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PREFACE.

Of the many interesting problems involved in the elu-

cidation of the life-history of the various members of the

fungus kingdom, there are none more important to the

agriculturist than those connected with the development

of the Uredineae and Ustilagineae. Not alone to the culti-

vator of plants are these phenomena of interest, but also

to the student of botany and microscopy.

The work of Tulasne in France, and of De Bary in

Germ.any, during the past thirty years, laid the foundation

of our knowledge of the biology of these fungi. More

recently the continued researches of De Bary, of Schroter,

the late Dr. Winter, Wolff, Kiihn, Magnus, Woronin, and

Hartig in Germany, of Oersted, Rostrup, and Nielsen in

Denmark, of Fischer Von Waldheim in Russia, and of

Farlow and Thaxter in America, have so increased our

information as to render necessary a re-classification of our

British species. •

The object of the present work is to supply the British

student, not only with improved descriptions of these para-

sites, but also with an account of their life-history as far

as this is at present known.
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With this object, the materials from which the following

pages are compiled have been collected from the various

handbooks, transactions, pamphlets, and periodicals in

which the several authors have published their work.

This has been a task of some little difficulty, and has

taken several years to accomplish. It has been my en-

deavour in all cases to acknowledge the individual work

of each author, but has not always been possible for me to

do so.

The descriptions of the species are in the main those

of the late Dr. Winter in the new edition of Rabenhorst's

" Kryptogamen-Flora," although I have not scrupled to

amend them in various way.s, partly from my own observa-

tions, and partly from the writings of others. The arrange-

ment of the species is that first proposed by Dr. J. Schroter

and employed by Winter in the above-named work, to

which I must refer the student for the descriptions of those

European species which are not known to be British, as

well as for the full details of the synonymy of those

described in the present work. As the present generation

of British students owe their knowledge almost exclusively

to the writings of Dr. M. C. Cooke, the synonymy of his

two works, "The Handbook of British Fungi," and "Micro-

scopic Fungi," is given in full. The synonymy of the

older British botanists has, however, not been omitted.

The biology of the Uredineae is, in the main, the work

of the late Professor De Bary, and of the Ustilaginese that

of Von Waldheim, Brefeld, and Schroter. During the past

seven years I have devoted much time to these two groups

of fungi, and have made between nine hundred and a

thousand experimental cultures, with the object of working

out the life-history of those species of which it was unknown,
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as well as of testing the accuracy of the statements of other

botanists. The results of my cultures have been from time

to time published in various botanical periodicals of this

and other countries, and in the Transactions of the Linnean

and Royal Societies.

It was at one time hoped, when the aecidiospores and

uredospores were shown not to be distinct species, that con-

tinued biological investigation would materially lessen the

number of species of the Uredineae, I am convinced,

however, that modern botanists have erred in grouping

together forms on account of the similarity of the teleuto-

spores ; for instance, the Pucciniae on the Compositae,

Labiatae, Umbelliferae, etc. The proper limitation of

species of these parasites cannot be effected on purel}-

morphological grounds ; it can only be accomplished when

the morphological characters are supplemented by a know-

ledge of the life-history of each individual species.

I am greatly indebted to my friend, Professor J, W. H.

Trail, of Aberdeen, for his kind assistance in the revision

of the proof-sheets.

I have also to thank numerous friends and corre-

spondents, both in this country and abroad, for information

an-d material for experiment, amongst whom I must

mention Professor Farlow, of Harvard University ; Mr.

W. B. Grove ; Rev. Dr. Keith ; Dr. P. Magnus, of Berlin
;

Mr. W. Phillips, F.L.S. ;
Mr. H. T. Soppitt ; Professor P.

Sorauer, of Proskau ; Rev. Dr. Stevenson ; Rev. J. E.

Vize ; the late Dr. Winter, and many others.
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CHAPTER I.

BIOLOGY OF THE UREDINE^—INTRODUCTORY REMARKS.

The Uredineae constitute a large and important group

of parasitic fungi, affecting flowering plants and ferns,

representatives of which are familiar to every student of

nature, practical agriculturist, and working microscopist.

In whatever part of the world phanerogams appear, these

parasitic cryptogams accompany them.

Our present object is to obtain an insight into the life-

history and the structure of those species which are known

to occur in Great Britain. Much has been elucidated con-

cerning these points during the past twenty years, but still

much remains to be discovered.

They all grow as parasites upon some living plant,

independently of which they cannot exist, and consist

of two essential elements—spores and mycelium.

The spores every one sees ; the mycelium, on account

of its inconspicuous nature, and because it cannot be seen

without some little effort, no one takes the trouble to look

B
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for. The vegetative mycelium of most of the Uredinese

is very similar, although the spores are very diverse. The

mycelium, being present in the appropriate host-plant, may

give origin to several different kinds of spores, according

to the nature of the Uredine under examination, each kind

of which was regarded by the older botanists as being a

distinct genus {yEcidium, Uredd). While it is true that

the relationship between the various spore-forms was

suspected as early as the beginning of the present century,

yet its actual demonstration has been accomplished only

within the last thirty years. From the investigations of

Tulasne and De Bary, we now know that each spore-form

has a life-history of its own, that they are often products

of the same mycelium grown among different environments,

and that they all arise from some antecedent spore-form.

The ultimate condition in which all the Uredineae are

encountered is the teleutospore, which, after a longer or

shorter period of quiescence, manifests its vitality by ger-

minating and producing a body—the promycelial spore.

The promycelial spore may then be regarded as the

beginning of the series of spore-forms of which the teleu-

tospore is the end.

The actual number of spore-forms intervening between

the promycelial spore and the teleutospore is subject to

considerable variation in different species.

1. The promycelial spore, after emitting a germ-tube,

which enters the tissues of its appropriate host-plant, may

give rise to a mycelium, which produces teleutospores

exactly similar to the teleutospore from which it originated

(Leptopuccinia, Micropuccinia).

2. The promycelial spore in a second group of the

Uredinea;, in like manner, gives rise to a mycelium which

produces uredospores, and subsequently teleutospores

(Hemipuccinia).
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3. The promycelial spore may give rise to a mycelium

which produces, first, spermogonia, then aecidiospores, then

uredospores, and finally teleutospores (Auteupuccinia).

Certain minor variations in the life-cycle occur ; for

example, the uredospores may be suppressed, so that we
have only aecidiospores and teleutospores (Pucciniopsis),

or the spermogonia and aecidiospores may occur on one

plant, and the uredospores and teleutospores upon another

of a totally distinct kind (Heteropuccinia).

Each of the above spore-forms has its own peculiarity

of structure, as well as origin, so that it will be better, for

clearness, to describe them separately.

The spore relations may be thus tabulated :

—

Promycelial Spore.

Teleutospore Uredospore Spermogonium Spermogonium
Teleutospore Uredospore ^cidiospore

Teleutospore Uredospore

Teleutospore
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CHAPTER II.

MYCELIUM OF THE UREDINE/1\

This is, of course, common to all the different spore-

forms, inasmuch as it is that part of the fungus which

develops them. It consists of a number of hyaline tubes

that extend themselves principally between the cells of

the host-plant. In some instances these tubes send short

branches into the cells (haustoria), but the haustoria are

not so common nor so well developed as in some other

parasitic fungi (Peronosporeae, Ustilagineae). In the

tropical genus Hemileia * the haustoria are unbranched,

thin-stemmed vesicles, very like those of Cystopus. Bagn is t

has figured the haustoria of Pucciiiia malvacearnm, but his

figure is of a doubtful character ; and Barclay^ has depicted

an arborescent haustorium on the mycelium of j^cidiuni

iirtic£B, var. hinialayense.

The mycelial tubes (Plate I. Figs, i and 2) consist of

hyaline, membranous walls, containing usually a colourless

watery fluid. They are rendered more distinct by the

* Marshall Ward, "On Hemileia vastatrix," Linn. Soc. Jour. Bot., vol.

xix., and Quart. Joiir. Micr. Science, new series, vol. xxi.

t Bagnis, " Obs. Vita et Morphol. Funghi Uredinei," t. i. fig. ii.

X Barclay, "Scientific Memoirs by Medical Officers of the Indian Army"
(1S87), t. iv. fig. 4.
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action of caustic potash (KHO). The tubes themselves

are rather irregular in their outline, and branch at frequent

intervals. These branches unite with other mycelial tubes,

so as to form an anastomosing irregular network, which

perva:des more or less widely the tissues of the affected

plant. At rare intervals transverse septa are seen. The
function of this mycelial network is to utilize the elabo-

rated material which the host has prepared for its own use,

and to turn it into a suitable pabulum for the sustenance of

the fungus.

The extent to which the mycelium permeates the

tissues of the host-plant varies ; in the majority of cases

it is localized and confined to a limited area. The germ-

tube from a single spore having once entered the tissues

of a leaf, the tendency of the mycelium thereby pro-

duced is to spread equally in all directions in a centrifugal

manner. Many causes, however, come into operation

which tend to prevent the ultimate spore products being

equidistant from the centre. This may be due, in part, to

the mycelial hyphae growing more luxuriantly in one

direction than in another ; but to a great extent it arises

from a want of uniformity in the tissues of the host-plant.

Still, however, we are often able to observe that the

fructification of those Uredines which have a limited

mycelial growth, is arranged either in a circle or in more

or less circular manner i^Puccinia lychnideartim, Uroinyccs

scillariim, Ccsoma orchidis, ^cidium zonale). In those

cases in which the mycelium is developed in a leaf with

strongly marked venation, this tends to exert a directive

influence upon its extension ; for example, the primary

uredospores of Triphragnimm idmari(£ and Uromyces

alcheitnllcB. The same directive influence of the tissues of

the host-plant is seen in the linear arrangement of the

sori of Pucci)na magnnsiaua, graiuinis, riibigo-vera, etc.,
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especially when they occur upon the stems or cauline

sheaths of their graminaceous host-plants.

The presence of the mycelial hyphae generally acts as

a local stimulant to the tissues in which they are present,

as is evinced by the increased thickness which is often

associated with a concave arching or vaulting of the

affected places i^Aicidiiim grossitlaricE, berberidis, Rastelia

cancellatd). When the stems are affected, this is usually

shown very markedly by the development of swellings and

distortions ; as a rule these are more or less fusiform, and

often induce considerable bending of the attacked stem

{P. difformis, Kze. ; Ur. trifolit). Even upon these cauline

tumefactions may often be traced the concentric arrange-

ment of the sori. The stimulation of the affected part

may be carried to such an extent as to kill the invaded

tissues ; thus we often find the older leaves of Maha
sylvestris and Althcea rosea with numerous circular holes,

punched as it were out of them. Each of these has been

the seat of the very localized mycelium of Puccinia malva-

cearuni, which has by its presence killed a circumscribed

portion of the entire thickness of the leaf tissue, so that, as

the leaf itself expands, the dead area above described

becomes separated round its circumference and falls out,

leaving a circular hole. The above-described perforated

foliage is most observable after a period of drought ; in

rainy weather the reproduction of the parasite is so rapid

that the entire leaf tissue is quickly invaded by the fungus

and totally destroyed. The same dropping out of mycelial

areas occurs upon the stem ; here, however, the hyphae

only penetrate the external parts, so that when the affected

spots drop out an elongated or fusiform wound is left, at

the bottom of which the central woody part of the stem

is exposed. Schroter* has pointed out that a somewhat
* Schroter, " Cohn's Beitrage," vol. ii. p. S8.
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similar circumscribed dead area surrounds those sori of

P. annularis which are formed late in the year, and that

it is by means of teleutospores contained in these sori that

the fungus is reproduced in the following spring.

The localized mycelium of the aecidiospores especially,

has a powerful influence upon the chlorophyll, causing it

to lose its green colour, and, as De Bary * has pointed out

with R. cancellata, making it disappear entirely. The
affected tissue is found to contain an immense number of

minute starch granules. To such an extent does the

development of starch take place, that in the Himalayas

the natives eat the hypertrophied stems of Urtica parvi-

folia, which are affected with Aic. nrticcs, on account of

the abundant nutritive starchy material they contain.

The hypertrophies are eaten just before the aecidia open,

and are said to resemble cucumber in flavour.f The

affected places generally assume some tint of yellow or

reddish yellow, more or less bright. In the Polygoneae the

spots are bright red or purplish {Aic. runiicis,Uredo bifrons).

In other cases they are yellow, surrounded by a purplish

or reddish border (^r. zonalc, behenis). In a few instances

all colour is more or less discharged, and the spots appear

whitish {/Ec. albescetis, leiicospei'Diunt).

The mycelium of all species is by no means thus

localized. With some Uredines, on the contrary, it per-

vades the whole plant with the exception of its roots

—

stem, leaves, petioles, peduncles, and the upper part of

the root-stock. De Bary % has shown that when the

mycelium of a Uredine can be traced into the perennial

parts of the host-plant, it is itself perennial ; thus with

* De Bary, " Brandpilze," p. 73.

t Surgeon-Major A. Barclaj-, " On ilicidium Urtic?e," "Scientific Memoirs

by Medical Officers of the Indian Army" (1887), p. 2.

X De Bary, " Neue Untersuchungen iiber Uredineen '"
(1S65), pp. 20, 21.
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Endophylluni eup/wrbics it is found more particularly in

the pith and in the inner parenchyma of the bark of the

affected plants. In plants o{ Anemone nemorosa, it maybe
found in the leaves, stems, and vascular bundles of the

upper part of the rhizome, as is likewise the case with the

host-plants bearing Uredo suaveolens and ^c. tragopogonis.
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CHAPTER III.

SPERMOGONIA AND THE SO-CALLED SPERMATIA.

These bodies are produced by the mycelium, which arises

directly from the entrance of the germ-tube of a promy-

celial spore, or from a perennial mycelium permeating the

tissues of the host-plant.

The hyphae which are destined to form a spermogonium

become interwoven into an inextricable network in the

subepidermal tissues of the host-plant. They pass for the

most part between the cells, and are found more frequently

septate where a spore-bed is about to be formed than when

they are encountered elsewhere in the tissues of the host-

plant. Their contents are watery and transparent. From
this tangled mesh, immediately beneath the epidermis, are

given off a great number of branches of much smaller

diameter, as a rule about 2 or 3//. The general direction

of these finer branches is towards the epidermis. They

incline towards a central point, however, and so come

together, forming a pyriform or subglobose body, the upper

part of which is covered only by the cuticle of the host-

plant. This body soon assumes a pyriform or flask-shaped

contour (Plate I. Fig. 3). The neck of the flask bursts through

the epidermis as a minute conical point, which can be seen to

consist of a vast number of straight hyphae, parallel to one

another in the main, but all sloping upwards, converging
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to the apex of the cone. The outer walls of this body are

embedded between the cells of the host-plant, and are like-

wise composed of similar fine hyphae, placed side by side.

A section of the spermogonium at this time shows its

interior to consist of similar converging parallel hyphae.

Very soon those hypha: which constitute the emerging

apex separate from one another, so as to appear as a brush

of stiff hair like bodies (paraphyses) ; in the centre of this

brush is a minute canal, which passes downward to the

interior of the body of the spermogonium (Plate I. Fig. 4).

The apices of those converging hyphae which occupy the

lower part of the spermogonial interior, are now seen to

be surmounted by very minute irregularly oval or rounded

bodies (Plate I. Fig. 5)—the so-called spermatia. These

spermatia vary in size, not only in the different species, but

also in the same spermogonium. In those I have examined,

they were from 5 to 8^ long, and 3 or 4 or even 6/i wide.

Tulasne * gives the measurement of the spermatia of

Triphragmiiim iilmarice and Puccinia fj^sca as from 5 to

61X long, while those of most the yEcidia and of Cceonia

pingite and C. ribesii are rarely more than 4/i long. The

spermatia are produced in linear series from the apices of

the hyphae (sterigmata), which fill the interior of the sper-

mogonium. These are held together by a viscid, gelatinous

substance, which at first fills the bottom of the canal ; but

as more spermatia are produced, gradually the whole canal

becomes full, and eventually the mass oozes out at its upper

end in the form of a globule. The cause of the expulsion

of the spermogonial mass is, as De Bary f has shown, the

imbibition of moisture, which causes the investing gela-

tinous material to swell. As the spermogonium advances

in maturity, its flask-like neck opens out, so that, instead

* Tulasne, "2" Memoire," p. 118.

t De Bary, " Brandpilze," p. 60.
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of resembling a flask with a bristly mouth, it comes to be

a cup-shaped depression on the surface of the leaf, sur-

rounded by a hedge of stiff bristles (Plate I. Fig. 4). The

function of these bristly paraphyses appears to be that of

preventing the exuded mass of spermatia and jelly from

being bodily washed off the surface of the leaf by rain.

This is the more necessary, because it is during wet weather,

as we have seen, that the spermatia, from the imbibition of

moisture by their investing jelly, are brought to the surface

of the leaf at all. The paraphyses occur with all spermo-

gonia except those of the Phragmidia.

Whatever their functions may be, whether as a spore-

form or as spermatia properly so called, it is obvious that,

by being held together by a viscid substance, their chance

of dissemination by currents of air, etc., is but small. To

a certain extent their diffusion over a limited area might

take place in very wet weather. Rathay * has, however,

shown that the spermatial mass contains a certain amount

of some saccharine material mixed with it—a substance

which has the power of reducing Fehling's solution; and

further, that, as a matter of fact, insects do visit spermo-

gonia for the sake of this saccharine matter, and are thereby

unwittingly the agents for the distribution of the spermatia.

Of this latter point, he obtained actual demonstration in

the following manner. He had standing upon his wnndow-

sill some plants of Euphorbia aniygdaloidcs, upon which a

large number of spermogonia of EndopJiylluui cnpJiorbice

were in the act of exuding their contents. One day, as he

approached the window in question, he noticed some flies,

which were busy upon these leaves, fly away from the

leaves and alight upon the window pane. Closer scrutiny

showed that the flies had left their wet footmarks upon the

* Rathay, " Untersuchungen ulicrdie Spermogonien der Rostpilze." Wicn :

18S2.
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glass. These footmarks were found, upon microscopic

examination, to contain the spermatia of the Endophyllum.

Further investigation of the subject led him to the con-

clusion that this sugary matter in the spermogonial

contents acts as a bait to attract insects, and he has

observed some 135 species, of which 31 were Coleoptera,

32 Hymenoptera, 64 Diptera, and 8 Hemiptera, thus visiting

various spermogonia. The examination of the spermo-

gonia of Uroniyces pisi, Puccinia snaveolens, fiisca, trago-

pogonis, pimpiuellce, EndopJiyllum euphorbice, Gymnosporan-

giiim sabiiK^, and G. jwiiperinmn, gave rise to copious

deposits of suboxide of copper, when the washings of the

affected leaves in distilled water were treated with Fehling's

solution
; less was obtained from Uroinyces dactylidis, Puccinia

graminis, coronata, rnbigo-vera, sylvatica, violcB, Gymnospo-

rangiiun clavaricefoi'me, and Aicidiuin inagelJi(Eniciim, and

least of all with Puccinia poariini and y^cidium clematidis.

Some of the spermogonial contents actually taste sweet

when the tongue is applied to them, as those of G. sabincs

3.nd ju7iiperi?i7nn. The spermogonial contents of G. sabincs

were further found to contain dextrose and laevulose, the

latter predominating.

Insects are not only attracted to the spermogonia

by their saccharine contents, but also by the powerful

odours which many of them possess. Persoon * long ago

noticed the penetrating odour of the spermogonia of

Puccinia sua-veolens, which precede its uredospores

;

hence he called the Uredo, suaveoleiis. In a paper upon
" Mimicry in Fungi," f I pointed out the probability of this

odour being for the purpose of attracting insect visitors,

mimicking as it does the perfume of the flowers oi y^nothera

biennis. Sowerby had already observed the fact that flies

* Persoon, " Synopsis Fungorum,'' p. 221.

t riowrighl, " Mimicry in Fungi," " Grevillea," vol. x. pp. 1-14.
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visited this plant. Tulasne * remarked the odour of the

spermogonia of yEcidiiiin pini and of Uredo serratulce,

which he compared to that of the pollen of willows.

Leveille
-f*

noticed the odour of ^cidiiim tragopogonis,

which he said resembled the perfume of some flower.

Rathay indicates that the possession of the pleasant odours

is a special characteristic of those Uredines which have a

perennial mycelium. The plants thus invaded are further

rendered more conspicuous to insects by the manner in

which the affected leaves or shoots grow. As he says, these

have a strong negative geotropism. Not only are they

more erect, standing above the other leaves or shoots, but

they are further characterized by an alteration in their

foliage ; while they are, as a rule, not only paler in colour,

but also modified in form, being either more attenuated or

the reverse. The Uredines with a short-lived mycelium, on

the contrary, have their spermogonia produced upon the

upper surface of the leaves on brilliantly coloured spots,

which contrast more or less strikingly with the green colour

of the healthy foliage. These spots are generally bright

yellow or orange, often with a tinge of red. Sometimes

they are white {^c. fabcB) or purple-red {^c. rnmicis).

The negative geotropism is not, however, confined to the

species with the perennial mycelium ; I have noticed it

very markedly with some leaves of Senecio jacobcea, upon

which I had produced the aecidium oi Piiccinia schceleriana ;

as soon as the aecidial spots became sufficiently developed

to produce spermogonia, the leaves which bore them became

almost erect, while the unaffected leaves remained horizontal.

In either case the darker paraphyses surmounting each

conceptacle finally attract the insect to the sugary globule.

* Tulasne, " 2« Memoire," p. Ii8.

t Leveille, in D'Orbigny's " Diet. Univ. d'Hist. Nat.," tome xii. p. 175,

sub. Uredines.
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Although the paraphyses themselves, when seen singly as

transparent objects, appear hyaline or yellowish, yet en

masse they are almost black in many species, and in all

distinctly darker than the surrounding tissues. Their

function, however, is not confined to the attraction of the

insect visitors ; they also (as has been already stated) main-

tain the spermatial globule in its place upon the leaf,

and prevent it being bodily washed away. With regard

to the presence of some saccharine matter in the spermo-

gonial masses, I may add that I have found, in confirmation

of Rathay's statements, that the spermogonial contents of

Piiecinia obsciira both reduced Fehling's solution and also

gave the reaction with the indigo-carmine test.

The so-called spermatia were long regarded as not

possessing the faculty of germination, Cornu,* however,

found that when they were placed in water, in which a

little white cane sugar had been dissolved, and exposed to

the free action of the air, they were capable of germination.

During the past five years I have repeated M. Cornu's

experiments, at first employing white sugar as the nutrient

material. Under these conditions the individual spermatia

at first assume a more regular outline than one commonly

observes them to have as they are naturally exuded from

the spermogonial receptacles (Plate I. Figs. 6, 7). They at

one extremity give out a minute prolongation. This pro-

longation does not develop into a germ-tube, but gradually

increases in size, until it acquires the size and form of

its parent spermatium ; at the end of twenty-four hours

many of these twin bodies, joined end to end, will be

observed in the culture (Plate I. Figs. 8, 9). Resembling

Saccharomyces spores as these bodies do, I at first thought

some stray yeast-spores had accidentally gained admission

* Q,oxvm,\Btilletin de la Societe Bot, de France (1876), tome xxiii. pp. 120, 121.

Compt. rendus, January 21, 1875.
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into my culture ; in fact, Dc Vaurcal * has suggested that

yeast-spores are simply the spermatia of Uredines. By

frequent repetition the result was always the same—the

so-called spermatia budded in the same manner as Saccha-

romyces spores. Mr. A. Lister has observed the same

budding with the spermatia of ^cidhun albescens, of which

process he sent me an excellent figure made by him in

1873 (Plate I. Fig. 10). In 1883, I made a number of

cultures in which honey instead of sugar was employed
;

with this substance the germination is much more active

and prolific, the budding spores often remaining in yeast

colonies, attached by their ends in chains of half a dozen or

more. I have germinated the spermatia of the aecidio-

spores on Bcllis pereimis, Ranunculus bulbosus, R. ficaria.

Anemone coronaria, Lapsana comnmnis, and some others.

The older germinating spores present two nuclei of notice-

able size. Not only are the spores budded in linear series,

but also from these chains young spores are developed

laterally, from the point of union where two older ones

meet (Plate I. Figs. 12-16). This budding goes on con-

tinuously, but not with the same rapidity as with Saccha-

romyces, nor, as far as my observations go, to the complete

exhaustion of the saccharine material. Probably these

changes in the fungus are accompanied by the production

of alcohol, but I was unable to detect it in any of my
cultures. When the Uredine yeast-spore falls to the bottom

of the fluid, it is excluded from the air and does not further

change ; whereas if a small number of Saccharomyces

spores be placed in a saccharine fluid, they rapidly multiply

themselves until all the sugar disappears, while the Uredine

spermatial cultures, at the end of several days, retain their

sweet taste. Attempts to produce alcohol from brewers'

* De Vaureal, " Schutzenberger on Fermentation" (1S76), p. 61. Inter-

national Scicutitic Series, vol. xx.
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wort in a Pasteur's flask, with Uredine yeast-spores, were

with me unsuccessful. The spermatia do not germinate in

pure water, but only in the presence of sugar. There is,

however, often enough saccharine matter in the investing

jelly of the exuded globule for a few of them to bud,

as Mr. Lister's figure shows, and as I have several times

observed.

Rebentisch * noticed the small black points which the

spermogonia present in the spots upon pear leaves, on

which Rcestelia cancellata are produced. Ungerf figures

these structures, and describes them as a distinct species

under the name ^a^/^/^/w exantJicmaticwn ; he regarded

them as a peculiar exanthem of the affected plant. Meyen J

thought they played the part of the male element in the

reproduction of the Uredineae, with which they were asso-

ciated. Tulasne § considered they were spore-forms

developed from the same mycelium as their accompanying

spore-forms, but, like De Bary, was unable to observe their

germination.

The spermatia of the Uredinese occur with all the

spore-forms. They almost invariably precede and accom-

pany the secidiospores, being produced from the same

mycelium, but generally occupying the upper surface

of the leaf, while the aecidial cups occur on the lower.

The first formed spermogonia are produced in the centre

of a spot ; the next more externally, and so on centri-

fugally. In many cases, however, they occur on the same

surface and between the secidia. When the secidiospores

are cauline, the accompanying spermogonia are often

* Rebentisch, " Prodrom. florae Neomarch,"

t Unger, "Die Exantheme der Pflanzen," t. iii. figs. i8, 19. Wien

:

1836.

X Meyen, " Pflanzenpathologie " (1841), pp. 143-147.

§ Tulasne, Comptes lendus, tome xxxii. p. 472 ; and tome xxxvi. p. 1093.
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arranged circumferentially. Morphologically, they present

a great similarity to the spermogonia of the lichen-fungi,

especially to those of Collema.

Since our knowledge of the life-history of the lichen-

fungi has been increased, from the facts added to it by

Schvvendener, De Bary, Stahl, and others, many botanists

have come to look upon the Uredine spermatia as fertiliz-

ing bodies, and to consider the ^cidiomycetes as being

nearly allied to the Ascomycetes. There are, however,

certain facts which cannot be overlooked. In the first

place, the faculty which the Uredine spermatia have of

multiplying themselves by budding in saccharine solutions

in exactly the same manner as the spores of Saccharomyces,

and also as Brefeld has shown the conidia of the Ustila-

gineae do in his ndhrldstmg, points rather to their being

conidia than spermatia.

