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SUMMARY

Five genera, including the newly segregated genus
Burenia, are recognized as members of the single fam-
ily of the Protomycetales. Keys are provided to the
genera and the nineteen recognized species, including
one new species, of Protomycetales.

INTRODUCTION

From the time Unger (1833) described the first species
of Protomyces, P. macrosporus, the taxonomic position of
these fungi has remained uncertain. De Bary (1887) treated
them as a group alongside the Ustilaginaceae, as did Ward

Contribution No. 582, Department of Plant Pathology and
No. 1192, Division of Biology, Kansas Agricultural Ex-
periment Station. This study was supported in part by
the Kansas Agricultural Experiment Station and NSF grant
GB-14972.

Present address: Department of Plant Pathology, College
of Agriculture, Andhra Pradesh University, Rajendranagar,
Hyderabad, India.



(1887) and Plowright (1889), connecting them through the
Chytridiaceae to the Phycomycetes. Van Tieghem (as given
in Sappin-Trouffy, 1897) in his Traite General de Botani-
que was the first to relate the characteristics of the Pro-
tomycetaceae to the Taphrinaceae. Brefeld and Tavel (1891)
included Ascoidea, Thelobolus and Protomyces into a new
group: Hemiasci, which they considered as a link between
the Phycomycetes and the Ascomycetes. Popta (1899) how-
ever, did not include Protomyces in the Hemiasci, but
clearly placed it among the higher Phycomycetes.

Considering the vesicle, within which the ascospores
are produced, to be a synascus (a structure containing
many asci without walls) von Buren (1922) agreed with
Juel (1921) in linking the Hemiasci, Protomyces, Protomy-
copsis, Volkartia and Taphridium with the Taphrinaceae.
Gaumann and Dodge (1928) treated the Taphrinaceae and Pro-
tomycetaceae as families of the order Taphrinales, based
on the assumption that the ascogenous cells of Protomyce-
taceae are homologous to the ascogenous cells of the Taph-
rinaceae. Fitzpatrick (1930) disagreed; he considered the
Protomycetaceae as having phycomycetous affinities. Bes-
sey (1950) placed the group as an order in the Phycomyce-
tes. Martin (1950) placed the Protomycetaceae as a family
in the Taphrinales while Giuman (1964) and Kramer (1973)
treated the group as an order in the Hemiascomycetes.

Much of the confusion has resulted from the differ-
ences in opinion on the nature of the vesicle that is pro-
duced from thick walled, multinucleate resting spores
(herein refered to as the ascogenous cells) in most species
and on the formation of the ascospores. In addition, asco-
genous cells generally have been referred te in the liter-
ature as chlamydospores, indicating an asexual function.
However, in some species the walls are not thick, germina-
tion may occur without a rest period in some and those that
have been studied cytologically are believed to be involved
in a sexual phase (von Buren, 1915; Valadon et al., 1962;
Pavgi and Mukhopadhyay, 1970).

The Protomycetales have received little attention as a
group and a full taxonomic treatment of them is lacking.
The studies of von Buren (1915, 1922) did not consider the
species on a worldwide basis. We reexamined all available
material in light of existing knowledge and attempted to
provide a basis and stimulation for further collection and
study of these fungi.



Most studies, on which our discussions are based, have
been conducted on only one or a few species. More exten-
sive studies on ascospore formation, cytology, cell compo-
sition, cultural characters, nutritional physiology, path-
ogenicity and probable saprophytic stages in nature are
needed for a better understanding of the inter- as well as
intrarelationships of these organisms.

THE ORGANISM

Cytology and Endospore Formation

The first work on the cytology and development of
Protomyces was done by Sappin-Trouffy (1897) and Popta
(1899). However, it was von Buren (1915) who proposed the
first concept regarding the nature of the vesicle. He as-
sumed that nuclear fusion occurred in the young ascogenous
cells (now known to occur in some species in conjugated
ascospores) and that when the ascogenous cells germinated
the diploid nuclei became located in a peripheral layer
within the vesicle. He proposed that the diploid nuclei
divided meiotically to produce four haploid ascospores and
that each tetrad resulting from a single spore mother cell
was homologous to an ascus. He referred to the tetrads as
naked asci and to the entire vesicle as a synascus of many
naked asci. This concept of ascospore formation and the
nature of the vesicle has been confirmed by Pavgi and Muk-
hopadhyay (1970) for Protomyces macrosparus.

Establishment of Diplophase

Immediately following their liberation, ascospores may
conjugate in pairs. Conjugation was observed by many
earlier workers, including De Bary (1887), von Buren (1915)
and Tubaki (1957). In 1962, Valadon et al., demonstrated
bipolar heterothallism in Protomyces inundatus, though nu-
clear fusion in the conjugated cells was not demonstrated
microscopically until later (Venitt et al., 1968). Both
the haploid and diploid cells are capable of multiplying
by budding in a yeastlike manner (Valadon et al., 1962)
similar to that in Taphrina. This yeastlike phase can be
maintained easily in culture (Tubaki, 1957), but nothing
is known about this stage in nature.



The Parasitic Phase

Working with haploid and diploid cultures of Proto-
myces inundatus Valadon et al. (1962) showed that only the
fused ascospores or cells derived from them were infective,
producing mycelium on the host surface (the mycelium even-
tually penetrating the epidermis). Unfused ascospores bud-
ded heavily without producing mycelium, so were incapable
of penetration and infection. Von Buren (1915) observed
spores producing a germ tube that penetrated directly be-
tween the epidermal cells but not through stcmata.

The multinucleate septate mycelium (Fig. 1) invades
the host tissues intercellularly penetrating throughout
all tissues. Although tending to avoid xylem vessels, the
mycelium commonly concentrates around the vascular bundles
(von Buren, 1915).

Hypertrophy and hyperplasia of the infected tissues
generally results in the formation of distinct galls or
swellings. Gall formation is most common in Protomyces
and less common or absent in other genera. Leaves, stems,
flowers, fruits and other aerial parts of plants may be in-
fected, although some species of the fungus prefer certain
host parts. Several species of Protomyces tend to loca-
lize along the veinlets, veins and midrib; occasionally
they are responsible for blisterlike swellings in the in-
terveinal areas of the leaf lamina. Species of Protomy-
copeis cause leaf spots which may be only slightly swollen.
The genera Taphridiwn and Volkartia (except for Taphridium
ecicutae) cause lesions that may involve the entire leaf
lamina.

Formation of Ascogenous Cells

Ascogenous cells may be formed intercalaraly (Figs.
2-4) or terminally (Fig. 5) by enlargement of the mycelial
cell which in most species is accompanied by the formation
of a thick cell wall. The exact process by which walls of

Figs. 1-7. 284X. 1, Protomyces macrosporus, hyphae.
2-3, P. macrosporus intercalary spore formation; 2, arrow
indicates young spore; 3, arrows indicate hyphal fragments
on either end. 4, P. pachydermus, intercalary spore forma-
tion. 5, Protomycopsis belledis, terminal spore formation.
6, Protomyces macrosporus: a. germinating ascogenous spore;
b. vesicle. 7, Volkartia rhaetica, germinating ascogenous
spore (a) and vesicle (b) with ascospores.






the ascogenous cells are formed, however, has not been
demonstrated.

The ascogenous cells are spherical to subspherical but
may be somewhat angular due to pressures from the surround-
ing host tissue. Average size ranges from 17 to 73 y in
diameter, although average diameter seems to be relatively
constant for a given species.

In Protomyces and Protomycopsis, ascogenous cells oc-
cur scattered throughout the host tissues; in Taphridiwm
(except for Taphridium ecicutae) and Volkartia, ascogenous
cells are produced in a single layer, usually just below
the upper (rarely inside the lower) epidermis.

Opinions on the layers and thickness of ascogenous
cell walls differ considerably. For Protomyces, Sappin-
Trouffy (1897) described the wall as three layered. Von
Buren (1915) referred to the layers as exosporium (general-
ly thick), mesosporium (generally thin), and endosporium
(of variable thickness). Most other workers have described
the wall as two layered (Davis, 1907; Sawada, 1928). Be-
cause the so-called inner wall often has been interpreted
as including a layer of peripheral cytoplasm (Davis, 1907),
various wall thicknesses have been reported. Using the el-
ectron microscope, Nozu and Yamamoto (1970) demonstrated
that the wall of Protomyces inouyei is composed of two
layers. We found that the apparent increase in the thick-
ness of the ascogenous cell wall in Protomyces macrosporus
was proportionate to the length of time the specimen was
boiled in water. The increase was still greater when as-—
cogenous cells were boiled in KOH.

The ascogenous cells of all genera are unicellular and
multinucleate, the number of nuclei per ascogenous cell
being about 50 for Protomyces macrosporus (Pavgi and Muk-
hopadhyay, 1970) and 100 to 200 for Protomyces inundatus
(Valadon et al., 1962).

Ascogenous Cell Germination

In Protomyces and Protomycopsis, a rest period is
required before the ascogenous cell will germinate. Tuba-
ki (1957) found that seven months was required for three
species of Protomyces. Protomyces inundatus, an exception,
will germinate immediately, as will all species of Taphri-
dium and Volkartia that have been studied.



When the ascogenous cell begins to germinate, the
homogeneous protoplasm differentiates into a central and
marginal zone followed first by the appearance of vacuoles
in the central portion and gradually toward the marginal
zone, In those species that form vesicles, the ascogenous
cell wall splits, allowing the vesicle to protrude (Fig.
6). The wall of the vesicle is the so-called endosporium.
The vacuoles then begin fusing from the center, finally
resulting in a large central vacuole which forces the pro-
toplast to become concentrated in a thin peripheral layer.
The vesicle is fairly constant in shape and size in some
species, but in others may vary in length as much as three-
fold (von Buren, 1915, 1922; Gupta and Singa, 1964; Tubaki,
1957).

