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ABSTRACT

Fungi were isolated from the 0-30 cm profile of beach ridge soil
and the 0-10 cm profile of marsh soil, Delta Marsh, Manitoba. A soil
washing technique followed by dilution plating on four different culture
media each at four different incubation temperatures, was employed to
maximize the range of fungi recovered.

A combined total of 109 species from 43 genera of fungi, were
isolated. Thirty=nine of 8! beach ridge fungi and 28 of 68 marsh Species
were site specific; the remaining 42 species were common to both soils.

A large proportion of the fungi isolated belong within eight

predominant genera; Acremon ium (Cephalosporium), Chrysosporium, Cylindro-

carpon, Fusarium, Paecilomyces, Penicillium, Trichoderma, and Verticillium

or are representatives of the Phycomycetes or Sphaéropsida!es.
Sixty-five of the species isolated have not been previously
reported from Manitoba soil. Eleven previous!y undescribed species,

including five placed within the genus Cylindrocarpon, and eight variants

of known species, were among the fungi isolated.

SoiimdepTh, culture media, and incubation temperature influ-
enced the number and species of fungi recovered. The propagule number
for beach ridge soil was greatest jn the 10-20 cm profile, followed by
the 20-30 cm and the 0-10 cm profiles. The most frequently occurring
species were recovered throughout the 0-30 cm profile. Seventy-seven
percent of all beach ridge fungi were isolated from the 10-20 cm profile;
72% and 62% of all fungi were isolated from the 0-10 cm and 20-30 cm pro-
files respectively. This atypical disfribution pattern was thought fo
be a result of differences in organic content, moisture, and temperature
within the undeveloped 0-30 cm beéch ridge soil profile.

OAES culture medium recovered the largest number of propagules from

(1)



both beach ridge and marsh séils. The greatest diversity of species
also resulted from the use of OAES medium. This was attributed to its
effect on the nutrition and growth of fungi; discrete and slower growing
mycelium on OAES allowed for more complete isolation of fungi compared
to other culture media.

The overall effect of femperature on the number of propagules
and diversity of fungi isolated was not consistent for beach ridge and
marsh soils. The largest number of propagules from beach ridge soil was
recovered on all media at lower incubation temperatures (10° ¢ and 15° C).
No such effect was observed for marsh soil. Species diversity was great-
esT at high incubation Tempefafures (20° ¢ and 25° ©) for beach ridge soil,
but was greatest at a lower incubation temperature (15° C) for marsh soi |
where all but the lowest temperature produced similar results. The lowest
incubation temperature (10° ¢ recovered the smallest complement of
species from both solls.

Both incubation temperature and culture media were observed to
affect the recovery of specific fungi from both soils. While the mos+
frequently occurring fungi were recovered on all culture media at all
incubation temperatures, some species were restricted in occurrence by _
culture media or incubation temperature. Six species appeared to be
restricted by low incubation temperatures (10° C or 15° C) and four
species by higher temperatures (20° ¢ or 25° C), but they were not re-
stricted by media. Ten species were restricted in appearance by culture
media, but not incubation temperatures.

Variations exist in the composition and frequency of species
from beach ridge and marsh soils, compared to similar soil types. While

other dune-type soils contain the same dominant genera as beach ridge
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sdil, major differences exist in the composition and frequency of species

within the genera Trichoderma, Fusarium and Penicillium.

Eight of the 12 most frequent marsh soil species are uncommon
to other highly organic near-neutral soils. Most of the dominant marsh
soi | funéi are known cellulose decomposers. Two groups of fungi commonly
present in organic soils, Gliocladium spp. and sterile mycelial forms,
were absent in marsh soil. It is possible that a greater disruption of
marsh soil before preparation of dilution plates is required for the

isolation of sterile mycelial forms.

(hii)
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1. Microfungi in Canadian Soils .

The occurrence of fungi on all manner of substrates is well
Known. thfg The role of_fgngi in soil has received considerable at-
tention, only limited research has been conducted on the ecology of
fungi from Canadian soils with juéf sixteen papers published. Bisby et al
(1933, 1935), kendrick (1962), Reddy and Knowles (1965), Morrall and
VanTerpooI'(I968),vVaar+aja’(1968), Bhatt (1970), Widden and Parkinson
(1973, and.Wfddeﬁ (1979), surveyed a variety of agricultural and un-
disturbed naTufaI soils from the temperate regions of Canada. Ivarsen
(1965) and Widden and Parkinson (1979) surveyed Arctic tundra soils;
Bissett (1975) and Bissett and Parkinson (1979 a, 1979 b, 1979 ¢) ex-
amined Albérfa alpine soils. Bissett and Parkinson (1980) also investi-
~gated a subalpine soil.

Only two of these studies (Bisby et al 1933, 1935) deal with
microfuﬁgi from Manitoba soils. The present study was designed to ex-
pand our knowledge of microfungi in two unique and previously uhinvesTi—
gated Manitoba soils. The site chosen for this research was the Univers-
ity of Manitoba Field Station, Delta Marsh, Manitoba. Located aT the
southern Tfp of Lake Manitoba, the Field Station serves as a research
facility for a wide range of studies in marsh ecology. The marsh eco-
system, with its varied and produéTive communities, contains soils which
are likely to contain unique and diverse fungal populations.

The soils selected were from two distinct and different habitats:
(1) a sandy loam ffom the beach ridge separating the marsh from Lake
Manitoba; and (2) an organic muck from the Phragmites habitat of the
marsﬁ. Although the mycoflora of soils from these types of communities

has not been investigated in Canada, surveys of the microfungi of soils




of a similar type, i.e. neutral to alkaline organic or sandy soils, have
been conducted in a variety of other countries. Organic soils surveyed
iﬁclude'Those'from a British (England) fen (Stenton, 1953), an lowa
(U.S.A.) féresf (Taber,'l95l), a Wisconsin (U.S.A.) cattail marsh

(Tews, 1970, 1971), a British (England) salt marsh (Turner and Pugh,
1961; Pugh, 1972; Pugh, 1963), and the Florida Everglades, U.S.A. (Wallace
and Dickinson,- 1978). Sandy soils are represented by British (England)
coastal dunes (Bfown, 1958; Pugh, 1963; Pugh et al, 1963), Lake Michigan
(U.S.A.) sand dunés (WohlrabAeT al, 1963; Wohlrab and Tuveson, 1965), and
Wisconsin (U;S.A.) willow—coTTonwood lowland séil (Gochenaur and
Whittingham, 1967).

A variety of approaches has been used to examine the mycof lora
of soils depending on‘The type of information desired, f.e. Taxonomic
survey, seasonalvvaria+ion, decomposifion of litter, isolation and
identification of fungi from distinct soil horizons, efc.. A common ap-
proach is to isolate the soil fungi and determine the species composition
and frequency at various soi| depths. This study takes such a survey
approach and includes additional information on the numbers of fungi,
taxonomy of undescribed or unusual species, and new reports of fungi

from Manitoba soils.

2. [Isolation Technique

Over the past eighty years, successive methods have been devel-
oped to overcome problems related to accurate and representative isolation
of fungi from soil. Such problems are directly related to the fact
soil is a complex heterogenous environment containing a mixed population
of fungi in a number of forms (either mycelial or reproductive propa-

~gules); these can be active or inactive and have a variety of roles and




nutritional requirements (Garrett, 1951). Garrett (1955) noted that iso-
lation techniques are selective; each has its own |imitations and biases.
Since no one mefhod éan yield a reliable picture of the total fungal
acTivify in soil (Wa+$on, 1970}, workers must design and interpret their
research +o-feflec+ this fact. Accurate and comparative information

can be obtained, but only within the limits of the survey parameters and
method(s) employed (Parkinson et al, [971).

In @ preliminary survéy, a major objective should be to isolate
as many differenT and representative species as possible from the total
spectrum of soil microfungi. Hopefully this should in turn produce rep-
resentative "population" data.

This objective can be accomplished by two general approaches.
The first employs several different isolation methods simultaneously,
each wiTh}iTs own bias and limitations, and compares the resul+ts. This
approach is most often used when specific information about +he role or
activity of soil fungi is desired (Warcup, 1957; Chesters and Thornton,
1956; Parkinson and Thomas, 1965). The time, labour and laboratory
facilities required by this approach generally makes it impractical for
survey studies, although it has been employed by a nuhber of workers
(Brown, 1958; Sewell, 1959 c¢; Chou and Stephen, 1968),

A more common approach uses the isolation method Judged to have
the least degfee of bias regarding the survey parameters of isolafing and
enumerating soil fungi. The reliability of this approach can be increased
by controlling variables which select against the isolation of certain
fungi, and by reducing the inherent bias in the methodology wherever

possible,




A modified soil wash technique (Watson, 1960), combined with
soil dilution plating or soil plating of washed soil (Warcup, 1950),
utilizing four different media at four different incubation Temperatures,
was adopted for this study. This approach was adopted because the
method's bias.will not likely detract from the results, therefore
yiéldihg reliable and comparable qualitative and quantitative data

while still remaining manageable.

(a) Soil Wash Technique

The soll dilution plate method originally designed for the
isolation and study of soil bacteria and modified for fungi (Waksman,
1927) was, unTi!'récenle, the most common method employed in studying
the nature and number of soil fungi (Parkinson et al, 1971). The defects
‘and sources of error of this method were reviewed by Brierly et al (1927)
and consequénle i+ has been modified by subsequent workers in an effort
to obtain the best possible results.

A major defect is the significant advantage given to abund-
antly sporing species. These species, which predominate on soil dilution
plates, are usually overrepresented in population estimates (Warcup, 1950;
Parkinson et al, 1971). This likely bears |ittle resemblance to the
mycelial density of a particular species in soil because differences
often exist in conditions required for the development of spores and
mycelium (Hawker, [950). In contrast, Warcup (1955 a) demonstrated that
the mycelial component on soil dilution plates represented a group of
often slow-growing sterile species. These mycelial species are under-
represented on soil dilution plates because of their inability to

compete with faster growing species, and the smaller number oif propagules




relative to sporulating species (Warcup, 1955 b, 1957).

Warcup (1950) introduced the soil plate technique for the
difeé+ isolation of fungi from soil. A larger number of species was
isolated by this technique than from soil dilution plates from the same
soil. Warcup attributed this to the loss of mycelial species attached
o Séil particles during sﬁccessive soil dilutions; a conclusion sup-
ported by Cohen (1950). An examination of the lack of representation
among soil isolates of species originating from mycelial propagules was
conducted by Warcup (1955 b, 1957). In an effort to separate the active
mycelial component from dormant or inactive spores, he plated hyphae or
washed soil particles containing hyphae, directly onto an enriched agar
medium. While the direct isolation method removed a large group of
mostly sterile species missed by soil dilution plates, or soil plates,
it suffers from a practical disadvantage in that it fails to isolate
heavily sporing species found on soil dilution plates or soil plates
(Williams et al, 1965). This feature |imits the usefulness of this
technique in surveys of soil fungi.

