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ABSTRACT

Thirty-three species of fungi were isolated from several different 

cultivated soils by the dilution plate method. These were then identified 

by the Saccardo system and the Hughes-Tubaki-Barron system of classifica

tion. Emphasis is placed cm qualitative aspects. A floristic list was 

compiled and the mycoflora of the different fields and soils were
♦

contrasted. Species of particular interest are discussed.
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INTRODUCTION

Fungal populations of soils have been studied intensively, with 

most studies concentrating on soils of tropical and temperate regions 

Fungi can have a profound effect on crops by acting as pathogens, as 

soil structural modifiers, and in breaking down cellulose of turned- 

under crops. Therefore, it was of interest to study the soil fungi 

population of agricultural soils in Montana.
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LITERATURE REVIEW

ISOLATION METHOBS

Most workers have used isolation methods to study microorganisms 

In soil because these, in general, allow subsequent identification of 

the organisms. While some organisms may be easily cultured from soil, 

there are very real difficulties connected with the isolation of others. 

It must be emphasized how dependent the apparent composition of the 

fungal flora of soil is on the isolation methods used. There is a 

marked influence of method on the fungal flora obtained. For example, 

soil dilution plates and Warcup soil plates neglect many mycelial fungi, 

including Piscomycetes and Basidiomycetes (Warcup* 1957).

Various physical, chemical, and biological methods have been used 

to obtain separation of different microorganisms from soil. The 

classical and most used isolation method is the soil dilution plate 

method (Warcup, 1965). In this, the soil dilution plate method, a 

known weight of soil is shaken with a known volume of sterile water and 

a series of progressive dilutions is made. Sample volumes from each 

dilution are incorporated into agar in a Petri dish and, after incuba

tion, the numbers and identity of the resulting colonies is noted.

Such a description cannot be taken at face value. The agar in a Petri 

dish on which the colonies have grown will have a specific nutrient 

compositions a single pH, and a single temperature regime for incubation. 

Obviously, the fungi appearing abundantly on the Petri dish are those 

favored, or at least not inhibited by these conditions (Griffin, 1972),
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An even more fundamental difficulty involves quantification in 

soil mycology. Colonies derived from dilution plating arise predominantly 

from spores (Warcup, 1960). Therefore, the technique favors fungi 

that sporulate heavily in soil. Mycelia Sterilia and Basidiomycetes 

rarely appear. The frequency of colonies of a species in the Petri 

dish thus reflects, at best, the frequency of spores in the soil (Griffin,

* 1972).

The soil dilution plate method clearly yields an extremely inadequate 

picture of the fungi in soil and is grossly selective. Much of the 

history of soil mycology is an attempt to devise methods that would give 

a more adequate description. Like the dilution plate method, most are 

indirect and depend upon isolation of the fungi from the soil. The 

soil plate method uses small quantities of soil which are dispersed in 

agar in a Petri dish. The main advantage of the technique is that soil 

particles are not lost and genera whose propagules appear to be associated 

with the coarser soil particles are isolated (Warcup, 1951). Fast 

growing fungi are still favored, however, and the floristic list so 

produced does not greatly differ from that provided by dilution plating. 

Therefore, more direct methods have been devised.

A method for the direct isolation and growth of individual vitally 

stained microorganisms from soil has been described. The soil is stained 

with acridine orange and mounted on agar so that individual cells can♦
be picked up with a raicromanipulation tool while the organism is being 

viewed with an ultraviolet fluorescence microscope (Casida, 1962). This 

system, however, leaves isuch to be desired optically and reveals only
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a minute proportion of the hyphae and spores present. Identification 

is possible only if reproductive structures are clearly visible. There

fore, identification is usually impossible and, in addition, it is usually 

impossible to distinguish between living and dead hyphae (Griffin, 1972),

Other systems in which one can be more confident are special selective 

techniques. These techniques often employ either enriching the soil 

with special substrates or by suppressing antagonists. Another technique 

for the study of individual species in soil is provided by immunofluorescent 

staining. These techniques can be used to demonstrate presence or absence 

of a particular fungus, but are rarely used in the compilation of floristic 

lists (Griffin, 1972),

CLASSIFICATION SYSTEMS

The Saccardo system has long been used for the classification of 

the imperfect fungi. The primary basis of the system is the morphology 

of the sporulating structures as they are known in nature, as well as 

morphology and color of the conidia. Orders are divided into families 

and families into sections as follows* Amerosporae, conidia 1-celled? 

Didymaceae, conidia ?.-celled? Phragmosporae, conidia several-celled with 

transverse septations; Dictyosporae, conidia with transverse and oblique 

soptations; Seolecosporae, conidia filiform? Staurosporae, conidia stellate 

or branched? Hellcos^orae, conidia coiled. The prefixes Hyalo- and 

Phaeo- are added to each section name to indicate hyaline and darkly 

pigmented spores, respectively (Barnett, 1972). In the current inter

pretation of this system by Ainsworth, the Fungi Imperfecti are divided 

into four orders according to the type of fructification produced.
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If the conidia and conidiophores are produced within a pycnidiura, then 

they are included in the Sphaeropsidales and if on an acervulus, then in 

the Melanconiales, Those forms in which the conidiophore are neither in 

a pycnidium nor on an acervulus are classified in the Moniliales or if no 

spore form is produced, in the Mycelia Sterilia (Barron, 1968).