Then, again, it is not asserted that all spore-forms of

the Uredineae are sexual—this is claimed as probable for

the aecidiospores alone ; true it is that the aecidia are almost

always accompanied by spermogonia, but this is not in-

variably the case. De Bary * cultivated a single plant

of Sempervivum affected with Endophyllian sempervivi

which bore no spermogonia, but the secidial cups were

perfectly developed, and their spores germinated in the

normal manner. In the autumn of 1883, I transplan|;ed

into my garden a wild plant of Tragopogon pratensis

affected with the ^cidium. During the spring and

summer of 1884, this plant continued to produce a suc-

cession of aecidia, the spores from which were used for

infecting seedlings of Tragopogon. This they successfully

did, causing the development of the teleutospores, with

their scanty accompaniment of uredospores. I was never

able to find any spermogonia upon this Tragopogon,

* De Bary, " Morphol. und Physiol.," ist edit. p. 169.

C
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although I repeatedly examined it for them. These two

cases, the Sempervivum and the Tragopogon, in both of

which perfectly normal, and in the latter instance function-

ally active, secidiospores were produced without the presence

of spermogonia, show, at any rate, that each individual

aecidial cup was not the result of a spermatial fecundation.

It may have been that in both instances the plant bore

spermogonia before they came under observation, and

that they both bore within them an already fecundated

mycelium ; but this is only a supposition, and, even if it

be admitted as possible, yet it does away entirely with

the analogy of the sexually produced spore-beds of the

lichen-fungi and Polystigma, in which each spore-bed is

the result of a separate spermatial impregnation of the

trichogyne. Nor is the case of the Uredineae with short-

lived mycelia more tenable. If with them each secidial

cup is a sexual product, then it cannot arise in the first

instance without a spermatial fecundation. But Schroter *

has shown that when he produced the ?ecidium of P. porri

(Sow.) by infecting the Allium schcenoprasiim with the

teleutospores, the resulting aecidia were always unaccom-

panied by spermogonia, as was also the case when they

occurred on onion {A. cepa) ; and, further, he found while

the vernal specimens of the secidiospores of Uromyces ervi

on Erviim hirstitum and of Puccinia galii on G. aparine

were accompanied by spermogonia, yet those produced

later in the year were invariably without this accompani-

ment. If the spermatia were necessary to the development

of the aecidia in spring, how could they be dispensed with

by the same formation in autumn ? The fact, however,

stands that spermogonia almost always accompany secidio-

spores ; but not only is this the case with the true ^cidia,

but also with the analogous Caeomata—analogous in as

* Schroter, " Cohn's Beitrage," vol. ii. p. 83.
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far that they originate from promycelial infection of their

respective host-plants, and that their spores are produced

in hnear basipetal series. In fact, the Caeomata only differ

from the ^cidia in the want of a peridium. Yet we do

not find spermogonia exclusively associated with these

two spore-forms ; on the contrary, they occur not very

rarely with the uredospores—a spore-form which does not

present any morphologically biological parallel with the

two above named, inasmuch as its spores are produced

singly on separate and distinct spore-forming hyphse ; nor

has any sexuality ever yet been claimed for uredospores.

As instances in which spermogonia accompany uredospores

may be quoted TripJiragmiuin idniarice and the Brachy-

pucciniae, Piiccina Jderacii (Schum), P. siiaveolens (Pers.),

P. bidlata (Pers.), P. oreoselini (Strauss), and Uromyces

terebiiithi (D.C.). Nor is this all, for spermogonia also

occur with the teleutospores, as in P. sdpJdi (Schw.),* P.

falcari(s{V&rs.), P. lUiacearum (Duby), and P.fusca (Relh.).t

It has been suggested that the association of the spermogonia

with the teleutospores in the last-named species might be

only an exceptional case irt which the corresponding female

spore occurred upon some other plant—in other words, that

it is an heteroecious species ; but while admitting the full

weight of this argument in the abstract, yet of the Pucciniae

in question, if P. fusca be a Pucciniopsis, and have for

its gecidiospores ^.cidiuin leticospermimt, an aecidium so

markedly accompanied by spermogonia that their presence

was recognized by the older botanists, we must consider

it to be an exceptionally well-provided species.

The escaped spermatia are very commonly found scat-

tered amongst the aecidiospores, and often adhering to their

outsides. Mr. W. G. Smith % has represented this condition,

* Trelase, " Parasitic Fungi of Wisconsin." 1884.

t Tulasne, "2^ Memoire," p. 116, note.

X W. G. Smith, " Diseases of Field and Garden Crops," p. 166, fig. 86.
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and suggested that this may in itself be the fecundative

act, but the same objection obtains to this latter suggestion

as to the former.

As far as I can judge, the balance of evidence is against

the supposition that the spermatia are sexual organs. The

other supposition, that they are conidia, is more plausible
;

but one would have thought, had such been the case, it

would have been capable of demonstration. I have at-

tempted various experimental cultures with these bodies,

but uniformly without result. These consisted of the

application of the spermogonia in active germination in

honey and water

—

1. To the foliage of the plant upon which the spermo-

gonia occur. Thus the spermatia of yEcidiinn raminadi

repentis were applied to the healthy foliage of Ranuncidus

repensi^^i^. 123) ;
* of Rcestelia cormitato Sorbiis aiicuparia

(Exp. 124); of yEciditnn bellidis to Bellis perennis (Exp.

244, 247).

2. To the corresponding host-plant bearing the uredo-

spores and teleutospores. The spermatia of yEcidium ber-

beridis were applied to wheat (Exp. 392).

3. Remembering the fact that the spermatia are carried

by insects, and that they germinate so freely in honey, they

were applied to the stigmata of certain flowers. I was

further induced to try these experiments from the frequency

with which the fruit of so many plants in this country are

attacked by the scidiospores of some of the Uredineae ; for

instance, the Mahonia berries, the barberry fruit, the goose-

berry, and the fruit of the hawthorn. The spermatia of

Aic. bellidis were applied to the stigmata of Bellis perennis

(Exp. 267), and those of JEc. ficarice to Ranuncidus ficaria

(Exp. 274), but no result was obtained ; the infected plants

produced in due course perfectly normal ripe seeds.

* The numbers of these experiments refer to my private note-book of

experimental cultures.
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CHAPTER IV.

^CIDIOSPORES.

The mycelium originated in the tissues of the host-plant

by the entrance of the germ-tube from a promycelial spore,

after it has produced a certain number of spermogonia,

proceeds in the course of its development to give rise to

the jecidiospores. This spore-form is of considerable

interest, not only on account of the manner in which it

arises, but also by reason of its attractive appearance in

the mature state. The first appearance of the aecidiospores

consists in the formation of the receptacle (pseudoperidium)

in which they are contained. The mycelium destined to

give rise to an aecidium becomes more frequently branched

and interwoven. At certain points, not immediately

beneath the epidermis, but pretty deeply placed in the

parenchyma of the plant, the mycelial hyphae compact

themselves into spherical bodies, which at first are not

larger than the parenchymatous cells of the host-plant. The

bodies (the primordia of De Bary) gradually increase in

size by the addition of fresh hyphae from the mycelium. It

can soon be observed that the interior and bulk of these

bodies consist of a cellular structure, and that they bear

the greatest possible resemblance to perithecia (Plate II.

Fig. i). They are globose, but rather flattened upon their

upper surface—that is, the surface nearest to the epidermis.
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A section through one of them shows it to consist of an

external envelope of cells, which encloses the body on all

sides, above, below, and laterally. The base of the body

is a circular disc (hymenium), which bears upon its upper

surface a number of closely packed, erect hyphse (basidia),

each of which supports a linear series of spores. The

hymenium increases in width as the eecidium develops,

but whether from new basidia arising between those at

first formed, or circumferentially, is not known. Sur-

rounding the circumference of the hymenium is a circle of

sterile cells (the peridial cells ; Plate II. Fig. 2), Spore-

formation in the aecidium proceeds from above downwards,

in the following manner. The cells destined to become

spores are enclosed in a hyaline tube (the mother-cell)
;

they are at first colourless, but soon within each, from above

downwards, a number of granules appear, which, becoming

invested with a delicate membrane, rapidly augment in

size, from an increase of the enclosed protoplasm, until they

touch the walls of the mother-cell. The granular contents

are by this time orange {^cidiutJi), or brown {Rcestelia),

or remain white in a few species, such as yEc. rumicis,

vincce, etc.*

The growth of the cell continues until it is indistinguish-

able from the mother-cell. By the mutual pressure of the

neighbouring cells the young spores become polygonal.

As this process begins above and continues downwards, or,

as it is now termed, in a basipetal manner, it follows that

the ripe spores are uppermost. As soon as they have

attained their full maturity, they separate from one another

and are blown away. In some species {Rcestelia, aecidio-

* Mr. G. Massee considers the whole ^cidium to be a sexual product

resulting from the conjugation of two dilated mycelial hyphse in the tissues

of the host-plant {Annals of Botany, June, 1888, vol. ii. pp. 47-5i> pl^^e iv.

figs. 1-7).
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spores of Chrysomyxd) the alternate cells remain sterile,

so that instead of a long continuous series of spores, we

encounter a series of perfect spores alternating, with

variously shaped abortive cells, which may be shrivelled into

fibres as in Rcestelia (Plate II. Fig. 9), or variously flattened as

in CJirysomyxa (Plate II. Fig. 8). The further development

of the spores consists in the cuticularization of their exterior.

How this cuticle arises is not clear, whether from a meta-

morphosis of the mother-cell, or from a separate develop-

ment. The cuticle is in almost all species variously

roughened by a number of minute points, spines, or very

minute warty protuberances. By treatment with caustic

potash these prominences disappear. According to De

Bary's* most recent views, he would appear to maintain

that all gecidiospores are developed with alternate abortive

cells.

The pseudoperidium of the secidia is formed in the

same manner as the spore-series, only the cells are sterile

and empty, instead of being filled with coloured proto-

plasm (endochrome). They are, however, developed in

linear series, the larger and more mature being uppermost,

the younger and smaller below; in fact, we may look upon

the peridium as being developed from a circle of basidia

surrounding the hymenium. The pseudoperidial cells are

held pretty firmly together by an intercellular substance.

They are variously altered by mutual pressure, being

flattened, oval, oblong, square or rhomboidal, and always

larger than the spores. The peridial cell-series are con-

tinued upwards until they arch over the spores and meet

those of the opposite side, so that they form a complete

investment above and around the ascidium. As this body

grows it comes nearer the surface, until at last it is covered

by the epidermis alone, through which it may be seen

* De Bar)', " Vergleichende Morphologic und Biologic der Pilze," p. 76.
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shining as a small yellow tubercle. The epidermis becomes

ruptured by the pressure of the young growing aecidium from

below ; and, either before or soon afterwards, the pseudo-

peridium itself gives way at its summit, exposing the ripe

aecidiospores. The ruptured peridium now becomes re-

curved, and, as seen from above, the aecidium is cup-shaped.

The white peridium contrasts with the golden yellow of

the spores very strikingly. The peridial cell-series still

show their linear origin by separating into teeth, the attach-

ment being stronger from above downwards than laterally.

This recurved, toothed mar-

gin of the peridium is highly

characteristic of the ascidia.

The aecidium and its peridium

consist at this stage of a few

fully developed spores and

cells above, and of a vast

number of undeveloped

spores below. As these latter

mature they push the old

ripe spores upwards and

outwards, and they are car-

ried away by air currents,

rain, and by any cause that
bition, 1884, for the Gardener's Ch7-onicle, clial'f^c f-ViP' 1-incf t-ilanf Tf
September 6, 1884, p. 308.

MiaKCb LUC nobt-piant. II

the affected plant be grown
indoors or continually covered by a bell glass, so as to

prevent any injury to the aecidium itself or any agitation

of the host-plant, the aecidium elongates itself in a cylin-

drical manner. This was strikingly shown in a specimen

of ^c. berberidis which I cultivated and exhibited at the

Biological Laboratory of the International Health Exhi-

bition, 1884, in which the peridia developed themselves

into long curved cylindrical bodies. The above illustra-

Fig. I.

—

^-Ecniiuni berberidis. A, with
normal pseudoperidia ; B, with abnormally
elongated pseudoperidia. Figured by Mr.
Worthington G. Smith from an experimental
culture of the author's in the Biological
Laboratory of the International Health Exhi-
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tion, by Mr. W. G. Smith, was taken from the living plant,

and is therefore reliable, although my own impression was

that the elongation of the pseudoperidia was not quite so

pronounced. In some species the cells of the peridia

naturally adhere more firmly, as in ^c. ornainentale, Peri-

dermmin, Rcestelia. In ^cidium pint the peridium opens

at the apex, but the margin shows very little tendency to

become recurved. In R. cancellata the peridia do not open

at the apex. This remains entire for a long time, and

surmounts the peridium as a conical cap. The peridial

cell-series, however, below this separate from one another

laterally, so that the spores escape through a number of

longitudinal fissures—a sort of lattice-work.

The membrane of the aecidiospore is not of uniform

strength, inasmuch as at certain points, when the spore

germinates, there are pushed through it prolongations or

outgrowths of the endospore. These potential openings

(germ-pores) are exceedingly difficult to observe in the

mature spore. When, however, the spore begins to ger-

minate, they become obvious. De Bary * gives the

number of germ-pores in. /Ec. tragopogonis as three, and

those of ^c. asperifolii f as four. From my own observa-

tions, I should say the aecidiospores of Puccinia graviinis

and poarinn have six germ-pores. When these spores

begin to germinate they become somewhat quadrangular,

with a germ-pore at each angle ; but in addition to these

a central opening or thin place appears in the centre of

that side of the spore which is uppermost, and a.s, of

course, both the upper and under sides of a spore cannot

be seen in the same preparation at the same time, it

* De Bary, "Champ, parasit," Ann. des Sci. Nat., 4« ser. tome x.x.,

Reprint, p. 76, t. ii. fig. 7.

t De Bary, " Neue Untersuchungen iiber Uredinccn," vol. ii. p. 209,

Berlin : 1866.
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follows that if all the spores in the field present this

central germ-pore, then of course there must be a corre-

sponding pore on the opposite side (Plate II. Figs. 4-7

and 10), so that when germination commences, the spores

assume a rouiTded cuboid form, with a germ-pore at each

angle. The process of germination continues from one

of these germ-pores, rarely from more than one. The
outgrowth of the endospore progresses, until it assumes

the form of a blunt-pointed, cylindrical tube. Into this

tube the protoplasm of the spore passes, and with it the

orange granules which give the colour to the spore. The
tube grows onwards for a considerable distance—ten or

more times the diameter of the spore. Contemporaneously

with the growth of the germ-tube, the protoplasmic con-

tents are continuously passed onwards to its extremity
;

so that the longer the germ-tube grows, the further are

the orange granules rem_oved from the spore in which

they were originally contained (Plate II. Figs. 6, 7, 10, and

14). The further development of the germ-tube consists in

its continued growth ; the walls, however, become not only

distinctly thinner, but give off various branches, mostly at

a right angle to the axis of its growth (Plate II. Fig. 7).

While these changes have been taking place, the whole

germ-tube has been making a series of convolutions, some-

times from right to left, sometimes from left to right

(Plate II. Fig. 6). Often a germ-tube will turn in one

direction during the first part of its course, and in the

opposite during the latter part. These circumnutatory

movements were observed by Tulasne * in ALc crassiim,

violcB, etc. This circumnutation of the germ-tubes I have

only observed in the Uredineae, and it is quite distinct from

the torsion one observes in other mycelial hyphae, when they

extend themselves into a dry atmosphere. This has been

* Tulasne, " 2" Memoire," p. 12S.
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confounded with circumnutation bv some authors * but is

simply a hygrometric phenomenon. The distal extremity

of the germ-tube of an aecidiospore gains an entrance

into the tissues of the host-plant through one of the

stomata. This is effected by either the end of the germ-

tube or one of its principal branches insinuating itself into

the cleft (Plate II. Fig. 10). When an entrance has been

achieved, further development takes place in the air-spaces

below the stoma, by the branches of the germ-tube grow-

ing between the cells of the host-plant ; these soon develop

into a mycelium, which in due course produces the spore-

form proper to the species.

The time which the aecidiospores retain their germi-

native faculty is stated by De Bary f to be some weeks.

From my observations, I should say it is rather a matter

of hours. Much depends, however, upon the temperature

and the amount of dryness to which the spores are ex-

posed. If they be placed in a very moist atmosphere,

they germinate at once ; if, on the contrary, in a perfectly

dry one, they almost as rapidly die. But if they be kept

slightly moist and cool,' they will remain uninjured for a

much longer time. I have, however, seldom found them

germinate after forty-eight hours, and then only a small

proportion will do so. It is only the mature spores at the

top of the cup, that have already separated themselves

from the spore-series, which will germinate. The process

begins within a i^w hours after they have been placed in

water.

* Cooke, "Circumnutation in Fungi," Quekett Journal {i%%if)y vol. i. 2n(i

series, p. 309.

+ De Bary, " Vergleich.," p. 369.
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CHAPTER V.

UREDOSPORES.

The uredospores may be developed from mycelia pro-

duced from the entrance of the germ-tube of an aecidio-

spore, a promycelial spore, or another uredospore. The.

uredospores are developed singly on the ends of separate

mycelial hyphae (sterigmata, basidia). Their development

is as follows :—the mycelial hyphas in the affected host-

plant at certain points become interwoven and intertwined,

and the hyphae which constitute these favoured points are

more richly branched and more freely septate than is the

case in other parts of the host-plant. In them may be

observed a number of orange granules. The hyphae are

so crowded together in the spore-bed, that to a great

extent they lose their individual outline. Spore-formation

takes place, first towards the centre of the bed, and then

extends centrifugally. The mycelial aggregations take

place just beneath the cuticle of the plant, to which their

upper surfaces are parallel ; they are termed spore-beds, or

sori (sporenlager, stroma, hymenia, clinodes). Each spore-

bed consists of an accumulation of hyphae, which ramify

in all directions ; but those hyphae that are nearest to the

cuticle of the host-plant give off a number of branches

parallel to each other, at right angles to the spore-bed

below, and the host-plant cuticle above. Each of these
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branches is destined to produce a urcdospore. At first

they are of uniform diameter, but soon the upper end

dilates so as to become club-shaped (Plate III. Figs. 2,

5). Into this dilated extremity the protoplasmic contents

of the hyphae are gradually emptied ; and thus by their

continued accumulation it becomes almost spherical. This

dilated tube-end is now full of granular protoplasm, towards

the centre of which appear a few orange granules (in the

orange-spored species), while externally it becomes in-

vested with a thin cell-wall of its own (Plate III. Fig. 3).

The cell increases in size, its walls in thickness, and its

contents become more and more distinctly coloured. The

orange granules, which consist of reddish-yellow, oleaginous

particles, are at first confined to the centre of the cell,

and gradually increase in number from the centre out-

wards ; so that we frequently observe immature spores,

which are orange only in their centre, having the centre

surrounded by a hyaline zone. The spore has at this

stage of its development two coats—the outer, which is

extremely thin and is the dilated mycelial hypha ; and the

inner, the proper wall of the spore. The latter increases

somewhat in thickness, although it always constitutes a

comparatively thin investment. These two coatings

become closely applied to one another. The exospore,

which is at first smooth, becomes, in most species at their

maturity, variously roughened by the appearance of minute

projections from its surface (Plate III. Fig. 4). These may

be in the form of short, fine spines, when the spore is said

to be finely echinulate, or the prominences may be shorter

and less acutely pointed (verrucose). De Bary has shown

that the spores of many of the Uredinese owe their rough-

ness to minute, densely crowded, prismatic, stafif-like pro-

cesses, between which similar smaller processes are closely

packed. The irregularities of the exospore disappear under
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the action of caustic potash ; and they are much less

easily observed when the spores are examined in water

than when they are seen dry. This is equally true of the

aecidiospores.

In the endospore are two or more openings (germ-

pores, oscules) through which the germ-tubes emerge when

the spores germinate. They can sometimes be made out

pretty clearly in perfectly ripe spores, but not often. There

is no difficulty, however, in observing them in those spores

in which the process of germination has commenced. In

the globose uredospores they are arranged in a circle

round the equator ; in the oval spores, also midway

between the poles. Whether it be correct to regard them

as openings is doubtful ; they would be more correctly

described as thin places, which become holes. The number

of germ-pores varies in different species ; they are never

less than two. Their variation in number and position

is but slight: thus De Bary* gives for U. linearis, four;

U. fabcs,'\ three ; U. phaseoliX two ; and U. sitaveolens^

three.

Recently De Bary
||
has stated that in the uredospores

of Puccinia and Uromyces the germ-pores are sharply

defined, circular holes in the endospore, closed externally

by the exospore ; but this hardly accords with my observa-

tions. The spore-bed continues to produce uredospores for

some considerable time ; at length it ceases to do so. If

it be examined in this condition it will be found to consist

of little else than barren basidia, with here and there one

bearing a spore. The uredospores vary in colour ; most

are some shade of orange, many are brown. De Bary IT

has pointed out that in those species with brown spores

the contents are colourless, e.g. in U. pJiaseoli, nmiicisy

* De Bary, " Brandpilze," p. 33. t De Bary, "Champ, paras.," p. 74.

% Ibid., p. 76. § De Bary, "Brandpilze," p. 33.

II
De Bary, " Vegl.," p. 109. t De Bary, "Brandpilze," p. 31.
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trifolii, etc., the brown colour being due to the spore-wall.

The colouring matter of the uredo and aecidiospores has

been spectroscopically investigated by Bachmann.* He
examined the aecidiospores of Gyninosporangium jiiniperi-

num and Piiccinia coronata, and the uredosporcs of Me-

lanipsora farinosa, TripJiragmiiim nlma^'icE, and Uromyces

alchemillcB. Combined as it is with some oleaginous

material in granules, and enclosed within the cell walls

of the spores, it is exceedingly difficult to extract it with

ether. But by adopting the saponification process of

Kuhne t and Hansen % he was able to arrive at the follow-

ing conclusions. The above-named fungi give very similar

spectra, namely two narrow absorption bands, one between

b and F, the other between F and G, showing that the

pigment is the same in all cases ; that it is very similar to,

if not identical with, the colouring matter of most of the

yellow phanerogamous blossoms (the anthoxanthin of

Hansen) although combined differently, and allied to the

xanthophyll group. It is soluble in alcohol, ether, chloro-

form, bisulphide of carbon, and benzol, and is coloured

green by potassium iodide.

As soon as the uredospore has arrived at its maturity

it becomes separated below from the hypha which produced

it (basidium, sterigma). This separation takes place by

the basidia breaking off eitlier close to the spore (Uredo)

or at a short distance below, in which case the upper part

of the basidium remains attached to the spore (Trichobasis).

This separation is facilitated, if not caused, by the spore

being pushed off by the continued formation of other

* E. Bachmann, " Spektroskopische Untersuchungen von Pilzfarbstoffen
"

(1886), pp. 21-23, figs- 27-31.

t W. Kiihne, " Ueber lichtbestandige Farben der Netzhaut " (" Unter-

such. d. physiol. Inst. d. Univ. Heidelberg"), bd. i. hft. iv. p. 347.

$ F. A. Hansen, «' Der Chlorophyll Farbstoff" (" Arbeitendes botan Inst,

zu Wiirzburg"), bd. iii. hft. i. p. 126.
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spores in the spore-bed. Whether this be the simple

passive process we have hitherto regarded it or not is

undetermined. It is quite possible that it may be aided by

a projective force, as Brefeld * has shown in the Agaricini.

In them the basidia become by degrees fuller of protoplasm,

until a certain state in the tension of the elastic walls takes

place. When this has attained its full extent, the upper

part of the basidium, immediately below the spore, gives

way and becomes split off all round, the spore being

projected from its sterigma at the point of its attach-

ment. A similar process occurs in Pilobolus, only in this

case the rupture is lower down, and not at the exact point

of junction of the spore with its basidium.

As soon as each uredospore is ripe it is capable of germi-

nating, and when placed in a sufficiently damp environment

it does so in a few hours. This process is accomplished in

the same manner as has been already described under the

secidiospores. It consists in the protrusion of a germ-tube

through one or more of the germ-pores, which branches,

elongates, circumnutates, and receives the protoplasm from

the interior of the spore, and passes it onwards to its peri-

pheral extremity (Plate III. Figs, ii, 12, 13). In the

same way its extremity, or the extremity of one of its

branches, enters into one of the stomata of the host-plant,

and in its tissues develops a fresh mycelium (Plate III.

Fig. 15)-

Under certain circumstances, when the germ-tube

cannot enter a stoma, instead of growing in the mode

described, it dilates in a bulbous manner f at its extremity

into a spherical dilatation, into which the orange granules

accumulate ; or it may give off one or more lateral out-

* Brefeld, " Schimmelpilze.

"

t Plowright, "Germination of Uredines ;
" "Grevillea," vol. ix. pi.

159, figs. 10, II, 12.
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growths, which become globose and filled with cndochrome

(reserve spores) (Plate III, Fig. 14). These abnormal phe-

nomena show how nearly allied the different spore-forms

of the Uredineae are ; and are especially interesting from

an evolutionary point of view. They show that although

the uredospore has attained a definite mode of germination

proper to itself, yet it has not entirely lost its capability

of reverting to, and simulating the mode of growth of

other spore-forms.*

In certain species (Lecythea) are found bodies known

as paraphyses, or cystidea. They are in most cases arranged

around the circumference of each spore-bed, arching over

it and arising from basidia in the same manner as the

spores themselves. The paraphyses contain no coloured

endochrome. In shape they may be globose, pyriform,

subcylindrical, or capitate (Plate III. Figs. 16, 17).

Although they cannot be regarded as undeveloped spores,

inasmuch as they are pretty much confined to particular

species, and do not occur indiscriminately with all, yet

from their mode of origin their affinity is clearly with the

pseudoperidial cells of the aecidiospores, and to a certain

extent they are protective organs in the same way as the

latter. From my observations it appears that the presence

of paraphyses with certain species greatly depends upon

some special condition of the fungus, as they may be

absent, or nearly absent, according to special circumstances.

I find them constantly present with the uredospores of

P.perplexans, when these have arisen not directly, but rather

at a considerable distance, from the aecidiospores. On the

other hand, when the uredo arises directly from the secidio-

spore, they are hardly present at all ; this looks very much

as if they were an indication of exhaustion of vital energy

* Tulasne figures a similar condition in the germination of the uredospores

of Cronartium (" 2^ Memoire," tab. xi. ligs. 3, 8, 9).

D
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on the part of the fungus, which was combated by pro-

tective efforts on the part of the parasite in conserving those

spores which it does produce, but when full of vigour

and fresh from the secidiospore it is less careful of its

spores. When it begins to feel the effect of exhaustion,

and is unable to develop such energetic spores, it takes

more care of those which are produced.

