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PREFACE TO THE ENGLISH EDITION.

I po not deem it necessary to say anything in explanation of the reasons which
have led to the preparation of this translation of Proifessor de Bary’s book on the
morphology and biology of Fungi, Mycetozoa and Bacteria. It brings within reach
of all English-speaking students the most thorough and comprehensive treatise upon
these groups which has appeared in any language ; and the picture that is presented
of the state of our knowledge of the subject at this time, along with the suggestions
and indications of the lines upon which further investigation is especially wanted, will,
it is to be hoped, not only instruct readers, but also stimulate them to research.

To render adequately some of the precise terminology has been a serious
difficulty in the translation. The terms which have been adopted are consistently
used, and the occasional notes, along with the ¢ Explanation of Terms which I have
added, should prevent all misconception of their signification. It must be remembered
that the definitions and synonymy given at the end of the book have reference to
terms only as they are used in the text; they are not exhaustive. The extension of
the original meaning of Berkeley’s term ¢ sporophore * and its use as the equivalent of
the German ‘Fruchtiriger’ is a prominent innovation to which attention may be
directed in this place.

Several friends have been so kind as to give me their opinion and criticism
upon questions of terminology, and I have specially to acknowledge suggestions from
Professor Bower, Mr. A. W. Bennett, Dr. S. H. Vines, and Professor Marshall Ward ;

for help in some difficulties I have to thank the author himself.

I. B. B.
OXFORD : March 1, 1887,






PREFACE.

—

I puBLIsHED a work in the year 1866 entitled Morphology and Physiology
of the Fungi, Lichens and Myxomycetes as the second volume of Hofmeister’s
Handbook of Physiological Botany. This work was intended to give a systematic
and critical account of the state of our knowledge of the portions of natural history
indicated by the title at that time. It had its mistakes and its deficiencies; the index
too was omitted, but for this I was not responsible. At the same time it was
not without its value; it paved the way for further advances and was favourably
received.

Some years ago I was urged by many persons to prepare a new edition of my
work. Other occupations and duties long prevented me from setting about this task
and interrupted and delayed it repeatedly after it had been begun; and when
I addressed myself more closely to the work some four years ago, it soon became
apparent that a new edition in the strict sense of the word would not satisfy modern
. requirements. Hence the progress of the work ~esulted in the production of a new
book, which can only be partially regarded as a new edition of the earlier one, though
this for brevity’s sake is always cited in the present work as the first edition,

The reasons for the change had their origin in the considerable additions to the
material to be discussed. FEighteen years ago it was comparatively easy to give
a detailed description of the state of our knowledge of the morphology and physiology
of the Fungi within a moderate compass. Since that time the amount of matter has
increased greatly, and with it the number of questions and controverted points which
have to be considered; an account which is not*to be confined within the narrow
limits of a text-book readily assumes large proportions and renders division of labour

desirable.
The physiology of the Fungi has received more comprehensive treatment than

the morphology, partly in general treatises on vegetable physiology, those especially
of Sachs and Pfeffer, and partly in the extensive modern literature of the chemistry
of fermentation. There is no recent detailed critical survey of their morphology;
in giving such a survey in the following pages, with brief allusions only to strictly
physiological topics, I believe that I shall best meet both present requirements and
the wishes of most of my readers.

No comprehensive account of the morphology of any portion of the vegetable
kingdom, and least of all of the Fungi, can be satisfactory without constant reference
to the phenomena known as biological, that is to their habits of life and adaptations.
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These must therefore be handled at some length, and in their turn again lead up to
the consideration of questions of physiology. )

I ought perhaxp(;1 to have c:frried the change. still fart.her, and .ha}xlve omlltlli:fsbl ;
variety of anatomical and histological details, the introduction of whic VYaS]S i
and necessary eighteen years ago, but which in the. present state o.f bc;:amca S(c:lo o
may be regarded as superfluous or at least not indxspen§able. Still they ;an i
harm, and may possibly or even probably be of service. I. have there oLe i
some matter of this kind from my former work, and added it to th.e .maln text of ..
the present publication in the smaller type employed for the description of some
other details, )

One change which I have ventured to introduce may and perhaps lel.l bf;
objected to. It is, that I have omitted the section which tre:ated of the origin o
the Fungi, Myxomycetes and Bacteria, and that I set out in all cases from the
assumption that these plants are like all other plants the product of germs, each
of which is derived from parents of the same species and owes its existence in every
species to processes of development in the parents or to organs belonging to them.
It is known that other views have prevailed with regard to the origin of the plants
described in this work, and are still entertained by a few persons. It may be
observed in passing that the early botanists, of whom mention is made in Ehrenberg’s
Epistola de Mycetogenesi, considered the Fungi to be merely lusus naturafe and
no plants at all. There are some who still think that Fungi and Bacteria are
certainly plants, but that they are or may be produced by spontaPeous or
heteromorphous generation (abiogenesis, heterogeny), that is from inorganic matter
showing only chemical predisposition to organisation, like crystals in the mother-lye,
or else from commencements which are organised but which proceed from organisms
that are not themselves either Fungi or Bacteria. The former of these two views
requires no further consideration in this place. The other will be discussed in
Chapter V, p. 270, in the special case of Sprouting Fungi and Yeast-fungi; it
assumes in general terms, that constituent portions of living cells belonging to
higher organisms, ‘vesicles, granules, the microsomata of modern terminology,
can continue an independent life after the death of the living body of which
they formed a part, and develope under favourable conditions into Fungi and
Bacteria. These forms may then develope their specific germs, and a progeny
from these germs specifically resembling the parents. H. Karsten and his adherents
represent views of this kind, and A. Wigand has supported them at the present day.
Their most logical development is to be found in A. Béchamp’s theory of the micro-
zymes. These are very minute bodies, ‘granulations moléculaires,” which are
contained in the substance (protoplasm) of animals and plants of the most different
kinds and grades of organisation, and not only develope independently after the
death of the parent-organism, but enjoy an almost unlimited duration of vitality,

since they may lie during entire geologic periods in such a rock as chalk,

and yet
retain the power of development.

These microzymes give rise in a suitable medium
to Bacteria, Sprouting Fungi, and similar forms, and since the localities in which

they originate are of very frequent occurrence they are to be found everywhere.
VBéchamp published his theory in the Reports of the Academy of Paris twenty years ago;
he reproduced it in the Transactions of the Medical Congress at London in 1881, and



PREFACE. ix

in a large new work, Les Microzymas dans leurs rapports avec I'hétérogénie, I'histio-
)génie, la physiologie et la pathologie, Paris, 1883.

Theories of the kind here described, and others more or less like them, are
constantly recurring from time to time on the subject of the origin of the Fungi and
Bacteria. They appeared in earlier times with still greater breadth of application.
Fifty years ago it was believed that not only minute organisms but that Fungi of the
size of the Uredineae were produced from the altered substance of other organisms,
in the case of the Uredineae from phanerogamous plants; two hundred years
ago maggots were supposed to be bred from putrid flesh. It is easy to understand
how such ideas of spontaneous generation should have been prevalent in ancient
times. Even their repeated recurrence in modern times and with our modern know-
ledge is also capable of explanation. It must be assumed that organisms did once
come into being of themselves without parents, being produced from organisable but
not yet organised mattér. It must moreover be allowed, that this may still happen at
any moment and perhaps does actually happen; its impossibility cannot be proved.
To produce actual proof of an original formation of a living being is a matter of the
highest interest, and has as powerful attraction for the biological investigator, as the
prospect of producing the homunculus in the phial for the alchemist. But the
experience of centuries has shown that whenever the homunculus really appeared in
the flask, it proved to be a small imp which had been secretly introduced into it from
without ; and speaking seriously, the result was always of this kind. In every single
instance exact investigation has shown that the organisms which were supposed to
bave had no parents proceeded from germs produced from parents of the same species
as themselves ; it has also shown how they were formed and whence they came.
Those who maintained that direct proof had been given of generation without parents
have been driven back step by step into narrower territory, and upon minuter and at
last upon the minutest objects, from simple inorganic matter to the organised mini-
murm, the ‘atome structuré vivant’; in other wordsthey were reduced to seek their proof
where it is still most difficult to say whether it is to be found or not. This is what
has happened in all researches into the origin of the Fungi, as soon as each individual
case was rigidly examined. We have had ocular demonstration of the fact since the
year 1860, through the labours especially of Pasteur and his school. That there is
no generation without parents is therefore a maxim of experience; it is in distinct
accord with the present state of our knowledge, after making allowance for all
conceivable possibilities, and we must set out from this principle in a book which is
concerned with real knowledge.

There is not much to be said by way of preface with regard to the plan of this
work. I have endeavoured to make my remarks intelligible even to those who are
only beginning the study of the Fungi, but I have assumed that my readers are
masters of such a previous general knowledge of botanical science as is to be obtained
by a course of study in a University, or by the use of good text-books. The reader
is here referred to such works, especially to Sachs’ Text-book and Lectures, and
Goebel’s Outlines, and also to Prantl’s and Luerssen’s smaller compendia, and among
works not in German to Van Tieghem’s Traité de Botanique.

A few descriptions only of individual Fungi will be found scattered through the
volume ; others must be sought in our at present imperfect floras, in Saccardo’s
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Sylloge Fungorum for example, in Winter’s Die Pilze Deutschlands, P. A. Karsten's
Mycologia Fennica, and Fries' more important publications, which latter must always
be indispensable; books also of descriptive lichenology must be consulted. The
new edition of Leunis’ Synopsis by A. B. Frank, andin its special line Frank’s Pflan-
zenpathologie, are works to be recommended to the student. I must not be supposed
to express an unfavourable opinion of other works because I do not mention
them; my only purpose is to point out some books which will be of service
to those who require direction in their reading.

T have endeavoured to make myself as well acquainted as was possible with the
special literature of my subject and to draw it into my service. I have made some
use even of publications which appeared at the close of the year 1883 and the
beginning of 1884 while my book was being printed. ~That some particulars have
been omitted altogether, or been forgotten for the moment in the preparation of some
of the sections, is what I should have expected beforehand, even if I had not
subsequently noticed their omission. I must plead in excuse the extraordinarily large
number of mycological communications of every possible size which have been
published during the last twenty years.

The number of publications on the Fungi is so large that it was impossible to
quote them all, and to have done so would have transgressed the limits of practical
utility. The more important references given in the text will in every case show
where further details are to be obtained, especially with the assistance of Hoffmann’s
Mycologische Berichte from 1865 to 1872, and Just’s Jahresbericht, which has
appeared regularly since 1873. Special notices of the literature of the subject will be
found in the separate sections of the work.

The illustrations are for the most part the same as those in the earlier work. A
certain number are new and drawn by myself; a smaller portion have been taken
from other authors whose names are in every case given in the explanations appended
to the figures. I express my warmest thanks for the permission to use these
illustrations, and no less warm thanks to all those who have lightened my labours by
their communications and by assistance of other kinds.

A. o BARY.

STRASSBURG : June 30, 1884.

[



SECTION

I.

IL.

ITI.

1v.

VI
VII,
VIII.

IX.

XI.

XIIL
XIII.

XIV.

XV.
XVI.

TABLE OF CONTENTS.

FIRST PART. FUNGI.
DIVISION I. GENERAL MORPHOLOGY.

CHAPTER I. HisToLOGICAL CHARACTERISTICS.

General construction. Hyphae. Growth-forms: Filamentous Fungi,

Fungus-bodies, Sprouting Fungi (Chytridieae, Laboulbenieae)
Structure of Fungus-cells : Protoplasm, Cell-nuclei, Cell-contents

Cell-membrane : Structure, Material composition, Excretion of calcium

oxalate
Remarks. Literature

CHAPTER II. DIFFERENTIATION OF THE THALLUS,

1. General Survey.
Mycelium and sporophore

2. Mpycelium.

Mycelia. Filamentous mycelium. Haustoria
Mycelial membranes
Mycelial strands (Rhizomorphae, Agaricus melleus)
Sclerotia : Structure, origin, germination
Details. Historical remarks
Sclerotioid bodies : Transitory resting states : Xyloma
Literature

3. Sporophore.
General characteristics
Simple sporophores

Compound sporophores. General differentiation. Course of growth.

Structure of mature compound sporophore

CHAPTER III. Srores oF FuNcl.

Introduction. General characteristics and distinctions

I. Development and Scattering of Spores.

General phenomena of development

Intercalary and acrogenols spore-formation. Basidia. Sterigmata
L ]

PAGE

17

18
21
22
30
40
42
43

45
46
48
57

59

6c
61



xii CONTENTS.

SECTION
XVII. Dissemination of acrogenously formed spores. Abscision. Abjection.
Disappearance of the sporiferous structure .
XVIII. Endogenous spore-formation :
() Sporangia of Phycomycetes
XIX. (&) Asci.
XX. Dissemination of endogenously formed spores :
(@) Phycomycetes
XXI. (&) Ascogenetic spores. Ejection. Mechanical arrangement for
ejection of spores. Simultaneous and successive ejection. Mechanism
of simultaneous ejection
XXII. Puffing in Discomycetes
XXIII. Peculiar mode of ejection in Pyrenomycetes
XXIV. Force of ejection K
XXV. Reported peculiarities in Lichen-fungi
XXVI. Successive ejection from asci
XXVII. Solution and swelling of asci
XXVIII. Maturation of ascospores after ejection
XXIX. Combinations of different kinds of spore-development ; sporidesms

II. Structure of ripe Spores.

XXX. Spore-membrane. Exosporium, episporium, endosporium. Germ-
pores. Gelatinous envelopes and appendages.—Protoplasm, nucleus,
content.—Swarm-spores

ITI. Germination of Spores.

XXXI. Tube-germination and sprout-germination.—Germ-tube. Primordium
of the mycelium. Promycelium and sporidia
Historical remarks on Chapter II1

PAGE
«

68,

73
76

81

84
89
[*)
[*) 4
93
93
96
97
98

99

109
I3

DIVISION II. COURSE OF DEVELOPMENT OF FUNGI.

CHAPTER IV. INTRODUCTION.

XXXII. General course of development in Algae, Mosses, F erns, and Phanero-
gams. Homologies and affinities. Form-genera and form-species
in Fungi. Tulasne’s pleomorphy. Gradual recognition of the
course of development and of the homologies in Fungi.
Ascomycetous and other series

XXXIIL Closer consideration of the course of development of the higher
plants.  Archicarp; fructification.—Spore, sporocarp, sporophyte.—
Sexual and asexual segment of the development, Homology of a
member of the development independent of its sexual function.
IntenuPtion and restoration of the homologies.—Alternation of
generations.—Homology interrupted and not restored

XXXIV. Agreement of the course of development of the Fungi with that of

plant; which are not Fungi. Meaning of pleomorphy. Misunder-
standings and the way to remove them

Main or

119

I21

126



SECTION

XXXV.
XXXVI.

CHAPTER V. COMPARATIVE REVIEW OF THE SEVERAL GROUPS.

XXXVII.

XXXVIII.

XXXIX.

XL.

XLI.
XLII.

XLIII.

XLIV.

XLV.

XLVIL

XLVII.
XLVIIL

XLIX.
L.

LL
LII

LIIIL
LIV.

Lv.
LVI.

LVIL
LVIIIL

CONTENTS,

Terminology. Spores. Gonidia, &c.
Review of the chief groups of Fungi

Peronosporeae.
Ancylisteae.
Monoblepharis.

Saprolegnieae.

Mucorini.
General course of development
Zygospores. (@) Mucoreae and Chactocladieae. (4) Piptocephalideae—
Azygospores

Typical gonidiophores. Mucoreae.—Chaetocladieae.—Piptocephalis
and Syncephalis

Accessory gonidia. Acrogonidia (chlamydospores, stylospores).
Choanephora.—Gemmae.—Serial gemmae, sprout-gemmae
Doubtful Mucorini. Historical remarks. Literature

Entomophthoreae.

Chytridieae.
Common characteristics of the present group of Chytridieae. Spor-
angia. Resting spores
Rhizidieae.—Polyphagus. Less well known forms
Cladochytrieae
Olpidieae
Synchytrieae
Comparative review
Doubtful Chytridieae. Tetrachytrium. Hapalocystis
Literature

Protomyces and Ustilagineae.
Protomyces :
Ustilagineae. Conformation. Compound sporophore
Development of resting spores
Structure and germination of resting spores
Gonidia of Tuburcinia and Entyloma
Course of development and hongologies

xiii

PAGE

128
132

132

139

140

141

145

147

154
156

158

160
162
165
166
167
169
170
171

171
172
174
176
179
180



xiv CONTENTS.

Ascomycetes.
GENERAL CHARACTERS. SPOROCARPS. ,
SECTION PAGE
LIX. Structure of sporocarp. Apothecium, perithecium, cleistocarp 185
LX. Apothecia 187
LXI. Perithecia . 190
LXII. Cleistocarpous forms.—Elaphomyces.—Tuberaceae.—Onygena.—Myn-
angium . 193

ORIGIN OF SPOROCARP.

LXIII. Review of the main facts. I. Eremascus.—2. Genera which have at
first a distinct archicarp with no distinct envelope.—3. Polystigma
with archicarp in the primordium of the sporocarp.—4. Xylaria and
allies with a temporary Woronin’s hypha.—Genera without a distinct

archicarp 197
LXIV. Separate descriptions.
1. Erysipheae 201
2. Eurotium 203
3. Penicillium 204
4. Gymnoascus. Ctenomyces 206
5. Ascobolus 206
6. Pyronema 208
7. Sordaria. Melanospora 210
8. Collemaceae 211
9. Forms with archicarp imperfectly examined 214
10. Polystigma 215
11. Xylarieae 216
12. Sclerotinieae 218
13. Pleospora herbarum 220
14. Claviceps, Epichloe, Cordyceps, Nectria and others 220
15. Ascodesmis 221
16. Sphyridium, Baeomyces, Cladonia and others 221
Early investigations into the development of the sporocarp in Lichens 222

THE COURSE OF DEVELOPMENT IN ASCOMYCETES.

LXV. Statement of facts. Species without gonidia ; others with a regularly
intercalated formation of gonidia. Different forms of gonidia in the
same species. Microgonidia and megalogonidia. Pycnidia, pycno-

spores, stylospores.— Examples of species which have been fully
examined

22
LXVI. Homologies of the members of the development in Ascomycetes, ’
Controversy regarding the sexual organs 231

DETERMINATION OF IMPERFECTLY KNOWN ASCOMYCETES,
LXVII. The points on which the question turns 238
LXVIIL. Archicarps, sporocarps 239
LXIX. Spermogonia and spermatia 240
LXX. Doubtful spermatia 242
LXXI. Gonidia, gonidiophores, pycnidia 244
LXXII. Combinations of different forms.

Examples of the kind 248



SECTION
LXXIIIL

LXXIV.

LXXV.
LXXVI.
LXXVIL
LXXVIIIL

LXXIX.

LXXX.
LXXXIL
LXXXII.
LXXXIII.

LXXXIV.

LXXXV.
LXXXVIL
LXXXVIL
LXXXVIIIL

LXXXIX.
XC.

XCIL.

XCIL
XCIIL
XCIV.

CONTENTS.

Occurrence of known or supposed members of the development of
some species outside the normal connection. Tendency of these to
constantly similar production. Hence a possible reduction or
splitting of a species

Determination of organs of propagation which have been considered to
be rudimentary .

Literature of sections LIX—LXXIV

DOUBTFUL ASCOMYCETES.

Introduction. Helicosporangium. Papulaspora. Laboulbenieae
Exoascus
Saccharomyces

Affinity between Exoascus and Saccharomyces.
of the latter group to the Ascomycetes

Confusion between the ‘ Yeast-plants’
Literature

Possible relations

Uredineae.

Aecidia-forming and Tremelloid Uredineae. Sporocarps (aecidia)
and spermogonia of the aecidia-forming species. Course of de-
velopment of Endophyllum

Aecidia-forming Uredineae with gonidia : teleutepores, uredo
Uredineae with imperfectly known course of development
Tremelloid Uredineae

Relationship between Uredineae and Ascomycetes

Literature

Basidiomycetes.
Introduction

HYMENOMYCETES.
Conformation of unveiled sporophore
Veiled sporophore. Velum. Annulus.
Structure of full-grown sporophore
Hymenium. Cystidia. Basidia

Volva

GASTROMYCETES.
Comparative account of the differentiation of the sporophore

Special morphology; history of development and anatomy of the
same

COURSE OF DEVELOPMENT AND AFFINITIES OF BASIDIOMYCETES.

Course of development of perfectly known form. Exobasidium,
Tremellineae, Typhula, Coprinus, Agaricus melleus, Crucibulum
and Cyathus, Sphaerobolus

Gonidia of Basidiomycetes which have been thoroughly examined

Imperfectly known and doubtful gonidia

Homoloegies and affinities of Basidiomycetes

Literature

PAGE

251

255
261

263
265
267

269
270
272

274

279
282

283
285
285

286

287
289

297
300

308

312

328
33t
333

337
341



xvi CONTENTS.