Once the vesicle is fully extended, the nuclei become
arranged in a single peripheral layer. Pavgi and Mukhopad-
hyay (1970) stated that in Protomyces macrosporus this is
followed by "radial septation' resulting in a single layer
of uninucleate cells each of which undergoes meiosis to
produce four haploid spores. They reported the chromosome
number in P. maecrosporus was two (n = 2).

After they form, the ascospores accumulate at the apex
of the vesicle. Not all the cytoplasm is used to form as-
cospores. The epiplasm functions in producing excessive
turgor that causes the vesicle to rupture, ejecting the
contents in a single mass (von Buren, 1915). As soon as
the ascospores (measuring 4.5 x 3 p in P. macrosporus) are
liberated, they unite in pairs by protruding small appen-
dages. Copulation of ascospores has been observed in the
genera Protomyces, Taphridium and Volkartia (Maire, 1907)
but not in Protomycopsis (Fitzpatrick, 1930).

In some species, vesicles are not produced. Instead
ascospores are formed within the ascogenous cell (Juel,
1902; Dangeard, 1906; Valadon et al., 1962). This type of
germination is characteristic of species of Taphridium and
the new genus described below. In Volkartia, germination
also occurs immediately but a vesicle similar to that of
Protomyces and Protomycopsis forms (Fig. 7). Maire (1907),
who described Volkartia, found that the ascospores some-
times formed within the ascogenous cell before the rupture
of the external wall and at other times in the vesicle.
The arrangement of germinated ascogenous cells with vesi-
cles filled with ascospores in the genus Volkartia resem-
bles in appearance the ascogenous layer of asci in species
of Taphrina.



Mixia difters from all these in that the wall of a
multinucleate cell of the mycelium extends outward in the
form of a papilla. There is no rupturing of the ascogenous
cell wall and while the papilla is elongating, a columella
forms delimiting the sporogenous protoplast from a sterile
central portion. Whether or not ascospore formation is
similar to that reported for Protomyces is not known.

Cell Wall Composition

Von Buren (1915) considered the cell walls of Proto-
myces to be composed of cellulose on the basis of the re-
action with chloride of zinc. Valadon et al. (1962), con-
sidering this method of testing for cellulose being unre-
liable, determined the wall composition by chemical analy-
sis. Working with Protomyces inundatus, they showed that
the cell wall is composed of neither cellulose nor chitin
but glucan, a polysaccharide also found in the cell wall
of yeasts. In addition they also detected the presence
of an alkali-soluble polysaccharide that produced mannose
on hydrolysis, another similarity with cell wall composi-
tion of yeasts.

Host Spectialization

The host range of these fungi is restricted: Proto-
myces occurs on Umbelliferae and Compositae; Protomycopsis
on Compositae; Taphridiwm on Umbelliferae; and Volkartia
on Compositae. Mixia, which is doubtfully placed here,
occurs on the fern Osmunda.

Von Buren (1922) used the results of cross inoculation
studies of- various isolates on different host species to
differentiate species and form-species of the pathogen.
Several of the species he created, based on pathogenicity,
are forms that are morphologically similar and produce
identical symptoms on closely related hosts. Also, there
have been many species described as members of the Proto-
mycetales based primarily on pathogenicity that have been
found to belong to other groups such as the Ustilaginales.

Gupta and Sinha (1964), who studied the variation in
pathogenicity of several isolates of Protomyces macrosporus
from Cortandrum sativum on several cultivars, recognized

three categories in their isolates based on differential
reaction.



TAXONOMY

ORDER PROTOMYCETALES

PROTOMYCETALES Gﬁumann, Die Pilze, Birkhauser Verlag,
Basel und Stuttgart 107. 1964.

Fungi causing galls and lesions on stems, leaves, and
petioles of higher plants. Mycelium intercellular, sep-
tate, and multinucleate in a diploid state. Ascocarp
lacking. Thick-walled multinucleate ascogenous cells pro-
duced intercalaraly or terminally on the mycelium through-
out the host tissues or in a single subepidermal layer;
germinating either immediately or after a period of rest,
with or without the production of a vesicle. Ascospores
resulting from meiotic division of the diploid nuclei; in
some the entire contents forcibly discharged; usually
fusing in pairs; budding in a yeastlike manner; only di-
ploid cells capable of infection.

FAMILY PROTOMYCETACEAE

PROTOMYCETACEAE De Bary in Saccardo, Syll. Fung.
17: 317. 1905,

There is a single family with the characters of the
order.

KEY TO GENERA OF PROTOMYCETACEAE

1. Ascogenous cells formed throughout the tissues of

the host - - - - - . - - - - L - - - . - . - - - 2
1. Ascogenous cells formed in a single layer beneath

the Host epldermls o v o+ a & o 2 s o o s o 3.+ . 3 » 4
2. Ascogenous cells forming ascospores without a rest

period; vesicle not produced . . . . . . . . . BURENIA

2. Ascogenous cells requiring a rest period before
germinating to form a vesicle in which the asco-
SpOTEs aYre fOrmed s w b o e e e e e e w e aw w3

3. Ascogenous cells produced intercalaraly, smooth

WALEEA o7 o el |6 e e e mil e . . - . PROTOMYCES
3. Ascogenous cells produced terminally, rough

walled at least when young . . . . . . . PROTOMYCOPSIS
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4. Ascospores produced within the ascogenous cell;

vesicle not produced . . . . . . « +TAPHRIDIUM
4. Ascospores produced withinethe ascogenous cell

or inside the vesicle; vesicle always pro-

dueBds o o s s @ W R B R F Box s & e owm e w o VODKARTTA

GENUS BURENIA

Burenia gen. nov.

Membra paracitica in Umbelliferis facientia pustulas
tumores in caulibus v. in foliis. Cellula ascogenicae for-
mulatae per telas; sphaericae v. ellipticae; laete flavido-
brunneae; habentes parietes leves; statim germinates sine
quite. Ascosporae in situ productis; non vesiculis produc-
tis.

Members parasitic on Umbelliferae causing blisters or
swellings on stems and leaves. Ascogenous cells formed
throughout the tissues; spherical to elliptical; light
yellowish-brown; smooth-walled; germinate immediately with-
out a rest period. Ascospores formed within the ascogenous
cells; vesicle not produced.

TYPE SPECIES: Taphridium cicutae Lindroth

The two species for which this new genus has been
created previously belonged to the genera Protomyces and
Taphridiun. The fungus referred to as Protomyces inunda-
tus was first described as P. macrosporus (Sappin-Trouffy,
1897). However, in 1883, Phillips identified (without
description) a specimen as P. helosciadii, which we exami-
ned and found to be identical to P. Znundatus.

The drawing of the fungus in Sappin-Trouffy's paper
clearly shows a different method of endospore formation
than that of P. macrosporus. Because the ascogenous cell
produces ascospores without a rest period, Dangeard (1906)
proposed the name P. Znundatus. Based on its Taphridiwn-
like germination of the ascogenous cell, von Buren (1915)
transferred the species to Taphridiwn. However, after
finding that a few ascogenous cells also germinated in a
Protomyces-like manner (producing ascospores within a vesi-
cle after a period of rest), von Buren (1918) placed it
back in Protomyces. Valadon et al. (1962), who studied
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the fungus intensively, found that all ascogenous cells
germinated in a Taphridiwn-like manner.

The species hitherto referred to as Taphridium cicu-
tae was described by Lindroth in 1904. The ascogenous
cells of this species also germinate immediately without
producing a vesicle. Juel (1921) who studied the genus
Taphridium in detail, thought the species probably belonged
to the genus Protomyces because it produced ascogenous
cells throughout the tissues and not in a single subepider-
mal layer, as do species of Taphridium.

Like Protomyces, the two species here placed in the
genus Burenia, produce ascogenous cells throughout the host
tissues and their ascogenous cells germinate in a Taphri-
dium-like manner. Because they have characteristics clear-
ly different from those of both Protomyces and Taphridium,
we placed them in a new genus Burenia named after G. von
Buren, who for more than half a century has contributed
greatly to our knowledge of this group.

KEY TO THE SPECIES OF BURENIA

1. Ascogenous cells 55(37-73) x 63(37-100) u; parasitic

on species of CLeuta « « ¢« « « + « o« ¢« o« «» o« Bs cicuta
1. Ascogenous cells 47(30-56) u; parasitic on species
of Apiwm, Daucus and Siwm. . . . . . . . . B. inundata

1. Burenia eicuta (Lindroth) Reddy & Kramer, comb. nov.

BASIONYM: Taphridiwn cicutae Lindroth, Acta Societatis
pro Fauna et Flora Fennia 26(5): 9. 1904.

ILLUSTRATIONS: Figs. 8-11.

Pustules at the base or tip of the petiole; round,
elliptical to elongate. Ascogenous spores spherical to
elliptical; 55(37-74) x 63 (37-100) p. Ascospores 4-7 x
1-2 y; fusion of ascospores not observed.

HOST GENUS: Cicuta

DISTRIBUTION: Europe: Finland, U.S.S.R.
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2. Burenia inundata (Dangeard) Reddy & Kramer, comb. nov.

SYNONYM: Protomyces helosciadii Phillips, 1883, nom,
nudum

BASIONYM: Protomyces inundatus Dangeard, Le Botaniste
9: 274. 1906.

SYNONYM: Taphridium inundatus (Dangeard) von Buren,
Beitr. Kryptfl. Schweiz 5(1): 29. 1915.

ILLUSTRATIONS: Figs. 12-16.

Small blister-like warts on leaves. Ascogenous cells
spherical to roughly spherical, 47(30-56) u; light brown.
Ascospores usually produced within the ascogenous cells

which do not undergo a rest period; following release,
fusing in pairs.

