into the soil. This leeching 

was quite apparent in the case of copper naphthenate, as the 

paper or the cloth started losing the colour. 

The fungicide treated polythene backed cellulose paper 

was also used in the perfusion technique. In order to allow 

enough replication, 40 perfusion devices were set up for each 

concentration of fungicide. Four perfusion devices were . 

sacrificed each time; out of these three cellulose strips were 

used to estimate weight loss and the fourth strip was aseptically; 

cut into small pieces and inoculated onto 6 E. & P. cellulose 

agar petridishes. 7 cms of each cellulose strip was cut and 

oven dried at 110°C for 12 hours for the estimation of weight 

loss. The treated paper strips were perfused with E.& P. 

salt solution. The soil used was the same as described 

previously. It had 19-23% moisture content and its pH was 

BB. The perfusion sets were incubated at q5°C. 

The results of the fungi colonising the perfused treated 

cellulose paper strip are summarised in the Tables 51-52. 

In the case of paper treated with varying concentrations 

of copper naphthenate, the initial colonisation started after 

6 days at 0.2% of the fungicide; after 9 days at 0.4% and 

12 days at 0.8% of the fungicide ( Table5l). The initial
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Figure 32, Average percentage frequency of fungi isolated by Eggins and 
Lloyd's immersion tube technique from the cellulose strip 
coated with various concentrations of Sodium pentachlorophenate. 

Legend: eS screened (e unscreened
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Figure 34: Average percentage frequency of fungi isolated by Eggins and 
Lloyd's immersion tube technique from the cellulose strip 
coated with various concentrations of copper naphthenate, 

Legend: same as Fig. 32
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Percentage frequency of occurrence 
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Figure 35: Average percentage frequency of fungi isolated by Eggins and 
Lloyd's immersion tube technique from the cloth strips coated 
with various concentrations of copper naphthenate, 

Legend: same as fig. 32
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Percentage frequency of fungi colonizing the cellulose strip coated with 
different concentrations of copper naphthenate, 
  

  

  

  

sya Days of Incubation 

FUNGI os 

Napth. | 3 6 9 120 ee | Tho | ek eas 1 27 8 

Fusarium 0.2% 33: 1 16: 1100.4 664. 16 16 

solani 0.4% 50° 1100 1-50 1 16:|. 33 

0.8% 33 | 16 16 16 | 16 

Trichoderma 0.2% 16 | 50 16 | 50] 83 | 83 | 50 

viride 0.4% 16 16 116.4: 331° 16 

0.8% 33.4 16 16 | 33 

Arthrobotrys 0,2% 83 | 50 48 | 83 

sp. 0.4% Se 16 BIG 
0,8% 

Penicillium 0.2% 16 

sp. 0.4% 

0,8% 

Sordaria 0.2% 33 | 48 

fimicola 0.4% 

0,8% 

Paecilomyces 0,2% 48 439 4°50 

elegans 0.4% 16 16 

0.8% 

Zygorhynchus 0.2% 

moelleri 0.4% 50: + 3s 1.16   0.8%                     
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colonisers, were invariably F. solani and T. viride. 
  

Both these species had quite a low frequency of occurrence. 

After about 18 days, nematodes were found ramifying through 

the fibres of the cellulose treated with 0.2% and 0.4% fungicide 

This observation was followed by the isolation of Arthrobotrys 

sp. which was quite high in its frequency and it remained 

common till the end of the experiment. Dactylella sp. 

was also observed on the strip but was not isolated. During 

the same period ( i.e. 18-30 days ) Penicillium sp.and 

Sordaria fimicola were also isolated from the cellulose 

strips at 0.2% fungicide only. Paecilomyces elegans 
  

occurred consistently from 24-30 days at 0.2% fungicide whereas 

it was occasionally isolated at 0.4% fungicide. In the 

course of this experiment Zygorhynchus moelleri was also 

isolated from the paper at 0.4% fungicide, after 12-18 days of 

incubation. In addition to these species Rhizopus _sp.and 

Gliocladium roseum were also observed on the paper but were 

never isolated. 

The results of the colonisation of the paper strip treated 

with varying concentrations of sodium pentachlorophenate are 

summarised in Table 52, 

The number of fungi isolated was quite low and so 

was their percentage frequency of occurrence. T. viride 

and F. solani were again found to be more common and had a 

higher frequency of occurrence than other species. 