The same is true of the quantity of uredospores them-

selves. When the uredospores are produced directly from

the aecidiospores they are much less copious than when they

originate from other uredospores ; especially is this so when

they have arisen from a long series of uredospores. The con-

verse is observable in such species as Piiccinia tragopogonis,

where the teleutospore occurs often on the same leaf as the

iEcidiospore, and the uredospores are very few indeed.

We have striking illustrations of the contrary condition

with many heteroecious Uredines. In Australia, where the

barberry is not an indigenous plant, and occurs only in

gardens and shrubberies, the agriculturists complain not of

mildew {P. grarninis) as destroying their wheat crops, but

of rust. Some years ago I received specimens of the

affected wheat plants from New South Wales, Queensland,

and South Australia, all of which showed a profuse de-

velopment of uredospores in proportion to the teleutospores,

quite out of all parallel to that which obtains in England.*

Mr. C. J. Arthur informs me that this is equally true of

those districts in the United States from which barberries are

absent. The same occurs in this country with P. rubigo-

vera, the uredospores of which are extremely abundant on

our wheat crops in spring ; but the autumnal i^cidium is a

very infrequent fungus, partly because the host-plants are

none of them very abundant, and partly because, occurring

* Plowright, " Reproduction of Hetercecious Uredines," Jonr. Liiui. See.

Botany, vol. xxi. p. 36S.
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as it does in September and October, the frosts of winter

soon destroy their foliage, so that the uredospores have to

reproduce themselves throughout the winter and spring

months on the wheat plant. Rostrup * has remarked the

same fact with regard to Coleosporiinn senecionis, that when

it occurs in localities from which fir-trees are absent it con-

sists almost wholly of uredospores. Independently of this,

however, the uredospores of some species are much more

abundant than of others ; in P. oblongata, for instance,

they occur in great quantities, while in P. hydrocotyles the

teleutospores are very few in number, and occur in the same

spore-beds as the far more numerous uredospores.

Although uredospores have their vitality so easily

destroyed by heat and dryness, they can withstand a con-

siderable amount of cold, for freshly developed spore-beds

of P. rubigo-vera can be found almost at any time, on

wheat, during the winter months. Of course, it may be

that these have been developed by mycelium produced

from a spore-infection effected at an earlier date. I found

that the uredospores of this species which had been ex-

posed to several nights of frost, when the thermometer

registered 23° F. (— 5° C), germinated with the greatest

freedom. Dietel found the uredospores of Phragmidiiim

obtics7iin, Avhich had been covered by snow from December

18 to January 28, germinated in a day and a half in a

warm room.j

* Rostrup, " Heteroeciske Uredineen " (1884), p. 6.

t P. Dietel, "Beitrage zur Morphol. und Biol, der Uredineen" (1S87),

p. 9.
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CHAPTEP. VI.

TELEUTOSPORES.

At some period in the life of all Uredines * a spore is

produced from one of the before-mentioned mycelial de-

velopments, to which the appellation teleutospore has been

given. In the strict sense of the term teleutospore means

the last-formed spore—that is to say, it is formed later in

point of time than the aecidiospores and uredospores ; but

while this is true in the majority of cases, yet there are many

species of the Uredineae in which no other spore-form than

the teleutospore occurs. Still, the name has become so

familiarized to us by long usage that it is unadvisable to

change it. These spores are formed in a similar manner

to the uredospores from a stroma (spore-bed, clinode,

hymenium) produced by an aggregation and entanglement

of mycelial hyphse placed just beneath the cuticular

structures of the host-plant and parallel to them. Per-

pendicularly from this stroma are given off erect branches,

which, becoming dilated at their free ends, are soon in-

* De Bary (" Vergl.,'' p. 305) points out that Uredo syiiiphyti\\z.s no other

spore-form than the Uredo, and indicates this species as being a degenerate

type, which, having lost its other spore-forms, is capable of existing without

them. Without questioning the truth of this statement, one cannot fail to re-

member that until quite recently the other spore-forms of many Uredines were

unrecognized, for instance, Melampsora cerastii ; so it is quite possible that the

teleutospores of U. symphyti may exist, although we at present do not know

of them.
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vested with a thick membrane (Plate III. Figs. 18, 19).

Their subsequent development is similar to that which

occurs in the uredospores. The investing membrane,

however, undergoes considerable thickening, and becomes

darker in colour. At the apex of the spore this thicken-

ing is most marked, but it does not always follow that

here the depth of its colour is most noticeable, although

it generally is so. This is, to a certain extent at any

rate, owing to the fact that the apex of the spore is per-

forated by a small tubular canal, which is, however, by

no means easy to observe in the perfect spore, but whose

presence is obvious enough in those spores which have

already germinated, or are in the act of germinating.

The interior of this membrane is lined by a very thin

endospore. This can be brought into view by the action

of undiluted sulphuric (H2SO.1) or nitric acid (HNO3).

These reagents exert no influence on the investing mem-
brane, but cause the endospore to shrink away from it.

The endospore encloses a finely granulated protoplasmic

mass, near the middle of which is usually a vacuole. The

teleutospore remains for a.longer or shorter period attached

to the spore-bed by the lower part of its spore-forming

hypha, which contains a hyaline or watery material, and

constitutes a stem (pedicel, peduncle) to the teleutospore,

Teleutospores may be simple (Uromyces, Melampsora)

or compound (Puccinia, Triphragmium, Chrysomyxa).

The teleutospores of Uromyces are developed in the

manner above described. The germinal canal is always

at the apex of the spore. The membrane is generally

smooth, but in some species, as Ur. alcJieviillcB, it is

studded with prominent wart-like tubercles. Similar

tubercles are observed on some of the species affecting

the Leguminosae, but instead of remaining as discrete

tubercles they become in part or wholly confluent, so as
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to form elevated ridges. As an accidental variety, one

sometimes sees a few bicellular spores in the true Uro-

myces spore-bed ; this has been ob-

served with Uromyces trifolii on Vicia

sepium.

The teleutospores of Puccinia are

compound. They consist of two dis-

tinct spores borne on one pedicel. The

dilated upper extremity of the hypha,

which is destined to become a Puccinia

spore, soon assumes a fusiform shape,

and is uniformly filled with granular

protoplasm, while the lower part of the

hypha contains only a hyaline or watery

material (Plate III. Fig. 18). Soon a

delicate transverse septum appears near

Fig. 2.— Teieutospore thc middle of thc swollen part, dividing
of iTrojnyces faba; germi- .

, . , ,

nating, showing the germ- it trausvcrscly into two nearly equal
canal through which the
promyceiium has been pro- compartmcnts. Tlic sporc now becomes
truded, and the develop- • '-

sTc:^4s1rom\b"or'down'! invcstcd by a stoutcr membrane (Fig.

wards. (Tuiasne.)
^ ^^^ ^^j^j^j^ gradually incrcascs in thick-

ness so that the body now can be seen to consist of two

distinct accumulations of protoplasm. As the thickening

of the outer membrane goes on it becomes darker. This

thickening is most marked at the apex of the upper com-

partment. The granular protoplasm at first usually shows

two or three vacuoles (Fig. 20), but these become reduced

in number, so that in the mature spore only one is observ-

able (Fig. 21). How this vacuole is formed is not alto-

gether clear, but it probably is produced by the protoplasm

of each compartment accumulating more towards the walls

of the cell than elsewhere. Each compartment, then, con-

sists of a thick outer membrane, lined by a thin one (thc

endospore) which encloses the protoplasm and its vacuole.
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In the American species P. ajuorphcs, Curtis, the mother-

cell remains distinct from the spore-wall of the teleutospore,

separated by a gelatinous substance. When the teleuto-

sporcs of this species are placed in water the mother-cell

swells in a very remarkable manner, and can be seen

surrounding the teleutospore (Plate IV. Figs. 15, 16, 17).

The germinal canal penetrates the membrane only, being

closed below by the endospore. The germinal canal

of the lower spore is placed laterally immediately below

the septum. In most species the exterior of the spore is

smooth, but in several it is tuberculate, papillose, or verru-

cose. In one of the American species, P. aaileata, these

protuberances are nearly cylindrical and curved. In P.

fiisca, pnmi, etc., the tubercles are small, but exceedingly

numerous, covering the whole exterior of the spore. In

P. sinyniii they are few, discrete, and conical. P. coronata

is characterized by a crown of elongated, variously bent,

cylindrical processes, surmounting the upper segment.

Here the superior germ canal is not situated at the apex

of the spore, but towards one side (Plate IV. Fig. 3), just

as it normally occurs in the lower cell of other species.

The general outline of the Puccinia spore varies not only

in different species, but also in individual spores from the

same spore-bed. In P. primi and ftisca the teleutosporcs

consist of two distinct superimposed globose bodies,

flattened at the point of contact ; these easily separate

from one another by rough manipulation. Not infre-

quently, only one segment of the spore becomes de-

veloped, the other, usually the lower, remaining abortive.

In some instances numerous single spores (mesospores)

are produced, either mixed with the normal bicellular

spores or without them, as in P. obscura, scirpi, convolvuli,

porri, and sonchi. These mesospores are morphologically

analogous to the teleutosporcs of Uromyces. /-*. riibigo-vera,
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when it occurs on various species of Hordeum, consists

almost entirely of mesospores {= P. anomala, Rost). An
American species produces bicellular spores in the summer
(= P. vexans, Farl.), and subsequently mesospores only

(= Uromyces brandegei, Peck). The brown colouration of

the membrane of P.graminis is sometimes abnormally con-

fined to the pedicel, the spore remaining colourless. This

condition I first observed in some specimens sent me by Mr.

W. Marshall, from near Ely. I have also seen it in Aus-

tralian specimens. Upon the other hand, instead of spores

being bicellular, they are sometimes variously complex,

triseptate, or even quadriseptate ; or the upper or lower

cell may be longitudinally or obliquely septate, which is

the normal condition of the spores of Triphragmium,

Greville * figures this condition as P. variabilis. This

septation is purely accidental, occurring in one spore-bed,

but not in any of the others on the same plant. Mr. Vize

and Professor Trail have met with this condition in P.

bidlata, and the Rev. Dr. Keith in P. lychnidearum. I

have seen it in one of the graminaceous species on Loliiini

perenne, and Mr. Grove in Pnccinia betoinccB.

The teleutospores of Phragmidium and Xenodochus

differ from those of Puccinia in being composed of a

greater number of elementary spores, which are developed

from above downwards (basipetal formation). The dilated

upper end of the hypha becomes full of coarsely granular

protoplasm ; delicate septa appear from above down-

wards. The protoplasm thus differentiated is soon seen

to be surrounded by a cell-wall (endospore), which at

this stage of its development is considerably smaller

than the compartment in which it is situated ; so that the

young spores are obviously, in structure, individually dis-

tinct from one another. The uppermost spore is usually

* Greville, " Scot. Crypt. Flora," t. 75.
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surmounted by a prominent conical point. The membrane

soon becomes dark and thickened, and each spore, en-

veloped by its endospore, pretty well fills each compart-

ment. In the mature state the entire teleutospore is

clothed by a colourless transparent cuticle, which is gene-

rally tuberculate. That this cuticle is distinct from the

thick membrane is shown by warming a spore in caustic

potash, when the former disappears, while the thick mem-

brane remains unaffected.

From two to four lateral germ canals or pores occur

in the membrane, as Tulasne first showed (Plate IV.

Fig. 5). These are arranged equatorially, and appear to

be about four in number. Dietel,* however, remarks that

in PJi. obtiisujn, Strauss, the germ-pores are placed as in

Puccinia, namely, the superior one at the apex of the

upper cell, and those of the lower cells laterally immediately

below each of the septa, and that there is only one germ-

pore in each cell. A similar condition, he states, exists in

the Australian species Ph. barnardi, Plow\ Longitudinal

septation very rarely happens, f

In Coleosporium a similar condition exists, but in Tri-

phragmium the divisions are multiple and longitudinal.

In Cronartium the tcleutospores are arranged in the form

of a solid pillar or column, that projects perpendicularly

to the spore-bed, and is surrounded at its base by a nest of

uredospores. In Chrysomyxa the tcleutospores occur in

waxy masses, and consist of a series of superimposed

spores, each of which has a single germ-pore placed as in

the lower cell of Puccinia, not equatorially, but laterally

near the upper end. In Gymnosporangium the spores are

held together by a gelatinous matrix ; they are shaped

* Dietel, " Beitrage zur Morphol. und Biolog. der Uredineen," Botan.

Centralblatt
.
, bd. xxxii. (1887), tab. ii. figs, i and 2, reprint, p. 9.

t Eysenhardt, " Linnrea," vol. iii. 1828.
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like Puccinia spores, but have, in the European species,

generally two germ-pores in each cell, and these are placed

J'ig. 3.

—

Chrysojnyxa rhododendri. Section of spore-bed showing the compound teleu-
tospores (a), one of which is in the act of germination, having emitted a promycelium (/)
from upper corner of its superior compartment. In most of the other spores germination has
commenced, e. The epidermal cells of the host-plant (R. hiysutiivi) ; iii, mycelial hyphse.
(De Bary.)

at that end of the.cell which is nearest the septum (Plate III.

Figs. 22, 23 ; and Plate IV. Figs. 11, 13, and 14).

Germination.—The period at which germination takes

place in teleutospores is subject to variation with the

different species of Uredines. In the greater number of

cases this process ensues only after the teleutospore has

remained for some considerable time in a state of qui-

escence or rest. Generally this resting period extends from

the summer or autumn of one year until the ensuing spring,

corresponding, in fact, with the conditions of the host-plant,

which of course, in the case of deciduous plants, is without

suitable foliage during the winter months into which the

fungus can gain an entrance. On the other hand, there are

several species in which teleutospores germinate as soon as

they are mature, without undergoing any resting period

(Leptopuccinia, Lepturomyces) ; while there are others

which have only a very short resting period (Z'. rubigo-
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vera, poaruni). In either case the germinative process is

the same. This consists in the protrusion of a germ-tube

from the teleutospore through the germ-pore above men-

tioned, which tube is really an extension of the endospore

through the germ-pore. This tube consists of a hyaline,

homogeneous membrane, into which the protoplasm con-

tained within the spore passes. This tube (the promy-

celium) does not, like the germ-tubes of the uredospores

and aecidiospores, elongate indefinitely, but, after attaining

a certain length, ceases to grow onwards and terminates in

a blind, blunt extremity. Into the promycelial tube the

protoplasm passes from the spore, and accumulates towards

the peripheral extremity, so that the end nearest the spore

becomes empty. The distal end now exhibits one or more

septa, which are formed from above downwards. At the

same time, from each compartment thus divided off there

arises a single, short, pointed branch ; these at their points

dilate. The dilated end becomes the receptacle for the

protoplasm originally contained in each compartment, and

rapidly assumes an oval or subreniform outline (the pro-

mycelial spore), which in 'the course of a few hours becomes

abstricted and falls off (Plate IV. Figs. 2-10). The pro-

mycelial spores, when placed in water or upon any damp

surface, forthwith germinate (Plate III. Fig. 24). This

process consists in the outgrowth, from some point of their

surface, of a short but acutely pointed tube. Placed upon

the cuticle of a living leaf of the proper host-plant, this

germ-tube turns its point downwards, and, piercing the

epidermal cell-walls, enters the tissue of the leaf (Plate IV.

Fig. i). Having thus gained an entry into its host, the

protoplasm contained in the promycelial spore passes down-

wards into the germ- tube, leaving the spore empty. The

empty spore-cell falls off, and the minute opening through

which the germ-tube has entered the epidermal cell ceases
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to be visible ; this is probably due to the elasticity of the

epidermal cell-wall. The germ-tube itself continues its

onward growth ; soon branching, it insinuates itself between

the cells of the host, where it gives rise to a mycelial

development, similar to that which arises from the aecidio-

spore or uredospore germ-tubes.

With the Leptopuccinia and Lepturomyces, the germ-

tube of the promycelial spore does not bore its way through

the epidermal cells, but enters, as De Bary * first showed

with P. dianthi, through the stomata, or, as Rathay f points

out with P. malvacearum, it enters, like the germ-tube of

Tiibercinia trientalis, between the epidermal cells, and then

pierces laterally into the side of the adjacent cell.

If the germination of the promycelial spores takes place

in water, and not upon their proper host-plant, the germ-

tubes sometimes become swollen at their extremities, so

as to form reserve spores in the same manner as has been

previously described with the uredospores (Plate III.

Fig. 24).

The mycelium produced from a promycelial spore in

the tissues of its proper host-plant in due time gives rise

to a fresh spore-development. This spore-development,

however, varies in different cases.

1. In certain species the mycelium produces spores

which are exact counterparts of the original teleutospores

(Micropuccinia).

2. It may give rise to teleutospores similar in general

appearance as to its progenitors, but endowed with the

faculty of immediate germination (Leptopuccinia, etc.).

3. It may give rise to a crop of uredospores, which may

* De Bary, "Champ, paras.,'" A>in. Sc. Nat., 4"" ser. tome xx. p. 84
(reprint).

t Rathay, " Ueber d. Eindringen. Puccinia Malvacearum," Verhandl. d.

Kk. Zool. bot. GiS., band xxxi. (iSSi), t. i.
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be typical of the species in question. There are instances,

however, in which, instead of being truly typical, these

uredospores depart in some degree from those subsequently

found in the life-history of the Uredine. For example, in

TriphragDiiuni tibnaricE the primary uredospores do not

differ in their individual form and size from the secondary,

but the former occur in large dusty sori principally on the

petioles and midribs of the host-plant, while the latter are

much smaller and scattered over the under-surface of the

leaves. A more common deviation, however, consists in

the association of the primary uredospores with spermo-

gonia (Brachypuccinia).

4. In other instances the mycelium produces spermo-

gonia and aecidiospores. The secidiospores may be upon

the same species of host-plant upon which the teleuto-

spores occur (Auteupuccinia), or upon some plant of a

totally diverse nature (Heteropuccinia)

The teleutospores of Endophyllum, although they are

produced in the same way and closely resemble aecidio-

spores, yet in germination they behave like the teleutospores

of Puccinia (Plate IV. Fig. 7). In Coleosporium (Plate IV.

Fig. 9) each cell produces a single promycelial spore,

while in Melampsora (Plate IV. Fig. 8) and Chrysomyxa
(Plate IV. Fig. 10) three or four are developed from each

promycelium, as is also the case with Cronartium.
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CHAPTER VII.

HETERCECISM.

History.—The fact that a certain number of Uredines

possess the faculty of passing a part of their lives upon

one plant, and the remainder of it upon another and a

totally different one, is so remarkable that until quite

recently there were persons who declined point-blank to

believe it. It is quite unnecessary now to undertake seriatim

to answer the theoretical objections which have been

raised against the fact that heteroecism does occur, for

the simple reason that these objections are only theoretical.

The process of simply placing the spores of the fungi in

question upon their various host-plants is so easy, that

any one wishing to appeal to Nature herself can do so

with very little trouble.

The first Uredine in which this peculiarity of develop-

ment was observed was Puccinia graminis, the wheat

mildew. The mildew of wheat has, as a blight, probably

been known from remote antiquity. The Romans held a

festival on April 25—the Robigalia, or Rubigalia—with

the object of protecting their fields from mildew. The

sacrifices offered on this occasion consisted of the entrails

of a dog and a sheep, accompanied with frankincense and

wine.* In Wickliffe's Bible, the suggestion is made that

* Smith, " Smaller Dictionary of Greek and Roman Antiquities," 5th edit.

(1863), p. 322.
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the seven years of famine with which the Egyptians were

afflicted were caused by mildew. This, of course, does

not prove that the ancient Egyptians had any acquaint-

ance with mildew, but it does show that in early English

times the disease was not only known as an affection of

cereals, but also that it v/as regarded as an agency suffi-

ciently powerful to cause famine. In Shakspeare's time,

mildew must have existed, for we read of how " The foul

fiend Flibbertigibbet mildews the white wheat." * The

fungoid nature of the mildew was not known, however,

until the latter half of the last century, for Tull,t writing

i" 1 733) attributes it to the attack of small insects,

" brought (some think) by the east wind," which feed upon

the wheat, leaving their excreta as black spots upon the

straw, " as is shown by the microscope "
! Felice Fontana,|

some thirty years later, published an account of the fungus,

with figures. Persoon,§ in 1797, gave it the name it still

bears {Puccinia gramiiiis), and also figured it, as did

Sowerby | in 1799, under the name of Uredo fntmenti.

With regard to the fact that the barberry in some way
favours the growth of mildew upon wheat, there is no

doubt that it was well known to practical farmers during

the eighteenth century, for we find in America, as early as

1760, in the state of Massachusetts, an Act was passed by

the legislature, compelling the inhabitants to extirpate all

barberry bushes.H" In New England a similar law existed,

which is referred to by Schopf** In our own country,

* Shakspeare, "King Lear," act iii. sc. iv.

t Jethro Tull, "Horse Howeing Husbandry," 3rd edit. (1751,) p. 151.

\ Felice Fontana, " Osservazioni sopra la Ruggine del Grano." Lucca:

1767.

§ Persoon, " Tentamen Dispos. Method. Fungorum "
(1797), p. 39, t. iii.

fig- 3-

II
Sowerby, " English Fungi," vol. ii. (1799), t. 140.

\ For "Barberry Law of Massachusetts," see p. 302.
**

J. D. Schopf, " Reise durch die mittleren und siidlichen vereinigten

Nordamerikanischen Staaten," theil i. p. 56. Erlangen : 178S.
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especially in Norfolk, this belief also existed, for we find

Marshall,* writing in 1781, says, "It has long been con-

sidered as one of the first vulgar errors among husband-

men that the barberry plant has a pernicious quality (or

rather a mysterious power) of blighting wheat which grows

near it.

" This idea, whether it be erroneous or founded on fact,

is nowhere more strongly rooted than among the Norfolk

farmers ; one of whom mentioning, with a serious counte-

nance, an instance of this malady, I very fashionably laughed

at him. He, however, stood firm, and persisted in his being

in the right, intimating that, so far from being led from the

cause to the effect, he was, in the reverse, led from the

effect to the cause
;

for, observing a stripe of blasted wheat

across his close, he traced it back to the hedge, thinking

there to have found the enemy ; but being disappointed,

he crossed the lane into a garden on the opposite side of

it, where he found a large barberry bush in the direction

in which he had looked for it. The mischief, according to

his description, stretched away from this point across the

field of wheat, growing broader and fainter (like the tail of

a comet) the further it proceeded from its source. The
effect was carried to a greater distance than he had ever

observed it before, owing, as he believed, to an opening in

the orchard behind it to the south-west, forming, a gut or

channel for the wind.******
" Being desirous of ascertaining the fact, be it what it

may, I have inquired further among intelligent farmers

concerning the subject. They are, to a man, decided in

their opinion as to the fact, which appears to have been so

long established in the minds of the principal farmers that

* Marshall, " Rural Economy of Norfolk," 2nd edit, vol ii. p. 19. Lon-
don : 1795.
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it is now difficult to ascertain it from observation, barberry

plants having (of late years more particularly) been extir-

pated from the farm hedges with the utmost care and

assiduity. One instance, however, of mischief this year 1

had related to me, and another I was myself eye-witness

to. Mr. William Barnard, of Bradfield, says, that this year,

seeing a patch of his wheat very much blighted, he looked

round for a barberry bush, but seeing none conspicuous in

the hedge, which was thick, he with some difficulty got into

it, and there found the enemy. He is clearly decided as to

the fact. Mr. William Gibbs, of Rowton, telling me that a

patch of his wheat was blighted in the same manner, and

that he believed it to proceed from some sprigs of barberry

Avhich remained in the neighbouring hedge (which a few

years ago was weeded from it), I went to inspect the place,

and true it is that near it we found three small plants of

barberry, one of which was particularly full of berries.

The straw of the wheat is black, while the rest of the piece

is of a much superior quality.

" These circumstances are undoubtedly strong evidence,

but do not by any means amount to proof."

On October 16, 1782, Marshall writes*

—

"To endeavour to ascertain the truth of this opinion, I

had a small bush of the barberry plant set in February or

March last, in the middle of a large piece of wheat.

" I neglected to make any observations upon it until a

little before harvest, when a neighbour (Mr. John Baker,

of Southrepps) came to tell me of the effisct it had pro-

duced.

" The wheat was then changing, and the rest of the

piece (about twenty acres) had acquired a considerable

degree of whiteness (white wheat), while about the barberry

bush there appeared a long but somewhat oval-shaped

* Marshall, loc. ciL, p. 359.

E
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stripe of a dark livid colour, obvious to a person riding on

the road at a considerable distance,

" The part affected resembled the tail of a comet, the

bush itself representing the nucleus, on one side of which

the sensible effect reached about twelve yards, the tail

pointing towards the south-west, so that probably the effect

took place during a north-east wind.

" At harvest, the ears near the bush stood erect, hand-

ling soft and chaffy ; the grains slender, shrivelled, and

light. As the distance from the bush increased the effect

was less discernible, until it vanished imperceptibly.

" The rest of the piece was a tolerable crop, and the

straw clean, except on a part which was lodged, where

the straw nearly resembled that round the barberry ; but

the grain on that part, though lodged, was much heavier

than it was on this, where the crop stood erect.

" The grain of the crop, in general, was thin-bodied
;

nevertheless ten grains, chosen impartially out of the ordi-

nary corn of the piece, took twenty-four of the barberried

grains, chosen equally impartially, to balance them."

In 1784, Marshall repeated his experiment at Statfold,

in Staffordshire, with the same result. He says *

—

" Upon the whole, although I have not from this year's

experience been able to form any probable conjecture as to

the cause of the injury, it nevertheless serves to fix me still

more firmly in my opinion that the barberry is injurious

to wheat."

Withering, writing in 1787 of Berberis vulgaris, says.t

" This shrub should never be permitted to grow in corn-

lands, for the ears of wheat near it never fill, and its influ-

ence in this respect has been known to extend as far as

three hundred or four hundred yards across a field."

* Marshall, " Rural Economy of the Midland Counties" (1790), vol. ii.

p. II.

t Withering, "Botanical Arrangement" (1787), 2nd edit., p. 366.
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In 1S04, this country suiifered severely from an outbreak

of wheat mildew, in consequence of which Mr. Arthur

Young, the Secretary to the Board of Agriculture, issued a

circular of questions, so as to obtain a consensus of opinion,

from farmers, landowners, and others interested in the sub-

ject, as to various points connected with causation of mildew.

The ninth question ran thus :
" Have you made any

observation on the barberry as locally affecting wheat ?
"

The replies to these questions were published,* and from

them the following are selected :

—

Isaac King, Esq., Wycombe, Bucks, in answer to the

question about the barberry, says, " In 1/95, a field of

about twenty acres had two large barberry bushes growing

within twenty yards of it. These appeared to be the focus

of destruction to several acres ; in front, close to the hedge,

the wheat was as black as ink, and further off it was affected

to a less degree. ... In short, I had fifteen acres very good,

and five of very little value. You may conclude the bar-

berries were destroyed."