HOST GENERA: Apzwn, Daucus, Sium

DISTRIBUTION: Europe: England, France, W. Germany,
Switzerland

OBSERVATIONS: A collection on Sium latifoliwm L. (France,
May 1884, J. Therry, 3025 (N.Y.) originally reported as a
host for Protomyces macrosporus, was found instead to host
Burenia inundata. From this it seems likely that Siwm
grectun Huds., also a reported host for P. macrosporus of
which specimens have been unavailable, is similarly a host
of B. tnundata.

GENUS PROTOMYCES

Protomjces Unger, Die Exantheme der Pflanzen Wien 341.
1833.

"Figs. 8-11. Burenia eicuta: B8, pustules on petioles
of Cicuta virosa (arrows); 9-10, cross section of pustule
(9. 73X, 10. 284X); 11, ascospores formed within ascogenous
cells, slide prepared from teased material. Figs. 12-16.
Burenia inundata: 12, blisters on leaves of Apiwm nodiflo-
rum; 13-14, cross section of blister showing germination of
ascogenous cells (13. 73X, 14. part shown by arrow in 13,
284X) ; 15, ascogenous cell from teased material, 284X; 16,

ascospores formed within ascogenous cells, from teased ma-
terial, 284X.
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Parasitic on species of Compositae and Umbelliferae;
galls on stems, leaves, flowers, and fruits; on leaves
galls usually restricted to petiole, midrib, veins, and
veinlets; hypertrophy and hyperplasia occurring in various
degrees, Ascogenous cells occurring intercalaraly in the
intercellular mycelium throughout the infected tissues;
spherical to subspherical, rarely broadly ellipsoidal;
walls pale to light yellowish-brown, thick and smooth
(rough in P. Znouyei); germinating on overwintered remains
of host by forming vesicles. Numerous haploid ascospores
produced in the vesicle; following release, ascospores
fusing in pairs.

TYPE SPECIES: Protomyces macrosporus Unger

KEY TO SPECIES OF PROTOMYCES BASED ON HOST GENERA

UMBELLIFERAE:

Host genera include: Aegopodium, Ammi, Angelica,
Anthriscus, Archangelieca, Athamanta, Canopodium, Carum,
Caucalis, Chaerophyllum, Coriandrum, Ferula, Heracleunm,
Hydrocotyle, Laserpitiwm, Ligusticum, Mewm, Onanthe, Pan-
eteta, Parum, Peucedanum, Pimpinella, Seseli, Silaus, Thap-
sia, and Trinia.

Ascogenous cells 51(37-74) u; small to medium galls
on stems, leaves, flowers, and fruits; Europe, S.

Asia arld N. Africao S T T Pu macmapom
COMPOSITAE:
Ambrosia
Ascogenous cells 65(48-83) x 73(52-85) yu; large
galls on stem; N. America . . . . . P. grandisporus
Ascogenous cells 37(30-52) u; large galls usually
on stems; N. America. . . . . . . . . . P, gravidus
Aposeris

Ascogenous cells 36(26-52) u; swellings on midrib,
veins, and veinlets; Europe, Israel and Japan
* s s e w e s e s e s s s e s o s P, pachydermus
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Bidens
Ascogenous cells 59(48-74) x 63(48-74) y; large galls
on stems; S. America. . . . s s s o o P ondinus
Ascogenous cells 37(30-52) u; large galls usually on
stems; N. America and Europe. . . . . . P. gravidus
Centaurea
Ascogenous cells 36(26-52) u; swellings on midrib,
veins, and veinlets; Europe . . . . . P. pachydermus
Crepis

Ascogenous cells 36(26-52) u, walls smooth; swellings
on midrib and veins; Europe . . . . . P. pachydermus

Ascogenous cells 38(33-48) u, walls rough; swellings
on leaves and large galls on stems and petioles;
JABEN 5 5.5 2§ & o & Bl & &5 % ow o LB SN0RYST

Galinsoga

Ascogenous cells 54(33-67) x 58(44-78) u; large
linear galls on stems and leaves; Europe
ke G S s ey w e P DRGNS

Hyoseris

Ascogenous cells 36(26-52) p; swellings on midrib,
veins, and veinlets; Europe . . . . . P. pachydermus

Hypochoeris

Ascogenous cells 59(48-74) x 63(48-74) p; large galls
on stems and small galls on leaves; S. America
N R R I R T e e i

Ascogenous cells 36(26-52) u; swellings on midrib
veins and veinlets; Europe. . . . . . P. pachydenwus

Lactuca

Ascogenous cells 44(37-63) p; twisting and large gall
formation on stems, leaves, and petioles; Japan
and Taiwan. « « « « « « « « « « P. lactucae-debilis

Leontodon

Ascogenous cells 36(26-52) u; swellings on midrib,
veins, and veinlets; Europe . . . . P. pachydermus
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Matricaria

Ascogenous cells 41(30-52) u; galls on stems and
leaves; Europe. . . + « « « « « . « P. matricariae

Pieris

Ascogenous cells 36(26-52) p; swellings on midrib,
veins, and veinlets; Europe . . . . P. pachydermus

Sonchus
Ascogenous cells 37(26-48) p; large galls on stems;
Europe including U.S.S.R. . . « . . =« « . P. sonchi
Taraxacum

Ascogenous cells 36(26-52) u; swellings on midrib,
veins, and veinlets; Europe, Asia and N. Amer-
lea « ¢ v 5 v v v w s vosw o 3w s Pe Daohyderme

1. Protomyces andinus Patouillard in Patouillard, N. & G.
Lagerheim, Bull. Soc. Mycol. France 8:124. 1892.

SYNONYM: Protomyces giganteus Schroter in P. Hennings,
Hedwigia 35:212. 1896.

ILLUSTRATIONS: Figs. 17-20.

Large galls on stems and small galls on petioles and
midrib. Ascogenous cells numerous, spherical to ellipti-
cal, 59(48-74) x 63(48-74) u, light yellowish-brown, germi-
nation not observed.

HOST GENERA: Bidens, Hypochoeris

DISTRIBUTION: S. America: Ecuador, Brazil.

Figs. 17-20. Protomyces andinus: 17, galls on stems
of Bidens andicola; 18-19, cross section of the gall (18.
73X; 19. 284X); 20, teased ascogenous cells, 284X. Figs.
21-24, Protomyces burenianus: 21, galls on stems of Gal-
insoga parviflora; 22-23, cross section of the gall (22,
73X; 23, 284X); 24, teased ascogenous cells, 284X,
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OBSERVATIONS: Based on ascogenous cell measurements and
distribution, P, giganteus is considered synonymous to P.
andinus. K. Sawada (1922) described the species P. biden-
ti8 on Bidens pilosa L. but neither description nor speci-
mens could be obtained.

2. Protomyces burenianus Buhr, Phytopath. Zeit. 15:405.
1949,

ILLUSTRATIONS: Figs. 21-24,

Galls on stems, leaves (? and occasionally roots).
Ascogenous cells spherical to broadly elliptical, 54(33-67)
x 58(44-78) u, light yellowish-brown, germination not ob-
served.

HOST GENUS: Galinsoga

DISTRIBUTION: Europe: E. Germany, W. Germany, Poland,
Switzerland.

OBSERVATIONS: Based on host, ascogenous cell measurements
and distribution, Protomyces wodziczkoi Szul. (whose
speciments were not available for examination) could be
synonymous with P. burenianus.

3. Protomyces grandisporus, sp. nov.

ILLUSTRATIONS: Figs. 25-28.

Gallae magnae in caulibus. Cellula ascogenicae mul-
tae, sphaericae v. ellipticae, magnae 68(48-83) x 78(52-85)
u, laete flavido-brunneae.

Galls large on stems. Ascogenous cells numerous,
spherical to elliptical, large, 65(48-83) x 78(52-85) yu,
light yellowish-brown; germination not observed.

HOLOTYPE: Wisconsin (U.S.A.), 13.9. 1907, J. J. Davis
(WIS).
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HOST GENUS: Ambrosia
DISTRIBUTION: N. America: Oregon, Wisconsin, Pennsylvania

OBSERVATIONS: All collections on Ambrosia and Bidens have
been identified either as Protomyces andinus or Protomyces
gravidus, irrespective of vast differences in spore sizes.
We studied a number of specimens carefully, and a pattern
evolved indicating three distinct species exist: (1) Pro-
tomyces andinus parasitizing Bidens andicola in Ecuador,
S. America, with ascogenous cells measuring 59(48-74) x 63
(48-74) u; (2) Protomyces gravidus parasitizing Ambrosia
artemisaefolia, A. trifida, Bidens cernua, B. cannata and
B. frondosa in N. America and Europe (only one specimen),
with ascogenous cells measuring 37(30-52) u; and, (3) Pro-
tomyces grandisporus parasitizing only Ambrosia artemisae-
folia in N. America, with the largest ascogenous cells
within the genus Protomyces measuring 65(48-83) x 73(52-85)
U

4. Protomyces gravidus Davis, Jour. Mycol. 13:188. 1907.

ILLUSTRATIONS: Figs. 29-32.

Large hypertrophic galls mostly on stems, occasionally
on petioles and midrib. Ascogenous cells spherical to sub-
spherical, 37(30-52) u, germination not observed.

HOST GENERA: Ambrosia and Bidens
DISTRIBUTION: N. America: New York, Wisconsin; Europe:
Finland.

5. Protomyces inouyei Hennings, Engler's Botan. Jahrb. 32:
34. 1902.

Figs. 25-28. Protomyces grandisporus: 25, galls on
stems of Ambrosia artemisaefolia; 26-27, cross section of
the gall (26. 73X; 27. 284X); 28, teased ascogenous cells,
284X. Figs. 29-32. Protomyces gravidus: 29, galls on
stems of Ambrosia trifida; 30-31, cross section of the gall
(30, 73X; 31, 284X); 32, teased ascogenous cells, 284X.
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ILLUSTRATIONS: Figs. 33-36.