P. funiculosum was isolated after 21 days from the paper 

treated with 0.1% sodium pentachlorophenate, whereas Aspergillus 

Sp.just made its appearance on all the concentrations of the 

fungicide after 15 days of the incubation of the perfusion sets 

at 95°C:
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Table 52 

Percentage frequency of fungi colonizing the cellulose strip coated with 
different concentrations of sodium pentachlorophenate, 
  

  

  

  

N Days of Incubation 
FUNGI _ 

PCP 3:1°6:|.9 482 | 18448 4 24.| ae 4 Pra 30 

Trichoderma 0.1% 16-F 40 4 9e0% 32 Gy 1 9258: ot 46 

viride 0,3% 16°1 Ghet 32.146 

0,6% B22) 16.1 16 

Fusarium 0.1% 16. 196.7 46.1 9@ 151641 32 | 64 

solani 0.3% 22..| 16 16 | 16 

0.6% 16-4) oe 16 | 16)" 32 

Penicillium 0.1% 16 16 

funiculosum 0,3% 

0.6% iss 

Aspergillus 0.1% 16 32 

sp. 0,3% 16 16} 32: 

0.6% 16 1 16                       
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The results obtained from the paper treated with 

2.0% lauryl pentachlorophenol are summarised in the Table 53. 

The colonisation of the treated cellulose strip started after 

6 days when T. viride and F. solani were isolated. Both 

these species were regularly isolated till the end of the 

experiment. T. viride reached its highest percentage frequency 

after 12 days whereas F. solani had the highest frequency of 

occurrence after 27 days of incubation. F. oxysporum 

was also isolated after 15 and 18 days. Penicillium 

funiculosum also made its appearance after 21 and 24 days and 

A. fumigatus ws also occasionally isolated. 

The average percentage frequency of occurrence of the 

fungi isolated from the treated perfused paper has been 

represented in the Figs 36-37. The maximum frequency of 

occurrence was reached by T. viride from the paper treated 

with 0.2% copper naphthenate. At this concentration, 

Arthrobotrys sp. also had quite a high frequency. It was 

not isolated from the cellulose paper treated with the 

other fungicides. The number of fungi isolated from the 

cellulose paper treated with copper naphthenate was quite high 

as compared to those of isolated from the paper treated with 

the other two fungicides. The number and frequency of 

occurrence of the fungi was extremely low at the maximum 

concentration of the fungicide used. Only 2 species 

( F. solani and T. viride ) were isolated from the paper 

treated with 0.6% sodium pentachlorophenate and 0.8% copper 

naphthenate, In general T. viride and F. solani can be 

regarded as the species tolerant to some extent to the lower 

concentrations of the fungicides used. The majority of the 

remaining species either occurred very occasionally or were
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Table 53 

Percentage frequency of fungi colonizing the cellulose strip coated with 
different concentrations of lauryl pentachlorophenol, 

  

Days of Incubation 

  

  

  

FUNGI 

a 6 9 Tal ae 121 ele al ah 130 

Trichoderma viride 16 660° 16-1 32° 2.32" 1.86" |} 16.1. oe 

Fusarium solani $6. 1216519321 60] 16°92 Seer bout Ge 

Fusarium oxysporum BA ese 

Aspergillus fumigatus 16 16 16 

Penicillium sp. pS ane                     
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lauryl pentachloro phenol. 
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able to colonise when enough fungicide had been devohed 

out. Nematodes also seem to play a role in the cellulose 

deterioration in the soil, especially in the case of copper 

naphthenate where these were invariably followed by the 

isolation of nematode catching fungi such as Arthrobotrys sp 

and Dactylella sp. 

The percentage weight loss of the treated cellulose 

paper is summarised in the Tables 54-60. The maximum 

percentage weight loss was estimated in the case of 0.2% 

copper nephthenate. The weight loss increased steadily 

over 30 days of incubation and reached a maximum of 36.0%. 

The percentage weight loss in the case of 0.4% and 0.8% 

copper naphthenate was much smaller. The maximum weight 

loss recorded was 5.6% and 4.6% respectively after 30 days 

of incubation. 

Similar results were also obtained from the cellulose 

paper treated with various concentrations of sodium 

pentachloraphenate. The maximum weight loss of &7% was 

recorded in the case of 0.1% NaPCP after 30 days of incubation. 

The weight loss estimated for 0.3% and 0.6% of NaPCP was 

relatively smaller as the maximum percentage weight loss record- 

ed was 7.1% and 5.7% respectively after 30 days of incubation. 

The use of the perfusion technique as a test method for 

the effectiveness of these fungicides, has given quite 

encouraging results. The number of fungi decreased with 

the increase of the concentration of the fungicide and so 

was the percentage weight loss. The use of this technique 

has thus enabled us to comparatively review the effectiveness 

of a particular. biocide at a ‘particular concentration. 

There has been very little work done on the detoxification
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Table 54: Percentage weight loss of the cellulose strip coated with 
0,2% copper naphthenate and perfused with E.&P. salt solution. 