A number of other methods for direct isolation or observation
of soil fungi has also been developed, including direct inoculation
(Waksman, 1916), buried siide (Rossf, [928; Cholodny, 1930; Ziemiecka,
1935; lIsakova, 1938), immersion tube (Chesters, 1940, 1948), agar film
(Jones and. Mollison, 1948), and soil sectioning (Burges and Nicholas,
I96.1). However, all have a particular bias or sefectivity which makes
them unsuitable for soil surveys using a single method for the isoilation,
identification and enumeration of fungi,

The development of washing techniques, first applied to roots
and organic particles (Simmonds, 1930; Kurbis, 1937; Glynne, 1939;

Chesters, 1948; RobefTson, 1954; Harley and Waid, 1955) and, later to




soi | (WaTson,-|960), proved fo be an effective means of separating the
vegetative and reproductive phases of soil fungi prior to plating on
enriched culture media. The distinction and separation of these forms
has been stressed by many researchers as imporfant to our understanding
of soil ecology (Chesters, 1949; Garrett, 1955; Harley and Waid, 1955;
Chesters and Thornton, 1956; Sewell, 1959 c). |

‘The soil wash method uses serial washings to remove most of
+he‘spores from soil and permits separate dilution plating of spore-
laden wash-water and washed soil. This has the effect of reducing com-
petition, resulting in a more realistic and complete picture of soil
fungi compared to other methods. Watson (1960) and others (Parkinson
and Williams, 1961; Williams et al, l§65; Parkinson and Thomas, 1965)
report that serial washing of soil yields more genera of fungi (espec-
ially those originating from mycelium), a larger number of rare fungi,
and more soil-borne pathogens than the soil plate or soil dilution
methods when applied to the same soil. These advantages make this
method a good choice for studies of a survey type.

The modifications of Watson's soil wash method for this study
include an increase in the quantity of soil washed; fewer washings but
with longer washing and settling times; and the use of a round-bottomed
rather than a flat-bottomed, washing flask. Washing of larger volumes
of soil than those employed by Watson, has been demonstrated to produce
a greater revelation of the fungal composition of soil (Lisina-Kulik
and Moiseeva, 1971). The washing and settling times employed fall
within the acceptable |imits for spore removal and still yield good
species diversity for plated washed soil (Watson, 1960; Lisina-Kulik and

Moiseeva, 1971). It was observed in preliminary tests that superior



washing action was generated by use of round-bottomed, as opposed to

flat~bottomed, flasks.

(b) Dilution Technique

The wash water from both the sandy-ridge soil and organic-
muck was diluted aﬁd plated in the manner described by Watson (1970).
However the washed soil received differential freatments. The organic-
muck received the standard soil dilution plate treatment while soil
plates (War;up, 1950) were prépared from the washed sandy-ridge soil.
It is recognized that highly mineral soils are best prepared as soil
plates because bf excessive particle sefTling during serial didutions
(Brown, 1958; Montégut, 1960; Wohlrab et al, 1963).

Replicate dilution plates were prepared from a number of
~dilution sets rather than a large number of replicates from a singie
dilution set. This technique was demonstrated to improve the accuracy
of The‘dilufion plate method (James and SuTherlénd, 1939). Use of the
Menzies' (1951) "dipper'" helped- prevent settling of soil particles
during serial dilution preparation and sample removal. Soil particle
suspension was further aided by#The use of a 1% carboxy methy! celliulose
solution as a diluent.

The final dilution for all plate counts was chosen To produce
an approximate average of 25 colonies per plate as suggested by Bisby
et al (1933) and recommended as statistically valid by James and
Sutherland (1939). This produces plates which are relatively easy to
count and should reduce competition and antagonism created by the use

of higher density plates (Garrett, 1951).




(c) Culture Nedia

One of the mbsT significant problems for the mycologist study-
ing soil mycofloFé is the selective growth and development of fungi after
plating on a nufrient medium. Martin (1950) pointed out that culture
media must be.altered fo promote the growth of the greatest poésible
number and Vafie+y of soil fungi; the latter being relatively less numer-
ous in soil Thaﬁ bacteria and actinomycetes. The specific nature of the
aITerandns falls into two broad categories: the addition of inhibitory
chemicals which suppress either the development of bacteria and actino-
mycetes or the growth rate of certain fungi; and the addition of
materials, usually specific nutrients, which promote the growth of fungi.

Acidification of culture media was the earliest modification
attempted to éuppress the growth of bacteria in mixed cultures (Waksman,
1922; Jensen, 1931; Tyner, 1944). The resulting reduction in numbers
of pathogenic fungi led to the investigation of other possible sup-
pressant chemicals. Smith and Dawson (1944) introduced the use of rose
bengal, a bacteriostatic agent which reduced fungal spread and pre-
vented actinomycete growth in culture. Streptomycin and crystal violet
were subsequently shown to be effective inhibitors of bacterial growth
(Litiman, 1947), Culture media containing these two agents, combined
with oxgall, were bacteria free and capable of supporting a full range
of discrete nonspreading colonies of saprophytic and pathogenic fungi
(Littman, 1947). The colonies fafled to spread because of the sup-
pression of gfowTh by oxgall. More recently, sodium propionate (Crook
et al, 1959) and synthetic detergents (Steiner and Watson, 1965) have
been used fo reduce the spread of fast growing soil fungi. Martin (1950),

in a review of inhibitors, recommended the use of peptone-dextrose agar




coﬁfaining rose bengal and streptomycin for the bacteria-free isolation
of large numbers and kinds of fungi from sdil.

Afl‘;ulfure'media employed in this study incorporated oxgal |
To suppress the spréad of fungal colonies. Crystal violet and sodium
propionate were also added to two of the media. Streptomycin sulfate
and chloramphenicol were used fo inhibit the development and growth
of bacTerfa.and actinomycetes.

The choice of a culture medium for the isolation and growth of
fungi from a meed population such as that in soil can produce biased
results unless carefully considered._ It is accepted that any culture
medium is selective since fungi have a variety of nutritional require-
ments (Martin, 1950). However, because of differential growth rates,
not all fungi capable of growth on a particular medium are isolated
(Smith and Dawson, 1944; Chesters and Thornton, 1956). Some genera
are therefore recorded in greater numbers than their actual mycelial
concentration warrants (Watson, 1960).

Sewell (1959 c) demonstrated that the isolation of particular
species of soil fungi from soil plates was affected by their growth
rates on the isolation medium. The isolation medium of modified Rossi-
Cholodny buried slides and immersion tubes also influences the mycof lora
isolated from soil (Chesters, 1948; Chesters and Thornton, 1956; Sewell,
1959 ¢). This phenomenon may, in part, be due to the production of
growth-inhibiting metabolic byproducts by some strains of soil fungi on
enriched media (Chesters, 1948; Nicot and Chevaugeon, 1949). The con-
centration and type of carbohydrate in the isolation medium is also known
to have a strong selective effect (Chesters, 1948; Cohen, 1950; Garrett,

1951).




Despite these problems most studies use a single culture medium
for the isolation of soil fungi. The most commonly employed medium is
Czapek-Dox or Czapek-Dox' with yeast extract, a "broad spectrum” medium.
In selecfing‘a'cuifure medium Parkinson et al (1971) suggest three broad
groups be considered: soil extract based media; media containing peptone
or a similar nifrogen source; and synthetic media. Since i+ was desir-
able to reddée the selective effect of culture media, four culture media
were selected. Three of these are in the categories suggested by Parkinson
et al, i.e. soil exTracT_égar, Litmans crystal violet agar (Litman,
1947), énd Oﬁic Agricultural Experimental Station agar (Williams and
Schmitthenner, 1958). The fourth medium is a common, much used medium,
potato dextrose agar. Williams and Schmitthenner (1958) have demon-
strated these media are effective in the isolation of a broad range of

soil fungi.

(d) Incubation Temperature

The incubation temperature of isolation plates has received
only rare consideration as an operative variabie in the isolation of
fungi from soil (Dickinson and Kent, 1972). The incubation Temperature
selected is usually at or around room temperature (20° ¢ - 25° ) and
is rarely related to environmental temperatures. Panasenko (1967) notes
that most soil fungi are mesothermotolerant and have a developmental
temperature range of 5° ¢ o0 35° ¢ with an optimum of 20° ¢ to 25° ¢.
This suggests that studies using this 20° € to 25° C incubation range
are wiThiﬁ the temperature requirement for development of most soil fungi.
However, it is recognized that not all soil fungi have the ability to

_grow at the same rate at the same temperature on the same medium

(Dickinson and Kent, 1972).



Bisby et al (1935) demonstrated that fungi exhibit spatial dis-
tribution patterns based on soil temperatures. The failure of certain
species of fungi from the same soil to develop consistently on plates
incubated a+ differenT temperatures (15° ¢ and 25° C) was attributed by
Dickinson and Kent (1972) to decreased competitive abilities at higher
temperatures. Since the isolation of fungi from soil involves a mixed,
spafially dksTribuTed population, a greater diversity of species will
likely bé isolafed when a range of temperatures is employed.

Since a range of temperature probably exists in the soils
sampled the four incubation temperatures selected, 10° C, I5° c, 20° C,
and 25° C, probably reflect environmental conditions more closely +than
‘single temperature studies. This temperature regime, in combination with
the media selected, provides a range of growth conditions for the

potential development of a wide spectrum of soil-borne fungi.

(e) Soil Sampling

Any attempt to elucidate the mycoflora of soil must be pre-
ceeded by the collection of a representative soil sample(s). A variety
of sampling methods are available and the frequency of sampling, number
of samples, and the nature and depth of the soil to be sampled are major
considerations in choosing a convenient and éccuraTe samp | ing method.
A core borer was used to sample both Delta Marsh soils; a technique
pioneered by Jensen (1912). Although no definitive information on the
most suitable size for core borers is available, fhe one used herein
fits the guidelines outlined by Parkinson et al (1971).

Soil is usually sampled based on soil profiles. However, since

the soils selected at Delta Marsh do not have well developed or distinct



profiles, soil samples were collected from three arbitrary depths:
0-10 cm, 10-20 cm, and 20-30 cm. The problem of removing a representative
soil sampie from a large sample area has been investigated by Rose and
Miller (1954). They noted .that variations }n plate counts of soil fungi
were mainly due to variation between sample cores and less due to sub-
sampling and plating methods. This was, in part, due to fthe heterogen-
eous nature of the soif environment.

A largé'number of bulked cores were collected in this
study as recommended by Rose and Miller (1954). Further, Lisina-
Kulik and Moiseeva (1971) experimentally determined that the plating
of bulked samples showed a greater number of species, genera, and
colonies of various groups of fungi than the plating of individual

samples.

3. Population Estimates

As discussed in the previous section, the requirement of
methods used in this study is to provide conditions for the isolation
from soil of as many fungal colonies as possible coupled with maximum
diversity. The method used will also involve a certain degree of com-
promise and can probably never isolate a complete spectrum of soil fungi
from the soil population. Those fungi isolated, however, should be
numberically representative, i.e. they should represent as closely as
possible the number of fungal propagative units within the soijl popula-
Tion.

I+ should be noted that the term "population number" has little
meaning when.referring to the sum total of fungi isolated from a soil

sample. The population only truly exists while the soil remains un-



disTurbed and the fungi, once isolated, are best Thoughf of as distant
"relatives" of the parent soil population.

The value of having numerical data is in its comparative
function, and not as an ultimate standard. The term 'estimate' pos-
sibly best describes this data. Egdel! et al (1960) appropriately point
out that different workers using the same methods on the same soil cannot
produce uniform data. What these numbers actually represent is diffi-

: cult to assess since the source of the growth, or propagative unit, on
"#he.isolafion plate is uncertain. It may be a spore, fragment of mycel ium,
or a mass of mycelium. Also, some species produce more growth units

per unit of soil mycelium than do others (Watson, 1960).

The terms "propagative unit(s)" and "propagule" are used
Throughout this study instead of the term "population number(s)¥ in *
recognition of these problems. Watson (1960) used the term 'growth unit,

The numbers of propagative units have been calculated using the
maximum plate counts for all culture conditions (all media at all temp-
eratures) for each soil profile (Appendix F). Parkinson et al (1971)
have recommended this method for International Biological Programme
soil ecology projects.

