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SUMMARY 

A study has been made of the variation in the total population 

of fungi within sheep fleece in vivo with time, and also of the types 

of moulds and yeasts present within this environment. Fungi wer0 

isolated by dilution plating and by the brush technique at the two 

temperatures of 25C and 37C. Considerably larger numbers of fungi 

were isolated at the lower temperature. There was no apparent 

correlation between fungal numbers within fleece wools and the 

environmental rainfall, either at the time of sampling or on a 

monthly average basis. The total population of moulds able to 

grow at 25C did, however, vary with the average monthly environmental 

temperature. No such correlation existed for moulds growing at 37C 

nor yeasts at either temperature. 

Fungal numbers were unaffected by pretreatment of the sheep with 

commonly used insecticides variously applied, and seemed more related 

to general environmental conditions than to mode of pretreatment. 

Possible factors contributing to variations in the total fungal 

populations of fleece wools are discussed. 

The types of fungi isolated from wools could be grouped into 
/ 

very frequently isolated species, e.g. Alternaria alternata, 
/ 

Phoma ~.,1Torulopsis candida, frequent species, e.g. Mucor racemosus, 

Aspergillus fumigatus, occasional species, e.g. Cladosporium herbarum, 

Epicoccum purpurascens, Fusarium o3Yspor~ and very occasional 

species, e.g. Aspergillus niger, Geotrichum candidum, feyronellaea 

glomerata. 

A study of the spatial distribution of the fungi within the 

fleece was made by an impression technique involving both microscopic 

and cultural examinations. Most fungi were present in the median parts 

of the staple and numbers decreased towards the tips and basal parts of 

the fleece. Again, the most frequent types included Alternaria alternata, 

Fusarium culmorum and Phoma ~· 

Of the 68 isolated species, 19 were tested for their ability to 

degrade autoclaved and propylene oxide sterilised wool in vitro. 

While Aspergillus niger and Penicillium canescens were consistently 

unable to degrade either of the wools, most of the tested species 

degraded both autoclaved and propylene oxide sterilised wool. The 

degradation of wool by these fungi resulted in the release into the 

culture medium of cortical cells from the wool fibres. It is postulated 
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that degradation occurred as a result of the breaking down of 

cementing materials holding the cortical cells together and did not 

involve true keratin digestion. Wool degraded by fungi was densely 

stained by lactophenol cotton blue. It is suggested that this activity 

could be useful in estimating the ability of fungi to degrade wool, 

even though undegraded wool was lightly and irregularly staim.d. 

As several fungi were shown to be capable of breaking down wool 

in vitro, further tests were made to determine which of these species 

are potentially able to grow within fleece in vivo. Of those able 

to grow at skin temperature and which were unaffected by the fatty 

materials present in wool, Sordaria fimicola . and Aureobasidi11IT1 

pullulans were the two species most likely to grow in the natural_ 

fleece environment. 

The significance of the work reported here is discussed. !1any 

of the fungi commonly isolated from fleece wools have been reported 

to cause opportunistic fungal infections in man and animals and are 

also capable of spoiling refrigerated meats. Thus knowledge o:~ the 

presence of these fungi in wools is necessary to help avoid problems 

in public health. 
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INTRODUCTION 

1. General 

Today, as a result of work in many different countries, Veterjnary 

Mycol ogy is a rapidly expandi ng subject. Knowledge of the role of fungi 

in causing disease in livestock has greatly increased, but very few attempts 

have been made to enumerate those fungi associated wi th healthy animals. 

Even ~n the case of humans , it is only in recent years that the mycoflora 

o'f adult skin (Taylor, Henney and Ellis , 1973) and interdigital spaces 

(McGinnis, Rinald , Halde and Hilger, 1975) has been evaluated. 

In the case of sheep, most mycological work has been done on actual 

cases of mycotic or suspected mycotic infections. (Ainsworth & Austwick, 

1973). The disease 'Ringworm', for example , although not common on 

sheep , can be a cause of economic loss (Dawson, 1968). Other fungi, such 

as Peyronellaea gl omeratacan cause discoloration of the fleece (Mulcock, 

1959) and it has also been suggested (Dempsey , Heath, Hughes & Vivian , 1972). 
that some member of the flora of sheep skin might be the cause of 

New Zeal and 'Scatter Cockle' on pelts . Thus the mycoflora of wool 

includes speci es which may, in certain circumstances , be hazardous to the 

health of the live sheep as vJell as causing detrimental changes to the 

products of the sheep . But again there is a lack of information on the 

general mycoflora of wool and sheep skin and this was the initiat i ve for 

the present study. 

2. Wool and Sheep Skin As a Substrate For Fungal Growth 

The fleece must serve as a natural trap for microorganisms from 

the general ·environment , and conditions within the fleece should 

theoretically be suitable for the growth of a number of fungi (Hayman, 

1953; Fraser, 1957). But although the f l eece might contain l arge 

numbers of deposited spores, the resistant nature of wool keratin and 

other factors, such as tne presence of sebum , mi ght restrict the growth 

of these fungi within this microenvironment. It is, therefore, 

necessary to examine the structure of keratin and it s pot ential as a 

substrate f9r fungal growth. 



2.1 Morphology of sheep skin 

IV:ost mammalian skins are similar in structure to human skin, 

which has been ~tJell described by Rothman (195L!.). Mammalian skin is 

divided into an outer, thin, cellular epidermis of ectodermal origin 

and an inner, relatively thick and fibrous, mesodermal dermis or corium. 
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The epidermis is a stratified structure divided into a horny layer, 

which is continually being ~tJorn away aL the surface, and a germinal layer 1 

the function of vJhich is to replace the horny layer. Division in the 

basal germinal layer causes cells to move outwards to form a thick layer 

above known as the stratum spinosurn because of the appearance give::-1 to 

the cells by interGellular bridges through which pass fine tonofibrils 

providing cohesion and reinforcement for the epidermis. Above this lies 

the horny layer. 

The horny layer itself is subdivided into three strata representing 

progressive stages of cornification. The lowest stratum is knovm as the 

stratum granulosum because the cells contain granules of keratohyalin. 

Above this is the stratum lucidum, a clear layer from which the cell 

boundaries and nuclei have disappeared. The outermost layer is the 

stratum corneum, consisting of flatter1ed, scale like cells composed of 

keratin. It is thus only on this outermost layer that fungal spores and 

fragments are likely to be deposited from external sources. 

Beneath the epidermis is the dermis 1tJhich consists of a dense felt

~~ork of connective tissue in trJ'hich bunciles of collagenous fibres a.c-e 

intermingled with a mesh :)f claGtic fibres (Ryder, 1973). The dermis 

contains hair follicles, sebaceous glands and sweat glands. Sebum, the 

secretion of the sebact,ous glanc.s, is a mixture of fatt,y acids and othe~· 

lipids and is of interest due to its re:r.;orted fungistatic properti3s 

(Baxter & Trotter, 1969). The sebum oi' sheep contains about lo% )f 

free fatty acids, aliphatic monohydric alcohols (constituents of both 

monoester waxes and type 1 diester ~JaX"':3), and a lmv proportion of 

triglycerides (Nikkari, 1974). Squalene, which is present in human 

sebum and has a marked fungistatic activity (Baxter & Trotter, 1969), 

is absent in t>heep but sheep sebum has a higher content of cholesterol 

and other ste:cols. 

2.2. l·!orpholog;;r of wool. 

The complete 1tJOol fibre consists of ti'JO parts, that outside the 

skin and that within the ~oJOol :f'o] licle \,Ihere the fibre is undergoing the 



final s~1thetic processes . Only the fully keratinized part outside 

the skin is here considered as wool and it is on this wool that fungal 

fragments are most likely to be deposited. 

Wool consists of three distinct regions, the cuticle , cortex and 

medulla (Fig 1). The relative proportions of these three components 

vary widely from one type of sheep to another . 
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The cuticle cells (scales) form the outermost layer of the i ndividual 

fibre and vary in relative size and arrangement in different fibres. The 

individual scales appear to be connected to one another but it i s not 

known whether this is due to the presence 0f an intercellular cementing 

material or the i nterlocking of keratinous fibrils (Haselmann and Zann, 

1951). 
The cortical cells consist of longitudinal units which are of the 

order of 100 ~long and 4ym wide and are fully keratinized. Each 

cell is composed of a number of fibrils which in their turn are made 

up of still smaller units termed subfibr'ils . Mercer and Rees (1946) 
have shown that i t is these subfibrils which are the small est structural 

units and suggest that they are held together within the actual fibril 

by a cement which can be slowly digested by enzymes such as pancreatin 

and trypsin. Although enzymes may only digest a very small propcrti on 

of the fibre, this limited attack is suffic i ent to enable the fibres to 

be split up into their morphological components. 

The medulla i s a network of air-filled cell walls , or , in some cases 

a completely hollow tube. Most coarse wools contain a hi gh proportion 

of medulla but in fine wool the medulla is absent (Alexander , 1963) . 
Very little information is available concerning the chemical composition 

of the medullary cells , which are r eadily digested by enzymes which do 

not attack the cortex of unmodified wool (Baxter , 1968) . 

2 . 3 Structure of keratins 

Keratins are a class of resistant; insoluble proteins found in 

t he vertebrate epidermis and its appendages. The insolubility, 

toughness and elasticity of the protein is attributed to the presence 

of high molecular wei ght , l ong chain polJ~eptides with a large number 

of reactive side chains . 

_ _I 



Fig 1 Longitudinal section, magnj.fied 100x, of a .\:mol ~o~licle in .a merino 
lamb, showing a grovJing rnedul8.ted fibre~ (Wool Science Review No 6, 
p 18; 1950). 
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Keratinization is a method of hardening protein relying on the 

establishment by oxidation of cross-linkages between the cysteine residues 

in adjacent protein chains to form the characteristic disulphide link 

or cystine bridge. As well as the disulphide links, other interchain 

bonding must be present, particularly salt linkages and H-bonding. 

It is the numerous H-bonds and interchain cross-linking by the sulp~ur 

bridges of cystine residues that make keratins so insoluble and stable. 

Most chemical analyses indicate the presence of the amino acids 

glycine, alanine, valine, leucine, isoleucine, phenylalanine, proline, 

serine, threonine, tyrosine, aspartic acid, glutamic acid, arginine, 

lysine, histidine, tryptophan, cystine and methionine in various sequences 

and groupings within the polypeptide chain. 