  

  

                

  

  

  

Days of 

Incubation Percentage Weight Loss Mean Del. 

12 Aaily Tem +9 1.8 0.4 

15 2.8 2.6 Ret reo 0.8 

18 3.8 4.6 6.0 4.8 0.9 

21 6.7 Ded 6.9 6.2 0.8 

24 ths) 16,1 Tiga 13.8 Aue 

ae 25,0 28.1 Aeel eae ee 

30 gt 39.3 36.0 D504 3.4 

Table 55: Percentage weight loss of the cellulose strip coated with 
0.4% copper naphthenate and perfused with E.&P. salt solution, 

Days of 

Incubation Percentage Weight Loss Mean Dre De 

15 Rat leh 149 al 0.6 

18 Toy As? Rol 2.2 O.4 

21 tae oP oot R23 0.8 

24 2.7 4.3 309 206 0.6 

at a 49 56D 44 hie 

30 hel 5.8 6.9 5.6 ¥, |             
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Table 56 

Percentage weight loss of the cellulose strip coated with 0.8% 

copper naphthenate and perfused with E & P salt solution, 

  

  

            
  

Days of 
Percentage Weight Loss Mean 10). 

Incubation 

18 o.7 1.8 29 2.4 0.4. 

Aa 49 a9 5,1 4.6 0.5 

24 Dt 4.3 4.8 4.8 0.3 

27 4,0 4.6 4.8 4.4 0.3 

30 hal 5.0 4.7 4.6 G.3 

Table 57 

Percentage weight loss of the cellulose strip coated with 0.1% 

sodium pentachlorophenate and perfused with E & P salt solution, 

  

  

  

Days of 
Percentage Weight Loss Mean ys 

Incubation 

15 1.3 0.9 TeS 1462 UL. < 

18 ae | Ts) 4,0 1.4 0.4 

21 4.1 4.9 5.8 4.9 0.6 

24 ae 6.9 Ae’ 4.7 1.5 

27 a. beD 9.1 Bio 0.5 

30 9.1 6.8 1063 S.7 1.4             
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Table 58: Percentage weight loss of the cellulose strip coated with 0.3% 
sodium pentachlorophenate and perfused with E.&P. salt solution. 

  

  

  

Days of 

Incubation Percentage Weight Loss Mean Dew. 

18 0.9 055 1.6 1.0 O.4 

21 aa 0,5 1,0 tye 0.6 

2h 2.6 Toe 193 9 0.5 

27 4.3 4.1 Bee 3.9 O.4 

30 C77 LA 7.4 tet Or               

Table 59: Percentage weight loss of the cellulose strip coated with 0.6% 
sodium pentachlorophenate and perfused with E,&P, salt solution. 

  

  

  

Days of 

Incubation Percentage Weight Loss Mean Dabs 

18 be 1,8 3.1 Ze 0.8 

21 t30 ea “2 1.4 0.3 

ah ae 2.8 eel ae O.4 

27 Be 4.3 Te? i 0.9 

30 563 oe 6,1 mee 0.3              
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Table 60: Percentage weight loss of the celluloge strip coated with 2.0% 

lauryl pentachlorophenate and perfused with E.&P. salt solution, 

  

  

  

Days of 

Incubation Percentage Weight Loss Mean Dos 

9 0.5 1.1 LA las 0.5 

12 Tea 0.5 0.9 0.8 Us2 

15 2.3 3.1 ie 2.2 0.7 

18 2.3 4.3 2.6 3.4 0.6 

21 4.7 5.9 540 D4 0.5 

24 6.5 Tol 4.8 6.1 0.9 

ey 8.3 10.2 9.1 9,2 Ue7 

30 11e 9.6 Del TO;3 On'7              
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of different fungicides. Some workers have studied the 

detoxification of phenolic biocides (Cserjesi, 1967 & Loos 

et al 1967), but it is always preferable to devise test 

techniques which will also enable the study of detoxification 

of biocides and thus the information obtained could be 

employed to improve the biocide or will help in the formulation 

of new biocides. The importance of such dual purpose 

techniques was stressed by Hueck & Brijn, (1965). The 

perfusion technique here used as a test method can also be 

employed for detoxification studies. This can be done by 

simply cutting off the evaporating end of the glass fibre 

sleeving of the perfusion system after incubation and 

perfusion and then extracting and analysing the residue which 

contains the breakdown products of biocide coated cellulose. 

Such studies have been undertaken by Allsopp et al (1970).
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The role of ecology related to biodeterioration and 

the importance of techniques used to study it has been 

stressed by Eggins (1968). Many workers in mycology have 

contributed to the understanding of fungal ecology but 

this knowledge has seldom been related to the problem of 

overcoming biodeterioration. The scope and the limits of 

accuracy of available techniques (Garrett, 1955) for studying 

this ecology from a non applied point of view has further- 

more, made information thus obtained somewhat remote from 

the problem of biodeterioration. 