Even with use of maximum values, diluTioﬁ plate counts produce
underestimates of the total viable population of soil, Skinner et al
(1952) and Warcup (1957) have shown that many propagative units are not
released from soil during soil dilution preparations. Washing of soil,
however, should improve this shortcoming. As well, many propagative
units fail to grow under certain culture conditions (Warcup, 1955 b;
Williams et al, 1965). Hawker and Linton (1971) and Parkinson (1970)
present evidence that indirec+ isolation methods produce lower popula-

tion values for soil than do direct counting methods.



tn summary, the objective of the present study was to deter-
mine Thé occurrence, distribution and probagule numbers of microfungi
in soils from two habitats in Delta Marsh, Manitoba. The approach taken
was to fsoiafe, count and identify microfungi from soil cores collected
in beach ridge and marsh habitats. The techniques used allowed for the
isolation and identification of a large number and wide range of micro-
fungi. These include the collection of a farge number of bulked soil
cores from each habitat, followed by serial soil washing and dilution
plating of wash water and washed soil on a variety of culture media

incubated over a range of temperatures.




METHODS AND MATERIALS




1. Site Description

(a) Site Location

The Delta Marsh is located at the south end of Lake Manitoba
(50° 11" N latitude, 98° 231 y longitude) and covers approximately 15,000
hectares (Figure.l). The marsh proper is separated from Lake Manitoba by
a forested fidge. This sandy beach ridge rises from the beach, forms a
farge stable crest, ahd then slopes to the south into the marsh. A
ﬁumber of channels tfraverse the ridge connecting Lake Manitoba to the
marsh and elevated water levels which periodically occur in Lake Manitoba
may cause inundation of the marsh through these channels.

Two soil sampling sites were chosen for this study: Site A, on
the forested ridge approximately 1400 meters west of Mallard Lodge,
University Field Station, Delta, Manitoba; and Site B, located 800 meters
west of Méllard Lodge and 350 meters south of the lakeshore (Figure 2).
These two sites were chosen because they differed with respect to soil

type, vegetation and moisture regime.

(b) Site A

The forested ridge, a modified Agassiz beach, is underlain by
glauconitic sandsTone, shale, limestone and gypsum of the Sundance Rock
Formation (Jurassic Period). The soil at +His site is a member of the
Agassiz Association - soils which have developed on gravél and coarse
sandy beach deposits of |imestone and granitic origin (Ehrlich et al, 1957).

The weakly developed soil on the crest of the ridge is covered
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by a thin layer of humus. Classified as a fine sandy loam (Ehrlich et al,
1957), it is interspersed with organic lenses. The soil on the raised
beach has no humus Iayer, is mostly sand, but also contains a number of
organic lenses.

Four sampling stations were selected at Si%e A; Two of which
were on the raised beach front on the north side of the ridge, and the
other two on the crest of the ridge. The vegetation of these sampling
stations varies in composition. The raised beach front, periodically
inundated by water, is covered with a zone of Salix spp. which also con-

tains a few individuals of Fraxinus pennsylvanica Marsh. Ground cover is

'compIeTely lacking or very sparse. The well drained, drier crest of the
ridge is vegetated by a stratified deciduous forest (Figure 3). The

deciduous free-layer consists of Acer negundo L., Fraxinus pennsylvanica

Marsh, Ulmus americana L., and occasionally Populus spp. and Quercus

macrocarpa Michx.. The shrub layer contains Cornus stolonifera Michx.,

-Corylus americana -WaIT., Grossularia oxycanthoides (L.)'Mill., Prunus

virginiana L., Rubus idaeus L., Rosa blanda Ait., Sambucus pubens Michx.,

and Symphoricarpos occidentalis Hook (Walker, 1959).

In the open shaded areas of the ridge crest, which is dominated
by large frees, the ground cover differs from those areas containing

smaller ftrees and shrubs. A sparse cover of grass - Agropyron repens (L.)

Beauv., Bromus inermis Leyss., Elymus hirsutiglumis Scribn., and Poa

pratensis L.; and herbs - Sonchus arvensis L.; and Urtica dioica L. var.

procera Wedd. dominate the open cover areas (Walker, 1959). Under denser

cover, the diverse ground vegetation characteristically contains: Aralia

nudicaulis L., Aster laevis L., Asfer simplex Willd., Calystegia sepium L.,

Chamaenerion angustifolium (L.) Scop., Echinocystis lobata (Michx.) T. & G.,

20
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Humu lus americanus Nutt., Mentha canadensis L., Oxybaphus nyctagineus

(Michx.) Sweet, Polygonatum canaliculatum (Mth!) Pursh, Ribes americanum

Mill., Sonchus uliginosus MB., and Urtica gracilis Ait. (LSve and LSve,

1954).

(c) Site B

Site B, located in the marsh, is underlain by the Sundance Rock
Formation (Jurassic Period), and is covered by undifferentiated muck and
peat (Ehrlich et al, 1957). The surface layers are waterlogged in the
early spring (May) but dry down as the water table drops during the grow-
ing season. In 197! the water fable dropped from surface level in May to
83 cm below the surface in September (Phillips, 1976).

The vegefation at Site B is an almost pure stand of Phragmites

communis Trin. with a sparse herb understory including Chenopodium rubrum

L., Cirsium arvense (L.) Scop., Lycopus asper Greene, Mentha arvensis L.,

Stachys palustris L., Teucrium occidentale Gray, and Urtica dicica L. var

procera Wedd. (Phillips, 1976) (Figure 4).
Four sampling stations were located at the corners of a 20 m x

25 m rectangular sampling plot at Site B.

2. Soil Sampling Procedures

(a) Site A
Each of the four sampling stations at Site A was | m2 in area
and consisted of four adjacent % m2 quadrats. The sampliing sites and their

divisions were delimited by a number of painted wooden pegs (Figure 5).

A square hard-board sampling template (Figure 6), which divided
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each % m2 quadrat into sixteen 156,25 cm2 sub-plots, was used to select

the exact location for each soil sample in the following manner. The
template was placed over the corner pegs of a quadrat (Figure 7 a), and
four metal nails were pressed through the template at the corners of one
of the 16 sub-plots, into the soil below (Figure 7 b). The template was
tThen removed (Figure 7 c¢) and the soil samples taken within the 12.5 Cm2
sub-plot delimited by the four remaining nails (Figure 7 d).

On every sampling date three soil cores, totalling 30 cm in
length and 2.8 cm in diamefer, were removed from each of the four % cm2
qﬁadrafs at each of the four sampling stations. These soil cores were
.collecfed in three portions: a 0-10 cm fraction; a 10-20 cm fraction;
and a 20-30 cm fraction. Cores from each of the three fractions were
bulked as each station was sampled. This yielded a bulked total of 16
soil cores for each fraction (four cores at each of four stations).

The initial soil samples at site A were removed with a peat borer
but subsequen+ samples were collected using a simple pipe core borer (Fig-

ure 8). This change was necessitated to prevent the mixing of upper and

lower soil fractions which normally occurred when the peat borer was employed.

tb) Site B

At site B each sampling station was a circular plot with a cir-
cumference of 354 cm and an area of | m2. Each station was divided into
four % m2 quadrants (A, B, C and D); each % m2 quadrant was further sub-
divided into four 625 cm2 sampling sections (Figures 9 and 10}, The
limits of both quadrants and sampling sectors were delimited by color-
coded marker pegs (Figure 11).

A wedge-shaped sampling femplate was used o locate soil sampling
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Figure 9. Diagram of | m2 Site B sampling station showing The sub-~

division info z m2 quadrants and 1/16 m2 sampling sectors.
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sites within each ¢ m2 quadrant. The femplate, covering an area of 625
cm2 was divided into four 156.25 cm2 sampling comparTmehTs, each compart-
ment being 1/16 of the total area of the & m2 quadrants (Figure 12). To
locate the soil sampling site within a quadrant, the template was pushed
between the Phragmites stems in one of four possible sampling sectors,
and attached to the centre peg of the sampling site (Figure 13 a). Next,
the core borer was placed in the appropriate sampling compartment of the
template, and a soil core removed (Figure 13 b). . Subsequent samples were
collected by moving the sampling template to the next sector in the
sampling sequence and removing a soil core from the appropriate sampling
compariment (Figures 13 ¢, 13 d and |3 e).

Early in the growing season, when the soil.was waterlogged, a
single 30 cm x 2.8 cm core was removed in each iz m2 quadrant, The 30 cm
cores were then divided into three fractions; 0-10 cm, 10-20 cm, and

20-30 cm. As the soil dried down during the growiﬁg seasoh, cores were

removed in separate [0 cm portions. On each sampling date four 30 cm

cores, one from each z m2 quadrant, were removed from each sampling
station, either in a single 30 cm core or in 10 cm fractions. Each soil
fraction waé bulked as stations were sampled.

As with site A, initial samples (June 28, 197!) were removed
with a peat borer, later samples were taken with a simple pipe core borer.

The soil sampling fechniques of the two sites were designed to
al low for the difference in vegetation. With the square hardboard tem-
plate used on the ridge, low growing grass, herbs and shrubs could be
pressed down during sampling without damage. This templete was unusable
in the dense tall stands of Phragmites because its use would cause ex-
cessive vegetation damage. The wedge-shaped sampling templiate, however,

could be pushed between the Phragmites stems with little or no damage,
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and still allow for convenient and accurate soil sampling. -

(c) Sampling Schedules

The sampling schedule was designed for weekly sampling over a
I6-week period for both sites A and B. This schedule proved to be un-
realistic because of the large amount of time required to maintain the
laboratory work. The original schedules for both sites are included in
Appendix A. The sites were sampled four times and conform to week numbers
I, 2, 3 and 4 listed in the sampling schedule. The sites were sampled on
the following dates: Site A - June |7, July 3|, August 25, and September
25, 1971; Site B - June 28, July 29, August 27 and September 25, 197].
The June |7 sample was the only sample processed from site A. The June 28
and July 29 samples from site B were amalgamated and were the only samples

{
processed from site B.

3. Laboratory Studies

(i) Soil Washing Technique (Figure 14)

Soil samples were stored at 4° C as soon as possible after
collection, but prior to processing, they were removed from storage, al-
lowed fo return to room temperature, then thoroughly mixed. An aliquot
from each soil fraction (0-10 cm, 10-20 cm, and 20-30 cm) was weighed and
placed in a sterile 500 ml round-boftomed flask. Thirty grams wet weight of
soil was weighed for each site A soil fraction; these were diluted with
270 ml of sterile distilled waTer»+o produce a concentration of IO_]
g wet weight of soil. Soil fractions from site B were weighed on a 30 g

ml
dry weight equivalent basis affer the moisture content of each soil

fraction had been determined. Sterile distilled water was added to these

soil fractions to produce a final dilution of lO—I_q dry weight of soil.
m|

All flasks were stoppered and shaken on a Burrell wrist action shaker at
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Figure 14. Flow Chart of Soil Washing Technique.
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for 30 minutes. The washed soil was allowed to settle for |5 minutes,
the wash water then decanted into a sterile 1000 ml Erlenmeyer flask
which was stoppered with a sterile cotton plug. An equivalent amount of
sterile distilled water replaced the wash water and the soil was rewashed
using The_same procedure. Each soil fraction received three washings;
the wash water for each soil fraction was bulked during this procedure.

(ii) Dilution Plating (Figure 15)

Serial dilutions of the wash water from each soil fraction were
prepared. Using a 10 ml sterile pipette, 10 ml of wash water was seri-
ally diluted by transferring to a series of 100 ml milk ditution bottles
containing 90 ml of sterile distilled water. For site B soil fractions,
sterile 1% aqueous carboxy methyl cellulose (CMC) was used as a diluent
to prevent the settling of suspended soil particles,

Three sets of dilutions (1:10,000; 1:100,000; i:1,000,000)
were prepared for each soil fraction wash from site A and each dilution
set contained four 100 ml replicate dilutions. One dilution set
(1:1,000) was prepared for the site B soil fraction wash and this set
contained three 100 ml replicate dilutions.