Mr. S. Johnson, Thurning, Norfolk, says,t " My ob-

servations on the barberry have been for several years. I

have seen the blast from a small stem blown on the wheat

in one direction upwards of two furlongs, like smoke from

a chimney."

Mr. W. Maxey, Knotting, Bucks, says,| "When pass-

ing a wheat-field a few years ago on the eve of harvest,

I noticed some streaks of a different darker hue across a

furlong of wheat from the hedge directly opposite ; at the

end of each streak was a barberry bush."

Mr. James Sheppard, Chippendale, Newmarket, says,§

" I have never seen an instance of wheat growing near a

barberry not being injured more or less."

* A. Young, "Annals of Agriculture " (1805), vol. xliii. p. 457.

t Marshall, loc. cit., p. 469.

X Loc. cit., p. 505. § Loc. cit., p. 510.
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It is quite unnecessary to quote any further from Mr.

Young's correspondents upon this point.

The injurious influence of the barberry was, however, a

matter of observation only at this time. Various sugges-

tions were made as to the cause of this : some affirmed the

barberry bush exhaled a noxious effluvium ;
others, that

the pollen of its flowers poisoned the wheat; others, again,

that it appropriated to itself all the nourishment from the

soil in its vicinity.

In 1805, however, Sir Joseph Banks, in his paper on

" Wheat Mildew," alluding to the subject before us, men-

tions the belief as being prevalent amongst farmers, but

scarcely credited by botanists, and points out the resem-

blance the yellow fungus on barberry has to rust, although

it is larger. He says,* " Is it not more than possible

that the parasitic fungus of the barberry and that of wheat

are one and the same species, and that the seed is trans-

ferred from the barberry to the corn }
"

The suggestion of our eminent countryman was soon

put to the test of experiment by a totally independent

observer.

The honour of being the first to demonstrate the con-

nection between the barberry yEcidium and the wheat

mildew belongs to a Danish schoolmaster, who lived in the

village of Hammel, near Aarhus, in Jutland, at the begin-

ning of the present century. In 18 18, the Royal Agricul-

tural Society of Denmark published a paper by Schoeler,

" On the Pernicious Influence which the Barberry Bush

exercises on Cereals." f This paper was almost over-

looked until Mr. Nielsen brought it under notice in 1874,

in his capacity as Consulting Botanist to the Royal Agri-

* Banks, "Annals of Agriculture," vol. xliii. p. 521.

t Om Schoeler, " Berberissens skudelige Indflydelse paa Sceden," Landcc-

komminske Tidender (iSlS), part viii. p. 289; Nielsen, Ugcskrift for Land-

iinvda, 1884.
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cultural Society of Denmark. Schoeler began the study of

the subject in 1807, when, by closely observing the yellow

spots on the under side of barberry leaves, he came to the

conclusion that they were due to a microscopical fungus.

In 1 8 10, he noticed that the barberry bushes were nearly

free from this fungus, and that the rye was that year almost

free from rust.* " I then thought," he says, " that there

might possibly be a close relationship between the rust on

the rye and that upon the barberry ; and when, in the fol-

lowing year (18 11), I noticed that the rust upon the bar-

berry appeared much earlier in the spring than the rust

did upon the other plants—grasses and cereals— I thought

I had found out the true origin of the rust in rye. Still,

however, this question again and again presents itself to

my mind, ' Where does the rust on rye come from in those

places in which no barberries are to be found }
' In the

summer of 181 2 I convinced myself that the barberry

bushes are indeed able to communicate the rust to the rye,

by means of the wind, even to a considerable distance."

For several years prior to 18 13 he experimented in his

garden by planting different kinds of corn around barberry

bushes, and found that rye and oats were especially liable

to be destroyed almost every year by the rust, which always

appeared first nearest the barberries.

From 1 81 3 to 18 17 he planted large and small barberry

bushes in his rye-field. He found that the larger bushes

did not give rise to the rust in rye, when they lost their

foliage in the process of transplanting ; but, on the con-

trary, the smaller bushes, which did not lose their leaves

so readily, did give rise to the rust in the r}'e to a very

marked degree.

One of his experiments he thus describes :
" I planted

* By the word here translated "rust" is evidently meant, not only the

Uredo, but also the mildew.
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in May, 1816, in a rye-field, three small barberries ; one of

them did not thrive, but the other two developed nineteen

leaves before the end of May, nearly all of which had the

yellow spots (of y^cidiuni berberidis) upon them. When,

in the middle of the following June, the rye immediately

surrounding these two bushes became rusty, I invited, by

a notice in the newspapers, every one interested in the

question to come and convince themselves of the pernicious

influence which the barberry exerts. On account of this

invitation many people came to visit me, and all of them,

the learned as well as the unlearned, declared that they

could accept no other cause for the rust on the rye than

the small barberry plants. They were astonished that so

small a cause should have produced so great an effect. On
June 22, most of the rye plants for thirty to forty feet

(square feet) around these small barberries were more or

less rusty, mostly so to the north and north-west, but for a

long time afterwards not even a single rust spot could be

found elsewhere in the field."

In the same year (18 16) Schoeler performed the follow-

ing experiment :•—Some fresh branches of the barberry

bush having rusty leaves upon them were cut off, put into

a box, and carried to a rye-field, where the rye was still

moist with dew. The rusty barberry leaves were applied

to some of the rye plants—to the straw as well as to the

leaves—by rubbing them with the underside of the affected

barberry leaves, until he could see some of the "yellow dust"

(spores) of the fungus adhered to the rye plants. The

infected rye plants were then marked by tying them to

sticks driven into the ground. In five days' time these

plants were badly affected with rust, " while at the same

time," says Schoeler, " not one rusty plant could be found

anywhere else in the whole rye-field."

The question, however, was not even now fully decided
;
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for although the above facts were in themselves unanswered,

yet the so-called scientific botanists urged that the fungus

upon the barberry leaves belonged to a totally distinct

genus (iEcidium) to that upon the wheat (Puccinia). There

is evidence to show that many careful observers, even at

this time, suspected that the Puccinia was connected in

some way with the uredospores which occur as its pre-

cursors. This remained a suspicion only until Tulasne

demonstrated that the connection between the uredospore

and the teleutospore existed not only in the species in

question, but was the general rule amongst the Uredineae.

In 1 86 1, De Bary showed that many of the Uredineae not

only had uredospores and teleutospores, but also that the

latter gave rise in many cases (but not in all) to aecidio-

spores, and conversely the secidiospores to uredospores.

De Bary also pointed out that in certain cases the

sowing of germinating teleutospores upon the same species

of host-plant which bore them was not followed by any

result. Amongst these were Puccinia graininis. It further

occurred to him that, as there were several aecidia unac-

companied on their host-plants by any other spore-form,

these might belong to Uredines which passed a part of

their life upon one plant and the remainder upon another.

Familiar with the facts already known to the practical

agriculturist concerning the barberry and wheat mildew,

he put the matter to the test of actual experiment. In

1864, he sowed Puccinia graininis on barberry and produced

the ^cidium, and in 1865 he did the converse culture, by

sowing the aecidiospores upon rye.

The results obtained by his experiments with P.

graminis led De Bary to investigate the life-histories of

other aecidia, which, like ^c. berberidis, are unaccompanied

by any other spore-form on the same host-plant. Thus he

found that P. rnbigo-vera has its aecidiospores upon Lycopsis
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arvensis, and P. coronata upon RJiavinns frangula.^ In the

following year, 1866, Oersted showed that Gyimiosporaiigiiun

sabiiicB and juniperinwn were similarly connected Avith

Rccstelia cancellata and coriiuta ; and in 1867, that G. cla-

varicsforme was connected with R. lacerata. In 1869,

Fuckel indicated the connection of Uromyces jnnci with

j^c. zonale. In 1873, Magnus worked out the life-history

of/*, caricis in its relationship to ^c. urticcs ; and Schroter,

in the same year, the heteroecism of ^c. riumnculi biUbosi

and Uromyces dactylidis. Since this time these facts have

been repeatedly verified by numerous workers, and our

knowledge of the subject has continuously increased, as

the subjoined tabular statement will show.

* Puccinia graminis
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Puccinia eriophovi
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CHAPTER VIII.

MYCELIUM OF THE USTILAGINEyE,

The vegetative mycelium of the Ustilaginese is to the

parasite one of its most important organs, for by it, and

by it alone, does the fungus derive its nutriment from the

host-plant upon which it subsists. Yet the mycelium is

of all parts that which is least frequently observed ; nor

can this be wondered at when one remembers that, like

the mycelium of the Uredineae, it can be seen only by
careful search — by cutting and teazing out numerous
thin sections of the host-plant. We owe most of the

information we possess upon the mycelium of the Usti-

lagineae to Fischer von Waldheim,* although, among
others, both Kuhn t and Hoffmann J had previously

figured it. It exists most abundantly in the tissues

of the host-plant, in the immediate vicinity of those

places in which the spores are developed
; but it can also

be found in other parts of the affected plant—in the

monocotyledons particularly in the stem, but especially

in the nodes and in the root-stock. In the dicotyledons

it is not so easily found at a distance from the spore-beds
;

still, in them too it has been seen in the root-stock and

* Fischer von Waldheim, " Pringsheim Jahrbiicher " (1869), vol. vii.

pp. I, 2.

t Kiihn, " Krankheiten der Kulturgewachse," 2 aufl. 1859.

J Hoffmann, " Ueber der Flugbrand." 1866.
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stem, espcciall)' in the nodes. The mycelium consists of

hyaline tubes, frequently septate, and enclosing watery or

pellucid, frequently vacuolated contents (Plate V. Figs, i, 2).

Its walls vary in thickness, but very often they have a

distinctly double contour. The number and frequency of

the septa are subject to much variation ; in some instances

they are close together, at others they are only found at

distant intervals. This is also the case with the mycelial

ramifications ; sometimes the hyphai do not extend for

more than 2^ without branching, at others they extend

for 20/x or more without dividing. These long unbranched

hyphas are found mostly in the internodes ; in the nodes

themselves not only are the branches more abundant and

convoluted, but here too are encountered, more abundantly

than elsewhere, the little intercellular haustoria, or suckers,

which characterize the mycelia of many of the Ustilagineae.

The mycelium ramifies not only between the cells of the

host-plant, but, frequently piercing their walls, grows through

them. Its diameter varies from 2 to 5^. The addition

of caustic potash to a section of the host-plant containing

mycelium renders the latter more distinct, and otherwise

clears up the preparation ; so does prolonged treatment in

glycerine. Its walls are not composed of cellulose, as

they do not show any blue reaction when treated with

sulphuric acid and iodine ; but in some cases, as with

U. maydis and Sorosporiiun saponartcs, they do get an

external coating of cellulose from the tissues of the host-

plant, which, completely investing them, hides them from

view (Plate VI. Fig. 3). The mycelium of almost all the

Ustilagineae permeates more or less the whole of the

affected plant, and although in the advanced state we

can find it only near the spore-beds, yet originally it could

be found in all parts of the axis of the young plant. In

this it differs from the localized mycelia of most of the
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Uredineae. These permeating mycelia, whether of the

Uredineae or Ustilagineai, are perennial. When the plant,

if perennial, dies down in winter, the mycelium, of course,

dies down with it, but remains alive, although quiescent,

in the upper part of the root-stock ; and when fresh shoots

are sent up in spring, the mycelium is sent up in them.

One peculiarity of most of the Ustilagineous mycelia is

that, although it pervades more or less the whole plant,

it produces its spore-formation at certain favoured places

only ; these are, for the most part, in the flowers or seeds

of the plants, but not always, sometimes on the stems or

in the leaves. The place of spore-formation, however, is

constant with each species. If a plant affected with one

of the Ustilagineae be transplanted into a garden, it will,

year after year, be affected with the parasite. In my own

garden at King's Lynn I have had growing for the past

six years, plants of Colchicum aiitmmiak affected with

Urocystis colcJdci, Tritiaim repens with U. hypodytes, and

Avena elatior with U. segehim. De Bary mentions that

a plant of Saponaria officinalis, in the Freiburg Botanic

Garden, was for more than ten successive years affected

with U. violacea.
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CHAPTER IX.

FORMATION OF THE TELEUTOSPORES OF THE
USTILAGINE.E.

While it is true that the spores of Ustilagineae are formed

from the mycelium, yet the process does not take place

directly from the vegetative mycelium which has just been

described. On the contrary, at those favoured parts of the

affected host-plant at which the spores are developed the

vegetative mycelium often quite suddenly changes its

character. The double-contoured hyphae with pellucid

vacuolate contents lose their double contour, become

swollen or distended, and contain, instead of a clear watery

fluid, a gelatinous, granuUr protoplasm in which numerous

oleaginous particles may often be seen (Plate V. Figs. 2)-^)-

The gelatinization of these spore-forming hypha; is a great

character of the Ustilagines ; it does not, however, occur

in all species. The first change observable in the mycelium

before it becomes a spore-forming hypha, is that its walls

increase in thickness at the expense of its calibre, which

becomes proportionately diminished ; soon, however, the

whole hypha becomes dilated, so that its lumen is increased.

Its contents can now, by the action of reagents, be shown

to consist of protoplasm. Spore-formation takes place,

after these changes in the mycelium, so differently in the

different genera that it will be necessary to describe the

process, as it takes place in each one, separately.
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Ustilago.—The spore-forming hyphse enlarge and

branch in various ways. The gelatinization of their in-

terior takes place to such an extent as to almost obliterate

their lumen, which, however, may frequently be seen as a

narrow shining line in the middle of the hyphas (Plate V.

Fig. 7). At certain points the surface of these hyphae en-

large, so that they appear nodose. The increase in size

of the hypha continues, so that adjacent hyphae become

variously tangled and intertwined together, and eventually

many of the hyphae appear glued together, or to have

coalesced. The irregularities of the hypha; become more

marked, and it is obvious that each tumefaction will even-

tually become a spore, inasmuch as they gradually get

more and more rounded (Plate V. Fig. 8). It is in the

interior of these distended hyphae that spore-formation

takes place. It is, however, always found that the external

spores are the most developed, the formation being, in

fact, centripetal. The commencement of the differentiation

of the protoplasmic contents is at the exterior of the mass,

and it gradually proceeds inward towards the centre. The

spores when first formed have gelatinous envelopes, and

gradually become more or less polygonal from mutual

compression. The interior of the spore is now seen to

have a distinct contour, and to contain fatty granules.

The outer edge of this contour darkens, and even while it

is still surrounded by a thin gelatinous envelope the

irregularities of the epispore begin to be apparent. As

the spores ripen this gelatinous membrane disappears, so

that at their maturity they have no remnant of it ; nor are

any remains of the mycelial hyphae attached to them, as is

often seen in Tilletia.

Spliacelotheca.—This genus differs from Ustilago in the

spore-mass being developed in a receptacle. De Bary thus

describes its development : " The vegetative mycelium.
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entering the ovary through the flower-stalk, sends its

hyphae through the funiculus into the ovule, which becomes

permeated by densely interwoven hyphae. The micro-

pylar end of the integuments alone escapes and remains, as

a cap on the top of the diseased ovule, for some time,

Fig. ^.—Sphacelotheca hydroplperis (Schum.) A, Ovary and perianth of Polygonum
hydropiper affected with 5". hydropiperis. B, The same more advanced, showing the micro-
pylar cap {c). C, Section of ovary and perianth at an early stage

; g; the style ; o, the
integument of the micropylar end of the ovule

; /, wall of the ovary; /, the perianth. The
spore-formation is seen to be commencing above, and the rudimentary cohimella is visible.
D, Section of a more advanced ovary, showing the walls of the receptacle and the columella
(c). Slightly magnified. (De Barj'.)

but eventually falls off The hyphae develop partly into

spores and partly into the receptacle. The latter consists

of a thick external case with a central columella. The
cells of which it is composed are but loosely compacted,

colourless, and about the size of the spores. The least

injury fractures this case and allows the escape of the
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spores." The spore-formation itself is similar to that of

Ustilago,* and, commencing above, proceeds downwards.

Sorosporiuui.— The spore-formation in Sorosporium

differs considerably from that which has just been described

in Ustilago, although it is obviously of the same type. In

Ustilago the mature spores are separate and distinct, form-

ing usually a pulverulent mass. In Sorosporium, on the

other hand, they are in their perfect state aggregated into

spore-balls, which individually often contain fifty or a

hundred separate spores. The process of spore-formation

has been studied by Von Waldheim with 5. saponaricB,

and is as follows :—The mycelium, which is very abundant

in the blossom and ovary, rapidly changes into spore-form-

ing hyphae, from 4 to /^u in diameter, which are gelatinous

and full of shining protoplasm. The free ends of these

hyphae have a tendency to curve inwards and roll them-

selves up (Plate V. Fig. 9). The spore-forming hyphae

from several contiguous mycelial branches, incline together,

and twist themselves into a ball, as happens in the forma-

tion of a lichen thallus. These convoluted and contorted

spore-forming hyphae, being gelatinous, soon become so

intertwined and entangled that they cease to be indi-

vidually recognizable ; to all appearances they coalesce

together in part, if not entirely, and on the exterior of this

gelatinous ball other hyphae are now seen encircling it

(Plate V. Figs. 10, 11). These latter, also being gelatinous,

soon lose their individuality, although at times traces of

their concentric arrangement can be made out. Spore-

formation takes place only in the central gelatinous ball,

in the middle of which it commences by the central part

darkening in colour and becoming differentiated into

spore-like bodies, which vary in number from four to

sixteen. Apparently these bodies again - subdivide, so

* De Bary, " Vergleichung, " p. 187.
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that when the spores arrive at their maturity the spore-

balls contain sixty to a hundred or more spores. In the

young state these developing spores are polygonal from

mutual pressure, and they are to be found in spore-balls

not more than 50/.< in diameter. In the subsequent de-

velopment of the spores the balls increase in size, and the

gelatinous zone swells also. When, however, the spores

assume their characteristic deep brown colour this gela-

tinous zone begins to be absorbed, having been utilized in

the development of the spores. In spore-balls of 70/j in

diameter the gelatinous zone is only from 4 to 6^ thick. It

entirely disappears when the spores have attained their

full maturity. In a certain sense it may be said that the

spore-formation is centrifugal, inasmuch as it commences
in the centre of the gelatinous ball ; but the peripheral

spores are as in Ustilago, the oldest, having been pushed

outward by the continued formation of the younger spores

in the centre of the mass. These externally placed spores

either continue their development independently, or, what

is more probable, their spore-forming hyphae have become

greatly elongated, but still remain in connection with the

host-plant (Plate V. Fig. 12). In Sorosporium, however,

certain solitary spores occur independent of those aggre-

gated into spore-balls. The development of these isolated

spores takes place in single hyphae. The end of the hypha
becomes gelatinized, swells up, and a spore is developed

inside. They are at first surrounded by the gelatinized

hyphae, which generally, however, disappear entirely by

the time the spores are mature.

Tubercinia.—The spore-formation of Tubercinia has

been worked out by Woronin * in Tubercinia trientalis.

* Woronin, " Beitrag. sur Kenntniss der Ustilagineen " (1882), pp. 4-16,

t. ii. figs. 3-10. De Bary and Woronin, " Beitriige zur Morphol. und Physiol,

der Pilze," 5 reihe. 1882.

F
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Subjoined is a summary of his observations. The

mycelium pervades all parts of the affected plant, excepting

the roots. It consists of intercellular, branched, sparsely

septated, hyaline hyphae, having a diameter of from 2 to

3^t. It is most abundantly distributed in the cortical

tissues, and sends botryform haustoria (Plate VI, Fig. i)

into the adjacent cells. At certain places it gives off

smaller, more richly septate branches, unprovided with

haustoria, which are destined to form the spore-beds. This

is accomplished in the following manner :—A number of

straight and rather larger branches are given off, which

soon become curved and interwoven in various ways, gene-

rally more or less spirally, so as to form an entangled knot.

The spore-bed which this entanglement forms develops

spores from within outwards ; each spore-ball contains from

fifty to a hundred spores. The spores measure from 55

to 75^ in diameter, and consist of an endospore, containing

granular protoplasm, and an exospore. No gelatinization

of the spore-forming hyphae, such as takes place in the

spore-formation of Sorosporiiim sapoiiaricB, was observed.

Tilletia.—The spore-formation in this genus was first

indicated by Tulasne,* afterwards by Kuhn,t who gave

a figure of the process ; but it is to Von Waldheim %

that we are indebted for the most detailed account. He
thus describes the process : The vegetative mycelium of

Tilletia tritici is nearly 2n in diameter. The swelling

and gelatinization of the spore-forming hyphae Is not so

marked as in Ustilago, so that the lumen of the hyphae

is never so contracted. Spore-formation begins by the

hyphae giving off pyriform buds, r5/i across (Plate VI_

Fig. 4), in succession, from their sides ; these outgrowths in-

* Tulasne, " i"^ Memoire sur les Ustilaginees comparees aux Urediiiees,"

p. 27, ct seq.

t Kiihn, " Krank. der Kulturgewachse," p. 56, t. iv. fig. 5.

X F. von Waldheim, loc. cit.
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crease in length and breadth, so that the pyriform swellings

become spheres, from 2 to }^\i across, attached to the hypha

by thin stems about \yi thick. These become differentiated
;

their contents vacuolated and oleaginous, and the con-

necting branches speedily wither (Plate VI. Figs. 5, 6).

The epispore subsequently darkens and becomes uneven,

while to many ripe spores the remains of the spore-forming

hyphce continue attached.

In T. stncefonnis the process is very similar, but the

spore-forming hyphae are larger and more gelatinized, and

invest the spores to their maturity, after which they dis-

appear without leaving any trace.

Doassansia*—The mycelial hyphae in the tissues of

the host-plant give off branches, which at certain points

become interlaced into tangled knots. From these knots

are formed the spores ; the central portions forming the

true spores, while the external develop into a

layer of oblong or wedge-shaped sterile cells,

which constitute an investing peridium. The

peridial cells are darker in colour than the

spores (Plate VIII. Fig. 4).

Ejitylonia.—The spore-formation in Enty-

loma is very similar to that of Tilletia. De

Baryt investigated it in E. inicrosporiini and

calendulcB. The much-branched mycelium is

principally intracellular. At certain places

blister-like swellings appear along the spore-

forming hyphae, and also at their ends. The ^Jj-
''^1%'.

contents of these swellings become differen- thr^teieutospores

, . , , . , , within the spore-

tiated mto spores, so that they are mtercalated forming hypha.
(Dc Bary.)

in the hyphae (Fig. 5). Often a series of

spores, formed one behind the other, may be seen still con-

* Cornu, Ann. dcs Science N^at., (f sen, Bot., tome xv. p. 280, et scq.

t De Bary, Bot. Zeitung {\%']\), pp. 81-93 ; pp. 97-108, t. ii.
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nected with the remains of the spore-forming hyphae. At

maturity these spores do not break up into dusty masses

like Ustilago, but remain as compact colonies embedded in

the tissues of the host-plant. Each spore has two coats^

and contains coarse protoplasm. The outer coat is some-

times gelatinous at its maturity.

Urocystis.—T\\Q process has been studied by Klihn,*

De Bary,t Wolff,| and Winter §. The spore-forming

hyphae become swollen at their ends ; two or more of these

branch and wind themselves together, generally in a spiral

manner, so as to form a glomerulus, and then, becoming

highly gelatinized, they are quite indistinguishable from

each other. In U. occulta, Wolff considers that they have

a common investing membrane. At the same time, other

branches are given off from the spore-forming hyphae,

which apply themselves to the outside of the glomerulus

(Plate V. Figs. 13, 14, 15). As Winter points out, this

might be looked upon as a sexual act, the central spiral

branches of the glomerulus being the carpogonium, and the

external enveloping branches the pollinodium ; but there

is no proof that this is really a sexual act, especially as

similar conditions occur in the spore-formation of various

Ustilaginese, and in Geminella, in which no sexuality

occurs. The spores are formed entirely from the gelatinized

central glomerulus, and, as De Bary first showed, the pseudo-

spores are formed by the outer branches. Prillieux
||
con-

siders that the spores of Urocystis are formed in a similar

manner to those of Sorosporium. The details of his obser-

vations are given on the plate which accompanies his paper.

* Kiihn, loc. cit., pp. 78, 79.

t De Bary, " Morph. und Physiol.," p. 125.

X Wolff, Bot. Zcitiiug, 1873 ;
" Der Brand des Getreides," 1874.

§ Winter, Flora, 1S76, " Ustilagineen."

II
Prillieux, "Sur la formation et la germination des Spores des Urocystis,"

Ann. des Sricncc Nat., 6*" sen, Bot., vol. x. pi. i.
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Localisation of Spore-beds.—The bulk of the Ustilagineae

are characterized by the constancy by which they repro-

duce their spore-formation, in the same tissues of their

respective host-plants. In the majority of the species the

spores are localized somewhere in the reproductive organs

of the host-plant ; very frequently in the ovary {Tillctia

tritici, decipiens, U. caricis, Thecaphora hyalind), or in the

anthers {U. violacea, scabioscB) ; often the blossoming and

fructifying organs are attacked and destroyed {U. segetum^

bromivora, kiihneana, SpJiacdothccd) ; sometimes the leaves

are affected (JJ. longissima, T. striceformis, Uroc. ocadta), or

the stems {U. hypodytes, grandis), or even the subterranean

organs {U. hypogcea, Uroc. gladioli^. With Entyloma and

its allies, however, this selection of tissue by the parasite

does not obtain ; with these species the spore-formation

seems to occur in almost any part of the plant.

Structure of the Teleiitospores.—The teleutospores of

the Ustilagineae consist of two membranes: an outer, which

is thick and generally dark-coloured—the exospore ; and

an inner, which is thin and hyaline—the endospore. The

exospore is subject to considerable variety; it may be

quite smooth, or covered with extensive reticulations.

Between these various intermediate conditions occur ; thus

in U. segetiim it has generally been regarded as smooth,

but it is rather to be described as granular, although Winter

speaks of it as being " generally very minutely verrucose,

and seldom quite smooth." The degree of roughness of

the epispore varies from extremely minute elevated points

to marked tubercles. These elevations may be evenly

distributed over the whole spore, or they may be confluent

in lines or ridges. Sometimes these ridges anastomose,

and so form a reticulate or alveolate spore {T. tritici,

Sphacelotheca). The colour of the spore depends upon that

of the exospore ; as a general rule the spores, as seen
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en masse, are blackish, but frequently, however, with an

olive-brown or yellowish lustre, especially when viewed

in an oblique light. U. segetuvi, when it occurs in wheat,

has a distinctly golden lustre, but when on Avena elatior

it is sooty black. Physiological research will possibly

show that these two fonns are specifically distinct. With

U. scabiosce the spores in bulk are flesh-coloured, and in

U. succisce they are quite white. Individually, the spores

of the various species, as seen under the microscope, afford

a considerable range of colour—black, dark violet, brown,

olive-brown, and yellowish, or quite colourless. In some

species a germ-pore is said to exist, through which the

promycelium is protruded in germination ; but these germ-

pores of the Ustilaginese are by no means so marked a

formation as in the Uredineae. In U. tragopogi the germ-

pore is said to occupy from one-quarter to one-half the

epispore.* Much more commonly do we find, as in

T. tritici,'\ a small opening which splits into a rift as the

promycelium grows out. In TliecapJiora liyalina the germ-

pore is round and paler in colour than the rest of the

epispore ; moreover, it is smooth, while the epispore is

verrucose. Upon the whole, although germ-pores probably

exist in all species, they are inconspicuous, and are very

easily overlooked in the smaller spores. The reticulations

on the epispore of Sphacelotheca are shown by the action

of sulphuric acid, when examined by a high magnifying

power, to consist of a series of distinct palisades, placed

vertically.! As a general rule, the spores are globose, but

in most species this is subject to a certain amount of

variation ; they often have one diameter rather longer

than the other, but more frequently they show the result

* De Bary, " Morph. und Physiol," p. 128.

t Brefeld, " Hefenpilze," p. 48.