It is generally agreed that in order to have a clear 

understanding of the problems of soil fungal ecology, three 

major factors should be studied; 

1. differentation between the active and dormant mycoflora, 

2. estimating the activity of the fungi, and, 

3. ascertaining some patterns of succession of various 

fungi on the substrate.
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The perfusion technique described in this thesis is 

therefore, a continuation to the overall understanding of 

the ecology of cellulose decomposition in soil and also in 

particular is a contribution to our understanding «in 

preventing the biodeterioration of cellulosic materials. 

This technique has successfully been employed to study the 

above mentioned factors relating to the ecology of soil fungi. 

The screening of a model cellulosic substrate ensures that 

only actively growing fungi can colonize the substrate. 

The activity of fungi colonizing the cellulosic substrate 

can be estimated by measuring the weight loss of the 

cellulosic substrate as it can be handled even when highly 

deteriorated. The successional patterns of these fungi 

colonizing the substrate can also be studied with the help 

of this technique. The continuous enrichment. and perfusion 

of the cellulosic substrate ensures constant microenviron- 

mental conditions. In this way the staling of pure culture 

media due to the presence of autoxic substances (Waksman, 

1937) and the problem of non suitability of a buried substrate 

for colonization before its depletion as experienced by 

Tribe (1957) and discussed by Robinson (1969) can be Over- 

come by the continuous perfusion of the cellulosic substrate 

with fresh nutrients. Thus the successional patterns of 

fungi colonizing the substrate could be studied under constant 

and controlled microenvironmental conditions while altering 

one parameter at a time. 

The conditions thus created with the help of this 

technique are not wholly similar to those in Nature. But 

in order to have an insight into the complexities of soil 

fungal ecology, it is essential to accumulate knowledge
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about all the ecological factors in a systematic fashion by 

studying one factor at a time and then correlating the 

results. 

The forms of cellulose (like cellophane) previously 

used by various workers (Tribe, 1957; Went and de Jong, 

1966) do not compare very closely with the form of cellulose 

occurring in Nature. Thus cellophane, a highly regenerated 

form of cellulose, although it has advantages of transparancy 

and ease of staining, cannot be used for the study of precise 

ecological conditions because of the difficulty in its handling 

when deteriorated, the difficulty of isolating fungi from it 

and also because of its artificial form. The model heat 

rolled polythene backed chromatography cellulose paper used 

in the perfusion technique, resembles more closely native 

cellulose and stands out because of its ease of handling even 

when completely deteriorated. Moreover, this cellulosic 

substrate enables the easy isolation of active cellulolytic 

fungi due to the fibre glass cloth screening. 

Most of the work presented in this thesis revolves 

around the use of this perfusion technique. It has been 

successfully used to study the effect of pH, temperature, 

different nitrogen sources and glucose on the colonization 

of the cellulosic substrate buried in soil, by fungi. 

In comparing the results regarding pH, with those 

of other workers, it should be borne in mind that by 

employing the perfusion technique, the pH of the substrate 

is changed whereas previously various workers have noted 

the similar effect by studying the decomposition of cellulose 

in soils of different reactions (Tribe, 1960; Went and de 

Hong, 1966; Pugh et al, 1963).
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The general conclusion reached by these workers 

has been that fungi have a wide range of pH tolerance and 

minor changes in the pH do not effect their growth 

(Park, 1968). The results presented in this thesis also 

confirm this generalization as it was found that most of 

the fungi were isolated from pH 4.0 - 8.0 but their 

optimum pH could also be determined by comparing the 

percentage frequency of occurrences at’ different pH values. 

Cochrane (1958) and Siu (1951) have given lists of micro- 

organisms whose pH optima have been studied. These lists 

show that the majority of the cellulolytic fungi studied 

prefer an acidic pH. This has been reported earlier by 

many workers (Dubos, 1928; Jensen, 1931). These studies 

have been carried out with individual species and therefore 

cannot be easily compared with the results in this thesis 

as every fungus has been studied during the present 

investigations as a part of a population in the soil and 

not in isolation from it. The importance of this has been 

previously stressed by many fungal ecologists (Chesters, 

1949; Garrett, 1955; Burges, 1958). 