Diluted wash water was mixed with four different culture media:
potato-dextrose agar (PDA); Ohio Agricultural Experimental Station agar
(OAES); soil extract agar (SEA); and Litman's crystal violet agar (LCV)
(Appendix B). All media contained streptomycin sulfate and chloram-
phenicol to inhibit the growth of soil bacteria, and the growth inhibitor
oxgall to prevent fungal colony spread.

To prepare a dilution plate a one ml sterile dipper was used to
transfer one ml aliquots of wash water to sterile plastic petri plates.

Approximately 20 mi of culture medium, at 45° C, was immediately added to
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each plate and mixed with the sample by swirling the dish in a circular
motion.

Samples from each soil fraction dilution were plated separately
on the four different culture media and incubated at four different temp-
eratures; 10° C, 15° c, 20° C, and 25° ¢. In the case of soil %racfions
from site A, four replicates of each combfnaTion of cultfure medium and
temperature were prepared; one from each of the four replicates of the
difution seT._ Only three replicates were prepared for each culture
med i um—-temperature combination for each site B soil fraction, one from
each of the three replicates of the wash dilution set. All plates were
incubated in the dark at the appropriate temperature for between six and
ten days,

(iii) Washed Soil Plating (Figure 16)

Washed soil from both sites was cultured under identical con-
ditions to the diluted soil washes, i.e. on the four different culture
media at four different temperatures.

The washed soil fractions from site A were plated undiluted with
molten culture media. A small aliquot (0.035 grams) of washed soii was
aseptically transferred with a spatula to a sterile petri plate, and
approximately 20 ml of molten culture medium at 45° C was added To the
petri plate. The two were then mixed by swirling the plate in a circular
pattern. " Four replicates from each soil fraction were transferred to
each culture medium for each incubation temperature. Aliquots of washed
soil equivalent o those transferred to petri plates were removed for
wet and dry weight determinations.

The washed soil fractions from site B were diluted before they

were plafted with culture medium. A one ml sampie of washed sgil-was
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Total Number Plates = 3 Plates x 4 media x 4 temp.

{:éémWASHED SOIL DILUTION PLATES}
_ ‘ |

Incubation

(10°, 15°, 20° or 25° C for 6-10 days)

A



transferred with a sterile one ml dipper to 99 ml of a sterile 1% aqueous
solution of CMC in a 100 ml milk dilution botfle. This was further
diluted by serially Transferringllo ml aliquots to a series of 100 ml
milk dilution bottles containing 90 ml of sterile 1% CMC until a final
dilﬁfion of 10;3 g wet weight of washed soil was reached. A set of soil

ml
dilutions containing three replicate dilutions was made.

The soil dilution plates for each site B soil fraction were
prepared in triplicate for each culture medium-TehperaTure combination;
one replicate from each of the three bottles in the soil dilution seft.

All plates were incubated under conditions identical fo the
soil wash dilution plaTes.

(iv) Culture and Storage of lIsolated Fungi (Figure 17)

When sufficient growth had occurred, the incubated culture plates

for each soil fraction were removed from the incubator, and fthe fungi
isolated. All possible fungal colonies were isolated by cutting out a
_section of each colony with a sterile needle and Transfer}ing it fo a
petri plate containing the appropriate isolation culture medium. The
four culture media (PDA, OAES, SEA and LCV) were used but lacked strepto-
mycin sulfate, chloramphenicol and oxgall. Sodium propionate and crystal
violeT were also eliminated from the OAES and LCV respectively.

Fungi from site A soil fractions were routinely isolated

from the 1:10,000 soil wash dilution plates; however, in some cases the

1:100,000 and 1:1,000,000 dilution plates were used because of overgrowth.

Each isolated colony was numbered according to site, soil frac-
tion, incubation femperature, and wash fraction using a coding system de-
signed for this study (Appendix C).

The new transfers were then returned to a dérk incubator at the
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INCUBATED PLATES

Isolate all Colonies

Transfer to Plate + Incubate
(Appropriate medium and temperature)

. PURE CULTURE
! !
Sort + Number

|

Transfer to Tubes + lncﬁbafe
(Appropriate medium + temperature)

Store (4° C)
Plate + lncubate
(PCA @ 20° ¢)

|

Identify + Photograph

Figure 7. Flow Chart of Culture, Storage and ldentification of

Isolated Fungi.
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same femperature at which they were originally isolated. When sufficient
growth had occurred the culture plates for each soil fraction were visu-
ally sorted and cultures which appeared to be the same were grouped and
recorded under a single culture number. Where doubt existed, the cultures
were checked under an Olympus binocular stereoscopic microscope. The
culture plates were stored at 4° C in sealed polyethylene bags until they
could be transferred to culture tubes.

Duplicate aseptic transfers to a gar slants were made for each

culture retained. The tubes were label led with the culture number and

reTurﬁed To the dérk incubators. When the surface of the agar slant was
covered with growth, the fubes were removed and prepared for storage.

The cap of one tube of each pair was sealed with masking tape, the remain-
ing culture was covered with sterile mineral oil. All culture tubes were
stored upright in racks at 4° C until they were regrown for identification.

(v) fdentification and Photomicrographyof Fungi (Figure 17)

Fungal cultures were regrown for identification from culture
tubes stored at 4° C onto petri plates containing half strength potato
carrot agar (PCA) (Appendix B). All plates were incubated at 29° Cina
Controlled Environment growth cabinet programmed o a twelve-hour |ight -
twelve-hour dark regime. Light was provided by cool white flourescent
tubes and/or near ultra-violet Tubes.-

Regrown cultures were first examined using an Olympus binocular
stereoscopic microscope, then a smal | sample of each culture including 000
characteristic fruiting structures was mounted in lactopheno!, or lacto-
phenol cotton blue, or lactopheno! fast green, on standard glass micro-

scope slide with a No, | glass coverslip. Slides were examined under

phase contrast optics on a Zeiss Photo-microscope II, and identified
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using standard taxonomic keys (Ainsworth, 1961; Ames, 1961; Barnett and
Hunter, 1972; Barron, 1968; Booth, 1966; Booth, 1971; Brown and Smith,
1957; Carmichael, f962; Clements and Shear, 1931; de Hoog, 1972; Domsch
and Gams, [970; Dorenbosch, 1970; Ellis, 1971; Gams, 197!; Gams and
Gerlagh, 1968; Gilman, 1959; Malloch and Cain, 1971; Morton and Smith,
1963; Raper and Thom, 1968; Rifai, 1969; Samson, [974; Schol-Schwarz,
1970; von Arx, 1970). Of the major groups of fungi encountered (PhycoF
mycetes, Ascomycetes and Fungi Imperfecti) sually only the Ascomycetes
and Fungf Ihperfec+i were identified to species.

The less common or unusual species were phofographed with
phase contrast optics (Ziess Photomicroscope II) and/or interference
contrast optics (Wild Ortholux II) using Kodak Panatomic-X film; routine
film development procedures employing Kédak D-76 developer followed
(Appendix D). Enlarged prints on single weight Kodak Polycontrast-F
photographic paper were produced using Kodak D-72 developer and standard
procedures (Appendix D); these prints were then incorporated into a set
of composite plates. The plates were rephotographed on a 4" x 5" film
format and reprinted onto 83" x |I" single weight Kodak Polycontrast-F

photographic paper.
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RESULTS: TAXONOMY
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I Acremonium'crotocinigenum (Schol-Schwarz) W. Gams, 1971, Cephalo-

sporium-artige Schimmelpilze:|]2.
 (Plate I, Figures a - ¢)

As reported by Gams (1971), the conidia of this species are very
variable. However, the Delta isolates produce spores well within the
range given by Gams, although | never encountered the two-cel led spores
which he records, nor did | note chlamydospores.

This fungus was isolated from beach-ridge soil, and has not been
previously reported in Manitoba.

Cultures - UM 54 (CBS)

2.. Acremonium furcatum (F. & R. Moreau) ex W. Gams, 1970 (1969) Nova

Hedwigia 18:3.
(Plate I, Figures d - h)

The Delta isolates of this species have conidia which are
slightly longer aﬁd wider than the measurements reported by Gams (1971,
and occasionally the conidia appear dumb-bel| shaped rather than cylindric.
However, the differences are minor and do not warrant separation of the
Delta isolates fnTo a separate taxon.

This fungus was isolated from marsh soil, and has not been prey-
fously reported in Manitoba.

Cultures - UM 182 (CBS), UM [83 (CBS) and UM 187 (CBS)

3. Acremonium persicinum (Nicot) W. Gams, 1971, Cephalosporium-artige

Schimmelpilze:75.
(Plate II, Figures a and b)

The Delta isolates assigned to this species agree closely with
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the description given by Gams (]971).
This fungus was isolated from marsh soil, and has not been prev-
fously reported in Manitoba.

Cultures - UM 103 (CBS), UM 105 (CBS) and UM 189 (CBS)

4. Acremonium sclerotigenum (F. & R. Moreau ex Valenta) W. Gams, 1971,

Cephalosporium-artige Schimmelpilze:45,
(Plate 11, Figures c and d)

This species is normally characterized by the presence of hard,
spherical, smooth, hyaline sclerotia, (5-50 (90) u in diameter. However,
The Delta isolate never produced sclerotia, even in prolonged culture, but
in all other respects conformed to the description given for this species
by Gams (1971),

This fungus was isolated from beach-ridge soil, and has not been
previously reported in Manitoba. |

Cultures - UM 186 (CBS)

5. -Acremonium strictum W. Gams, 1971, Cephalosporium~artige Schimmelpilze:

42-43, :
(Plate 11, Figures e and f)
Cultures isclated from both marsh and beach-ridge soil are quite
uniform in their characteristics, and all conform well with Gams (1971)
description of this organism.
- This fungus has not been previously reported in Manitoba.

Cultures - UM 102 (CBS), UM 104 (CBS) and UM 188 (CBS)




6. Alternaria alternata (Fr.) Keissler, 1912, Beih. Bot. Zbl. 29:434,

Cultures isolated from both marsh and beach-ridge soil match the
published descriptions of this common fungus. |1+ has been previously re-
ported from soil in Manitoba by Sutton (1973).

Cultures - UM 63 (CM!)

7. Arthrinium phaeospermum (Corda) M. B. Ellis, 1965, Mycol. Pap. 103:

8-10.
(Pléfe II, Figures g -~ i)
Cultures isolated from marsh soil match the published descrip-
tions of this fungus (Ellis 1965 and 1971). |+ has previously been re-

~ ported in Manitoba on Phragmites communis Traen. and also from soil by

Sutton (1973).

Cultures - UM 27 (CMI)

8. Arthroderma curreyi Berk., 1860, Micr. Journ. ii:240.

(Plate 1I1I, Figures a - c)
Cultures isolated from both marsh and beach-ridge soil match the
published descriptions of the conidial state of this fungus, Which has
not been previously reported in Manitoba. |

Cultures -~ UM 75 (ALTA)

9. Ascodesmis sphaerospora Obrist, 1961, Can. J. Bot. 39:948-950.

(Plate 1II, Figures d - i) |
Cultures isolated from beach-ridge soil match the published des-
cription of this fungus (Obrist, 1961). I+ has not been previously re-
ported in Manitoba.

Cultures - UM 60 (CBS)
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fO. Beauveria bassiana (Bals.) Vuilll., 1912, Bull. Soc. botan. France 59:

34-40.
(Plate 1y, Figures a - d)
MacLeod (1954) in his critical analysis of the characteristics
adopted by ear!fer investigators to differentiate between presumed species
of Beauveria, suggésfed they were not sufficiently distinct or prominent

to warrant establishing seperate species. |If one did not accept Macleod's

treatment of this genus, then our cul+ures would have been referable to

'Beauveria globulifera (Speg.) Picard (a variable species) strains of which

produce a red-purpie pigment in culture -a feature which is common with
our isolates.