Over the years there has been increasing dissatisfaction with the 

classification of Saecardo, particularly as it applied to Hyphomycetes,

Great stress is placed on the Saecardo system on the pigmentation Of 

conidia and conidiophores, Unfortunately, pigmentation in a fungus may 

be influenced not only by age and environment, but also by the intensity 

of the illumination source by which the spores and conidiophores are 

examined. The Saecardo system also places too much emphasis on spore 

septation (Barron, 1968).

Vuillemin proposed a classification based on different spore forms.

He divided the fungi into two main groups; those which produce thallospores, 

an integral part of the hypha which bear them, and those which produce 

spores which are cut off from the hypha which bear thee as soon as they 

are formed. Vuillemin*s observations laid the foundation for a new approach 

to the classification of the Hyphomycetes, but was not well adopted because 

his observations were not comprehensive enough to be of use at the

practical level (Barron, 1968),

A newer system has been proposed, the Hughes-Tubaki-Barron System, 

based on the mode of development of the conidia on the conidiophore.

The sections are named according to the type of spore produced. In the 

classification of the Hyphomycetes there are ten sections in all, excluding
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the Myclia Sterilia, The various sections recognized are Aleuriosporae, 

Annellosporae, Arthrosporae, Blastosporae, Botryoblastosporae, Meristera 

Arthrosporae, Meristera Blastosporae, Phialosporae, Porosporae and 

Sympodulosporae.

Aleuriespores are produced singly and develop terminally as blown-

out ends of the sporogenous cells. A plurality of conidia is formed by
II the development of successive spores laterally and below the terminal 

spore to give an apical cluster of conidia.

In the Annellosporae series, the first-formed spore is produced 

terminally on the sporogenous cell. Each new conidium develops as a 

blown-out end of a proliferation through the scar left by the previous 

conidium, A succession of proliferations is accompanied by an increase in 

length of the sporogenous cell. The scars of successive conidia give the 

sporogenous cell, in the spore-bearing region, an annellated appearance,

Arthrospores are produced after septation and breaking up of simple 

or branched sporogenous hyphae. The sporogenous hyphae may be morphologically 

and functionally identical with the vegetative hyphae or iray be produced 

on more or less well differentiated conidiopliores.

The conidia in the Blastosporae series are solitary or in chains,

Conidia frequently develop in acropetal succession as blown-out ends of 

simple or branching conidiophores. Sometimes conidiophores are lacking

4} and solitary conidia develop blastogenously from the hyphae cells.

In the Botryoblastosporae series the conidia are produced on well 

differentiated, swollen, sporogenous cells. The swollen apex of the 

sporogenous cell bears the conidia and is referred to as an ampulla. Each
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ampulla produces a large number of conidia more or less simultaneously 

over the surface. Primary conidia may remain solitary or give rise to 

simple or branching acropetal chains of blastospores.

The conidia of the Meristem Arthrosporae series develop in a gradually 

maturing, basipetal series and originate by meristematic growth of the 

apical region of the conidiophore in such a way that the chain of conidia 

merges imperceptibly with the conidiophore that gives rise to the chain. 

Members of this series are uncommon in soil.

In the Meristem Blastosporae series conidia are borne singly at the 

apex, or singly at the apex and laterally, and are often in regular whorls 

on conidiophores which elongate from the base. The conidia frequently 

have a longitudinal slit in the wall, but this character is not restricted 

to this series.

In the Phialosporae the sporogenous cells remain more or less constant 

in length and the phialospores are abstricted successively in basipetal 

succession from an open growing point at the apex of the sporogenous cell.

The conidia in the Porosporae are usually thick-walled and develop 

through pores in the wall of the conidiophores. The conidiophores are of 

determinate or indeterminate length. If the latter, then increase in 

length is either by proliferation of the conidiophore through the apical 

pore or by sympodial extension of the conidiophore by renewal of growth 

from a point lateral to and just below the apex.

In the Sympodalosporae conidia arise as blown-out ends at the apex 

of simple or branched conidiophores and the ends of successively new 

growing points which develop to one side and below the previous conidium.
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The conidiophore, therefore, either increases in length or becomes 

swollen as the result of conidium production (Barron, 1968).

Shape, pigmentation and septation of cdnidia are reduced to secondary 

characteristics. This classification is not yet complete and at present 

can be used effectively only in the Hyphomyeetes, Even in those fungi 

producing synnemata and sporodochia there are many gaps in the knowledge 

of mode of development of the conidia, making the application of this 

classification to these groups difficult (Barnett, 1972),

FUNGAL POPULATIONS OF SOILS

Fungal populations of soils have been studied intensively. Most 

of such studies have concentrated on soils of tropical and temperate 

regions, with particular emphasis on cultivated soils. A few studies 

have also looked at populations of alpine soils (Rail, 1965).

In general terms, the mycofloras of different soils, even of greatly 

different geographical areas, are striking for their similarity rather 

than dissimilarity. There is no obvious correlation between geographical 

area and great assemblages of species such as occurs in higher plants.