Extensive galls on stems and petioles; leaves when at-
tacked become crinkled. Ascogenous cells spherical with
rugulose walls, 38(33-48) u, light brown. Vesicles 25-45
X 55-145 yu.

HOST GENUS: C(Crepis
DISTRIBUTION: Asia: Japan

OBSERVATIONS: The rough walled ascogenous spores indicate
a relationship with Protomycopsis, yet because of their
intercalary production, this species is retained in Proto-

myces.

6. Protomyces lactucae-debilis Sawada, Descriptive Cata-
logue of the Formosan Fungi 4:19. 1922,

Swellings and galls on stems, buds, and leaves; lea-
ves when infected curl and other parts may be twisted. As-
cogenous cells roughly spherical, 44(37-63) u, light yel-
low. Vesicles 20-40 x 100-280 u.

HOST: Lactuca debilis Benth. & Hook.

DISTRIBUTION: Asia: Japan, Taiwan

Material of this species was unavailable for study.
Description and records are taken from the literature.
Protomyces lactucae Sawada and P. iwxeridis-oldhami Sawada
may be synonymous to P. lactucae-debilis because of the
apparent similarities in spore measurements, hosts, and
distribution. However, because specimens could not be
obtained, the question remains open.

Figs. 33-36. Protomyces inouyei: 33, gall on stem
of Crepis japonica (arrow); 34, cross section of gall, 73X;
35, cross section of gall showing rugulose wall of the as-
cogenous cells, 284X; 36, teased ascogenous cells with ru-
gulose walls, 284X. Figs. 37-40. Protomyces macrosporus:
37, galls on leaf veins (a) and stem (b) of Aegopodiwn po-
dagravia; 38-39, cross section of the gall (38. 73X; 39.
284X) ; 40, teased ascogenous cells, 284X.
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1. Protomyces macrosporus Unger, Die Exanth. der Pflanzen
344: 1833.

SYNONYMS: Physoderma gibbosum Wallroth, Flora Cryptog.
Germaniae 192. 1833.

Protomyces cari Blytt, Forh Vidensk-Selsk. Christ 6:
7. 1896,

ILLUSTRATIONS: Figs. 37-40

Galls on stems, petioles, leaves, pedicels, and fruits
of Umbelliferae; when on leaves galls mostly in veins,
rarely in interveinal areas. Ascogenous cells spherical to
roughly spherical, 51(37-74) u, light yellowish brown. As-
cospores cylindrical to oblong, 4.5 x 3 u.

HOST GENERA: Aegopodium, Ammi, Angelica, Anthriscus, Arch-
angelia, Athamanta, Canopodium, Carum, Caucalis, Chaerophy-
Llum, Coriandrum, Ferula, Heracleum, Hydrocotyle, Laserpi-
tiwm, Ligusticwm, Meum, Onanthe, Pancicia, Parum, Peuceda-
num, Pimpinella, Seseli, Silaus, Thapsia, and Trinia.

DISTRIBUTION: Asia: India, Nepal, Pakistan; Europe: Aus-
tria, Belgium, Bulgaria, Czechoslovakia, Denmark, England,
Finland, France, East and West Germany, Hungary, Ireland,
Malta, Netherlands, Italy, Norway, Poland, Scotland, Swe-
den, Switzerland, Wales, Yugoslavia; N. Africa: Algeria

Specimens of the following genera reported as hosts of
Protomyces macrosporus were not available for study: Cono-
podium, Ovanthe and Pimpinella.

8. Protomyces matricariae Sydow, Ann. Mycol. 30:96. 1932.

ILLUSTRATIONS: Figs. 41-44

Galls on stems and leaves. Ascogenous cells spherical
to subspherical, 41(30-52) u, light yellowish-brown, germi-
nation not observed.

HOST GENUS: Matricaria

DISTRIBUTION: Europe: W. Germany

9. Protomyces pachydermus Thumen, Hedwigia 13:97. 1874.
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SYNONYMS: Protomyces kreuthensis Kuhn, Hedwigia 124.
1877.

Protomyces centaurea Lagerheim. Publication not known
(specimen examined collected by G. Lagerheim, July
1896, Sweden (K), marked TYPE).

Protomycopsis crepidis Jaap. Ann. Mycol. 6: 204. 1908.
Protomyces crepidis von Buren, Beitr. Kryptfl, Schweiz
S5(1):83. 1915,

Protomyces crepidicola von Buren, Beitr. Kryptfl.
Schweiz 5(3):57. 1922,

Protomyces crepidis-paludosae von Buren, Beitr. Krypt-
f1. Schweiz 5(3):58. 1922,

Protomyces picridis von Buren, Beitr, Kryptfl. Schweiz
543):57. 1922,

Protomyces kriegarianus von Buren, Beitr. Kryptfl.
Schweiz 5(3):57. 1922.

Protomyces crisii-oleracet Buhr, Archiv Des Vereins
Der Freunde Der Naturgeschichte in Mecklunburg 40.
1936.

ILLUSTRATIONS: Figs. 45-48.

Swellings on petiole, midrib, veins, and veinlets,
often forming a network of swollen veins and veinlets;
sometimes the infected parts turning brown to reddish. As-
cogenous cells spherical to roughly spherical, 36(26-52) u,
light yellowish-brown. Vesicles 30-60 x 45-150 p.

HOST GENERA: Aposeris, Centaurea, Crepis, Criseum, Hyo-
seris, Hypochoeris, Leontodon, Picris and Taraxacum

DISTRIBUTION: Asia: TIsrael, Japan; Europe: Austria,
Czechoslovakia, Denmark, England, E. and W. Germany, Ice-
land, Italy, Scotland, Sweden, Switzerland, Yugoslaviaj; N.
America: Canada, Utah.

A species of Protomyces with a description resembling
Protomyces pachydermus has been reported on Cephalorynchus
hispidue (Magnus, 1896). Although this collection was not
seen, Cephalorynchus is probably another host for Protomy-
ees pachydermus .

OBSERVATIONS: G. von Buren (1915, 1922) created Protomyces
erepidis, P. crepidicola, P. erepidis-paludosa, P. pieri-
dis, and P. kriegerianus, all of which resemble P. pachy-
dermus, on the basis of differences seen in pathogenicity
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studies and vesicle sizes. However, it is now believed
that these and other synonyms of P. pachydermus mentioned
herein resemble each other so closely in ascogenous cell
measurements, host range, symptoms, and distribution that
they are considered one and the same. Although von Buren
(1915, 1922) has shown vesicle size to be a constant fac-
tor for some species, for others he has recorded a wide
variation. Considerable variation in vesicle size is re-
ported for P. pachydermus (von Buren, 1922) and P. crepidis
(von Buren, 1915). Similarly, variations in size are re-
ported by Tubaki (1957) for P. pachydermus and two other
species. Therefore, it is assumed that vesicle size is
variable, not suitable as a taxonomic character. The
various shapes and sizes of vesicle in the species that

are now considered synonymous to P. pachydermus fall mostly
within the range found in P. pachydermus.

Protomyces helminthae Maire could be synonymous with
Protomyces pachydermus based on symptoms, host genus, and
ascogenous cell measurements. As the specimens were not
available for study, the question remains open.

10. Protomyces sonchi Lindfors, Svensk Botanisk Tids-
krigt. 12(2):224. 1918.

ILLUSTRATIONS: Figs. 49-52.

Galls large on stems. Ascogenous cells spherical to
subspherical, 37(26-48) u, light yellowish-brown; vesicle
50 u long.

HOST GENUS: Sonchus

DISTRIBUTION: Europe including U.S.S.R.

Figs. 41-44. Protomyces matricariae: 41, small galls
on leaves of Matricaria inodora (arrows); 42-43, cross sec—
tion of gall (42, 73X; 43, 284X); 44, teased ascogenous
cells, 284X. Figs. 45-48. Protomyces pachydermus: 45,
swollen veins of Aposeris foetida; 46-47, cross section of
swollen vein (46, 73X; 47, 284X); 48, teased ascogenous
cells, 284X.
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SPECIES UNAVAILABLE FOR STUDY

The following species listed here were not available
for study and germination of ascogenous cells has not been
reported in the literature. It is believed that most, if
not all, of these species will be assigned as synonyms of
existing species when material becomes available for study.

Protomyces bidentis Sawada, Descriptive Catalogue of
the Formosan Fungi 3:53. 1922.
HOST: Bidens pilosa L.
DISTRIBUTION: Taiwan

No description available; Sawada's (1922) publication
could not be obtained. However, two other species of Pro-
tomyces, P. andinus and P. gravidug, are parasitic on spe-
cies of Bidens.

Protomyces helminthae Maire, Bull. de la Soc. d'Hist.
Nat. de 1'Afrique du Nord 6:255. 1914.
HOST: Helminthae echioides (=Piecris echioides L.)
DISTRIBUTION: N. Africa: Tunisia

Based on the symptoms, host, and ascogenous cell mea-
surements, this species seems to be synonymous with Proto-
myces pachydermus.

Protomyces ixeridis-oldhami Sawada, Trans. Nat. Hist.
Soc. Formosa 32:130. 1942,
HOST: Ixeris oldhami Kitamura (=Lactuca thumbergii Maxim.)
DISTRIBUTION: Taiwan

This species seems to be synonymous with Protomyces
lactucae-debilis, based on the host, distribution, and as-
cogenous cell measurements,

Protomyces lactucae Sawada, Descriptive Catalogue of
the Formosan Fungi 4:18. 1928.
HOST: Laetuca sp.
DISTRIBUTION: Taiwan

It is likely that this species is synonymous with Pro-
tomyces lactucae-debilis because of the similarities in
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host group, distribution, and ascogenous cell measurements.