Alexander and Hudson (1963'1 separated the fibre-forming (e() component 

~he subfibrils) and the non-fibrous S-rich (r) component from solutions 

of wool oxidised with peracetic acid. The~-component consisted of 

filaments about 60-80 A diameter and indefinite length. This fibrous 

protein les cystine, 1 threonine and proline and mo;"'e 

acidic residues than the whole fibre and probably has a molecular weight 

between 50,000 and 80 7000. In wool it probably constitutes about 6o% 

of the total keratin. TheY component is the matrix in which the 

5 

filaments are embedded and consists of amorphous, shorter chain pol;rpeptides 

of molecular weight about 10 7 000 1 with a higher content of cystine, serine, 

threonine and proline. 

~~~~~--~~amorphous 

of o( keratin } 

matrix, (keratin 
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The various keratinized cells contain non-keratinous substances 

in different amounts, eg. epidermal cells contain 60-7o% keratin and 

mature ke,~atin of the cortex of wool contains all keratin. The non-

keratinous components are nuclear and cytoplasmic remnants of proteins, 

enzynes, peptides, free amino acids, carbohydrates, glycogen, phenols, 

uric acid, lipids etc. Mineral and trace elements are also present 

in variety (Carruthers,1962). Non-keratinous components of keratin 

have been reported to support the growth of a variety of fungi in vitro 

(Griffin, 1960), and Raubistchik (1961) has suggested that apparently 

keratinolytic fungi such as the dermatophytes have no need to utilise 

the keratin itself when invading hair in vivo but can grow simply on the 

non-keratinous components of the hair. 

3. Mycology Of S;heep s.kin And w.-ool 

3.1 The association of microorganisms with wools and woollen fab::--ics. 

Microorganisms have long been associated with the shorn 

fleece of sheep and with the spoilage of woollen goods (Barker 7 1S'2 5). 

Before the introduction of fungistatic agents in the woollen industry, 

the principle problem was the 'mildew' which developed during storage 

and transportation. This condition was found to be caused by a 

combination of bacterial and fungal action, the organisms acting 

individually or conjointly depending largely on the moisture content of 

the wool (Von Bergen,1963). Fungi, eg. species of Aspergillus and 

Penicillium, were the predominant organisms involved and developed on 

commercial goods which during storage had a 17-19% moisture content. 

Burgess (1928) investigated the moulding of fabrics in storage 

and transit and stressed the role of the chemical agents used in the 

manufacture of woollen goods in rendering the fabric susceptible to 

moulding during storage. Looking for the sources of this contamination, 

Prindle (1935) studied the microbiology of raw wool and reported the 

changes in the number of bacteria and moulds during the processef:> of 

shaking and scouring. He reported that the mould count increased 

after shaking but that a large number of fungi were either washed off 

or killed in the scouring process. In contrast, the bacterial count 

increased throughout the shaking and scouring process but the total 

number dropped during the drying process. 
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The occurrence of discolouration and degradation of the fleece 

on the live animal by microorganisms, mainly bacteria, was investLgated 

by Seddon (1937), Hayman (1953) and Fraser & Mulock, (1956). 
Pseudomonas aeruginosa, for example, was found to cause green and other 

discolourations of fleece wool. It has been reported that sheep vvhose 

fleeces are susceptible to bacterial discolouration also exhibit .~ 

skin which is sensitive to water ( Fraser 1 1957). The 

presence of water at the basal ends of the susceptible fleece proauces 

an oedematous skin reaction, vJhich ultimately results in the production 

of an exudate. Mulcock and Fraser (1958) demonstrated that the total 

bacterial count in the fleece of Corriedale sheep varied with rainfall. 

They reported that there was a significant difference between the 

number of bacteria in the fleece of sheep which had been selected 

as immune and susceptible to fleece discolouration. Mulcock (1959) 
reported a black discolouration of fleece wool as being due to the growth 

of a species of Peyronellaea among the fibres of the fleece. The 

black colour could not be removed with water and detergent nor extracted 

with solvents. Hyphae were found within the wool fibres, where 

pycnidia were also found overlying the cortex. Cuticular cells were 

apparently disrupted as a result of the fungal growth. Further reported 

examples of the growth of fungi within the keratinised portions of 

sheep skin are those concerning infections with dermatophytic fu.ngi. 

The organisms, principally Microsporum canis, produce ramifying 

mycelium growing through the stratum corneum a11d occasionally in'rading 

wool i'lool loss may occur and sca:"es may 

form on the affected animal. 

3.2 Degradation of wool by fungi 

Early reports on the actual breakdown of wool and woollen 

fabrics provide conflicting reports, depending on the species of fungus 

tested and the pretreatment to which the wool had been subjected. 

Nevertheless, the ability of certain fungal pathogens to grow on human 

keratins provided a stimulus to investigations into the possibility 

of the transmission of skin diseases by the wearing of woollen 

garments. 

Burgess (1924) failed to obtain growth of a variety of moulds on 

commercially scoured wool but in 1928 he did find a few strains of 

Aspergillus and Penicillium which fruited vigorously on such a substrate. 
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A variety of other imperfect fungi and yeasts showed less growth on the 

wool. Burgess called attention to the difficulties and uncertainties of 

such tests due to the hydrolysis of the vJOol caused by the discontinuous 

steaming process employed. Gould and Carter (1931) innoculated small 

squares of a sweated vvoollen athletic jersey TtJith Trichophyton 

interdigitale and reported that the fungus remained viable for some months, 

although it did not grow on the wool. Berberian (1938), however, obtained 

good growth of !· interdigitale on autoclaved woollen squares which v1ere 

kept moist. Hirschman and Humfeld (1940) found !· interdigitale capable of 

destroying squares of autoclaved wool blanket material when placed on 

various agar media and emphasized the practical importance of their findings, 

both in the possible transmission of 'Athlete's Foot', and in the 

possibility of the period of serviceability of woollen goods being 

shortened as a result of fungal degradation. 

In more recent years the role of soil borne fungi in the natural 

breakdown of wool keratins has been extensively investigated. Karling 

(1946, 1947) studied certain chytrids with an ability to utilize keratin. 

The two species Rhizophydium keratinophilum and Phlytorhiza variabilis are 

strictly soil inhabitants and both were trapped on keratinous substrates 

and were found to grow on all common forms of keratin-containing tissue, 

including wool. 

In 1950, White, Mandels and Siu investigated the ability of a few 

common saprophy~ic moulds and a series of human pathogens to degrade 

woollen fabrics. They measured the fungal activity in terms of decline in 

tensile strength. Degradation was accompanied by an increase in the pH of 

the medium. Relatively few species could attack woollen fabrics as 

compared with the range which can attack cotton materials. The investigations 

of White et al had some inherent drawbacks. One of them recognized 1-vas that 

the wool had been subjected to both industrial processing and autoclaving 

and hence was partially denatured. Macquade (1964) studied the ability 

of approximately 100 species of bacteria, Streptomycetes and fungi to 

decompose wool and developed a method for sterilizing the keratin substrate 

by rinsing degreased wool in unsterilized acetone, then twice through 

sterile water and incubating the wool in water overnight at 35C. Tte fibres 

were then drained and transferred to germination medium. 'rhe wool was 

removed from the germination medium after incubation, drained, rinsed in 

water, drained, rinsed in sterile acetone for 15 seconds and the acetone 
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immediately washed from the samples by rinsing twice in water. This 

tedious method was reported to avoid denaturation. Mcquade reported 

that isolates from widely differing orders in the 3 major groups of 

microorganisms disintegrated vmol and suggested that the ability to 

decompose keratin may be a necessary, but not the only, condition for 

pathogenecity. Disintegration of the fibres to cortical cells \oJas 

taken as evidence of damage. 

The development by Vanbreusegham (1952) of the keratin-bait 

technique for the isolation of keratinophilic fungi from soil served as 

a stimulus for other 1rmrkers throughout the world to study the occurrence 

of these fungi in soils and to perform epidemiological studies on the role 

of soil as a reservoir of pathogenic fungi. The mechanism by which fungi 

breakdown keratin substrates has also received detailed attention. 

Although Davidson and Gregory (1934) discovered the characteristic, peg

like, penetrating organs and pits produced on hair attacked by keratinophilic 

fungi, these structures were described in detail by Vanbreuseghan: (1952). 
Barlow and Chattaway (1955) reported that hair was attacked by keratinophilic 

fungi in stages, these being cuticle lifting, cortical erosion, t11e 

formation of penetrating organs and the colonization of the medulla. 

English (1963) studied the in vitro growth of 9 species of keratinophilic 

fungi on hair, hedgehog spine, nail and callus. She found that hair 

digestion is carried out primarily by means of flat fronds of eroding 

mycelium lifting the cuticular scales and then eroding the cortex. 

Perforating organs arise from the fronds and in their turn may produce 

further eroding mycelium growing longitudinally through the 

Although the ability to actually utilise keratin as food material 

limited to the truly keratinophilic species, other fungi are able to simply 

colonise such substrate. Frond-like mycellium, a reaction to the space 

available for growth (English, 1965) 1 can be formed by a number of non

keratinophilic fungi on hair and other keratinous substrates. Such 

mycelium can lift the scales of the cuticle and grow longitudinally 

through the cortex behwen keratinized layers but they do not er:>de the 

keratin. From the frond-like mycelium narrow 'boring hyphae' may develop 

and penetrate the hair causing longitudinal cracks lvithin the cortex 

(English, 1965) 7 but again there is no evidenc<3 of digestion. 



While truly keratinophilic fungi must be capable of actually 

digesting keratinous substrates as such substrates disappear after 
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a few weeks incubation in~~ experiments, there has been considerable 

di fficulty in isolating keratinolytic enzymes from these fungi. Matltison 

(1964) stressed the importance of using purified and unmodified 

sub....,trates in digestion experiments , for the non-keratinous components 

of keratins can play a major role in the col onization of these substrates . 

In 1963, he '-grew Keratinomvces ajelloi in liquid cultures containing 

animal wooP· and found that aft er 10 days, the culture fluid became 

opaque due to the masses of cortical cells floating in it, but that after 

a further day or two these had completely disappeared and been replaced 

by little knots of hyphae. Cystine and peptides were demonstrated in 

the culture filtrates and Mathison considered the presence of these 

further evidence of the enzymatic attack of the substrate. Similar 

monitoring of the metabolic products released into culture med~ as a 

result of the growth of Microsporium canis and Microsporium gypseum: in a 

basal salt> solution containing kanamycin and wool (Peyton , Char 

& Cawley, 1965) , indicated that k eratinolysis by dermatophytes 

is a slow process) in contrast to the rapid keratinolysis observed by 

Naval and Nickerson (1959) with Streptomyces frc•.diae. Peyton et al 

suggested that the presence of keratinolytic activity does not imply the 
., 

presence of one enzyme capable of such activity but that keratinolysis 

may be the result of a complex chain of reactions among which redu~tion 

of the disulphide linkages occurs. 

The existence of an extracellular keratinase elaborated by the 

dermatophytes was establir>hed by Yu, Harman and Blank in 1968. They 

isolated and purified an extracellular keratinase of Trichophyton 

mentagrophytes ~ granulosum which readily digested unautoclaved white 

guinea pig hair, removing the medulla of the hair , and causi ng the 

appearance of many fissures in the cortex. From the mycelium of the 

same species two cell- bound keratinases were laLer isolated and purifi ed. 

I mrnunodiffusion analysis showed that these two cell-bound keratinases 

were not identical to each other nor to the extracellular keratinase of 

the same species (Yu , Harman , Grappel & Blank, 1971). 

* Chiroptic wool (Boot ' s Pure Drug Co . Ud) 
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Investigations of the in vitro fungal colonization of keratins have 

therefore provided evidence that ttmol ir:; potentially able to support the 

growth of a variety of fungi. but the extent to ttrhi.ch this occurs on the 

unshorn fleece is uncertain.. Under suitable in vivo conditions only 

some of these fungi seem able to cause disease or damage. Such species 

would include the kerati.nolyti.c dermatop!:-lytes causing ring~rwrm, an 

uncommon disease of sheep, and those such as Peyronellaea, able to grow in 

the moist fleece and causing di.scolouration and spoilage, again a very 

rarely reported condition. 
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4. Aims of Investigation 

1. To determine the variations in the total fungal population of 

fleece wools vJith time. 

2. To investigate any possible correlations between fungal 

population and macroenvironmental conditions, and to enquire 

into any possible effect of pretreatment of sheep with commonly 

used insecticides. 

3. To demonstrate the variety of fungal species present in fl2ece 

wools in vivo. 

4. To investigate the distribution of these fungi along the l8ngth 

of the wool fibres, and any possible variation in distribu-~ion 

with time of sampling and pretreatment of the sheep. 

5. To study the ability of certain of the isolated fungi to 

degrade wool in vitro and to assess which of these selecte~ 

species are most likely to grow in fleece in vivo. 
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MATERIALS AND METHODS 

1. Source of Specimens 

The specimens usee in this study were obtained from a group 

of 68 sheep purchased by the Leather and Shoe Research Association 

(Lf.\,SR4.) in early April 1971+, for continuing studies on the incidence 

an::l. control of the skin disease of sheep knmm as "Cockle". 

The sheep vJere predominantly Bcrder Leicester-Romney cross hoggets 

vJhich had been run on hill country near Shannon.. They had been 

neither dipped nor shorn and comprised both prime and culled stock. 

On receipt by IASRA at l1assey University these hoggets were weighed 

and drenched with 7.5 cm3 "Nilverm'* (drenching was repeated monthly). 

The sheep were then randomly assigned to one of the groups listed in 

Table 1. The individuals in each group were variously treated on 

1~ .• 4. 74 7 1;.1ith a range of commercially available insecticidal compounds 

by either plunge dipping, shovJer dipping or tip spraying, some remained 

untreated and some \'Jere shorn. 

2. Frequency of Sampling 

Sampling commenced on 29.Le• 74 and wa:; repeated tvrice 1-veekly until 

20.8.74 and thereafter monthly u11til the end of the experimental period 

on 10.12.74. Sheep from a varying number of the pretreatment groups 

were available at each sampling session., Details of the numberB of 

sheep sampled from each group are recorded in Table 2. 

3. Sampling Procedure 