% F. von Waldheim, " Sur la structure des spores des Ustilaginees
"

(1867), pp. 243-245.
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of mutual compression by being flattened in one or more

directions. In U. caricis they are often flattened on one

side, so as to be subhemispherical. In size they vary

from 4^ in U. Jiypodytcs to 30/.* or more in Urocystis fischeri.

They may be simple or collected into spore-balls (Soro-

sporium), in which case they appear, when seen separately,

as in T. hyalina, to be segments of a sphere, being convex

externally, but internally more or less wedge-shaped. In

Urocystis the spore-balls are surrounded by a variable

number of barren spores or pseudospores, which are paler

in colour, often almost hyaline
; these do not germinate.

Hartsen * found that the spores of the U. Diaydis would

not yield their colouring matter to any of the ordinary

solvents, but that strong sulphuric and nitric acids de-

colourized the epispore, rendering it more transparent

without at once destroying it, so that the contour of the

exterior remains unafl"ected. Although the spores some-

times burst, yet by these reagents the structure of the

epispore can be conveniently examined. In nitric acid

the spores of the U. Diaydis swell up, and after a time

they dissolve, giving off an odour of bitter almonds. Sul-

phuric acid is the better reagent to employ in the exami-

nation of the spores, as, although it decolourizes and renders

the epispore transparent, yet it does not so rapidly

destroy the latter.

* Hartsen, "Compt. rendus " (1874), pp. 441, 442.
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CHAPTER X.

GERMINATION OF THE TELEUTOSPORES OY TFIE

USTILAGINE/E.

At the beginning of the present century, Prevost* discovered

the fact that the spores of U. segetum and T. tiHtici, when

placed in water, would germinate. He observed the pro-

cess in Tilletia to consist of the protrusion of a germ-tube

and the development upon it of primary spores, which

became united in pairs below, and which bore above the

secondary spores. His observations were confirmed by

De Candolle,t by Caron and Vandenhecke,| and by Mr.

Berkeley,§ and they have been accurately described and

delineated by almost all the more recent observers. With

U. segetum Prevost observed the germ-tube, and that it

gave off small secondary branches. His observations were

confirmed by Tulasne,|| Bonorden.lf Kuhn,** and others.

Little additional light had been thrown upon the subject,

* Prevost, B., " Mem. sur la cause immediate de la Carie." Montauban :

1807.

t De Candolle, " Physiol. Veget." (1832), vol. iii. p. 1436.

X In 1835 referred to by Tulasne, " i"' Memoire," p. 38.

§ Berkeley, "Propagation of Bunt," Trans. Hort. Soc. Lotidon (1847),

vol. ii. p. 113.

II
Tulasne, "Mem. sur les Ured. et Ust.," Ann. de Sci. Mi/., 4'' sen,

tome ii. p. 113.

^ Bonorden, " Handb. d. Allg. Mykologie " (1851), p. 39.
** Kiihn, " Krank. Kult.," 2 aufl. 1859.
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until Brefeld,* in 1882, published his investigations, by

which it appears that the Ustilagineae are capable of per-

petuating themselves for long periods, outside and inde-

pendently of their host-plant, in the excreta of herbivorous

animals. It will be more convenient to describe the ger-

mination of the spores of the various Ustilagineae in detail,

as was done with their spore-formation.

Much confusion exists in the works of various authors

who have written upon the subject, from the diverse appli-

cations to which the word " spore " has been made. For

instance, Cooke f speaks of the teleutospores of the Ustila-

gineae as pseudospores, which term he applies to the secidio-

spores, uredospores, and teleutospores of the Uredinese.

Again, these bodies are sometimes called conidia, which

term is applied by Brefeld to the secondary spores of the

Ustilaginese. In order to avoid confusion, it may as well

be stated at once that while the term " spore " may be

correctly applied to all the reproductive bodies possessed

by these fungi, in a general sense, yet it becomes necessary

to affix to it some qualifying word, such as teleuto-spore,

resting-spore, uredo-spore; promycelial spore, aecidio-spore,

and so forth. In speaking of the Ustilagineae, the word

" spore " has generally been applied to the perfect, last-

formed bodies—the teleutospores, analogous to the teleuto-

spores of the Uredineae ; those bodies, in fact, with which

we are all familiar as the black dust of bunt and smut.

These black teleutospores, when they germinate, protrude

a germ-tube—the promycelium. This promycelium bears

certain very small hyaline bodies, which are spores, and

may be fairly enough designated promycelial spores, inas-

much as they have been produced by the promycelium
;

as, however, the term " sporidia " is very commonly applied

* Brefeld, " Hefenpilze." 1883.

t Cooke and Berkeley, " Fungi," International Scientific Series, vol,

xiv. 1875.
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to them by Continental botanists, we may use it when

writing or speaking in EngUsh.

The promycelial spores very commonly produce second-

ary promycelial spores by budding. Hence we may speak

of primary and secondary promycelial spores. When these

promycelium spores continue many times to multiply them-

selves by budding, after the manner of Saccharomyces,

Uredine spermatia, etc., they may very well be called,

as Brefeld suggests, " yeast-spores " and " yeast-colonies."

The term " conidia " will be confined to that form of fruit

in Tubercinia and Entyloma which is produced in the air

from the mycelium in the living host-plant.

Ustilago.—The germination of the spores of Ustilago

varies somewhat in different species. The commonest

type is that of U. segetimi, violacea, inaydis, kuhneana,

scabios(£, etc.

U. segetiivi.—If a few spores be placed in a drop of

water, they will begin to evince signs of vitality in six or

eight hours. Germination occurs more rapidly in summer

than in winter, and in fresh spores than in those which

have been kept some months. At one point of its surface

the spore emits a germ-tube, which grows straight out-

wards, until it is from three to four times as long as the

spore is wide ; and under certain circumstances this tube

may, according to Kiihn, have the functions of a germ-

tube (Plate VII. Fig. 6), entering by its pointed extremity

the tissues of the host-plant. Normally, however, it becomes

divided by septa into from three to five compartments,

generally into four. This germ-tube is an outgrowth of

the endospore, which is pushed upward through the exo-

spore. It is from 30 to 40^ long, and from 4 to 5/1 broad

at its maturity. At first it is in direct communication with

the endospore, and the protoplasm therein contained passes

into the germ-tube and fills it. Adopting the phraseology



Germination of Telentospores of Ustilagineo'. 75

of De Bary, this germ-tube constitutes the promyceHum.

In the course of a few hours the promyceHum has received

into itself all the protoplasm originally contained in the

spore. Transverse septa now make their appearance in it,

and it thus becomes divided into four or five equal compart-

ments. From the outer walls of the now septate promy-

celial tube little offshoots or buds arise, into which the

protoplasm of the tube passes (Plate VII. Fig. i). These

buds continue to increase in size until they become elon-

gated, ovate, or elliptical promycelial spores ; they then

fall off. Generally they are produced from the side wall

of the promycelium, near the septa, and almost always one

is produced from the apex of this structure. If the proto-

plasm in each segment be exhausted by the production of

promycelial spores, then spore-formation from it ceases
;

but if all the protoplasm be not used up in the formation

of the first promycelial spore, a second but usually a smaller

one is budded off. In fact, spore-development from the

promycelium goes on until its protoplasmic contents are

exhausted. It is not at all uncommon for one of these

primary promycelial spores to remain attached to the pro-

mycelium instead of falling off, and at its free end to give

off a small bud, which gradually grows into a secondary

promycelial spore, the latter being of smaller dimensions

than the one from which it sprang (Plate VII. Fig. 2). These

primary and secondary promycelial spores, after they have

fallen away from the promycelium, show still further

developmental changes in water, (i) They may, as Tulasnc

has figured, emit a germ-tube (Fig. 12)—a very narrow

tube pointed at its extremity, into which the contents of

the promycelial spore are passed.* (2) Two promycelial

spores, being near one another, may become joined by a

transverse branch, through which the contents of one of

* Tulasnc, "2'' Memoire," pi. I2, figs. 22-24.
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them passes into the other (Fig. ii). When the first pro-

mycehal spore has become emptied of its contents, the

second emits a tube which may remain as a germ-tube, or,

as it becomes full of protoplasm, its end may swell out and

form a third spore, (3) At a variable distance from the

spore from which it arose a detached spore may form a

connection with one of the segments of another promyce-

lium ; sometimes as many as three spores may thus become

united.*

Germination, however, does not always occur in the

above typical manner, namely, by the development of pro-

mycelium and promycelial spores. From some of the

largest teleutospores two promycelia are occasionally given

off (Fig. 7). More commonly we find that, instead of pro-

mycelial spores being produced in the regular manner

above indicated, only one or two segments give rise to

them. The others send off branches, into which their con-

tents are emptied in the same manner as occurred when

spores were formed. The free ends of the promycelial

branches often come into contact with one another. When

this happens they fuse together and become one continuous

tube, (i) Thus a tube given off from one of the upper

segments may form a connection with one of the lower

segments of the same promycelium in the form of a bow

(Fig. 4). (2) Two continuous segments may become united

by forming what Brefeld calls a buckle-joint. This con-

sists of the unequal growth of one side of the promycelium

at the level of one of the septa ; as this growing-out con-

tinues the promycelium itself becomes bent at an angle,

at first obtuse, but eventually acute. A reference to the

figures (Plate VII. Figs, 3 and 9) will render this obvious.

(3) Promycelia from two different spores may unite by

branches in various ways, either by their ends or at any

* Brefeld, loc. cit., pp. 54-67, t. ii., iii., figs. 1-17.
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part of their length ; or the end of one may become united

with the central segment of another, and so forth (Fig. 5).

These various fusions take place only in spores grown in

water. Brefeld has shown, however, that when cultivated

in a medium which is capable of supplying suitable nutri-

ment to the spores, these various fusions do not take place.

He discovered that an aqueous extract of the excreta of

herbivorous animals, sterilized by discontinuous boiling,

afforded such a medium {iidhrldsiing). Spores of U. sege-

tujii placed in Brefeld's nutrient fluid germinate sooner

than in water. Not only so, but the promycelia and the

promycelial spores are larger than those produced in water.

No fusion of spores or buckling of promycelia occur. The

most remarkable fact is that the promycelial spores mul-

tiply themselves by budding, very much after the manner

in which yeast-cells multiply themselves in saccharine fluids

(Plate VII. Figs. 8-10). Brefeld has kept them thus repro-

ducing themselves for more than a year, by replacing the

nutrient fluid as it became exhausted. The promycelial

spores continue to reproduce themselves by budding, as

long as the nutrient fluid remains unexhausted ; when this

occurs they cease to bud, and fuse in various ways, as is

seen when germination takes place in water. The yeast-

spores of this species produced in his nutrient fluid arc

rather larger than the primary spores produced from the

promycelium in water ; they are, however, of the same

shape, and measure from 9 to 30/i in length, and from

3 to 5ju in breadth.* Kept moist, they retain their vitality

for about two months, but if allowed to dry, none germi-

nated after the sixth week. The teleutospores, on the

contrary, if kept dry, retain their germinative faculties for

a very long period. Brefeld found that at the end of two

years they germinated as freely as when fresh ; other

* Brefeld, /oc. cit., p. 13.
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observers have found that they even germinate after seven

and a half years.*

U. Cardiii, F. v. W.— Kiihn found that teleutospores

in water produced prornycelia and small ovate promycelial

spores.t In nahrlosung yeast-colonies are produced very

abundantly, being from 5 to 8/i long, and from 3 to ^n

wide ; they very much resemble the cells of beer-yeast, but

of course they do not bud in saccharine media.

|

U. flosculoruni, D.C. {U. intermedia, Schroter).

—

The germination has been studied by Schr6ter,§ who

found the spores, when placed in water, germinated very

quickly, for in twelve hours all had produced promycelia.

These attained a length of from 16 to 20/,(, and a width of

from 5 to 6}i ; they generally become triseptate, and bear

sporidia both laterally and terminally. These are shortly

ovate in form, and measure 6\x in length, and from 4 to

5/1 in width. In the course of thirty-six hours the

sporidia tend to become spherical. The promycelia have

a great tendency to fall away from the teleutospores and

subsequently to produce promycelial spores, so that they

become sporophores {fruchttrdger). The budding in

nahrlosung Brefeld
||
found to be so profuse as to be quite

phenomenal. The yeast-spores are from 4 to 5ju long,

and 4/z wide.

U. violaca, Pers. {^U. antherarum, Fries).—The teleuto-

spores of this species are even better suited for observa-

tion than those of the one just described, inasmuch as,

being rather larger, the promycelia are proportionately

bigger, and the septation and spore-formation more easily

observed. The teleutospores germinate after a very short

* Von Liebenberg, " Oesterr landw. Wochenblatt " (1879), Nos. 43, 44.

t Kiihn in Rabenhorst's "Fungi Europrei," No. 1798.

\ Brefeld, loc.dL, pp. 86-88, t. vi. figs. 1-16,

§ Schroter, "Beitrage zur Biol.," bd. ii. heft. Hi. pp. 352, 353.

II
Brefeld, !oc. at., pp. 89, 90, t. vi. figs. 17-27-
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immersion in water. The process has been described and

figured by Tulasne * and Von Waldheim.f Brefeld % found

the production of tlie yeast-cell colonies was very prolific

in nahrlosung, where they multiplied themselves through

endless generations, whereas in water no budding took

place after the second day. These yeast-spores are ovate,

but somewhat elongated ; from 5 to 7^ long, and from 3

to \ii wide. The germinative faculty lasts for about six

weeks. The spores in water or in exhausted nahrlosung

frequently unite in the same manner as those of U.

segetum.

When this fungus attacks the anthers of LycJinis diunia,

a plant which is usually unisexual, the styles which would

normally be .short, acute, and erect, become long and

recurved, as they are in the female flower. This has been

pointed out by M. Cornu, as well as by other observers.

U. inaydis.—The germination of these spores was

observed by Kiihn § and Wolff,|| and does not materially

differ from the above : the yeast-spores,ir however, are

elongated and fusiform, being from 10 to 36/x long, and

from 3 to 5/i wide.

U. scahioscB (Sow.) ( U. flosculornni).—The spores germi-

nate very freely and very soon in water. According to

Schroter ** the promycelia are three or four-partite ; about

from 20 to 22/x long, and 4/x wide ; the promycelial

spores are about 4// long. In nahrlosung Brefeld ff found

the yeast-spores to be from 4 to 8^ long, and from v^

to 2\x wide. They were produced continuously and

• Tulasne, " i" Memoire," t. iv. fig. i8.

t F. von Waldheim, loc. cit., t. xii.

X Brefeld, loc. cit., pp. 36-54, t. i. figs. 1-27.

§ Kuhn, "Krankh d. Kulturgevv." p. 260, t. iii. figs. 22, 23.

II
Wolff, "Brand des Getreides," p. 11 t. i. fig. c.

^ Brefeld, loc. cit., pp. 67-75, *• i^. figs. 1-17.

** Schroter, " Cohn Beitrage," vol. ii. 1877

tt Brefeld, loc. cit., pp. 78-81, t. v. figs. 1-6.
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abundantly. As the teleutospores are of pretty large size,

their germination is easily observed. I have found them

germinate much more freely in summer than in late autumn

(Plate VII. Fig. i8).

U. tragopogi (Pers.) i^U. receptactdoruvi, Fries).—The

germination was observed by Tulasne,* and by Von Wald-

heim.t to consist in the protrusion of a promycelium

through a very marked germ-pore in the epispore. It

becomes three or four-septate, and pro-

duces subcylindrical promycelial spores,

which are rounded, especially at their

distal ends. These often grow nearly

parallel to the promycelium, as figured

by Von Waldheim ; sometimes they

are produced terminally upon branches

Fig. e.—Ustiiago trago- given off from the segments of the pro-
/•ogi. Teleutospjre gerini- ° <-> i

nating,and promycelial spores nivcelium. Coni'ugation oftcn takcs
conjugating, (iulasne.)

•.±tj^ j £>

place between them after they have

fallen off. In nahrlosung Brefeld J found them to be abun-

dantly reproduced by budding, but they were larger, mea-

suring from 5 to 20^ in length, and from 5 to 7^ in breadth.

U. knhneana, Wolff.—The promycelium is three to four-

septate, the lowermost compartment being the longest

and empty. It produces numerous promycelial spores in

whorls at each septum (Plate VII. Fig. 17). In nahrlo-

sung § they budded very profusely, forming very character-

istic small yeast-spores, from 3 to 5^ long, and from 3

to 5|u wide. Wolff
H
also investigated the germination in

water.

U. /';//'^^/t'.f (Schlecht.).—The germination of this plant

* Tulasne, " i' Memoire," pp. 159-160, t. xii. figs. 34-40.

t F. von Waldheim, loc. cif., t. xi. figs. 27-37.

X Brefeld, loc. cit., pp. 81, 82, t. v. figs. 7-1 1.

§ Brefeld, loc. cit., pp. 83-88, t. v. figs. I2-20.

li
Wolff, Bat. Zeitimg (iSj4), pp. 814, 815.
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1

is markedly different from tluit of any of the former species.

Winter * figures an elongated promycelium with a pro-

mycelial spore, borne laterally upon a long pedicel. He
found that the spores germinate freely in water, and that

the endospore sends out a process—the promycelium—from

the interior of the spore, which grows to 30 or 50/j in

length, but is only about 3ju wide. It becomes septate,

and gives off short lateral branches, which become spores.

They are slightly clavate, and from 6 to 7^ long.f

Brefeld \ found that in nahrlosung they only produced

mycelial hyphae without spores. Although I have tried

many times, I have never succeeded in getting the teleuto-

spores of this species to germinate.

U. longissima (Sow.).—When the spores of this species

are placed in water they very soon begin to germinate.

The process, as carried on in this species, differs very

materially from that which obtains with the previously

mentioned species. This, as was first pointed out by

Von Waldheim,§ consists in the protrusion of a very

narrow straight tube through a small opening in the

epispore. This acquires' a length of about 10 or 12^,

when it becomes divided below by a septum into two un-

equal parts (Plate VII. Fig. 14), the upper of which

is about 6 or 8^<, and the lower 3 or 4/x long. The

lower portion is, moreover, narrower than the upper,

and is the true promycelium, the upper being the pro-

mycelial spore. The promycelial spore soon falls off, and

the promycelium produces, in about an hour. Von Waldheim

says (but I have personally made no observation as to

time), a second promycelial spore, which in like manner

falls off, and is followed by a third (Plate VII. Figs. 15, 16).

* Winter in Rabenhorst, " Kryptogam, Flora," vol. i. p. 8i, fig. 4.

t "Flora" (1876), Nos. 10, 11. X Brefeld, loc. cit., p. 103.

§ F. von Waldheim, loc. cit., t. v. figs. 42-46.

G
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According- to Brefeld,* it is seldom that more than three

promycelial spores are produced from one teleutospore

before it becomes emptied of protoplasm and exhausted.

Be this as it may, if a few teleutospores be placed in a

drop of water on a glass slide, and examined at intervals

for two or three days, one can see with the naked eye that

there has fallen to the bottom of the drop a whitish cloud.

Upon microscopic observation, this cloud is found to con-

sist of an immense assemblage of promycelial spores.

They are cylindrical bodies, with somewhat attenuated

extremities, and often measure from 8 to lo^ in length,

and from v^ to 2/^ in breadth. Hence it appears that

they have increased in size since they fell off the pro-

mycelium. After a time this increase in size ceases, but

not before some few odd ones here and there have attained

a length of from 20 to 30^.

Brefeld found, by the culture of isolated promycelial

spores in nahrlosung, that after these bodies had fallen away

from the teleutospore which produced them they not only

multiplied themselves, but increased enormously in length

and thickness. This they did with great rapidity. They

more resembled hyphaj than promycelial spores, and each

soon became more or less septate. They multiplied by

giving off a small bud-like projection laterally, and at a

short distance from one or other of their extremities. This

bud rapidly grew into a second spore, but before it attained

the dimensions of its parent the latter had given off a

similar bud towards its opposite extremity ; and so the

process of multiplication goes on until the nahrlosung is

exhausted. When this takes place, instead of multiplying

in the manner above described, the promycelial spores give

off hyphzE of considerable length, which become septate at

intervals from below upwards, and the protoplasm is passed

* Brefeld, loc. cif., pp. 104-116, t. viii., ix., rigs. 1-16.
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along to its growing end. Frequently two promycelial

spores become united by a transverse bridge (conjugation) ;

one of them then gives off a germ-tube, as in the case of

single promycelial spores, only it is longer.

U. grandis.—In 1876, Kiihn* investigated the germina-

tion of this species. He found that the promycelia, which

are about from 50 to 6o}i long, and from 5 to 8/f wide, had

a great tendency to fall off from the teleutospores before

they produced promycelial spores, although this was not

by any means always the case. Brefeld f found in nahrlo-

sung that the promycelia were not only larger, but produced

more and also larger promycelial spores. These sporidia

not only reproduced themselves, but also grew into sporo-

phores {Fruchttrdger), which were indistinguishable from

the original promycelia, inasmuch as they were cylindrical

septate tubes, which in their turn budded off spores. Thus

colonies of yeast-cells do not occur in the life-cycle of

U. grandis any more than they do in that of U. longissivia.

With U. grandis the promycelium produces spores which

grow out into sporophores, and they in their turn produce

spores again. These sporophores are multicellular.

U. bromivora, Tul.J— In water each spore produces a

small promycelium through a minute opening in the

epispore, very much after the manner of U. longissima.

This bears terminally a spore which soon falls away.

Between the fallen-off spores conjugations are frequently

to be seen ; sometimes they become uniseptatc and buckle-

jointed. In nahrlosung the typical germination takes place

in the production of single promycelial spores from a short

promycelium. These spores increase in size and become

uniseptate, or, as Brefeld term.s them,§ biccllular sporo-

* Kiihn in Rabenhoist "Fungi Europsei," cent, xxiii. No. 2299, fig.

t Brefeld, loc. cit., pp. 1 16-123, t. ix. figs. 17-26.

X C/. Kiihn, "Vortrages iiber Getreidebrand." 1874.

§ Brefeld, loc. cit., pp. 123-129, t. x. figs. 2-8.
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phores. There is no observable difference between the

sporophores produced from the teleutospore and those pro-

duced from a promycelial spore. These developments go

on until the nahrlosung becomes exhausted, when the pro-

mycelial spores and sporophores alike give off mycelium-

like tubes and fuse in various ways. In other words,

U. bromivora is characterized by its promycelial spores

growing into bicellular sporophores, which sprout directly

into new promycelial spores. True yeast-cell colonies do

not occur.

In the teleutospores of this species which Mr. Soppitt

sent me I found that promycelia were freely produced in

water, and that they developed elongate, elliptical promy-

celial spores (10— 12 X 3— 4/^), which tended to become

vacuolate after they had fallen off, and afterwards emitted

pointed germ-tubes. I found that teleutospores gathered

in June germinated freely in September.

U. olivacea (D.C.).—The teleutospores germinate,* after

a few^ hours in water, very much like those of U. longissima.

The promycelium is, however, so curtailed as practicall}-

not to exist, and the promycelial spores are really produced

at once out of the teleutospores without any promycelium.

These promycelial spores are variable in size ; each is sub-

fusiform, and measures from 5 to 20/i in length, and from

2 to }^^ in breadth. In nahrlosung they form yeast-

colonies.

U. major, Schroter.— I gathered some specimens of this

fungus near Paris in the middle of October, 1887. The

spores germinated very readily when placed in water. In

twenty-four hours they had developed cylindrico-fusiform

promycelia (10— 12 X 2^), which fell off from the teleuto-

spores (Plate VII. Figs. 19—22) much after the manner

of U. lotigissima. In forty hours these had attained a

* Brefeld, loc. at., pp. 129-133, t. x. figs. 9-26.
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size of 15— 18 X 3'5—4'5a'- They formed an opalescent

cloud at the bottom of the culture-drop. Each promy-

celium was cylindrical in form, vacuolate, and eventually

became triseptate, and produced promycelial spores both

laterally and also at either end (Plate VII. Figs. 22, 24, 25).

The latter were elliptical in form, and measured from

3 to 4/^< in length by 2}i in width. Many of the promycelia

were observed to be slightly curved.

U. utriculosa (Nees).—The teleutospores of this species

are by no means easy to germinate, and although I have

made a great man)- attempts to do so, I have always

failed. Schrbter* states that they emit a cylindrical promy-

celium, which becomes triseptate, and produces elliptical

promycelial spores in pairs, which conjugate in couples.

SpJiacelotJieca.—The spores do not germinate at all

readily, and I have been unsuccessful in observing the

process. Schroter f states that the teleutospores emit a

cylindrical promycelium, which becomes triseptate, and

bears elliptical promycelial spores laterally, and that these

conjugate in pairs at their bases.}

Sorosporiuni.—Woronin§ succeeded in getting the spores

of 5". saponarice, Rud. on Lychnis dioica and Saponaria

officinalis to emit a germ-tube, but no spore-formation was

* Schroter, Cohn's " Krypt. Flora von Schlesien," vol. iii. p. 273.

t Loc. cit., p. 275.

X The two following species of Ustilago can in no sense be regarded as

being British, yet they occur in this country sufficiently commonly to render

them objects of interest.

U.pcuum, Richdt., is often met with on the cheaper kinds of figs, known
in the trade as "natural figs." The spores are formed in the interior of the

fruit, and are black or dark violet, smooth, globose, from 6 to 8/i across. I

found no germination took place below 10° C, but between 10° and 13° C,
when placed in water, they emitted promycelia 20— 150 X 4— 5^, but I was

unable to observe any further development.

U. phcenids, Corda, is a closely allied species, which is frequently to be

met with on cheap dates. The spores are globose, smooth, dark violet,

from 4 to 5,u in diameter.

§ W'oronin, Icr. cit., pp. 18, 19, t. iii. figs. 13-18.
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observed. The spores collected in June germinated in

December, after being placed in water from three to five

days.

TJiecaphoi'ci.—The germination of T. hyalina has been

investigated by Woronin.* He found that spores collected

in August germinated in October and November, after

fourteen to eighteen days' maceration in water, but older

spores did not germinate at all. Each spore is provided

with a germ-pore in the epispore, which is pale in colour

and free from any of the verrucosities which occur upon

the other parts of the epispore. Every germ-tube becomes

filled with protoplasm, and generally contains four nuclei.