Protomyces wodziczkoi Szulczewski, Octa Soc. Bot. Po-
lon 21:191. 1951.

HOST: Galinsoga parviflora Cavada
DISTRIBUTION: Poland

Because of the same host species, ascogenous cell
measurements, and distribution, this species seems to be
synonymous with Protomyces burenianus.

EXCLUDED OR DOUBTFUL SPECIES OF PROTOMYCES

Protomyces ari Cooke, Grevillea 1:7. 1872. = Melano-
taenium ari (Cooke) Lagerheim.

Protomyces bizzozerianus Saccardo, Michelia 1:14.
1879. = Doassansia sagittariae (West) Fischer.

Protomyces calendulae Oudeman, Oud. Arch. Neerl. 8:
384. 1877. = Entyloma calendulae (Oud.) De Bary.

Protomyces calthae, name taken from specimen: Fungi
ross. Coll. F. Bucholtz, 7.5. 1908, 1589 (FH).
Spores are small (29 u), not typical of Protomyces;
publication and host name not known.

Protomyces carpogenus Saccardo, Michelia 1:118. 1879.
Although specimens have not been seen, the reported
size of the spores (18-20 u) is probably too small
for Protomyces and the host, which belongs to the
Curcurbitae, seems unlikely for a member of this
group.

Protomyces centelli Ciferri, Arkiv fur Botanik 23(14):
26. 1931. Parasitizes Centella (Hydrocotyle)
asiatica, which is a host for Protomyces macrospo-
rug. In this case symptoms (yellowish, dry spots
resulting in shot holes) do not resemble those of
Protomyces, and the spore size is small (20-40 y).
Specimens not seen.

Protomyces chrysoplenii Berkeley & Broome, Annals of
Natural History 15:36. 1875. = Entyloma chryso-
plenii Schroter

Protomyces? cocae Spegazzini, Annals Sociedad Cienti-
fica Argentina 90:29. 1920. The description of
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this species does not indicate a species of Proto-
mycetaceae. In addition its reported host, a spe-
cies of Erythroxilaceae, is not known to be a host
of this group. Specimens not seen.

Protomyces comari Berkeley & White, Ann. Nat. Hist.
Ser. V 1:27 1878. = Doassansia comari De Toni

Protomyces concomitans Berkeley, The Gardeners Chro
icle 392. Sep. 23. 1882. The orchid, reported
as host of this species, is an unlikely host for
a member of the Protomycetaceae. Specimens not
seen.

Protomyces conglomeratus Peck, Annual Report of the
State Botanist of the State Museum of New York. 32:
39. 1879. This species is parasitic on Chenopo-
diaceae, which is an unlikely host for species of
Protomycetaceae. Specimens not seen.

Protomyces corticola Karsten, Meddel of Societas pro
Fauna et Flora Fennica 11:146. 1884. The spores
of this species appear to be too small (15-30 )
for Protomjces and the host, Betula alba, has not
been reported for Protomycetaceae. Specimens not
seen.

Protomyces cyrenaicus Parisi, Naples, Universita Orto
Botanico Bulletino 9:56. 1929. Spores are too
small (12-14 u) for Protomyces and the host, a
species of Thelogonaceae, appears unlikely for Pro-
tomycetaceae. Specimens not seen.

Protomyces endogenus Unger, Die Exanth. der Pflanzen
342. 1833. = Melanotaenium endogenum (Unger) De
Bary.

Protomyces eryngit Fuckel, Symb. Mycol. 75. 1869. =
Entyloma eryngit (Corda) De Bary.

Protomyces erythronii Peck, Twenty—-fifth Annual Report
of State Botanist of State Museum, of the State of
New York 90. 1872, Differs from members of Proto-
mycetaceae in many ways. The host is a species of
Liliaceae.

Protomyces fallax Saccardo, Michelia 1:118. 1879.
Spores appear to be too small (16-20 u) for Proto-
myces, and the host, a species of Pinaceae, appears
unlikely for Protomyces. Specimens not seen,
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Protomyces? fallax Saccardo, Syll. Fung. 7:320 -- var.
albellineneie Saccardo in Saccardo (E. Trotter) I
Funghi dell' Avellinese, Avellino 108. 1920.
Spores too small (15-19 u) for Protomyces, and the
host, a species of Pinaceae seems unlikely for Pro-
tomyces. Specimens not seen.

Protomyces fergussoni Berkeley & Broome, Annals of
Natural History 15(1): 36. 1875. = Entyloma fer-
gussoni (Berkeley & Broome) Plowright.

Protomyces ficariae Cornu & Roze, Bull. Soc. Bot.
De France 22:161. 1874. = Entyloma ranunculi
Schroter.

Protomyces? filicinus Niessl, in P. Magnus, Estratto
dagli Atti del Congresso Botanico Internationale
1892. 1. 1893. = Hyalospora polypodii Magnus.

Protomyces fuscus Peck, Thirty-first Annual Report of
the New York State Museum of Natural History 27,
1879. Differs from members of Protomycetaceae in
many respects. The host is a species of Ranuncula-
ceae,

Protomyces? gaillardiae Spegazzini, Museo Nacional
de Buenos Aires 19:284. 1909. Although specimens
have not been seen, Spegazzini suspected that the
"spores" of this species could be oospores of Al-
bugo or Peronosporaceae.

Protomyces gallii Nees., Das Syst. d. Pilze 10. 1837.
= Melanotaentum endogenwn (Unger) De Bary.

Protomyces graminicola Saccardo, Nuovo Giornale Bota-
nico Italiano 8:172. 1876. = Sclerospora gramini-
cola (Sacc.) Schroter.

Protomyces helocharidis Fuckel, Symb. Myc. 75. 1869. =
Cladochytrivum helocharidis Busgen.

Protomyces hispanicus Ciferri, Atti dell institutio
botanico della R. Universita di Paris. Milan Ser
2 and 3:12., 1925. Symptoms unlike those of Pro-
tomycetaceae; the host is a species of Ranuncula-
ceae. Specimens not seen.

Protomyces kemneri Lindfors, Svensk Botanisk Tidskrift
12(2):226. 1918. Although the description might
indicate Burenia, symptoms differ and spores are



31

brown. The host, a species of Leguminosae, appears
unlikely for Protomycetaceae. Specimens not seen.

Protomyces leniaris Peck. Name taken from specimen
and apparently not published: Herbarium New York
State Museum, Aug. 1925, C. H. Peck (WIS). Sym-
ptoms differ from those of Protomyces species, and
host is a member of Cyperaceae. No spores were
found in the specimen.

Protomyces limmanthemii Ciferri, Arkiv for Botanik
23(14):25. 1931. This species differs in symptoms
from Protomyces, and the host, a species of Limnan-
themum appears unlikely for Protomycetaceae. Spe-
cimen seen had no spores.

Protomyces limosellae Kunze, Rabenh., Fungi Europe
1694. 1873. = Doassansia lLimosellae Schroter.

Protomyces macularis (Wallr.) Fuckel, Symb. Myc. 75.
1869. = Doassansia alismatis (Nees.) Cornu.

Protomyces martianoffianus Thumen, Bulletin de la
Society imperiales des Naturalists de Moscou,
Moscow 53:207. 1878. = Doassansia martianoffiana
(Thum.) Schroter.

Protomyces martindalei Peck, Bull. Torrey Bot. Club 5:
2. 1874. Spores are too small (18 u) for Proto-
myces, and the host, Cuscuta gronovii Willd. ap-
pears unlikely for Protomycetaceae.

Protomyces melanodes Berkeley & Broome, Annals of Nat-
ural History Ser. 5, 7:129. 188l. Spores too small
(15 u long) for Protomyces. Specimens not seen.

Protomyces menyanthis De Bary, Brandpilze 19. 1891.
= Cladochytriun menyanthis De Bary on host Menyan-
thie trifoliata L. = Doassansia comari De Toni on

host Comariwn palustre L.

Protomyces microsporus Unger, Die Exantheme der Pflan-
zen Wein 343, 1833. = Entyloma microsporus (Unger)
Schroter on host Ranunculus repens L. = Entyloma
ranuncul? (Bonorden) Schroter on host Ficaria verna.
Specimens on Fiecaria sp. examined.

Protomyces muscorum Karsten, Fragmenta Mycologia 1l:4.
1884. The gelatinous nature of the spores and its
association with mosses indicates that it might be

a species of Endogone.



32

Protomyces najadis Chwodhury, Sydowia 23:46. 1869,
Spores are large (100-192 x 79-144 u), not resem-
bling those of Protomycetaceae; the host belongs to
the family Najadaceae. Specimens not seen.

Protomyces paridis Unger, Die Exantheme der Pflanzen
344. 1833, = Sorosporium paridis Unger. = Tuber-
einia paridis (Ung.) Vestergren on host Paris quad-
rifolia L.

Protomyces? persictfilus Spegazzini, Rev. Ministerio
Agric. Buenos Aires 2(2):39. 1908. Symptoms do
not resemble those of Protomycetaceae, and the host
is a species of Rosaceae. Specimens not seen.

Protomyces physalidis Kalchenbrenner & Cooke, Grevillea
10:22. 1880. = Entyloma australe Spegazzini.

Protomyces? pithiophilus Karsten, Fragmenta Mycologica
11:4. 1884. Symptoms do not resemble those of Pro-
tomycetaceae, spores are of two different sizes, and
the host is a species of Pinaceae, Specimens not
seen.

Protomyces polysporus Peck. Name apparently not pub-
lished. Source--Exsiccati de Thumen, Mycotheca Uni-
versalis 1813. Protomyces polysporus Nov. Spe. Leg.
H. C. Peck. 1880. Spores are too small (9 u) for
Protomyces.