The colonization of the model cellulose substrate by 

fungi can also be compared to those of the plant remains 

above or in the soil which have been reviewed by Hudson 

(1968). The results presented in this thesis differ 

from these studies as the substrate used here is pure 

cellulose whereas plant remains are composed of other 

compounds in addition to cellulose. Despite such differences 
> 

a successional pattern of the fungi colonizing this pure
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cellulosic substrate can be observed. This succession is 

somewhat different from that proposed by Garrett (1963) 

as most of the fungi involved are cellulolytic and there 

is no effective initial Phycomycete phase. The role of 

"Secondary fungi" has also been furthermore elucidated in 

these studies. It has been found that "secondary fungi" 

may not necessarily be saprophytic sugar fungi as initially 

proposed by Garrett (1963) but may be cellulolytic fungi 

which are activated by a certain concentration of metabolites 

of initial colonizers of the. cellulosio.substrate,: -This 

phenomenon has been demonstrated by the colonization results 

obtained at 25° ig a5". @. and G0 Cs) A¥ alt temperatures 

the delineation between early colonizer and late developers 

could be easily made. The early colonizers when tested for 

their cellulolytic ability, produced maximum clearing of 

the cellulose agar. Trichoderma viride and Fusarium solani 
  

were the early colonizers and they produced maximum clearing 

at 25°C: Similarly Aspergillus fumigatus and Chaetomium 
  

thermophile were the early colonizers at 35° 0G. end 50-se., 

respectively. Both fungi had a maximum depth of clearing 

among the fungi isolated at that particular temperature. 

Therefore, on the basis of information presented in 

this thesis, it can be assumed that the fungi having 

maximum frequency of occurrence have a relatively similar 

cellulolytic activity as determined by the depth of clearing 

of the cellulose. The reverse generalization, that fungi 

having high cellulolytic activity have a high frequency of 

occurrence does not hold true, as it has been stated by
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many workers and confirmed in this thesis that the 

behaviour of a species in pure culture is no index of its 

activity in the soil. This phenomenon can be explained by 

the insignificant role played by C. globosum in the colon- 

ization of the model cellulosic substrate at 25° C. as 

compared to the production of a relatively large depth of 

clearing. A. fumigatus can also be included in the same 

category at 25° C. but it was observed to be an active 

colonizer at 35° C. and also produced a maximum depth of 

clearing of the cellulose agar. Similarly Chaetomium 

thermophile was the early colonizer at 50° C. and had a 

maximum frequency of occurrence; the depth of clearing 

of cellulose produced by this species was also quite high. 

On the other hand, S. thermophile produced as much depth 

of clearing as C. thermophile but its frequency of occurrence 

was extremely low. 

Therefore, it can be concluded, hee we can only regard 

a fungal species as actively cellulolytic under known 

environments in the soil if it has a comparable 

frequency of occurrence and cellulolytic ability, the latter 

being estimated in this thesis by measuring the depth of 

clearing of the cellulose agar columns. 

A similar behaviour of fungi was also observed during 

the other nutritional studies. The perfusion of different 

nitrogen sources effected the successional pattern of fungi 

colonizing the cellulose strip in two ways; firstly, the 

percentage frequency of occurrence was affected and, secondly, 

the time taken by a species to colonize the cellulose strip 
aw te 

may also be ¢ffected. These ¢ffects have also been demonstrated
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by the perfusion of different concentrations of glucose 

onto the cellulose strip. The optimal nutritional 

requirements of the fungi colonizing the cellulose strip 

could be studied by comparatively reviewing their percentage 

frequency of occurrences. In majority of the cases, the 

percentage frequency of occurrence of a species is supported 

by a comparably depth of clearing, thus confirming its 

optimum activity at a particular nitrogen or additional 

carbon source. This phenomenon has been demonstrated by 

nearly all the fungi isolated, and in particular, G. roseu, 

P., funiculosum, T.* viride and.H. risea,as they had the same 

nitrogen source producing a maximum frequency of occurrence 

and depth of clearing of the cellulose. Similarly, the 

perfusion of different concentrations of glucose effected 

the percentage frequency of occurrence of certain fungi 

and their role in the succession onto the cellulose strip. 

The early appearance of G. roseum and P. elegans at 0.25% 

glucose, which were previously observed when the cellulose 

strip was nearly deteriorated, suggests that these fungi 

might be activated by simple sugars perfused, which are 

normally available because of the cellulolytic activity of 

early colonizers. Similar variation also occurred during 

the perfusion of E & P salt solution with higher concentration 

of glucose (0.5% and 1.0%). 

The effect of different environmental factors like pH, 

temperature, nitrogen sources and glucose nutrition, on 

the biodeterioration of the cellulose strip has also been 

discussed in the previous chapters. Reviewing these results, 

it becomes clear that the overall biodeterioration as
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estimated by the weight loss method has been very little 

affected by varying pH values. The most remarkable effect 

on the extent of deterioration has been found to be due to 

temperature. Out of the three temperatures (25° Ce; 35%. 65 

and 50° C.) investigated least deterioration took place at 

35° C. and the most at 50° C. The contention that 

thermophilic fungi are no more cellulolytic than mesophiles 

(Reese, 1946) has certainly been proved wrong during the 

present investigation. The rate of deterioration at 50, 

has been found to be much faster than that at 25° C. 