DIVISION III. MODE OF LIFE OF FUNGIL

CHAPTER VI. PHENOMENA OF GERMINATION.

1. Capacity of germination and power of resistance in Spores.

SECTION

XCV. Duration of capacity of germination in spores. Resting state.
Power of resistance to mechanical injuries, withdrawal of water,
extreme temperatures

2. External conditions of germination.

XCVIL

CHAPTER VII. PHENOMENA OF VEGETATION.

1. General conditions and phenomena,

XCVII. Conditions affecting growth. Temperature

XCVIII. Nutrient substances. Other chemical constituents of the substratum.
Effects of Fungi on the substratum. Fermentations, oxidations.
Ferment-excretion

2. Nutritive adaptation.

XCIX. Distinction of 1. pure saprophytes, 2. facultative parasites, 3. obligate
parasites either &, strictly obligate, or 4, facultative saprophytes

3. Saprophytes.

4. Parasites.
CI. Adaptation between parasite and host. Predisposition of host. Endo-
phytic and epiphytic parasites
CII. Attack of parasite on host

CIII. Growth of parasite after it has seized on the host and reactions of the
host on the parasite. Destroying and transforming parasites

PARASITES ON ANIMALs.
CIV. Facultatively parasitic Aspergilli and Mucoreae; obligately parasitic
Entomophthoreae, Laboulbenieae, Cordyceps, Botrytis Bassii
CV. Imperfectly known parasites on animals :
CVI. Fungi of skin-diseases
CVIL. Actinomyces, ¢ Chionyphe Carteri’

Saprolegnieae

ParasiTES on PLANTS.
a. Facultative parasites,

CVIIL. Fungi of rotting fruit. Sclerotinieae. Pythieae. Nectriae. Hartig’s wood-
destroying Hymenomycetes

PAGE

343

349

352

353

356

357

358
360

366

369
375
376
377

379



CONTENTS. xvii

b. Obligate parasites.
SECTION PAGE

CIX. Facultatively saprophytic : Peronosporeae, Mucorini, Ustilagineae, Exo-
basidium, Myxomycetes ; strictly obligate : Peronosporeae, Erysi-

pheae, Uredineae, &c. . 383

CX. Autoecism and metoecism 386
CXI1. Growth and extension of parasites in substance of larger plants 389
CXI1. Behaviour of these parasites to separate tissues and to the parts of the L
cells of the host 392

CXII1. Reactions of the plants attacked 394

Lichen-forming Fungi.

CXIV. Formation of the Lichen-thallus by the growing together of certain Algae
and Ascomycetes and a few Hymenomyceteswhich attack them. Enu-

meration of Lichen-forming algal forms as at present known 395

CXV. First beginning of the Lichen-thallus 398
CXVI. Conformation and structure of the Lichen-thallus. Fruticose, foliaceous
and crustaceous forms, Distinctions in anatomical structure: 1.
Heteromerous thallus. 2. Graphideae and similar forms. 3. Granular
crustaceous thallus of Thelidium and others. 4. Coenogonium-form.

5. Collemaceae or Gelatinous Lichens. 6. Hymenomycetous Lichens 4ot

CXVIIL. Soredia 415
Pseudo-lichens.—Historical remarks, Literature 416

SECOND PART. MYCETOZOA.

CHAPTER VIII. MorrHOLOGY AND COURSE OF DEVELOPMENT.

Myxomycetes.
CXVIII. Spores. Germination. Swarm-cells 421
CXIX. Plasmodia 423
CXX. Transitory resting states. Cysts. Sclerotia 427
CXXI. Development of sporophores and sporangia 429
CXXII. Structure of mature sporophores and sporangia ; sporophores of Cera-
tieae ; simple sporangia ; aethalia 434
Acrasieae.
CXXIII. 441

Affinities of the Mpycetozoa.
CXXI1V. 442

Doubtful Mycetozoa.

CXXV. Bursulla. Vampyrellae. Nuclearia. Plasmodiophora 446
[4] b



xviii CONTENTS.

CHAPTER IX. MoDE OF LIFE OF MYCETOZOA.

SECTION PAGE

CXXVI. Conditions of germination 448
CXXVII. Phenomena and conditions of vegetation. Causes of movement of

plasmodia. Enclosing of solid bodies 449

CXXVIII. Process of nutrition 451

Literature 453

THIRD PART. BACTERIA OR SCHIZOMYCETES.

CHAPTER X. MORPHOLOGY OF BACTERIA.

CXXIX. Structure of cells, Cell-aggregates and growth-forms 454
CXXX. Course of development. Endosporous and arthrosporous forms. De-

velopment of endospores. Special description of some Bacilli 459

CXXXI. Development of arthrosporous forms 468

CXXXII. Controversy respecting species in Bacteria 472

CXXXIII. Systematic position of Bacteria 474

CHAPTER XI. MODE OF LIFE OF BACTERIA.

CXXXIV. Capacity and conditions of germination in spores 476

CXXXV. General conditions and phenomena of vegetation.—Temperature.
Nutrient substances. Oxygen. Aerobia, and anaerobia. Effect
of substances not serving as nutrients. Oxygen and nutrient sub-
stances as inciters of movement 478

CXXXVI. Special vital adaptations. Saprophytes. Parasites. Parasites on
plants. Parasites on animals. Exciting causes of disease. Life-
history of Bacillus Anthracis as an example of facultative parasites.
Doubtful obligate parasites; Spirochaete Obermeyeri; Nosema

Bombycis.—General remarks on Bacteria which excite disease 481
Literature 489

EXPLANATION OF TERMS 491

503

INDEX



ERRATA.

Page 1, line 15, for rudimentary branch #ead branch-primordium,
» 9, line 8 from bottom, fo» Muscaria 7ead muscaria.
» 5 line 3 from bottom, for erinaceus 7e¢ad Erinaceus.
,, 18, line 2, for or read and.
5 29, lines 1 and 8, for fructification read sporophore.
ss 34, line 5 from bottom, for commencemet 7¢ad commencement,
»» 59, line 5 from bottom, fo» Coprineae #ead Coprini.
» 51, line 4, after Clavarieae Zmsert Calocera.
» , line 15 from bottom, /o Coprineae 7ead Coprini.
» 57, line 16 from bottom, fo» Helvetia 7¢ad Helvella.
» 04, line 22, affer sterigma read as in Coprinus.
» 76, line 12, for orientated 7ead originated.
s 99, line 5, for sporiderms read sporidesms.
5 130, line 4 from bottom, fo» rudimentary 7zed commencing.
,y 162, line 5 from bottom, for tubular-rhizoid processes, »ead tubular rhizoid-
processes.
,s 177, line 4 from bottom, fo» sometines 7ead sometimes.
,y 181, line 7, for Urocystis 7ead Ustilago.
s 192, line 6 from bottom, fo Verrucariae 7zead Verrucaria.
» 244, last line, for polytrichum read polytricha.
,» 208, line 3, for Mycodermain, 7ead Mycoderma in.
s 277, line 7 from bottom, for sempervivi 7ead Sempervivi,
s 286, last line, for 53 read 48.
5 3006, line 14, for violacea 7ead foliacea.
» 330, line 12, for 25°c. read 25° C.
» 349, line g, for winter, of 7ead winter of.
» 352, note 2, for 294 read 262.
5 368, lines 25 and 26, for fir 7ead silver-fir.
» 376, line 17, for Mentagrophytes, Rob.; 7¢ad Mentagrophytes, Rob.);
» s line 18, for pityriasis versicolor!). read pityriasis versicolor.
» 391, line 2 from bottom, for hypodites read hypodytes.
» 399, line 8 from bottom, for peridermis read Eeriderm.
»» 400, line 16 from bottom, for malacca read malacea.
» 427, line 18, for Stemonites 7ead Stemonitis.
» 428, line 5 from bottom, fo» homogenous 7edd homogeneous.
»» 434, lines 18 and 19, for serpula read Serpula.
» 441, line 17 from bottom, for serpula read Serpula.
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First Parr

FUNG/

DIVISION I. GENERAL MORPHOLOGY.

CHAPTER I. HISTOLOGICAL CHARACTERISTICS.

Section I. The thallus, which in most Fungi is the whole body of the plant
not serving directly as an organ of reproduction, begins as a tubular germ-cell
(germ-tube, Keimschlauch) which, by continued growth progressing in an apical
direction accompanied by repeated formation of lateral branches, developes into a
branched body of cylindric thread-like form, the Zyp%a. Both growth and branching
follow the laws which prevail generally in the vegetable kingdom. The branching is
usually monopodial, in a few cases only it is dichotomous, as in Botryosporium, species
- of Peronospora, and some Mucorini.

In some groups, especially the Saprolegnieae, Peronosporeae and the Zygo-
myecetes, the thallus or hypha of the Fungus, like the thallus of the Siphoneae, is
an unsegmented branched tubular cell up to the time when organs of reproduction
are formed. But in the great majority of cases it becomes a branched row of cells
owing to the incessant formation of transverse walls concurrently with the growth
of the hypha at its apex. The segmentation either takes place only in the apical

cell for the time being and at the place of insertion of the i branch, o7

so that each branch is made up of an apical cell and segment-cells of the first order
only, as in Penicillium® and Botrytis cinerea, or new intercalary partition-walls are
formed in the segment-cells of the first order.

In the more simple Fungi the branched hypha alone constitutes the thallus;
such forms are termed Hyphomycetes, Filamentous Fungi (Fadenpilze), or
Haplomycetes 2. The body of the largest Fungi, the Mushrooms and Lichens of
ordinary parlance, are also composed of hyphae, but their ramifications meet and
cohere to form larger aggregates. Such a body, which appears as if formed by the
union of Filamentous Fungi, may be termed a compound Fungus-body (zusam-

! Loéw in Pringsheim’s Jahrb. VIL p. 473 —Brefeld, Schimmelpilze, II. p. 27.
From the Greek word dmofis, meaning simple.

(4] B
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mengesetzer Pilzkorper) or simply a Fungus-body to distinguish it from that of
the simple Filamentous Fungus. Both are growth-forms (Wuchsformen) comparable’
with those growth-forms in the higher plants which are known as the tree, shrub,
and herb. Many species appear only in the flamentous ' form, as succeeding
chapters will show; others assume both forms according to their stage of develop-
ment and external conditions ; all have the filamentous form in their earliest stage.
It is obvious that intermediate forms will be found between these two chief ones.

It has been assumed above that a hypha or a Filamentous Fungus is the product
of a single germ-cell, and this is often actually the case. It has been repeatedly
shown that even a compound Fungus-body may be composed of the ramifications
of a single filament proceeding from a single germ-cell. But this is not always
the case, or at least cannot always be proved, owing to the frequent coalescence
of similar hyphal branches with one another (Fig. 1), which takes place in the

&
>
N
6\ !
0/&9\ %
FIG. 1. Germinating gonidia of Nectria (Spicaria) Solani, FIG. 2. Clamp-connectio

3 o s E N . -2 - of 5
Reinke ; @ developing into an isolated hypha, in the rest the celium of Hypolcblmu: re;lttl:i'fugz:};e ’i‘n:L
hyphae have coalesced. Magn. 390 times. Magn. 390 times. B

following manner :—the lateral wall or the extremity of a branch or of a segment- )
cell of the branch places itself on another branch or cell, and the membranes of
both disappear at the point of contact, so that the cavities and protoplasmic contents
of the two cells become united into one. Coalescence in this way may take place
between the branches of the same hypha, and also between such as are growing
together but were originally distinct, being the product of distinct germ-cells. The
for‘ms which result from such coalescence are very various ; H-shaped cross links or
bridges, loops of various form and number, even network of many narrow meshes are
found. One curious form must be mentioned here, the clamp-connections (Schnallen-
verbindungen), first observed by Hoffmann (Fig. 2). They occur only on hyphae with
transverse segmentation, and chiefly in the Basidiomycetes (many Agaricineae, species
of Polyporus, Typhula, Hypochnus, Cyathus, Hymenogaster, &c.). A clam ’ of this
kind when fully formed is usually a nearly semicircular p;otuberance likepa short
branch which springs from one cell close to a transverse wall, and is closely appli I;i
to thellateral wall of the adjoining cell in such a way that t]:;e transverse };val}i)pcsts
the middle of the plane of contact at a right angle. Sometimes the protubera
does not lie close on the lateral wall at all points, but forms an eye—hgle Bre?iz
obser;ed .the origin of these formations in Coprinus, and found that the pr(;tuberar(:ce
i};z::s s itself from the ome of the two adjoining cells to the other, and then
cence takes place, so that the two cells enter into open communication with
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one another through the protuberance, and finally the protuberance is separated
from the cell on which it first arose by a new wall which usually coincides with the plane
of the lateral wall. The protuberance generally continues in open communication
with the second cell, with which it coalesced; but here too subsequent separation
is sometimes, though seldom, effected by the formation of a wall, and it is only to
this exceptional case that Hoffmann’s original term * clamp-cells” is properly suited.
In Coprinus according to Brefeld the first cell, the cell which puts out the
protuberance, is always the one on the apical side of the transverse wall. In this
case therefore the whole structure is formed almost exactly in the reverse way to
that which is suggested by its appearance when fully formed; whether this is so
in all other cases has yet to be ascertained.

The growth of the compound Fungus-body, so far as it depends on the
formation of new cells and not on the expansion of the old, is due simply to the
growth in length of the united hyphae and to the formation of new branches on
them ; these branches are formed partly on the surface of the body, partly in its
interior, where they thrust themselves in between the branches previously formed.

In the fully developed state of these compound forms it is in most cases easy
to see the fine fibrillation due to their construction out of hyphae; the course of
single hyphae and their ramifications may often be followed with the aid of the
microscope for considerable distances, whether they lie parallel to one another or
whether they cross one another repeatedly and are intertwined.

In other cases the entire thallus or separate parts of it appear to have an entirely
different composition. Here the tissue when fully formed consists of isodiametric
roundish or polyhedral cells, and especially in thin sections no longer appears to be
an arrangement of hyphae, but resembles the ordinary parenchyma of the higher
plants. Examples™ of this tissue are to be found in the pileus of Russula and of
Lactarius, in the rind of the peridium in many of the Lycoperdaceae, in many sclerotia,
in the stipe of the Phalloideae, in many Lichens, and in some other cases. But if we
examine this tissue more closely and follow the history of its development, we see
plainly that itis really formed from and consists of hyphae, and that it owes its parenchy-
matous structure simply to the firm union of the hyphae, and to the form, expansion,
and displacement of their cells. The parenchyma of the higher plants is formed by
cell-division, the partition-walls as they successively arise being placed in turns in
one of three or two directions in space. From this difference in origin the Fungus-
tissue of which we have been speaking is distinguished by the name of psexdo-parenchyma.
Successive cell-divisions in two or three directions occur only exceptionally in the
formation of the thallus of the Fungi, as in pycnidia and perithecia (on this see
Division II).

The union (Verbindung) of the hyphae to form the compound Funcus body is for
the most part brought about by their swlerweaving (Verflechtung) one with anothet,
and the direction and closeness of the weft vary according to the species. The
hyphae of the flocky felt-like tissue of Polyporus fomentarius?, of Daedalea, of the stipe
and pileus of the Amaniteae, of the medullary layers of many Lichens, &c. are loosely
woven, leaving broad interstices usually filled with air; those of the firm tissue, often

1 Amadou of commerce.
B 2
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hard as horn or wood, in the dark rind of the dry Pyrenomycetes, Of_ the Tub.eraceae, Of
many sclerotia, &c., leave scarcely any intercellular spaces. Every 1nterr.nedlate stage is
to be found between the loose accidental intertwining of the socially growing Hyphomy-
cetes and the firm structure of the Fungi which have a definite form, and states
the farthest apart from one another sometimes occur in the same species.-

When the hyphae run parallel to one another, as in the stipe of Agaricus Mycerfa,
Coprinus and other species, their connection may be brought abou.t by cementation
(Verklebung) or concrescence (Verwachsung) of the membranes, and in the same way
they often gain much firmness where they are interwoven with one another. In .hard
tissues, as the rind of many non-fleshy Fungi, and in the masses of gelatinous tissue
described on page 9, the outer surfaces of the hyphae are often inseparably grown
together, or are cemented together by a narrow slip of a firm homogeneous substance;
in fleshy Fungi the hyphae are often united by an intervening substance which softens
in water and allows them to be artificially separated. This cementing substance
may be called sntercellular substance. Whether it is to be regarded as a part of the
cell-membranes themselves or as an entirely distinct body from them, is a question
which in the case of the Fungi has not yet been specially examined ; there is therefore
the less ground for assuming other laws than those which prevail in the histology of
other plants. Lastly, the coalescence above mentioned of branches originally distinct
also adds to the firmness and solidity of the compound Fungus-body ; its occurrence
is shown in fleshy and gelatinous species by the frequency of H-shaped connections,
though no special researches have been made into their mode of formation.

Of the exceptional cases referred to above in which the Fungus-thallus is not
formed of hyphae, the first to be noticed
is that of the forms recently termed by
Nigeli Sprouting Fungi (Sprosspilze). This
name, like that of Filamentous Fungi, indi-
cates a growth-form; and this is the only
form in some Fungi, as in the species of
the genus Saccharomyces known as Yeast-
fungi, or it is peculiar to particular states of
other species which otherwise appear as fila-
mentous or compound forms. In the latter

spfoll(x;t.ing : fg”ZZZiffoffin?ﬁqf“}iff,fenﬁn;effcc}’,ﬁf‘f,’.ﬁ cases it may be a.matter of doubt, for reasons

scluton; stages of development n he ordes of th leters. Fo be hereafter discussed, whether the sprout
Is to be regarded as a vegetative or as a
reproductive organ,

The characteristic features of the Sprouting Fungi are as follows (Fige sin G
cell grows to a certain size and shape, the latter being usually spherical or somewhat
ovoid, and puts out an excrescence or sprout which remains connected with it by a
narrow base ; this new formation is of the same nature as the parent-cell and is
Sfeparated from it by a transverse wall either before or after it has reached its proper
size. 'I.'he process of sprouting may be Tepeated in the daughter-cell and in every
succ.eedlng generation, the number of which is unlimited in presence of sufficient
nutriment. The number of sprouts that can be produced by each active cell and the
spots at which they appear are not certainly determined, though with regard to the
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latter it is possible to give certain rules in individual cases; as a rule the sprouts may
arise simultaneously at several spots in the mother-cell, or one after another from the
same spot. If all the generations of sprouts continue united to one another, it is
obvious that their combination simply forms an irregularly branched hypha, which is
distinguished from ordinary segmented hyphae only by the constriction at the narrow
point of insertion of the sprout-cells. This i3 in fact the condition in which the cells
remain as long as they are not disturbed; but eventually the full-grown sprouts
separate easily from one another, and a slight movement leaves only isolated sprouts
or small aggregates of them.

The second exception is found in those simplest forms of the Chytridieae, in
which the entire thallus consists of a single round cell which ultimately produces
spores ; the less simple species of this group are allied by their structure to the
unicellular Filamentous Fungi described in sections XLVI-L.

The Laboulbenieae may perhaps be reckoned as a third exception, but their
character is still very imperfectly known (see Division II).

The view given above of the structure and growth of the thallus of the
Fungi has been already distinctly indicated in Ehrenberg’s Epistola de Mycetogenesi
(Nov. Act. Acad. Nat. Cur. X); it is also clearly expressed in Vittadini’s Monogr.
Lycoperdineorum (Mém. Acad. Turin. Ser. II, V, p. 146, 1841); and the views of
later writers (Montagne, Esquisse organographique, &c. sur les champignons, Paris,
1841, German edition, Prague, 1844, and Schleiden, Grundz. 3rd edition, II, p. 34)
are in accordance with it. Schleiden, and Unger after him (Anat. u. Physiol. d.
Pflanzen, p.149),call the weft of distinct hyphae felted tissue, ¢ tela contexta.” Thoroughly
to establish and work out this view required fresh anatomical investigations, and to
these Bonorden and Schacht have given the chief impulse and contributed the first
more important materials. See Bonorden, Allgem. Mycologie, Stuttg. 1851, and
Schacht, Die Pflanzenzelle, p. 134.

On the clamp-connections see Hoffmann in Bot. Ztg. 1856, p. 156 ; Tulasne, Carpol.
I, 115 ; Bail in Hedwigia, I, 96, 98, &c.; Brefeld, Unters. iiber Schimmelpilze, III,
especially p. 17; Eidam in Cohn’s Beitr. z. Biol. Bd. 11, 22q.