3.1. Fleece Samples 

At each sampling session portions of skin w::i.th fleece attached 

Here obtained, as aseptically as possible vJith sterile scalpels and 

forceps, from the left upper shoulder and left upper leg of each sheep 

immediately after slaughtere After sampling, each portion was placed 

in a clean plastic bag and transported ·!:,o the laboratory. 

* "Nilverm" (1+% levasm:i.sole), I.C.I. (N.Z) Ltd., Welling::,on 



Table 1: Initial treatment Jf Lhe 68 experimental sheep from 
which sampl~s were obta1ned 

Number of sheep Treatment Mode of application 

18 

7 
10 

6 

17 

Untreated 

Shorn 

l3enlate + 
(0.1% bE~nomyl) 

* Diazo spray 
(0.04% diazinon) 

'Diazotas' *""· 
( 0. 041a clia z ir,nn) 

plunge 

plunge 

shower 

8 'Diazotas' tip spray 
( O.L,% diazinon) 

1 'Trigon D F F'++ 
1 : 1280 

1 water 

spray, 
only 

hosed, 
only 

-x- 'Diazospray'; Co(,per, N.Z. Ltd., Auckland. 

** 'Diazotas D:i.pspray & Jettjng Fluid' 
TVL Ltd. 1 u·pper Butt. 

+ 'Benlate'; Neill Croper Ltd. 1 Auck1and. 

left 

left 

side 

side 

++ 'Trigon DFF; (lOa% VcJ ) Cooper, N .• Z. Ltd., Auckland. 

14 
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Table 2: Frequency of sampling from treatment group 

Date of 
Sampling UntreatE;d Shorn Denlate Diazo spray Diazotas Diazotas Trigon ~'Jater 
(1974) plun[!;:=o shower spray D F .F. 

29 ·'+ 2 2 

14.5 1 2 " 2 .) 

28.5 2 1 1 l 1 

n.,s 2 2 2 

25.6 2 1 2 

9.7 1 ~, 2 "'-

23.7 2 1 2 

6.8 1 2 1. 2 

20.8 2 2 2 

17.9 2 2 

15.10 2 2 

lJ.lJ 2 ') 

"'· 
10.12 2 2 
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The vmol was cut from the skin to within a few mm of the surface and 

the wool and skin portions processed separately. 

All samples were processed as soon as possible but portions of skin 

and wool from each sample were kept at -12C to serve as a source for 

further reserch purposes if required. 

3.2 Brush sampling 

Prior to slaughtering at each sampling session each sh~ep 

was brushed vJith a circular plastic scalp-body massager* over the left 

shoulder and the left leg, the technique being that described by 

Baxter (1973) .. After sampling, the brusheE> used on each animal were 

placed in individual clean plastic bags for delivery to the laboratory .. 

3.3. Air sampling 

Monthly samples of the air flora were obtained in the paddock 

in which the experimental sheep were grazed. The sampling site \vas 

approximately 200m from a large wool shed and 250m from a group of pine 

trees. Isolation of airborne fungi was performed using a Casella slit 

sampler (Plate 1), sampling 2 0001 of air in 3 minutes. 

3.4 Weather information 

Recordings of rainfall and temperatures for the experimental 

period were obtained from the Meteorological Station at Massey University. 

* "Nu-Brush No 2"., Consolidated Plastics Ltd., Auckland. 
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Pl3.te 1: Cac:;toella Slit Sampler 



1.,.. General Methods 

4.1 Hedia used 

Throughout the experimental period Sabouraud dextrose agar 

(Difcc) containing 0.05% chloramphenicol (SDA) vlas used for the 

isolation of both moulds and yeasts. 

4.2 Sterilization of materials 

4. 2.1 Steriliz,ation of general equipment 

All test tubes, flasks and bottles for culture mEdia 

and aqueous solutions which were capable of withstanding a high 

temperature vJithout decomposition 'rJere sterilised by autoclaving at 

121C for 15 min. 

Heat-labile solutions were ::.terilised by nernbrane filtration. 

The filter assemblies and cellulose ar:etate discs were sterilisr:::ct in a 

pressure eooker at 121C for 10 min. 

Lt-.2.2 Sterilization of wool by autoclaving 

\IJhen required for experiments studying the breakdovm of 

tvool, samples of wool were sterilised by autoclaving at 121C for 15 min. 

4.2.3 Sterilization of wcol by propylene oxide 
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Samples ( 5-10g) of ivool were placed in glass petri dishes 

and exposed to propylene oxide in a sealed dessicating jar for 24 hours. 

4.2.4 Sterilization of plastic brushes 

The brushes, after use, (Methods 3.2) were sterilised 

by immersiorl in a 0.1% ehlorbexidene solution* for 30 min. 'rhey v-1ere 

then cleaned 1rith soap and running ll .L vvater. 1 an;'{ 

residual fibres were picked off the bristles with forceps and the brushes 

r,v-rapped in cl,":an plastic bags r•::ady for re-use. Occasional checks of 

the effectiveness of tbe disinfectant in destroying fungal fragments on 

the bru~:;hes were carried out by sampling cle[,ned 1 unused brushes 1 all 

with negative ret:ults. 

1.;.2. 5 Test for sterility o:;~ the 1vools 

Small sample:= of vmol sterilized by either auto,; laving 

or propylene oxide were each placed onto SDr~ and incubated at ;~5C and 

37C for Lt-,.-7 days. No grovrth on the agar plate \~as taken as indicating 

tliat the lvCJols wer ~ adequately sterilised. 

-x- "Hibitanen 1 ICI (NZ) Ltd., \1Tellington 



5. Isolation and Counting Technioues 

5.1 Dilution plate samples 

Standard dilution plating technique::o were used to obtE.in 

quantitative estimations of the fungi on the wool samples. With the 

possible exception of some profusely sporulating species of Penicillium 

and Aspergillus, preliminary experiments indicated that 1:400 dilutions 

were sufficient to obtain a satisfactory separation of colonies for 

counting. 

A known weight (approximately 1g) of each sample was shaken in 

20cm3 sterile distilled 1.-Jater on a reciprocating shaker giving a 1cm 

throw, 5 throws/sec. After 30 minutes shaking, 1cm3 of the supernatant 

was transferred to 9cm3 sterile distilled water, mixed thoroughly and 

0.5cm3 samples from this dilution plated out in quadruplicate onto SDA. 

The supernatant was allowed to soak into the medium before inverting 

the plates. Of the 4 plates 7 2 vwre incubated at 25C and 2 at 37C. 

After 4-7 days the numbers and types of colonies appearing on each 

plate were recorded and subcultures onto SDA taken to facilitate 

species identification. 

5.2 Brush samples 

Each brush sample obtained prior to slaughter of the sheep 

(Methods 3.2) was used to innoculate 2 petri dishes of SDA. T~e 

cultures were incubated at 25C and 37C and examined for growth .lfter 

4-7 days. Colonies were subcultured for further identificatio11 as 

necessary6 

5.3 Air samples 

At each sampling session, a total of 4 plates of SDA were 

used. The plates were returned to the laboratory and 2 incubated at 

25C and 2 at 37C for 4-7 days. The various colonies were th::.n eounted 

and subcultured for further identification as necessary. 

6. Identification Methods 

6.1 Microscopic examination 

Slides for the microscopic examination of fungal growths 

were prepared according to standard methods, using lactophenol cotton 

blue as stain. To make semi-permanent preparations, nail varnish was 

applied between coverslip and slide (Dring, 1971). 



Table 3: Fungi Selected for Experimental Purposes and their Taxonomy 

Class Order Family Genera Species ---
Hyphomyc et e s Sphaeropsidales Sphaeropsidaceae Phoma Phoma sp 

Pe;y-ronellaea P. glomerata 

Moniliales .Moniliaceae Aspergillus A. flavus 

A. niger 

Beauveria B. bassiana 

Paecilomyces P. marquendii 

Penicillium P. canescens 

Trichoderma T. glaucum 

T. viride 

Trichophytcn 'It. mentagrophytes 

De matiaceae Al t err1aria A. cheranthi 

Aureobasidium A. pullulans 

Cladosporium c. cladosporioides 

Pithomyces P. chart arum 

Tuberculariaceae Epicoccum E. nigru.rn 

E. purpurascens 

Fusarium F. oxysporum 

F. semi tectum 

Pyrenomycetes Sphaeriales Sordariaceae Sordaria s. fimicola 

Pseudoeurotiaceae Pseudoeurotium P. zona tum 

Collection 

DBM 
v 
3e 
B 

4D 
2VJH 

2DD 

6x 

I 

Tm 

3X 
2i 

2SG 

J 

3A 

vJZ 

2r 

31 
Bmm 

7u 

No 

1\) 
0 



To facilitate the identification of certain species, where 

ordinary wet mounts disturbed the relationship between conidia and 

conidiophore, it was necessary to use the slide culture technique 

(Ajello, Georg, Kaplan & Kaufman, 1963). 

6.2 Species Identification 

Moulds were identified on the basis of their macroscopic 

and microscopic morphology on Sabouraud dextrose agar, Potato d·:;xtrose 

agar, Czapek-Dox agar or some other suitable mediume 
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Identification, depending on the species, was according to Ains',vorth and 

Sussman, 1973; von Arx, 1970; Barron, 1968; Benham and Miranda, 

1953; Booth, 1971; Barnett and Hunter, 1972; Carmichael, 196~; 

Dare and Gunnell, 1969; Domsch and Gams, 1970; Ellis, 1968; 

Gilman, 1959; Raper and Fennell, 1965; Raper and Thorn, 1968; and 

Smith and Brown, 1957. 

Yeasts were identified according to the methods of Ladder, 1973 7 

and Ainsworth and Sussman, 1973. 

Strains from all sources were allocated a culture collection 

number. Those used for experimental purposes are listed in Table 3. 

7. The Distribution of Fungi Along the Length of the Fleece 

7.1 Impression technique 

For this investigation wool fibres closely cut from the skin of 

sheep previously shorn, plunge-dipped in Diazospray or Benlate solution 

or sprayed in diazotas were used, as well as wool from untreate~t sheep. 

length of the varied 2-200mm depending on the 

treatment group from which the samples were taken. 

From each sample a small bundle of complete fibres (5-10nml thick) 

was gently pressed, using aseptic precautions, onto the surfacE of 

plain agar contained within a petri dish. A column, approximately 

10mm x 70mm was ruled onto the petri dish base and marked B for basal 

end of the wool fibres, and T for the tip (apical end). The fibre 

bundle was gently rolled from one side of the column to the other to 

produce a more thorough impression. The wool fibres were discarded 

aseptically and the lid of the petri-dish replaced. 

The impressed agar column was divided into 2 strips longitudinally 

with a sterile scalpel and each was equally subdivided into sections 

20mm long. 
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7. L 1 Microscopic examination 

The sections from one of the 2 strips were each separately 

transferred to a slide with the impressed surface upwards. The surface 

was flooded vvith lactophenol cotton blue and a coverslip applied. 

The slide preparation was left for 3-4 hours to allow the stain to 

diffuse into the agar before microscopic examination. 

7.1.2 Cultural examination 

The sections from the other strip were individually tran:3ferred 

to SDA in a petri dish which had previously been divided into 6 eq1 ,al 

sectors marked on the hase and labelled 1-6. The agar section impressed 

with the ba.:;al part of the wool was placed onto number 1 sector and the 

tip section onto number 6 2.ector 7 with the impressed surface dotmwards (Plates 

8 & 9).. These cultures 1vere incubated at 27C for 4-5 days. The 

species of fungi growing from the impressed agar were then recorded. 

7.2 Potassium hydroxide examination of skin material 

Skin material was cut into thin sections using sterile scalpels 

and a few sections transferred to a slide, .flooded with 15% KOH and a 

coverslip spplied. The preparation vvas left for a fe1v minutes to 

allow the KOH to soften the tissues, before microscopic examination. 

8. Estimation of Ability of Fungi to Grovr or_ Wool 

8.1 Selection of isolates 

19 fungal species \vere selected from all the fungal isolates 

recovered from the wool ) . 'Ilhe isolate were 

representative genera from the 4 families of the Class HyphomycetEs 

and also Sordaria fimicola, an Ascomycete. Selection of the fungi 

was on a random basis although some species have been previously 

reported to be able to degrade keratins. Trichophyton mentagrophytes 

1vas included as an expected positive control in all experiments. 

8.2 Degradation of wool 

All species selected were examined for their ability to breakdo~n 

both autoclaved and propylene oxide sterilised wool in 3 different media. 

The media used were water-vmol liquid medium (0.2 g wool in 5 cm3 1'l".ater), 

a weak yeast-extract-·wool liquid medium (2 drops of yeast extract added 

to the iva"ber) and a plain aga.:c-vmol medium (bundles of wool pressed into 

the agar surface of a p'Jnred plate). 



After i_rmoculation, all cultures VJere incubated at room 

temperature and portions of VJool from each culture examined after 2 

VJeeks and 4 VJeeks incubation periods. 

8.3 Assessment of degradation 

Positive degradation was r1ssessed as the breakdovm of the intact 

structure of the vJOol fibres along their length 1 such breakdown 

resulting in the liberation of cortical cells into the medhtm (Plc:te 2 ) • 

9. Additional Studies 

9.1. Colonisation of human hair 

All the 20 species of fungi (Table 3) were also tested for their 

ability to colonise hwnan hair and to determine if either perforating 

organs or boring hJ~ae (English, 1965) VJere formed. 
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Bundles of short lengths of fair human hair, obtained from a healthy 

male, were placed in a weak yeast extract liquid medium in glass petri 

dishes and autoclaved. After :::terilisation each VJas innoculated with 

one species of test fungus. All cultures were incubated at room 

temperature and observed for hair colonisation at 2 weeks and 4 V\'eeks 

incubation periods. 

9.2. Ability of fungi to grow at skin temperature 

The ability of each of the fungal species used in the degradation 

experiments to grow at skin temperature ~ras determined by incubating 

cultures on SDA at 37C for 7 days. The area of growth and the total 

area of agar sur•face was then :rteasured. Ability to grow at skin 

temperature was then assessed as the ratio 7 area of fungal grmorth : 

area of agar surface. 

9.3 The effect of vwol fats on fungal growth 

V.Iool samples, cut to convenient dimensions, were weighed and 

Soxhlet extrB.cted for 24 hours with diethyl ether. Excess ether was 

removed by distillation, the remainder by evaporation, and the extracted 

fat weighed. 

The plate technique of Baxte~n and Trotter ( 1969) was used to 

estimate the effect of Hool fats on the growth of the selected fungi. 

The required amount of fat to make a final concentration of 0.2% in 

agar was dissolved in a minimtun quantity of diethyl ether. 



Plate 2: LibFration of cortical cells from a 
wcol .fibre .r'ollmdcg the in vitro gr01..Jth 
of a fungus (Trichophyton me~ophyte s) 
on the wool 
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The solution was added to molten, but cooled, SDA. The agar was left 

to stand before autoclaving, until the ether had evaporated. Using 

sterile techr..ique 1 half the medium of a set pc>ured plate of SDA v,yas 

rell1oved and replaced with SDA containing the t:~st fat. After sett,ing, 

the plate was innoculated at the mid point with the test fungus and 

incubated at 25C for 1 vreek. The radii of fungal growth from the point 

of innoculation were measured on both the control (Rc) and the .fat (Rf) 

sides. The inhibition could then be estimated: 

% inhibition = Rc - Rf 
Rc X 100 

9.4 Proteolytic activity of the selected fungi 

The technique used vJas that of Frazer (1923) as modified by 

Baxter (1968). Three plates, each containing 15 cm3 of sterile 

nutrient agar containing 4% gelatin were innoculated with each of 

the 20 selected .fungi. The plates were incubated at 27C. After 

5 days the plates v.rere flooded 1.vith a solution of HgCl2 15g, cone HCl 

20cm3 and 1.vater 100cm3. A clear region around the colonies indicated 

that the gelatin had been hydrolysed. The radii of the colony and 

the extent of gelatin hydrolysis were r.1easured and an estimation of 

proteolJ~ic activity was obtained as 

Proteolytic activity = Extent o.f hydrolysis 
Colony radius 

25 
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RESULTS 

1. The Fungal Population of Fleece Wool 

1.1 Variations in total population of fleecf~ w,:,ol with time of sampling 

Mould and yeast counts for wools obtained at each sampling period 

from 29.4.74. until 10.12.74 (Methods 2) are record.ed in Table 4. 

Counts are expressed as the average colorty forming units (C.F.U.) pc:;r gram 

wool -and are recorded separately for the two incubation temperature~; of 

25C and 37C. The average counts were determined from samples obtained 