During these investigations it was also found that the 

weight loss of the cellulose strip produced by one known 

fungus was much smaller than that produced by a fungal 

population in the soil. This has been explained by the 

maximum weight loss of 15 - 20% produced by T. viride in 

30 days at 25° C., whereas at the same temperature and 

incubation period 56% weight loss of the cellulose strip 

was produced by the fungi present in soil. 

The information thus obtained can be very helpful in 

understanding and overcoming biodeterioration. It can 

help in the devising of different test methods for biocides 

to be used under different environmental conditions. As 

previously discussed by Eggins (1968) such information can 

be helpful in predicting and assessing the extent of 

biodeterioration under a known environmental conditions 

and thus it can serve as a basis for the development of test 

techniques and biocide design. In this connection the 

studies on association and interaction between fungi involved 

in biodeterioration can also be of great help.
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The effect of interaction between different fungi on 

their cellulolytic ability has been studied by inoculating 

two known fungal species, on top of the opaque cellulose 

agar column. There were many examples of inhibition of 

the cellulolytic activity of both the fungi when grown 

together, whereas there was only one instance of synergism, 

which was observed between F. solani and F. moniliforme. 

Even in this case the increase in depth of clearing of the 

cellulose was very small. The fungi producing the most 

inhibition comprised of C. fuckeli, G. roseum and Papulaspora 

sp. only. T. viride and C. globosum are confirmed cellul- 

olytic fungi and are also reported to produce antibiotics 

as well (Bilai, 1963). Similarly, G. roseum has been 

reported to produce three antibiotics which are mildly 

active against bacteria and fungi. Barnett and Lilly (1962) 

while investigating the destructive mycoparasitic nature of 

G. roseum against different fungi, reported that the killing 

of the host fungi was not due to any highly diffusible 

antibiotic since only the cells contacted by the parasitic 

hyphae of G. roseum were killed. Warren (1948) and Butler 

(1957) working with Rhizoctonia solani seemed to have found 

similar results. Therefore, in order to ascertain whether 

inhibition of any activity of the fungi is due to any 

diffusible metabolic product (which may be an antibiotic) 

or it is due to the physical contact between two fungi, a 

new technique has been used to study the effecti of diffusible 

metabolites of one fungus onto the linear growth of another. 

This technique, as described in this thesis, is also based 

on the perfusion principle.
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The results obtained by this technique have shown the effect 

produced by the diffusible metabolites of G. roseum, T. viride 
  

and F. solani on the linear growth of some cellulolytic 

fungi. The importance of such studies is stressed by the 

fact that tolerance to antibiotics is an important character 

in ecological success and it has been demonstrated in a 

number of review papers (Garrett, 1950; Hawker, 1957; 

Park, 1960). Garrett (1956) has also listed this character 

as one of the four. likely to favour high competitive 

saprophytic ability. 

There are also very few examples of synergism among 

the results obtained with the interaction perfusion 

technique. The linear growth of Arthrobotrys sp. was 

enhanced by 25-04, when perfused with the metabolites of 

G._roseum whereas all other fungi tested, including T. viride 

were inhibited to varying degrees. The diffusible metabolites 

of I. viride seemed to be more effective in inhibiting the 

linear growth of the cellulolytic fungi. The inhibition of 

C. globosum which is also a confirmed soft rot fungus of 

wood, was also estimated to be 69.3%. T. virde has been 

reported to produce a fungistatic metabolic product, namely 

Gliotoxin, which is also moderately toxic to a wide range 

of bacteria and actinomycetes (Brian and Hemming, 1945). 

This fungus has also been previously studied as a possible 

antagonist of wood inhabiting Hymenomycetes (Hashioka, et al 

1961). Shields (1963) and Shields and Atwell (1968) studied the 

effect of T. viride on the decay of birch logs and possible 

control of the decay by this fungus. They recommended the use 

of antagonistic fungi to reduce discoloration and decay in
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land stored logs as an alternate method of controlling 

deterioration where other means of protection are not 

possible. The diffusible metabolites of T. viride 

inhibited the linear growth of F. solani by 46.0%. 