This culture was isolated from beach-ridge soil, and has not been
previously reported in Manitoba.

Cultures - UM [12 (SSM), UM [13 (SSM), UM |14 (SSM), UM 115 (SSM)

and UM 116 (SSM)

1. Botryotrichum piluliferum Sacc. & Marchal, in Marchal, 1885, Bull.

Soc. r. Bot. Berg. 24:66.

(Plate Iv, Figures e - g; Plate V, Figures a and b)
Cultures of this fungus isoléfed.from the marsh soil Jack the
setae which are normally characteristic of this species, However, in
all ofher characters, €.g. production of both blastic and phialidic
conidia, nature of the conidiophores, etc., the cultures conform to
published descriptions of B. piluliferum.

This fungus has been previously reported from Mani+toba soils by

Bisby et al. ( 1938).
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12. Botrytis cinerea Pers. ex Fr., 1832, Syst. mycol. 3:393.

(PLaTe V, Figures c - g)
This fungus, which appears to be ubiquitous on all types of de-
caying vegetable material, was isolated from the marsh soil. It has been
previously reported from Manitoba by Bisby et al, (1938). |

Cultures - UM 25 (CMI) and UM 44 (CMI])

I3. Chaetomium funicolum Cooke, 1873, Grevillea 1:176.

(Plate VI, Figures a - d)

This fungus, which is commonly isolated from dung of various
animals and from decaying plant materials, wasvisolafed from marsh soil
during this study.

Bisby et al, (1938) have previously reported the presence of this
fungus in Manifoba5

CulTure - UM 22 (CMI1)

4. Chrysosporium merdarium (Link ex Fr.) Carmichael var. roseum

W. Gams, 1969, Nova Hedwigia 18:6-7.
(Plate VII, Figures a - c)

This rather rare variety was separated on the basis of the deep
rose-coltored, wooly to mealy colonies which bear more or less spherical
aleuriospores that are slightly flattened at their point of attachment.

This fungus was isolated from marsh soil, and has not been
previously reported from Manitoba.

Culfture - UM 193 (CBS)



[5. Chrysosporium pannorum (Link) Hughes, 1958, Can. J. Bot. 36:749.

(Plate VII, Figures d - f)
Isolates obtained from marsh and beach-ridge soils agree with
The published descriptions of this species. It has been previously re-
ported as occurring in Manitoba soils by Bisby et al, (1938), under the

name Geomyces vulgaris Traaen.

Cultures - UM 70 (ALTA), UM 71 (ALTA), UM 72 (ALTA),

UM 73 (ALTA), and UM 122 (DAOM)

16. Cylindrocarpon tax. sp. 1

(Plate VIII, Figures a - f; Plate IX, Figure a)
Isolated from beach-ridge soil this fungus belongs in the genus

Cylindrocarpon but represents a new species.

Single conidia incubated on PDA at 22 - 25° ¢ produce colonies
25 - 33 mm in diameter after ten days. From above, aerial mycelium white,
floccose becoming felted, off-white near the colony margin; in reverse
central area light sienna diffusing into a wide band of pale |uteous
bounded by a creamy white margin. Conidia are formed from simple lateral
phialides or from phialides borneon lateral dichotomously branching con-
idiophores; occasionally producing sporodochia-|ike masses (Plate VIII,
Figures b and c). VPhialides straight-sided, tapering at tip and with a
prominent apical collarette; I3 - 30 x 2 -~ 2.8 p (Plate VIII, Figure d).
Conidia straight or slightly curved, cylindric to slightly obclavate with
rounded distal ends and tapered, truncated distal ends; O - | septate;
16 - 25 x 3 - 5 u, True chlamydospores are not produced but instead
after 2 - 3 weeks many hyphal elements become inflated or swollen, and

their cytoplasm becomes very dense. Such hyphae often separate into
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short chains consisting of several cells. (Plate IX, Figure a).
Although this taxon appears to be closely related to Cylindro-

carpon gracile Bugn., there are sufficient cultural differences, i.e.

conidia and phialide size, and lack of chlamydospores, to Justify it
being described as a seperate species. .

Culture - UM | (CMI)

17. QyHﬁdrocafpon tax. sp. 2

| (Ptate IX, Figures b - i)

Isolated from beach-ridge soil, this taxon has not been previ-
ously described. Single conidia on PDA at 22 - 25° ¢ produce a colony
34 - 36 mm in diameter after [0 days. Centre of colony raised and
covered with coremia-like tufts of white mycelium. Mycelium from above
butf colored, appressed, compact, shiny or wet appearing; folded or
fissured in appearance, with the folds radiating from centre to 2 - 3 mm
fromAedge, with superimposed buff-colored concentric rings | - 1.5 mm
wide alternating with narrower (0.25 mm wide) honey-colored concentric
rings. In reverse, colony buff with radiating folds or fissures.

Conidia produced on simple lateral or terminal phialides on both aerial
and emmersed mycel jum.

Aerial phialides variable in shape; straight-sided to slightly
tapered at both.the proximal and distal ends; flésk-shaped with narrow
neck; or peg-iike (Plate IX, Figures b and c¢) - phialides often becoming
flexuous at the tip (Plate IX, Figure d) and occasionally proliferating
(Plate IX, Figure e). Immersed phialides are more typical of Cylindro-
carpon species; straight-sided to slightly tapering at base and *ip and

widest in middle. Conidia produced in masses surround the tip of
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immersed phialides which bear a marked apical collarette (Plate IX,
Figure f). Phialides 4 - 30 x 1.2 - 2.5 u. Conidia with 0-| septa (usually
cenfrally located) occasionally up to 3 septate, cylindric to rod-shaped,
straight-sided with acute proximal gnd and rounded distal end or straight-
sided with acute ends. Conidialof young cultures are more uniform in
shape, size.and septation (cylindric, O-| septate) than those of older
cultures which ftend to become less cylindric (by developing acute
apices), vary more in size, and may become multiseptate., Older conidia
may also swell and become hour-glass shaped. Conidia measure 4 - 14.5 x
[.5-3u. No chlamyddspores were observed in this isolate.

Culfure - UM 3 (CMI)

!

8. Cylindrocarpon tax. sp. 3

(Plate X, Figures a - g; Plate XI, Figure a)
Isolated from marsh soil, isolates of this fungus represent an

undescribed species of Cylindrocarpon. Single conidia on PDA at 22 - 25° ¢

produce a colony 25 - 28 mm in diameTer after 10 days. Colonies from
above appearing flocculent fo tufted; central region appearing slimy,
umber in colour; progressing to margin, colony becomes light sienna with
pale luteous rings of growth, finally white at margin; rings covered with
slimy fto waxy sporodochial spore masses. Colony in reverse has a central
sienna region bounded by umber zone which becomes luteous to pale luteous
at margin; concentric growth rings are superimposed over colored bands.
Conidia produced on simplie lateral phialides or phialides of
monopodial branching conidiophores which eventually form sporodochial
masses (Plate X, Figure a). Phialides cylindric to tapering at their tip

and bearing a marked apical collarette; 13 - 24 x 3 - 4 u (Plate X,



Figures b - d). Conidia (0) 3 - 4 (5) septate, slightly clavate,

curved, with rounded distal end tapering to smaller rounded proximal

end; 38 - 75 x 5 - 7.5 u (Plate X, Figures e - g). Chlamydospores pro-
duced after 2 - 3 weeks; smooth walled and globose; solitary or in chains
or clusTers;‘+ermina[, intercalary or lateral; hyaline; individual
chlamydospores are 6 - I5 u in diameter (Plate XI, Figure a).

Culfures - UM |0 ~ |3 (CM!) and UM 33 - 4| (CMI)

19. Cylindrocarpon tax. sp. 4

(Plate XI, Figures b - g)
Cultures of this isolate from beach-ridge soil fall within the

taxonomic |imits of the genus Cylindrocarpon, however they appear to rep-

resent an undescribed species. Single conidium transfers on PDA at 22 -
25° ¢ produce colonies 22 - 26 mm in diameter after 10 days. Colonies,
from above, appearing flocculent with abundant aerial mycelium; central
region umber, merging into a zone of concentric growth, which is sienna
to pale luteous, eventually white to off-white éT margin. In reverse

the colonies show concentric growth rings with the same coloration as
above. After approximately 2 - 3 weeks umber-sienna colored hard
stromatic pustules | - 1.5 mm across form in centre of colohy. Sectioned
pustules show an aggregated, rind-like exterior with a pseudoparenchyma-
like core. Conidia produced on éimple phialides, or bifurcate or tri-
furcate branched lateral or terminal phialides, or on phialides of
branched conidiophores which eventually form sporodochia-|ike masses
(Plate XI, Figure b). Phialides cylindric to slightly tapered at Tip
with an apical collarette; 16 - 33 x 2 - 2.5 u (Plate XI, Figures c and

d). Conidia O - | septate, with an approximately central septum;
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cylindric to slightly tapered af the proximal end and truncate; 16 - 25 x
2.5 - 3.5 y (Plate XI, Figures f and g). Chlamydosporesabundant after

2 - 3 weeks; smooth walled and globose; 7 = 20 u in diameter; solitary,
in chains, or clustered; terminal, intercalary, or lateral; hyaline
(Plate XI, Figure e).

Culture - UM 62 (CMI)

20. Cylindrocarpon tax; sp. 5

(Plate XiI, Figures a - h)
Isolated from marsh soil this isolate represents a previously un=

described species of Cylindrocarpon,

Single conidia on PDA at 22 - 25° C produce colonies 19 - 27 mm in
diameter after 10 days. Colonies from above showing abundant aerial myceli-
um in definite concentric circles with a well defined margin; central region
umber grading through sienna-luteous, luteous topale |luteous to white within
6 ﬁm of colony margin; agar pale luteous near margin. In reverse, colonies
show concentric growth, grading from umber at centre to pale luteous at
margin. Conidiaborneon simple lateral phialides or on phialides of branch-
ing conidiophores which eventually form sporodochial masses (Plate XII,
Figure a). Phialides cylindric to tapering at thin Tips or doliform in
shape; all possessing an obvious apical collarette; Il - 21 x 2.5 - 3.5 yu
(Plate XII, Figure b). Conidia 0 - 5 septate, curved, tapering slightly
from rounded distal end to fruncated proximal end; 50 - 65 x 6 - 7.5 u
(Plate XII, Figures g and h). Abundant chlamydospores produced after 2 - 3
weeks, smooth walled, globose, 7 - I5 u in diameter; single, in chains or
clustered; terminal, intercalary or lateral; hyaline (Plate XII, Figures

¢ - e). This isolate of Cylindrocarpon appears to be most closely related
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to the Cylindrocarpon ianthothele Wollenw. group of the currently accepTéd

species of this genus (Booth, 1966).

Cultures - UM 118 (CMI) and UM |19 (CMI)

21. Dactylaria scaphoides Peach, 1942, Trans. Br. mycol. Soc, 35:19-20.

(Plate XIII, Figures a - f; Plate IX, ngure a)l
lsola+és obtained from marsh soil agree with Peach's ([952)
description of this ihTeresTLng nematophagous fungus.
It has not been previously reported from Manitoba.

Culture - UM 125 (DAOM)

22. Doratomyces nanus (Ehrenb. ex Link) Morton & Smith, 1963, Mycol.

Pap. 86:80-82.
(Plate XIV, Figures b - g; Plate XV, Figures a and b)
Isolates obtained from marsh soil agree with the published
description of this fungus.
It has not been previously reported from Manitoba.

Culture - UM 7 (CMI)

23. Doratomyces putredinis (Corda) Morton & Smith, 963, Mycol, Pap. 86:

83-85.