The distinction of pseudo-parenchyma or apparent parenchyma was introduced”
by myself in the first edition of this work. The term may be retained as it has become
familiar ; but it should be remembered, that it ought only to be used to indicate the
appearance of the close short-celled tissue of the Fungus with reference to the ordinary
conformation of the parenchyma of the higher plants. If the latter tissue is charac-
terised not, as is most usual, by the form of its cells, but by their structure and by
the functions indicated by their structure, then the pseudo-parenchyma is neither
more nor less to be compared with it than any other aggregate of cells in the Fungus.
which serves for metabolism.

The term Sprouting Fungus may be used as a general expression for the growth-
form which it designates. As the Saccharomycete with this form of growth which has
chiefly come under consideration is yeast, the term Yeast-fungus has usually been
employed instead of Sprouting Fungus ; but this leads to confusion, and the word Yeast-
fungus should not be used for the growth-form, but should be confined to the special
cases to which it is suited.

The Schizomycetes will be described in the third part of this work.

Section II. The cells of the Fungi agree in all important points with the
cells of other plants as regards structure, growth, and mode of division.

The protoplasm, which in most cases fills uninterruptedly the interior of the
young cell, encloses in the full-grown cell of the Fungi, as of other plants, one or
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several sap-cavities (vacuoles). Comparatively large vacuoles are often separated

from one another by thin films of protoplasm, which in elongated cylindrical cells
are not unfrequently placed across the cell, like transverse septa of cell-membrane,
and this position has before now caused them to be mistaken for transverse cell-
membranes®. The greater part of the 86-94 per cent. of water, which Schlossberger
and Dépping found in fleshy mushrooms, is to be placed to the account of the
watery cell-sap.

Errera discovered a remarkably large amount of glycogen in the cells of many
Fungi. This substance permeates the protoplasm, renders it unusually refringent,
and may be recognised under the microscope by this quality and by the charac-
teristic reddish-brown colour which it assumes in the presence of iodine. It occurs
especially in the asci of the Discomycetes and Truffles, but-Errera found it also
in the vegetative cells of some of these Fungi, of some of the Mucorini, and of
certain Hymenomycetes, &c.

Nuclet are found in many cells connected with reproductive processes in the
Fungi, in asci for example and basidia, and their relations to the formation of daughter-
cells are in some cases at least clearly understood; but there is some uncertainty with
regard to the nuclei in the vegetative cells of the thallus, owing to their minuteness.
On the one hand the presence of nuclei in the vegetative cells is probable where they
have not been directly observed, because the reproductive cells which have nuclei
are formed directly from vegetative cells and are distinguished from them only by
their greater size, which may be the only reason why their nuclei are clearly seen,
and because the nuclein which is characteristic of cell-nuclei has been shown by
macrochemical methods to be present in cells, in which the presence of a morpho-
logical nucleus is not or has not been certainly ascertained. In conformity with this,
Strasburger with the help of colouring reagents detected nuclei in the cells of the thallus -
and in the spores of the Saprolegnieae, and Schmitz had previously asserted their
existence in a number of other Fungi, as for instance in Oidium lactis, in the
"Peronosporeae, Mucorini, and Saccharomyces; to these may be added Penicil-
lium glaucum (Strasburger) and especially the gonidial state of Peziza Fuckeliana
(Botrytis cinerea). But on the other hand the objects under consideration, except
in the Saprolegnieae, are of such minute size, that the satisfactory discrimination
of true nuclei from other small bodies contained in the protoplasm, and like them
perhaps rendered more distinct by colouring reagents, is extremely difficult, and
can only be obtained after renewed investigations. The accounts in our possession
make it distinctly probable that the protoplasm of the elongated vegetative cells of
the Fungi which have been examined contains several or even many small nuclei,
the division and multiplication of which is not in direct morphological connection
with the vegetative cell-division. Only the short vegetative cells of Saccharomyces
according to Schmitz are uninucleate. The reproductive cells to which we have
referred above have one or more nuclei according to the species; the connection of
the nuclei with the formation of daughter-cells, as far as it is known, will be described
below along with the phenomena of reproduction.

The protoplasm of the cells of the Fungi contain no chlorophyll or analogous

See Reisseck in Botan, Zeitg. 1853, p. 337.
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colouring matter or amylum-grains, nor, asfar as is known, any vehicles for colouring
matters nor their homologous plastids (A. Meyer’s trophoplasts),

It would appear that the formation of fatty matters takes the place very generally
of the amylogenesis which holds in plants containing chlorophyll; these matters
always form a percentage of the dry substance of vegetating Fungi, and may
amount with diminution of the proteid substances to 50 per cent. of the material
stored up in the resting-states, to 35 per cent. in the fatty sclerotia of plants like
Claviceps, and to 5o per cent. in the Moulds (? Penicillium) in the resting or
involution-stage, that is, after the close of vegetation. During the time of active
vegetation the fatty substances are disseminated in the form of minute drops in
the protoplasm of the cells of Fungi, as they are in the cells of other plants, and
help to make it look granular or turbid; in the resting states (perieds of involution),
in which reserve-material is stored up, they may collect into large strongly refringent
drops which occupy the largest part of the cell-cavity. Examples of the latter case
are the sclerotia of Claviceps, the thallus of Sphaeria Stigma, Fr., S. discreta, Schw.,
S. eutypa, Fr., Vermicularia minor, old moulds, many spores, &c. &c.

In many cases the collections of fatty matter are colourless or only faintly
coloured, but sometimes they are very highly coloured, if after the analogy of cases
which have been carefully and chemically examined we may venture to apply the
term fatty substance to bodies, of which we only know with certainty that they agree
with fatty aggregates in outward appearance and in the ordinary microchemical
reactions. If the bodies in question are really to be regarded as chemically
definite fats, it still remains to be decided whether the colours belong to the fats
themselves, or are derived from distinct colouring matters which would in that case
be attached to the aggregates of fatty matters as their vehicles. With this reservation
and pending the requisite strict chemical examination, we may designate as coloured
aggregates of fatty substances those microchemically fat-like bodies which produce
the characteristic colouring from yellow to brick-red in so many Fungi—Uredineae,
Tremellineae, Stereum hirsutum, Sphaerobolus, Pilobolus, many Pezizas as P. aurantia,
P. fulgens?, and various other kinds. They are found thinly disseminated in the
protoplasm of actively vegetating and growing cells, imparting to it a uniform
colouring ; after the death of the cells they often run together into larger drops;
in older cells also they sometimes assume this form spontaneously. In the Uredineae,
and according to Coemans in species of Pilobolus also, the red colouring matter
shows a characteristic reaction, becoming intensely blue when treated with sulphuric
acid, then quickly passing into a dirty green and then gradually losing all colour,
a reaction which is seen in the similar red colouring matter of many parts of plants
which do not belong to the Fungi, and in the red pigment-spots (eye-spots) of
some of the lower forms of animal life. This reaction is not found in the other
Fungi mentioned above. These facts sufficiently point to a different material
composition of the bodies in question in different” cases: some of them were
spectroscopically examined by Sorby.

Van Tieghem discovered c¢rystalloids of albuminoid substance (mucorin) in
the gonidiophores and zygosporophores of most of the Mucorini. J. Klein found

! P. fulgens, Fr., was named P. cyanoderma in the first edition of this book.
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them previously in Pilobolus, They have the form of octahedra or truncated
triangular plates, are extruded from the protoplasm as it is preparing to form spores
or sporangia and do not pass into these with the protoplasm; they subsequently
disappear gradually in the decaying sporophore.

Sgcrion IIL The cell-membrane in the Fungi remains thin and delicate
to the last in most of the quickly-growing short-lived species ; in others, especially
in the long-lived solid Mushrooms and Lichens, it is thickened to a variable but
often considerable extent, and is in that case stratified like other membranes.
Formation of pits has been only rarely observed; fibriform, both spiral and annular,
thickenings have been seen only in the capillitium of Batarrea (see Division II).

In their consistence and very limited power of swelling, which has not however
been accurately determined, the membranes of many Fungi are very similar to
the non-gelatinous cellulose-membranes of the higher plants. The elementary
composition of the cellulose has also been ascertained by macrochemical analysis
after proper purification in a number of cases, in Polyporus igniarius, P.
fomentarius, P. officinalis, Agaricus campestris, Daedalea quercina, and Amanita
muscaria. But the colourless, non-gelatinous and apparently pure cell-membranes of
Fungi of every age are generally distinguished from the typical cellulose-membranes
of the higher plants by being insoluble in ammoniacal solution of cupric hydrate,
and by the absence of their characteristic reactions with iodine; they are not
coloured blue by iodine and sulphuric acid or by Schulze’s solution, or only
after special and prolonged preparation, in the course of which they often display
strong resistance to acids. We may therefore properly distinguish their substance
by the special name of Fungus-cellulose. It remains still undecided whether their
peculiar qualities are due to the presence of foreign deposits in their substance
or to some other causes.

Membranes however are not wanting among the Fungi which display the
typical blue reactions with iodine ; such are all the membranes in the Saprolegnieae,
in Protomyces macrosporus, in the thallus of the Peronosporeae, in the young state
of some species of Mucor (M. Mucedo and M., fusiger), and in the cells of the resting
perithecium of Penicillium glaucum (Brefeld). Clavaria juncea sometimes, but not
always, shows the violet coloration with iodine and sulphuric acid; and this is
the case also with the sterile forms known as Anthina pallida, A. purpurea, and
A, flammea, which probably belong to Clavaria or its allies. Other Clavarieae show
only the Fungus-cellulose. H. Hoffmann’s observations on Amanita phalloides
and Agaricus metatus may also be considered in this connection.

The non-gelatinous membranes of the Fungi, which are always colourless
when young, often become coloured as they grow older, especially in long-lived
forms, assuming usually various shades of brown from the lighter to the very.
darkest brown, more rarely some other colour, as the rosy red of the thallus of
the mo.uld, Dactylium macrosporum Fr., the blue of the surface of the thallus
of .Pez1za fulgens, the green of Peziza aeruginosa, and Phycomyces nitens; the
varied coloration of the membranes of the spores may also be mentioned here.
The colours of the Lichen-fungi will be noticed further on in Division IIL Apart

from the Lichens, the colouring matter penetrates uniformly through the whole
of the membrane or through certain lamellae of it.
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The coloration of the membrane is accompanied with increased firmness and in
most cases with exceptional power of resisting the action of concentrated sulphuric
acid, phenomena which taken together recall the.similar behaviour of the sclerosed,
lignified, and suberised membranes of the higher plants. With the coloration therefore
we may also speak of the sclerosis of the membranes. We learn also from other
sources that the colouring at least is due to the interposition of substances which
can be withdrawn by solvents from the membrane which then remains behind colour-
less, as we can withdraw the colouring deposits from the sclerosed membranes of
Pteridophytes, or lignin and suberin from lignified and suberised cell-walls. We
cannot at the present day speak of lignification in the strict sense of the word
in connection with the membranes of the Fungi, since they do not show Wiesner’s
reactions when treated with anilin compounds and with phloroglucin. Phenomena
approaching at least to suberisation in the strict sense of the word appear to occur
sometimes, according to C. Richter’s observations on Daedalea quercina. The
greater part of the Fungi have not been subjected to any close examination on these
points ; the purely empirical expressions, coloration and sclerosis, ‘may therefore serve
for the present as general designations of the phenomena.

But there is another kind of membrane in the Fungi which is distinguished from
those hitherto described by its gelatinous or even mucilaginous nature. The mem-
brane in the dry state is hard and cartilaginous and swells by absorption of water to
several times its former volume in the dry state; its consistence therefore in the
moistened vegetating state is that of a tough or soft jelly. The outer layers of many
filamentous mycelia have this gelatinous constitution, which is very conspicuously
seen when the plants are cultivated in a fluid. The hyphae, when examined by
transmitted light, appear to have a delicately thin membrane which seems to be
surrounded by a hyaline fluid; further examination discloses either a distinct
gelatinous sheath round each hypha, or a diffuse gelatinous mass in which the
branched hyphae are all imbedded. Zopf observed this in Fumago for example. The
phenomena present themselves in a very beautiful form in the Sclerotinieae when
cultivated in saccharine solutions: The membranes of Saccharomyces Cerevisiae must
be of this nature according to the observations of Négeli and Low.

Soft gelatinous membranes also characterise in many cases large masses of tissue
of definite shape, which appear at first sight to be slimy mucilaginous masses and
may be designated gelatinous tissue (Gallertgewebe) or gelatinous felt (Gallertfilz).
Beautiful examples of this formation may be seen among the larger mushrooms in
the gelatinous bodies of the Tremellineae, in the gelatinous layers of the peridium
of the Gasteromycetes, as Geaster hygrometricus, Melanogaster, Hysterangium, the
Phalloideae, Mitremyces, &c. (see Division II), in Bulgaria and Cyttaria, in the greasy
slimy superficial layers of the pileus in such Hymenomycetes as Amanita Wuscaria,
Agaricus Mycena of the section Glutinipedes, Boletus luteus, &c., and in the young
mycelial strands of Agaricus melleus (section VII). Membranes of the viscid
gelatinous type are found in the elements of most Lichen-fungi, in those of the
sclerotia of Sclerotinia and Typhula gyrans (section VIII), of the thallus of Hydnum

inaceus, of the massive sclerotium-like thallus of Polystigma and of the mycelium
of Hysterium macrosporum (Hartig). In the three last-named cases and in many
Lichen-fungi (see also Division III) the gelatinous membrane-lamellae are coloured
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blue directly by a watery solution of iodine. It is a matter of course that there should
be intermediate forms between the highly gelatinous and the non-gelatmo.us membranes;
such as are found for instance among the sclerotia. To the above-mentioned examples
drawn from the vegetative parts of the thallus must be added the organs of repro.ducnon,
spores and the parts which immediately produce them,—'a not less. rich and varied con-
tingent, of which more will be said in the chapters which deal with .these organs.

We know very little of the chemical composition of the gelatinous membrau.ues
of the Fungi. From the few tolerably precise investigations and from analyses which
have been made it seems probable that they are for the most part composed of one or
more carbo-hydrates or mixtures of carbo-hydrates nearly allied to cellul'ose, but v.vith
great capacity for swelling. The membranes of the Lichen-fungi (Cetraria, Ramalina,
Usnea, and Cladonia) are changed by boiling in water into a homogeneous jelly known
as lichenin, the dry substance of which is isomeric with cellulose. According to
Nigeli and L&w the membranes of yeast-cells (Saccharomyces Cerevisiae), after boiling
repeatedly in water, pass partly into a mucilage which they term * yeast-mucilage’;
the analysis of its dry substance gave a formula very near 3(C6 Hio O5)+Hz2 0.
When the membranes of the Lichen-fungi, especially Cetraria islandica, and of the
asci of many of them are coloured blue by the .direct action of iodine, the reaction is
due to the carbo-hydrate which is mixed with the lichenin (itself not turning blue
with iodine) and which can be extracted from it ; its formula is also C6 Hro Og, and
it was named by Dragendorff Zichen-starch®. Most of the gelatinous membranes, like
the yeast-mucilage, do not take the blue colour; they require further examination.

The gelatinous membranes also appear to be in many cases the seats of colouring
matters, for instance of the scarlet-red of the surface of the pileus of Amanita muscaria,
of the yellow of Boletus luteus, and of others, so that we might conclude that the
characteristic colours of the Fungi, with the exception of the reddish-yellow mentioned
above, were in almost all cases confined to the membranes. But to microscopic
examination in the cases named and in some others the colour appears so pale and
so uniformly distributed over the whole cell, that it is difficult to decide with any
certainty whether it belongs to the membranes or to the contents, or whether it is
distributed uniformly through them both.

A review of the anatomy of the membrane leads naturally to the mention of
certain bodies, which are separated out from the cells and are imbedded in or more
usually deposited on the membranes, or are interposed in the interstices of the
hyphal weft; these are resinous excretions, lichen-acids, and especially calcium-
oxalate. The lichen-acids will be noticed again in Division III.

Resinous excretions, the histogenetic relationships of which need not be discussed
in this place, are known in great abundance as a coating of the hyphae which compose
the sporophores of Polyporus officinalis, the mushroom of the Larch, and form
sometimes 79 per cent. of the mass of this plant. Bauke? found the hyphae of a
Diplodia furnished with a brown *resin-like* covering. Zopf gives a similar account
of species of this genus at page 48 of his work on Chaetomium which will be cited

' Berg, Zur Kenntn. d. Cetraria islandica (Diss. Dorpat. 1872).—Nigeli u. Schwende D
Mikroskop, Aufl. 2, 1877, p. 518. ' & §  Peendenen T

* Pycniden, p. 35.
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later. Both the old mycelium and the walls of the perithecia of Eurotium are marked
by a similar reddish yellow or golden yellow covering.

Calcium oxalate is a substance so generally found in the Fungi that it is quite
unnecessary to enumerate instances of its occurrence. I have noticed its absence in
the Peronosporeae, in many Hyphomycetes, in species of Bovista and Lycoperdon,
and in some Lichens which will be mentioned in Division III. The abundance with
which it occurs on or between the cells of the plant varies according to the species,
the individual, and the age ; it is often more easy to find in young specimens than in
older ones. It not unfrequently appears in the form of regular quadrate octohedra,
but more commonly in that of slender needles, or irregularly shaped nodules, or
angular granules (Figs. 4 and 5). These occur also on reproductive cells, as in the
Mucorineae. When they appear on or in the surface of the plant, they often give it

FIG. 4 Hyphae from the surface of a mycelial strand of FIG. 5. Extremity of a hypha of
Prallus caninus; @ bladder-like cells filled with a crystalline the mycelium of Agaricus cam-
sphere of calcium oxalate, & small irregular aggregates of the pestris, covered with small acicular
same salt on the outer surface of the hyphae. Magn. 3g0 times. crystals of calcium oxalate. Magn.

about 390 times.

a chalky white appearance ; this we see in many myecelial strands of Agaricus cam-
pestris, in the Phalloideae, in the thallus of Corticium calcareum and Psoroma
lentigerum. The occurrence of the calcium oxalate inside the cells, though it has
been observed several times, must be regarded as very exceptional. Small rod-like
erystals are occasionally found in the vesicular cells of the stipe and pileus of Russula
adusta. On the narrow cylindrical hyphae of the mycelium of Phallus caninus solitary
large spherical or flask-shaped vesicular cells are found, which are almost filled
by a large glistening sphere of calcium oxalate with a radiating crystalline structure
. (Fig. 4)-

Structure of the membrane. I wrote at some length in the first edition of this
work on the subject of the structure of the membranes of the vegetative cells of the
Fungi, because it was important at that time to prove its conformity with like parts
in other plants, in opposition to statements, especially of Schacht, founded on the
minuteness of the objects in question, and assuming a much greater general sim-
plicity in them. It will be well to repeat here the matter which was then produced,
with some abbreviations and additions, notwithstanding the fact that it is now twenty
years old, and that modern optical resources have made us acquainted with many
further details in the objects observed ; many fresh examples also might be adduced,
but they are not required,

The young membranes of many woody and leathery Mushrooms, especially the
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Gastromycetes and Hymenomycetes (Polyporus, Thelephora, &c.), is often compali?-
tively thick, and in an older state is not unfrequently much thickened, even to the
obliteration of the lumen. The cells for example of the'plleus of Polyporus fomen-
tarius, of Crucibulum vulgare® and many other species, have in some parts the appearance
of solid cylinders, in others have a distinct cavity. The thickened mem})ranos are
either firm and brittle or flexible, or gelatinous. and soft. Where the thlc‘keolng is
slight, as on the lateral walls of many Filamentous Fungi (Dematieae, ]'30trytls cinerea,
Peronospora), the membrane is usually homogeneous and' not stra}tl'ﬁ'ed, aod even
the transverse walls are generally undivisible or with difficulty delslblo into two
lamellae. But strongly thickened walls often show very distinct stratification without
as well as with the aid of reagents which cause swelling of their substance, such
as solution of potash or Schulze’s solution or sulphuric acid. Good examples are tpe
thallus and gonidiophores of Cystopus, and the cells of the firm rind of the myce!lal
strands of Agaricus melleus ; to these may be added the thickened membranes which
sometimes occur in Pilobolus in consequence of retarded growth (Coemans). The
membranes of many dry resting Fungus-tissues (Polyporus zonatus, P. versicolor,
Daedalea, Trametes Pini, Lenzites betulina, the stout hyphae of Thelephora hirsuta,
the threads of the capillitium of Bovista plumbea, Geaster, Tulostoma and many
others) often show at least two distinct layers, an outer and firmer one which is
frequently of a bright colour, and an inner softer and more transparent layer.
Further stratification cannot usually be detected in these cases even with the use
of artificial means such as boiling in potash, though they may be seen sometimes in
an older pileus of Polyporus officinalis. Here may be seen, when the plant is examined
in water, an outer thin and apparently firm layer, and an inner thicker and evidently
soft layer ; the outer layer is.not sensibly altered when warmed in a solution of potash,
but the inner swells strongly, so as to protrude like a drop on the surface of fracture
beyond the outer layer, and at the same time often separates into numerous delicate
lamellae.