Chi (1960) reported some interaction between T. viride and 

three species of Fusarium including F. solani. His 

observations were mainly restricted to mycoparasitism but 

he reported inhibition of F. solani in gliotomi-um fermenta- 

tion medium. Arthrobotrys sp. which increased the role of 

its linear growth with G. roseum, was inhibited to a very 

small extent (5.4%) by T. viride. But the linear growth 

of Arthrobotrys sp. was again enhanced by 30.3% when 

perfused with the metabolites of F. solani. Arthrobotrys sp. 
  

seems to be quite tolerant to the metabolic products of the 

fungi tested. There is information available on the 

nematophagous activity of this species (Duddington, 1955) 

but no work on interaction has been reported. F. solani was 

also able to enhance the linear growth of C. fuckeli by 

3.4% only. This species (C. fuckeli) also produced increase 

in the linear growth of F. solani by 6.6% when its diffusible 

metabolites were perfused. But the diffusible metabolites 

of C. fuckeli produced 26.6% inhibition of the linear growth 

of T. viride. On the other hand, diffusible metabolites of 

C. globosum produced 46.6% inhibition of the linear growth 

of T. viride. Broadbent (1968) compiled a list of fungi 

producing antibiotics. He has quoted four species of 

Chaetomium (not C. globosum) as producing antibiotics against 

fungi and bacteria. He also quotes Voros (1958) for C. fuckeli, 

also producing antibiotics active against fungi.
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The results obtained by the interaction perfusion 

technique have increased our knowledge concerning inter- 

action between different fungi and it has also elucidated 

the role of diffusible metabolites as compared to non 

diffusible by-products. The majority of techniques used 

to study the antagonistic effects use solid media and 

involve inoculation of test organisms on the same plate, 

followed by observation and measurement of mutual effects 

of their growth. Such studies have been reviewed in 

detail by Wood and iveit (1955). These studies do not 

differentiate between the antibiotics or any antagonistic 

compound produced at the point of contact of two test 

organisms and any genuine toxic or non toxic metabolic 

product produced by different organisms. Moreover, 

measurement of the growth of the test organism on the agar 

plate is very difficult to standardise as all the fungi 

do not grow in exact circles. In view of these short- 

comings inthe techniques generally used, the interaction 

perfusion technique has clear advantages over the previous 

techniques. It takes into account only the effect of 

diffusible metabolites of one fungus onto the other; the 

measurement of linear growth is more absolute and simple 

than measuring the diameters of a colony which may or may 

not be growing in circles. 

This technique for studying interactions can easily 

be employed for screening fungi for the production of 

diffusible antifungal metabolites. Interaction between 

different sugar fungi can also be studied by simply adding 

simple sugars to the perfusing solution and thus using the 

cellulose paper strip as a supporting and conducting substrate.
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In ordér to successfully contribute towards the 

problem of overcoming biodeterioration, it is essential 

to study to the fullest extent the different ecological 

factors effecting the biodeteriogens. Without such a 

knowledge, there might be pitfalls in biodeterioration 

control development. In this connection the information 

concerning the interaction between different fungi involved 

in cellulose deterioration can be effectively used in 

selecting the test organisms for biocide development. 

The use of tteperfusion technique, selective for 

thermophilic cellulolytic actinomycets has once again 

elucidated the importance of isolating techniques. The 

role of actinomycetes in biodeterioration is normally 

ignored due to the difficulty in their isolation and their 

identification. This discrepancy in our knowledge is 

responsible for the fact that actinomyces aire normally 

neither taken into account while formulating biocides nor 

these are used as test organisms. Their role in biodeterior- 

ation has recently been reviewed by Williams (1966). 

The perfusion technique has shown promising results 

for the selective isolation of thermophilic cellulolytic 

actinomycetes by perfusing antifungal and antibacterial 

antibiotics along with other nutrients, onto the cellulose 

strip. Among the antifungal antibiotics used, Pimafucin 

has been found to be the most effective at thermophilic 

temperatures, 

The widespread fungistasis in soil whereby the spores 

of soil saprophytes having all the normal nutrient require- 

ments and moisture, fail to germinate (Dobbs and Hinson, 1953)
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has also been observed by many other workers (Caldwell, 

1958; Chinn, 1953; Chinn and Ledingham, 1957; Dobbs, 

Hinson and Bywater, 1957; Jackson, 1957, 1958; Park, 1955). 

Park (1960) while giving an explanation of this phenomenon 

compared it with staling in pure cultures (Robinson, 1969). 

As in pure cultures, where the fungus is inhibited by 

its autotoxic by-products and not by depletion of nutrients 

(Boyle, 1924; Pratt, 1924; Waksman and Foster, 1937), so 

similarly a soil can be viewed as a medium which has been 

inoculated with complex mixed cultures of fungi and incubated 

for a long time under varying cultural conditions. There- 

fore, any soil at a particular time will represent the end 

product of immense biological activity which had been 

going on in the soil for presumably a very long period. 