Protomyces punctiformis Niessl, Verhandlunger Naturf.
Ver Brunn 10:166. 1872. = Setchellia (Doassansia)
punctiformis Magnus.

Protomyces purpureo-tinges Massee, British Fungi 164.
1891. Symptoms do not resemble those of Protomyce-
taceae and the host is a species of Liliaceae.

Protomyces radicicola Zopf, Handbuch der Botanik von
Professor Dr. A. Schenk 4:280. 1890. Infection oc-
curs in the roots of a species of Scrophulariaceae.
Both the location of infection site and the host
family are not characteristic of Protomycetaceae.
Specimens not seen.

Protomyces reticulatus Saccardo, Michelia I:13. 1879,
Formation of "endospores'" (one per sporangium) and
symptoms differ from those of Protomycetaceae.
Specimens not seen.



Protomjces rhizobius Trail, Scottish Naturalist and
Journal of Perthshire Society of Natural Sciences
125. 1884, Infection occurs in the roots of Poa.
Both the location of infection site and the host are
not characteristic of Protomycetaceae. Specimens
not seen.

Protomyces sagittariae Fuckel, Symb. Mycol. 75. 1869.
= Doassansia sagittariae (West.) Fischer.

Protomyces stellariae Fuckel, Enumeration Fungorum
Nassoviae series 1:1. 1860. = Peronospora alsiner-
iarum Casp.

Protomyces theae Zimmerman, Centrablatt f. Bakteriolo-
gie 2(4):140. 1901. Infection occurs on the roots
of a species of Theaceae. Both the location of in-
fection site and the host family are not character-
istic of Protomycetaceae. Specimens not seen.

Protomyces tuberum-solani Martinus, Die Kartoffel Epi-
demie der letzen Jahre oder die Stocksaule und Raude
der Kartoffeln. Muchen 28. 1842. = Spongospora
scabies (Berkeley) Massee.

Protomyces vagabundus Spegazzini, Revista Argentina de
Historia Natural 37. 1891. = Urophlyctis hemis-
phaerica (Speg.) Sydow.

Protomyces violaceus Cesati. Atti della 6. Ruionne
degli Scienziati Italinao 511. Milano. 1884, =
Ustilago haesendonckii West.

Protomyces xylogenus Saccardo, Michelia I:14. 1879.
= Sphaerosporiun lignatile Schweinitz. = Coccospora
aurantiaca Wallr. on host "Populus anonymae".

GENUS PROTOMYCOPSIS

Protomycopeis Magnus, Die Pilze (Fungi) von Tirol, Vo-
rarlberg und Liechtenstein 322. 1905.

Members parasitic on species of Compositae, producing
swellings and slightly raised spots on the leaves. Asco-
genous cells, formed terminally on the mycelium, occurring
throughout the infected tissues of the host; spherical to
subspherical, light yellowish-brown; rough-walled at least
when young; germinating after a period of rest, producing
a vesicle within which numerous ascospores are formed.
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Fusion of ascospores reported.

TYPE: Protomycopsis Lleucanthemi Magnus

KEY TO SPECIES OF PROTOMYCOPSIS BASED ON HOST GENERA

Bellis
Ascogenous cells 32(26-41) u, wall rugulose; leaf
spots barely raiged . + s s » s o o o » <P Dellidis
Chrysanthemum

Ascogenous cells 35(22-48) u, wall rugulose; leaf
spots barely raised . . . . . . . . . P. leucanthemt

Hyoseris
Ascogenous cells 30(22-48) u, smooth walled when ma-
ture; blisters on leaves, small and round . . .
- - - - . . . - . . - - - - L] . - . - P . hyos eridis
Leontodon

Ascogenous cells 34(30-41) u, smooth walled when ma-
ture. Small galls on midrib and veins . . . . . .
. . - - - - . . . - - - - - Ll . - . Pl Zeonw@ntis

1. Protomycopsie arnoldit Magnus, Pilzflora von Tirol
322. 1915,

HOST: Leontodon montani Lam.

DISTRIBUTION: Europe

OBSERVATIONS: By its host genus, symptoms, and ascogenous

spore measurements (as reported by von Buren, 1922), this

species appears to be very similar to Protomycopsis leonto-

dontis. 1t is possible they are synonymous. However,
specimens of P. arnoldii were not available for study.

2. Protomycopsis belledis (Krieger) Magnus in G. von
Buren, Beitr. Kryptfl. Schweiz 5(1):85. 1915.

SYNONYM: Protomyces belledis Krieger, Hedwigia 35:144.
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1896.

ILLUSTRATIONS: Figs. 53-56.

Round, yellowish to yellow-brown, barely raised leaf
spots. Ascogenous cells 32(26-41) u, spherical to sub~-
spherical, immature cells often elliptical.

HOST GENUS: Bellis

DISTRIBUTION: Europe: E. and W. Germany, Switzerland.

3. Protomycopsis hyoseridis Sydow, Ann. Mycol. 12:197.
1914,

ILLUSTRATIONS: Figs. 57-60.

Small, round, pale yellow blisters on leaves. Asco-
genous cells 30(22-37) u spherical to subspherical; light
yellowish-brown to light brown. Spore germination not ob-
served.

HOST GENUS: Hyoseris
DISTRIBUTION: Europe: Italy, France.

4. Protomycopsis leontodontis von Buren, Beitr. Kryptfl.
Schweiz 5(3):71., 1922,

Figs. 49-52. Protomyces sonchi: 49, galls on stems
of Sonchus arvensis; 50-51, cross section of gall (50, 73X;
51, 284X); 52, teased ascogenous cells, 284X. TFigs. 53-56.
Protomycopsis belledis: 53, spots on leaves of Bellis per-
ennie (arrows); 54-55, cross section through leaf spot (54,
73X; 55, 284X); 56, teased ascogenous cells showing rugu-
lose wall (arrow), 284X.

Figs. 57-60. Protomycopsis hyoseridis: 57, blisters
on leaves of Hyoseris baetica (arrow); 58-59, cross section
through the blister (58, 73X; 59, 284X); 60, teased asco-
genous cells, 359X. Figs. 61-64. Protomycopsis leontodon-
tis: 61, galls on the mid-ribs of Leontodon autumnale (ar-
rows); 62-63, cross section through the gall (62, 73X; 63,
284X); 64, teased ascogenous cells, 284X.
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ILLUSTRATIONS: Figs. 61-64.

Small galls on midrib and veins. Ascogenous cells 34
(30-41) u, spherical, rugulose when young and smooth walled
when mature; vesicle 105 x 45 yu.

HOST GENUS: Leontodon
DISTRIBUTION: Europe: Finland, Sweden.

OBSERVATIONS: Based on the host genus, symptoms, and asco-
genous cell measurements (as reported by von Buren, 1922),
this species appears to be very similar to Protomycopsis
armoldii, 1t is possible they are synonymous. However,
specimens of P. arnoldii were not available for study.

5. Protomycopsis leucanthemi Magnus, Die Pilze von Tirol,
Vorarlberg und Liechtenstein 323. 1905.

ILLUSTRATIONS: Figs. 65-69.

Greyish-yellow, slightly raised leaf spots. Ascogen-
ous cells 35(22-48) u, spherical to subspherical, rugulose;
vesicle 52-66 p long and 37-48 p broad. Ascospores 4 x
255 i

HOST GENERA: Chrysanthemum and Achillea

DISTRIBUTION: Europe: Austria, E. and W. Germany, Swit-
zerland.

OBSERVATIONS: Protomycopsis chrysanthemi von Buren (Beitr.
Kryptfl. Schweiz 5(3):76. 1922; Chrysanthemum atratum L.
and C. alpinwn L.) seems to be very close to Protomycopsis
Leucanthemi because of the similarities in host genus, sym-
ptoms, and ascogenous cell measurements. Possibly the
species are synonymous. However, this cannot be said with
certainty as no specimens of Protomycopsis chrysanthemi
were available for comparative study.

SPECIES UNAVAILABLE FOR STUDY

Species listed here have been reported as belonging to
the genus Protomycopsis. Although apparently their asco-
genous cells have never been germinated and specimens have
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not been available for study, they quite likely should be
included as recognized species.

Protomycopsis pharenris Jaap, Ann. Mycol. 19:4. 1916.
HOST: Pallenis spinosa (L.) Cass.
DISTRIBUTION: Asia Minor: Turkey

Protomycopsis pullicariae Maire, Bulletin de la Soci-
ete Historie Naturelle Afrique de Nord 22. 1931.

HOST: Pulicaria inuloides DC.
DISTRIBUTION: N. Africa: Algeria

DOUBTFUL SPECIES OF PROTOMYCOPSIS

Protomycopsis ajmeriensis Gupta, Indian Phytopatholo-
gy 9:72. 1956. (See comments at end of this section)

Protomycopsis crotolariae Joshi, Current Science 24:
168. 1955. (See comments below.)

Protomycopsis phaseoli (Patel, Kulkarni & Dhande)
Ramakrishan & Subramanian, The Madras University
Journal B. 26(2):367. 1956. (See comments below.)

SYNONYMS: Synchytrium phaseoli Patel, Kulkarni &
Dhande RS46. This name has probably never been pub-
lished.

Protomycopsis patelli Pavgi & Thirumalachar, Nature
172:315. 1953.

Protomycopsis thirumalacharii Pavgi, Experientia 25
(5):282. 1965.