from the 4 to 8 sheep available at each sampling dat e . Two samples 

(shoulder and leg) had been obtained from each animal but as there was 

little variation behreen these sites , the average count was determined 

for each animal. 

1.1.1 Incubation temperature 25C 

At 25C mould counts tended to be lowest during the winter months 

,June--October and highest during the m:.tumn and summer months of April, May, 

November and December. Counts varied from 7 595 CFU/g wool in December to 

J 162 CFU/g wool_ in July. More moulds were isolated at 25(; than at 37C 

throughout the experimental period. Yeast numbers were lowest in 

late July, early August, and from October _to. December. The highest 

count of 108 662 CFU/ g wool occurred in mid May , the lowest in Octo'Jer 

(3 051 CFU/g wool). 

1.1. 2 Incubation temperature 37C 

At 3'7C mould counts were highest d·-.1rine April, r1ay and June ( 924,...4 474 

CFU/g wool) but fell to zero :in July. During the remainder of the 

experimental period the counts rose again, but to a relatively lowe1· level 

(maximum 780 . CFU/g wool in August). 

Yeasts developing at 37C showed greatest numbers during April and Mayl fe t- 0,1 <:: Set "'-ti ~ 
and also in August Hhen a very high count of 633 190 CFU/g wool was recordeq{. 

For most of tr:e e:>-rperimental period counts at 37C were low. No Jreasts 

were recorded in clul~r, October, November· and December at this temperature. 

1.1.3 Average fleece ~ 

The average c01mts for moulds and yeasts able to grow at 25C over 

tl:.e whole experimental period were 3 A43 CFU/g wool and 2!5 923 CFU/g wool 

respectively (T:..1bl.e 4). The averag,:; fleece count at 37C was 825 CFU/g 

wool .for moulds and 11 262 CFU/g wool. for yeasts. 
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Table 4: Variation in average mould and yeast populations 
of wool samples with time 

Date of No. of Average CFU/g wool. at 
sampling sheep 25C 37C 

(1974) Moulds Yeasts Moulds Yeast s 

29/ 4 5 4 408 52 716 924 3 764 

14/ 5 8 5 689 108 662 4 474 37 212 

28/ 5 6 2 950 17 747 1 286 3 268 

11/6 6 2 538 73 154 1 103 7 
25/ 6 5 2180 9 284 448 .44 

9/ 7 5 1 162 2L~ 788 0 6 

23/ 7 5 2 580 4 334 0 0 

6/ 8 6 3 488 4 445 780 1} 

20/ 8 6 3 330 62 863 448 105 531 

17/ 9 4 4 212 5 894 575 -139-

15/10 4 "3 I ~ q- :J:--85-L+ 3 051 248 0 

13/11 4 5 370 5 808 168 ' 0 

10/12 4 7 595 3 248 265 10 

Average count (all sample s) 3-6-J:tJ 28 923 825 11 537 
4 I~ 



The variations of mould cow1ts at individual sampling dates was 

01idest in samples taken on 13.11.74 for moulds growing at 25C. The 

counts varied from .860 CFU/g wool to 9_, 670 CFU/g v.mol. At 3?C the 
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ividest range of counts was of those obtained from samples taken on 14.5. 74(4<>-1-\<l!J<F'-'b~ 

The widest range of yeast counts at 25C (190 CFU/g wool to 183 280 CFU/g wool) 

u:as obtained from samples taken on 14. 5. 74 and from samples taken on 20. 8. 74 a..'1d 

incubated at 3?C the counts ranged from 0 CFU/g wool to 633 190 CFU/g wool. 

The smallest range of mould counts at 25C (LeO CFU/g wool to 2 OOOCFU/g ;;mol) 

v-vas obtained from samples taken on 9.7.74 and at 370 1 counts of from 40 CFU/g 

v-wol to 480 CFU/g wool were obtained from samples taken on 10.12. 74. For 

yeaststhe smallest range v-vas obtained from samples taken on 6.8.74 7 the counts 

being3 .420 CFU/g wool to 4 780 CFU/g wool at 25C. At 37C the smalleut range 

of yeast counts was 0 CFU/g wool to 30 CFU/g v-rool from samples taker_ on 

11.6.74. 

1.2 Variation of fleece count vJith macroenvironmental conditions 

1.2.1 At sampling time 

The counts of moulds and yeasts at each sampling period aj:>e 

recorded in Fig 2-1 and Fig 2-2, together with rainfall and temperature 

information. Both rainfall and temperature levels are averaged ovar 3 days 

(day of sampling and the 2 preceeding days) • There vvas no apparent 

correlation between mould or yeast counts and either rainfall or te;nperature 

over the 3 days preceeding sampling. 

1.2.2 Monthly averages 

Average monthly counts of moulds and yeasts are illustrated 

in Fig 3-1 and Fig 3-2 7 together with the monthly average rainfall and 

temperature. Again, there appeared to be no consistent variations in 

fungal counts with rainfall, but, in general, higher counts of moulds able 

to grow at 25C were obtained when rainfall vvas low (i.e. below 4mm). When 

the rainfall was very high (July), the mould count was lowest. At 25C, 

the mould count declined ·rJith falling temperature from April to Jul,y and then 

increased steadily V<Iith increasing temperature from August to Decemoer 

except in October when the count was low. There ·:ms no consistent J.ifference 

in yeast counts at 25C. 

Mould Gounts at 37C showed a steady decline over the whole experimental 

period (except a zero count in July) and showed no relation to environmental 

temperature. The yeast counts recorded also seemed to have no relation with 

the rainfall and temperatureo No yeasts were demonstrated in July, 

October, November and December when samples were incubated at 37C. 
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Fig 2-2: Variation in average mould and yeast populations o: wool 
with macroenviron.mentaJ c::mditions at time of samp:Ling (37C) 
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F'ig 3-1: Va.riat~.on of monthly <'lverage populations of moulds and 
yeasts with the rnacroenvironmental conditions (25C) 
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Fig 3-2: Variation of monthly average populations of mouldS and 
yeasts with the macroemrironmental conditions (37C) 
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1.3 Variation in total population of wools viith different 
pretreatment of the fleece 

1.3.1 Untreated sheep 

33 

During the experimental period from April to December the average 

total mould counts recorded from the washings of untreated wools incubated 

at 25C varied betw-een 1 300 and 5 000 CFU/g wool (with a mean of 3 551 

CFU/g vmol) (Fig 4f). 

The numbers of yeasts obtained at 25C varied between 3 000 ar,d 

14 000 CFU/g \vool (with e. mean of 6 450 CFU/g vmol) (Fig 5f). LoV~Jer 

counts were recorded tovJe.rds the end of the experimental period., 

There vwre fewer fungal colonies (0-1 700 CFU/g wool) developing 

at 37C (Fig 6f). In tbe case of yeasts developing at 37C the only 

positive samples lliere obtained in May (6 weeks post treatment: 1 76') 

CFU/g vmol) and June (10 weeks post treatment: 10 CFU/g wool) 

(Fig 7f). 

1.3.2 Shorn sheep 

The total counts of fungi recorded from shorn sheep are 

presented in Figs 4e, 6e, 7e (only one sheep was available at each 

sampling period). The counts obtained at both 25C and 37C fluctuated 

with the time of sampling.. Numbers at 25C varied between 1 400 E.nd 

5 000 CFU/g wool for moulds (with a mean of 2 663 CFU/g wool) the higher 

counts being obtained during the first few weeks after treatment and 

1 900 and 112 000 CFU/g ioJool for yeasts (1.o1ith a mean of 2t 346 CFU/g 

vmol) (Fig 5e). At 37C mould counts varied betvreen 0 and 5 000 CFU/g wool 

(Fig ) and counts between 14 CFU/g wool (Fig 7e). 

1.3.3 Benlate - plunge pretreated sheep 

The average cotmts of moulds and yeasts are shown in Figs4c, 5c, 

6c, 7c, in relation to time of sampling.. Both mould and yeast counts 

at 25C decreased with time tc 12 weeks but then increased towards the end 

of the sampling period. Mould counts at 37C showed a similar pattern 

(Fig 6c). Yeast numbers at 37C were considerably reduced at 8 weeks 

post treatment, they were absent by 12 weeks and did not appear again 

until the final sampling at 16 weeks (Fig 7c). 

1.3.4 Diazospray - plunge pretreated sheep 

Only six samples were available from sheep pretreated with 

'Diazospray' by plunging. The total mould counts declined from the 

7 000 to 2 000 CFU/g wool at 8 weeks post treatment but a:G 1.6 

weeks after treatment, increased to L, 600 CFU/g wool at 25C (Fig 4d). 
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The yeast co-:.mt at 25C sho~tJed little chaq:';e 8 J>ieeks after treatment 

(115 000 CFU/g ,,JOol) but fell to ~- 000 CFU/g wool at 16 ~tJeeks (Fig 5d). 

At 37C both :nould and year>L numbers decreased appreciably (Figs 5d 1 7d). 

1. 3. 5 a Diazotas shovJer pretreated sheep 

~1ould and yeac.->t counts of sheep sho·wer-dipped in 0.4% diaz.~non are 

shown in Figs Leb 1 5h, 6b and 7b, in relation to tirae. At 2 weeks post 

treatment, the mould counts at 25C was 57 COO CFU/g 1vool (Fig 4b). The 

co~nt fell to 3 500 CFU/ g ltJOol at 6 vreeks post treatment c.md remained about 

this level until \veek 30 post tre trnent 1vhc:n it ror3e to 5 700 CFU/ g wool 

and by TtJeek 34 was over 10 000 CFU/ g wool. 'The big!-1 yeast count of 63 250 

CFU/ g wool at 2 \'1/eekt; treatment vm:; followed by a decline to 2 745 CFU/ g 

11001 at 14 weeks post treatrr.ent and then became irregular over the ('emaining 

experimental reriod (Fig 5b). At 37C tl1e mould and yeast counts fell to 

zero at 1L1• vreeks cut mould counts subseouently rose again (Fig:; t>b, 7b). 

1.3. 5 b Diazot-:ls spray pre treated sheep 

At 25C mould counts of fleece vr'ti:::h had been diazotas sprayed 

in 0.4% diazinon, varied between 2 500 and 6 500 CFU/g wool (Nith a mean 

of 3 539 CFU/g wool) ( 4a). The highest. eount was recorded 4 v'leeks 

post treatment. Yea}3t ccunts dec25ned from 15 000 CFU/g >voo1 to 1 6oo 
:;FU / g vJool at 16 weeks. 

The mould counts at 37C were 1 t-,75 CFU/g wool at 4 ~nieeks post treatment, 

falling to zero at 'L2 vJeeks post treatment and incree:sing again at J 6 weeks 

post treatment ( 685 CFU / g vmol). 



Fig 4 - 7: Variation of mould and yeast populations in 
treated m1d lmtreated fleece in relation to time, 
at incubation temperatures 25C and 37C. 

Legend: a) 

b) 
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Fig 4: Mould populations (25C) 
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Fig 6: Mould populations · (37C) 
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Fig 7: Yeast populations(37C) 
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1. 3. 6 Average overall populations of ind:L1.ridual treatments 

At 25C, the average mould counts of all treatments over the 

whole experimental period individually showed little difference and varied 

beh,reen 3 000 and 5 200 CFU/g tvool. The average yeast counts, however, 
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fluctuated markedly, vJith the highest count (91 258 CFU/g vmcl) shovm for 

wool samples ::::ollected from Diazospray pretreated sheep and the lov:est 

count (6 450 CFU/g Hool) for untreated samples (Table 5). 

The counts for both moulds and yeasts at 37C were lower than those 

recorded at 25C. The mould counts at 37C varied between 460 and 4 :500 

CFU/g v.rool while the yeast counts varied betwe,::n 300 (Cl.04% diazinon·l and 

000 CFU/g vmol (Benlate plunged). 

When compared hrith the overall average fleece counts establisheC 

previol}sly (Results 1.1.3) 7 sborc and Ben1ate treated sheep had low mould 

r~ounts at 25C and Diazotas treated sheep high counts in both showered and 

sprayed groups. Yeasts at 25C shovJeci lcwer counts in the untreated and 

Diazotas shov.Jered groups and higher counts after Benlate plunging, Diazotas 

spraying and Diazospray plunge treatments. At 37C, shorn, Diazotas sprayed 

and Benlate plunged sheep had higher-than-average mould counts. All 

groups except Benlate plunged sheep showed lower--than-average yeast counts 

at 37C. 



Table 5 Overall average poDu:Ja-::.i.ons, individual treatments 

Treatrnertt of 
:;;;-teep 

·Untreated 

Shorn 

Benlate plunge 

Diaznspcay unge 

Diazotas showe1 ... 

Diazotas spra3r 

Overall average fleece 
count;=; (Hesulte> L 1.3) 

Moulds 

3 336 

2 663 

3 059 

3 539 
5 0Le7 
r:: 162 / 

Average CFUlg V.J'JOl at 

2~C 37C 
Yeasts rlJouJ ds Yee.st2. 

6 h50 603 885 
21 3 4 636 6 037 L 

7? . ·- 571 1 018 45 317 

53 391 899 4 671 
14 5?'" d( 467 310 

91 258 L, 456 4 146 

.?8 923 825 52 262 
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2. The Frequency of Fungal Species in Tota1 Samp1es 

Samp1es used for this stJ.dy were obtained from the shoulders and 

1egs of the experimental sheep. As tbere was little difference in the 

species isolated from the 2 sites, both sites are combined for average 

counts in the comp::..lation of Table2 6 and.?. The ::;pecies listed in these 

tables are arranged in their frer:ruer,cy- of isolation by the dilution 

plating technique. 

2.1 Comparison of tf·,e dill;tion plate and brush techniques at 25C 

The frequency 1fJith vihich each fungal species was demonstrated 

by the dilution plating (Methods 5.1) and brush techniques (Methods 5.2) 

is compa:~ted in T:o,_ble 6. There were 60 species obtained by dilution 

plating and 55 species obtained by the crush tect.nique. The most 

predominant species isolated by both techniques vJere Alternaria a1ternata, 

Cladosporium cladosporioides 1 Fusarium culmornm ar,d Phoma species. 

Sordaria fimic~~' Rhodotorula rubra and To:::'ulo psis candida were also very 

fre'iuently isolated by dilution plating but not by the brush technique. 

Cladosporium l::erbarum, Tr·i choderma viride, Amaurascns .se,, Chrysospori mn 

~· Penicillium lilacinum, Penicillium ,Jxalieurn, Ulocla.dium sp. ani 

Trichosporon sp, were only h;olated by di} Dticn plating. In contrast 

Chrysosporium pannorum, Chrysosporium merdarium, Cylindrocarpon sp, 

Glio~~ ~~ and Sterile brown mycelium were only isolated by the 

brush technique. 

2.2 Comparison of the dilution nlate and brush techniques at 37C 

The number of species isolated by both techniques at 37C was 

lower than those isolated at 25C. Penicillium was the predominant 

species isolated by dilution plating but not by the brush technique. 

Alternaria alternata, which was freouently isolated by dilution plating, 

\vas never isolated by the brush technique. In general, fewer species 

(25) v-Jere isolated by the brush technique than by dilution plating (3h). 

There were 5 species (Mortierella ~' ~illium ~ommune, ·Penicillium 

lilacinum, Penicillium janthinellum and Trichoderma v~ride) which were 

isolated by the brush technique but not by dilution plating (Table 7). 
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Table 6: Relative freouency* of fungal species isolated b~ 
Dilution Plating and Brush Techniques at 25C 

Freouency of demonstration 

43 

Dilution Plates 
(13 6 samples) 

Brush Plates 
(106 samples) 

Torulopsis candida 
( S9.ito) Lodder 

Alternaria alternata (Fr.) 
Keissl. 

Rhodotorula rubra (Demme) 
Lodder 

Phoma spp. 

No. samples 
positive 

132 

121 

117 

Clados)orium cladosporioides 
(Fr. de Vries 

Fusarium culmorum Sacc. 

Sordaria fimicola (Rob) 

112 

90 

Ces.de Not. 

Mucor racemosus Fr. 

Penicillium sp. 

Aspergillus fumigatu§ Fr. 

Penicillium nigricans Bain. 

78 
48 

36 

23 

20 

18 

Torulopsis. sp. 17 

CladQSROrium h~rbarum (Pers.) 14 
Link ex Gray 

Pithomyces chartarum 
(Berk. & Curt.) Ellis 

Aspergillus terreus Thorn 

Trichoderma glaucum Abbott 

Sterile grey mycelium 

Epicoccum purpurascens 
Ehrenb. ex Schlects 

Fusarium lateritium Nees 

CeShalosporium roseo-griseu~ 
aksena 

Paecilomyces marguendii 
(Massee) Hughes 

11 

10 

10 

10 

9 

9 

8 

7 

Pseudoeurotium zonatum van Beyma 7 

Fref1uency 
grading 

4 

4 

4 

4 

4 

4 

4 

3 

3 

3 

3 

3 
2 

2 · 

2 

2 

2 

2 

2 

2 

2 

2 

2 

No.samples 
positive 

30 

68 

15 

50 

25 

39 

5 

23 

27 

19 
12 

8 

7 

5 
10 

8 

4 

3 

1 

Fre0uency 
grading 

3 

4 

2 

4 

3 

3 
1 

3 

3 

3 
2 

2 

2 

1 

2 

2 

1 

1 

1 

1 



Table 6 cont'd 

Fusarium OA~sporum Schlects 

Pencillium islandicum Sopp. 

6 

6 

Alternaria citri Ellis & Pierce 5 

Fusarium semitectum Berk.& Rav. 5 

Penicillium expansum Link ex Gray 5 

Aspergillus niger van Tiegham 4 

A •. ornatus Rape~, Fennel & 4 
Tresner 

Beauveria bassiana (Bals.) 4 
Vuill., 

Penicillium canescens Sopp. 3 
Penicillitun purpurascens (Sopp.) 3 

Raper & Thorn 

Alternaria brassicola (Schw.) 2 
Wiltshire 

Geotrichum candidum Link 2 
ex. Pers. 

Paecilomyces variotii Bainier 

Pencillium citrinum Thorn 

P. commune Thorn 

P. italicum Wehmer 

Po janthinellum Biourge 