Thus the concept of biornes, applicable to higher organisms, has little 

relevance to soil fungi. There are probably no species, or even genera, 

common to the higher plant floras of the humid, tropical Congo basin, 

the arid, tropical savannah of Somolia and the cold, humid Italian 

alps. Yet, a perusal of six mycological articles concerning these areas 

reveals fifteen common fungal genera and several species recorded from 

them all (Griffin, 1972).
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Descriptions of the soil mycoflora are not without importance though, 

especially in the area of cultivated soils. Knowledge of the fungi present 

in these soils is of fundamental importance if fungi pathogenic to plants 

are to be combatted, A wealth of literature on this particular subject 

was the product of an international symposium on soil-borne plant pathogens 

held in 1963 (Baker and Snyder, 1965),
*
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MATERIALS AMD METHODS

Soil samples were collected by scraping the top % to 1% inch of 

soil and storing then in plastic bags. The samples were from native 

range, meadow, alfalfa, barley, spring wheat, barren saline seep, and 

compost used for fertilizer. At least five samples were taken from

* each type of crop. The samples were taken from the soil in direct

contact with the plants when applicable. All samples were collected in 

October and refrigerated.

One g of soil from each sample was added to a 99 ml dilution blank, 

and the following dilutions were plated by the spreading plate method 

using Sabourauds agar (Difco) as the plating mediums 1:1000, 1»1Q,OOO, 

and 1»100,000. The plates were then incubated at room temperature.

After 5 days the colonies produced were isolated into separate Petri 

dishes.

Two weeks later the colonies were inspected and viewed microscopically. 

Mounts were made with lactophenol-cotton blue. Bacteria and duplicate 

colonies were discarded. This was repeated 2 weeks later.

Using the descriptions obtained, the fungi were identified using 

the Saecardo system (Barnett, 1972) and supplementing it with the Hughes- 

Tubaki-Barron system (Barron, 1968) and a similar system proposed by 

Ellis (1971).
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RESULTS

Table I lists the mycoflora and the type of crop from which the 

fungi were isolated.

Table II lists the mycoflora and the textural classes of the soils 

from which the fungi were isolated.

Some species seem to vary somewhat from the descriptions usually 

given of them in the literature. These variances have been noted.

The total number of Eumycophyta isolated was 33 species. Their 

descriptions follow.

Aureobasidlum pullulans (de Bary) Amaud FIG. 1,

Hyphae are hyaline, becoming mid to dark brown, usually 2-10um 

thick, but with some cells up to 15 or 20um. Conidlophores are mostly 

5-8um thick, brown, with small lateral protuberances which become short, 

open-ended necks of phialides, Conidia are mostly 4-6 x 2-3cm, but may 

be up to 12x6um in old cultures. The colonies are effuse, at first white 

or creamy, later becoming black at least in part (Ellis, 1971), They 

tend to be water-soaked or yeast-like in appearance (Barron, 1968).

Aureobasidlum pullulans is a common, ubiquitous, omnivorous and 

highly polymorphic species of fungus. Since its spores are wind-borne, 

raycelia developing in one area may have germinated from spores of other 

areas. This fungus has been known for 90 years under a wide variety of 

names from a wide variety of habitats. It lias been considered a plant 

pathogen, a human pathogen, a saprobe, and a mold of foodstuffs. It is 

commonly known as the ’’black yeast" (Cooke, 1959). Two of the better
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known synonyms under which this fungus is found in the soil literature

are Pullularia pullulans and Pematium pullulans (Barron, 1968),

Basipetospora rubia Cole and Kendrick FIG, 2,

The genus, Basipetospora, was erected in 1968 to accomodate the 

conidial state of Monascus ruber which differs significantly from any other 

Hyphomycete genus so far described, both in morphology and conidial 

ontogeny.

The mycelium is composed of branched, septate, hyaline to subhyaline 

hyphae, Conidiophores are simple, straight or flexuous, resembling 

vegetative hyphae. Conidia are pyriform or subspherical, basally truncate, 

smooth-walled, hyaline to p&le brown. The conidia measure 5-12um long 

by 4-l2um wide with the truncate base 2,0-3,6um wide. The first conidium 

is derived from the swollen apex of the conidiophore. Subsequent conidia 

are derived from the conidiophore in a basipetal series, each conidium 

forming from a restricted meristematic zone which appears immediately 

below the preceding conidium. As the chain of conidia extends, the 

conidiophore becomes shorter (Cole and Kendrick, 1968). The colonies 

are effuse, velvety and olivaceous, black in reverse.

The habitat is in various starchy substrates and soil (Cole and 

Kendrick, 1968),

Botryotrichum piluliferura Sacc, and March, FIG. 3.

Fertile hyphae are septate, hyaline, very little branched, usually 

aerial in character, and 4-6um in diameter, Aleuriospores are acrogenus, 

borne singly on short, undifferentiated side branches of septate hyphae,
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12-13um long, or in grape-like "bunches”. The aleuriospores are hyaline, 

globose, 10-21uro in diameter, smooth, with walls up to 3,Sura thick. Sterile 

hairs appear in old cultures borne individually or in tufts on the creeping, 

aerial hyphae. The colonies attain a growth of 2,0 to 4,3 can in diameter 

in one week. They are at first composed of fine white mycelium, gradually 

taking on a buff to grey color, becoming slightly zoned in small concentric 

areas of heavier and lighter growth, and showing orange color in reverse.

The light pinkish-tan color is sometimes entirely covered over by the late 

appearance of olive-grey sterile hairs (Downing, 1953), These sterile 

hairs had not appeared after 5 weeks growth, and the reverse of the Isolate 

from compost was a dark brown rather than orange,

Botryotrichum piluliferura is commonly found in soils, especially 

those high in organic matter (Barron, 1968), There is a close relationship 

of Humicola and Botryotrichum. Isolates of both genera have been found 

to be cellulolytic soil organisms with a preference for alkaline media 

(Downing, 1953). Botryotrichum pllulifemm has been shown to be the 

imperfect state of Chaetomium piluliferum, a fungus with powerful 

cellulolytic activity usually occuring above the soil level (Daniels, 1961),

Cunnlnghamella elegans Matr, FIG, 4.