It becomes septate, and each compartment contains one

of the nuclei. From each segment of the promycclium

narrower lateral branches are given off. Those from the

upper compartments tend to grow downwards, while those

from the lower, on the contrary, grow upwards. If one

of the upper branches comes in contact with one of the

lower, they unite at their ends and form a bow-like conju-

gation. From this a long germ-tube is given off, into the

end of which the protoplasm is passed. No spore-formation

was observed.

I have made many attempts, but have always been

unsuccessful in getting the teleutospores of this species to

germinate.

Brefeld,! in an allied species {T. latJiyri, KUhn), found

promycelia, at the end ofwhich spherical promycelial spores

were formed. These promycelial spores in nahrlosung

germinated and produced a mycelial mass, which in turn

also produced spores upon those of its branches which

came in contact with the air.

Tilletia.—The germination of Tilletia tritici has been

* Woronin, loc. cit., pp. 21, 22, t. iii. figs. 19-28.

t Brefeld, loc. cit., pp. 134-138, t. xi. figs. 2-12,
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known since 1807, when Prevost* figured not only the

promycelium, but the primary and secondary promycelial

spores. Mr. Berkeley,! in 1847, discovered the conjugation

of the primary spores, which was again more fully investi-

gated by Tulasne. % Kiihn § gives a full account of the

process. Since then nothing has been added to our know-

ledge of the subject, till Wolff
||
showed the method by

which the germ-tube enters the host-plant, and Brefeld If

investigated the further development of the spores in

nahrlosung.

The spores do not germinate until they have been

placed in water for some considerable time, not before

forty-eight or fifty hours ; but often I have found them to

take a much longer period. They retain their germinative

power for two or three years, and one author says as long

as eight and a half years.** The process differs materially

from that previously described in the other genera. The

promycelial tube is emitted from a small germ-pore, but

very soon, as the tube increases in diameter, it causes the

epispore to split. Its length varies according to circum-

stances, its diameter being about 8/i. If it be given out

from a spore under water, at the bottom of the culture-drop,

it grows upwards until its apex reaches the air. As soon

as the promycelium has reached the air several tubercula-

tions appear upon its summit. The protoplasmic contents

of the spore are passed along the promycelium to its

extremity. If the promycelium happen to be a very long

one, then numerous septa occur from below upwards ; but,

* Prevost, "Memoire sur la cause immediate de la Carie." 1807.

t Berkeley, " Propag. of Bunt," Trans. Roy. Hort. Soc. (1847), vol. ii.

p. 113.

X Tulasne, " l'° Mem. sur les Ured. et les Ustilag." 1854.

§ Kiihn, " Krank. der Kulturgew." 1859.

II
Wolff, " Der Brand des Getreides." 1874.

^ Brefeld, loc. cit., pp. 146-163, t. xii., xiii. figs. 25-52.
** Liebenburg, loc. cit.
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however short it may be, there is always one septum

developed near its upper end. The tubercles above men-

tioned increase rapidly in length, and become the primary

spores (Plate VI. Fig. 7). They are filiform bodies, curved

in various ways, and measure from 80 to 100^ in length ; in

number they vary from four to twelve or more, according

to the size of the spores from which they are developed.

When all the protoplasm from the promycelium has been

absorbed into these primary

spores, they become cut off from

it by septa at their attached

ends. If the prom}xelium be

so situated that it cannot reach

the air, no primary spores are

produced. Shortly after their

maturity these primary spores

conjugate (Plate VI. Fig. 8), or

become united b}' transverse

bridges, usually in pairs. The

primar}- spore is possibly a

^ig. 7.—Germinating teleuto?pore of ,,,.;nH-rP rrlrrl Qnorc hllf a<; in
'ctia tritlci, producing a cluster of V\ma-CairiCa SpOrC, UUC, dS HI

primary promycelial spores. A conjugated „,.4-:C^;„1 ^,,lfi,rpc thp\7 a rf> nnl"
pair of promycehal spores producing two cULUJClcll CUlLUlCb Liicy ctlC IIUL

secondary spores—an unusual circumstance i j ^i • r j_i c
(ss). A secondary promycelial spore which CXpOSCd tO thlS torCC, thcy ire-
has produced a tertiary (^/). (lulasne.) ... ,^, .

quently germinate in situ, i his

they do by a repetition of the oft-described process of

protoplasmic migration, with septation of the emptied

parts ; the protrusion of a bud-like process into which the

protoplasm is emptied, and which becomes a secondary

spore. The end of the promycelium, after the primary

spores have fallen off, remains tuberculated, showing the

points of their attachment. The conjugation of two

primary spores cannot be considered a sexual act, in-

asmuch as the single spores, which have not been sub-

jected to it in any way, germinate as freely, and produce

Fi
TilU
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secondary spores as effectually, as when two or three have

become connected, the only difference being that with

fused or conjugated spores larger germ-tubes and larger

secondary spores are produced. The secondary spores

(Plate VI. Figs. 9, 10) are at first cylindrical, but they soon

become reniform, and at length, by the attenuation of their

ends, more or less crescent-shaped. They may be pro-

duced from any part of the primary spores, even from the

connecting bridge, and at almost any distance ; very

seldom is more than one produced from each fused pair of

primary spores. Three or more primary spores have been

seen connected,* and double fusion between two has been

also observed.! Not only cio the primary produce second-

ar}' spores, but they may emit a pointed germ-tube, for

direct penetration of the host-plant. In like manner,

between the secondar}- spores all sorts of connections and

conjugations or fusions occur, with the same emptying of

the contents from one spore into the other (Figs. 11, 12).

The secondary spores are, however, essentially the spores

the germ-tubes of which enter the host-plant.

In nahrlosung, according to Brefeld, the primary and

secondar)^ spores are larger, and are produced in greater

abundance. No conjugations or fusions occur, except

when it becomes exhausted. The primary spores, how-

ever, comport themselves ver)- differently in nahrlosung
;

they send out germ-tubes which are narrower than those

given off b}^ them in water. These tubes are unseptate,

but branch and inosculate with each other so as to form

a mycelium (Plate VI. Fig. 14), which, as it grows out

into the air, forms a white floccose mass. For five or

six days no secondary spores are found in well-nourished

mycelia, whereas spore-formation occurs soon in badl)'

nourished ones. The spores are produced only on those

* Brefelcl, loc. at., t. xiii. '(\'g. 39. t Ibid., lig. 38.
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brancHes of the mycelium which are given oft" into the

air. Upon these numerous short, lateral branches are given

off, which swell up at the ends and become crescentic

spores (Fig. 15). No conjugation takes place between

these bodies. The branches of the mycelium which are

given off in the fluid do not produce spores, but grow

outwards until at length they reach the air, when they

produce terminal spores or they remain sterile. In the

latter case the hyphae are empty and septate. Brefeld

has further observed that by long-continued culture the

hyphse, under certain circum-

stances, become nodose, and ap-

parently develop certain globose

bodies which closely resemble the

original teleutospore.*

Entylonia.—The germination

of Entyloma, though similar to

that of Tilletia, is far less com-

plex.

E. micfosporuin.—De Bary t

found that if the spores were

wholly immersed in water, they,

in the course of twenty-four hours,

would give out a germ-tube from

^- . J- , , . four to ten times the length of
Fig. 8.

—

Entyloma microsporum. '^"^ >-^ o
a, Teleutospore germinating (the ,t cnnrp At ifq rnimdpd SUm-
promycelial spores have conjugated tnC SpOlC. tW. US rOUllUCU MUll
at their upper eud-i) ; /, two secondary' . , . -,•

^ „„,,^ ^CC
spores produced from the conjugated Ullt thlS prOmyCChum gaVC Ott

pairs of primary promycelial spores
; _ ^ \ C

<:, teleutospore of ^. crtAv/./K^/', which SIX or scvcn brancncs, eacn 01
has produced five promycelial spores,

four of which have conjugated below, -vvhich vvas dilated UDwards ; and
(De Bary.)

^

when they attained a length

measuring 30 or 40^/, each became cut off by a basal

septum. They conjugate in pairs, by a transverse bridge,

* Brefeld, loc. cit., t. xiii. figs. 46-52.

t De Bary, Bot. Zeitwig {i^l \) , pp. 81-92, 97-108, t. ii.
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either at their lower or upper ends ; after which one of

the branches grows onwards in its original direction, and

at its end develops a long, fusiform, secondary spore (Fig.

8). This falls ofif, and in its turn germinates by the pro-

trusion of a long, very narrow germ-tube. If the number

of the primary branches be odd, the odd one does not con-

jugate, but grows more slowly, and ultimately shows no

further change. Various deviations from the typical ger-

mination take place ; thus the promycelium itself can grow

into a germ-tube, or the primary whorl of branches may

send a branch downwards. In E. calendiilcE the process is

similar.

E. ranunctdi.—In this species Brefeld * found that

conidia were produced upon the host-plant, and that in the

interior of the leaves a richly developed mycelium existed,

sending up conidiophores through the stomata. The fresh

conidia in nahrlosung produced a mycelium less extended,

but little different from that produced by the spores of

Tilletia under similar conditions. This very soon becomes

covered with conidia, which in their turn produce mycelia

and conidia again. Marshall Ward f found that the

conidia which are produced in spring are clavate or

elongate-oval in form ; that they germinate in from twenty-

four to thirty hours by emitting a delicate germ-tube from

both extremities, one of which grows, the other becoming

empty of protoplasm and septate. The growing germ-tube

generally becomes swollen into a secondary conidium when

the culture is made in water. From this secondary coni-

dium a branched germ-tube is emitted. If the conidia

germinate on a leaf, the formation of the secondary

conidia is rare. The germ-tubes enter the stomata, and

* Brefeld, loc. cii., pp. 163, 164.

t Marshall Ward, Phil. Trans, of the Roy. Soc, vol. 178 (1S87), B.,

pp. 173-185. pities 10-13.
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the conidia reproduce themselves im from fifteen to twenty

days. The teleutospores are developed in spherical dila-

tations, in the continuity of the mycelial tubes, rarel)'

at the ends of branches. Conjugation between conidia

sometimes takes place. The conidiophores emerge either

through the stomata or between the epidermal cells.

The conidia germinate more rapidly and throw out larger

germ-tubes when this process takes place on the living

leaves of the host-plant than when it does so in water.

This may be in part due to the more abundant supply of

oxygen which they would receive in the former situation.

E. canescens.—Schroter * finds the spores germinate as

soon as they are ripe by protruding a germ-tube, from 20

to 30^ long, and 4;u wide, on the end of which a tuft of

cylindrico-fusiform spores are produced. The}- measure

from 25 to 40/J in length, and from 2"5 to 3/^ in thickness.

Doassansia.—The germination of this genus is identi-

cal with that of its ally, Entyloma, consisting in the pro-

trusion of a promycelium of limited growth, which develops

apically a tuft of promycelial spores.f In D. alisviatis the

promycelial spores are long and cylindrical, and the}' are

produced in great numbers (Plate VIII. Fig. 5).

The process is also similar in D. sagittaricr, as observed

by Fisch,:]: who observed conjugation to take place between

the fallen-off promycelial spores. He found that the germ-

tubes of these spores entered the sides of the cells of the

host-plant, having insinuated themselves between the

epidermal cells. The teleutospores of D. oJisviatis germi-

nated as soon as they were ripe, but those of D. sagittaria

did not do so until the ensuing spring.

* Schroter, "Colin Beitrage," vol. ii, (1877), p. 372.

t Cornu, A7in. dcs Scicnc. A^at. Bof., 6'' ser., tome xv. p. 281.

X Fisch, " Entwickekmgsgeschichte von Doassansia Sagittarius, " Bericlitc

der dctitsclieu Iwlan. Gese/lsc/ta/t,'^ September, 1882, bd. ii. t. x.
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Urocystis.—^The germination of Urocystis was first

observed by Kiihn in U. occulta* and is also described

by Wolff.t U. colchici was studied by Winter
; % U. ane-

mones, by Von Waldheim
; § U. viohe, by Prillieux

; ||
and

U. priJtitiUcola, by Pirotta.lT

The process consists in the protrusion of a promycelium

from the inner coloured spores (the paler peripheral pseudo-

spores do not germinate), into which the protoplasm passes

to the upper end, where it gives rise to a variable number

of primary spores. If the promycelium be produced under

water, no spore-formation occurs until its point comes into

the air. The primary spores fall off, and occasionally con-

jugate in various ways, but not so constantly as in Tilletia
;

they also frequently germinate whilst attached to the pro-

mycelium.

U. occulta.—The central, dark-coloured spores (as first

described by Kiihn**) emit a promycelium, at the apex of

which from two to six primary spores are borne. These

sometimes conjugate by a transverse bridge at their upper

ends, and often germinate— as Wolff has more recently

shown—while still attached to the promycelium, from their

lower ends, sending out a long, narrow germ-tube, which

receives the protoplasm from the interior of the spore, so

that the upper part of the spore is first emptied of its

contents.ft

U.fiscJieri.—The spores of this species, which Mr. Soppitt

was kind enough to send me, germinated only after a con-

* Kiihn, loc. cit., pp. 78-80, t. ii. figs. 13-34.

t Wolff, "Der Brand des Getreides," pp. 16, 17, t. ii. figs. i-io.

X Winter, " Ustilagineen Flora" (1876), Nos. 10, II.

§ F. von. Waldheim, loc. cit., t. vi. figs. 38-43.

II
Prillieux, Ann. des Scienc. Nat. Bot., 6'" ser., tome x. (1880), p. 49, t. i.

1 Pirotta, "R. Nuovo Giornale Bot. Ital.," vol. xiii., 12 Luglio (i88i),

No. 3.

** Kiihn, loc. cit., t. ii. fig. 20a.

tt Wolff, loc. cit., t. ii. B. figs. 7, 8.
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siderable period of soaking in water. The germ-tube was

larger than in any of the other species of Urocystis the

germination of which I have watched ; the promycelial

spores were also not only larger, but more numerous. I

counted as many as eight on some of the promycelia (Plate

VII. Figs. 34, 35).

U. anemones.—Von Waldheim * points out that unless

the promycelium grows in the air no spore-formation

takes place. At its end it divides into three or four

branches, which become spores. They are elongated, oval,

and generally wider at their upper end. In length, they

measure from lO to 14^ ; and in breadth, from 3 to y^\x.

They become vacuolate, and enlarge in size till they often

measure 22 by 4/,(. After several hours' (forty-eight and

more) immersion in water, in November and December, I

found the teleutospores germinated. The promycelial spores

were of the same size and form as described by Von Wald-

heim (Plate VII. Fig. 31); I also observed they became

vacuolate when old (Figs. 32, 33). The promycelial spores

were applied to the foliage of Ranunculus repens, in two

experimental cultures, on December 12, 1884. No change

was observed in the plants until February, when it was

noted that they showed signs of the formation of spore-

beds. On February 1 1 in one experiment, and on the

22nd in the second, spores were developed. This is one

of the few species in which mycelium is localized, and the

infection of the host-plant occurs at the same place at

which the teleutospores are subsequently formed.

U. violcB.—The spore-balls generally produce only one

promycelium, which bears at the end a cluster of five or

six fusiform spores. If the promycelium remain short,

spores arc produced ; but if it grow to any great length,

either no spores at all are formed or only small ones. Of
* Waldheim, loc. (it.
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the six spores generally only three germinate, and pro-

duce at their distal extremities secondary spores similar in

size and shape to themselves.*

U. priimdicola, Magnus.—Pirotta t found that the fresh

ripe spores germinated in water in about ten hours, by

emitting a short cylindrical promycelium, which at its

extremity gave off three or four branches that became

spores, measuring from 9 to 18^1 in length, and from 4

to 9/.J in width. These, while still attached, produced

secondary spores from their ends. The secondary spores

germinated by the protrusion of a germ-tube (about 3//

wide, and from 10 to 20 times as long as the spore), into

which the protoplasm migrated. Lateral conjugation was

occasionally observed.

This species occurred in 1884, in Rev. C. Wolley Dod's

garden, on P . farinosa. In August of that year I received

some specimens from Mr. Dod. The spores germinated

readily in water, and emitted short promycelia, which bore

a cluster of promycelial spores as figured by Pirotta. I

found that no spore-formation took place unless the end of

the promycelium grew irt the air. If a spore germinated

at the bottom of a drop of water, the promycelium grew

upwards through the water until it reached the air. In

these cases the lower part of the promycelium became

emptied of its protoplasm and septate, just as one sees in

Tilletia (Plate VII. Fig. 26, 27). The promycelial spores

varied from 12 to 20/( in length, and were 4 or ^yi in width

(Figs. 28, 29, 30). After keeping the promycelial spores

in nahrlosung for two hundred and sixty-four hours, no

further spore-formation was observed ; but the}' became

septate and nucleate (Fig. 29).

MelanotcBiiimn.—The mycelium is principally inter-

* Prillieux, loc. cit.

t Pirotta, " Nuovo Giornale Bot. Ital.," vol. xii. (1881), pp. 235-239, t. vi.
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cellular, and pervades all parts of the affected plants,

especially the cortical parts of the stem, and also to some

extent the pith. It also occurs in the upper part of the

root-stock. It is hyaline, about 4"5ju wide, richly branched,

and septate. Its contents are colourless and vacuolated.

The spores are formed inside the mycelial hyphae, where

it becomes coarsely granular, much after the manner of

Entyloma.* Woronin t finds that the mycelium is abun-

dantly provided with very marked haustoria, which enter

the cells. These botryform prolongations enter and occupy

a third or a half of their interior. Germination takes place

in autumn. Specimens gathered in June germinated in

October and November. The epispore splits, and the

endospore grows out as a blunt cylindrical promycelium.

At its extremity it emits a clus':er of from four to seven

apical branches. The outgrowth of the endospore is at

first often in the form of two equal branches, one of

which develops into the promycelium, while the other

ceases to grow and has become emptied of its protoplasm,

which passes into the developed branch. Towards the

upper half of the promycelium a septum appears, cutting

off the protoplasm above from the empty tube below
;
but

true spore- formation was not observed.

Tiibercinia.—The germination of the spores of T. trien-

talis has been worked out by Woronin. | Teleutospores

collected at the end of September and the beginning of

October were found often to have already germinated upon

the plant. Placed in a dam.p atmosphere, they germinated

freely after the manner of Tilletia, each spore producing a

promycelium surmounted by a cluster of spores. All the

teleutospores of one spore-ball do not germinate at the

* De Bary, loc, cit.

t Woronin, loc. cit., pp. 27, 28, t. iv. figs. 27-35.

X Woronin, " De Bary und Woronin Beitrage," 5 reihe (18S2), pp. 4-16,

t. i., ii., iii. figs. 1-12.
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same time. The promycelium emerges through a small

round opening in the epispore, its length corresponding to

the size of the spore. On the upper, free, blunt end of

the promycelium from four to eight protuberances appear,

which elongate themselves into branches and become the

cylindrico-fusiform promycelial spores. After all the pro-

toplasm from the interior of the teleutospores has been

passed into the upper end of the promycelium and into the

developing promycelial spores, a septum is formed close to

its upper end. If the promycelium happen to be a very

long one, two or more septa occur. The promycelial

spores, while still attached to the promycelium, become

united in pairs by a bridge-like connection. This conjuga-

tion takes place at the bases of the promycelial spores,

and but rarely at their summits. One of the conjugated

spores then buds out a secondary spore, which in its turn

sometimes produces a tertiary ; sometimes all these may
be observed in a chain. If there be an odd spore on the

promycelium which has not conjugated, it does not bud.

Conidia*—These are produced from a mycelial mesh
that exists for the most part just beneath the epidermal

structures, and is provided with very numerous botry-

form haustoriae (Plate VI. Fig. i). The conidiophores

emerge through the stomata, or between the epidermal

cells (Plate VIII. Fig. i). The conidia are borne almost

horizontally; they are from 11 to 15/i long, and consist of

subpyriform cells attached by their larger end. A thin

hyaline membrane encloses the granular protoplasm, in

which a small vacuole may be observed. When placed in

a damp atmosphere the vacuole enlarges and a germ-tube

is produced, generally from the larger end of the conidium
;

into this germ-tube the protoplasmic contents of the coni-

dium are received and passed onwards as it elongates

* Woronin, loc. cii.

11
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(Plate VI 1 1. Fig. 2). If the conidium germinate upon a

leaf, the germ-tube squeezes its point between the two

epidermal cells (Fig. 3), and soon produces in the leaf

a mycelium with haustoria. In from twelve to twenty

days after infection this mycelium produces the black

teleutospores, but not the conidia.

The life-history of this species is peculiar : the teleuto-

spores germinating in autumn produce promycelial spores,

which, entering the young subterranean shoots of the host-

plant, develop a mycelium, which remains quiescent during

the winter, and in the spring produces, first the conidia on

the leaves, and afterwards teleutospores mostly in the stem.

The entrance of the germ-tube in this species is (as

already stated above) between the epidermal cells. It

grows downwards in the partition wall, splitting it into

two laminae, and so makes its way through the epidermis.
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CHAPTER XI.

INFECTION OF THE HOST-PLANTS BY THE USTILAGINE.F;.

The manner in which the Ustilagineae gain admission into

their respective host-plants has been studied very carefully

by many botanists, but is not yet fully understood. With

those species which affect the flowering parts of annual

graminaceous plants, such as Tilletia tritici and U. segettun

on wheat, it is noteworthy that not only are all the blossoms

or fruits upon an ear affected, but also all the ears which

arise from one plant. It is very exceptional ever to find one

sound ear upon a plant of which the others are diseased ; in

like manner, it is very unusual to find a sound kernel upon

an ear in which the other kernels are affected. Coupled with

the fact that in diseased plants the mycelium of the fungus

can be found in all parts of the axis, it is obvious that the

parasite gained admission into the plant at an early stage

of its growth. Klihn * specially investigated this point with

T. tritici, and found, in very young wheat seedlings, that the

mycelium was present in them. Hoffmann t came to the

conclusion that the spores entered between the split in the

young sheath and the rootlet. He also figures the spores

forming a mycelium which enters the stomata of the young

* Kiihn, loc. tit., pp. 48, 49.

t Hoffman, " Flugbrand," pp. 202-206, t. xiv. figs. 14 18.
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plant, but this is probably incorrect. To Wolff,* however,

we owe the first accurate explanation of this process. He
investigated it with U. segetiiui and niaydis, Urocystis occulta

and T. tritici. The outcome of his observations is that

the germ-tube of the promycelial spores of the species is

capable of piercing the embryonic plant at any time before

the primary enveloping sheath of the young plant is

ruptured. The germ-tubes of T. tritici squeeze their points

through the epidermal cells of the young plant, at first

piercing through the outer epidermis of the primary sheath
;

they then grow through the cells of the sheath itself, then

through the inner epidermal cells of the sheath, across the

interspace to the outer epidermal cells of the embryo, and

so into the embryo itself (Plate VI. Fig. 2). With certain

species the entering germ-tube acquires for itself an invest-

ing sheath from the cells through which it passes (Plate VI.

Fig. 3)— a sort of invagination of the outer wall of the outer

epidermal cell, which is continued over the young mycelium

as it grows through one cell after another. With Urocystis

occulta the investing sheath exists only where the mycelium

passes through the first epidermal cell. Kuhn j subse-

quently repeated and confirmed Wolff's observations as far

as they went, but he also found that the germ-tubes could

enter, not only through the primary sheath-leaf, but also

into the true root- node at the base of tlie sheath, and, in

point of fact, into almost any part of the embryo. While it

has long been known that, by merely dusting wheat with

the teleutospores of T. Critic/ and planting it, it became

affected with bunt, yet with 0". segctuiii such dusting rarely,

if ever, succeeds in producing the disease, Hoffmann was

able to produce only a few smutted plants in many hundred

* Wolf, " Roggenstengelbiand," Bot. Zcituug {\%-Ji), t. viii. ;
" Der

Brand des Getreides" (1874), pp. 18-24, t. iii., iv.

t \\x\\w\, Bot. Z£7V//;/^(i874), pp. 121-124; Fahlingsladw. Zcitimj [i^-]g)

p. 84.
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experiments in which he applied the teleutospores to the

young plant. F. von Waldheim was equally unsuccessful.

Kuhn asserts that he found that, if too many germ-tubes

entered an embryo plant, they developed into spore-forming

hyphse and formed a "brand-knot" in the sheath-node, and

killed the young plant. All the experiments which I have

conducted with a view of infecting the young plants of

wheat, barley, and oats with U. segetiim have uniformly

failed. I have attempted the infection in various ways :

dusted the spores on the dry grain and planted it ; soaked

the grain in water, and then dusted it with the dry spores
;

planted the grain in flower-pots, and dusted the spores

thickly on the surface of the soil ; the grain allowed to

germinate, and applied the dry spores to the embryos just

as they emerged from the seed-corn
;
placed the teleuto-

spores of U. segetum in water for twelve hours, and, when

an abundant development of promycelial spores had taken

place, applied the spore-charged water to the emerging

embryos
;
germinated the teleutospores of U. scgetmn in

nahrlosung and dipped the young embryos in it ; watered

the grain, after it was planted, and before it came up, with

nahrlosung, containing spores, but the result was uniform

failure. Wolff has stated that the infection will not be

successful if the infected plants be kept too moist at first.

This point was attended to, but the result was the same.

Mr. A. S. Wilson, however, has been more successful, for

he showed me some oat-plants which he had artificially

infected by removing the glumellse and applying the

spores to that part of the kernel from which the embryo

emerges ; but he also informed me that he had many
failures.

But more than this remains to be considered. T. trilici

matures its teleutospores at the same time that the wheat-

plant matures its fruit ; but with U. segetum the case is
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altogether different, for the smut is formed at the time, or

soon after, the cereals are in blossom, and long before

harvest it has been scattered by the winds, so that in the

harvest field one never finds a smutted ear. We know,

moreover, that when once the teleutospores fall on the

ground, or in any way become damp, they forthwith ger-

minate, and although they are capable of retaining their

power of germination for some years, it is only when they

are perfectly dry—a condition which never obtains with

them in a state of nature. There must, therefore, be some

means by which the interval is bridged over between the

ripening of the teleutospores of U. segettun, which takes

place in early summer, and the time when the grain itself

germinates, for this, under any circumstances, can only be

one or two months later. This may be by a metoecism,

but there is no proof whatever that any such occurs ; or it

may be by the continued reproduction of yeast-spores, as

Brefeld suggests taking place in manure heaps. My own

experiments, however, with nahrlosung containing U. sege-

tmn spores have all been negative.

There is a certain point in connection with the repro-

duction of smut {U. segetiini) wherein it differs essentially

from bunt [T. tritici); it is this—that however carefully

wheat may be dressed with cupric sulphate, arsenic,

brine, lime, etc., while such dressing almost absolutely

protects the crop from bunt, yet it has no appreciable

affect upon smut. This fact is obvious to any one residing

in an agricultural district. The wheats are dressed for

bunt on every well-managed farm, but they are as much
affected with smut as the barley and oat crops, which

latter, never being affected with bunt, are never subjected

to protective dressing.