P. notatum Westling 

P. oxalicum Currie and Thorn 

Westerdykella sp. 

PeY£onellaea glomerat~ (Corda) 
Goidanich 

Gliocladium roseum Bainier 

Amaurascus sp. 

Alternaria cheiranthi (Lib.) 
Bolle 

Aspergillus flavus Link ex. Fr. 

Aureobasidium pullulans Arnaud 

Beauveria globulifera Speg., 

Chrysosporium sp. 

Dreschlera hmvaiiensis 
(Bugnicourt) Subram.& Main 
ex Ellis 

Fusarium solani (Mart~ Sacc. 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

1 

1 

1 

1 

1 

1 

1 

1 

2 

2 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

10 

1 

1 

3 
6 

1 

8 

14 

3 
2 

2 

2 

5 

3 
2 

1 

2 

3 

4 

2 

4 

1 

3 
2 

1 

2 

2 

1 

1 

1 

2 

1 

2 

2 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 



Table 6 cont'd 

Fusarium sulphure~~ Schlecht 

Humicola sp. 

Mortierella sp. 

Penicillium lilacinum Thorn 

Ulocladium sp .. 

Trichosporon sp. 

Sterile black mycelium 

Chrysosporium pannorum (Link) 
Hughes 

C • merdarium (Link) Carm. 

Cylindrocarporr sp. 

Gliomastix inflata 
Dickinson 

Sterile brown mycelium 

* Frequency grading 

1 Very occasional 

2 Occasional 

3 Frequent 

4 Very frequent 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

No. 

1 

1 

1 

1 

1 

2 

1 

1 

2 

1 

1 

1 

1 

1 

1 

1 

1 

1 

samples positive 

1 - 5 
6 - 15 

16 - 45 

46 and above 
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Table 7 Relative freouency of fungal species isolated by Dilution 
Plating and Brush Techniques at 37C 

Penicillium sp. 

A. alternata 

A. fumigatus 

s. fimicola 

R. rubra 

T. candida 

P. nigricans 

~~esterdykella sp. 

Chrysosporium sp. 

Sterile grey mycelium 
-

Torulopsis sp. 

A. cheranthi 

M. racemosus 

P. marquendii 

Trichosporon sp. 

citri 

P. islandicurn 

A. flavus 

F. culmorum 

G. roseum 

P. canescens 

A. ornatus 

D expansum " . 
P. variotii 

P. nota tum 

P. oxalic urn 

A. nis;er 

Chaetomium globosum Kunze 

Frecuency of demonstration 

Dilt1tion Plates 
(136 samnles) 

No. samnles Frec·uency 
positive grading 

50 4 

19 3 

43 ':{ 
j 

38 3 

27 3 

33 3 

12 2 

11 2 

10 2 

10 2 

8 2 

7 2 

7 2 

7 2 
r-; 2 I 

6 2 

4 1 

3 1 

" 1 ;J 

3 1 

3 1 

2 1 

2 1 

2 1 

2 1 

2 1 

1 1 

1 1 

Brush Plates 
(106 samples) 

No.samples Frecuency 
positive grading 

5 1 

11 2 

13 2 

1 1 

5 1 

6 2 

1 1 

2 1 

4 1 

5 1 

2 1 

2 1 

4 1 

1 1 

9 2 

6 2 

1 1 

1 1 
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Table 7 cont'd 

A. pullulans 1 1 

Byssochlamys fulva Olliver & 1 1 
Smith 

G. candidum 1 1 

P. it ali cum 1 1 1 1 

P. purpurascens 1 1 2 1 

Sterile black mycelium 1 1 

Sterile brown mycelium 1 1 

Hortierella 2 1 

P. commune 1 1 

P. janthinellum 1 1 

P. lilacinum 1 1 

T. vi ride 2 1 
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3. Variation In The Mycoflora Of 1rJool Fibres Along TheiJ' Length. 

3 .. 1 Mic:coscopical examination using irnpres:::ion technique 

3 ~ 1.1 tvlorphological forms distinguished by impression technique 

The spore types recognized in vvool impressions on agar are 

illustrated in Fig 8. The most readily identified spores vJere those of 

Alternaria (Fig 8a), Epicoccurn (Fig8b), HeJmirrthosporium (Fig 8c 7 Plate 3), 

Cladosporium (Fig 8d, Plate 4), Pithomyces (Fig 8e), Dreschlera (Fig 8h) 

and Curvularia (Fig 8i). Phoma-type pyc~idiospores were identified by 

their size and shape and their clustered arrangement in a blue staining 

background as is found in pycnidiospores fresh1y discharged from a 

pycnidium (Fig 8j). Hany one celled brmm spores were also obnerved. 

These were sometimes found to be present in groups of seven to eight and 

trlere therefore tentatively identified as a;"cospores (Fig .. 8k, Plate 5). 

Their appearance also resembled the spores of an Ascomycete later is;lated 

in culture from these t>amples • Torula-t;y11e spores were also present, 

each of four or more brm"m cells in chains (Fig 8g). Multicellula1:' 7 dark, 

chlarnydospores ~Jith irregular septations were identified as the chlamydospores 

of Peyronellaea (Fig 81). Masses of pale green conidia were observed on 

one or two occasions (Fig 8m) and tentatively assigned to the genera 

Penicillium or Aspergillus. As a species of Penicillium was frequently 

isolated from these samples in culture it seems probable that the spores 

illustrated were those of this genus. Paecilomyces was recognized on the 

basir3 of its undetached conidia on charActeristic conidiophores and vias the 

only example of intact conidiophores being observed on the vmol ( 8n). 

Unicelluler budding yeast cells were al:3o seE:n (Fig 8o). Dictyosporium 

was identified by its unique spore morpholo§.jy 1 appearing a::> if irregular 

chain lengths of dark c81oured cells had piled into one plane. There 

were six to seven unidentified spore types, the most frequent being a 

unicellular, rough walled, light b;:'o-;~n :::;pore • 

Hyphae hrere s.lso observed in the wool impression blocks. In a few 

cases it seemed that the hyphae had been actively growing in the fleece and 

appeared as masses of filaments showing intact branching. These are 

referred to as 'activ:;' hyphae (P~ate 6). Nore frequerrt.J.y observE:cl 1.vere 

=crort filamsnts vJhich had l:Jrobably been picked up :intact and did not seem 

to ';:;e actively growing in tbe 11rool (Plate 7). These are referred to as 
! . ' . , · passl ve nypnac.; ~ 



Fig 8: Fungal spore types recognised on vvool by the 
impression technique 

Legend: a) Alternaria 

b) Epicoccum 

c) Helminthosporium 

d) Cladosporium 

e) Pithomyces 

f) Fusarium 

g) Keratinomyces 

h) Dreschlera 

i) Curvularia 

j) Phon:a 

k) Asco•;pores 

l) Peyronellaea 

m) Penicillium 

n) Paecilomyces 

o) Yeast cells 

p) Dictyosporium 

q) Torula 
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Plates 3 - 7: Some ;:>pore and hyphal t;)Tpes demonstrated on 
wool impressed agar 
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Plate 3: Helminthosporilun (400x) 

Plate 4: Cladosporium (400x) 
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Plate 5 : Ascospores (400x) 

Plate 6: 'Active' hyphae (400x) 



5h 

. Plate 7: 1 Passive 1 hyphae (400x) 



55 

3 .1. 2 Overall frequency of fungal ty""Ees in L1.8 samples examined 

In the 48 specimens exc-.m:.rP.d microscopically by the impression 

technique the 17 spore and 2 hypbal types described above could be distinguished 

in varying numbers (Table 8). The most common TtJere the spores of 

Alternaria 1 Phoma, Pithomy5=·' EpicocctJm 1 Fusarium and Helminthosporium 1 

but unidentified spores and ascospores 1.1ere also very rmmerous. There 1.vas 

no diff(')rence bett;Jeen shoulder and leg samples in the ty-pes of fungi 

demonstrated. Alterr1aria spores 1vere observed in 87.5% of the speeimens, 

Phoma spores and ascospores in 70.8% and 77.1% respectively. Over 5ry/o 

of spore types were demonstrated in less than 10 of the 48 specimem each. 

Paecilomyces was observed in 2 specimens and in both appeared to be grow~ng 

actively. On four occasions individual and budding cells of yeast w3re 

observed. 

Hyphae were found in 96% of specimens examined microscopically but 

only 8.o% were of the 'active' type. 

3.1.3 Distribution of spore types along the length of the fibres. 

The results of the microscopic examination of wool for fungi 

in relation to distance along the fibres are illustrated in Figs. 9-1 and 

9-2. The section along the fibre is indicated by the numerals 1-6, 

(Methods 7.1.1), number 6 being the apical section. In general, the 

spores seemed to be most numerous in the middle portions (SectionE 4 and 5) 

of the fibres with a decrease towards the outside of the fleece. 1'here 

were relatively few spores in sections closest to the skin. Fusarium, 

~ and Dreschlera spores increased in number along the fibres towards 

the apical section. Spores of Dictyosporium were found only in the tips 

of one sample; Curvularia, 

middle sections. 

Cladosporium and Paecilomzces only in the 

3 .1. 4 Fungal types in relation to time of sampl,ing 

Samples collected in May contained the greatest number of 

spores (Fig 10). The spores of Alternaria, Phoma, Pithomyces, 

Helminthosporum, Dreschlera, TCi!rula, and ascospores and unidentifiei 

spores were observed in wools collected at each of the sampling per~ods. 

Paecilomyces, Curvularia, Keratinomyces, Yeast cells, Cladosporiumi 

p~yosporium and Pencillium each appeared only in one of the sai!1pling 

periods. Peyronellaea chlamydospores were observed in 2 sampling periods 1 

Epicoccum and Fusarium in three. Again, the general distribution pattern 

of spores along the fibres was apparent. 
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Table 8 Overall presence of spore types and hyphae in 48 wool samp._es 

Spore type Total Positive Fre0uency % 

Alternaria 42 87.5 
Ascospores 37 77.1 
Phoma 34 70.8 

Pithomyces 23 47.9 
Epicoccum 17 35.4 
Fusarium 11 22.9 
Helminthosporium 10 20.8 

Dreschlera 9 18.8 

Torula 6 12.5 
Keratinomyces 5 10.4 
Yeast cells 4 8.33 
Penicillium 3 6.25 

Peyronellaea 2 4.17 
Paecilomyces 2 4.17 
Cladosporium 1 2.08 

Curvularia 1 2.08 

Dictyosporium 1 2.08 

'Passive' hyphae 42 87.5 
1 Active 1 hyphae 4 8.33 
Unidentified spores 43 89.6 
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Fig 9-2: Distribution of less frequent spore types along the length of the fibres 
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Fig lOa - 10c Distribution of fungal spore types along the 
length of the fibres in relation to time 
of sampling 
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Fig 10 c 
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3. 1,, 5 Presence of species in relation tc pretreatment 
of fle.ece 

The total frequency of spore types in relation to 

pretreatment of the fleece is illustrated in Table 9 ., Wool from 

sheep that had earlier been ::.horn had fewer fungal spores compared vJith 

wool of unshorn sheep., Alterna~ spores were present in all the ~v-ool 

samples of this series and its presence did not seem to be affected 

at all by the fungicide or insecticide used. The sporeD of Fusarium 

and Dreschlera were observed in all chemically treated fleece b1Jt 

not in untreate~ wooL The chemically pretreated wools had the greater 

variety of spore t;y})es compared to untreated 1tJOols as most of the more 

rarely observed spores occured only in chemically pretreated fleece. 

'Active' \rJere found to occur only in ~rmoJ. that had been 

treated with Diazinon applied by spraying and Benlate.. 'Passive' 

hyphae were present in untreated vmols and the wools from all treatment 

groups. 

3.2 Cultural studies of impressed agar 

3.2.1 Overall frequency of fungi in the 48 samples examined 

There were 20 species of fungi isolated in culture from 

the 48 specimens of 1tJOo1 impressed onto <:'.gar but 2 of these were sterile 

mycelia.. The species isolated are shown on Table 10. 

The predominant isolate was Alternaria alternata which appeared 

in 91.7% of the samples cultured., The next most common isolates 'V'Jere 

Fusarium culmorum and Torulopsis candida with 62.5% and 52.1% 

respectively. The remaining ::pecies shown in Table 10 occurred in 

less than 10 samples each, 1fJith Aspergillus fumigatus and Botrytis 

species appearing from only one sample each., 

3e2.2 Overall frequency of fungi in relation to distance along 
the fibre 

The distribution pattern of the cultured fungi along tbe 

wool fibres is illustrated in Plates 8 and 9. Less fungal grohrl:Jh was 

observed in the basal sections 1 and 2 but the grov~h was denser in the 

middle and apical parts. This distribution pattern is similar to spore 

distribution established by microscopy, b',lt there were again a few 

exceptions to this basic pattern (FigS1~1 11-~, Cephalosporium~~
griseum and Trichoderma viride being most frequent in the basal sections .. 



Table 9 .. The f~equency of demonstration of fungal spores and hyphae 
in samples from 24 sheep, in relation to ,Eretreatmer:t 

Pretreatment 

1' o.. sheep sampled ; 

Alternaria 

E.:;icoccum 

Pithomyces 

Helminthosporium 

F';isarium 

Phoma 

Ascospores 

P.s.ecilomyces 

Keratinomyces 

Peyronellaea 

Yeast cells 

D~_ctyosporium 

Curvularia 

Cladosporium 

Torula 

Pencillium 

'Active' hyphae 

Passive' hyphae 

Total no. of 
types 

Frequency of spore types in total sheep 
sampled 

Untreated Shorn Benlate D1azospray Diazotas Diazotas 

2 

2 

1 

1 

0 

0 

0 

2 

2 

0 

0 

1 

0 

0 

0 

0 

0 

1 

0 

2 

8 

2 

2 

1 

1 

0 

0 

0 

1 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

6 

pJ,,nr:e plunge shower spray 

6 

6 

3 

4 
2 

3 
2 

6 

5 
1 

1 

0 

1 

1 

0 

0 

0 

0 

2 

4 

14 

6 

6 

3 

4 

3 

3 
1 

6 

5 
0 

0 

0 

1 

0 

0 

0 

3 
0 

0 

6 

11 

2 

2 

0 

1 

0 

1 

1 

2 

2 

0 

0 

0 

0 

0 

1 

0 

1 

2 

0 

1 

10 

/ 
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/ 

0 

.3 

2 

5 
6 
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2 

1 

1 
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0 

1 

2 

0 

2 

4 

15 
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Table 10:0verall frecuency of cultured species from 48 samples 

Fungal species No. Positive Freouency (%) 
Alternaria alternata 44 91.7 

Aspergillus fumigatus 1 2.08 

Botrytis sp 1 2.08 

Cephalosporium roseogriseum 2 4.17 

Chrysosporium sp 4 8.33 

Cladosporium cladosporioides 4 8.33 

Epicoccum nigrum 3 6.25 

Fusarium culmorum 30 62.5 

Mucor racemosus 9 18.8 

Paecilomyces marquendii 3 6.25 

Penicillium sp 7 14.6 

Phoma spp 22 41.7 

Pithomyces charta rum 2 4.17 

Sordaria fimicola 10 39.6 

Sterile brown mycelium 1 2.08 

Sterile grey mycelium 3 6.25 

Trichoderma glaucum 3 6.25 

Trichoderma viride 2 4.17 

Rhodotorula rubra 16 33.3 

'l'orulopsis candida 52.1 



bb 

Plates 8 & 9: Variation of the mycoflora along the length of wool fibres 
as demonstrated by the Impression Technique 

Plate 8 

Plate 9 
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3.2.3 Frequency of cultured fungi in relation to time of 
sampling 

69 

Generally, the numbers of species in 1.100ls collected in 

May, June, August and December fluctuated considerably, but the August 

samples had the greatest variety isolated and also the highest overall 

freouency of fungi (Figs. 12 a-d). The most commonly isolated species 

were Alternaria alternata, Fusarium culmorum, Phoma spp and the 2 yeasts 

Rhodotorula rubra and Torulopsis candida, and these were present in 

samples from all 4 periods. In contrast, IvJucor racemosus 1 Penicillium sp, 

Sordaria fimicola, Cladosporium cladosporioiidef? Epicoccum nigrum, 
! 

Paecilomyces marouendiit and Chrysosporium sp were isolated from samples 

collected in only 2 or 3 of the sampling periods and the remainder occurred 

only in one sampling neriod. 

3.2.4 Presence of SPE:cies in relation to pretreatment of fleece 

Culturally, Alternaria alternata appeared to be the 

predominant species present in wool and its occurrence was not influenced 

by the fungicide and insecticides used (Table 11). Fleeece sample;3 

obtained from sheep that ~rere previously shorn shovJed a lower overall 

freouency of species. Alternaria alternata, Phoma spp and the 2 yeasts 

occurred in both treated and untreated fleeces. The sterile brown 

mycelium was isolated only from wool pretreated by tip spraying with diazinon. 

The greatest variety of fungi was obtained from ltJOols previously tl'eated 

by 'Diazospray' spraying. Untreated wool had the least variety. 

3.3 Comparison of microscopica~ and cultural results 

A total of 26 genera were demonstrated by the microscopical 

and cultural techniques (Table 12). 'I' he of 55. of the 

cultured species were observed by direct microscopy. These species 

included Alternaria, Fusarium, Sordaria, Epicoccum, Paecilomyces and 

Cladosporium. The remaining 44.4% of the species cultured had not been 

observed by direct microscopy. There \1ere 7 species observed by 

microscopy which t<Vere not isolated in culture. These were Helminthosp~rium 

Dreschlera, Torula, Peyronellaea, Keratinomyces 1Di6.t:rosnorium and Curvulari<a. 

3.4 Microscopic examination of sheep skin with Potassium Hydroxide 

Direct microscopic examination of sheep skin samples from leg 