The above four species are parasitic on Leguminosae, a
family that is not host to any other recognized species of
Protomycetaceae. We examined specimens of the species and
observed that their spores were much smaller, darker, and
more heavily ornamented than those of Protomycetaceae, and
they appeared to be produced both terminally and intercala-
raly on the mycelium. Haware and Pavgi (1971), who germi-
nated the spores of P. patelii and P. thirumalacharii, did
not observe ascospore production within a vesicle, indica-

ing a different mode of germination than that seen in
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Protomycetaceae. Moreover, both species produced mycelium
in culture, in contrast to the yeastlike growth produced

by species of Protomycetaceae. In addition, one of them,
P. thirumalacharii, was reported to have a conidial stage
(Pavgi and Haware, 1970). These characters do not indicate
a relationship to the Protomycetaceae.

GENUS TAPHRIDIUM

Taphridiwn Lagerheim & Juel, Bihang Till K. Svenska
Vet-Acad. Hardlinger 27(3):7. 1902.

Members parasitic on species of Umbelliferae, causing
effused blotches on leaves. Ascogenous cells occurring in
a single, compact, continuous layer beneath the epidermis;
spherical, elliptical to polyhedral, because of mutual
pressures; almost hyaline, smooth walled; germinating im-
mediately without a rest period; vesicles not produced.
Ascospores produced within the ascogenous cell (without the
formation of a vesicle), released by the rupture of the
ascogenous cell wall; following their release, ascospores
fusing in pairs.

TYPE SPECIES: Taphridiwn wmbelliferarum (Rostrup) Lager-
heim & Juel.

KEY TO THE SPECIES OF TAPHRIDIUM

1. Ascogenous cells 55(30-78) yu, parasitic on Carwn and
PUMEAs v o wm v & o 4w on & v 5w 5 e B Glogerionse

1. Ascogenous cells 35(19 48) U, parasitic on species of
Angelica, Heraclewn and Peucedanum. . T. umbelliferarum

1. Taphridium algeriense Juel, Bihang Till K. Svenska
Vet-Acad. Hardlinger 27(3):7. 1902.

ILLUSTRATIONS: Figs. 70-72.

Effused blotches on upper surface of leaves. Asco-
genous cells 55(30-78) u, smooth walled, spherical, ellip-

tical to polyhedral because of mutual pressure; hyaline.
Ascospores 4 x 2 y.
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HOST GENERA: Carwn and Ferula

DISTRIBUTION: N. Africa; Algeria; Europe: Finland, -
U.S .S IRI

2. Taphridium wmbelliferarum (Rostrup) Lagerheim &
Juel, Bihang Till K. Svenska Vet-Acad. Hardlinger
27(3):7. 1902.

SYNONYMS: Taphrina umbelliferarum Rostrup, Botan.
Tidsskrift, Kjobenhavn 14:239. 1883.

Taphrina oreoselini Massalongo, Nuovo Giornale Botan-
ico Italiano 21:141. 1889.

Magnusiella umbelli ferarum Sadebeck, Jahrb. Hamburg,
wiss, Anstalt 10(2):88. 1893.

Volkartia wmbelliferarum (Rost.) von Buren, Beitr.
Kryptfl. Schweiz 5(1):69. 1915.

ILLUSTRATIONS: Figs. 73-75.

Effused blotches, often extensive, on the upper sur-
face of the leaves. Ascogenous cells 35(19-48) u, spheri-
cal, elliptical to polyhedral because of mutual pressure;
hyaline, smooth walled. Ascospores 2-7 x 1-4 yu.

HOST GENERA: A4Angelica, Heracleum, Peucadanum

DISTRIBUTION: Asia: Japan; N. America: California;
Europe: Austria, Czechoslovakia, Denmark, England, Finland,
E. and W. Germany, Ireland, Italy, Norway, Scotland, Sweden,
Switzerland, U.S.S.R.

Taphridiwn umbelliferarum has been reported to occur
on Heracleum aspercwn Bieb. but specimens were unavailable
for study.

Figs. 65-69. Protomycopsis leuconthemi: 65, spots on
leaves of Chrysanthemum leucanthemi; 66-67, cross section
through the leaf spot (66, 73X; 67, 284X); 68, teased asco-
genous cells showing rugulose wall (arrow), 284X; 69,
young ascogenous cells, 284X. Figs. 70-72. Taphridium al-
geriense: 70, effused leaf blotches on leaves of Ferula
commnis (arrows); 71, cross section of leaf blotch, asco-
spores (arrow) produced within ascogenous cells, 284X; 72,
teased ascogenous cells, 284X.
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GENUS VOLKARTIA

Volkartia Maire, Bull, de la Societe Botanique de
France 54:145. 1907.

Parasitic on species of Compositae. Ascogenous cells
in a single compact continuous layer, usually beneath the
upper epidermis; spherical, smooth walled; germinating im-
mediately by producing a vesicle. Ascospores produced
either in the ascogenous cell, then moving into the vesicle,
or produced in the vesicle; ascospores fusing in pairs fol-
lowing their release.

The single species Volkartia rhaetica is recognized.
TYPE SPECIES: Volkartia rhaetica (Volkart) Maire

The fungus originally described as Taphrina rhaetica
by Volkart (1903) also has been referred to as Taphridium
crepidis (Lagerheim, 1903). Maire (1907) erected the genus
Volkartia to accommodate this organism, distinguished from
Taphrina and from Taphridium by its thick-walled ascogenous
cells that germinate by producing a vesicle. Von Buren
(1915, 1922) considered Taphridiwn and Volkartia to be syn-
onymous, based on the ascogenous cells that occurred in a
single subepidermal layer. We have chosen to retain Vol-
kartia separate from Taphridium.

1. Volkartia rhaetica (Volkart) Maire, Bull. de la
Societe Botanique de France 45:146. 1907.

SYNONYMS : Taphrina rhaetica Volkart, Berichte der
Duetschen Botan. Gesellschaft. 21:477. 1903.
Taphridiun crepidis Lagerheim in Vestergren, Micro-
mycetes rariores selecti 719--Exsiccati (15.6. 1903).

ILLUSTRATIONS: Figs. 76-79.

Produces blotches, occasionally puckering the leaves.
Ascogenous cells spherical, 17(11-22) u, hyaline; vesicle
oval, oblong to cylindrical, 60-120 x 15-25 u. Ascospores
4-7 x 1-2 y.

HOST GENUS: Crepis

DISTRIBUTION: Europe: France, E. and W. Germany, Switzer-
land.
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PHYLOGENETIC RELATIONSHIPS

Recent workers, including Tubaki (1957), Valadon et
al. (1962), Pavgi and Mukhopadhyay (1970), and Kramer
(1973), place the Protomycetales in the Hemiascomycetes.
In the past Protomycetales were included in the Ascomyce-
tes, based primarily on the assumption that the vesicle
within which the ascospores are produced was a synascus
containing numerous naked asci. Now that meiotic division
of the diploid nuclei within the vesicle, resulting in tet-
rads of haploid spores (Pavgi and Mukhopadhyay, 1970), has
been demonstrated, there remains little doubt that these
fungi should be placed among the Ascomycetes.

Based on their cell-wall composition and their pre-
dominantly diploid life cycle Valadon et al. (1962) con-
sidered the Protomycetaceae as a family in the Endomyce-
tales. They considered Protomyces as derived from Spermo-
phthora (Spermophthoraceae) or its ancestral forms. Tu-
baki (1957) considered Protomyces to be related to Taph-
rina, because the two species are similar in nutritional
physiology, cultural characters, and parasitic mycelial
stage (in contrast to the yeastlike growth in culture).
However, he added that Protomyces, also related to yeasts
in cultural characters, must have evolved from the yeasts,
possibly the Endomycetaceae or Cryptococcaceae. On the
basis of GC (gaunine-cytocine) content of 52-52.47% in three
species of Protomyces, Nakase and Komagata (1971) indicated
a close relationship between Protomyces and Taphrina. Ap-
parently, also a strong relationship exists between yeasts
and the Protomycetales, and Protomycetales and Taphrinales.

Protomyces probably evolved from yeasts through mem-
bers of the Spermophthoraceae, Endomycetaceae, or Crypto-
coccaceae. However, Pavgi and Mukhopadhyay (1970) have
indicated the possibility of a monophyletic origin of

Figs. 73-75. Taphridium umbelliferarum: 73, effused
blotch on leaf of Heraclum sibiricum; 74, cross section of
leaf blotch, ascospores (arrow) produced within ascogenous
cells, 284X; 75, teased ascogenous cells, 284X. Figs. 76-
79. Volkartia rhaetica: 76, blotches on leaves of (repis
suceisaefolia (arrows); 77, cross section of leaf blotch,
ascogenous cells and vesicles with ascospores, on both up-
per and lower surfaces, 284X; 78, teased ascogenous cell
(a), germinating ascogenous cell (b) and vesicle (c) with
endospores, 284X; 79, germinating ascogenous cells.
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Ascomycetes (Protomyces) from Phycomycetes through members
of the Entomophthorales, such as species of Basidiobolus
that produce endospores in tetrads.

The genus Mixia tentatively was placed in the Proto-
mycetales (Kramer, 1958, 1973), because of enlarged multi-
nucleate cells that develop from the mycelium and give
rise to vesicles within which "endospores" are produced.
The single species of the genus, Mixia osmundae (Nishida)
Kramer, has not been studied cytologically, and thus it is
not known if meiosis occurs in the vesicle prior to "endo-
spore' formation. If it does, it may be proper to treat
the genus as a separate family within the Protomycetales.
However, the formation of a columella within the vesicle
from the basal cells and the fern hosts do not indicate
a close relationship with the genera treated in this study.

The possible phylogenetic relationships of the genera
of this group and of other related groups is shown in this
diagram:

TAPHRINA
TAPHRIDIUM VOLKARTIA
)
T ----- T ===== MIXIA

|

BURENIA !

|

|

|

I

PROTOMYCOPSIS \

1
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The genera Protomyces and Protomycopsis have much in
common; they differ mainly in the position of their asco-
genous cells on the mycelium. Quite likely, species of
Protomycopsis have arisen from members of Protomyces. Pro-
tomyces inouyei produces ascogenous cells intercalaraly on
the mycelium (as does any other species of Protomyces), but
the ascogenous cell walls are rough like those of Protomy-
eopsis.