Very beautiful stratification is also shown in the cells of many Fungi in which the
membrane is gelatinous and is capable of swelling strongly in water. In Geaster
hygrometricus the inner layer of the outer peridium, which bursts in a stellate manner,
consists of straight cell-rows of equal length closely packed together and standing
parallel to one another and perpendicularly to the outer layer; they have a thick
membrane which is hard and cartilaginous in the dry state, but swells in water to
a tough gelatinous consistence and shows in a transverse section three to five lamellae
with different refringent power. The outermost lamellae of the cells in adjoining
rows are pressed close upon one another, and the bounding lines form a clearly
defined network on the transverse section. This structure is often obliterated in
old specimens.

An oxactly s'imilar stratification to that which has been described in Geaster is
found in the tissue of Hysterangium clathroides?, which when dry is cartilaginous
but swells apd becomes gelatinous in water, and also in the inner substance of many
sclerotia, as in the Sclerotinieae and in Typhula gyrans.

The lower part, tho stipe, of the branching body of Calocera viscosa consists of
rows of cells a}l running nearly parallel to the longitudinal axis of the Fungus. Thin
transverse sections through the stipe give therefore circular or polygonal sections
of the 1nd1v1dua%1 ce'lls.' The outermost of the three concentric layers of tissue which
compose the stipe is in th'e fresh state of a viscid gelatinous consistence, and is
fofmed of slender rows of thlck-wall.ed c'ells which appear at first sight to -be imbedded
in a soft homogeneous Jolly. But if thin cross sections of the dried stipe are allowed
t(} swell slowly in water, it becomes apparent in this case also that the jelly is formed
of as many gelatinous layers of membrane in close contact with one another at all

! Sachs in Bot. Ztg. 1855. * See Tulasne, Fungi hypogaei,
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points as there are rows of cells. If the sections are kept for a long time in water,
the delicate bounding lines of the lamellae disappear and the lamellae themselves
coalesce into a homogeneous mass.

The above cases establish the occurrence of lamellae of different thickness and
capacity for swelling in thickened cell-membranes ; but it also follows from the facts
which have been given, that the apparently homogeneous substance between the cells
of these Fungi, like the pseudo-intercellular substance in many Fucoideae, Florideae,
and others, is not to be regarded as a secreted homogeneous substance distinct from
the cell-membrane, but originates in the close contact and partial coalescence of the
outer gelatinous thickening-layers of all the hyphae.

The tissues of many Fungi (Melanogaster, Tremella, Exidia, Guepinia, Dacryomyces,
Bulgaria, Thelephora mesenterica, Mitremyces, Cyttaria, Panus stypticus), the peridia
of the Phalloideae, young Nidularieae, the surface of many Hymenomycetes, as Agaricus
Mycena sect. Glutinipedes, Fr., Amanita muscaria, Boletus luteus, and many others,
are of gelatinous constitution, and agree in structure with those of Calocera, Hysteran-
gium and other forms described above; but the interstitial gelatinous substance
appears in most cases to be really a homogeneous mass, and has not yet been
separated into portions belonging to the individual cells. This may perhaps yet
be done in many of these forms; at the same time it would appear from the
published observations on Calocera and from the close affinity and agreement in
structure between Calocera, Guepinia, and Tremella, and between Hysterangium
and Phallus, &c., that we are justified in considering the homogeneous gelatinous
substance of all the Fungi mentioned above as simply a product of the coalescence
of soft gelatinous thickening-layers of the cell-membranes. H. Hoffmann seems to
take this view?!, as he speaks of the gelatinous substance in the outer portions of
the pileus of the fleshy Hymenomycetes as a product of the deliquescence of the
membrane.

The threads of the capillitium in all species, as it would seem, of Lycoperdon
(L. pusillum, L. Bovista, L. giganteum; see Division II) are delicately pitted. The
thick transverse walls of Dactylium macrosporum, Fr. which are formed of two
semi-lenticular lamellae have the large pit in their centre, just in the same way as
it occurs in the transverse walls of filiform Florideae like Callithamnion. I have
never seen similar pits in other Filamentous Fungi ; their transverse walls are usually
delicate, and in some cases, as in Botrytis cinerea, they appear to be thinner in the
centre than at the margin.

Fungus-cellulose. In my first edition I gave the name of Fungus-cellulose to
the substance of the greater part of the non-gelatinous membranes of the Fungi for
the reasons given above. C. Richter has recently arrived at the conclusion that there
is no special modification of cellulose requiring to be distinguished by such a name,
and that the membranes supposed to contain it are composed of ordinary cellulose
with foreign, possibly albuminoid admixtures. He shows that the-membranes of
Fungi like Agaricus campestris, Claviceps, Polyporus spec., Daedalea quercina, and
Cladonia, which do not show the characters of ordinary cellulose even when treated
in the customary manner with boiling solution of potash, Schulze’s solution, or chromic
acid, if subjected to longer maceration in a 7-8 per cent. potash solution do give the
ordinary reactions of cellulose, turning blue with iodine and sulphuric acid and with
Schulze’s solution, and being soluble in ammoniacal solution of cupric hydrate. The
maceration must continue for at least 2—-3 weeks, sometimes, as in Daedalea, for
as many months. These observations are a welcome confirmation of the near
affinity of the substance of the membranes of the Fungi to ordinary cellulose which was
indicated by macrochemical analysis; but they merely prove that the membrane of
these Fungi is altered by maceration with potash in the way described. Whether

! Tcon. analyt. fungorum, pp. 12, 25.
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this alteration consists in the removal of some substance which was present from the
first must remain uncertain; such an explanation has not been proved and others
are at least possible. Without going further into the ql_lest‘ion here, we may merely
recall the fact, that ordinary cellulose is coloured blue by 10dlpe when certain re'agenFs
have produced certain changes in it; but zinc cbloride, for instance, does not in this
process remove some admixture which is present in Fhe ‘cellulose and prevents it from
turning blue. Old threads of linen and cotton which have been rep'eatedl‘y wgshed
become blue at once in a dilute solution of iodine ; the changes in their original
condition which are thus indicated cannot consist in the simple removal of any
substance. From such considerations it appears to me that the cause of the peculiar
character of the Fungus-cellulose is not yet ascertained, and the harmless special
name for it seems still to be desirable.

Coloration. The colouring-matters which are peculiar to the Fungi, i.e. which
are produced in their metabolism, are chiefly if not solely the yellow and the reddish
yellow which are partly attached to the fatty or fat-like contents of the celis, and
partly disseminated through the membranes. It is not therefore too much to say,
that all tints peculiar to the Fungi, which do not belong to the first category, proceed
from the specific colour of the membranes.

An exception to this rule, which may perhaps be regarded as only apparent, is
said to occur in some normally colourless moulds and parasitic forms, which growing
in water on a substratum containing soluble red and violet colouring matters take
up these unaltered in such a manneér that even their cell-contents are corre-
spondingly coloured. Fresenius® makes a similar statement with respect to species
of moulds growing among red-coloured Micrococcus prodigiosus, Cohn; I found
the same thing in Eurotium and in species of Mucor growing on red fruits and in
Phytophthora infestans on red and blue potatoes. But I am now doubtful, firstly
whether the colouring of the cell contents is in the protoplasm or in the cell-sap or
in both, and secondly whether it is present in the living Fungus, or appears only
in those of its cells which have been killed in making the preparation and have then
taken up the colouring matter into their protoplasm.

One thing remains to be noticed here which has never yet been explained, the
colouring of Peziza aeruginosa, P. (Chlorospleniumn aeruginosum of Tulasne)?
This Fungus is found on wood with the green rot so common in forests, the colouring
matter of which has been frequently examined since Vauquelin’s time and most re-
cently by Prillieux. The green colouring matter of this wood. is usually contained
in its cell-walls, but sometimes forms according to Prillieux in amorphous masses
in the cavities of the wood elements. This is in many cases all that is to be seen;
over wide spaces on and in the wood there is no trace of a coloured or uncoloured
Fungus to be seen’; (Giimbel, Fordos, and myself). If a Peziza occurs on and in wood
of this kind, almost all parts of it are coloured green, and the colour is in the mem-
branes and perhaps also in the interior of the cells of the Fungus, and often in
such quantity that the Fungus is more deeply coloured than the wood itself. Single
fructifications of the Peziza however rising from the wood are sometimes uncoloured,
a pure white, in their upper parts which are farthest from the surface of the wood.
These facts taken together led to the view that the green colouring matter is a
prqduct of the decomposition of the wood without the co-operation of the Peziza,
wh1ch‘ takes it up unaltered when it settles in the wood. The fact that Peziza
aeruginosa only grows, as far as is known, on this green-rotting wood, and on no
other substance, is not in itself a valid objection to this view. But there are on the
other‘ hand so many established instances of specific decompositions effected by
certain Fungi, that the repeated confirmation of. the above-mentioned fact and the
absence of other species of Fungus were constantly suggesting the idea that the

Beitr. 8o, ? Carpol. II, p. 188.
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green colour of the decaying wood must be a consequence, and the colouring matter
a product of the Peziza which grows in and upon it. The question is still undecided ;
but I have myself recently observed the important fact, that green-rotted wood is
sometimes found in which microscopic examination can discover no evident colora-
tion of the wood elements, but shows the presence inside them of numerous in-
tensely green hyphae which most certainly belong to Peziza aeruginosa. All our
observations show that the Fungus wherever it occurs always contains the green
colouring matter ; it occurs only in green-rotting wood, and the view that the wood
owes its colour to the Fungus must be allowed to be probable. The fact that wood
is found with this particular form of decay but unquestionably free from the Fungus
appears to be quite irreconcilable with this view ; but the objection .disappears if
we suppose with Cornu that the hyphae of the Peziza which vegetate in the wood are
short-lived, and convey all their colouring matter to the wood when they die. It
ought not to be difficult to settle this question by artificial cultivation.

One striking case of coloration may be added here, though strictly speaking it does
not belong to our present subject. The tissue of the pileus of certain Boleti, especially
Boletus luridus which in the uninjured state is yellow, assumes a blue colour as
soon as it comes into contact with the outer air. Schénbein has carefully examined
this phenomenon, and finds that it is a substance capable of being extracted from the
Fungus by alcohol and probably of a resinous character which turns blue in the
air. The blue colour appears in the alcoholic solution under the same conditions
as it does in a solution of guaiac-resin, and since it has been proved that the
colour is produced in the latter by combination with ozonised oxygen, Schénbein
assumes a similar cause of the blue colour in the Fungus. The alcoholic extract
from the Boletus does not by itself become blue when exposed to the air; there
must therefore be another substance contained in the Fungus, which ozonises
the oxygen of the atmosphere, and then effects a combination with the resin,
giving off the oxygen to it in the state of ozone. Phenomena of a similar kind
observed in other cases confirm this conjecture. Thus both the tincture of guaiac
and the alcoholic extract of Boletus turn blue at once, if they are allowed to fall in
drops on the fresh tissue of some of the Agarici which do not themselves turn blue,
especially Agaricus sanguineus. The watery juice of Agaricus sanguineus squeezed
out from the plant and filtered produces the blue colour at once in both tinctures.
From these facts it may be concluded that a number of fleshy Fungi contain a
substance soluble in water, which absorbs oxygen and gives it up to other bodies
in the state of ozone. The Boleti which turn blue contain this substance with
another resinous substance, which like guaiac-resin is tumed blue by ozone.
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It does not fall within the scope of this work to go into the details of chemical
analysis ; the reader is referred for these to—

Husemany und Hieer, Die Pflanzenreiche, Aufl. 2. See also the first edition
of A. and Th. Husemann.

FLtcriGER, Pharmacognosie d. Pflanzenreichs, Aufl. 2, Berlin, 1883. The work
contains exact accounts of Claviceps, Polyporus officinalis, Cetraria, &c.

G. Dracenporrr, Die qualitative u. quantitative Analyse von Pflanzen u.
Pflanzentheilen, Géttingen, 1882.

J- K6wi6, Chemische Zusammensetzung d. menschlichen Nahrungs- u. Genuss-
mittel, Berlin, 1878 (Edible mushrooms).

CHAPTER II. DIFFERENTIATION OF THE THALLUS.

1. GENERAL SURVEY.

Section IV, The thallus of the greater part of the Fungi which are composed of
hyphae is differentiated into two chief parts, a vegetative part known by the name of
mycelium since the time of Trattinick’, and the sporophore?® (Fruchttriger, receptaculum
of Leveillé, encarpium of Trattinick), which bears and produces the organs of repro-
duction and springs often in great numbers from the mycelium. It need scarcely be said
that there are many gradations in the sharpness of this differentiation. The views and
the terminology drawn from the species in which the differentiation is sharply defined
have often been transferred to those in which it is less distinct. In simple
filamentous forms, as Protomyces for instance and Entyloma, in which the repro-
ductive cells are formed directly as segments of hyphae which are not further
differentiated, we speak of these cells being formed directly on the mycelium. In
many cases this distinction between mycelium and sporophore may be said to be
only arbitrary.

Owing to the peculiar mode of life of the Lichen-fungi, the differentiation in
many of them is to some extent different from that of the rest of the Fungi,
and the traditional terminology therefore, which will be considered in Division III,
is also different.

The mycelium is that part of the thallus which spreadsin or on the substratum,
derives nourishment from it and attaches the Fungus to it. In accordance with these
functions it resembles the root-bearing rhizomes of the higher plants, and still more
the rhizoids of Mosses in various points of form and growth. The sporophores may
be compared to the flowering or fruit-bearing shoots of higher plants in respect of
their function to which their form corresponds, and which consists essentially in the
formation of organs of reproduction.

! Fungi austriaci, 1805.
? See note at beginning of section X regarding the use of the term sporophore.

(4] c
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2. THE MYCELIUM.

Sgerion V. The mycelia in their original form are always free hyphae ; they
cither retain this character during their whole life,gardthe hyphae as they grow
become at most loosely interwoven with one another without forming bodies with a
definite shape and outline, filamentous or floccose mycelia; OF the hyphae form by
their union elongated branching strands (fibrous or fibrillose mycelia), or membranous
expansions, or tuber-like bodies, sclerotia.

The filamentous mycelia are much the most common, and in the majority of
Fungi they are the only known form. Their character has been already described in
speaking in the first chapter of the hyphae of the Fungi generally. The branching of
the mycelial filaments in all cases that have been observed with certainty is mono-
podial. The phenomena of coalescence of hyphal cells that were originally free, and
of ‘clamp-connections which were described above, appear as a rule in their most
striking form in filamentous mycelia.

Differences in the structure of mycelial filaments must necessarily depend
chiefly on the presence or absence of a regular system of transverse walls, and this, as
has been already intimated, varies in the different groups. (See also Chapter V.) Every
species in each of the two chief categories thus obtained exhibits as a rule its own
peculiar phenomena of growth and differentiation, provided the normal conditions of
growth remain unchanged, and by these phenomena the several species and groups of
species can be distinguished from one another. These differences relate to the
average size and special form of the cells, the divergence of the branches, the phenomena
of coalescence and the like. Owing to the diminutive, size of the objects, they are
usually very inconspicuous even under the most favourable conditions of growth,
and to ascertain them with certainty requires careful observation. They are liable also
to so many changes from external causes that the determination of a mycelium, which
under favourable conditions of development has well-marked characters, without its
sporophore may be attended with considerable difficulty in practice, if it has to be
observed under less favourable circumstances. Much advance has been made in this
point of late years through the careful examination of individual species, so that we
may expect that the morphological characters of the mycelia of many species
and groups of species will in time be clearly determined.

Some filamentous mycelia, belonging to species from very distinct groups, are
distinguished by having special organs of attachment and suction, known as Aawsforia;
these are peculiar branches which attach the mycelium firmly to the substratum,
and in most cases also evidently serve to take up nutriment from it. Such organs are
found in many, but by no means in all, parasitic species living on plants and
belonging to very different groups, as the Peronosporeae, Piptocephalis, the
Uredineae, and Erysipheae.

The mycelial filaments of these Fungi spread themselves on or among the cells
of the host ; the haustoria are formed on them as special lateral branches which force
their way into the interior of the cells; they vary in form according to the species and
are more or less, often extremely, unlike the extracellular hyphae. Organs of attach-
@ent, which at least very nearly resemble the haustoria of these parasites, are found
in a few other non-parasitic mycelia; they will be noticed again subsequently.
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Careful investigations into the formation “of the mycelia of distinct species of non-
parasitic Fungi are to be found especially in Brefeld’s Untersuchungen iiber Schim-
melpilze.

The formation of clamp-connections described above may be taken as an example
of a peculiarity which is characteristic of the larger groups. It occurs, as far as we at
present know, almost exclusively in the Basidiomycetes and chiefly in the Agaricineae ;
it is found in the Tuberaceae, but apparently in no other Ascomycetes. Its occurrence
in Peziza Sclerotiorum, as stated in my first edition, seems not to be confirmed in more

F1G.6. @ and b Podospliaera Castagnet, Lév. a epidermal cells of Melampyrwmn sylvaticioon ; a branched mycelial hypha
is creeping over the surface and has sent a haustorium into one of the cells {surface view). & vertical section through
epidermal cells with mycelial hypha and a haustorium which has penetrated into a cell. ¢ a spore (gonidium) of Erysighe
Usnbelliferarum putting forth germ-tubes on the epidermis of 4ntiriscies sylvestris. The smaller germ-tube on the right
is sending a haustorium from the lobed attachment-disk into an epidermal cell.  and & magn. 600, ¢ 375 times.

recent times. Itis at present uncertain whether it is a feature of all the Basidiomycetes
or only of all the Agaricineae, and the more so as according to Brefeld it is frequent
in one species of the genus Coprinus, but comparatively rare in all the rest.

A greater number of distinctly marked characters
have been observed in the mycelia of parasitic Fungi,
“especially the Erysipheae, Peronosporeae, Uredineae,
and Ustilagineae than in other forms, and they have
been observed for a longer time. Such characters
occur chiefly in the formation of the haustoria of
many species and groups of species in those divisions ;
the following are examples of them.

The myecelial filaments of the Erysipheae (Figs.
6, 7) are furnished with transverse ‘walls, and their
numerous but distant branches spread themselves over
the epidermis of phanerogamous plants, being generally
closely applied to it, but at the same time easily FIS. g Exyafbhe {@eitr) Tuuckers, Tge
separable from it, At certain circumscribed spots, how- celial hypha with lobed attachment-disk on

the surface of a grape. After v. Mohl (Bot.
ever, they are firmly attached to the substratum, and 7z g Tab. X1). Magn, 50 times,
in these spots they are provided with a haustorium
which, springing as a branch from a cell of the mycelium in the form of a very
delicate tube, pierces the outer wall of the nearest cell of the epidermis and enters
its cavity; there it enlarges into an ellipsoid or somewhat elongated persisting vesicle
filled with protoplasm, which in Erysiphe graminis is branched in a peculiar manner. The

c 2
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mycelial filament according to the species is either not altered at a}ll at the point of
origin of a haustorium, or is at most only slightly enlarged there ; or it has a flat nearly
semicircular protuberance the height of which is at most equal to its own diameter ; or
it has a protuberance in the form of a bluntly lobed disk s'carcel‘y exceeding the breadth
of the filament, which is pressed closely down on the epidermis, and appears on both
sides or only on one side beyond the flank of the filament. These lobed attachment-
disks were first discovered by Zanardini in Erysiphe Tuckeri. * .

The thick mycelial tubes of the Peronosporeae, which are usually without
transverse walls and spread amofig the cells inside living plants, often clinging close
to the outer surface of their walls, send haustoria into the cells, which have very
different forms in the different species. In Cystopus (Fig. 8 A), Peronospora nivea,
P. pygmaea, P. densa and others,
they are like those of the Erysipheae
but much smaller, and they usually
or perhaps in all cases only make
a deep indentation in the walls of
the cells; in P. parasitica they are
lobately branched tubes, and their
vesicular club-shaped branches often
quite fill the cells of the host; in
.most of the pleuroblastic Perono-
sporeae (Fig. 8 B) they are slender
filiform lateral branches of the in-
tercellular filaments with many
curved and winding ramifications
in the interior of the cells. In Phy-
tophthora infestans, which inhabits
the potato, branches of the myce-
lium which in this case scarcely

FIG. 8. Mycelial tubes 7 creeping about in the intercellular spaces with deserve a separate name force their
then Pustoria penstuing nto e cell £+ 4 of Gops cendidss  way at various spots, especially in
pith of dsperuta odorata. Magn. 390 times, the sprouting tubers, into the cells

of the host.

The intercellular mycelium of the Uredineae has a variety of haustoria formed like
those of the Peronosporeae, especially the pleuroblastic species, and with them should be
mentioned also the winding intracellular mycelial branches of the Ustilagineae.