As pointed out by Morton & Smith (1963), this fungus is difficult
to place adequately because it is not really characteristic of the genus
Doratomyces. None of our cultures produced any of the dematiaceous pigment
normally considered to be characteristic for species of this genus and
synnemata, while present, were normally quite sparse.

Isolates were obtained from marsh soil, but this organism has not

been previously reported from Manitoba.
Culture - UM 126 (DAOM) \
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24. Emericellopsis sp.

(Plate X, Figures c - j)

This fungus has much smaller conidia than Emericellopsis minima

Stolk (1955), although in many respects it seems similar to that species,

I+ is possible our organism may be referable to either Emericellopsis

pallida or Emericellopsis donezskii, both described as new species by
Beljakova (1974), but we have been unable to obtain cultures of +hese two
species for comparison. Our fungus does not seem to be identifiable with

any of the other described species of Emericellopsis, although there is..

no doubt it clearly belongs in this genus.
Isolates were obtained from marsh soil, and there have been no

published reports of the occurrence of members of the genus Emericelliopsis

- from Manitoba previously.

Culfure - UM [94 (CBS)

25. Fusarium arthrosporioides Sherb., 1915, Mem. Cornell Univ. agric.

Exp. Stn. 6:175.
Isolates obtained from beach ridge soil conform precisely to
Booth's (1971) published description of this fungus.
Published reports of the occurrence of this fungus in Manitoba
(Bisby et al., 1938; Gordon, 1959) usually involve its presence on, or
isolation from, plant parts. This is apparently the first report of its
direct isolation from soil.

Cultures - UM 81 (CMI), UM 94 (CMI) and UM [17 (CMI)

26. Fusarium graminearum Schwabe, 1838, Fl. Anhaltina 2:285.

Isolates from marsh and beach ridge soil match published des-

criptions of this fungus (Booth, 1971).




Bisby et al. (1938) reported F. graminearum probably occurred in

Manitoba, since its perfect state Gibberella zeae (Schw.) Petch (reported

as Gibberella saubinetii) had been isolated on old corn stalks growing on

the university field plots. I+ has been reported by Gordon (1944) from a
variety of plant parts.
Cultures -~ UM 5 (CMI), UM 30 (CMI), UM 31 (CMI1), UM 32 (CMI),

and UM 88 (CMI)

27. Fusarium lateritium Nees, 1817, Syst. Pilze Schwfmme:3|.

Isolates obtained from beach-ridge soil conform closely with
Booth's (1971) published description of this species.
Bisby et al. (1938) record a doubtful report of F. lateritium

from twigs of Acer negundo L. in Manitoba, but it has been confirmed from

Fraxinus sp. by Gordon (1959),

Cultures - UM 79 (CM!) and UM 86 (CMI!)

- 28. Fusarium oxysporum Schlecht, 1824, Flora berol. 2:139 emend. Snyder

& Hansen pro parte, Am. J. BOT. 27:64-67. 1940.
This organism, regularly isolated from beach-ridge soil, has
long been known fo be one of the commonest Fusaria in Manitoba soils
(Bisby et al., 1938; Gordon, 1954).

Cultures - UM 91 (CMI), UM 92 (CMI) and UM 93 (CMI)

29. Fusarium poae (Peck) Wollenweber, 1913, in Lewis, Bull. Me agric.

Exp. Stn. 219:254-258.
F. poae has been obtained previously in Manitoba from both soil
and by direct isolations from various parts of a large variety of plants

(Bisby et al., 1938; Gordon, 1959). During this study it was regularly
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isolated from beach-ridge soil.

Cultures - UM 90 (CMI)

30. Fusarium semitectum Berk. & Rav., 1875, Grevillea 3:98.

Isélafes from beach-ridge soil agree closely with the published
description of this organism (Booth, 1971), thch has been previously
reported from parts of various Manitoba plant species (Gordon, 1959) and
from soil (Gordon, 1954).

Culture - UM 213

31. Fusarium solani (Mart.) Sacc., 1881, Michelia 2:296, emend. Snyder

and Hansen pro. parte, Am. J. Bot. 28:740. 1941,
This organism, routinely isolated from beach-ridge soil, has
been isolaTed from a wide variety of Manitoba plant species and at least
one insect (Bisby et al., 1938; Gordon, 1959) and from soil (Gordon, 1954),

Cultures - UM 82 (CMI), UM 83 (CMI) and UM 84 (CMI)

32. Fusarium sporotrichioides Sherb., 1915, Mem. Cornell Univ. agric.

Exp. Stn. 6:183..

This species was isolated from beach-ridge soils, and has
previously been reported as occasionally occurring in Manitoba soils by
Bisby et al. (1938) and Gofdon (1954).

Cultures - UM 65 (CMI), UM 77 (CMI), UM 85 (CMI), UM 87 (CMi)

and UM 89 (CMI)

33. Fusarium tabacinum (van Beyma) W. Gams, 1968, Persoonia 5:179.

This fungus was isolated from both marsh and beach-ridge soil
and is doubtfully referred to this taxon. It seems to fall between

Fusarium and Acremonium (Cephalosporium), and it is only by stretching
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the species [imit of F. tabacinum sensu Booth (Booth, pers. comm.) that
my isolates can be accommodated herein. However, this seems to be the
only readily available name at present, and in spite of the identifica-
tion difficulty, my isolates are assigned here for the present.

This organism may have been'previously reported from Manitoba
under another name.

Cultures - UM 2 (CBS), UM 55 (CBS), UM 56 (CBS) and UM 57 (CBS)

34. Fusarium tricinctum (Corda) Sacc., 1886, Sylloge Fung. 4:700.

Isolates obtained from both the marsh-and beach-ridge soils
agree with the published descr{pTions of this organism (Booth, [971).
F. fricinctum has not been previously reported from Manitoba.
Cultures ~ UM 28 (CMI), UM 29 (CMI), UM 67 (CMi), UM 68 (cMm1),
UM 96 (CMI), UM 97 (CMI), UM 98 (CMI), UM 99 (CMI)

’

UM 100 (CMI) and UM 10| (CM!)

35, Fusidium cf. griseum Lk., 1809, Mag. Ges. naturf. Freunde,

Beriin 3:6,

Isolates from marsh soil treated under this name appear to con-
form fairly well fo various descriptions of this organism (e.g. Barron,
1968) except for the occurrence of the somewhat darkér pigmentation than
is normally reported for F. griseum.

The status of the genus Fusidium is in doubt (Booth, 1966), but
as this appears to be the currently employed name, it is used herein,

F. griseum has not been previously reported from Manitoba.

Culture - UM 205 (DAQOM)
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36. Gliocladium catenulatum Gilman & Abbo++, 1927, lowa State Coll.

Journ. Sci. 1:303.
(Plate XVI, Figures a - d)
fsolated from beach-ridge soil, G. catfenulatum was previously
reported on grass seed from Manitoba (Bisby et al., 1938).

Cultures - UM 47 (CBS) and UM 48 (CBS)

37. Gliocladium roseum Bain., 1907, Bul. Soc. Mycol. France 23:111-112

(Plate XVI, Figures e - h)

A fungus under this name was reported to be common in Manitoba
soils by Bisby et al (1938). However, the precise identity of the iso-
lates which we have referred to this species is somewhat doubtful. Our
isolates have spores consistently slightly narrower than the spore width
reported for G. roseum (more |ike those of G. catenulatum) but in other
respects they resemble G. roseum.

Isolated from beach-ridge soil.

Cultures - UM 8 (CBS) and UM 192 (CBS)

38. Gliomastix cerealis (Karst.) Dickinson, 1968, Mycol. Pap. [15:19.

tsolated from marsh soil, G. cerealis has not previously been
reported from Manitoba.

Culture - UM 53 (CMI)

39. Hormiactus alba Preuss, 1851, Linnaea 24:128.

(Plate XVII, Figures a and b)
Isolated from beach-ridge soil, H. alba was previously
questionably reported by Bisby et al. (1938) on bark of Populus sp. in

Manitoba.




[T is questionable whether the isolates here referred to H. alba,
really are that épecies sensu Preuss. Domsch & Gams (1970) state that
H. alba Preuss (Herb. B) possesses phialospores, most current treatments
state H. alba has blastospores, so the true identity of this taxon is in
doubt. However, our isolates appear to conform to the current concept
of H. alba, hencerur use of this name.

Culture — UM 207 (DAOM)

40. Kernia pachypleura Malloch & Cain, 1971, Can. J. Bot. 49:864-866.

(Plate XVII, Figures ¢ - g)

Isolated from beach-ridge soil, K. pachypleura has not been
previously reported from North America. Malloch & Cain (]974) origi-
nally described this ascomycete, and its Scopulariopsis~like conidial
state, from a culture established from African elephant dung collected
in Uganda, Africa. The report of this brganism from Manitoba constitutes
a major extension in the known distribution of this fungus.

Cultures -~ UM 211 (TRTC) and UM 212 (TRTC)

41. Mariannaea elegans (Corda) Samson var. elegans Samson, 1974,

Studies in Mycology 6:75-76.
(Plate XIX, Figures a - d)

Well known under the name Paecilomyces elegans (Corda) Mason

and Hughes (Penicillium elegans Corda) this fungus which was isolated

from marsh soil, has not been previously reported from Manitoba.

Culture - UM 121 (DAOM)
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42. Mortierella alpina Peyronel, 1913, Diss. Padova. Abb. 86.

(Plate XVII, Figure h and Plate XVIII, Figures a - c)
lsolated from marsh and beach-ridge soils, M. alpina has not

been previously reported from Manitoba.
Culture - WM 217

43. Mortierella hyalina (Harz) Gams, 1969, Nova Hedivigia 18:13.
(Plate XVIII, Figures d and e)
lsolaTed from beach-ridge soil, M. hyalina has not been pre-
viously reported from Manitoba.

Culture - UM 2i8

44. Myrothecium roridum Tode ex Fr., 1829, Syst. mycol, 33217,

This extremely common organism (Tulloch, 1972) was isolated
ffom both marsh and beach-ridge soils, It was previously reported as oc-
curring on unidentified plant stems in Manitoba (Sutton, 1968); however,
this fungus does not appear to have been previously isolated from Manitoba
soils. |

Culture - UM 66 (CMI)

45. Paecilomyces farinosus (Holm ex S. F. Gray) Brown & Smith, 1957,

Trans. Brit. mycol. Soc, 40:50.
(Plate XIX, Figures e - -h)

This relatively common organism (Bissett, 1979) has been widely
isolated in Canada from a variety of substrates such as insects, soils,
and rotten wood. However, this appears to be the first report of its
occurrence in.ManiToba, having been isolated from both the marsh and
beach-ridge soils.

Cultures - UM 46 (CMI) and UM 58 (CBS)
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46. Paecilomyces marquandii (Massee) Hughes, 1951, Mycological Paper
45:30.
(Plate XX, Figures a - e)
Isolated from both marsh and beach-ridge soils, this fungus

has not previously been reported from Manitoba.

Cultures - UM 6 (CMI) and UM 59 (CMI|)

47. Penicillium brevi-compactum Dierckx, [901, Soc. Scient. Brux. 25.88.

Isolated from both marsh and beach-ridge soils, this fungus
.hasvpreviously been reported from butter in Manitoba ( Bisby et al.,
1938) .
Cultures - UM 13] (CBS), UM [32 (CBS), UM I33 (CBS),

UM 147 (CBS), UM 150 (CBS) and UM 163 (CBS)

48. Penicillium cf. canescens Sopp, 1912, Vidensk. Skrifter I. Mat. -

Naturv. Klasse [1:181-182.
(Plate XX, Figures f and g)

This fungus was Isolated from both marsh and beach-ridge soils
and, while clearly referable to P. canescens, the conidiophores of this
isolate afe only sparsely roughened (Plate XX, Figure f) when com-
pared with typical isolates of this species. However, the phialides and
the phialospores (Plate XX, Figure g) are characteristic of typical
P. canescens.