Mycelium is coenocytic, later septate and branched. Conidiophores 

are mostly ramose, with a vesicular swelling at the apex of each branch. 

These enlarged terminal swellin-s bear conidia which are borne singly, 

never catenulate, hyaline, one-celled, and globose (Hesseltine, 1952).

The colonies are white with extensive mycelium, Cunninghamella elegans 

is a common saprophyte in soil (Barnett, 1972).
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Diheterospora sp, Karoyscho FIG, 5,

The aleuriospore states are striking in appearance. In most cases* a

stalk-like pedicel is produced more or less at right angles to the 

vegetative hyphae. The stalk is sometimes cylindrical, but more often 

narrower at the base and wider at the apex* producing an apical vesicle

like swelling which is separated from the pedicel by a septum. The
t

pedicels are mostly between 1 and 2,5uro broad and from 5-20um long.

The vesicle is segmented into two or three parts by one or two transverse 

or slightly oblique walls. Walls at right angles to the initial septa 

divide the young aleuriospores into compartments somewhat indented at 

the septa. The spore continues to enlarge with further wall formation 

giving rise to a large raurifotro, hyaline aleuriospore. After septation* 

each cell becomes very thick-walled with only a small central lumen 

remaining. The spores become lightly pigmented at maturity so that they 

appear golden brown in mass, Aleuriospores are large, measuring 15-30 

by 10-20um and may be spherical, subglobose, box-shaped, or more or 

less irregular. Less conspicuous is an accessory phialospores state 

(Barron and Onions, 1966). Colonies are effuse, variously colored, some

times mid to dark blackish brown (Ellis, 1971), Diheterospora sp, are 

apparently not uncommon in soil and are known to be parasitic on snail 

eggs (Barren and Onions, 1966),

*
Pomingoella asterinarum Petrak and Cif, FIG, 6,

Hyphae are hyaline, measuring 2-3uro thick, Conidlophores are roacro-

Betaotous, mononematoue, straight or slightly flexuous, unbranched,

cylindrical to subulate, swollen at the base, pale brown, smooth, up to
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l20um long, l-3um thick, Conidia are solitary, dry, acrogenus, staple, 

spherical with a narrow, cylindrical protuberant peg at the base, non

sept ate, pale to midbrown, thick-walled, smooth, 7-10um In diameter.

The colonies are effuse, greyish, and thinly hairy, Somingoella 

asteronarium is presumably parasitic on many different plants (Ellis, 1971),

Genicularia cystosporia Buddington) Rifai and Cooke FIG, 7

Mycelium are composed of septate, hyaline, branched hyphae with

scanty aerial growth, Conidiophores are septate, erect or ascending, at 

first straight becoming geniculate or flexuous, elongating, sometimes 

considerably, by repeated subapieal renewal of growth, hyaline and smooth- 

walled, Conidia arise singly as blown-out ends of conidiophores. After 

the conidium has been formed, a hew growing point appears at one side of 

it and the second conidium is formed at the new apex, displacing the first 

conidium to a lateral position. This process is repeated several times, 

Conidia are obpyrifoxm, smooth-walled, one-septate, the proximal cell 

being obeonical and much smaller than the distal one. The conidia are 

hyaline when viewed singly, and appear pale pinkish-white in mass. In 

pure culture, colonies are effuse, pale pink to whitish. On older cultures, 

when abundant conidiophores are formed, the surface of the colony may appear 

loosely cottony (Rifai and Cooke, 1966),

The description of Genicularia cystosporia is based on an Isolate 

from soil and the species is predaceous on nematodes (Barron, 1968).

Geniculisporium serpens Chesters and Greennulgh FIG, 8,

Mycelium are partly superficial and partly immersed. The conidiophores
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may reach a height of several hundred urn and branch several times, each 

branch arising just beneath a septum, Conidiophores are smooth-walled, 

very regular in form and rather brownish except in the apical fertile 

regions where they are usually colorless. Conidiopliores are approximately 

2-4um in diameter below, and l,5-2um in the apical region. The conidia 

are unicellular, hyaline, smooth, sub-globose to ovoid-ellipsoidal, and 

measure 3-5 by 2*3ua. They are acrogenus and produced in continuous 

succession at the apex, the conidiophore continually extending from just 

beneath the terminal spore and pushing it into a lateral position, When 

the spore is fully formed it is attached by a short neck, and on breaking 

away is seer to have a truncated base which is usually slightly concave.

It leaves a circular scar on the conidiophore equal in area to the base 

of the conidium, The fertile regions present an irregularly geniculate 

appearance. The conidia lie in an irregular spiral around the conidio

phore, Cultures are greyish, occasionally somewhat brownish, generally 

with a low aad floccose surface. The intensity of color depends on the 

degree to which spores are produced. Some isolates may produce very 

few conidiophores ..and such colonies are whitish (Chesters and Greenhalgh, 

1964). This species has been isolated frequently from soil in Canada 

(Barron, 1958),

Geotrichua candidiim Link FIG. 9.