The haustoria of Piptocephalis, Syncephalis, and Mortierella are very different
from those which we have hitherto been considering. Piptocephalis Freseniana is
parasitic on the larger Mucorini, and its mycelium, like that of its hosts, con-
sists of tubes without transverse walls. If a growing filament of the mycelium
of the parasite comes in contact with a mucor-tube, either with its apex or with
its lateral wall, it spreads out slightly at the point of contact and thus attaches itself
firmly as with a cupping-glass to the Mucor. A tuft of filiform radiating branching
processes of such extreme delicacy that nothing is known of their minute structure
now shoot forth from the middle of the surface of attachment into the cell of the host.
The length of these suction-filaments is about equal to the diameter of the mucor-tube
(see section XLIII). Van Tieghem and Le Monnier describe similar arrangements
in Mortierella and Syncephalis, only in these genera the tubes which enter the cells of
the host are not so different from those of the rest of the mycelium.

An a?lied case, though with important points of difference, is that of the clusters of
haustoria in Chaetocladium Jonesii, a form which is usually parasitic on species
of M}Jcor like the genera just described, and resembles them in structure. The tubes
9f this Fungus, both of its mycelium which spreads in the substratum and of the part of
its thallus which rises above it, become firmly attached at the point of contact to the
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mucor-tubes which they encounter, and enter into open communication with them at
this point by the dissolution of the cell-membranes and complete coalescence of the
protoplasm of both plants. At these points of union they now put out small vesicular
projections, which in strong specimens appear in numbers close together and form clusters
which may reach the size of a pin’s head. It is obvious that these vesicles do not, like
the haustoria in the previous cases, serve as organs of attachment and nutrition, for
organs of the kind are rendered unnecessary by the union of the parasite and the host.
They are evidently storehouses of food-material, and the fertile branches of the thallus
spring chiefly from them. But in relation to the morphological points at present under
consideration they are in their nature essentially branches of the mycelium, which
‘however stand in the closest and most exclusive relation to the physiological function
above mentioned.

Organs of attachment of an unusual kind resembling haustoria are peculiar, to the
species of Sclerotinia which have been examined, S. tuberosa, S. Sclerotiorum,
S. ciborioides, S. Fuckeliana, and also to the gonidial state of this species known
as Botrytis cinerea. Under conditions to be described in the sequel the mycelium
of these plants, often when still quite young, forms short branches on which arise
tufts of secondary branches, which becoming closely clustered together are divided
by numerous transverse walls into short segments with membranes that become dark
brown with time. The clusters may be of the size of a pin’s head, and have then
been mistaken for sclerotia, with which however they have no connectlon They
are formed when the mycellum under conditions of plenteous nourishment is growing
on a solid substratum, such as a plate of glass, which it cannot penetrate, ‘and they
a'.'ﬁ'pT}"f themselves closely to the substratumi. On substances into which the plant
penetrates, such as the parts of plants which are su1ted to it, the tufts are not formed
at all or are only feebly developed, in which case their branches soon pass ;nto the
substance of the host and grow there into slender branches of the mycellum Brefeld
gives figures of these formations in his Schimmelpilze?,

Secrion VI. The myecelial hyphae of many Fungi, when the conditions are
favourable, become interwoven with one another and form membranous layers
which may be of considerable extent and thickness.

This is the case with such Hyphomycetes as Aspergillus niger, A. clavatus, and
Penicillium glaucum, which in their simpler condition have a filamentous and floccosé
mycelium, if they grow on the surface of a moist nutritive substratum. They some-
times form large expansions on the surface of fluids, and may be lifted off them like
a cloth. The free surface of the mycelium is in these cases usually clothed with the
filiform sporophores.

A second series of examples is supplied by many, perhaps by the larger part, of
the solid and especially of the woody and wood-inhabiting Hymenomycetes, the
mycelia of which form very thick membranes or crusts, sometimes of considerable
breadih and some millimetres in thickness, on the free surface of the substratum or in
clefts inside carious stems of trees, Sporophores spring on the one side directly
from the membranes, and on the other single filaments or bundles of filaments branch
off from them and penetrate into the substratum. Other instances occur here and
there in other groups, and are mentioned in special publications?

Apart from the exceptional case of Agaricus melleus which will be described
below, the only general remark of importance upon the structure of these mycelial

! Schimmelpilze, IV, t. IX.
- See the literature cited at the end of the chapter.
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membranes, which our present knowledge enables us to add to what has been already
said, is that they only occur in Fungi with septate hyphae ; the structure of the
mycelium varies of course in particular points in each species,

Special generic and specific names have in former times been repeatedly given
to mycelial membranes which are only known in the sterile sta'te. ) Persogm’s genus
Mycoderma* may be composed to a great extent of forms of this kind which belong
to the Hyphomycetes or to the Ascomycetes. Racodium cellare of Persoon? which
forms the well-known olive-brown coating on old casks in cellars is, as far as we
know, a mycelium formed of loosely interwoven filaments, the origin and reproductive

organs of which are still quite unknown.
The mycelial membranes named by Tode and Persoon Athelia and Xylostroma

are of a firmer kind. The Athelieae are the sterile states of the Thelephoreae
(Thelephora, Hypochnus), in part perhaps their undeveloped sporophores ; the Xylo-
stromeae, which occur as broad flat formations of a woody or leathery texture in the
decaying stems of trees, are the like states of firm wood-destroying Hymenomycetes,
such as Polyporus abietinus, Thelephora hirsuta, Th. crocea, Schrad.,, Th. setigera,
Fr., Th. suaveolens, Trametes Pini, Daedalea quercina, and other species of these and

allied genera.

Section VII. The hyphae of the mycelia of many Fungi unite together into
strands, which in their form, branching, and mode of spreading in the substratum
look to the unassisted eye more or less like the roots of higher plants. Even
some species of Hyphomycetes, those for instance known as Acrostalagmus, show
a tendency to this kind of formation. But it is most frequent among the Fungi
which have compound sporophores, such as the Phalloideae, many Lycoperdacede,
the Hymenogastreae, Nidularieae, and Sphaerobolus, in many of the Agaricineae,
as A. campestris, A. praecox, A. dryophilus, A. aeruginosus, A. metatus, A. andro-
saceus, A. Rotula, A. platyphyllus and A. melleus, and amongst Ascomycetes, such
as Elaphomyces, some species of Genea, Peziza Rapulum, Bull,, and P. fulgens;
the endophytic mycelium of Polystigma stellare, Lk., may be added to the list. Itis
evident from these examples that the formation of strands is not necessarily found in
all the species that belong to the cycles of affinity indicated by the above names; on
the contrary it may be wanting in one of two nearly allied species and be found in the
other.

The strands, as has been said, spread themselves out in and on the substratum,
growing at the apex and putting out similar branches, the arrangement of which
scarcely follows any exact rule even in the same species. In each case the strands
may either be in part free and tapering, or they may in part unite to form a coarser
or finer net-work, or they may in part lose themselves in a loose filamentous web, or
a single strand or several combined may expand into membranes, which spread
over the substratum or spin themselves round bodies contained in it. Fresh
strands may then take their rise from these expansions. This variation of form is
essentially dependent on the character of the environment and its influence on
the nutrition of the Fungus, as is well shown in the case of Agaricus melleus to be
hereafter described.

In most cases which have been examined the strands are composed of uniform

! Mycol. Europ. p. 96. Syn. Fungor, 701.
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hyphae with transverse septation, which vary according to the species. They generally
run parallel to the longitudinal axis of the strands and are straight or undulating, and
are either grown together by their lateral walls, as in Polystigma stellare, Agaricus
Rotula and A. metatus, &c., or they are loosely woven together, as in Elaphomyces,
the Nidularieae, Scleroderma, and the Hymenogastreae.

The structure of such Phalloideae as have been examined, of the Lycoperdaceae
and of ‘some Agarici, is somewhat more complicated. The strands of Phallus
impudicus creep in the ground and may be several feet in length and 2z mm. in
thickness. A transverse section through the stronger branches shows a thin, firm,
white, outer layer or rind enclosing a thick cylinder of a brownish colour and
gelatinous appearance (the medulla). The central and larger portion of the
medullary substance consists of a felt of tough gelatinous character, in which the
hyphae run longitudinally and are slightly sinuous and of unequal thickness. The
outer portion of the medullary substance is exclusively formed of thicker hyphae.
The rind is composed of a few layers of broad thin-walled hyphae wound firmly round
the medullary cylinder in narrow spiral coils. It is easy to see that these hyphae
spring as branches from the peripheral elements of the medullary tissue, then curve
oulwards and join the tissue of the rind. They form on their surface short distant
branchlets which make the strands appear as if clothed with short hairs. The entire
surface of the strands is covered with calcium-oxalate.

The strands of Agaricus platyphyllus® are very like the above in thickness,
appearance, and structure, only the hyphae all run in the longitudinal direction and
their walls are on the whole of firmer texture.

The strands of Phallus caninus resemble likewise those of Ph. impudicus, but
are smaller in every respect. Here too all the hyphae run parallel to one another in the
stouter parts which may be 1 mm. in thickness, and the white rind is distinguished
from the yellowish gelatinous medullary substance which contains no air by more
loosely interwoven hyphae, by air-filled interstices, and by the copious deposit of
calcium-oxalate on the hyphae and in the vesicular cells described on page rIr1.
Clathrus shows similar characters as far as my observation has gone. The rind and
the medulla are often less distinctly separated from one another in the more slender
branches of higher orders, but the former is always distinguished by its covering of
calcium-oxalate. The strands of the Agarici (Agaricus campestris, A. aeruginosus,
and A. praecox) and those of the Liycoperdaceae have the appearance of the
slenderer branches of Phallus caninus and the same structure in all important points.
The presence of the calcium-oxalate varies according to the genera and species, as
was stated on p@ge II.

The formation of strands reaches its highest development, as far as'is at present
known, in the mycelium of Agaricus melleus. An excellent description ofthe structure
and growth of this plant by Jos. Schmitz was published, with some additions by
myself, in the first edition of this work ; its life-history was elucidated by R. Hartig,
and our knowledge of it was subsequently completed by Brefeld’s cultures. There is
the more reason for giving an account of the results of these investigations in this .
place because Agaricus melleus is the only one of the forms which we are at present
considering in which the course of development has been followed from beginning to

See Fries, Icones sel. Hymenomyéetum, I, t. 61.
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end. Agaricus melleus is chiefly a parasite on living European Abietineae (see
Division III). It makes its way into the roots or the base of the stem beneath the
ground, and the mycelium spreads in the cambium zone and in the young bast, forming

NS

{/
;“A

oo,
Y y

/2% /%
};Zé%f“ ) : {'

7

W ’% iy
J SB,/ ('V .

SN

R
AR R

/ﬁ?/

Ll il l

i
sty
i Jith

I’ {7 f “\\\\‘I\]J

1ol AN
ye '/lflilf"i%‘,em‘t\%\“\
B e
sty
et i

FI1G. 9. Agaricis melleis. Me- FIG. 10. Agaricus mellerwes. Thin median longitudinal section through the extremity
dian longitudinal section through of the growing apex of a subferfanean mycelial strand. Magn. 230 times, but the drawing
the growing apex of a subterra- completed under higher magnifying power.

nean myecelial strand, seen by trans-
mitred light. Magn. 4o times.

compressed or membrane-like expanded networks of strands at the cost of the sap-
containing layers of tissue, and also sends out a large number of single hyphae from
these strands into the rind and wood, and
especially into the medullary rays, where
they spread widely. From these znira-
malrical, especially subcortical, parts other
strands may proceed which develope as
extramatrical strands usually in the soil,
and are therefore subferrancan, and branch
and spread the Fungus over wide distances
from one tree to another. These strands
become more than 3 mm. thick and are
round on the transverse section ; they can
also develope into enormous masses in
moist rotting timber.
The cylindrical subterranean strands
FIG. 11, Agaricus mellews. Transverse section througn 2 COTSISE When fully formed of a dark-brown,
%ﬁ‘:fh;gﬁfgi;g.a :‘t‘g;e;;?;ﬁa;g;ggﬁgglﬁz{j:g;;;gb;“; fhe  brittle, usually smooth peripheral tissue or
vt 1 a5 e coneing of gk rind enclosing 2 white finely-felted me-
numerous spreading hair-fike branches 4. Magn. 190 times. dulla. The rind, which in stout specimens
‘ has the thickness of paper, is formed in
its outer portion of about twelve or more layers of cell-rows (hyphae) running down the
length of the strand, and connected with one another laterally without interspaces.
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The cells of the hyphae are 2—4 times longer than broad, and have a firm brown
membrane and a polygonal transverse section in conformity with the absence of
intercellular spaces; the cells of the outer layers are narrower than those of the inner
and have much thicker walls. The stratification of their membranes becomes more
conspicuous when they are treated with potash.

The medulla consists chiefly of slender tough longitudinal hyphae about 1.5 mm.
in thickness, which form acute angles with one another as they interweave, and have
air in their interstices. Their membranes are comparatively firm; septation and
branching are rarely seen in full-grown specimens. The slender meduilary hyphae
are in connection with the innermost layers of the rind ; longitudinal sections show
them arising as numerous branches from the cells of these layers, and making their
way between them or running directly from them in oblique or transverse course to
the medullary tissue. The longitudinal arrangement of the layers bordering on the
medulla is thus rendered irregular to'a degree which varies in each specimen and is
sometimes considerable.

I have observed the development of the subterranean strands on adventitious
branches, which it is not difficult to obtain from old specimens if cultivatedin a damp
chamber. The apex of such a branch, as it rapidly elongates (Figs. g and 10), is conical
in form and colourless for a distance of some millimetres. It consists. of a weft of
delicate hyphae rich in protoplasm, the terminal branches of which form at the apex a
loosely tangled tuft rendered slimy by the gelatinous swelling of the membranes.
The apical tissue is continued downwards in the periphery of the branch into the
gelatinous felt which covers it and which will be described presently, and in the
middle into a short-celled irregular tissue of interwoven hyphae without interspaces,
which forms the real conical growing point of the body of the strand. Active
meristematic cell-multiplication, which cannot be followed in detail on account of the
close interweaving of the hyphae, takes place in the uppermost region ; close beneath
this, where the strand begins to grow broader, there is partly elongation and extension
of the elements of the tissue, partly formation of new elements. The former affects
first and chiefly the axile portion of the strand, which occupies a third part of the
total thickness; its cells subsequently undergo a few divisions close beneath the
growing point and expand rapidly to a breadth of about 12—20 p and 2—8 times that
length ; they continue thin-walled, are filled chiefly with hyaline cell-sap and are
arranged in straight longitudinal rows. They diminish gradually in breadth as they
approach the peripheral tissue (compare Figs. 10 and 11). An evident elongation
of the cells takes place in the peripheral tissue, which serves to show more clearly their
arrangement in longitudinal rows, but the increase in breadth is only small. As the
circumference of the strand increases with every successive transverse section from
the apex of the cone to the fully formed cylinder, and the hyphae are in close contact
with one another without interstices, there must necessarily be an interpolation of new
hyphal branches between those already formed.

The development of the definitive structure of the strand begins with the passage
into the ultimate cylindrical form. The increase in the breadth of the large axile cells
ceases near the apex, where the peripheral layers of the circumference increase con-
siderably ; the consequence is that the axile cells are torn from one another especially
laterally, and intercellular spaces are formed between them, which serve from the first
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to conduct air (Fig. 10). The spaces widen most in the centre of the.axile Str‘a.fl(f.l; in
the simplest case a single large axile cavity is formed, and narrow air-spaces join on
to it on the side of the periphery; in other cases single rows of cells remain in the
centre of the cavity separated for the most part from the adjaFent tissue:and therefore
quickly drying up; here too therefore there is really an a;r—ﬁlled axile cavity; its
diameter varies much, but it is always at least half as large as that of the strand, and
in stroflg specimens may reach a much larger relative size.

The wall which encloses the cavity consists in its immediate vicinity of the
original large axile cells; these form about six irregular layers round the cavity, the
cells of the outer layers becoming gradually narrower, as was stated above, and it is
these layers which give rise to the medulla of the fully formed strand in the way which
will be described presently. Outside of the zone which produces the medulla are the
numerous layers of the close compact tissue, which ultimately forms the rind of the
strand. This tissue does not however extend to the surface ; this is occupied by a
supplementary stratum of about six layers of hyphae with narrow lumina and thick
gelatinous walls, which have coalesced into homogeneous mucilage, the gelatinous
felt mentioned above. The hyphae of this tissue run for the most part longitudinally,
and join with the hyphae of the apical tuft. They also give off spreading branches
from the surface. TFrom these must be distinguished other spreading branches, also
provided with gelatinous walls, which spring from the hyphae of the rind beneath the
gelatinous felt, and pass transversely through it towards the outside. Their number
and distinction vary in individual specimens, and according to Hartig they are of special
importance when the Fungus finds opportunity for adopting a parasitic life. A sharply
defined boundary line between the innermost elements of the gelatinous felted layer
and the outermost of the later rind cannot be drawn in the earlier stages of
development.

The assumption by the tissue of its ultimate form begins with the thickening
and turning brown of the walls of the hyphae. It advances on the transverse
section from without inwards, and its first beginnings may be followed upwards
to the base of the young apical cone. As the coloration advances the gelatinous
felt which covers the rind dries up and usually no trace of it remains in older
strands. At the same time the formation of the ultimate medullary hyphae begins
inside; these arise, as is shown in Fig. 12, as slender lateral branches from the
cells of the zone which produces the medulla, and from the innermost layers of
the rind which are not sharply distinguished from it; these branches elongate
and ramify and enter the axile cavity, and becoming woven together there fill it
up in the manner which has been already described. As the zone which produces
the medulla always consists of several layers of cells, the hyphae which proceed
from its outer layers into the cavity must force their way between the inner layers,
which may become much displaced and squeezed together, and this gives rise to
the irregulatly constructed boundary zone between the medulla and the rind which
was mentioned above. A subterranean strand may form branches of the same
kind in varying number and with no regular arrangement. At the point where
a branch subsequently appears, a new formation in the form of a thick cushion
of pseudo-parenchyma is developed within the inner layers of the rind by shoots
from its cells, and the growing point of the strand emerges in a few days from
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the cushion, and breaking through the rind of the parent-strand grows in the manner
which has already been described. Its final medullary hyphae become continuous
with those of the medulla of the parent-strand. Schmitz first observed that, at
least when old strands are cultivated in a damp chamber, the place of every future
branch is indicated some days before its emergence by the appearance of a floccose
tuft of hyphae 1 —1 mm. in size, arising partly beneath, partly also according to
Hartig out of the surface of the parent-strand, which decays and disappears as
the branch is formed.

The stronger subcortical strands and the membrane-like expansions in the
living tree are said by Hartig to be similar to the subterranean ones just described in
structure and development, except in respect
of certain differences arising from difference
of form, the somewhat smaller masses of
tissue, and the fainter tinge of brown on
the outer layers of the rind or the entire
absence of that colour. Very delicate myce-
lial membranes and slender tufts of ramifying
branches, which frequently arise on the edge
of the larger mycelial body, have a more
simple structure and consist only of hyphae
of the rind. There is one important pecu-
liarity in .all these strands and expansions,
that the numerous hyphae which stand out
like hairs from the surface force their way
into the tissue of the rind and wood, and
spread and ramify there, and are organs by
which the Fungus takes up its food. They
often form bladder-like swellings in the
tracheides of the pine-wood which they
decompose, reminding one of the inner
layers of the rind of the strand, and their
number in the tracheides may be so large
as to fill them with a tissue of bladder-like
cells? ‘ FIG. 12. dgaricusmellews. Subterranean mycelial strand.

Brefeld has completed our knowledge of gggstﬁﬁ‘e‘cmffi:;;ai;{gvzci]:;“%:'g;n?%iz‘éet';ss;;“z"_:;

ranches. Magn. 390 times.

the life-history of the mycelium of Agaricus

melleus by growing it from spores in an artificial nutrent solution (decoction
of plums). A delicate branched radiating primary mycelial hypha was developed
in about eight days from the germ-tube which issued from the spore cultivated
on a microscopic slide. Thick tuft-like branchlets from single branches of the
hyphae or from several adjacent ones then appeared in the centre of the circular
expansion which was some millimetres in size; these tufts raised themselves erect
and became united together into clews as large, according to the figures, as a
good-sized pin’s head, after the manner of the sclerotia to be described below in

! R. Hartig, Die Zersetzungserscheinungen d. Holzes, p. 59.
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section VIIL. The clews assumed a pseudo-parenchymatous structure owing to the
swelling of the cells of the hyphae, and the greater part of their surface acquired a brown
colour. Then one or several growing points appeared on most of the clews, always at
isolated uncoloured spots in the part which did not project above the nutrient solution,
and from these points mycelial strands were developed of the subterranean form
just described. The primary mycelial hypha ceases to grow when the formation of
strands commences; the strands also cease to grow as soon as the supply of nutri-
ment is exhausted. When cultivated on bread or with a larger supply of the
nutrient solution they developed vigorously and branched copiously, and showed all
the important points of the subcortical form described above. They remained
uncoloured beneath the substratum, and cessation of growth in length was followed
by specially copious development of gelatinous hyphae spreading from the surface,
and forming on the top of the fluid thick membrane-like patches of wefted covering
with a vesicular pseudo-parenchymatous structure, and with the cell-walls coloured
brown where they were in contact with the air. After a winter rest of several months’
duration a large number of strands of the subterranean form were again produced
from the cultivated specimens, being fed by them, and they were seen to make their
way into the roots of living pines, where their further subcortical development

was also observed.