Bisby et al. (1938) reported the occurrence of P. canescens in
Manitoba soil.

Cultures - UM 145 (CBS), UM (46 (CBS), UM 148 (CBS),

UM 151 (CBS and UM 167 (CBS)
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49. Penicillium cf. citrinum Thom, 1910, U.S. Dept. Agr., Bur. Anim.

Ind., Bull. 118:61-63.
(Plate XX, Figures h - j)

lsoIaTes.Typical of P. citrinum possess phialospores which are
described as being smooth or nearly so (Roper & Thom, 1968). The Manitoba
isolates obtained during this study from beach-ridge soil have conidio-
phores and phialides characteristic for the species, but their phialo-
spores are disTinc+ly tuberculate (Plate XX, Figure j).

-E, citrinum has not been previously reported in Manitoba.

Cultures - UM 142 (CBS), UM 144 (CBS), UM 160 (CBS), and

UM 164 (CBS)

50. Penicillium cf. claviforme Bainier, 1905, Bull. Soc. mycol. Fr.
21:127. |
This apparent strain of P. claviforme, isolated from both
beach-ridge and marsh soil, has spores slightly smaller than those
normally encountered in this species.
This is the first report of the occurrence of P. claviforme
in Manitoba.

Culture - UM [29 (CBS) and UM [77 (CBS)

51. Penicillium cf. damascenum Bagdadi, 1968, Nov. Sist. niz. Rast.
1968:101.
(Plate XXI, Figures a - ¢)
Isolated from marsh and beach-ridge soils, this strain of
P. damascenum does not have the characteristic smooth conidiophores re-
ported for this species but, rather, it has coarsely roughened conidio~v

phores (Plate XXI, Figures a and b) similar to those of Penicillium




68

rogueforti Thom (Rape} & Thom, 1968). However, The_phialides and
phialospores appear.To be quite typical of P. damascenum (Plate XXI,
Figure c).
P. damascenum has not been previously reported in Manitoba.
Cultures - UM 134 (CBS), UM 135 (CBS), UM 140 (CBS),
UM 141 (CBS), UM [49 (CBS), UM 165 (CBS),

UM 168 (CBS) and UM |72 (CBS)

52. Penicillium expansum Link, 1809, Observationes Ord. Plant.

nat. 1:17.
Isolated from marsh and beach-ridge soils, P. expansum has
previously been isolated from peat in Manitoba (Bisby et al., 1938).

Culture - UM 130 (CBS)

53. Penicillium frequentans Westling, 1911, Ark. Bot. 11:58, 133-134.

1911,
~ Isolated from marsh soil, P. frequentans has previously been
reported from Manitoba soils (Bisby et al., 1938),

Culture - UM 178 (CBS)

54, Penicillium janthinellum Biourge, 1923, La Cellule 30:258-260. 1923

Isolated ffom beach-ridge soil, P. janthinellum is a well known

soil inhabiting fungus in Manitoba (Bisby et al., 1938).

Cuiture - UM 139 (CBS)

55. Penicillium jenseni Zaleski, 1927, Bull. Acad. Polonaise Sci.:Math.

et Nat. Ser. B:494-495,




Isolated from beach-ridge soils, this species has not been
previously reported in Manitoba.

Cultures - UM 54 (CBS) and UM 157 (CRS)

56. Penicillium cf. jenseni Zaleski

. (Plate XXI, Figures d - f)

lsolaTed.from marsh soils, this apparent strain of P. Jenseni,
has uncharacteristically roughened conidiophores (Plate XXI, Figures d
and e), and produces a bright yellow pigment which is visible on +he
reverse of the thallus. The phialides and phialospores, however (Plate
XXI, Figure f), are quite typical of P. Jjenseni.

The frue relationship of this strain to +the typical P. jenseni
is unclear.

Culture - UM 171 (CBS)

57. Penicillium nalgiovensis Laxa, 1932, Zentb!. Bakt. ParasitKde

(Abt. IF) 86:162-163.

Isolated from beach-ridge soil, P. nalgiovensis has not been

previously reported in Manitoba.

Cultures - UM 137 (CBS), UM 138 (CBS) and UM [53 (CBS)

58. Penicillium nigricans (Bain.) Thom, {930, The Penicillia, 35|-353,

The Williams & Wilkins Co., Baltimore, Md.

Isolated from both marsh and beach-ridge soils, this fungus
has previously been.reporfed from Manitoba forest sof!s (Bisby et al.,
1938).

Cultures - UM 158 (CBS), UM 162 (CBS), UM 169 (CBS),

UM 170 (CBS), UM 173 (CBS), and UM 175 (CBS)
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59. Penicillium notatum Westiing, 1911, Ark. Bot. 11:95-97.

Isolated from beach-ridge soil, P. notatum has not been
previously reported in Manitoba.

Culture - UM 166 (CBS)

60. Penicillium oxalicum Currie & Thom, 1915, J. biol. Chem. 22:289,

lso!aTed'from beach-ridge soil, P. oxalicum has previously
been isolated from butter in Manitoba (Bisby et al., 1938), but this is
the first report of i+s recovery from soil,

Culture - UM |52 (CBS)

61. Penicillium rolfsii Thom, 1910, U.S. Dept. Agr., Bur. Anim. Ind.,

Bull. 118:80-81.
Isolated from beach-ridge soil, P. rolfsii has not previously
been reported in Manitoba.

Culture - UM 159 (CBS)

62. Penicillium roseo-purpureum Dierckx, 1901, Soc. Sci, de Bruxelles

25:86.

Isolated from beach-ridge soil, P. roseo-purpureum has not

previousl|y been isolated in Manijtoba.

Cultures - UM 127 (CBS) and UM |61 (CBS)

63. Penicillium Steckii‘Zaleski, 1927, Bull. Acad. Polonaise Sci.:

Math. et Nat. Ser. B:469-47].
Isolated from beach-ridge soil, P. steckii has not previously
been reported from Manitoba.

Cultures - UM .[55 (CBS) and UM 156 (CBS)



64. Penicillium stoloniferum Thom, 1910, U.S. Dept. Agr., Bur. Anim.

fnd., Bull. 118:68-69,

Isolated from marsh soil, P. stoloniferum has not previously

been reported in Manitoba.

Culture - UM 176 (CBS)

65. Penici]]ium vinaceum Gilman & Abbott, 1927, lowa State J. Sci. 1:299.

Isolated from beach-ridge soil, P. vinaceum has not previously
been reported in Manitoba.

Culture - UM 128 (CBS)

66. Peziza ostracoderma Korf, conid. state; 1960, Mycologia 52:648-65] .
(Plate XXIII, Figures a - d)
Isolated from beach-ridge soil, this organism has not previously

been reported in Manitoba.

67. Phialophora fastigiata (Lagerb. & Melin) Conant, 1937, Mycologia
| 29:598. |
(Plate XXI, Figures g and h)
Isolated from both marsh and beach-ridge soils during this
study, this fungus was previously reported from Manitoba soils by

Bisby et al. (1938) as Cadophora fastigiata Lagerb. and Melin,

Cultures - UM 198 (CBS) and UM 199 (CBS)

68. Phialophora malorum (Kidd & Beaum.) McColloch, 1944, Mycologia 36:

589.

(Plate XXI, Figure i and Plate XXII, Figures a and b)
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Isolated from both marsh and beach-ridge soils, this ordanism has
not prevfously been reported in Manitoba.

Cuiture - UM 197 (CBS)

69. Phialephora sp. nov.
(Plate XXII, Figures c = h)

lsolated from marsh soil, this fungus clearly represents an un-
described species of the genus Phialophora.

Cultures on quarter strength Potato Carrot agar (PCA), of flo-
ccose, loose aerial mycelium, not appressed to the agar; at first white
in colour, becoming smoky-grey on aging. Conidiophores when present are
inconspicuous, scatfered or in small clusters on the aerial mycelium and
bearing single or clusters of sporogenous cells at their apices; sporo-
genous heads consisting of fascicles of phialides. Phialides hyaline,
subcylindric to slightly wider at their midpoint, with the distal end
bearing a prominent collarette (3 - 6x2 - 2.5 u); enT;re phialide includ-
ing collarette 9 - 18x2.5 - 3 u (Plate XXII, Figures c, d, e, and f).
Phialospores of two types; firéT—formed spores fully endogenous within
the enclosed tip of the phialide, cylindric to slightly clavate to
occasionally slightly constricted in the middle and measuring
4 - 7xl = 1.5 u (Plate XXII, Figure g). After rupture of the phialide
tip, the first formed spore is released thus creating the prominent
collarette (Plate XXII, Figure c). Secondary spores are subglobose to

elliptic, and measure 1.5 - 2x| - 2 u, with an apiculus remaining

at the point where the spore was attached to the phialide (Plate
XXII, Figure h). Secondary phialospores appear to be enclosed

in a gelatinous sheath, and they aggregate in,gloebid masses about
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the collarette.

Culture - UM 196 (CBS)

70. Phoma fimeti Brunaud, 1889, Bull. Soc. bot. Fr. 36:338. 1889,

Isolated from beach-ridge soils, this species has not previously
been reported from Manitoba.

P. fimeti was originally described from sheep dung in France,
buT the original material was not preserved. Based on the fact that most
coprophilous fungi commonly occur in éoil and that she had a soil isolate
which closely resembled Brunaud's published description, Dorenbosch
(1970) designated a typical soil-isolate (dried) as a neotype for this
name. It Is, therefore, always possible that P. fimeti sensu Brunaud
could be different from P. fimeti sensu Dorenbosch.

Culture - UM I5 (CMI)

71. Phoma glomerata (Corda) Wollenw. & Hochapf., 1936, Z. ParasitKde 8:

592.

As poinTed out by Dorenbosch (1970), P. glomerata is relatively
easy to identify because of its production, in culture, of chains of
dictyospore-like chlamydospores.

This organism is newly reported here from Mani+oba.

Culture -~ UM 16 (CM])

72. Plenodomus sp. nov.
This isolate is a pycnidial form producing relatively massive
pycnidia, with multiple ostioles on elongate necks.

It appears to be an undescribed species of Plenodomus




(E. Punitholingam, pers. comm.). However Sutton (1977) and Boerema &
Kesteren (1963) suggest that this genus should be reduced to syhonomy
with Phoma Sacc.. |If so, the disposition of this isolate should prob-
ably be placed in Phoma.

Culture - UM 24 (CMI)

73. Pyrenochaeta acicola (Lév.) Sacc., 1884, Sylloge Fung. 3:220,

The original type material of this name was not preserved and
the name is now based on a neotype designated by Dorenbosch (1970).

The original description is quite vague, and it is possible
Léveillé's fungus represented a rather different organism than that
presently treated as P. acicola.

Isolated from beach-ridge soils, P. acicola sensu Dorenbosch
has not been previously reported from Manitoba.

Culture - UM 14 (CM1)

74. Pyrenochaeta sp. nov. (?)

The isolates placed under this name clearly key to this genus.

. The pycnidia are setose, and the sporogenous celis, which line the inner

wall of the pycnidium, are almost indistinguishable from the inner
pycnidia] wall celis, but they are, indeed, phialides.
The spores which are produced are hyaline, cylindric, I- to

2-celled, and 10-12 x 2-2.5 u.

This species is clearly different from the common soil borne

species P. acicola (Lév.) Sacc. and P. terrestris (Hansen) Gorenz et al.
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but whether it truly represents an undescribed species cannot be proven.
There does not appear to be any record of a fungus which fits
this description having been previously reported from Manitoba.