and shoulder specimens obtained from sheep revealed that no fungal 

fr·agments or spores were preser:t in the epidermal and dermal layers. 

Only on one occasion were Alternaria and Epicoccum spores observeci but 

these were attached to the rem&.ining wool external to the epidermis of 

the skin. 



Figs 12a - 12 D Frequency of Fungi (cultured) along the 
length of the fibres in relation to time 
of sampling 
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Fig 12 d 
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'ri:iole 11: The frequency of demonstration of species in samples from 24 
sheep in relation to pretreatment 

Frequency of species in total sheep 
sampled 

Pretreatment Untreated Shorn Benlate Diazo spray Diazotas Dia%:otas 
plunge shower so:cay 

No .. sheep sampled: 2 2 6 6 2 6 

Alternaria alternata 2 2 6 6 2 6 

Fusarium culmorum 1 2 4 6 1 h 
/ 

Phoma spp 2 1 1 4 2 4 

Mucor racemosus 0 1 2 0 1 2. 

Penicillium sp 0 1 1 2 0 3 

Sordaria fimicola 1 0 1 2 1 L,. 

Ch:r·ysosporium sp 0 0 1 0 0 0 

Cladosporium 
cladosporioides 0 0 1 0 1 2 

Epicoccum nigrum 0 1 1 1 0 0 

Paecilomyces 
marquendii 0 0 2 0 0 0 

Trichoderma glaucum 1 0 0 0 0 1 

T. viride 0 1 0 1 0 0 

Pithomyces chart arum 0 0 0 1 0 1 

Cephalosporium sp 0 1 0 0 0 1 

Aspergillus fumigatus 0 0 0 1 0 0 

Sterile brown 
mycellium 0 0 0 0 0 1 

Sterile grey 
mycellium 1 0 1 0 0 1 

Botrytis sp 0 0 0 1 0 0 

Rhodotorula rubra 2 0 3 3 1 2 

Torulopsis candida 1 1 4 4 1 
,., 
J 

Total No of species 8 9 13 12 8 14 



Table 12: Comparison of Microscopical and Cultural result 

No. of' species demonstrs.ted by 

both microscopy and culture 

No .. of' additional species demonstrated by 

microscopy only 

cul i~ ure only 

Total 

10 

7 

9 

26 

76 
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4. Hycoflora of the Air 

4.1 !vlonthly incidence of fungal spores in the air 

The soores present in the air over the paddock in 

vihich the were grazed were estimated using a Casella 

slit sampler :3. ) • During the period from April 

to December the air vms sampled on 8 occasions and on each occasion no 

fungi were isolated at incubation temperature. Therefore, the 

average n"t of 2 nlates incubated at 25C at each sampling period. is recor:led 

(~'able 13). The count 1vas highest in December with an average of 95 

colonies/2000 l air. Counts during the preceeding 8 months varied 

little, betvreen colonies 1200J l air recorded in November and 7 

coloniesl20C01 air in April (Table 13). 

4.2 Incidence of individual fungi in the air 

The monthly incidence of fungal species are listed in Table 13. 

The most frecuent spores were those of Cladosporium herbarum. This 

species was isolated more often in December and November ( 79 sporec> 12000 

1 and 10 spores/2000 1 respectively) 1 but it was not present in April. 

It ~oms the high count of C. herbarum in December vJhich was responsible 

for the high total count recorded in this month. There ~oras also c. rise 

of Fusarium spores in December (12 spores/2000 1 air). The remaining 

species encountered showed no increase at this time and were preser:t only 

infreouently over the vJhole of the period. Aspergillus 

fumigatus was present only during the vvinter months. 



Table 13: Monthly ~ncidence of f'Lmgal species in the air 
(No. colonies/2.000 1 air) (av 2 Plates) 

April Hay June July Aug Sept Nov 

Alternaria alternata 1 1 1 0 1 0 1 

Aspergi:j).us fumigatus 0 0 1 1 1 0 0 

Aspergillus flavus 1 0 0 0 0 0 0 

Cladosporium herbar.um 0 3 2 1 1 1 10 

Dreschlera havmjjensis 1 0 0 0 0 0 0 

Fusarium culmorum 1 1 0 0 1 1 0 

Eusarium lateritium 1 0 0 0 0 0 0 

Fusarium oxysporum · 1 0 0 0 0 0 0 

t:ucor racemosus 0 0 0 0 0 1 0 

Penicillium frequentans 0 0 0 1 0 1 0 

Pencillium nigrica~s 0 0 2 2 2 0 0 

Penicillium sp 0 2 3 2 1 0 1 

Phoma spp 1 0 1 0 0 2 0 

Pithomyces chart arum 0 .. 2 0 0 0 0 0 

Sordaria fimicola 0 1 0 0 0 0 0 

Rhodotorula rubra 0 0 0 1 0 0 1 

Torulopsis candida 0 0 0 0 0 1 1 

Total colonies 7 12 10 8 7 7 14 

78 

Dec Total % 
2 7 4.4 

0 5 3.1 

0 1 0.6 

79 97 61.6 

0 1 .6 

12 16 10.0 

0 1 0.6 

0 1 0.6 

0 1 0.6 

0 2 1.3 

1 7 4.4 

0 9 5.6 

1 5 3.1 

0 2 1.3 

0 1 0.6 

0 2 1.3 

0 2 1.3 

95 160 1oo.c 
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5. Degradation Of l:Jool By Selected Fungi 

5.1 Assessment of degree of degradation 

After incubation in vmol-containing media, many of the fungal species 

selected (lv!ethods 8.1) had colonised the 't!Ool and broken dmm the in-::,act 

structure of the fibres, resulting in liberation of cortical cells into 

the rb~dium. Hith some s at the shorter incubation period, this was 

noted only at the ends of the fibres (Plate 10). As such damage could be 

due to factors not associated vJith fungal grmorth, degradation was assessed 

as the liberation of cortical cells from the central parts of the fibres. 

Such degradation could be assessed as mild, i.e. a fevJ cells liberat(~d 

(Plate 11), moderate (Plate 12) and strong, i.e. many cells liberated (Plate 2). 

Other samples showed no degradation (Plate 13) nor d1.d control cultuPes 

(Plate 14). 

5.2 Degradation in wool-agar medium 

5.2.1 2 \veeks culture 

l:Jhen grovm on propylene oxide sterilized v'Jool in an agar medium 

for 2 vreeks 1 6 of the fungi selected (Alternaria cheranthi, Fusarium 

oxysporum, Fusarium semitectum, Phoma ~' Trichoderma viride and Tr1.chophyton 

mentagroph~ltes) showed some:; ability to breakdown the wool. On autoclaved 

vmol, a.n additional 5 species (Aspergillus flavus, Beauveria bassiana, 

Cladosporium cladosporioides, Epicoccum Durpurascens and Trichoderma glaucum) 

showed ability to breakdovm the vmol (Table 14). 

5.2.2 culture 

At incubation ll of the isolates had degraded both 

of wools. Of the species \vhich did not degrade vmol at 2 weeks, Peyrone

llaea glomerata had degraded autoclaved vvool at Le weeks 1 and Epicoccum 

nigrum, Pithomyces chartarum and Sordaria fimicola had degraded both 

propylene oxide sterilised and autoclaved vmols. Aspergillus niger, 

Aureobasidium pullulans, _?aecilomyces marquendii 1 Penicillium canescens , 

Pseudoeurotium zonatum and the control cultures showed no degradation of 

wools at either period. There was no further change after 4 vJeeks incubation 

(Table 14). 

5.3 er medium 

5.3.1 2 weeks culture 

Of the 20 isolates tested onl;y 3 (A. niger 1 P. canescens 1 

Pseudoeurotium .zonatum) failed to attack either of the vmol substrates 



Plate 10: 

Plate 11: 

Degradation of wool at the end of fibre as demonstrated by 
Phoma ~· in wool-yeast extract medium at 2 weeks incubation 
period. 

Mild degradation of wool fibre as demonstrated by Aureobasidium 
pullulans in wool-yeast extract medium at 4 ~veeks incubation period. 
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Plate 12: Moderate degradation of \.vool fibres as 
demonstrated by Fusarium semitectum in wool-yeast 
extract medium at 4 weeks incuba+.ion pericd .. 

81 



Plate 13: Negative degradation of wool fibres as demonstrated by 
Aspergillus niger in wool ye.:tst extract medium at 4 weeks 
incubation 

Plate 14: Negative degradation of wool fibres as demonstrated in control 
culture ( wool-y,,;ast extract medium) 

82 



Table 14 Degradation of wool by fungi in wool-agar medium* 

Incubation period 
2 weeks 4 "'reeks 

Substrate# 

Aspergillus flavus 

Aspergillus niger 

Aureobasidium pullulans 

Alternaria cheranthi 

Beauveria bassiana 

Cladosporium cladosporioides 

Epicoccum nigrum 

Epicoccum purpurascens 

Fusarium oxysporum 

Fusarium semitectum 

Paecilomyces marquendii 

Pencillium canescens 

Peyronellaea glomerata 

Phoma species 

Pithomyces chartarum 

Pseudoeurotium zonatum 

Sorctal'ia :t:imicola 

Trichoderma glaucum 

Trichoderma viride 

Trichophyton rnentagrophytet> 

Control 

p 

+ 

+ 

+ 

+ 

+ 

++ 

A 

+ 

+ 

+ 

+ 

+ 
++ 

+ 

+ 

+ 

+ 

++ 

p A 

+ 

++ + 

+ 

+ 

+ + 

+ + 

+ ++ 

+ ++ 

+ 

+ + 

+ + 

+ + 

+ + 

+ + 

+++ +++ 

* Degradation assessed as extent of cortical cell release on 
a scale from 

+ (a few cells liherated)to 

+++ (many cells liberated and 

# Substrate: P 

A 

(no free cortical cells detoc;ted) 

propylene oxide sterilised wool 

autoclaved wool 



in water culture after 2 vJeeks incubation (Table 15) but A. flavus, 

A. pullulan:3 7 C. cladosporioides, E. nigrum, E. purpurascens, and 
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P. marquendii attacked only tl:Je autoclaved wool. The remaining 11 species 

had degraded both the aut:Jclaved and propylene oxide sterilised ovoo::... 

5.3.2 4 weeks cultures 

At 4 weeks incubation period the 4 previously undegraded 

samples remained s::J, including the contn,l. P. marquenclii and 

A. flavus lpJhich attacked only autoclaved wools at 2 weeks;vrere found to 

have degraded both autoclaved and propylene oxide sterilised wool at 

4 weeks. There were no further changes after 4 weeks. 

5.4 Degradation in wool-yeast extract medium 

5.4.1 2 "reeks cultures 

Table 16 shows that after 2 weeks incubation at room temperature, 

15 of the isolates disintegrated autoclaved and/or propylene oxide 

sterilised wool ir:. \vool-yeast extract culture mediu.m. A. flavus 

and C! cladosporioides degraded only autoclaved wools. The remaining 5 

isolates shovred no ability to breakdown either autoclaved or propylene 

oxide sterilised wool within 2 vJeeks. 

5.4.? 4 weeks cultures 

Of the 5 previously neu;ative cultures, 2 (A. pullulans and 

P. zonatum) degraded both autoclaved and propylene oxide sterilised wool 

at 4 vveeks. C. cladoRporioides whi.ch had degraded only autoclavej vmol 

at 2 -vreeks degraded both types of wool at 4 weeks. A. niger, 

P. marquendii, P. canescens and tl!e control showed no attack of th(:: wool 

afte1~ 4 wc~ek:,; incubation. 

5. 5 The uptake of lactophenol cotton blue by vvool fibres during 

colonisab on 

In the series of 168 wool samples examined to determine the 

ability of to degrade 1-.rool, rr.;,corcis ivere made of the uptake of 

lactophenol cotton blue b~r the \'<Jool fibres follmving incubation with 

the test fungi. 

Uptake of the stain occurred with actual degradation of the wool 

fibres in 123 (73.2%) of the total samples (e.g. Plate 2). A further 

32 (19%) showed positive uptake but no degradation but the staining of 

V1e samples 1vas light and irr-;gular in distribution. (Plate 13). 
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. 'I' able 15: Degradation of wool by fungi in ~trool-water medium 

Incubation period 

2 vJeeks 4 1r1eeks 

SubstrateP A p A ---- -
A. flavus + + + 

A. r<.iger 

A.pullulans + + 

A. cheranthi + + ++ + 

B. bassiana + + + ++ 

c. cladosporioides + + 

E. nigrum ++ + ++ 

E. purpurascens ++ + ++ 

F. oxysporum + + + + 

F. semi tectum + + + + 

P. marquendii + + + 

P. canescens 
p., glomerata + + ++ + 

Phoma sp. ++ ++ ++ ++ 

P. charta rum ++ ++ ++ ++ 

P. zona tum 

s. fimicola + + + + 

T. glaucum + + ++ + 

T. viride + + + + 

'r. mentagrophytes ++ ++ +++ +++ 

Control 
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Tahle 16: Degradation of wool by fungi in vJOol-yeast extract medium 

Incubation period 

2 weeks 4 weeks 

Substrate p A p A 

A, flavus + + + 

A. niger 

A. pullulans + + 

A. cheranthi + ++ ++ ++ 

B. bassiana + + ++ + 

c. cladosporioides + + + 

E. nigrum + + ++ + 

E. purpurascens + + ++ + 

F. oxysporum ++ ++ ++ ++ 

F, semitectum ++ ++ +++ +++ 

P. marquendii 

P. canescen s 

P. glomerata + + + ++ 

Phoma sp. + + + + 

P. chart arum + + ++ + 

P. zona tum + + 

s. fimicola + + ++ + 

T. glaucum + + + + 

T. vir ide ++ + ++ ++ 

T. mentagrophyt e s ++ + ++ ++ 

Control 



There were 13 samples which showed no uptake of the stain and no 

degradation (Table 17). 

8'7 
I 

Of the 8 control samples individual fibres in 50% of the cultures 

showed uptake of stain but this was not as consistant as in degraded 

samples. No difference was observed between the frequency of upta<e 

of stain by wool fibres in \fJOol-yeast extract medium and \oJOol-vmter medium. 
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Table 17: The uptake of stain by vmol fibres after the grmv-th of fungi 

vJool-yeast \~ool-water Total 
extract medium 
medium 

No.samples taken 8!+ 84 168 

No .. samples showing positive 
stain uptake 76 76 155 

No., samples showing positive 
degradation 62 61 123 

No. samples showing positive 
stain uptake + negative 17 15 32 
degradation 

No. samples showing negative 
stain uptake + negative 5 8 13 
degradation 

No. control cultures 4 4- 8 

No., controls shmv-ing positive 2 2 4 
stain uptake 



89 

6~ Additional Studies 

6.1 Colonisation of human hair by the selected fungi in yeast-extract 

medium 

All the fungi tested (Methods9.1) tvere found to grow in hair-yeast 

extract medium but only T. mentagrophytes shmved positive internal 

colonisation of the hair. Although A. flavus and £• glomerata did not 

colonise the hair, free cortical cells were detected in 4 week cultures 

(Table 18). 

The hairs colonised by T. mentagrophytes were densely stained ,)y 

lactophenol cotton blue. The hairs in cultures of some of the other 

species showed positive stain uptake also, but the staining of the i1air 

was less dense in these cases. 

6.2 Ability of fungi to grow at skin temperature 

Of the 20 selected species, 12 were found to be unable to 

grow at 37C (Methods 9.2). Only 8 species (A. flavus, A. niger, Alternaria 

cherathi,Aureobasidium pullulans, P. marquendii, P. canescens, s. fimicola 

and T. mentagrophytes) v-Jere positive for growth at this temperature .. 

S. fimicola,A. flavus and Ae niger showed extensive growth 1 S. fimicola 

occupying the whole of the surface area of the plate after 7 days. (Table 19). 

6.3 The effect of wool fat on selected fungi 

The growth of 10 of the 20 species tested was inhibited by wool 

fat (Methods 9.,3). A. niger showed the highest inhibition while A. cheranthi 

\'Vas the least inhibited 

and S. fimicola (Table 20). The grovrth of the remaining 8 species tvas 

stimulated., The physical appearance and pigmentation of the colonies of 

many of the selected species was also affected but no account is taken of 

this in the present section. 

6.4 Proteolytic activity of the selected fungi 

Of the 20 species tested (Methods 9.4) Pseudoeurotium zonatum 

possessed the highest proteolytic activity ( 2 .. 857) follm~ed by 

Cladosporium cladosporic idm and Trichophyton merrtagrophyte s. Alternaria 

cheranthi 1 Aureobasidium pullulans and E. nigrum showed negative pr•oteolytic 

activity., The proteolytic activity of the remaining species varied betv1een 

1.000 and 1.200 (Table 21). The activity is illustrated in Plate 15. 
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Table 18: Colonisation of human h::cir in yeast-extract medium 

fungal species Growth Colonization Stain uptake 
2 wlcs 4wks 2 lrJks 4 wks* 2 v.rks 4 v.rks* ----

Alternaria cheranthi + + + 

Aspergillm:; flavus + + _o<· + 

Aspergillus niger + + 

Aureobasidium pull ulan::. + + 

Beau.veria bassiana + + 

Cladosporium cladosporioides + + + 

Epicoccum nigrurn + + 

Epicoccum purpurascens + + 

Fusarium oxysporurn + + 

Fusarium semi tectum + + 

Paecilomycee rnarquendii + + 

Pencilliwn canescens + 

Peyronellaea gl0merata + + -* + 

Phoma sp. + + 

Pithomyces chart arum + -t· 

Pseudoeurotium zona tum + + 

Sordaria fimicola + + 

Trichoderma glaucurn + + 

Trichoderma viriC.e + + 

Trichoph;yton mentagropL;yt e s + + + + + + 

* free cortical cells detected 



Table 19: Growtb of fungi a.t 37C 

Species 

A. cheranthi 

A. flavus 

A. niger 

A. pullulans 

B. bassiana 

C. cladosporioides 

E. nigrum 

E. purpuraSC-"ns 

F. oxysporum 

F. semi tectum 

P. marquendii 

P. canescens 

P. glomerata 

Phoma sp. 

P. chartarum 

P. zonatu:n 

S. fimicola 

T. gla·~cum 

T. viride 

T. es 

* Area of colony 
Surface area Jf agar 

Growth * 

0.005 

0.842 

0.942 

0.031 

0.031 

0.03 

1 

0.093 

(Methods 9.1) 
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Table 20.: Inhibition of fungal gro~;JtL by wool fat: 

Species 

A. cheranthi 

A. flavus 

A. niger 

A· pullulans 

B. bassiana 

c. cladosporioides 

E. nigrum 

E. purpura seen::: 

F. oxysporwn 

F. semitectum 

P. marquendii 