In 1883, I made a series of experiments by applying the

teleutospores of U. segetmn to the wheat and oat plants
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while they were in flower, but the plants were subsequently

destroyed by an accident.

Recently Mr. J. L. Jensen has published the results

of his experiments and observations conducted on the ex-

perimental farm of the Royal Agricultural School near

Copenhagen. He believes the spores of U. segetiim effect

their entrance into the host-plant at the time it is flowering,

and either infect the ovum or remain quiescent, enclosed

within the grain until the ensuing spring, when they

germinate when the grain does, and so cause its infection.

He found that barley grown for twenty-five years con-

secutively upon one experimental plot was not more affected

with U. segetiim than when grown in the ordinary rotation

with other crops, which clearly shows the teleutospores do

not remain effective in the soil. He further found that

manuring with farmyard manure does not produce more

U. segetiim in the crop than occurred when artificial

manures were employed. But he did find that seed

obtained from a field in which the fungus had been

abundant produced a more severely diseased crop than

when the seed was taken from a healthy field ; but that, if

the seed oats were dipped in water at a temperature of 57° C.

(134° F.), and allowed to remain there for five minutes, the

disease was prevented, and, moreover, the vitality of the

seed was unimpaired.*

With regard to Tilletia tritici, the important question

of the protective dressing of the seed corn has long ago

engaged the attention of agriculturists. Many have been

employed, but that most generally used (and probably the

best) is a '5 ^ solution of cupric sulphate in water. Alum,

ferrous sulphate, and even sulphuric acid, unless used

sufficiently concentrated to injure the seed corn, were

* Some additional observations of Mr. Jensen on this subject, made during

the year 1888, will be found under Ustilago segetuiii. See Descriptions.
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proved by Wolff to be quite useless. With regard to

temperature, a series of experiments made by Schindler *

shows that the teleutospores of T. tritici will withstand a

dry heat of 65° C. before altogether losing their power of

germination ; but with moist heat they were sterilized

between 45° and 50° C. Cold, on the other hand, had little

effect upon them, even after exposure to —icf C. for a

prolonged period.

* Schindler, " Ueber den Einflnss verschiedenea Temperaturen auf die

Keimfahigkeit den Steinbrandsporen," " Forschungen auf Geb. der Agrikultui-

physik. bd. iii." (i88o), pp. 288-293.
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CHAPTER XII.

SPORE-CULTURE.

The microscopic examination of the Uredineae and Usti-

lagineae is a very simple matter. The secidia viewed as

opaque objects with a low power are always very attractive

objects. To examine the various spore-forms, all that is

necessary is to remove a small quantity with the point of

a penknife, place them in a drop of water on a glass slide,

and, having covered them with a circle of thin glass, view

the preparation as a transparent object with a quarter-inch

objective. The various markings on the exterior of the

aecidiospores and uredospores are more readily seen if they

be examined dry. In order to obtain more accurate in-

formation of the structure of the spore-beds, thin sections

must be cut with a sharp knife, including both the spore-

bed and a small portion of the host-plant. With a little

patience, and by teazing out the cells of the host-plant, the

mycelium can be observed. This is often rendered more

conspicuous by the application of a drop of caustic potash.

To observe the germination of the spores is not difficult,

and can be accomplished without the aid of expensive or

elaborate apparatus. All that is necessary is to place the

spores in a sufficiently humid atmosphere, or in a sufficiently

moist place. This may be conveniently accomplished by

placing a drop of pure water upon an ordinary glass slide,
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and putting into .this drop of water the spores whose
germination it is desired to watch ; as, however, the spores

do not germinate for several hours, the drop of water would

evaporate, unless means be taken to prevent it, before the

germination takes place. This is easily done by placing

the glass slide under a bell-glass, inverted over a plate of

water, so that it is kept continuously in a saturated atmo-

sphere. Any suitable object wall do to place the slide on
;

but the most convenient appliance will be found to be a

simple stand or rack (Fig. 9), which can be constructed

Fig. 9.—Stand with slides for the culture of Uredine spores, placed on a plate of water,
and covered by a bell-glass.

in a few minutes out of two flat pieces of gutta-percha

and four glass rods. The gutta-percha which is used
for soling boots answers well enough. If two oblong
pieces of equal size, say three and a half by four and a half'

inches (9X12 cm.), be taken, and a hole bored at each
of the four corners, and through each pair of holes let

a glass rod be passed, a very simple stand is made at the

cost of a few pence. For the glass rods an old barometer
tube, cut into suitable lengths with a file, does well enough.

The great advantage of such a stand is, that when the

slides are laid across the rods, they touch only at two
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points, so that when placed under the microscope there

is no necessity to wipe the lower side of the slide. Of

course, the length and height of the stand must be propor-

tionate to the size of the bell-glass. The best form of bell-

glass is that known by gardeners as a propagating glass,

which is rather flatter than the ordinary bell-glasses ; the

advantage being that the slides are not too far above the

surface of the water in the plate, so that the drops of water

on them do not evaporate so rapidly.

Supposing we wish to observe the germination of the

secidiospores of Puccinia graniinis, having obtained a per-

fectly fresh-gathered leaf of barberry with the yEcidium on

it, we proceed as follows. The spores can either be brushed

upon the slide with a camel-hair pencil, or what will often

be found more convenient, the aecidium can be gently struck

upon the dry slide, and a drop of water let fall upon the

tiny heap of golden spores that have been displaced. The
ripe spores will most of them float on the top of the water

and can be readily observed with a quarter-inch objective.

The preparation must, of course, not be covered with a

cover-glass, and it takes a little patience to examine these

uncovered objects, because the front of the object-glass is

apt to become bedewed and misty. The only plan is to

raise it by the coarse adjustment, wipe it dry, and try again.

Germination will be well advanced in the course of

ten or twelve hours, and the migration of the yellow

endochrome along the germ-tube will by that time have

taken place. This will be followed by their circumnutatory

movements and ultimate branching. Earlier examination

of the preparation will show the germ-tubes emerging from

the germ-pores. It is useless to attempt to get secidio-

spores to germinate unless they are perfectly fresh and

perfectly ripe. For instance, the spores dug out from the

bottom of an aecidial cup with a needle will not germinate

;
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nor will they if they have once become thoroughly dry.

The same method is to be adopted with the uredospores,

and the same precautions observed. With regard to the

teleutospores, certain modifications of the above are neces-

sary. If one of the Leptopucciniae is to be examined, all

that is requisite is to cut up one of the sori and place the

fragments in a drop of water, and in a few hours the pro-

mycelia will be developed. Those species which have a

prolonged period of rest in their life-history, it is, of course,

useless to attempt to germinate except at the proper season

of the yean Suppose it is desired to observe the germina-

tion of P. graminis, in the autumn some specimens of mil-

dewed straw must be procured, and preserved through the

winter. I have always found the best plan is to tie them

up in a bundle and keep them out-of-doors, so that they

are exposed to the same vicissitudes of temperature and

moisture as would happen to them in a state of nature
;

for it is obvious that if they be kept throughout the

winter indoors, they will not only be maintained at a

higher temperature, but also will become more completely

dried than is natural to them. Under such circumstances

they neither germinate so freely nor so uniformly as they

do when they have passed the winter in the open air.

Specimens of P. graminis may be obtained on Triticuni

repens, in February or March, from the immediate vicinity

of any barberry bush, and these will be found to germinate

very readily. Having obtained the material,. in March or

April, however it may have been preserved, in order to get

it to germinate all that is required is to place it in water.

If some of the spore-beds be cut into pieces about one-

eighth of an inch (2 or 3 mm.) across, and placed in water

in a watch-glass, under the bell-glass, the process of germi-

nation soon commences, perhaps in twelve hours, perhaps

longer, according to' the manner in which the material has
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been preserved, and according to the temperature of the

atmosphere at the time the experiment is made. I never

remember having seen any teleutospore germinate if the

temperature within the bell-glass was below s'' C. Germina-

tion is very partial and very slow at 8" C, but at from 10^

to 15^ C. it is both vigorous and rapid. The germination

can be recognized to have taken place, if it be at all free, by

the naked eye ; the clusters of spores will then be seen to be

surrounded by an opalescent, hazy cloud, which, when

placed under the microscope, will be found to consist of

myriads of promycelia. A very convenient method of

preserving material on grasses—such, for instance, as Uro-

inyces pocs, which occurs on the leaves of the grass that in

the ordinary course of events become disintegrated by

decay daring the winter— is to gather a small bundle of

affected leaves, attached to the stems, place this bundle in

a flower-pot just as if it were a living plant, to cover the

flower-pot with a bell-glass, and keep it out-of-doors in a

shady place all winter. There will be enough moisture in

the atmosphere to prevent the material from being injured

by desiccation, but not enough to allow the teleutospores

to germinate until they are purposely placed in water.

The bell-glass will protect the grass from injury by wind

and weather ; so that when spring comes you will have

abundance of material ready to hand, in excellent condi-

tion for germination, which you can induce at pleasure, by

merely soaking it in water. The same method may be

conveniently adopted with those species which occur on

leaves, and in which the spores are lost by their decay in

the ordinary course of events. The Melampsorae on willow

and poplar may thus be kept out-of-doors under a bell-

glass with great facility.

With those species which occur on leaves of plants

which have a very perishable foliage, it is necessary to
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collect specimens which are perfectly mature, if possible,

upon leaves that are beginning to fade from age, and dry

them in the ordinary way between blotting-paper. When
the spring comes, the affected leaves must be soaked for

twenty-four hours in water, and the spores examined to

see if any attempt at germination is observable. If not,

the soaked leaves may be wrapped in an old, well-washed

piece of calico, and buried for a day or two in the ground
;

after which treatment, a few spores must be tried in a drop

of water on a glass slide. Should they fail to evince any

signs of vitality, the leaves must again be buried for a day

or two longer, and re-examined.

The entrance of the germ-tube into the host-plant can

be observed in various ways. The promycelial spores can

be applied to the surface of a leaf, and sections made a few

hours afterwards. This is, however, an exceedingly delicate

process, and requires not only patience, but considerable

manipulative skill. A piece of the epidermis may be

stripped off and laid flat upon a moistened slide, and the

spores placed on it ; if the preparation be kept in a moist

atmosphere for a few hours, the germ-tubes can be seen

boring through the cells. Another plan is to place a mass

of teleutospores, which has first been seen by the micro-

scope to be in active germination, on a leaf, and to keep it

for a few hours under a bell-glass in a moist atmosphere.

The teleutospore mass can be seen by the naked eye, and

is a guide to the exact part of the leaf to be examined.

By a little deft manoeuvring, pieces of the epidermis at this

spot can be ripped off with the point of a penknife, and

examined either on their external or internal surfaces. By

similar methods, the entrance of the uredospore and aecidio-

spore germ-tubes can be observed, only, being larger and

containing yellow endochrome, the process is less difficult.

With most of the Ustilagineas, all that is necessary is to
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place the spores in water, and they will germinate at once

—

for example, U. segetuin, longissima, etc. ; but some require

a longer period of immersion, e.g. T. tritici, which will not

germinate till after being several days in water. The

germination of the Tilletia spores can also be conducted in

a hanging-drop culture in the following manner :—A piece

of glass tube, about half an inch (12 mm.) in diameter and

about three-quarters of an inch (18 mm.) long, is cemented

on an ordinary glass slide, so as to form a deep cell (Fig. 10).

Fig. 10.—Deep cell for hanging-drop cultures, xuade by cementing a piece of glass or lead

tube upon an ordinary glass slide.

Into this is placed a small quantity of water. The drop

containing the spores to be germinated is placed on the

centre of a circular cover-gla.ss, which will fit the top of the

cell (Fig. 11). If the upper edge of the tube which forms

Fig. II.—Hanging-drop culture, seen in section.

the cell be oiled, no air can get into the culture, and the

germination can be watched for months, as the hanging-

drop will not evaporate, because the water placed in the

bottom of the cell keeps the atmosphere saturated, and

any loss which it may sustain from evaporation is made

up from the water at the bottom of the cell.

There is no need to keep these sealed hanging-drop

cultures in a moist atmosphere, because the necessary
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moisture is contained in the cell itself; all that is required

is to place them under a bell-glass to keep them free from

dust. The disadvantage of this mode of culture is, that

all spores will not germinate normally unless they get a

supply of free air. To obviate this hindrance, the glass

cover may be fixed to the cell with three tiny fragments of

wax. These cells may be readily constructed with lead

tubing ; an ordinary piece of gas-piping, cut into suit-

able lengths with a knife, and the ends smoothed on a

whetstone, will answer all the requirements of the case.

The germination of the spores in ndhrlds2ing, however,

requires more care. The nahrlosung is prepared by boiling

fresh horse-dung in pure water, and filtering first through

Fig. 12.—One of Brefeld's " kniiiiner" for nahrlosung cultures. It consists of a glass

tube open at both ends ; in the middle a bulb has been blown which has been compressed

laterally, so that its sides are parallel to each other, or nearly so. When in use the two open

ends of the tube are closed with cotton wool.

coarse filtering-paper, then through fine ; then boiling again

for a short time in a flask, the mouth of which is closed,

while the steam is issuing from it, by a firm plug of cotton

wool. After three or four hours the flask is again boiled

for a short time. To sterilize the fluid this boiling requires

to be repeated several times, carefully closing the mouth ot

the flask each time with a plug of cotton wool. The spores

to be germinated are put in a small quantity of sterilized

nahrlosung, and the process watched tJi camera. The little

apparatus necessary consists of a glass tube about eight or

ten inches long, open at both ends ; in the middle of this

tube a bulb has been blown, the sides of which have been

compressed laterally (Fig. 12), so that they are flat and

parallel to each other. Before using, the apparatus {kavimer)
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must be sterilized by heat ; and after the nahrlosung has

been introduced, the two ends of the tube arc closed by-

cotton wool ; this allows free access of air, but filters out

any germs that may be floating in it.

Or the culture may be made in a hanging-drop cell

made of lead tubing, in the sides of which two holes have

been cut (Fig. 13). I have found it most convenient to

Fig. 13.—Hanging-drop culture cell, made of lead tubing, with two holes for the admis-
.sion of air ; when in use with nahrlosung these openings are closed with cotton wool.

wrap cotton wool round the cell, and to hold it in its place

by a small elastic band. These cells require to be sterilized

by washing w'ith a weak solution of corrosive sublimate.
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CHAPTER XIII.

THE ARTIFICIAL INFECTION OF PLANTS.

In order to ensure success in the artificial infection of

plants, attention to several little details is absolutely neces-

sary. Of course, if you simply wish to produce ^cidmm
tirticm on a cluster of nettles, you may throw a handful of

Carex hirta affected with Puccinia upon the ground where
the nettles grow in autumn, and, trusting to chance, you
will probably find them bearing the yEcidium the following

spring. But such a procedure is open to many objections
;

the wind may blow away your Carex during the long

winter and spring months either before the Puccinia has

germinated or before the nettles have appeared above
ground. A still greater objection is, that even if a few

clusters of aecidia happen to be produced on the nettles,

you have no proof that they arose from the Puccinia you
threw down. Still more important is it to avoid this clumsy

method of "laying on," if you are investigating the life-

history of any particular species of Uredine, for it often

happens that more than one species attacks the same host-

plant
;
P. inagmisiana, trailii, and phragmitis, on the reed,

for instance.

The first thing to be done is to provide suitable plants

for infection. These should, it is hardly necessary to state,

be healthy, and have had time to become established before
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they are infected. It is a good plan to establish a number
of plants, say half a dozen, in the autumn ; they will then

be ready for use in the following spring. It is often con-

venient to infect every alternate plant, so that the remaining

plants may be kept as control specimens. The reason for

using established plants is that the young foliage is so

much more easily infected by the Uredineae than the

older ; in fact, it is by no means uncommon for an old leaf

to die off before the Uredine has had time to complete its

development.

Let us suppose we wish to perform the classical in-

fection of the barberry with P. grauiijiis. In the autumn,

six young barberries, small enough to be covered with a

bell-glass, having been planted, as soon as their leaves are

fully developed in the spring they may be infected in the

following manner. A quantity of P. graniinis having also

been provided in the autumn and kept during the winter

in the mode before explained, as soon as the barberry

foliage is ready, test the germinative power of the P.graminis

by placing a few fragments in water in a watch-glass. If

it germinate freely and produce a good crop of promycelial

spores, as proved by microscopic examination, the contents

of the watch-glass may be at once employed. It is best to

do your infection experiments in the evening. Water one

of the barberries freely through the rose of a watering-can

and then cover it with a bell-glass ; then water the outside

of the bell-glass. By so doing the temperature of the

enclosed air is reduced, and the inside of the bell-glass as

well as the leaves of the barberry become bedewed with

condensed vapour. After leaving it a few minutes, remove

the bell-glass, and apply the germinating spores with a

camel-hair pencil. As the promycelial spores easily become

diffused in the water in the watch-glass, by stirring it with

the camel-hair pencil the water becomes equally charged
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with them ; then, by simply brushing the water on the

leaves, you may be pretty sure of successfully infecting

the plant. Replace the bell-glass, and give it another

douching outside with the watering-can. If sufficient

material has been prepared, each alternate barberry may

be infected in the same manner. The bell-glass need

not be kept over the infected plants more than two or

three days. If the weather be very bright, the bell-glasses

should be shaded by putting a piece of matting or carpet

over them to prevent the foliage being scorched by the sun.

In the course of eight or ten days the yellow spots on

which the spermogonia are produced will appear, and in

two or three weeks the perfect secidiospores will be de-

veloped. It will then be seen that only those barberries to

which the spores were applied have the aecidiospores on

them, while the alternate plants remain free. If an attempt

be made to infect a plant in the day-time, when the sun's

rays are full upon it, it will be found that the water all

runs off the leaves ; but by operating in the evening in the

manner directed, the leaves are bedewed with a thin layer

of moisture, and no difficulty will be found in applying the

spore-charged water.

Should it be desired to perform the converse culture

—

the infection of wheat plants with the barberry aecidiospores

—greater care is necessary to prevent the control plants from

becoming infected, because the aecidiospores will not diffuse

themselves in water, and are very readily carried away by

currents of air. The simplest way is to plant some wheat

in two flower-pots, and at once to place the pots on two

plates of water and cover each with a bell-glass. As soon

as the young wheat plants have made a green leaf, those in

one of the flower-pots may be infected, using the same

precautions as are given above. The aecidiospores may be

collected by brushing them into a watch-glass of water
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with a dry camel-hair pencil, taking care to use only those

which will readily brush off. The contents of the watch-

glass may then be applied to the wheat plants. By this

method the accidental infection of the control plants is

avoided, because the bell-glass is never removed from

them.

Personally, I have found infection with promycelial

spores more certain than with the aecidiospores, because

we can see that they are actually germinating at the time

they are used, while with the aecidiospores this cannot

be done so certainly ; moreover, the a;cidiospores being

generally brought from a distance, they are apt to lose

this germinative power, unless used immediately, from

becoming too dry on the one hand, or on the other, if kept

in too moist an atmosphere during their transit, from many

of them having already germinated before they are em-

ployed. It is only by attention to these minute details

that we can ensure uniform success.

The Gymnosporangia are very easy to cultivate. A
few seedling hawthorns can be obtained anywhere, and it

is necessary only to soak the Gymnosporangiinn clavarics-

forme for twelve hours, when the golden promycelial spores

will be visible to the naked eye.

In producing R. cancellata on pear, it is necessary to

infect two-year old plants, because if seedlings be infected

the spermogonia alone will be produced, because seedling

pears lose their foliage before the Roestelia has had time

to develop ; with these plants it is essential to success

that they should be thoroughly established before they are

made the subject of experiment-

In working out the life-history of the allied species

duplicated cultures are very valuable. Suppose we wish

to produce the eecidia of P. magnusiana and P. pJirngmitis.

Having provided the proper material and a number of
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growing plants of Rnmex obtusifoliius and Ranunadtis
repens, germinate a quantity of the P. magmisiana in a

watch-glass, and then put half on a Rumex and the other

half on a Ranunculus
; in a week or ten days we shall find

the Ranunculus affected and the Rumex free. Care, of

course, must be taken that there is no mixture of teleuto-

spores in the watch-glass. In like manner the P. phrag-

initis may, on a subsequent occasion, be applied to the

other two plants, when we shall find the Rumex become

affected and the Ranunculus will remain free.

The main points to be attended to in order to ensure

success in performing these cultures are, first and foremost,

to have ocular demonstration that your infecting material

is actually germinating at the time you use it; and, secondly,

to infect the young growing foliage of established plants.



DESCRIPTIONS OF THE BRITISH
UREDINE^.

UREDINEJE. Tulasne.

Mycelium parasitic in living plants. Spores formed from the

ends of erect, crowded hyphce, usually of more than one kind.

Teleutospores germinating by a short promycelium.

UROMYCES. Link.

Teleutospores separate, unicellular, pedicellate, produced in

flat sori (spore-beds), apex perforated by a single germ-pore.

I. EUUROMYCES. Schroter.

Having spermogonia, secidiospores, uredospores, and teleutospores, the

latter germinating only after a period of rest,

A. AUTEUUROMYCES.

Having all spore-forms on the same host-plant,

Uromyces fabse. (Pers.)

yEcidiospores—Pseudoperidia generally crowded upon whitish

spots, which are more or less circular, short, slightly pro-

minent, flat, with torn white edges. Spores subglobose,

orange-yellow, finely echinulate, 15-25/xin diameter.

Uredospores—Sori chestnut-brown, roundish, amphigenous, scat-

tered, often confluent, soon naked. Spores subglobose or

ovate, with three germ-pores, shortly echinulate, yellowish

brown, 20-30 x 17-20/x,.

Teleutospores—Sori rounded on the leaves, more abundant and

elongate on the stems, persistent, black. Spores variable

in form, ovate or broadly clavate, dark brown, smooth, apex

much thickened (8-1 o/x), rounded or conical with one in-
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fundibuliform germ-pore, 25-40 x 20-25/x. Pedicels long,

persistent, pale brown.

Sy7tony}7is.

Uromycesorobi, Pers. Winter in Rabh., "Krypt. Flor.," 2nd edit.,

vol. i. p. 158, in part.

Uromyccs fabiv. Cooke, " Grevillea," vol. vii. p. 135.

Uroniyces appendicitlata, Lev. Cooke, " Hdbk.," p. 518;
"Micro. Fungi," 4th edit., p. 212.

Uredo fahce, Pers. Romer, "New Mag.," vol. i. p. 92. Grev.,

"Scot. Crypt. Flor.," t. 95 ; "Flor. Edin.," p. 436, in part.

Uredo fusca. Purton, " Midi. Flor.," vols. ii. and iii., No. 1 130.

Uredo leguminosarum , Link. Berk., " Eng. Flor.," p. 383.

Uredo appendiculosa. Berk., "Eng. Flor.," p. 383.

Trichobasis fab(e, Lev. Cooke, " Micro. Fungi," 4tli edit.,

p. 225.

Puccinia globosa. Grev., " Flor. Edin.," p. 368; "Scot. Crypt.

Flor.," t. 29.

Puccinia fabce, Link. Berk., "Eng. Flor.," p. 434. Cooke,
" Hdbk.," p. 508; "Micro. Fungi," 4th edit, p. 211.

Exsiccati.

Cooke, i. 71; ii. 52. Vize, "Micro. Fungi," 44 ; "Micro.

Fungi Brit.," 63, 223.

On Faba vulgaris, Vicia cracca, sepium, saiii'a, Lathyrus pra-

tensis, Pisum sativum.

^cidiospores, April and May ; uredospores. May to July

;

teleutospores, July to November, and lasting through the winter

on the dead stems.

Biology.—There are several species of Uromyces parasitical

upon the Leguminosre. By most botanists the above is considered

identical with U. ervi. As early in the year as February 8 (1884), I

produced the ^cidium upon a bean plant {V. fabce) from teleutospores

on bean straw which had been grown for agricultural purposes. The

latent period between placing the teleutospores on the host-plant and

the appearance of the spermogonia was twenty-three days. The cul-

ture was repeated on March 20 in two experiments, both of which

were successful, the spermogonia in each case showing on April 16.

In 1886, four cultures were made with U. ervi by placing the germi-
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nating teleutospores on bean, pea {Pisum sativuin)^ and two vetch

seedlings. Although the teleutospores were germinating very freely,

yet they produced no result. In 1888 two further series of cultures

were made with U. fabcr on bean, pea, Vicia sativa, cracca, La/kyn/s

pratejisis^ and Enmtn hirsutiiin. No ascidiospores were produced

except upon the bean and the pea. The fecidium on the bean occurs

on white spots, which are thickened and very conspicuous. On pea

the spots are pale dirty yellow, and the pseudoperidia few and scattered,

while on bean they are numerous and crowded together. There can

be no doubt that U. fahcp and crvi are biologically distinct, but the

1888 cultures show that continued investigation will probably lead to

further subdivision of the forms now grouped under U.fabce.

De Bary says that in some instances the same mycelium which

produces the ascidia of U. fabce gives rise to a few isolated uredo-

spores.

Uromyces orobi. (Pers.)

^cidiospores—Spots scattered or circinate. Pseudoperidia flat or

slightly prominent, with torn whitish edges. Spores sub-

globose or polygonal from mutual pressure, orange, echinulate,

i6-27/A in diameter.

Uredosp07-es—Sori small, crowded or scattered, soon naked, elon-

gated on the stems. Spores subglobose or ovate, echinulate,

yellowish, 15-28 x 16-22/t.

Teleutospores— Sori roundish or elongate, very dark brown, at first

covered with epidermis^ Spores oblong or subpyriform, api-

culate above, often obliquely, from a thickening of the

epispore, dark brown, smooth, 25-40 x 18-28/x. Pedicels

very long, persistent, pale brown.

Synonyms.

Uro?nyces orobi (Pers.). Winter in Rabh., " Krypt. Flor.,"

vol. i. p. 158, in part.

Vadium orobi, Pers. Romer, " New Mag.," vol. i. p. 92.

Aicidium orobi, D. C. Cooke, " Hdbk.," p. 542 ;
" Micro.

Fungi," 4th edit., p. 197. Berk., " Eng. Flor.," vol. v. p. 378.

P2(ccinia fabcB. Johnst., " Flor. Berw.," vol. ii. p. 197.

Exsiccati.

Vize, " Micro. Fungi Brit.," p. 327.

On Lathyrus macrorrhizus {Orobus tuberosus).

July to October.
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Uromyces phaseoli. (Pers.)

yEddiospores—On circular spots about 2 mm. across. Pseudoperidia

cup shaped, crowded, with everted, whitish, deeply toothed

edges. Spores polygonal, finely verrucose, colourless, 20-25 x
1 6- 1 8/A.

Uirdospores—Sori scattered, pale cinnamon brown. Spores

rounded or shortly elliptical, pale brown, echinulate, 25-34 x

15-1V
Teleutospores— Sori black-brown, soon naked. Spores spherical

or shortly elliptical, apex thickened, with a wide germ-pore

and often a colourless papilla, smooth, dark brown, 26-35 ^
22-36/^, Pedicels short, deciduous.

Sy?i0nytHs.