Culture - UM 45 (CM1)

75.  Rhinocladiella cf. anceps (Sacc. & Ell.) Hughes, 1958, Can. J.

Bot. 36:801.
(Plate XXIII, Figures e - i)

Isolated from marsh soil, this strain of Rhinocladiella anceps

has larger blastospores than normally reported for this species (Plate
XXIII, Figure 1). However, the proliferating conidiophores and other

features of this strain are typical of those of Rhinocladiella anceps

(Plate XXIII, Figures e - h), so this isolate is considered to represent
a slightly variant form of R. anceps.
This species has not been previously reported in Manitoba.

- Culture - UM 124 (DAOM)

76. Rhinocladiella mansonii (Castel].) Schol-Schwarz, 1968, Antonie van

Leeuwenhoék 34:122-123,
(Plate XXIV, Figures a - d)

This is an extremely variable species; depending upon fhe iso-
late it may produce sympodioconidia, blastospores, phialospores, or
thick-walled fragmenting hyphal elements, and all of these may act as
reproductive unifs.

Isolated from both marsh and beach-ridge soils, this species
has not previously been reported as occurring in Manitoba.

Culture - UM 195 (CBS)

75



76

77. Sporothrix sp.
(Plate XXIV, Figure e)

In the present state of the taxonomy of this genus, it is dif-
ficult for non-specialists to clearly differentiate species of Sporothrix
which do not have an associated perfect state for reference. There are a
number of such accepted species which seem to differ but tittle, and
6ne might question such species delimitation. Further, some related
. genera are very similar to Sporothrix, and one can have difficulties

deciding to which genus specimens should be referred. For example,

Calcafisporiella de Hoog is separated from Sporothrix only because of
the properties of the conidiiferous rachids and the shape of the conidio-

genous celis.

While some species of Ceratocystis reporfted from Manitoba have

Sporothrix-|ike sfafes, there are no previous reports of Sgorofhrix
species from Manitoba soils.

Culture - UM 200 (CBS)

78. Sporotrichum epigaeum Brun. var. terrestre Daszewska, 1912, Bull.

Soc. Bot. Geneva II, 4:294.
(Plate XXIV, Figures f - h)
This organism has not been previously recorded from Manitoba.
Cultures - UM 201 (DAOM), UM 203 (DAOM), UM 204 (DAOM) and

UM 206 (DAOM)

79. Stachybotrys cf. atra Corda, 1837, Icon. Fung. 1:21.
(Plate XXV, Figures a -~ d)

Isolated from both marsh and beach-ridge soils, this strain of
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S. atra has larger phialospores than normally reported for this species,
However, both the conidiophores and phialides agree with published des-
criptions of S. atra, and the present isolate is probably just a variant
thereof.

Sutton (1973) reported S. atra from Manitoba soils,

Cultures - UM 179 (DAOM) and UM 180 (DAOM)

80. Taxonomic genus #I

(Plate XXV, Figures e - g; Plate XXVI, Figures a - ¢)

1solafed from both marsh and beach-ridge soils, this fungus

does not appear to be easily assignable fo any established taxon. A
number of its characteristics fall between those of Trichoderma and

‘Verticillium.

Cultures on quarter-strength PCA appearing granular to some-
what scurfy in surface view; on MalT-EXTraCT agar (MEA) the cultures be-
come somewhat more floccose, Marked diurnal ringing apparent only 6n PCA;
this only slightly visible on MEA. On both agars the cultures appear
chalky-white from above with a slightly pink centre about the point of
inoculation; on MEA the cultures appear slightly vellow in reverse.
Conidiophores, when present, quite well developed; erect; branching.
Phialides solitary or arranged in a subverticillate manner on the branch-
ing conidiophores; variable; short flask-shaped and broadest above the
base then tapering to their point of attachment, or broadest at the base
and straight sided, tapering regularly fto a narrow tip; (Plate XXV, fig-
ures f and g, or Plate XXVI, Figures a and b, respectively); 5-18 x -2 u.

Phialospores variable depending upon the plane of view; oval to almost

-



spherical to limoniform in one plane or flattened on one side and
straight to slightly concave on the other side in the second plane of
view (Plate XXVI, Figure c¢); usually attached eccentrically to the
phialide at maturity (Plate XXV, Figure g); 1.5 - 2.5x 1 - 1.5 u,

Culture - UM 69

8. Trichoderma hamatum (Bon.) Bain aggr. sensu Rifai, 1969, Mycol.

Pap. 116:22-3],
Isolated from marsh and beach-ridge soils, T. hamatum has not
been previously reported from Manitoba.

Culture - UM 50 (CMI)

82. Trichcderma harzianum Rifai aggr., 1969, Mycol. Pap. 116:38-42.

Isolated from marsh and beach-ridge soils, T. harzianum has
not been previously reported from Manitoba.

Cultures - UM 51 (CMIl) and UM 52 (CMI)

83. Trichoderma polysporum (Link ex Pers.) Rifai aggr., 1969, Mycol.

Pap. 116:18-22.
Isolated from beach-ridge soil, it is quite possible that this
organism is what was earlier reported from Manitoba as Trichoderma
album Preuss (Bisby et al., 1938). However, as pointed out by Rifai, no
one really knows what T. album represents since Preuss' specimen has
never been restudied, and many earlier specimens identified as T. album

have been reidentified as T. polysporum.

Culture - UM 214
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84. Trichoderma viride Pers ex S. F. Grey aggr. sensu Rifai, 1969,

Mycol. Pap. [16:47-53,

[solated from marsh soils, T. viride was previously reported

from Manitoba soils by Bisby et al. (1938) as Trichoderma | ignorum Tode

ex Harz.

Culture - UM 215

85. Trichosporon sp.

(Plate XXVI, Figures d and e)
This fungus was isolated from beach-ridge soil and appears to
fit fairly well within this genus. However, it was impossible to refer

it to any species and because some Trichosporon sp. are reported .

to be human pathogens, a detailed study of this organism was not pursued.

Culture - UM 76 (ALTA)

86. Trichurus spiralis Hasselbring, 1900, Bot. Gaz. 29:32].

(Plate XXVI, Figures f - i; Plate XXVII, Figures a and b)
Isolated from marsh soil, T. spiralis has not been previously
reported from Manitoba.

Culture - UM 216

87. Ulocladium atrum Preuss, 1852, Linnaea 25:75.

(Plate XXVII, Figures ¢ ~ g)
Isolated from beach-ridge soil, this species has not been

previously reported in Manitoba.

Culture - UM 74
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88. Verticillium dahliae Klebahn, 1913, Mycol. Centralb. 3:66.

Isolated from marsh soil, V. dahliae has been reported from
wilted elm and from poplar in Manitoba by Ives et al. (1968) and
Sutton (1973).

Culture - UM 23 (CMI)

89. Verticillium lamellicola (F.E.V. Smith) W. Gams, 1971, Cephalo-

sporium-artige Schimmelpilze:|83-184.
(Plate XXVIII, Figures d and e)
This organism which is not commonly isolated from soil was

obtained from both marsh and beach-ridge soils. This is the first re-
port of this fungus from Manitoba.

Cultures - UM 106 (CBS), UM 107 (CBS) and UM 108 (CBS)

90. Verticillium lecanii (Zimm.) Vidgas, 1939, Rev. Inst. Cafe

Sao-Paulo 14:754,
(Pjate XXVIII, Figures f and g)
Although widely reported from a variety of substrates, V. lecanii,
like V. lamellicola, is rarely reported as being directly isolated from
soil. It has not previdusly been recorded from Manitoba.

Cultures - UM 109 (CBS) and UM [10 (CBS)

9l. Verticillium nigrescens Pethybridge, 1919, Trans. Br. mycol.

Soc. 6:177.
Isolated from marsh and beach-ridge soils, V. nigrescens has not

been previously reported in Manitoba.

Culftures - UM 18 (CMI[), UM 19 (CM1), UM 61 (CBS), UM I8l (CBS),
UM 184 (CBS), and UM |91 (CBS)




92. Verticillium tenerum (Nees ex Pers.) Link, 1824, Linn. Spec.

Plant 1:75.
(Plate XXIX, Figures c and d)

Isolated from marsh and beach-ridge soils, this is the firs+

report of this organism occurring in Manitoba.

Culture - UM 11 (CBS)

93. Verticillium tax. sp. 1

(Plate XXVIII, Figure h; Plate XXIX, Figures a and b)
While, to date, . this organism is not referable to any of the

presently accepted species of Verticillium, it clearly belongs in that

genus.
I't is possible it may represent a new. species isolated from
marsh soil,

Culture - UM 190 (CBS)

94. Verticillium tax. sp. 2
(Plate XXVIII, Figures a - c)
Isolated ffom beach-ridge soil, the specific identity of this
fyngus remains unclear. This isolate has cultural characteristics common

to some species of both Acremonium and Verticillium but it appears to be

most closely related to Verticillium albo-atrum Runke & Berthoid. How-

ever, sufficient differences probably exist to warrant separate status
for this isolate.

Culture - UM 185 (CBS)
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95. Volutella ciliata (Alb. & Schw.) Fr., 1832, Systema Mycol. 3:467.

(Plate XXIX, Figures e - g; Plate XXX, Figure a)

Isolated during this study from beach-ridge soil, V. ciliata
was previously tentatively identified as occurring on Fraxinus in
Manitoba by Bisby et al. (1938); there are no previous reports of
V. ciliata from Manitoba soil. The actual nomenclature of +his species
is In doubt since Hughes (1958) noted that V. ciliata (Alb. & Schw.) Fr.
is illegitimate.

Culture - UM 208 (DAOM)

96. Volutella sp.
(Plate XXX, Figures b ~ d)
Isolated from beach-ridge soil, this Volutella species is most

likely either Volutella gilva (Pers. ex Fr.) Sacc. or Volutella roseola

Cooke, but since no type material nor accurate description of these

species was seen, specific identification is incomplete.

- Bisby et al. (1938) reported V. roseola from soil in Manitoba.
fT should be nofed that both of these names are nomina illegitima

(Hughes, 1958).

Culture - UM 209 (DAOM)

97. Wardomyces anomalus Brooks & Hansf., 1923, Trans. Br. Mycol, Soc. 8:

[35-~137.
(Plate XXX, Figures e - g)

Isolated from beach-ridge soil, Wardomyces anomalus has not

been previously reported in Manitoba,
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PLATE I

Acremonium crotocinigenum (Schol-Schwarz) W. Gams

(Figures a-c)
Figure a. Phialide with phialospore (x 800)
Figure b. Phialospores (x 2000)

Figure c. Infercalary and terminal chlamydospores (x 2000)

Acremonium furcatum (F. & R. Moreau) ex W. Gams (Figures d-h)
Figure d. Simple phialides'wi+h phialospores (x 800)
Figure e. Branched schizophialide (x 800)

Figure f. Proliferating schizophialide; (arrow - original
conidiogenous site) (x [700)

Figure g. Branched schizophialide (x 1700)

Figure h. Phialospores (x 2000)
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PLATE II

Acremonium persicinum (Nicot) W. Gams (Figures a and b)

Figure a. Simple phialides producing immature and mature
phialospores (x 800)

Figure b. Phialospores (x 2000)

Acremonium sclerotigenum (F. & R. Moreau ex Valenta) W. Gams

(Figures ¢ and d)
Figure c. Simple phialides (x 800)

Figure d. Phialospores (x 2000)

Acremonium strictum W. Gams (Figures e and f)

Figure e. Simple phialides (x 800)

Figure f. Phialospores (x 2000)

Arthrinium phaeospermum (Corda) M. B. Ellis (Figures g - i)

Figure g. Blastoconidia with germ slits (x 1000)
Figure h. Conidiophore mother cell with blastospores (x 2000)

Figure i. Blasfoconidia with germ slit (arrow) (x 2000)