The genus Burenia has been created to accommodate two
species that resemble both Protomyces and Taphridiwm. The
ascogenous cells in Bureniaq germinate immediately without
producing a vesicle. Von Buren's (1918) observation that
occasionally a few of the ascogenous cells of Burenia in-
wndata germinate to produce a vesicle after a rest period
indicates its relationship to Protomyces. In Burenia ci-
euta, all the ascogenous cells germinate immediately, as
in the genus Taphridium, without forming a vesicle. Taph-
ridiun differs from Burenia cicuta in the location of its
ascogenous cells--in a single subepidermal layer. The as-
cogenous cell walls of Taphridiwn and Burenia (best seen
in germinated cells) are comparatively thinner than those
of Protomyces.

Although von Buren (1915) and Juel (1921) have con-
sidered them synonymous, Volkartia and Taphridiwn have
been retained here as separate genera, based on the produc-
tion of a vesicle by the former and its absence in the
latter. Volkartia differs from Protomyces in that it pro-
duces ascogenous cells in a single subepidermal layer and
in that they germinate immediately. The single layer of
germinated ascogenous cells (the smallest of any member of
the Protomycetales) plus vesicles filled with ascospores
superficially resembly species of Taphrina. Also, the sym-
ptoms, leaf spots, and blisters, are similar to those of
many species of T'aphrina.
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A NEW SPECIES OF SYNCEPHALASTRUM
P. C. MISRA

Department of Botany, University of Gorakhpur
Gorakhpur 273001, U.P., India

SUMMARY

Syncephalastrum verruculoswn Misra, a new
species isolated from air of Gorakhpur, India,
is described and illustrated.

The genus Syncephalastrum Schroeter is characterized by
c¢ylindrical, multispored merosporangia borne in large num-
bers on the surface of vesicular enlargements produced ter-
minally on simple or branched sporangiophores; the zygospores
are Mucor-like in formation and appearance. Benjamin (1959,
1966), and Hesseltine and Ellis (1973) recognize a single
species, 5. racemosum Cohn ex Schroeter, in this genus.

An interesting species of Syncephalastrum was isolated
by the author in February 1973. It appeared in a petri dish
containing Martin's peptone-dextrose agar medium (Martin,
1950) and exposed to air in a first-floor verandah of the De-
partment of Botany, University of Gorakhpur. The fungus grew
readily in pure culture and is believed to be sufficiently
different from S. racemosum to be regarded as a new species
on morphological grounds. The isolate is described here as
a new species. The description is based on monospore cultures
grown on synthetic Mucor agar (SMA; Hesseltine, 1954) and po-
tato dextrose agar (PDA) media. The color plate numbers in
parentheses are cited from Maerz and Paul (1950). The specif-
ic epithet of the new taxon is based on the verruculose na-
ture of its sporangiospores.

SYNCEPHALASTRUM VERRUCULOSUM sp. nov. (Fig. 1)

Coloniae in SMA (agaro composito ad Mucoraceas colendas
idoneo) vel PDA (agaro e Solani tuberis cum dextroso compo-
sito) septem dies ad 25 C caloris vigentes 9 cm diametro, vi-
ridi-griseae, denique pallide brunneae, c. 1 mm altae, vel-
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Fig. 1. Syncephalastrum verruculosum. A-C, sporangiophores
and merosporangia (A x450; B x700; C x400). D, sporangio-
spores (x750). All stained with cotton blue.
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Syncephalastrum verruculosum also grows well on yeast
extract - soluble starch agar (YpSs; Benjamin, 1959) and
malt extract agar (Blakeslee, 1915) media. The morpholo-
gical features of the fungus do not vary to any significant
extent on these media. Growth is very slow on Czapek's agar
medium,

Syncephalastrum verruculosum differs sharply from S.
racemoswn in having very low, velvety colonies, narrower
sporangiophores, smaller and consistently globose vesicles,
shorter but wider merosporangia, fewer sporangiospores
in the merosporangia, and larger sporangiospores which are
verruculose.
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SOIL MICROFUNGI OF CENTRAL AND SOUTHERN OHIO1

L. H. HUANG? AND J. A. SCHMITT

Department of Botany, The Ohio State University,
Columbus, Ohio 43210

SUMMARY

A survey was made of soil microfungi in subsurface
soil samples collected in 22 localities from the non-
agricultural, relatively undisturbed areas of central and
southern Ohio. Fungi were isolated by the dilution plate
method and from soil subjected to alcohol treatment, heat
incubation, and hair-baiting. A total of 180 species and
one variety in 84 genera were obtained, including 26
phycomycetes, 43 ascomycetes, and 112 deuteromycetes.
Forty genera are reported from Ohio soils for the first
time. The most prevalent genera in a decreasing order of
frequency were Penicillium, Trichoderma, Mortierella, and
Talaromyces. The dominant species were Aspergillus
fumigatus, Fusarium oxysporum, Geniculisporium serpens,
Mortierella nana, Mucor hiemalis, Nodulisporium sp.,
Talaromyces luteus, T. trachyspermus, Trichoderma hamatum,
T. koningii, and T. polysporum. Six thermophilic fungi and
3 keratinophilic fungi were isolated. The alcohol treat-
ment method appeared to be highly selective for the Asco-
mycetes, especially members of the Eurotiaceae, the
Melanosporaceae, the Sordariaceae, and small discomycetes
such as those of the Ascobolaceae and the Pyronemataceae.
This method not only selected 36 ascomycetes, which
accounted for about 84% of the ascomycete species, but
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yielded many soil fungi which are infrequently recorded
in the literature.

INTRODUCTION

Since Adametz (2) first isolated 11 filamentous
fungi and four yeasts from the soil of some experimental
plots in Germany, soil fungi have been studied for nearly
90 years. Some soil fungi are known to be potential
allergens, zoopathogens, or phytopathogens, and others
are capable of producing antibiotics, mycotoxins, and
other metabolites. Moreover, soils provide a rich source
of materials for taxonomic and morphological studies of
fungi that sporulate in culture. Such practical and
theoretical considerations have made the study of soil
fungi a major area of mycological research.

In the United States, Abbott (1), Jensen (30), and
Waksman (48) were pioneer soil mycologists. Among these,
Waksman's studies were particularly notable and had a
world-wide impact. In the United States, studies on soil
fungi have been carried out in Colorado (35), Georgia
(21, 39), Hawaii (31), Iowa (42), Louisiana (1),
Mississippi (6), New Jersey (48), New York (30), Ohio
(12, 52), the Sonoran Desert (43), the southern states
(22, 24), Texas (51), and Wisconsin (10, 47).

Previous studies on soil fungi in Ohio have been
concerned with the microfungi of cultivated or disturbed
soils (12, 52). The present study was undertaken to
chart the soil fungus population of non-agricultural,
relatively undisturbed soils in central and southern Ohio.
The emphasis here has been chiefly qualitative rather
than quantitative. Two new fungi and several interesting
fungi have been reported elsewhere (26, 27, 28, 29).

MATERIALS AND METHODS

Twenty-two soil samples were collected from non-
agricultural, relatively undisturbed, forested or grassy
sites in central and southern Ohio (Table I). The loca-
tions of soil samples were as follows: Sample 1, '"Cedar
Swamp," 3 miles north of Springfield on Route 68; Sample
2, Cincinnati; Sample 3, half mile east of Hillsboro on
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Table I.

:jg‘dbh_i‘_nmt vegetation, pH, and number of fungi of Ohio soils

-;:?sbﬁ number Date Predominant pH Number of fungi,
~and locality sampled vegeration in thousands, per
& gram of dry soil

‘Clark Co. 6/28/72 evergreen forest® 7.6 144

2. Hamilton Co. 6/29/72 deciduous forest® 7.0 68
3. Highland Co. 6/29/72 deciduous forest® 5.6 80
4. Ross Co. 6/30/72 evergreen forestd 5.6 124
5. Franklin Co. 5/30/72 grasses 7.5 248
6. Athens Co. 7/6/172 deciduous forest® 4.8 264
7. Athens Co. 7/6/72 evergreen forestf 5.1 72
8. Athens Co. 717172 grasses 5.7 64
9, Noble Co. 117172 deciduous forestB 5.4 100
10. Belmont Co. 7/7/72 deciduous foresth 5.8 120
11. Belmont Co. 717112 deciduous forestl 5.6 280
12. Muskingum Co. 717712 deciduous forestd 5.9 148
13. Clark Co. 6/28/72 deciduous forestt 7.6 72
14. Athens Co. 716172 deciduous forest! 5.8 200
15. Athens Co. 7/6/12 evergreen forest” 4.8 236
16. Scioto Co. 8/23/72 deciduous forest™ 6.5 450
17. Adams Co. 8/23/72 grasses 6.0 82
18, Adams Co. 8/23/72 deciduous forest® 6.2 200
19. Adams Co. 8/23/72 grasses 6.8 76
20. Clermont Co. 8/23/72 deciduous forest? 6.1 132
21. Montgomery Co. 8/23/72 deciduous forestt 72 136
22. Union Co. 10/17/72  deciduous forest” 6.7 112

a. Thuja occidentalis L. b. Acer saccharum Marsh., Morus rubra L., Quercus alba L.
c. Acer saccharum, Carya ovata (Mill.) K. Koch, Cornus florida L., Quercus alba.

d. Pinus resinosa Ait., P, strobus L. e. Quercus alba, Q. velutina Lam. f. Picea
pungens Engelm.