The development of the sporophores, which will be described in Division II,
begins according to Hartig on strands of both kinds in the same manner as the formation
already described of similar branches on the strands.

Further details and variations, the great abundance of which is not to be wondered
at, considering the great variety of form and adaptation displayed by the strands of
Agaricus melleus, are to be found in the works of Hartig and Brefeld which are
cited further on. I have endeavoured to correct my own former statements, and some
also of those writers themselves, from these researches and some more recent ones
of my own. Some statements have not been satisfactorily explained even by these
investigations ; among them a former remark of mine in the first edition of this book,
that old and strong specimens of the subterranean form ‘have often an uneven and
wrinkled rind, in which through subsequent luxuriance of growth the number of the
cell-layers is considerably increased and their arrangement is disturbed. I often
but not always found inside these specimens a brown zone concentric with the rind
from which it is divided by a narrow layer of ordinary medullary tissue, and enclosing
a strand of the latter tissue. This zone consists of hyphae with brown membranes
very tightly interwoven with one another, but in other respects resembling the ordinary
elements of the medulla, into which it passes without a break. Eschweiler’s account
of the structure of the Rhizomorphae is founded on the examination of such specimens.’
) Future investigations will perhaps clear up these less important points. Greater
interest attaches to the question, whether the first development of the mycelium
9bser\{ed by Brefeld, and especially the primary formation of the subterranean strand,
Is an invariable occurrence in Agaricus melleus, or whether perhaps the subcortical
formz.mons do not proceed directly from the mycelial hyphae, whén the spores
germinate on a substratum which renders parasitic growth possible, that is upon
the living root of a conifer. '

The history of our knowledge of the mycelium of Agaricus melleus is somewhat
remarkable. Before R. Hartig discovered that the strands belonged to this Hyme-
nomycete, they were supposed to represent a distinct species of Fungus which was
named'by Roth Rhizomorpha fragilis, or the two forms, the subterranean and the
subcortical, were made two distinct species, Rhizomorpha subterranea and Rh,
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subcorticalis, Persoon. The attempts to find the sa%r of these Fungi led to t.he
most “divergent views ; but there is no need happily to repeat here and criticise
the complete enumeration and examination of them which was given in the first
edition of this work. Some writers, as P. de Candolle, Eschweiler, Acharius, and more
recently Fuckel, endeavoured to prove the Rhizomorphae to be true Pyrenomycetes,
and assigned them peritliecia, some of which, according to Tulasne, were in fact
merely galls, while others belonged to real Pyrenomycetes, which had grown on // |
or close to the strands of the Agaric. Otth regarded as theirWaﬂySPemes j/po/ﬂ/l OF 2N
of Stilbum or Graphium which is sometimes found on ‘old sfrands in the
form of small black bodies of the thickness of a bristle and 3-4 mm. in length
and giving off spores by abjunction, a view which was supported by the resem-
blance of their structure to that of the rind of the strands, and which after all
may in a limited sense still be correct,, The question can only be decided by the
history of the development of the Stilbum ; but this is notknown, and the species may
for the present be considered with greater probability to be a parasite on the strands.

Other writers, as Palisot de Beauvois, and in more recent times Caspary and
Tulasne, looked upon the Hymenomycetes, especially the woody Polyporeae, as
the sporophores of the Rhizomorphae, partly because the two were so closely
associated in their growth, and ‘partly because these observers confounded the
strand-like or membranous mycelia of the former plants with the strands of Agaricus
melleus, the characteristic structure of which they did not properly distinguish.
Hence Caspary, for instance, brings the Rhizomorphae themselves into genetic
connection with the sporophores of quite different species of Polyporus, Trametes Pini,
and Agaticus ostreatus.

The name Rhizomorpha we now know to be superfluous; it may and should
be dispensed with, as I have myself done above. The same may be said of the
name Xylostroma mentioned in the preceding pages, as also of the names Himantia,
Ozonium, Hypha, Hyphasma, Fibrillaria, Ceratonema, all of Persoon, Byssus, Dill,
Dematium, Lk. (in part), Corallofungus, Vaill. They were applied, as is well
known, since the time of Palisot de Beauvois to sterile mycelial strands which
sometimes attained a great size in damp woods, cellars, and mines, but their connection
with distinct forms of sporophore, owing to the slight attention which was formerly
paid to the study of mycelia, was never actually decided.

‘"The forms, which Fries! regarded as a distinct genus Anthina, may also be mentioned
in connection with sterile mycelial strands of doubtful affinity. The Anthinae, of which I
am here speaking, and from which I exclude the section Pterula, Fr. because these appear
to be fertile, are cylindrical or ribbon-shaped bodies an inch high on the average and
about I mm. in thickness, which grow erect from a floccose mycelium largely developed
in decaying wood and leaves, and branch in their upper part dichotomously or in
a palmate manner. They are either of a brightred colour (A. flammea, A. purpurea) or
pale brown (A. pallida). They consist of a strand of parallel hyphae firmly united
together by a homogeneous connecting substance, and are formed by the union
of the hyphae which spread abundantly through the substratum. The bundle is
divided at the upper end, or its hyphae separate from one another and spread on all
sides and form the bifurcating or palmate extremities. Specimens are not unfrequently
found with the upper end of the plant bent down towards the ground, and there
separated into a floccose mycelium or even into net-like anastomoses. I have myself
never seen a sporophore in these forms, though Fries says of A. flammea, ‘affusa aqua
secedunt sporidia’ The small cells laterally attached to the hyphae, which I have
occasionally found in A. pallida, and which I formerly spoke of as spores, I am
now inclined to regard as very doubtful structures.

! PL. homon. 169.
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Sgerion VIIL The name sclerotium has been given to certain thick tuber~lik§
bodies formed on the primary filamentous mycelium which proceeds from the ger-
minating spore ; these, which are storehouses of reserve-material, become detached
from the mycelium when their development is complete, usually remain dormant
for a considerable time, and ultimately expend their reserve-material in the production
of shoots which develope into sporophores.

The sclerotia are generally exposed on the surface of the substratum, or they are
formed on the walls of broad fissures in it or sometimes even in the close tissues of
phanerogamous plants.

Their form and average size vary much according to the species, the latter being
dependent also on the quantity and quality of the food supplied to them. The
sclerotia for example of Typhula variabilis are small spheres usually of the size
of a mustard-seed, those of Sclerotinia Sclerotiorum differ extremely in shape and
may be smaller than a pea or as large as a hazel-nut, or form shapeless cakes some-
times an inch in breadth; the sclerotia of species of Claviceps are horn-shaped blunt
triangular bodies which may be more than an inch long and some millimetres in
thickness, or scarcely 1 cm. in length and 1 mm. in breadth, according to the species
and the nutrition.

. The structure of these bodies in their mature resting state is, in some points of
chief importance, the same in all the species. They consist chiefly of a uniform
compact tissue, the medulla, which, with a single exception noticed below in paragraph
d, is surrounded by an outer layer of peculiar structure forming the 7z7d or outer coat,
Both parts contain comparatively little water. The medulla is a close weft of hyphae
or a pseudo-parenchyma, the elements of which are pale-coloured or colourless and
contain a large quantity of reserve food-material ; thisin some cases takes the form of
a great thickening along with gelatinisation of the membranes of the cells, the lumina
of which are narrow and contain little solid matter, as in species of Sclerotinia and in
Typhula gyrans, &c., or their cell-walls continue thin and the food-material is in the
form of large accumulations of fatty matters, as in Claviceps, or of fine-grained proto-
plasmic substances, as in Coprinus stercorarius and others. Exact investigation of
the reserve material has been made only in the case of the sclerotia of Claviceps™.
The rind is composed of one or more layers of cells which have their membranes
wholly or partially sclerosed and dark-coloured, and are poor in solid contents.

Within the limits of this general structure, which is common to these bodies,
there are special structural arrangements which vary much in the different species.
Outward likeness is not always accompanied by agreement in their internal
structure, which may also be like or very unlike in nearly related species.

The following details, most of which appeared in the first edition of this work, will
illustrate these points,

a. The‘ sclerotia of the Sclerotinia-Pezizeae (Peziza tuberosa, P. Sclerotiorum,
P. Fuckeliana, P. Candolleana, P. ciborioides, P. baccarum, &c.) have a thin, black,
smooth or rough rin‘d, and a medulla which in the dry state is of a white or whitish
colour. The latter is a firm gelatinous tissue of cartilaginous texture without any

Fliickiger, Pharmacognosie d. PAanzenreichs ; see before on page 17.
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air-conducting passages, as in P. Fuckeliana, or with comparatively few of them.
Its hyphae are cylindrical and septate, and interwoven with one another in every
direction ; hence in thin sections of the sclerotia their lumina appear in all possible
forms according as the section passes through them transversely, obliquely, or
longitudinally (Figs. 13, 14). The cells in the moist state contain little else than
a watery fluid ; in the dry state they contain air. Towards the rind the hyphae
are divided into short cells, and in sections therefore most of the cells have a circular
outline,

The rind consists of isodiametric roundish-cornered cells which have firm dark-brown
membranes and adhere closelyto one another. In small forms (Fig. 13) it is composed
of one or two layers of cells, in larger (Peziza tuberosa, P. Sclerotiorum, Fig. 14) of
three or four or more layers, and then the cells are usually arranged in irregularly
radiating rows perpendicular to the surface. It can be easily shown in most cases
that the elements of the rind are those segments of the medullary hyphae which lie
nearest to the surface of the sclerotium.

The breadth of the hyphae varies in different species and sometimes in different
individuals.

FIG. 13. Piece of a thin transverse section FIG. 14. Thin section through a mature sclerotium of Sclerotinia. Sclerotiorim,
throughasclerotium of Sclerotinia Fuckeliana; Libert, showing the xind and adjoining medullary tissue. Magn. 375 times.
7 the rind.  Magn. 390 times, '

Many of the forms which belong to this group occur on the surface of the part of the
plant on which they grow, others inside them in their decomposing substance. The
former (Peziza tuberosa, and P. Sclerotiorum frequently) show the structure, which has
been described, quite perfectly. Some of the latter, as P. Sclerotiorum, often enclose
isolated dead cells or larger portions of the tissue of the part of the plants, which they
inhabit, in their own substance, as Corda pointed out. The foreign bodies thus
enclosed are irregularly and inconstantly distributed through-the medulla, and
are sometimes surrounded by a layer of dark-brown cells of the rind.

The smaller sclerotia of this type, which are found growing on decaying leaves
(Peziza Candolleana, Lev., P. Fuckeliana), regularly take possession of the substance
of the leaf at the points where they are developed. They are weal-like swellings
on the leaf, formed of the tissue-elements of the sclerotium, among which the dead
elements of the leaf are interposed;, though more or less displaced and separated
from one another. The way in which the sclerotium takes possession of the tissue
of the leaf is different in different species. The sclerotium of P. Fuckeliana for
example (Fig. 19) inhabits only the parenchyma and epidermis of the leaf of the
grape-vine, but sometimes it grows even over the hairs on the leaf and so appears
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to be spikey ; it often appears along the veins of the leaf, but always outside the
wood-bundles. I found the sclerotia of P. Candolleana on oak-leaves, but there also
only in the parenchyma. But the sclerotium of a small Peziza which inhabits the
leaves of Prunus insinuates itself among all the elements of the veins of the leaf.

b. The structure of the sclerotia of several of the Hymenomycetes, especially Agaricus
cirrhatus, P. (?), A. tuberosus, Bull., and Hypochnus centrifugis, Tul., differs
little from that of the first type. The chief difference is that the cell-walls in the rind
are not a dark but a yellow brown; the surface of the rind is in most cases tolerably
smooth, but in Hypochnus centrifugus it is ‘uneven or felted over with the remains of
the hyphae which surround the sclerotium in its younger state. The hyphae of
the medullary tissue and their membranes are of varying thickness according
to the species ; they are in most cases chiefly filled with a watery fluid or with
air; in Hypochnus centrifugus they contain drops of oil. I have never found
tissue-elements of the host enclosed in the medulla even of those of the above
mentioned sclerotia, which had developed in the interior of decomposing parts of plants
(Mushrooms).

¢. A somewhat different structure from the above is seen in a sclerotium in
Rabenhorst’s Herb, mycol. Nr. 1791, incorrectly named Sclerotium stercorarium, and
of doubtful origin. Its white medullary tissue consists of thin-walled cylindrical
hyphae which contain a watery fluid, and are usually rather loosely interwoven,
the interstices being filled with air. Towards the surface the medulla passes gradually
into an outer covering of many layers of narrower hyphae, which mostly run parallel
to the periphery and form a tissue without interstices. The inner layers of this
tissue are colourless, towards the outside the membranes become gradually. yellow-
brown, and those of the outermost layers are so considerally thickened that the lumina
are much reduced in size. The whole sclerotium is thus surrounded by a firm uneven
rind composed of several layers.

4. The light-yellow Sclerotium muscorum, which also belongs to some Agaric,
consists of a web of broad thin-walled hyphae with narrow interstices containing air,
The hyphae, which are not arranged in any order, are composed partly of elongated
cylindrical and partly of short vesicular cells. The latter contain a clouded homo-
geneous yellowish protoplasm, or a watery fluid in which drops of yellow oil are
suspended. The surface of the sclerotium appears to the naked eye of a darker
colour than the centre, but under the microscope the structure is seen to be the
same throughout, and the medulla and rind are not clearly distinguished. Single
surface-cells project here and there as cylindrical papillae.

e. The snow-white medulla of the sclerotium of Coprinus stercorarius, Fr. has
a similar structure to that in Sclerotium muscorum. It is a pseudo-parenchyma
composed of broad irregularly roundish or elongate-ovoid cells and single cylindrical
hyphae; all the cells are very thin-walled and filled with a colourless, uniformly
and finely granular, somewhat strongly refractive protoplasmic substance, which issues
forth from injured cells and spreads through water and makes it turbid. These
cells form a close tissue which is hard in the dry state, and has more or less
narrow interstices filled with air. The cells of the medulla become suddenly smaller
towards the circumference. The surface of the sclerotium is formed of a firm
apparent'ly black rind which is wrinkled in the dry state. Where this rind borders on the
medulla it shows four or five irregular layers of small cells of the shape and size of the
outermost cells of the medulla, but with brown membranes and apparently always
clear watery contents. This layer is surrounded by the more superficial rind
consisting of three or more layers of large cells usually of irregular roundish outline,
which at t'he periphery have some resemblance to the largest of the cells of the medulla,
and contain a watery fluid or air within a slightly thickened wall of a dark violet-black
colour. Many of the superficial cells of the rind project irregularly above the rest
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and some are prolonged into short irregular hairs or papillae, while in others the
membrane is irregularly torn on the outer side of the cell and the exterior surface
is thus rendered rough and uneven.

/- The sclerotia of some Typhulae, T. phacorrhiza, T. gyrans, T. Euphorbiae, Fuckel,
T. graminum, Karst., &c. have the gelatinous medulla with cartilaginous consistence
of the type &, with slight differences as regards the thickness and firmness of their
membranes in the several species. The hyphae contain a clear watery fluid which
sometimes has granules sparingly distributed through it; in T. graminum only they
are densely filled with homogeneous turbid protoplasm. The rind in these species is a
single layer of cells of uniform height connected by their sides without interstices,
which are evidently the peripheral segments of the medullary hyphae, unlike them
as they may be in structure. The cells are tabular or shortly prismatic in shape,
their lateral walls often curved and sinuous ; the inner and lateral walls are slightly,
the outer walls very strongly thickened in the manner of the outer wall of the
epidermal cells in vascular plants, and have their outer surface smooth (Fig. 15 ¢) or
warted (Fig. 15 @, 6). The rind is thus remarkably like the firm epidermis without
stomata of many vascular plants. .

£- In the sclerotia of Typhula variabilis, Riess, and Peziza Curreyana the
structure of the rind is essentially the same as in the last type, but the white or in
P. curreyana the rose-red medullary tissue is a weft of cylindrical hyphae with

FIG. 15. a and & sclerotium of Typhula phacorrkiza. a piece of a thin transverse section ; #—» rind-cells, g—¢ outer layers
of the same. & piece of the rind flattened out, seen from the outside ; at s the outside of outer layers only is seen without the
lateral walls of the cells. ¢ cortical layer of the sclerotiuin of Zypkula gyrans flattened out and seen from the outside. Magn.
390 times, .

air-spaces. The hyphae are thin-walled in Typhula with dense, granular contents ;
in P. curreyana the membrane is thickened and stratified, and the medullary tissue
is more compact towards the periphery as is the case in type a.

/4. The sclerotia of species of Claviceps, the blunt trilateral horn-shaped bodies
which develope in the flowers of the Gramineae and Cyperaceae at the expense of
the ovary and are known by the name of ergo#, consist in the mature state chiefly
of a dirty-white medullary tissue surrounded by a violet-brown rind. The medulla
has the character of a pseudo-parenchyma formed of cylindric prismatic cells, which
are on an average from one to four times as long as broad. The cells are arranged
in straight or sinuous longitudinal rows, and the history of their development shows
that they possess the characters of the fungal hyphae. This may also be clearly
seen even in ripe sclerotia, in the interior of which clefts and fissures are often
found clothed or loosely filled with a thin felt ; sections show that the felt is composed
of interwoven hyphae, which spring as branches from the rows of cells of the
compact tissue and have the same characteristics, except that their weft is looser.
The medulla has usually shorter and broader cells towards the periphery of the
sclerotium than in its centre. The cells are everywhere provided with tolerably
thick colourless membranes, and are usually firmly grown together on every side
without interspaces. They contain large colourless drops of oil.

(4] : D
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The medulla is surrounded at first by an inner stratum of the rind which is at
every point firmly connected with it, and is composed of one or two I?yers of cells
with contents showing no oil, and with membranes that are strongly thickened often
more on the outside than on the inside and of a dark violet-brown colour. This inner
stratum of the rind is enclosed by an outer portion formed of a few or even as many
as twenty layers of longitudinally arranged or irregular, branched rows of cells;
the cells are narrow and their membranes are of a pale violet-brown. This is the
thin pale-violet coating, often with longitudinal stripes or interruptions, which clothes
the surface of the fresh sclerotium and may be easily broken or rubbed off from the

firm inner rind.

All sclerotia, it would appear, develope as secondary formations on a primary
sporogenous filamentous mycelium. They arise from a single branch of a mycelial
filament which has quickly produced a tuft of many branchlets; this is the case in
Coprinus stercorarius, Typhula variabilis, and T. gyrans. In others, as in the forms of
Sclerotinia, several adjacent branches of the primary mycelium take part in the forma-
tion from the first. In both cases the young sclerotium soon rises above the substratum
as a small tuft of loosely tangled hyphal branches in all essential points similar to the
primary. Then in Sclerotinia Sclerotiorum the filaments of the tuft grow vigorously
and branch and coalesce repeatedly by means of H-shaped cohesions, and thus the
tuft itself developes into a dense white ball of the size of the sclerotium ; till this sizeis
reached, the structure of the hyphae remains as it was originally, the new branches
are often slenderer than the primary hyphae and their character is uniform in all parts
of the ball. The interstices in the tissue contain air, the surface is rendered finely
hairy by the presence of slender spreading branchlets of the hyphae, and the whole
body is soft and can be easily compressed into an extremely small compass. But
from this time by new formations in its interior, and afterwards by expansion of the
cells already formed, the tissue constantly increases in size and firmness. Lastly the
thickening of the membranes commences, which is characteristic of the species, and
this is accompanied with a partial disappearance of the air-spaces and the differentia-
tion into medullary and cortical layers. This process of development begins in the
interior of the tissue and advances rapidly towards the circumference. The outermost
layer of the white ball takes no part in it, but remains for a time as a white felted
covering on the rind which is distinct from it, and ultimately shrinks to nothing and
disappears. The ripe sclerotium becomes detached from its felted environment as a
body of sharply defined form and outline.