The soil solution in water has also shown that the nutrients 

present are enough to keep the fungal population going (Park, 

1960). In this respect fungistasiss presented by inhibition 

of spore germination in the soil has been explained on 

the basis of toxic metabolic compounds (antibiotics) 

produced by the fungal activity in the soil. Brian (1960) 

did not agree with these explanations and noted alack of 

definite information regarding the biological and specifically 

microbial origin of fungistasis. 

The results presented in this thesis regarding the 

germination of spores and the colonization of a cellulosic 

substrate by a number of fungal spores were also obtained 

by using an alteration of the perfusion technique (Chapter 7). 

Instead of soil, a suspension containing an.equal number of 

spores of ten cellulolytic fungi was inoculated. The
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nutrients were supplied by perfusion. The germination of 

T. viride spores was very rapid and it also had nearly 

one hundred percent frequency of isolation throughout the 

incubation and perfusion period. Similarly G. roseum and 

P, elegans germinated quite early but had a comparatively 

low frequency of isolation. Surprisingly the rate of 

germination of F. solani was extremely low and it was only 

occasionally isolated and it did not seem to have been able 

to penetrate ten layers of fibre glass cloth covering the 

cellulose strip. 

The successional patterns depicted by these observations 

make T. viride, G. roseum and P. elegans early colonizers 

as compared to the very late appearance of G. roseum and 

P. elegans on the cellulose substrate in soil. Among the 

late developers were Arthrobotrys sp., Penicillium sp. 

and S. fimicola. C. globosum and H. grisea were only 

isolated twice and had a very low frequency of occurrence. 

Any difference between this successional patterns 

and that obtained with soil, must be due to the complex 

microenvironmental condition in the soil. Moreover, these 

results also help to explain the different factors contribut- 

ing to competitive saprophytic ability. In this case the 

factors concerning the rapid germination of spores and a 

high rate of hyphal growth has been elucidated. But all 

these factors cannot be viewed in isolation as Garrett 

(1950) defined competitive saprophytic ability as the 

total of four factors which have been mentioned earlier in 

this. thesis.
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Another factor contributing to the saprophytic 

ability is good enzyme production and extensive substrate 

utilization. This factor has been demonstrated experimen- 

tally by using another alteration of the perfusion 

technique. The enzyme production and extent of utilization 

of cellulose was estimated by measuring the loss of 

weight of different layers of a wad of cellulose strips. 

Such studies also demonstrated the ability of certain 

fungi to penetrate a thick cellulosic substrate and the 

production of cellulose at different depths. Trichoderma 

viride and Fusarium solani produced maximum weight loss 

and the variation in the extent of weight loss at different 

depths (i.e. layers of the wad of five cellulose strips) 

was quite small. As the fungal mycelium of these two species 

was found to penetrate the whole thickness of the wad 

of cellulose strips in two to four days the diffusion of 

the enzyme away from the hyphae was not considered as an 

important factor in this case. This suggests that the 

hyphae of these species are capable of substrate penetration, 

good enzyme production and substrate utilization. In the 

case of Papulospora sp., although the mycelium was able 

to penetrate the wad of cellulose strip, only the topmost 

layer of the wad was utilized effectively as the weight 

loss produced on the top layer was much more than that 

produced in the subsequent layers. A similar situation 

was observed in H. grisea and C. globosum. 

The. use of the perfusion technique, with its different 

modifications has resulted in the accumulation of quite 

useful information regarding the ecology of fungi colonizing
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cellulose. The perfusion technique has also been 

used as a test method for biocides as it can keep 

the microenvironment constant; a condition strongly 

recommended by Hueck van der Plas ( 1965 ). Different 

biocides were tested at 25°C. and quite encouraging 

results have been obtained. The advantage of the perfusion 

technique as a test method, apart from controlling the 

environmental conditions, is the ease of testing a biocide 

at different temperatures and other environmental conditions. 

Moreover, this technique can effectively help in 

detoxification studies and thus play a vital role in the 

development of new biocides. 

In conclusion, it can be said that the perfusion 

technique and its variants have enabled us to study a 

wide range of ecological problems concerning cellulose 

biodeterioration. Garrett ( 1951), while discussing 

substrate relationships remarked " Isolation of soil 

fungi may have appeared a deceptively simple problem to the 

early students of soil mycology, but increasing knowledge 

of the complex and delicately balanced microbiological 

equilibrium of the soil has now explained why slight 

alterations in isolation techniques have frequently 

produced remarkable changes in the results obtained". 

In addition to the isolation techniques, there is a general 

lack of standardised techniques for studying various 

ecological problems. Some new techniques have been 

described in this thesis, which it is hoped, will go a long 

way in helping to understand the "complex and delicately 

balanced microbiological equilibrium of the soil", whilst 

providing valuable information which can be used to overcome 

biodeterioration and help to formulate new biocides.
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