P. canescens 

P .. glomerata 

Phoma sp. 

P. chartar·um 

P. zonatum 

s. fimicola 

T. glaucum 

'r" viride 

T. mentagrophytes 

* Rc-Rf 
~ 

X 100 (Methods, 9.3) 

+ Grovrth stimulated 

Inhibition (%) -x-

31.4 

+50 .. 0 
9.52 

5.56 
+21.1 

+27.3 

6.67 
0 

+~ .• 76 
+14 .. 3 

+8.70 

+14 .. 8 

25.0 

1~ .• 3 

0 

13.6 

+9.09 

92 
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Table 21.: Proteolytic activity of the selected fungi 

Species Proteolytic 
activity * 

Au cheranthi 0 

A. flavus 1.0h6 

A. niger 1.018 

A. pullulans 0 

B. bassiana 1..079 

c. cladosporioides 1.405 

E. nigrwn 0 

E. purpuraBcen s 1.013 

F. oxysporum 1.062 

F. semi tectum 1.052 

P .. marquendii 1.055 

P. ca.nescens 1.034 

P .. glomerata 1.140 

Phoma sp. 1.048 

P .. chartarwn 1.071 

P. zonatum 2.857 

s .. fimicola 1.000 

T. glaucum 1.012 

T. viride 1.012 

T. mentagrophyte s 1.360 

* (Method 9.4) 
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Plate 15: Positive proteolytic activities (as shmvn by clear zone around 
fungi) as demonstrated by various fungi on gelatin agar. 
Top ro1_,r from left : T. viride 7 B. bassiana, D. hawaiiensis 

P. canescens 

Bottom row from left: F. semitectum, T. mentagrophytes 
c. cladosporioides 7 P. zonatum 
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DISCUSSION 

The enumeration of the fungal populatic.n in an environment such as 

fleece wool is influenced by many factors, including the isolation 

techniques employed, the viability of the fungal components in the fleece, 

the media used for isolation, and the incubation temperature. In the 

present study 7 two different incubation temperatures ( 25C and 37C) v<ere used 

and it has been f>tovm that the population of fungi able to grow at 25C is 

considerably hir;her than that of thos:-; able to grm-v at 37C (Table 4) r The 

overall average mould count at 25C, for example, was just over 3 000 CFU/g 

wool "l'rhile at 37C it was 825 CFU/ g. 

Theoretically 1 as the majority of fungi on the fleece must be i:.1troduced 

from the environment, climatic changes in the environment, and hence the 

number of fungi within tlJe environment 1 should lead to changes in the fungal 

population of the fleece. Factors influencing the counts obtained at 

incli vidual sampling elate:::, therefore 7 ,::ould include rainfall and environmental 

temperature. It has been reported that the number of bacteria in the fleece 

of C0:rriedale sheep varies with rainfall (Mulcock & Fraser, 1958). In the 

case of mycelial fungi it is unlikely that growth occurs within the fleece 

(to be discussed later). It would seem probable, nevertheless, that as 

rainfa11 increases more fungal components are impacted onto the fleece from 

the air (Gregory, 1973). Furthermore, wet wool may trap fungal fragments 

from the environment to a greater extent than dry fleece. In 

2-1, at 25C and 1 s•Jme of average mould and yeast counts 

-,rere markedl;v high in when in 3 

days wa[~ at its peak. For example, for the samples taken at 14.5.74, the 

mould count was 5 689 CFU/g wool at 25C and the yeast count 108 662 CFU/g 

wool. On this sampling date it vJas raining and the rain in the preceeding 

day reached 59.3mm. The average rainfall over the 3 preceeding days was 

21mm, the highest recorded during the whole experimental period (Fig 2-1). ? 

This h3rpothesis did not hold true, however, for other samples such as those 

taken in November 1 when the rainfall in the preceeding 3 days was ZE:ro 1 

so that the fleece wool would have been dry and yet the count for me ulds "I'Jas 

well above average (5 370 CFU/g). 

The activity of microorganisms is contingent upon the presence of 

moisture and fleece moisture i~:; a primary factor controlling bacterial 

growth in the fleece (Fraser, 1957). In the case of yeasts, it is 

possible that multiplication might occur in damp fleece so that cc;1mts 



could be high. A very high yeast count of 108 662 CFU/g wool was obtained on 

14.5.74, vJhen U1e fleec:e V>ras very wet. Although high yeast counts werE 

sometimes associated with high rainfall, on other occasionE> high counts vJere 

attained when the f.leece was dry. For example, the yeasts at 37C had a very 

high count of 633 l9Q CFU/g wool on 20.8.74 (which influenced the overall 

average count of 1 537; CFU/g wool, so that all other samples gave belmv 

av~rage counts). Although there had been some slight rain before the 

sampling (the average over the 3 preceeding days being 3.3mm) on the day of 

sampling it was dry and the count could be expect-?:d to be lower. 

There was, ther8fore, no apparent correlation behreen the fungal 

population within the fleece and the environmental rainfall immediately 

preceeding sampling; nor was there any correlation between fungal counts and 

average monthly rainf<1ll. This latter could be considered a better reflection 

of th8 re.lationship between fungal levels in the environment and rainfall, as 

it influences the growth of fungi in the general environment and !tence their 

availability for impaction or deposition onto the fleece. It is also pcssible 

that heavy rainfall over a period might reduce the fungal population of fleece 

wool by washing spores and fragments off the wool. This could, perhap;:, be 

demonstrated by the count in July, vvhen the rainfall was high (8.1mm) ard the 

mould count was below average, but, again, this was not consistent durir:g other 

months. 

Thus, because of the multifactorial nature of the relationship bet11eEm 

rainfall and the total fungal population of fleece wool, it is impossible to 

derive acy correlation between the two. 

Environmental temperature is the next factor to be conDidered. Again, 

counts bore no constant relati,mship to temperatures during the 3 days ;)receeding 

sampling. \>/hen average monthly temperatures are considered (Figs 3-1 1 3-2) some 

relationship to counts can be seen in the case of moulds growing at 25C. The 

mould populations at 25C varied with season. The population was generally lower~ 

in winter (e.g. 1 900 CFU/g wool in July) and higher in the warmer months 

(7 595 CFU/g wool in December and 4 500 CFU/g 1vool in April). These t.:"ends 

TJ'lere true for most groups of sheep examined. But similar variations were not 

observed for mould:; at J7C nor the yeast populations at both 25C and 37C (Figs 

3-1 1 3-2). For examp1e mould counts at 37C avecaged 265 CFU/g ~owol (i.~. v>ell 

belo~r average in December whe:1 the highest average monthly ternperat11re ( 15. 7C) 
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1rJaS recorded. Similarly for yeastfl at 37C 1 both very high and very lmrJ 

count were obtained in August and July respectively wherl t!le temper:Jture 

'·Jas lowest. 

The length of V>JOol on the animal may be an influential factor in the 

fleeces ability to retain mic::;oorganisms and this could affect the size of 

the fungal population ~vithin the fleece. But the results presented here 

indicate no major difference between the fleece of untreated and shorn animals. 

!vloulds at 25C from these 2 fleece types seemed to be eoually influenced by 

the average monthly environ.TJental temperatures ratl:er than by fleece length. 

Mould counts at 37C and yeast counts at both temperatures also failed to shoV>r 

any correlation V>Jith fleece length. 

Other factors influencing counts could include sheep to sheep c:nd 

sheep to vegetation contact 1 but the~3e factors were not able to be studied. 

The treatment of stock with insecticides to control ectoparasites is 

a routine task on all sheep farms in Ne1tJ Zealand. Thus it seemed 

reasonable to look at the effect of some of the comwonly used insecticides 

on the mycoflora of fleece. The fungicirl.e Benlate 1tJaS also included in these 

comparisons. The persistence of the insecticides on the fleece depends on a 

number of factors including the method of c-lpplication and the amount of 

grease in the fleece (Charleston (1976); per·sonal communication). If the 

chemical has an effect or: the m:•/coflora 7 therefore, a lm<V viable funge.l 

count might be expected in the earlier samples taken, when the concentration 

of the chemical is highest, nnd then a gradual increase in the count should 

occur as post-treatment time increases. The results shmm in Figs L~ - 7 

did not support poss:Lbil:Lty. For example, ;2 weeks after treatment 

the mould count (at 2 5C) of samples taken from V>Jhich were pretreated 

Diazotar> Dho1Ner ~vere h:Lgher ( 5 695 CFtJ/g wool) than that of samp1 s 

taken at 6 vfeeks (3 CFU/g wool) and 10 weeks (3 31+5 CFU/g wool) 

treatment (Fig 4). Similarly, the yeast count (63 250 CFU/g wool) at 

25C of 2 weeks post-treatment samples was shown to be higher than tte rest 

of the samples (Fig 5). The counts varied little from those of untreated 

animals and r>eemed more related to environmental temperature than tc exposure 

to any particular treatment. The fungal counts of Benlate-treated fleeces 

aJ5o showed no major differences to those of untreated fleeces, nor :~o those 

of Di.azinon treated fleece. After dipping, the fleece woo1 must remain wet 

for some time and this might increase the c~ances of more fungi being trapped 

(as was disr:ussed earlieJ:'), thus tending to increase fungal counts in the 

earlier samples. 



When considered over the whole experimental period, the shorn samples 

had a somewhat belmv average count for moulds at 25C (Table 5).. The mould 

counts of Diazotas shmver and Diazotas spray treated fleece had higher than 

average counts and average counts of samples of other treatments such as 

Benlate and Diazospray were close to the average of CFU/g wool. The 

mould counts at 37C and the yeast counts of the individual treatments at 

both 25C and 37C did not produce similar patterns. 

It would seem, therefore, that these chemicals have little or no 

consistent effect on the total mycoflora of the fleece. 

The dilution plating technique used in this study provided information 

on the total fungal population of fleece wools. To determine the actual 

distribution pattern of fungi along the length of the fleece it was 

necessary to use a method such as the impresr:ion technique. The myc::>flora 

at the tips of the fibres could be expected to differ from that in tne 

middle and basal sections of the fleece. The microclimatic relative 

humidity in the tip and middle of the fibres is reported by Fraser (1957) 

to be considerably influenced by rainfall. Only pronounced changes of 

macroclimate lead to a change at the basal level. Under moderate weather 

conditions a positive relative humidity and moisture gradient exists 

from base to tip of the fibres (Fraser, 1957). On wetting of the fleece 

the gradient markedly increases. Extreme wetting causes a temporary 

disruption of the gradient owing to the abundant moisture in the basal and 

middle sections. Thus these factors might influence the distribution 

of fungi within the fleece. 

the it has £lllO\m that the 

components observed by both microscopy and culture in the impression 

technique were generally more concentrated in the middle sections of the 

fibres and that there v.rere fewer fungi in the apical and basal parts of 

the fleece.. Alternaria spores for example, were shown to be concentrated 

in the 3rd, 4th and 5th sections of the fibres. A lower incidence of 

fungi in the apical parts of the fleece is to be expected, as the tip is 

the most exposed part of the fibre and is influenced by extraneous factors, 

such as rainfall, wind and handling of the animals 1 to a greater det:;ree 

than deeper parts. 

The fleece section nearest to the skin was also sho~m to have a 

markedly lower incidence of fungi. The factor involved here could be the 

'trapping' effect of the dense felt of fibres in the median parts of the 

fleece for spores falling onto the fleece from outside and being ~JaEhed 
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down from the tip by rainfall. Furthermore, as the fleece is constantly 

growing outwards, the basal sections would tend to be relatively clear of 

spores. As the median part of the fleece might thus act as a trap for 

spores, it might be expected that larger spores would be more readily 

caught amongst the fibres in the median parts, but smaller spores 1night 

penetrate deeper into the fleece. Such an hypothesis is not supported by 

the present findings as over the whole number of samples examined ·oath 

large and small spore types were in the basal parts of fibres in similar 

numbers, although in culture small-spored types predominated (Figs 9-1, 

9-2, 11-1, 11-2). 
As was demonstrated in the studies concerning the total fungal 

population, the impression technique again showed a preponderance of the 

major fungal types in the warmer months (May), with a decline in numbers 

in June and August. Alternaria spores, for example, were frequently 

observed along the fibres in May but showed a decline over June and August 

(Fig 10). The distribution of the less common types observed by 

microscopy was, however, scattered, and some spores e.g. Cladosporium 

and Curvularia were seen only in one sample each. The cultural technique 

did not support the general seasonal pattern of species , however, as even 

the most common types e . g . Alternaria showed a fairly uniform distribution 

over the four months examined (Fig 12). The presence of fungi within 

the fleece, therefore, presumably varies with the abundance of the fungi 

in the general environment . 

Insecticides and fungicides have been shoWh to have little o~ no 

effect on the total fungal population in the fleece, but the results of 

the impression technique !:luggested that these chernicals can, to a oe:rta.in 

extent, affect the actual variety of fungi presertt. FeV~er fungal species 

were isolated or seen in the untreated and shorn samples and most of the 

fungi recorded in Tables 9 and 11 were observed or isolated from ~reated 

samples. Such a result might indicate that treatment in general 

makes the fleece more prone to trapping spores and hyphae. There was 

no difference in this respect between Benlate and Diazinon treated animals. 

Nor was there any difference between shorn and untreated animals although 

it might be expected that the fleece of shorn sheep would trap fewer spores. 

The distribution of fungi in fleece wools has not been investigated 

previously. Only Peyrone_llaea has previously been reported to be carried 

in the tips of the fleece of many sheep (Mulcock, 1965; Au±wick, 1975) and 

Mulcock also reported that pycnidia are commonly formed here. No 
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pycnidia were ever observed within the fleece in the present study but the 

chlamydospores of this fungus were occasionally found (Fig. lOb). 

The technique involved in the study of fungal distribution within 

the fleece environment was an adaptation of the leaf impres sion technique 

often used in plant pathology (Leben, 1961). As some fungal species 

which were isolated by cultural techniques were not seen microscopically 

and vice versa, it is suggested that both methods should be used in the 

technique. The two methods together improved the overall picture of the 

types of fungi present. Furthermore, microscopy can inform us of the 

variety of fungi at different levels but cannot differentiate betvreen 

viable and dead spores or hyphae. Hyphae were observed by microtcopy 

and were grouped as 'passive' (Plate 6) and 'Active' (Plate 7) but it 

i s impossible to determine with certainty that the 'active'hyphae 

were viable and the 'passive' hyphae were not. The grouping i s trus 

arbitary. During the experimental period there was only two sampl es in 

which actively growing conidiophores bearing conidia were seen 

microscopically on wool-impressed agar and the fungus was identifi<.::d 

as a species of Paecilomyces. 

While larger spores such as Helminthosporium, Curvularia, 

Keratinomyces and Dict,yosporium vJere readily observed by microscopy, none 

of these were isolated i n culture. This could be due to their overgrowth 

by other species, or their conidia seen on microscopy being non-viable. 

Some of the species producing smaller spores e.g. Cephalosporium roseogriseum 