Mycelium are hyaline, septate, more or less specialised into broad,

radiating, vegetative hyphae which branch dichotonously, and narrower,

lateral, spOtulafcing hyphae which may also branch. Colonies ©a Sabouraud’s

dextrose agar are white, flat, and spreading, often with a central umbo. 
They do not have convolutions or radial grooves, but sectors appear

16



frequently. The surface may be velvety, hairy, spiny or floccose, or it 

may even approach a dry powdery appearance. When disturbed with a transfer 

needle even the driest appearing colonies become slimy. Many strains give 

off a pronounced, but not unpleasant, fruity aroma (Charraichael, 1957),

Arthrospore formation is a fairly primitive type of spore formation. 

This genus remains truly a form genusj a catch-all for fungi in which 

asexual states are more or less hyaline arthrospores produced by fragment

ation of the vegetative hyphae (Barron, 1968).,

Geotrichum candldum is ubiquitous in dairy products, soils and other 

substrata, and is saprophytic or pathogenic in the human respiratory and 

gastro-intestinal tracts (Charmichael, 1957).

ftllmanlella humicola Barron FIG, 10,

Vegetative hyphae are hyaline to brown, l,5-5uro broad, frequently 

roughened in age, with prominent septa, Conidiophores are simple and 

filiform or clavate, sometimes once-branched, Sporogenous cells and stalk 

cells are frequently inflated, 5-25uro long by 1.5-3um broad, and hyaline, 

Conidia are borne apically, singly or in clusters of up to four, dark- 

brown, smooth, spherical, non-septate, 7-10um in diameter with a well 

marked apical germ pore. Colonies grow rapidly. At first whitish to 

pale-grey, the colonies become pale-brown with conidium production.

Numerous minute water droplets are common on the aerial hyphae and conidia 

are produced rapidly and abundantly over the entire colony (Barron, 1964),

Records at the Commonwealth Mycological Institute indicate that 

Gilmaniella is not uncommon in soil (Barron, 1968),
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FIG. 11Oedocephaluai sp. Preuss

Sterile hyphae are creeping, frequently septate, and sub-verticillately

branched, Conidlophores are simple, hyaline, enlarged and globose at 

the apex. This head measures 20-25um in diameter (Thaxter, 1891). The 

conidiophores bear non-septate con?.dia produced synchronously over the 

surface of the terminal ampullae (Barron, 1968). The conidia are spherical 

and measure 5-7ura in diameter. The colonies are white, later becoming 

faintly yellowish with an extremely evanescent my cel Hum. The hyphae 

run from one point of the substratim to another, producing fertile 

branches ir the interval. The conidiophores, therefore, arising in whorls 

in a usually vertical plane, are not always erect, some pointing downwards 

or outwards as well as upwards (Thaxter, 1891),

Oedoeephalum is usually saprophytic on plant materials or in soil 

.arnett, 1972),

Penicillium spp. Link FIG, 12,

Conidiophores are usually conspicuous, more or less erect, sometimes

aggregated into synnemata, hyaline, rough or smooth, septate, sometimes 

branching at or near the apex. The branches are divergent or addressed to 

the main conidiophore axis. Series of branches give the characteristic 

brush-like penicillus. Sporogenous cells are phialides, borne in groups 

directly at the apex of the conidiophore or on primary or secondary 

branches, Phialides are typically flask-shaped and hyaline. Conidia are 

borne in lory: chains, globose to ovoid, sometimes bacillar, hyaline to 

darkly pigmented, smooth or roughened. Sclorotia are produced in’ some 

species (Barron, 1968),
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The colony texture may be velvety, lanose, funiculose, or fasciculate 

(Raper, 1949), My isolates were all velvety with the exception of one 

colony with a lanose border and one fasciculate colony. The submerged 

mycelium of various species and groups shows a series of yellow, orange, 

red, brown, lilac, or hyacinth colors with occassional green and even 

black areas appearing. The coloring matter present in the submerged 

mycelium may er may not diffuse into the substratum (Raper, 1968), I 

separated the Peniclllia isolated into 10 different species on the basis 

of texture and color because the conidiophores and conidia all appeared 

identical.

Penicillins is perhaps the most ubiquitous of all fungi and is found 

from the equator to the polar regions, although perhaps it favors the 

temperate and colder regions (Barron, 1968).

Periconia sp. Tode ex Schweinlti FIG, 13.

Mycelium is mostly immersed but sometimes partly superficial. Conidia 

are typically catenulate, sometimes borne singly, nearly always rough- 

walled, lacking an obvious hilum, produced from both mycelial hyphae and 

from macronematous conidiophores. Conidial chains are often branched, 

usually arising from recognizable sporogenous cells and develop in acropetal 

succession, but mature from the apex backwards (Barron, 1968). Colonies 

are small and compact, grey, brown, olivaceous brown, or black (Ellis, 1971),

Records of Periconia from soil are n0^ uncommon, especially in 

recent listings (Barron, 1968).

Rhizoctonia spp. de Candolle FIG. 14.

The form-genus Rhizoctonia presents a difficult problem for specific
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classification because many of its members are not known to produce 

fruiting bodies. For want of a proper name, spore-like cells in certain 

species of Rhizoctonia have been variously referred to in literature as 

pseudoconidia, monilia, chlamydospores, spores, and pseudospores. Little 

information is available on the nature, development, and function of 

these sporc-like cells and their importance in specific differentation. 