Sclerotinia Fuckeliana exhibits the same phenomena when cultivated upon 2
microscopic slide ; but, as might be expected, these are modified by the nature of its
environment when the sclerotium is developed spontaneously inside the tissue of a
phanerogamous plant. Peziza ciborioides also behaves in a similar manner, but shows
some specific variations in its development.

The tuft of hyphae which is the commencemet of a sclerotium of Typhula
variabilis rises above the substratum in which the primary mycelium has spread its
ramifications®.  The branches of the tuft become woven together into a smooth
white spherical body of small- size, which is attached to the substratum by a short
and slender stalk. The sphere enlarges rapidly by the formation of new cells and

The substratum in the natural way of growth is formed of decaying leaves in winter and spring;
Brefeld employed nutrient solutions for the purpose of artificial culture.



CHAPTER II.—-DIFFERENTIATION OF T)flE THALLUS,—SCLEROTIA, 35

branches in all its parts. It is entirely formed at first of uniform thin-walled much
branched hyphae, which are rich in protoplasm and closely woven together, but not
without air-spaces. Those parts only of the hyphae which form the outer moist surface
of the sphere have no interstices between them ; if we examine a sclerotium in a very
early stage of fts development we see that the surface is formed of a layer of short cells of
uniform height, which are segments of hyphal branches running in numbers through
the periphery. These cells are at first thin-walled and filled with protoplasm, like
the other portions of the hyphae, and their walls are colourless. Growth by
formation of new hyphal branches continues for some time longer-in the centre of
the sphere, and thus the medulla enlarges its circumference considerably, while its
hyphae grow to twice their original size ; but the intertwining of the hyphae remains as
-it was before. From an early stage in the development no new cells are introduced
between the previously existing cells of the superficial layer ; but these cells stretch in
every direction, and sufficiently strongly in that of the surface of the sphere to remain
united together into a layer without interstices. Their radial or lateral walls assume
in this way the undulated inflated outline mentioned above in paragraph /£, while their
outer membrane becomes thickened to form the covering described in the same place,
and takes the permanent yellow colour or passes through yellow and brownish yellow
to a dark brown; the protoplasm disappears. This formation of rind is continued
also at the point of insertion of the stalk over a layer of cells which lies in the
direction of the surface of the sphere, and the sphere is thus divided off from the stalk
and is ultimately detached from it, while the stalk dries up. The development of
Typhula gyrans follows a similar course. All that is known of the development of
other sclerotia, excepting that of Claviceps; agrees with the processes above described,
though the final differentiation is accompanied by cerlain variations in detail, as will be
inferred from the statements in paragraphs @ to g ; in this matter Brefeld’s careful
description of Coprinus stercorarius should be consulted.

The sclerotia, of the development of which we have been speaking, are not all
formed on morphologically definite spots of the primary mycelium, and their number
varies according to the state of its nutrition. When several begin to be formed
near each other, they may unite as they grow into one body; this leads to
the formation of the. irregular cakes and crusts mentioned above, especially in
Peziza Sclerotiorum, though it is observed in other species also, as in Coprinus
stercorarius, and in a less dégree in Typhula gyrans. Much water is expelled from
all the above sclerotia when the differentiation and final development commence in
them, and appears on their surface in large clear drops. The whole process of
development may under favourable conditions be accomplished from beginning to
end in a few days.

The sclerotia of Claviceps (ergot), concerning which Tulasne’s lzbours have given
us more exact information, show several variations of detail in their development arising
from the peculiar parasitism of the Fungus (Figs. 16, 17). The primary mycelium
occupies at first the base of the young ovary in the flower of the Gramineae and
Cyperaceae. In ordinary cases, to which we will at present confine our attention, it
spreads rapidly through the entire ovary, with the exception of its apex and some-
times also of the inner layers of its wall; the ovary is thus changed into a white
Fungus-body of nearly its own shape, with a surface marked with deep narrow

D 2
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.

curved furrows ; and as gonidia are formed on the surface in a way t‘hat will b'e after-
wards described (see Division II) the body may be termed a gonidiophore (Flg 16).
The hyphae of the Fungus-body must necessarily make their way fo'r some distance
from the ovarian base into the floral pedicel, for it is difficult to conceive of any other
mode of supplying food to the Fungus ; but we have no exact informatiF)n on this
point. When the gonidiophore is fully formed, the beginning of a scl'erotlum makes
its appearance in the torus at its base and on the mycelium, which is supposed to
spread through it, in the form of a small somewhat elongated fungal body enclosed
in the white tissue and distinguished by its- greater density (Fig. 16 4, s). It is
formed at first of slender delicate separable hyphae which are continuous with
those in the vicinity, but are somewhat firmer and more closely compacted. Its

FIG. 16. Claviceps purpurea, Tul. a young ovary of FIG. 17. Claviceps purpurea, Tul, on Secale cereale.
Secale cereale penetrated and covered with the gonidio- a seen from without. & median longitudinal section. The
phore, seen from without; the hairs of the ovary and the sclerotium s rests on the torus and carries up the dry-
remains of the style & project at the apex from the fungal ing gonidiophore 2 on its apex. After Tulasne. Slightly

investment. & longitudinal section through a similar stage magnified.
in the development from Secale; s commencement of

the sclerotium. ¢ similarly young state of the Fungus on

the pistil of Glyceria Auitans, the Fungus projecting

beyond the apex of the ovary. After Tulasne. Slightly

magnified. d

surface soon acquires a violet hue, the superficial cells beginning to assume the
character of the future rind. It now increases in thickness and elongates into the
well-known horn-shaped body, which is attached at its base to the torus and projects .
above from between the paleae. The course of its development still requires more
exact investigation. Its growth in the longitudinal direction is no doubt maintained -
by continued addition at the base. The increase in thickness of each transverse
section above the base must in a great measure be due to the expansion of cells
already formed, since these are more than four times broader in the fully
developed parts than in the younger. The gonidiophore ceases to grow as soon as
the sclerotium begins to be formed, and being detached from the torus as the
sclerotium enlarges it is carried up like a cap on its apex, and there shrivels up and
sooner or later falls off (Fig. 17).
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The development of these sclerotia is slow; it required for instance about four
weeks, according to Tulasne’s observations, in the months of July and August in the
flowers of Brachypodium sylvaticum. In this case, when the sclerotia began to
develope, drops of a saccharine fluid were observed to appear; but it is uncertain
to what extent they were connected with thie formation of the sclerotia or with that of
the gonidia.

It sometimes, but rarely, happens that the Fungus is developed beneath the point
of attachment of the ovary; when this happens the ovary preserves its proper form
and is carried up between the paleae on the apex of the sclerotium, and there withers
away before its time.

The sclerotia when fully formed and matured pass into a resiing state, the
duration of which varies in species and in individuals with external and internal
causes, as is the case with seeds, tubers, and rhizomes. It depends on the habits
of life of the species in the natural condition whether the period of rest is
confined for example to winter; as is the case with Claviceps, Peziza Curreyana,
and P. Duriaei, or to summer, as in Typhula gyrans, T variabilis, and T. phacorrhiza,
or is not constantly connected with the time of year. In the former case the time of
rest may only be slightly shortened in some species by changing the external
conditions, as the example of Claviceps especially shows.

Sclerotia if kept dry will retain their power of development for a long time
unimpaired ; those of Peziza Sclerotiorum for more than a year, according to Brefeld
for several years, those of Claviceps for about a year; aftér about that time those
of the latter species and of Peziza Fuckeliana also usually lose their vitality.

The external conditions for the further development of the sclerotia are the
ordinary general conditions for germination, sufficient supply of water and oxygen
and a suitable temperature. The usual procedure under such conditions is as follows.
The sclerotium first absorbs water and swells, and then in a longer or shorter time,
often not till after some months, it sends out shoots at the cost of the food-material
stored up within it, and these develope directly into the sporophores characteristic. of
the species. The sporophoresin the species which form sclerotia, with the exception
which will be named further on; are compound structures. They accordingly
make their appearance as bundles of hyphae springing as branches from the elements’
of the sclerotium, and in two ways according to the species.

In one case (Figs. 18, 19) represented by Claviceps, Sclerotinia Fuckeliana and
S. Sclerotiorum, Typhula gyrans and T. phacorrhiza, the bundle of hyphae arises at
a certain spot in the medullary tissue and from branches of it which originate beneath
the rind ; the latter has no share in the new formations but is pierced through by the
advancing bundle of hyphae. A more minute description of the special circumstances
observed in Sclerotinia will be given in Division II.

In the second case the bundle of hyphae is formed by the ramification of
outgrowths from the cells of the rind, as Brefeld rightly states in the case of Coprinus
stercorarius; whether it is always a single cell that produces these shoots must for
the present remain undecided. Agaricus cirrhatus also shows this formation.

Typhula variabilis is in some respects intermediate between the two cases; here
according to Brefeld the initial bundle of hyphae appears on the surface of the rind,
neither springing apparently from a cell of the rind, nor causing an evident broad
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ﬁssuré in the rind, and formed therefore in all probability from a single branch
proceeding from a peripheral medullary hypha and piercing through the rind. '

The exceptional case mentioped above, in which the product of the.s?lerotlum
is not a compound structure, is the formation of simple ﬁlamen-tc‘)us gomd'lophores,
known by the name of Botrytis cinerea, from the sclerotia of Peziza Fuckeliana, In

“most of the cases which I have myself examined a bundle of hyphae shoots out from

* the subcortical medullary region, and where it has broken throyg'fh the rind th'e
hyphae spread in different directions, and each developes into a ggmdlo'p}‘lore. But it
sometimes happens that the cells of the rind develope directly into gonidiophores,

In none of the sclerotia that have been examined is the origin of the shoots
connected with a definite predestined morphological spot. Any fragment of the larger
sclerotia, if not too small, can under ordinary circumstances produce them, as Tulasne
showed in the case of Claviceps, and Brefeld especially in that of Coprinus stercorarius,

The number also of the shoots that may proceed from a sclerotium is not
definite in any species ; and some species can produce an almost unlimited number

My
A

FIG. 8. @ and ¢ Claviceps purpurea. b C. microcephala, T, aand bscle-
rotia with mature sporophores. ¢ transverse section through a sclerotiumn
with the young sporophores emnerging from the interior. After Tulasne, «
-and & nat. size, c slightly magnified,

FIG. x9. Selerotinia Iuckeliana, a very
small specimen. s transverse section through
a sclerotium, from which a sporophore cut
through lengthwise has proceeded. The
dark spotsin the sclerotium are the dead cells
of the vine-leaf which it has occupied; the
spots and dots at # are calcium oxalate
aggregations, Magn. 2o times. '

of these primordia (Anlagen) of sporophores on their sclerotia, others cannot do this,
Vigorous specimens of Coprinus stercorarius, according to Brefeld, may produce
hundreds of prinordia, of which however few are ever perfected, and if those already
formed are intentionally and repeatedly destroyed hundreds of fresh primordia as
repeatedly make their appearance. Other species are less productive; Sclerotinia
Sclerotiorum seldom has two dozen sporopliores even on strong plants ; species with
small sclerotia have usually one only or very few.

The size of the individual sclerotia on one and the same species, other conditions
being the same, generally causes a differe
which commence and com
latter. Larger sclerotia -
Claviceps purpurea produ
formed upon the ears of S

nce in the number of the sporophores
plete their development, and in the vigour of growth of the
are on the whole more productive than the smaller.
€es 20-30 sporophores from such large sclerotia as are

ecale cereale, but only one or a few weakly ones from the
small sclerotia upon the spikelets of Bromus, Lolium, and Anthoxanthum. Similar

differences arising from the size of the sclerotia are observed also in Sclerotinia
Sclerotiorum and in Coprinus. The relation between size and productiveness is the
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same in fragments of a sclerotium as in their corresponding sclerotia. It is natural to
assume, without closer inquiry into the metabolism, that the cause of these phenomena
lies in the difference in quantity of the reserve-material at the disposition of the plant.
according to the size of the sclerotia or their fragments, and that the not infrequent
irregularities and apparent exceptions to the rule are due, other things being equal, to
differences in quantity or quality in the reserve-material, which may occur also, be it
remembered, where the size of the sclerotia or of its fragments is the same,

The formation of the primordia and the further development of the sporophores is
accompanied by the solution, transformation, and corisumption of the food-material
stored up in the sclerotia. The process begins at the point of origin of a primordium and
spreads by degrees through the medullary tissue. In Claviceps, according to Tulasne,
the oil disappears and its place is taken by watery fluid, the cell-membranes become
thinner and ultimately very delicate, and the cells separate readily from one another.
Inthe sclerotia of Sclerotinia Fuckeliana, S. Sclerotiorum, S. tuberosa, Typhula gyrans,
&c. which are gelatinous witha cartilaginous consistence, the gelatinous thickening-layers
of the hyphae become softer and pale and by degrees scarcely recognisable, so that the
innermost layer only of the membrane can still be clearly seen as a delicate pellicle.
The former firm union of the hyphae naturally comes to an end at the same time ;
and a mass of granular matter which turns yellow with iodine collects in the cavities
of the cells, and diminishes again in quantity as the sporophores increase in number
and size. In Coprinus stercorarius, according to Brefeld, the granular protoplasm of
the cells is replaced by a watery fluid, and the membranes become pale and
undistinguishable. Ultimately in all these cases the medullary tissue almost entirely
disappears. The rind at first takes no perceptible part in these changes; it remains
behind after the disappearance of the medulla as a soft sac which collapses and decays.

These processes take a longer or a shorter time in different cases. In Brefeld’s
culture of Coprinus stercorarius they were over in 7—10 days. In most species they
take much longer time. Sclerotinia Sclerotiorum, for instance, may put out new
sporophores one after another during some months from one sclerotium, and develope
them slowly before the supply of food is exhausted. I have found sclerotia of
Agaricus cirrhatus (see on page 3%), which had developed one or more sporophores
and fully matured them, not sensibly different in consistence and structure from others
which had not yet produced any; they might therefore repeat the production of
successive sporophores and perhaps during a considerable time ; but this point
remains to be determined.

Some sclerotia, as those of the Sclerotinieae, of Coprinus stercorarius and
Claviceps, are able in the mature state and as long as they retain their vitality to form
new rind over wounds, such as cut surfaces which reach to the medullary tissue,
provided they are exposed to the air but are protected from desiccation. The new
rind resembles the old ordinary tissue in all essential points. It is formed by the
medullary hyphae exposed by the wound sending out branches, which become woven
together into a delicate felt and cover the surface of the wound. The inner layers of
this covering which are next the uninjured medullary tissue then develope into a new
rind, while the outer ones dry up and disappear. If such wounded places are kept
in a nutrient solution, the branches put out by the medullary hyphae on the exposed
points may, in the Sclerotinieae at least, develope into vegetating mycelial hyphae
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instead of forming new rind. The sclerotia of the Typhulae in which the tissues are
very distinctly differentiated appear not to be capable of these acts of regeneration.

The following remarks are intended to illustrate and complete what has been stated
above, ‘

The production of the primordia of sporophores from the cel.ls of the rind of
Coprinus stercorarius is given on the authority of Brefeld. It is not strange in
itself, even in presence of the facts illustrated in Figs. 18 and 19, that the superficial
cells of the sclerotium should remain capable of further development and of branching,
and that the ordinary distinct division of labour between the protecting rind and
the medulla should in some cases not be observed. There is therefore no antecedent
difficulty in admitting a third mode of production such as Brefeld gives in the case
of Sclerotinia Sclerotiorum, in which the medullary cells and cells of the rind both par-
ticipate. But I have not admitted this case into my account because the facts will not
bear this interpretation. Young shoots always spring in this species from the medulla
in the peculiar manner which will be describéd in Division II, and burst through
the rind to reach the surface. In somewhat older specimens, such as those which
are very beautifully and correctly portrayed in_Brefeld’s Table viii. Fig. 9, the true
state of the case is obscured by the circumstance that the superficial cells of the
sporophore from the point of emergence are very like those of the rind of the
sclerotium in shape and in their dark colour, so that the new cells appear to be
directly continued into the superficial cells. Thin sections even in more advanced
states of growth under sufficient magnifying power show that the case is as I have
stated it, and exhibit clearly the arrangement of the black superficial cells, which
are the extremities of hyphal branches proceeding from branches of the emerging
tuft of hyphae and passing to the surface in diverging curved directions.

That the shoots from the sclerotia in the cases described above should always
have been termed primordia of sporophores requires no special explanation, even in
the case of Sclerotinia Sclerotiorum where they may under unfavourable circumstances
develope in the ground into long branched strands. Even the normal sporophores
of this Peziza may be branched, and the branches of the strands may under favour-
able conditions of development revert to the normal sporiferous state. Brefeld indeed
saw them on several occasions produce a filamentous mycelium which subsequently
formed sclerotia ; but these are monstrous developrnenfs such as occur also elsewhere,
the exceptional cases that confirm the rule.

It is true that phenomena have been reported in connection with the formation
of shoots from sclerotia, which vary from the descriptions in the text; but more
searching investigation is needed in all these cases. Thus Tulasne saw sclerotia
of Hypochnus centrifugus, which had been placed in damp sand in the end of April,
produce in August and September a filamentous mycelium like a spider’s web, which
subsequently developed the ordinary sporophores of Hypochnus. As regards the
connection of the mycelial hyphae with the sclerotium it is merely stated that they
spread in every direction from its surface. The consistence and structure of the
sclerotia remained unchanged after the production of shoots; hence Tulasne rightly
considers our knowledge of them as not yet complete.

Tulgsne ‘has already pointed out that Léveillé’s older statement, that a floccose
mycelium 1is first produced from the sclerotia of Agaricus grossus, A. stercorarius,
A. racemosus, and A. tuberosus, and afterwards sporophores from the mycelium, is
founded on a mistake.

Anc?ther'exceptional occurrence, demanding more critical investigation, is described
by Micheli! as tak‘ing place in Peziza Tuba, Batsch, a species which seems scarcely
to have been examined since his time. The sclerotium as it lies in the ground puts

I Nova plantarum genera (1%29), p. 205, ‘ Fungoides, No. 5.’
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forth a number of erect sporophores in the spring, and forms a new sclerotium destined
to produce sporophores in the succeeding year. The exhausted sclerotium of the previous
year is usually still in existence when the new one is formed, so that the underground
portion of the Fungus consists of three small tubers of unequal size.

Historical remarks. Although it has long been known that the sporophores of
certain Fungi, species of Typhula and Agaricus and some others, are developed
from small tuber-like bodies, our more exact knowledge of the nature of the sclerotia
is derived from an excellent publication of Léveillé which only appeared in 1843,
and even this work attracted little notice till Tulasne again called attention to the
subject and threw new light upon it by his work on Claviceps in 1853. Up to that
time the greater part of the sclerotia were considered to, be independent representatives
of distinct species, and the name Sclerotium was introduced by Tode! to designate
the genus formed by the supposed species, each with its own specific name.

Some fifty species of Sclerotium were described by Fries in his Systema mycolo-
gicum and his Elenchus; the number was subsequently increased to eighty and
additions to it are still made by writers, who prefer the hasty publication of imperfect
observations to more prolonged investigation.

It appears, as has been shown above, that we are at the present time acquainted
with the development and especially with the sporophores of a considerable number
of sclerotia. Others are less perfectly known, in some only the mature sclerotium
has been seen. Undescribed sclerotia are still not unfrequently found in examining
Fungi. Appended is a list of the species of Fungi which are at present known or
supposed to form sclerotia, together with the old specific names of the sclerotia
wherever they have been ascertained.

1. Peziza tuberosa.—P. Tuba, Batsch (Micheli, l. c.), P. Sclerotiorum, Lib. Sclero~
tium compactum, S. varium), P. Candolleana, Lev. (Sclerotium Pustula), P. Fuckeliana
(Sclerotiuin echinatum, Fuckel) ; the two last named Pezizas are in all probability iden-
tical, and to them belong the gonidiophores known as Botrytis cinerea, P. (B. erythropus,
Lev.), and the ‘Sclerotium durum’ from which these spring. The little Peziza men-
tioned in par. @, p. 32, as growing on the veins of the leaves of Prunus is very near to these
species; its sclerotia found on the same leaves were incorrectly named Sclerotium
areolatum, Fr, in my first edition.

Peziza ciborioides, Fr. (Hoffmann).—P. baccarum (Schréter).

P. Curreyana, Berk. (Sclerotium roseum, Kneiff).

P. Durieana, Tul. (Sclerotium sulcatum, Desm.).

The above Pezizas with some others have been made a separate genus Rutstroemia,
by Karsten (Mycol. fennica) ‘and Selerotinia by Fuckel (Symbol. mycolog.).

Peziza ripensis, Hansen.

.

2. Claviceps purpurea, Tul., C. microcephala, Tul., C. nigricans, Tul. (Sclerotium
Clavus, DC.).—C. pusilla, Cesati.

Hypomyces armeniacus, Tul.

Vermicularia minor, Fr., also Xylaria bulbosa, P. (see Tul. Carpol.).