and Chrysospo.:ti'\lill species grew in culture but were never distinguished by 

micf'osoopy. 

As many fungi were found to be present in fleece wools , although few 

apparently showed active growth~ vivo, it was considered worthwhile to 

investigate to what extent fungi could actually grow on wool in vitro. 

Wool fibres, as described in the introduction, are composed of keratin 

which is resistant to enzymatic attack. Untreated keratin can be 

utilized in vitro by relatively few fungi. 

In laboratory investigations into the growth of fungi on wool, it i s 

most important to avoid any denaturation of the wool, such as occurs 

during autoclaving (Mathison, 1964)£Noval.&Nickerpon~959) ned sati~;factory 

sterilization of wool with ethylene oxide and could not detect any damage, 

nor were any substances associated with wool removed. Ethyl ene c·xide 

has a very low boiling point and is explo sive in an air mixture, and 

therefore cannot be handled satisfactorily in the laboratory at room 
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temperature vJithout special equipment. Hensen and Snyder (1947) fo~nd 

pea straw apparently remained in its natural condition after being 

sterilised by the safer propylene oxide. This method ~ras adapted and used 

to sterilize hair by Griffin (1959), with satisfactory results. Propylene 

oxide was therefore preferred as sterilant in the present study. 

Of the 19 fungi selected for investigations of their ability to breakdovm 

wool in vitro most were sho1~ to disintc grate autoclaved fibres to cortical 

cells., There were fe~rer able to degrade propylene oxide sterilised wool 

(Tables 14 1 15, 16), which is in agreement with the findings of other 

workers (Mcquade, 1964, Mulcock 7 1965). The mam1er in which fungi attack 

1vool differs to that by which they breakdown hair in that hair is attacked 

by means of boring hyphae, perforating organs and/or cuticle lifting 

(English, 1963). No free cortical cells can usually be detected in hair 

cultures, lvhich may be due to the presence of a thicker cuticle around the 

hair cortex. In the present studies a few cortical cells were liberated 

in hair cultures by A. flavus and P. glomerata only. 

The degradation of wool was studied in three media. Based on the 

relative abilities of the selected fungi to degrade wool fibres in wool-agar 

medium (Table 14) it vJas possible to establish three groups : rrhos•3 fungi 

degrading autoclaved wool only (A), those degrading autoclaved and propylene 

oxide sterilised wool (A + P) and those degrading neither (0) (Table 22). 

Table 22: Groupings of fungi according to their ability to degrade wool 
in wool-agar medium 

A. flavus A. cheranthi A., niger 

B .. bassiana E., nigrum A. pullulans 

c. cladosporioides E. purpurascens Po marquendii 

P. glomerata F. oxysporum P .. canescens 

F. semi tectum P .. zona tum 

P .. chart arum 

Phoma sp. 

s .. fimicola 

T. glaucum 

T., vir ide 

T. mentagrophytes 



There was a different distribution of species among the three groups in 

the other tvJO media. More species of fungi shovmd positive degracation 
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of both types of ~rmol and only A. niger and P. canescens consistantly failed 

to attack either of the wool samples in all media. A. niger, P. canescens 

and P. marquendii failed to degrade wool in wool-yeast extract medjum. 

In general, wools degraded by these fungi were more densely stained 

with lactophenol cotton blue than the undegraded wools C Table 17). 

Similar effects have been briefly noted by English (1963) and in somewhat 

more detail by Pinetti (1966). In the present studies some undegraded 

wools and some controls showed positive uptake of cotton blue, but the 

staining was scattered and irregular. Thus the intensity of stain uptake 

by the wool fibres could be an indication of the degree to \">Jhich these 

fibres are altered during fungal colonisation. In the case of control 

fibres, the slight stain uptake seemed, to occur between the cuticle cells 

and proceeded between cells. This suggests that it is the cementing 

material rather than the actual keratin which is being altered after 

exposure to fungi, to allow stain absorption. 

The results of these experiments, therefore, indicate that a range of 

fungi can degrade wool in ~· It is unlikely that the release of 

cortical cells from the fibre is an indication of actual digestion of 

the keratins of wooL Since the cortical cells are held together by 

cementing material the utilization of this more accessible material 

could lead to the release of cortical cells into the medium, without any 

digestion of the keratin having occurred.. Such a release of cortical 

cells has been reported by Mathi:Jon ( 196L1-) as the first stage in the 

breakdown of wool by K. ajelloi, t">Jhich goes on to digest the actual 

keratin enzymatically. 

If the release of cortical cells is due to digestion of the 

proteinaceous cementing materials around the cortical cells, there might 

be expected to be a correlation between the general proteolytic activity 

of the fungus and its ability to degrade wool. This correlation was not 

apparent in the present studies. High proteolytic activity was observed 

for A. niger and P. canescens but they were never shown to degrade either 

types of wooL While A. cheranthi and E. nit?;rum were able to degrade some 

types of wool, no proteolytic activity could be detected after their 

gro1rrth on gelatin agar. But it is possible that gelatin as a substrate 

may not have appropriate for estimating the proteolytic activity in 

relation to degradation of wool. 



Propylene oxide sterilised wool has been shown to be degraded 

in vitro by some of the fungi isolated from the fleece environ~ent. 

Although in vitro conditions differ from those ill vivo, it is possible 
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that some of these fungi can degrade fleece wool in its natural condition. 

Potentially the fleece of sheep provides a habitat suitable for the 

growth of many microorganisms. It has been demonstrated in the studies 

reported here that fungi are present within the fleece often in considerable 

numbers (Tables 6 & 7 ) but very few are likely to be permanent members of 

this habitato Most are probably present as 'transients' having 

originated elsewhere and then by chance having been deposited on th3 fleece 

either as spores or as vegetative hyphae., The availability of nut:·ients 

suitable for fungal growth within the fleece must be limited. In cuntrast 

to skin, wool is a particularly pure form of keratin (Baxter, 1968) and 

any nutrients present within the fleece are probably derived from external 

sources. Some of the transient fungi may grow for a short period because 

they have been deposited on the fleece together with nutrient materials 

derived from their old environment. Sources of these transient fungi 

must include the air, other animals, vegetation and soil. 

Sheep stand in the o:pen air throughout the year, and heat, therefore, 

is generally gained from solar radiation. Under the sun, the tips of the 

fibre are the most directly exposed parts of the fleece and it has been 

reported (Mcfarlane et al, 1958) that in tropical climates the outer parts 

of the fleece can reach very high temperatures (e.g6 81C) compared to those 

in the basal 

The temperature 

s, 1r1hich usually approach the skin temperature of 38C. 
in the fleece of sheep in Ne1r1 is 

to be so marked. Of the 19 species selected for special studies, c1nly 7 
were found to be able to grow at 37C. Of these A. niger, P. canescens and 

P. marquendii ~vere shovm to be unable to degrade vmol. A. pulluJ.ans, 

A. cheranthi, s. fimicola and A. flavus could all grow at 37C and v·ere 

found to be able to degrade wooL Two of these four species (h_f'ullulans 

and cheranthi) had lmv proteolytic activities. A. flavus and s. fimicola 

had high proteoly-tic activities. These two species at least, therefore, 

should theoretically- be able to grovv in the natural fleece environ'llent. 

Proteolytic activity as determined here did not ~:;eem a reliable in.dicator 

of the ability of these species to grmv on vJOol, thus it is possible that 

all 4 of these species couJ d. g:rm,J in 1vool in vivo. 
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Wool fats have been sho~rm to have different effects on different 

fungal species (Table 21). In some cases the grm~th of the fungus 1ffaS 

inhibited by ~mol fat 7 in others, the grovrth was stimulated. The grm·;th 

of A. cheranthi and A. flavus 1 Hhict degraded vmols and grev-J at 37C 1 vrere 

inhibited by vmol fat., The grm"'th of S. fimicola vms tmaffected and 

that of A. oullulans VJas stimulated'" Thus under the experjmental 

procedures used here, of the 19 species tested, s. fimicola. and A,. pullulans 

would appear to be the 2 most likely to gro1tr \l'[ithin the fleece. 

The growth of T. rnentagrophytes has been reported to be inhiiJited 

by \·mol fat (Baxter & Trotte:c, 1969) but in the present work its gr:)wth 

was stimulated~ This may be due to the different type of vJOol use:l to 

nbtain the fat and also the different strains of fungus. It has al3o 

been suggested (Baxter & Trotter, 1969) that the inhibitory effect )f the 

fatty material of keratins is of more consequence to the pathogtn..ic 

establishment of dermatophytes in vivo, as the funguf> will have a f3rnall 

'innoculum potential' compared to that of it3 saprophytic phase in soil etc. 

Similarly, fungi present in fleece wools could show gro~rrth inhibition .. 

Among the species isolated from fleece, many are found in the 

environment e.g. Penicillium, Alternaria, Cladosnorium and Aspergillus. 

Cladosporium herba.cum has been reported to be the most common fungus 

present in the atmosphere (Gregory, 1973). This fungus has been frequently 

isolated .from the ai:.c in NeH Zealand (Dye & Vernon, :1.952). 

c. herbarum 1t1as also tbe most frequent air isolate in the present study. 

Many of these air borne fungi are derived from ftmgal gro1rrths on s 

and the soil ( that a wide range of bacteria, 

and yeasts were present in New Zealand pastures but fungal aetivity was 

considered to be greatest in pastures which have been subjected to periods 

of drought 1
1 icient ,to inhibit growth of bacteria e. in late swnmer. 

McKenzie (1975) alf.~o reported on fungi frequently isolated from Nmv Zealand 

pastures. Many of the fungi he listed are those present in fleece ~,rools 1 

and include A., fumigatu:= 7 P. chartarum, c. herbarum, and Penicillium 

species., 

and autunm. 

Many of these fungi \!'[ere most frequently isolated j n the summer 

The presence of abu.ndant decay·ing materials in autwnn \-vould probably 

explain the munbers of fungi isolated in thito season. Similarly 

the highest concentrations of the facial eczema .f1..mgus in pastures occurs 



in late summer and autumn and this can also be com::>idered to be an 

indicator of general environmental conditions suitable for fungal 

grov-rth. The higher levels of fungi present in fleece 1vools at this 

time of the year is, therefore, probably a reflection of the abundance 

of fungi in the general environment. 

During the entire experimental period, no dermatophytes or other 

truly keratinophilic fungi 1rwre isolated from fleece 1rmol. Altho·J.gh 

Keratinomyces spores tvere observed on a few occasions by microsco~JY 1 

they were never actually cultured., A few Chrysosporium species were 

isolated in the present study and some species of this genus are 

keratincphilic. Most of the fungi present :Ln fleece wools, therefore, 
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1rwuld seem to be transient and without clinical signil'icance. Hcwever, 

under suitable conditions, many of these transient fungi may be able 

to infect the host. Such infections are knmvn as opportunistic 

infections. In humans, a large number of fw1gi 1 for example,can be 

isolated from the exl~ernal auditory canal, but they are not actively 

growing in that area (Lea, Schuter & Harrell; 1959). The same is true 

for animals (Baxter, personal communication). l\Tevertheless, in the 

abnormal o:ndition of otitis externa, there is evidence ihat the~3e 

saprophytic fungi can grow actively and may even play some part in the 

aetiology of the condition. Aspergi1lus species, especially A. niger, 

A. fumigatus and A. terrell~ appear to be invoJved most commonly. 

In skin ulcerc;, fungi, particular1y strains of A. niger, 

F., oxysporum and F. solani have been lmovvn to establish themselves for 

periods (Eng1ish 7 ). Other species may be found 

infections on the have been 

associated with Ti-rwa nigra palmaris. A. niger, A. fumigatus anc1 some 

Fusarium species have been reported to invade glabrous skin as wej.J. as 

causing infections of the toe and finger nails (Rush-I"runno, Black & 

Dingley, 1971). Some normally saprophytic fungi e.g. Au fumigatl.f> 

have also been knovvn to invade burns or surgical ttc'ounds 1 causing 

widespread systemic infection and even death (Caro & Doglioti 1 1973) .. 
Moreover, it has been reported. that under certain, as yet unclarified 

conditions the eye provides an apparently ideal c1imate for some fungi, 

resulting in occular infection. Fungi l"'hich may be involved include 

of ASJJergillus, Penicillium, F11sarium, Cephalosporium and 

Cur,.rularia. 
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The po~>ition of Fhorna-like species as oppotunistic fu.11gi is of 

particular intere~;t as certain of these species have been demonstrated to 

be capable of gro~tJing itJithin fleece wools (Mulcock 1 1959).. Fhorna ~cies 

have been implicated as rc-,re incitants of ~fi,ycetoma (Segretain and Descombes, 

1969) and in a few instances Fhoma-like species have been associa·ted with 

lesions on humans or animals (Bakerspigel 1 1969). Feyronellaea, a segregate 

of the genus, is usualJy a saprophyte on decaying vegetation or a. secondary 

pathogen of plants, but has also been seen in wool fibres which 1.vere 

discoloured by an internal growth of the dark hyphae of this fungus 

(Nulcock, 1959). The same species has been found to infect the pinnae of 

the ears of goats and pycnidia were demonstrated in the lesions (Da~tJson & 

Lepper 1970) e The repeated isolation of Fey-.conellaea ~ and the presence 

of pycnidia-like structures within host material suggested that the fungus 

was the aetiological agent of a deer's cutaneous infection (Gordon, Salkin & 

Stone, 1975). Gorden et ~~also reported that pycnidia were seen within the 

hair of a child displaying ringworm-like lef:ions and this was the first 

report of this fungus being a human skin pathogen.. The somewhat si:nilar 

Botryodiplodia theobromae has been implicated in nail infections 

(Restrepo et al, 1976). Thus Fhoma-like fungi and many other species 

tvhich are normally non-pathogenic can cause infections of animals a:1d man if 

presented with the opportunity., 

In addition to the ability of certain of these saprophytic f·mgi 

isolated from fleece wools to produce infections, some are also 

psychrotr-ophic e.g. Cladosporium Alternaria alternata and Epicoccwn 

.!;..;..;..;;;.J.;;.__;,..;;;;,;;._..;...;..;.:_ and can meats in the (Baxter 

& Illston, 1976). Consequently, a knowledge of the mycoflora of fleece 

'ivools can be useful in assessing the potential of fungal contamination in 

the meat works, as once within the slaughtering area, spores may be air 

dispersed to stored meats in other parts of the tvorks. 

There is no indication that the fungi isolated from fleece ~vools in 

this study are anything other than harmless sap:l:'ophytes, but the possibility 

exists that under abnormal circwnstances they may become pathogenic to the 

sheep., Furthermore, these fungi may be a hazard in the meat industry and 

especially to personnel who constantly handle sheep and vvool, if they are 

for some reason susceptible to infection. Therefore, knowledge of the types 

of fungi present on the fleece is necessary so that measures can bs taken to 

reduce the possibility of such accidental infections. 
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