These spore-like cells are formed by the rounding up of the cells of 

pre-existing elements of the thallus. Because of their origin, they 

are thallospores of the chlamydospore type in accordance with the 

classification proposed by Vuillemin in 1910 for spores or spore-like 

bodies of J'yphoraycetes. The chlamydospores are formed in chains by the 

inflation or rounding up of the cells of monilioid filaments which arise 

in the manner of vegetative hyphae. The chains may grow in length by 

budding fro® the apical cell and by basipetal absicission. Lateral 

branch chains develop from pre-existing branches of monilioid filaments 

and from side buds produced by cells of the main chain. The chains are 

variously constricted at septa, delimiting the chlamydospores. The 

chlamydospores norE.ally do not separate from one another, but the 

chains usually break into smaller lengths when disturbed (Saksena and 

Vaartaja, I960).

I Isolated two species which I divided by difference of colony 

coloration.

There is a wealth of material on Rhizoctonia as a pathogen in the 

literature of plant pathology (Barron, 1968).
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Rhlzopus stolonlfer Fisch. FIG. 15

The characteristic features of Rhlzopus stolonlfer are the presence 

of rhizoids at the base of the sporangiophores and the stoloniferous 

habit. An aerial hypha grows out, and where it touches on the substratum 

it bears rhizoids and sporangiophores (Webster, 1970), The sporangium 

is somewhat piriform and apophysate with a very large columella. On 

exposure to dry air, this collapses in a striking and very definite manner 

so that it appears, as described by Ingold, like an inverted pudding bowl 

balanced on the end of a stick represented by the relatively short, 

deflated, lut stiff sporangiophore. At the same time, possibly as a con

sequence of columella collapse, the brittle sporangium wall fragments into 

many small angular portions. At this stage, covering the hemispherical 

surface of the collapsed columella, are spores and fragments of sporangium 

wall, the whole forming a dry powder, easily blown away (Ingold and 

Zoberi, 1963).

Hhodotorula spp, Harrison FIG. 16

This genus includes red and yellow yeasts. The cells are round, 

oval and elongate. They reproduce by multilateral budding and sometimes 

produced pseudomycelium (Barron, 1968),

I isolated one red yeast and one yellow yeast,

Rhodotorula occur regularly on plant leaves in large numbers and have 

been isolated frequently frtxn soil. They are common at a depth of 

%-l^in, and do not seem to multiply in the soil (Di Menna, 1957),

Scopulariopsis brevicaulis (Sacc.) Buin FIG, 17.

Conidiophores are short and undistinguished. The sporogenous cells

21



are anellophores which may arise singly from hyphae, but more frequently 

in groups of 2-3 on short stipes or sometimes arranged penicillately 

in more complex conidiophores. These annellides are 10-25um long, colorless 

or very pale, Conidia are brown in mass, but very pale when viewed singly, 

subspherical or abvoid, truncate at the base, smooth when young, coarsely 

verrucose when mature. The conidia measure 5-8 by 5-7um, The colonies 

are at first whitish, but later turn buff to nut brown with a narrow 

white margin (Ellis, 1971),

Scopulariopsis species are commonly found on all types of decaying 

organic materials} they are quite frequently isolated from soils, although 

not in large numbers (Barron, 1968),

Thermomyces stellatus (Bunce) Apinis FIG, 18,

Mycelium is partly superficial and partly immersed, Conidiophores 

are micronematous, mononematous, irregularly branched, colorless, smooth, 

and 1,5-2,Sum thick. The conidia are angular, lobed, smooth, pale to 

mid-brown, and measure 5-10 by 5-9um, The colonies are effuse, cottony or 

velvety, grey or greenish grey,

Thermomyces stellatus has been isolated from moldy hay (Ellis, 197£).

Trichocladium Canadense Hughes FIG, 19,

Most of the mycelium is immersed. It is composed of hyphae which are 

2,5-5.4um wide, with the cells 6,5-33um long. The hyphae are hyaline to 

reddish-brown} the difference in coloring of neighboring hyphal cells 

may be quite marked.

Conidiophores are 3-5ura thick, micronematous or semi-macronematous,
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mononeaatMS, colorless or predominately one-septate, occasionally

two-septate, clavate or ellipsoidal, truncate at the base, mid to dark 

brown, smooth, and measures 12-l?uJ» long by 8-12u» in the broadest part 

(Ellis, 1971). The colonies are black, occasionally causing some yellowing 

of the medium to occur (Hughes, 1959),

Ulocladlum botrytis Preuss FIG. 20.

Di ctyoporospores are produced on well differentiated conidiophores

which commonly become geniculate through successive lateral renewals of 

growth. The conidia are fundamentally ohoveid, i.e,, the portion of the 

conidium which is proximal to the cell which bore it is tapered and 

narrower than the distal portion. The ultimate shapes of conidia are 

variants of chovoid, ellipoidal, and subsphcrical forms, but the conidia 

do not taper distally into true beaks. The residual pore in the conidium 

wall, which is the site of connection between a conidium and the cell 

which produced it, is always in the narrowed base of the conidium. This 

narrowed end often terminates in a very small, rounded, subhyaline apiculus, 

which may remain visible as the conidium matures and is dislodged or which 

may become obscured by the thickness and color of the surrounding wall.

This apiculus, however, is an integral part of the conidium and does not 

represent either a broken appendage or a ragged fragment of conidiophore. 

Conidial walls way be smooth but are commonly roughened. Conidial color 

ranges from subhyaline through variant shades of brown to black (Simmons, 

1967), Conidium have 1*3 (most commonly 3) transverse and 1 or more 

longitudinal septa which are rarely cruciate. The conidium neasure
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l4-24tra by 9-15um. Colonies are effuse, brown, olivaceous brown, dark 

blackish brown or black (Eliis, 1971).