3. Typhula lactea, Tul.—T. Todei, Fr.—T. caespitosa, Ces.—T. Euphorbiae, Fuckel
(Sclerotium Cyparissiae, DC.?), T. graminum, Karst. (Sclerotium fulvum, Fr.), T.
variabilis, Riess (Sclerotium Semen, Tode if the cortex is dark-brown, Sclerotium
vulgatum, Fr. if it is yellow).—T. erythropus (Sclerotium crustuliforme, Dsm.).—T.
phacorrhiza (Sclerotium scutellatum, A. S.).—T. gyrans (Sclerotium complanatum,
Tode). 1 give the names in the two last species on the authority of Fries, Hymeno-
mycetes Europaei, 1874. Léveillé had given the name of Clavaria juncea to the
sporophotes growing out of Sclerotium complanatum, and in my first edition I gave

Fungi Mecklenburgenses selecti, p. 2.
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the names Clavaria complanata and C. scutellata after the sclerotia to the two
species which are scarcely distinguishable except by the sclerotia.

Pistillaria micans (Sclerotium laetum, Ehr.).—P. hederaecola, Ces.

Clavaria minor, Lév. (which also belongs to Typhula).

4. Hypochnus centrifugus, Tul,

5. Coprinus stercorarius, Fr. (Sclerotium stercorarium), C. niveus, Fr. (Hansen.)

Agaricus racemosus, P. (Sclerotium lacunosum).—A. tuberosus, Bull. (Sclerotium
cornutum).—A. cirrhatus, P.(?) is the name which I have given above to the small
white Agaric which grows from Sclerotium fungorum. Other Agarics are also said
to form sclerotia: A. tuber regium, Fr., A. arvalis (Sclerotium vaporarium).—A.
grossus, Lév., A. fusipes, Bull,, A. volvaceus (from Sclerotium mycetospora, Nees
in Nov. Acta Nat. Cur. XVI, 1), &c. Sclerotium pubescens, P., Sclerotium truncorum,
Fr. were supposed to be connected with such Agarics, on which point see Léveillé
and Tulasne. The statements and determinations are many of them doubtful, and
more accurate investigations are required.

6. Tulostoma pedunculatum, Tul. (Schréter).

There are a large number of tuber-like compound Fungus-bodies the real character
of which is still doubtful ; our ignorance of their structure or development makes
it impossible to decide whether they are sclerotia or some other formation. Among
these are Pietra fungaja of South Italy, which is formed of the mycelium of Polyporus
tuberaster, Jacq. rolled up into solid masses with bits of soil, stones, and the like;
and the tuberous fungoid bodies named Mylitta, Sclerotium stipitatum, Berk.,
Sclerotium Cocos, Schweinitz, which grow beneath the surface of the ground to the
size of a fist or a head and are known only in the sterile state, with some others.
Swellings in the substance of phanerogamous plants such as the tubercles on the
roots of the Leguminosae, which were once mistaken for sclerotia, require no
further notice here.

Section IX. Besides the sclerotia which have been described above with
well-marked characters morphological and biological there is a motley assemblage of
compound Fungus-bodies, which approach the sclerotia in their biological character,
but cannot be classed with them from a strict morphological point of view. Such
bodies may be termed selerotioid, or, for brevity’s sake, simply sclerotia, if we do not
thereby infer their identity with true sclerotia. The biological agreement between these
bodies and sclerotia consists in similarity of structure, in their being storehouses
of reserve-material and in- their normally passing through a period of rest, after
which they proceed to a further development. Morphologically they are

I. Transitoryresting stages of mycelia, which under favourable circumstances
again develope into filamentous mycelia. Such are the small fatty tubers which are
the resting stage of the mycelium of Hartig’s Rosellinia quercina, and perhaps for-
mations like Sclerotium Cocos and others mentioned above as of doubtful character.

2. Perithecia, which when developed enter upon a long period of rest,.
and assume at the same time the form and structure of a sclerotium ; these do
not ultimately produce sporophores, but develope in their interior the asci, which
are the characteristic organs of reproduction in perithecia. Of this kind are some
species of Pleospora and Penicillium, which will be fully described in Division IL
The sclerotia* of the Aspergilli of Wilhelm are certainly homologous with the
perithecia of Penicillium and are also biologically analogous with them.

3. The bodies, which may still retain the old name of xyloma, and which differ
for the most part from sclerotia only in their less definite shape and outline, and in
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not sending out sporophores as branches, but in producing sporogenous receptacles
in their interior. Well-known examples are the Ascomycetes of the genera Rhytisma,
Polystigma, Phyllachora and many of their allies which live on leaves. They develope
in the substance of the leaves, which they attack during the summer, a thallus very
closely resembling in many respects the sclerotia of Sclerotinia Fuckeliana, and
primordia of sporogenous receptacles are formed at the expense of the reserve-material
in the interior of the thallus after it has passed the winter on a dead leaf; examples
of these will be described in greater detail in Division II.
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Filamentous mycelia, haustoria, &c. See the lists of authors under the several
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3. SPOROPHORES.

Secron X. The sporophores* (Fruchttriger) are branches of the thallus of
peculiar form which spririg from the mycelium and produce and bear the organs of
reproduction. The term organs of reproduction designates the germs of new in-
dividuals; by individual we understand the é7o7 as Hickel uses.the word, and the
mother-cells which immediately produce them. These organs are distinguished
according to the particular case by different names, spores, gonidia, basidia, asci,
&c., and the structures that bear them may have corresponding names, as gonidio-
phores, &c. As a Fungus may have more than one kind of organ of reproduction,
as will be shown in the sequel, more than one of the special forms just named may
appear on the same species.

It has been already intimated that the sporophores have been compared with the
flowers or inflorescences of phanerogams, because their development usually closes, as
in the phanerogams, with the formation of a number of organs of reproduction, by
which their growth is limited either absolutely or for a time. This limited growth is
accompanied by a form and structure more sharply and characteristically differen-
tiated than that of most mycelia, and in many cases by a comparatively large develop-
ment. The sporophores therefore are not only the most characteristically constructed
part of the plant, but also the most striking on account of their form and size ; hence
they used often to be taken for the whole plant, and are also at the present time the
chief subject of description in botanical works.

It follows from what has now been said, that we have to distinguish in the
sporophore generally between the points of origin of the organs of reproduction them-
selves and the other parts of the structure which may serve them as supports or
envelopes or the like, and which in each case bear some conventional name. These
parts are almost always raised above the substratum, and are firmly attached to it
and fed from it through the mycelium. The mycelium sometimes, not always, has
filiform or hair-like organs of attachment, 7Azz0¢ds, in the shape of branches of the
hyphae which spring from the base of the sporophore and complete the provision for
its secure attachment and for the supply of nourishment, at least of that part of it
which it obtains from water. They have received the name of secondary mycelium from
their resemblance to the primary mycelium. It has not been ascertained in any in-
stance, whether under favourable conditions they are capable of assuming the normal
characters of a mycelium and producing sporophores; in many Fungi, for example,

1 [Compounds of the Greek word #apmés and such terms as ‘fruit’ and ‘fructification” are
better used only for structures which have some direct connection with the sexual act; hence the
term * carpophore,” the more exact translation of the German Fruchttriger, as well as the terms
“fruit’ and  fructification,’ which under this limitation would not convey the sense of Fruchttriger in
this place, have been avoided and the more comprehensive expression ‘sporophore’ is introduced
here as its rendering. Berkeley’s specific use of ‘sporophore’ for what Léveillé had termed
“basidium’ is no obstacle to the use of the word in the sense here indicated, as the term ¢ basidium
is now a generally accepted one. The more recent application sof the word ‘sporophore” to
designate that stage in the life-history of a plant which is the product of an ovum and which as
a whole or in part is concerned with the formation of spores need be no objection to its use here;
the terms ‘ sporocarp * and * sporophyte ’ sufficiently denote different cases of that spore-producing
stage (see section XXXITI).]
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species of Coprinus, Claviceps, Mucor stolonifer, and Syncephalis, this power does
not exist. .

Sporophores may be divided, according to ‘their structure, into two groups:
simple or filamentous sporophores (Fruchthyphen, Fruchtfiden), co_nsisting of a single
hypha or of a branch of a hypha, and compound sporophores (Fruchtkorper) in the sense
assigned to the expression ¢ compound ’ in section L.

1. SIMPLE SPOROPHORES.

Secrion XI. Simple sporophores are branches of mycelial hyphae which
usually rise erect from them, and are themselves branched in a variety of modes
characteristic of the different species. When the hypha or its branch has grown to
a length which has 2 fixed average in each species, seldom, as for example in the
larger Mucorineae and Saprolegnieae, exceeding a few millimetres, the organs of
reproduction, spore-mother-cells, spores, are produced at their extremities in forms
which also vary in the different species and groups of species. With the formation
of these organs the growth of the sporophore ceases in most cases at once and for
ever, as for instance in the sporangiophores of Mucor and in the gonidiophores of
Peronospora (section XXXVII).

In other cases, such as that of the successive abjunction of spores which will
be described in section X VI, the growth, that is the increase in size of the sporophore,
comes virtually to an end with the commencement of abjunction; but abjunction
may continue at the same spots for a considerable length of time if sufficient
nourishment is supplied. The gonidiophores of Penicillium, Eurotium, and Asper-
gillus are examples of this kind (see section XVI).

In a third series ‘of cases the first terminal formation of spores takes place at the
extremity of the sporophore after its apical growth has ceased, and when this
formation is completed a fresh growth in length of the sporophore begins at or close
beneath it, and is soon stopped by a new formation of spores similar to the first one;
and on one hypha or branch the same process may be again and again repeated.

The second case is described, as was said above, in greater detail in section XVI.
The first and the third may be illustrated by some examples in the present place,
though their consideration will also be resumed in later sections.

The thick tubular aseptate simple sporophores of the different species of Sapro-
legnia abjoint their extremity, which is club-shaped and filled with protoplasm, by
a transverse septum to form a spore-mother-cell (sporangium), in which numerous
spores are formed by division of its protoplasm (section XVIII). The spores escape when
ripe by an opening at the apex of the sporangium, which elsewhere remains entire.
This is all tha't happens in weakly specimens, which therefore represent our first case.
In strong specimens on the other hand which have been duly fed, the transverse septum
beneath' the empty sporangium becomes convex outwards and projects into the
sporangium, and assumes the character of a new tubular point, which grows on into
the empty sporangium and often through the opening at its apex into the
fre? space beyond, and finally transforms its terminal portion into a new s;iorang’lum-
This process: may be repeated several times on the same sporangiophore, so that
several successive sporangia are nested within one another.

The' allied genus Achlya differs partly from Saprolegnia in developing one or two
opposite lateral branches close beneath the empty sporangium, which themselves
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put out branches bearing new sporangia. There is here therefore a cymose branching
of the sporangiophores. ‘

The gonidiophores in Peronospora, which are also without transverse septation,
are repeatedly forked or monopodially paniculate. The branches are all at first
narrowly conical, and when their longitudinal growth is completed their terminal
portions swell into an ovoid form, as is seen in Fig. 204, and are abjointed to form
gonidia, and with this the de-
velopment of a gonidiophore
of Peronospora comes to an

end. Butin the nearly allied

genus Phytophthora after

the abjunction of each goni- O
dium the narrow end of the

branch which bore it swells

slightly immediately beneath

it, and elongating at the same a

time pushes the gonidium so

4

\

much to one side that it pre-
sently forms a right angle
with the pedicel. Then in P.
infestans the gonidiophore
swells at the point of attach- _FIG.20. Phytophthora infestans, extremity of two simple sporophores. a forma-

. qe 4 tion of the first gonidia on the tip of each branch. &two ripe gonidia on each branch,
ment of the gonldlum INf0 @  with the beginning of the formation of a third. Magn. about 200 times.
small narrowly flask-shaped .
vesicle, and its upper end elongates at the same time and again assumes the character
of a gonidia-forming point. After a time a gonidium is formed on it in the manner
described above, and the process is repeated usually three or four times on the same
gonidiophore, or as many as twelve or fourteen times in luxuriant plants. Older simple
gonodiophores therefore, when examined dry, are .

seen to bear a number of lateral nearly equidistant C@g

gonidia forming a right-angle with the gonidiophore,
and each standing on a flask-shaped swelling
(Fig. 204). As the ripe gonidia fall off instantly
in water, preparations treated with water have the
older branches of the gonidiophore swollen at inter- -
vals into the shape of a flask with a single unripe

gonidium at most at its apex. a J ¢
The simple sporophores of Haplotrichum, )
Gonatobotrys, and Arthrobotrys (Fig. 21) are i

short erect rows of cylindrical cells usually simple,
but sometimes with single branches. The apex of
the uppermost cell swells up considerably in Haplo-
trichum, slightly in the other species, and puts out
numerous crowded protuberances, which together ‘)—L\,,,
form a small spherical head and develope into T
gonidia. This is the whole of the development in ) )

g P FIG. 21. drthrobotrys oligospora, Fres. asim-
Haplotrichum. But in the other two forms the  plesporophore springing from the mycelial hypha
apex of the gonidiophore begins to lengthen again ;YR the first head of gonidia. ' second head

= above the first. ¢ old sporophore with the trace

after the first head is matured and grows through of five successive heads. After Fresenius (Beitr).

o - @ and ¢ magn. about zoo times, & less highly mag-

it, and thus the head becomes a whorl surrounding  nified.

the flanks of the gonidiophore; the growing end

of the gonidiophore attains to about the length of one of its lower segments, be-
comes septate above the first head and then forms a new head at its extremity like

the first. This proceeding may be repeated several times, till the gonidiophore is at
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length occupied by several whorls of spores at a cell-length’s distance from one
another, or shows their points of attachment when the spores themselves have

dropped®. o
The gonidiophores of Sclerotinia Fuckeliana, known by the name of Botrytis cinerea,

send out several lateral branches in a paniculate manner beneath their apex, the lower
of which are themselves branched. The somewhat enlarged and rounded ends of the
primary hyphae and of its branches abjoint many spores simultaneously on their
surface. As these ripen the sporiferous terminal cells of the hypha as well
the entire lateral branches die, dry up, and almost disappear, while the spores are
clustered together without arrangement. But a new growth begins in the cell beneath
the terminal cell ; it either simply elongates, and then forms a new sporiferous structure,
or it sends out one or more strong lateral branches which behave in the same way
as the primary hypha. Formation of sporiferous structures and prolification may
take place repeatedly on the same hypha; traces of the branches that have been
cast off are seen in the circular scars which project a little towards the outside®

2. COMPOUND SPOROPHORES.

Section XII. The chief forms of the compound sporophores of the Fungi are
well-known to every one; the stalked umbrella-like and the sessile flabelliform or
horse-shoe-shaped pzleus of the Hymenomycetes (Champignon, Mushroom, Amadou-
fungus), the club-shaped or shrubby Clavarieae, the peridia of the Bovistae and
Truffles, the cups of Peziza, and lastly the simpler forms which issue as flat or
pulvinate bodies from the surface of dead or living plants and are comprised under
the terms layer, stromata, or receptacula.

Some of the last more simple forms may be regarded as transitions to simple
sporophores, being indeed aggregates of these and exhibifing amore or less compact and
characteristic union, which may however vary in one and the same species. Such
are the gonidial layers of Cystopus and Hypochnus centrifugus, Tul. The gonidiophores
of Penicillium are sometimes single hyphae, sometimes are united together into tufts
to which Link gave the name of Coremium; and the same is the case with the
gonidiophores of the insect-killing Sphaeriaceae, in which the club-shaped branching
tufts, which are often of considerable size, are known by the name of Isaria®.

But by far the largest number of compound sporophores, and it is with these
that we are chiefly concerned here, show much more constant and more distinct
differentiations. Amid the great diversity of individual peculiarities one character
may be regarded as almost universal, namely, that a compound sporophore produces
its characteristic organs of reproduction (spore-mother-cells) in large quantities, and
that they are grouped in a definite manner and at definite spots upon it. The
spore-mother-cells form there continuous strata or aggregates of some other
shape, either by themselves or accompanied by accessory organs usually termed
paraphyses. These aggregates are conveniently included under the general name of

F . . ) . . . .
B II;?S:nc'JISf Beifr. t. IIT, V.—Corda, Prachtflora.—Coemans, Spicilege, No. 8.—Woronin,

? Fresenius, Beitr. t. I1,
Bot. Ztg. 1867, 1.
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hymenium or sporogenous layer, and are thus distinguished from the rest of the
sporophore. At the same time descriptive mycology, following convenience and
tradition, is in the habit of employing special appellations for the hymenia of the
several orders and reserving the word hymenium for the Hymenomycetes.

The structure of the hymenia will be described in later chapters. Many points
also in the structures and especially in the development of the sporophores, in the
narrower sense of the word, must be reserved for future consideration, partly because
a comparative examination of their first inception presupposes a previous discussion of
sexual relationships, partly because we have frequently to deal with facts which are
characteristic of single divisions, and which it will be more convenient to discuss when
we are engaged with these in Division II. Meanwhile it may be well to notice here
a few phenomena of very general occurrence.

It is only in certain cases that a compound sporophore begins as a terminal
or intercalary portion of a single hypha, which portion then developes into its
ultimate form by successive cell-divisions in every direction and by further differ-
entiations and growth in definite directions, somewhat after the manner of the anther
of a Phanerogam, if such a comparison is admissible. Some pycnidia among the
Pyrenomycetes (see Division II) show this exceptional behaviour.

The general rule here, as in the development of sclerotia and mycelial strands,
is that the sporophore proceeds from the union of branches of the hyphae, and grows
by the elongation and branching of these according to a general plan and in directions
determined by the species, and that new hyphal branches are introduced between
those previously formed in agreement with the original design. This earliest stage,
which may be called the meristematic stage, and in which new segments and new
hyphal branches are added, is succeeded in every section of the sporophoré by a
stage of increase of volume of the existing elements and of their permanent differentia-
tion, the amount of which is very different in -different cases, and reaches its highest
point in the Gastromycetes and especially in the Phalloideae.

The hyphal branches which form the compound sporophore originate in some
cases in a single branch of the mycelium, which may have the morphological
significance of an archicarp or homologue of a female sexual organ with its immediate
supporting structure, as in Eurotium, or have no sexual relationship, as was pointed out
above in the sclerotia of Coprinus and Typhula variabilis, and in the sporophores of
some species of Coprinus which were shown by Brefeld especially to be produced
without the intervention of sclerotia.

In the majority of better-known cases the formation of the compound sporophores
begins with the union of two or several or many hyphal branches of different origin.
This is the case with some of the sporocarps of the Ascomycetes which will be described
at length in Division II, with the very simple hymeniophore of Exoascus Pruni, with
most of the compound sporophores mentioned above as growing from sclerotia (the
various species of Peziza, Claviceps, Typhula gyrans, &c.), and the compound sporo-
phores of Agaricus melleus whichhave their origin, according to Hartig?, in the mycelial
strands in the same way as the ordinary mycelial branches. Most of the Hymeno-
mycetes which are not fleshy might be added to the list, inasmuch as their compound

11 c. above, p. 28.

[4] E
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sporophores, as far as they have been observed?, always begin their development as
comparatively large compact tufts of hyphae springing from the mycelium, and we
may even venture to assume that the great majority of compound sporophores take
their origin, as here described, from many hyphae. At the same time it must be
acknowledged that it has been found possible to follow them back to their very first
beginning with perfect certainty only in the few cases which have been noticed
above.

Many inconspicuous compound sporophores, such as the gonidiophores of Uredi-
neae and the stromata of many small Pyrenomycetes, remain as it were in the stage
of the tufts of hyphae and pass into their ultimate form without further remarkable phe-
nomena of growth, But where a larger structure is produced, the course of development,
amid great variety of detail, discloses two chief types, which closely resemble the two
types of growth above described, for-the mycelial strands on the one hand and for the
sclerotia on the other. In the one type, as in the formation of sclerotia, the growth
is nearly uniform for a long time in all parts of the structure ; then comes the second
chief stage, the ultimate development by internal differentiation. The compound
sporophores of the Gastromycetes show this mode of proceeding in the most marked
manner. In the other type the general course is progressive? just as it is in the
mycelial strands or in the single hyphae, advancing in the direction of fixed spots in
the surface, which are themselves pioneers in the advancing growth and maintain it by
formation of new cells ; as any section becomes removed from these spots growth in
it ceases, and its component elements assume their definitive character. According
to the form of the whole structure and of the superficial portion of it in which
progressive growth occurs, this growth may be said to advance towards the apex, to
be apical (acropetal), or to be marginal, and the peripheral progressively growing
spots by another usage may be termed growing points or margins ; or growth is
progressive towards the whole of the free surface of the structure which bears the
hymenium, as in the horse-shoe-shaped pilei of Polypori which are several
years old, and in other <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>