Urabelosis versiformis Amos and Barnett FIG, 21

The first conidiophores are simple, with a single, apical, one-

celled, hyaline, globose conidia. As the culture ages, the more typical 

conidiophores are produced each with a swollen head from which as many as 

14 sporogenous branches arise. Sometimes the swollen cell is formed 

directly on the mycelium, and sometimes the conidiophore branches but 

forms no swollen portion. The conidia measure 4,5-7,Sum in diameter,. 

Colonies are dense white and raised (Anos and Barnett, 1970), but may become 

pale buff in age due to a slight pigmentation taken up by the mature 

conidia (Barron, 1968),

Wardomyces pulvinatus (Marchal) Dickinson FIG, 22,

Hyphae are colorless, hyaline, septate, branched, l,5-3um wide, and

often aggregated or anastomosing, Conidiophores are lateral, colorless 

to hyaline, normally l-to-3-celled if simple, often branched, with cells 

6um long by 2um wide, slightly constricted at the septa, Sporogenous cells 

are terminal or subterminal, rarely lateral, barrel-shaped, 4,5 by 3um, 

thick-walled* pale brown, with one or two conidia per sporogenous cell, the 

first terminal, the second sublateral, Conidia are one-celled, brown, 

thick-wailed, 8 by 3,Sum, with a markedly papillate apex up to l,5um long. 

There is a longitudinal germ slit on each conidium (Dickinson, 1964),

Colonies are effuse, at first white becoming grey to black when sporulating 

freely, (Ellis, 1971),
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DISCUSSION AND CONCLUSION

The numbers and kinds of fungi isolated from any soil are undoubtedly 

a reflection of the methods of handling the soil and the cultural techniques 

used for isolation. Therefore, attempts to reach any conclusions about 

the populations must be done with caution.

The following species were of special interest, either because of their 

importance to man or agriculture, or because of their distribution.

Aureohasidium pullulans has been considered to be a human and plant 

pathogen (Cooke, 1959),

Cunninghamella elegaas has previously been found only in the warmer 

regions of the world (Webster, 1970), Likewise, Domingoella asterlnorium 

is common throughout the tropics and is a plant pathogen there (Ellis, 1971),

Geotrichum. can ditto, which I isolated from an alfalfa field. Is 

ubiquitous in dairy products and is saprophytic or pathogenic in the human 

respiratory and gastro-intestinal tracts (Charraichael, 1957).

Penicilllum held up its reputation as being the most ubiquitous fungi 

as it was found in all of the samples. I found it quite interesting that 

six species of Panicilliuw, but nothing else, were present in the soil 

affected by saline seep, Penlcillium can play a role in disease control. 

Fergusan 0.957) showed that plants sown in flats of steam-sterilized soil 

could be effectively protected from the danger of contamination by Rhizoctonia 

solanl if antagonistic fungi such as Penlcillium were introduced into the 

soil immediately after sterilization (Patrick and Tousoun, 1965).

Two species of Rhizoctonia wore isolated from a barley field in this 

study. Common species of Rhizoctonia are associated with seedling diseases
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in a variety of horticultural crops. They are able to compete successfully 

in the soil and maintain an expanding saprophytic phase. Therefore, they 

are not usually eliminated by the prolonged absence of a susceptible 

host (Ludwig, 1965). Obviously knowledge that the pathogen exists in a 

field is of primary importance so that it can be dealt with before it 

could cause crop loss.

R&igpl stolonlfer has also been shoun to cause rot in some crops 

and is associated with mucormycosis in domestic animals (Webster, 1970),

Many of the other fungi are important in decomposing the major 

constituents of plant tissues such as cellulose, ligin and pectin. Also 

the physical structure of the soil can be influenced by the fungi present. 

One of the characteristics of soil which is of considerable agricultural 

importance is its crtanb structure, the binding together of fine soil 

particles to form water-stable aggregates. This is accomplished by the 

penetration of the mycelium through the soil, forming a network which 

entangles small particles. The saline soil which contained only Penicllliani 

had almost nc crumb structure whereas the other soils with a variety of 

species that produce extensive mycelium had good crumb structure.

The distribution of fungi in relation to the type of crop showed 

many differences suggesting that the crop may influence the soil mycoflora. 

If this were true, I would expect a greater correlation between the floral 

lists of the barley and spring wheat than what my study found, since both 

are Wheatfields, In this aspect the study was inconclusive.

The distribution of fungi in relation to soil texture showed that roost 

of the fungi preferred the soils with clay characteristics over the sandy 

or salty soils.
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Soil fungi arc important to the farmer for their pathogenic abilities, 

antagonism to parasites, cellulolytic properties and in improving soil 

structure. Obtaining floral lists from areas where little work has been

done is also of scientific interest.

*
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TABLE 1, Floral list and distribution in the soils

Soil sample from which isolated.**

Native Meadow Alfalfa Barley Spring Saline Compost
Range Wheat

Aureobasidium pullulans 0 0 0 0 0 0 4
Basipetospora rubia 0 0 0 0 4 0 0
Botryotrichum piluliferum 0 ♦ 0 0 4 0 4
Cunninghamella elegans ♦ 0 0 0 4 0 0
Diheterospora sp. 0 0 4 0 4 0 0
Domingoella asterinorum 0 0 4 0 0 0 0
Genicularia cystosporia 0 0 0 0 4 0 0
Geniculisporiuro serpens 0 ♦ 0 4 0 0 0
Geotrichum candidum 0 0 4 0 0 0 0
Gilmaniella humicola 0 0 4 0 0 0 4
Oedocephalum sp. 0 0 4 0 0 0 0
Penicillium sp, (1) 0 4- 0 0 0 0 0
Penicillium sp, (2) 0 0 4 0 0 0 0
Penicillium sp, (3) ’ 4 0 0 0 4 4 0
Penicillium sp, (A) 0 0 0 4 0 0 0
Penicillium sp. (5) 0 0 0 0 4 0 0
Penicillium sp. ($) 0 0 0 0 0 4 0
Penicillium sp. (7) 0 0 0 0 0 4 0
Penicillium sp. (8) 0 0 0 0 0 4 0
Penicillium sp. (9) 0 0 0 0 0 4 0
Penicillium sp, (10) 0 0 0 0 0 4 0
Periconia sp. 0 0 . 4 0 0 0 0
Rhizoctonia sp. (1) 0 ♦ 0 4 0 0 0
Rhizoctonia sp, (2) 0 0 0 4 0 0 0
Rhizopus stolonifer 0 4 0 4 4 0 0
Rhodotorula sp. (red) 0 4 0 0 0 0 0
Rhodotorula sp. {yellow) 0 0 0 4 0 0 0
Scopulariopsis brevicaulis 0 0 0 0 0 0 4
Thermonyces stellatus ♦ 0 0 0 0 0 0
Trichocladium canadense 0 0 ♦ 0 4 0 0
Ulocladlun botrytis 4 0 0 0 0 0 4
Umbelosis versiformis 0 0 4 0 0 0 0
Wardomyces pulvlhatus 4 0 0 0 0 0 0

a,Symbols* 4 = present; 0 = absent
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TABLE 2. Distribution of fungi by soil texture

Name
Soli texture from which isolated"

Sandy Silt Silty clay Clay

Aureobasidium pullulans 0 0 0 0
Basipetospora rubia 0 0 4 0
Botryotrichura piluliferura 0 0 4 0
Cunninghamella elegans 4 0 4 0
Diheterospora sp. 0 " 0 * 4 4
Domingoella asterinorura 0 0 0 4
Genicularia cystosporia 0 0 4 0
Geniculisporium serpens 0 0 4 4
Geotrichum can dictum 0 0 0 4
Gilmaniella huraicola 0 0 0 4
Oedocephalum sp. 0 0 0 4
Penlcillium sp, (1) 0 0 4 0
Penlcillium sp, (2) 0 0 0 4
Penlcillium sp, (3) ♦ 4 4 0
Penicilliura sp. (4) 0 0 0 4
Penicillium sp, (5) 0 0 4 0
Penicillium sp, (6) 0 4 0 0
Penicillium sp, (7) 0 4 0 0
Penicillium sp. (5) 0 4 0 ? 0
Penicillium sp, (9) 0 4 0 0
Penlcillium sp. (10) 0 4 0 0
P erIcon ia sp. 0 0 0 4
Rhizoctonia sp, (1) 0 0 0 4
Rhizoctonia sp. (2) 0 0 4 4
Rhizopus stolonifcr 0 0 4 4
Rhodotorula sp, (red) 0 0 4 0
Rhodotorula sp. (yellow) 0 '5 0 0 4
Scopulariopsis hrevicaulis 0 * ■ 0 0 0
Thermomyces stellatus 4 0 0 0
Trichocladium canadense 0 0 4 4
Ulocladlum botrytis 4 0 0 0
Umbelosis versiformis 0 0 0 0
Wardorayces pulvinatus 4 0 0 0

aSyrabols: 4 * present? 0 » absent
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FIG, 1, Aursobasidiura pullulans. A, hyphae bearing conidia. B, conidia

S’ ft,f

>
FIG, 2, Basipetospora rubia. A, conidiophores showing sequence of 

raeristao arthrospore formation, B, conidia.
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Botryotrichum ptluliferurc, A, conidiophores with aleuriospores 
B, conidia.

FIG. 3. 
and seta.
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FIG. S, Diheterospora sp. Stages in the development of the aleuriospores.

FIG. 6. Domingoella astemarluro. A, conidiophores and seta. conidia.
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FIG, 7, Genicularia cystosporia. A, conidiophores bearing conidia, 
B, two-celled conidia.

FIG, 8, Geniculisporiuro serpens. A, irregularly branched, geniculate 
conidiophores, B, conidia with concave base.
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FIG. 9, Geotrichun! candidura. Septate vegetative hyphae breaking up 
into arthrospores.

FIG. 10. Gilmaniella huroicola. A, stages in development of conidiophore 
and conidia. B, mature conidia showing germ pore.
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FIG, 13, Periconia sp. A, conidiophores, B, tip of conidiophore 
bearing conidia. C, conidia.

FIG, 14, Rhlzoctonia sp. Broad and pigmented hyphae,
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FIG, 16, Rhodotorula sp. Cells round, oval, or elongate.
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FIG, 17, Scopulariopsis brevicaulis. A, conidiophores showing annellations 
and bearing conidia in chains, B, conidia with broad truncate base.
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FIG* 19, Trichocladium canadense. A, various stages in development 
of aleuriospores, B, aleuriospores.

FIG, 20, Ulocladiuta botrytis. A, conidiophores bearing; porospores 
and showing conidial scars. B, porospores.
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