Uromyces phaseoli (Pers.). Winter in Rabh., " Krypt. Flor.,"

vol. i. p. 157.

Uredo appendiculata, var. phaseoli^ Pers. Observat. in " Usteri

ann. d. Botan.," vol. xv. p. 17.

C/roj/iycesp/wseo/ornm, De Bary. Cooke, " Grevillea," vol. vii.

P- 135-

On Phaseolns vulgaris.

May and October.

BiOLOGV.—The spots on which the recidia occur are at first pale,

becoming yellowish.

I have never seen British specimens of this, which is inserted

on the faith of Dr. Cooke's paper upon Uromyces in " Grevillea.''

Uromyces limonii. (D. C.)

^cidiospores—On purplish spots. Pseudoperidia hypophyllous,

white, cylindrical, with much-torn white edges. Spores sub-

globose or ovate, yellow, minutely verrucose, 16-25 x 15-20/x.

Uredospores— Sori brown, roundish, bullate, then naked, scattered.

Spores globose or ovate, pale brown, finely verrucose, 30-35 x

25-30/^-

Teleutospores—Sori small, rounded, black. Spores ovate or sub-

pyriform, darker and thickened at the apex, often attenuated

below, smooth, rich brown, 25-50 X 15-25^. Pedicels very

long.
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Synioiiyvis.

Uromyces liiiwnii {Vi. C). Winter in Rabh., " Krypt. Flor.,"

vol. i. p. 156.

Pucciuia limonii. D. C, " Flore frang.," vol. ii. p. 595.

yEcidium statices, Desm. Cooke, " Micro. Fungi," 4th edit.,

p. 197.

Undo statices, Desm. Cooke, " Hdbk.," p. 528; "Micro.

Fungi," 4th edit., p. 217.

Uredo armeria, Duby. Berk., " Eng. Flor.," p. 377.

Uroinyces limonii, Lev. Cooke, " Hdbk.." p. 518; "Micro.

Fungi," 4tli edit., p. 212.

Exsiccati.

Cooke, i. 632, 444, 591 ; ii. 83, 324. Vize, "Fungi Brit.," 60,

71 ; "Micro. Fungi Brit.," 128.

On Statice limonium, Armeria vulgaris.

u^cidiospores, May and June ; uredospores, June and July ;

teleutospores, July to October.

Biology.—The jecidia occur on pallid spots, which are usually

tinged with purple round their circumference ; on the stems they

cause considerable distortion. As the fungus occurs in situations

which are often covered by the spring tides, it is obvious that the

presence of sah is not inimical to it.

Uromyces polygoni. (Pers.)

.'^cidiospores—Spots generally hypophyllous, rarely cauline.

Pseudoperidia in small irregular clusters, rather flat, with

broad, whitish torn edges. Spores subglobose, finely verru-

cose, pale yellow, 15— 23/x in diameter.

Uredospores—Sori brown, scattered, rarely circinating, amphi-

genous, pulverulent. Spores globose or ovate, pale brown,

finely echinulate, 20—25 ^ 15-20/^.

Teleutospores—Sori blackish, on the leaves roundish, on the stems

elongated. Spores globose or elliptical, smooth, chestnut

brown, apices thickened, rounded or conical, 23-35 X 15-20/x,

Pedicels yellowish, long, persistent.
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Synonytns.

Uroinyces polygo?ii {?ex?,.). Winter in Rabh., " Krypt. Flor.,"

vol. i. p. 154.

Fuccinia polygoni. Pers., " Disp. Meth.," p. 39.

Vadium avicularice, Kze. Cooke, " Micro. Fungi," 4th edit.,

p. 199; "Hdbk,"p. 545.

Uredo polygoiwfum. Grev., "Scot. Crypt. Flor.," t. 80;

'•Flor. Edin.," p. 434. Johnst., "Flor. Bervv.," vol. ii. p. 201.

Berk., " Eng. Flor.," p. 377.

Trichohasis polygonorum, B. Cooke, " Micro. Fungi," 4th

edit, p. 226.

Puccinia vaginalium, Link. Cooke, " Hdbk.," p. 519. Berk.,

"Eng. Flor.," vol. v. p. 363. Cooke, "Micro. Fungi," 4th edit.,

p. 204.

Puccinia aviadaricB. Grev., "Flor. Edin.," p. 429. Johnst.,

"Flor. Berw.," vol. ii. p. 195.

Uromyces polygoni^ Fckl. Cooke, " Hdbk,," p. 519; "Micro.

F'ungi," 4th edit., p. 213.

Urornyces avicularice, Schrot. Cooke, " Grevillea," vol. vii.

p. 136.

Exsiccati.

Cooke, i. 123 ; ii. 144, 312. Vize, "Micro. Fungi Brit.," 30;

"Micro. Fungi," 170.

On Polygonum aviculare.

yEcidiospores, May; uredospores, May to July; teleutospores,

July to November.

BlOLOGV.—The cecidium usually occurs on yellowish spots, which

are often surrounded by a reddish margin. On the stems it causes

considerable distortion.

Urornyces trifolii. (Alb. and Schw.)

y^cidiospores in circular clusters, on pallid spots. Pseudoperidia

shortly cylindrical, flattish, on the stems in elongated groups
;

edges wliitish, torn. Spores subglobose or irregular, finely

verrucose, pale orange, 14-23/x in diameter.
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Uredospores—Sori pale brown, rounded, scattered, surrounded by

the torn epidermis. Spores round or ovate, with three or four

germ-pores, echinulate, brown, 20-26 x 18-20/x.

Tdeutospores—Sori small, rounded, almost black, long covered by

the epidermis. Spores globose, elliptical or subpyriform, with

wart-like incrassations on their summits, smooth, dark brown,

22-30 X 15-20/X. Pedicels long, deciduous.

Synonyms.

Uromyces trifolii (Alb. and Schw.). Winter in Rabh., " Krypt.

Flor.," vol. i. p. 159.

Uredo fabce, p. trifolii. Alb. and Schw., " Consp.," p. 127.

Fuccinia fallens. Cooke, " Hdbk ," p. 508; "Micro. Fungi,"

4th edit., p. 212, in part.

Tric/iobasisfallens. Cooke, "Micro. Fungi," 4th edit., p. 226.

Uromyces apiailatus, Lev. Cooke, "Grevillea," vol. vii.

p. 136.

Exsiccati.

Cooke, i. 116 ; " L. F.," p. 40. Vize, "Fungi Brit.," 18.

On Trifolium prateuse, and repens.

^cidiospores, May; uredospores. May; and teleutospores,

May to November.

Biology.—The Uredo and Uromyces frequently attack the

petioles, where they cause elongated swellings and distortions.

Schroter has found the a^cidiospores only on TrifoUuni repens, and

states that this stage is of very short duration. A plant of T.

repefts, with the Uromyces upon it, was in October brought indoors

and kept there until the following summer. During all this time it

produced only teleutospores, no aicidiospores. In the open air the

foliage would probably have been destroyed by the cold, so that the

fungus would, therefore, have been unable to have kept itself alive, and

would of necessity have been compelled to develop ascidiospores in

spring from the last year's teleutospores (Schroter, " Cohn's Beitrage,"

vol. ii. p. 78). Dr. Cooke has observed bicellular teleutospores

{Seem. four.,vo\. iv., 1866) on Vicia sepium ; they were few in number,

and mixed with the uredospores.
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Uromyces geranii. (D. C.)

^(r/^/^j-/^n'jr^Pseudoperidia crowded in irregular or roundish

patches on reddish spots, shortly cylindrical, edges white, at

first adpressed, afterwards recurved, toothed. Spores roundish,

finely verrucose, orange, 20-30 X 15-20/A.

Uredospores—Sori dark chestnut-brown, in rounded groups, small

rounded, soon naked. Spores spherical, shortly elliptical,

echinulate, pale brown, 20-25 X 19-231U.

Teleutospores—Sori blackish, rounded, often circinate. Spores

elliptical or pyriform, with a colourless wart-like papilla on

the summit, smooth, brown, 20-25 x 17-23/^. Pedicels

short, deciduous.

Synonyms.

Uromyces geranii {V). C). Winter in Rabh., " Krypt. Flor.,"

vol. i. p. 160.

Uredo geranii. D. C, " Synop. Plant.," p. 47. Berk., " Eng.

Flor.," vol. V. p. 380. Sow., t. 398, fig. 5. Grev., "Scot. Crypt.

Flor.," t. 8; "Flor. Edia," p. 434. Johnst., "Flor. Berw.," vol. ii.

p. 201.

Trichobasis geranii, Berk. Cooke, " Hdbk.," p. 530.

yEcidium geranii, D. C. Cooke, "Micro. Fungi," 4th edit.,

p. 199; "Hdbk.," p. 543. Berk., "Eng. Flor.," vol. v. p. 371.

Johnst., "Flor. Berw.," vol. ii. p. 205.

Uromyces geranii. Cooke, "Micro. Fungi," 4th edit., p. 213;

"Grevillea," vol. vii. p. 134.

Exsiccati.

Cooke, i. 107, 440; ii. 50.

On Geranium sylvaticum, pratense, dissechim, and violle.

May to October.

Biology.—-At the Mycological Conference in Paris, in 1887, Dr.

Richon exhibited a figure of the uredospores accompanied by large

clavate, hyaline paraphyses, but I have not observed these in any

British specimen I have examined. The eecidiospores often cause

great distortion when they occur on the stems. On the leaves they

usually occur on reddish spots. Professor Trail finds this fungus

near Aberdeen, on the two first-named host-plants, but not upon G.

disscctinn or mollc.
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Uromyces betae. (Ters.

)

yEcidiospores—On yellowish rounded or elongated spots. Pseudo-

peridia irregularly scattered or circinate, cup-shaped, with

whitish torn edges. Spores polygonal, isodiametric, orange-

yellow, smooth, 15-25/X in diameter.

Uredospores—Sori brown, irregularly roundish, surrounded by the

ruptured epidermis, scattered or circinate. Spores ovate or

elliptical, pale yellowish brown, echinulate, 25-30 x 16-25/x.

Teleutospores—Sori black brown. Spores roundish, elliptical,

ovate or obovate, dark brown, smooth, with a colourless

papilla on their summits, 25-35 ^ 20-25/x,. Pedicels long,

deciduous.

Synonyms.

Uromyces beUc (Pers.). Winter in Rabh., " Krypt. Flor.,'

vol. i. p. 155.

Urcdo bel(E, Pers., "Syn.," p. 220. Berk., " Eng. Flor.,"'

vol. V. p. 377.

Uromyces betce, Kuhn. Cooke, "Grevillea," vol. vii. p. 136;

"Micro. Fungi," 4th edit., p. 213.

Trichobasis betcc, Lev. Cooke, " Hdbk.," No. T5S7 ; "Micro.

Fungi," 4th edit., p. 225.

Exsiccatt.

Cooke, i. 70; ii. 31, " L. F.," 39. Vize, "Micro. Fungi

Bfit.," 553.

On Befa vulgaris and maritima.

^cidiospores, April and May; uredospores, June and July;

teleutospores, August to October.

Biology.—The cecidiospores are very rarely found in this country

in a state of nature. In 1885, I produced the secidia on two plants of

mangold from the teleutospores from wild plants of Beta viariiinia

grown on the banks of the River Ouse at West Lynn. Some dead
stems of the Beta were laid on the mangold plants on March 20, and
on April 21 the secidiospores were found, which in due course were
followed by the uredospores. The a^cidium was found in April, on

the wild Beta /naritiina.
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Uromyces Valerianae. (Schum.)

^cidiospores—Pseudoperidia hypophyllous, rarely cauline, circi-

nate, scattered, cup-shaped, on the stem often elongate,

slightly prominent, with torn, erect, white edges. Spores

polygonal, finely echinulate, orange-yellow, 1
7-2 4/a in diameter.

Uredospores—Sori small, reddish brown, rounded, scattered or

clustered, amphigenous. Spores spherical or elliptical, echi-

nulate, pale brown, 20-30 x 18-20/x.

Telcutospores—Spots irregular, dark brown, sometimes forming

dendritic figures. Sori long covered by the epidermis, amphi-

genous, slightly elevated. Spores elliptical or ovate, summits

thickened, smooth, chestnut brown, 20-25 x 15-20/A. Pedi

eels short, deciduous.

Synonyms.

Uromyces Valeriana; (Schum.). Winter in Rabh., " Krypt.

Flor.," vol. i. p. 157. Cooke, " Grevillea," vol. vii. p. 137.

Uredo vakriance, Schum. "Enum. Plant. Ssell.," vol. ii. p. 233.

Lecythea Valeriana. Berk., " Outl.," p. 334. Cooke, " Hdbk.,"

p. 523 ;
" Micro. Fungi," 4th edit., p. 222.

^cidium vakrianaceariun, Duby. Cooke, "Hdbk.," p. 540;

"Micro. Fungi," 4th edit, p. 196; " Eng. Flor.," vol. v. p. 370.

Johnst., " Flor. Berw.," vol. ii. p. 206.

Exsiccaii.

Berk., 349. Cooke, i. 63, 103; ii. 64, 88; " L. F.," 32, 56.

Vize, " Micro. Fungi Brit.," 132, 448 ;
" Fungi Brit.," 68.

On Valeriana officinalis and dioica.

^cidiospores, May and June ; uredospores, June and July ;

teleutospores, July to September.

Biology.—The presence of the mycelium in the leaves and stems

causes the ascidiospore-sori to be seated on the thickened spots.

Uromyces parnassiae. (D. C.)

yEcidiosporcs—Hypophyllous on pallid spots, in rounded patches.

Pseudoperidia, tawny yellow, between urceolate and concave,

with thick edges. Spores pallid.

Uredospores—Spores 'spherical, rough, 20-25//, in diameter.
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Teleutospores—Sori amphigenous, at first bullate, then rupturing

the epidermis, scattered, often confluent. Spores subglobose,

ovoid, brown, smooth, 25-30 x 20-22/A.

Synoiiy)ns.

Uredo paniassice. D. C, " Flore franc^;.," vol. vi. p. 68.

yEcidium parnassice, Grev. Cooke, "Micro. Fungi, 4th edit.,

p. 198.

Trichobasis parnassuc. Cooke, Seem. Jour. Bot, vol. ii.

p. 344; "Hdbk.,"p. 531.

Uromyces parnassice, Schrot. Cooke, " Grevillea," vol. vii.

P- 134-

Exsiccati.

Cooke, i. 74. Vize, " Micro. Fungi," 4, 226.

On Parnassia palustris.

The aecidiospores were found by Dr. Greville near Glasgow,

and by Professor Trail near Aberdeen ; the teleutospores by Dr.

Cooke at Irstead, Norfolk, in 1S64.

Uromyces salicorniae. (D. C.)

y^cidiospores—Pseudoperidia scattered or in small clusters, at

first hemispherical, then shortly cylindrical, with erect, white

torn edges. Spores polygonal, isodiametric, finely verrucose,

orange-yellow, 17-35/^ in diameter.

Uredospores—Sori rounded, small, long surrounded by the rup-

tured epidermis. Spores oblong or subpyriform, echinulate

20-35 ^ l8-20yU,.

Teleutospores—Sori generally larger than those of the uredospores,

pulverulent, dark brown, soon naked. Spores rounded, sub-

pyriform, apex often thickened, smooth, dark brown, 24-36 x
15-26/X. Pedicels long, persistent.

Synonyms.

Uromyces salicornicz (D. C). Winter in Rabh., " Krypt.

Flor.," vol. i. p. 156. Cooke, "Grevillea," vol. vii. p. 137.

^-Ecidiiim salicornicB. D. C, " Flore fran^.," vol. vi p. 92.

K
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Exsiccati.

Cooke, i. 53S; ii. 143. Vize, " Micro. Fuagi," 139.

On Salicoriiia hcrbacea.

Biology.—The jecidiospores often occur on the young cotyle-

donary leaves, on yellowish spots.

B. Heteruromyces. Schrot.

Having the spermogonia and secidiospores on one host-plant, and the

uredospores and teleutcspores upon another of a different genus.

Uromyces dactylidis. Otth.

Aicidiospores—Pseudoperidia on rounded or elongated spots,

often in confluent clusters, cup-shaped, with everted torn white

edges. Spores polygonal, subglobose, or isodiametric, 15-25111

in diameter.

Uredospores—Sori small, elliptical or oblong, scattered, long

covered by the epidermis. Spores almost spherical, rarely

ovate, echinulate, orange-yellow, 18-30 x 15-20/^,, without

paraphyses.

Teleutospo7-es—Sori small, elongated or roundish, long covered by

the epidermis. Spores irregularly rounded or oblong, some-

what thickened and darker above, smooth, brown, 18-20 x
14-17/11. Pedicels short, persistent.

Synonyms.

^cidium raminculacearum, D. C. in part. Cooke, " Hdbk.,"

P- 539 j
" Micro. Fungi," 4th edit, p. 196.

Uromyces dactylidis. Otth., "Nat. Ges. in Bern." (1861),

p. 85. Winter in Rabh., " Krypt. Flor.," vol. i. p. 161.

Uromyces graminum. Cooke, " Hdbk.," p. 520 ;
" Grevillea,"

vol. vii. p. 138; "Micro. Fungi," 4th edit., p. 214.

Exsiccati.

Cooke, i. 537. Vize, "Fungi Brit.," 37; "Micro. Fungi

Brit.," 139.

^cidiospores on Ranunculus Imlbosus, May and June.

Teleutospores on Dactylis glomerata, July to October, and

continuing on the dead stems until the following spring.
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1

Biology.—This species has been the subject of many cultures by

me. It has been stated that the uredospores are provided with para-

physes ; in this country they certainly are not. It has been affirmed,

too, that Ranwicuhts repens and acris bear the jecidiospores ; but in

numerous cultures, many of which were serial {i.e. the same infecting

material was simultaneously applied to a series of plants), no result

was obtained on the above-named plants (A*, acris and repois). The
series included R. bulbosns, and on it, and on it alone, the aecidium

developed, the other species named above (/?. repens and actis), as

well as R.Jicaria and auricomus remaining free from the parasite ;

conversely, the £Ecidiospores from R.biilbostis applied to Poa pratensis

and tri7nalis produced no result.

For a detailed account of these cultures, see Quart. Jour, of

Micro. Science., vol. xxv., new series, pp. 152-156.

Uromyces pose. Rabh.

ALcidiospores—Similar to the preceding. Spores 15-20/^111 diameter.

Uredospores—Sori orange, rounded, elliptical, or linear ; at first

covered by the epidermis, which splits longitudinally. Spores

rounded, elliptical, or ovate, finely echinulate, orange-yellow

16-26/X in diameter, without paraphyses.

Tcleutospores—^on brown, small, punctiform or elongate, covered

by the epidermis. Spores generally irregular in form, often

elliptical or ovate, pale brown, with a smooth epispore, 17-25

X 25-40/x. Pedicels 'long, narrow, rather persistent.

Sy/ionyins.

.Mcidium ficaricR. Pers., " Obs. Myc," vol. ii. p. 23. Purton,

" Midi. Flor.," vol. iii. p. 333. Sow, t. 397, fig. 4.

^cidiuvi ranunculacearum, D. C. in part. Cooke, " Hdbk.,"

p. 539; "Micro. Fungi," 4th edit, p. 196, plate ii. figs. 12-14.

Johnst., " Flor. Berw.," vol. ii. p. 206. Berk., " Eng. Flor.," vol. v.

p. 370-

/Ecidium confcrtinn. Grev., " Flor. Edin.," p. 446. Johnst.,

" Flor. Berw.," vol. ii. p. 205.

Uromyces poa;. Rabh., " Unio. Itin." (1866), No. xxxviii.

Winter in Rabh., " Krypt. Flor.," vol. i. p. 162.

Exsiccati.

Cooke, i. 8 ; ii. 87 ;
" L. F.," 55. Vize, " Fungi Brit.," 72.
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yEcidiospores on Raiinnculiis Jiairia, repciis, and bidbosiis,

March to May.

Teleutospores on Poa irivialis, pratefisis, and annua, April

to July.

Biology.—This species is said to occur on P. nemoralis as well

as on P. pratensis and irivialis, but I have been unable to produce it

on the first mentioned, although I have done so several times on the

two latter. In one serial culture in which the Uromyces from P.

irivialis was applied to R. ficaria, (2) rcpens, and (3) bulbosa, the

recidium was produced on the two latter, but not on the first named.

No result was obtained on R. auricomus and acris. At present it is

safer to say that Ur. poa; has its iscidiospores on R. ficaria, repens,

and apparently on R. bulbosus (because I do not like to be too con-

fident about one culture), and that it has its teleutospores on Poa

irivialis and pratensis. I have failed more than once in producing

the aecidium on R. ficaria from the Uromyces on P. irivialis, although

I have always succeeded with teleutospores from P. irivialis on A'.

repeiis, and I think it quite possible that there may be two species, the

one having its teleutospores on P. irivialis, and its scidiospores on

R. repens, the other with its teleutospores on P. praieusis, and its

Lccidiospores on R. ficaria. Further cultures can alone determine

the truth of this surmise.

Uromyces junci. (Desm.)

ALcidiospons—Pseudoperidia circinating, cup-shaped, with whitish

torn edges. Spores polygonal, irregular, globose or elongate,

pale orange, smooth, 15-23/x in diameter.

Uredospores—Sori on brown or yellowish elongated spots,

scattered, irregular, rounded or elongated, confluent. Spores

rounded or elliptical, echinulate, pale brown, 17-28 x i5-i7/<.

Teleniospores—Sori round or elongate. Spores dark brown,

usually elliptical or cuneiform, with much thickened and often

attenuated summits, deep brown, smooth, 20-40 x 15-20/x.

Pedicels long, thick, pale brown.

Synonyms.

Uromyces Junci {\}i:-,m.). Winter in Rabh., " Krypt. Flor.,"

vol. i. p. 162.

Puccinia jmici, Desm. " Plant. Crypt. Edin.," 2nd edit.,

No. 170.

Jiciditan zonale, Duby. " Bot. Gall.," vol. ii. p. 906.
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Uroviyces jiinci, Tul. Cooke, "Grevillea," vol. vii. p. 139;

'•Micro. Fungi," 4th edit., p. 213.

Exsiccati.

Vize, "Micro. Fungi Brit.," 445.

^cidiospores on Lnila dysenterua, May to July.

Teleutospores on /uncus obtusiflorus, July to October, and

lasting through the winter on the dead stems.

Biology.—The presence of the mycelium of the nscidiospores in

the leaves causes round spots, which are yellowish in colour, and

surrounded by a purple line. Fuckel suggested the probability of the

connection between the aecidiospores and the teleutospores, but I

believe the actual demonstration of their relationship by culture was

never made until I did so in 1882.

Uromyces pisi. (Pers.)

^cidiospores—Scattered over the whole leaf surface. Pseudope-

ridia cup-shaped, with whitish edges. Spores subglobose or

polygonal, orange, finely verrucose, 17-26/x in diameter.

Uredospores—Sori roundish, scattered or crowded, cinnamon-

brown. Spores subglobose or elongate, yellowish brown,

echinulate, 17-20 X 20-25/^.

Teleiitospcres—Sori roundish or elliptical, blackish. Spores sub-

globose or shortly elliptical, finely but closely punctate when

recent, apex only slightly thickened, 20-30 x 17-20/^

Pedicels long, colourless, fragile.

Synonyms.

Uromyces pisi (Pers.). Winter in Rabh., " Krypt. Flor.,"

vol. i. p. 163.

Undo appendiculata, /?. pisi. Pers., " Observ. myc." in Usteri,

Annal. d. Botan., vol. xv. p. [7.

Uromyces pisi, De Bary. Cooke, " Grevillea," vol. vii. p. 135,

^cidium cyparissicB. I). C, "Flore frang.," vol. ii. p. 240.

^cidiospores on Eupliorhia cyparissias.

Uredospores and teleutospores, on tisum sativum.
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Biology.— I have no acquaintance with this as a British species,

and the host-plant of its aecidiospores is not native in this country. Its

hfe-history was worked out by Schroter, who states that the teleuto-

spores occur on Vicia cracca, Pisum sativmn, Lathyrus pratensis and

sylvestris. He further finds that another aecidium on E. cyparissias

produces another Uromyces

—

U. siriatus, with brown teleutospores ;

which, when recent, are dehcately striate with wavy Hues, and which

have a flat conchiform brown cap over the germ-pore. The latter

occurs on Lotus corniadatus, TrifoHuni arvense, Medicago sativa^ etc.

II. BRACHYUROMYCES. Schrot.

Having spermogonia, uredospores, and teleutospores.

III. HEMIUROMYCES. Schrot.

Having only uredospores and teleutospores, which occur on the same host-

plant. I ,

Uromyces scutellatus. (Schrank.)

Uredospores—Sori small, roundish, at first covered by the epi-

dermis. Spores scanty, mixed with the teleutospores, roundish

or subpyriform, with a thick colourless or yellowish-brown

spore-membrane, smooth, verrucose or finely echinulate, 20-

35 X 15-25/^-

Telejitospores—Irregular, rounded, ovate, or oblong, apices of the

spores often surmounted with a broad, flat, pale or colourless

papilla. Spores brown, smooth, tuberculate or reticulate,

20-40 X 15-25//-. Pedicels rather long, deciduous.

Synonyms.

Lycoperdon scutellatuni, Schrank. " Baiersch Flor.," vol. ii.

p. 631.

Uredo excavata, D. C. " Synop. Plant.," p. 47.

Uromyces scutellatus, Lev. Cooke, " Grevillea," vol. vii. p. 137,

in part.

Uromyces excavatus, D. C. Cooke, " Grevillea," vol. vii.

p. 138; "Micro. Fungi," 4th edit., p. 213.

Uromyces scutellatus (Schrank). Winter in Rabh., "Crypt,

Flor.," vol. i. p. 144-

On various Euphorbia (?).
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Biology.—The mycelium of the teleutospores permeates the

whole plant. The foliage of the affected plants is altered by its

presence, being shorter, broader, and thicker ; moreover, they seldom

blossom. The sori are scattered over the whole plant. Winter con-

siders this species to belong to Hemiuromyces, Schroter that it is

without uredospores. It is doubtfully British.

Uromyces anthyllidis. (Grev.)

Uredospores—Sori roundish, chestnut-brown. Spores subglobose,

2 2-24/x in diameter, echinulate, chestnut-brown, with four

or five germ-pores, contents orange-red.

Teleutospores—Sori l^rownish black. Spores short, elliptical or

globose, 19-22 X 17-20/^,, dark chestnut-brown, markedly

verrucose, apex rounded. Pedicels short, deciduous.

Synonyms.

Uredo anthyllidis. Grev. in Hook. Herb. Berk., " Eng. Flor.,"

vol. V. p. 383.

Uromyces anthyllidis. Schrot., " Krypt. Flor. Schl.," vol. iii.

p. 308.

On Anthyllis viilneraria. June to October.

Uromyces rumicis. (Schum.)

Uredospores—Sori amphigenous, brown, small, round, scattered.

Spores elliptical or subrotund, echinulate, pale brown, 20-25

X 20-30/A.

Teleiitospo7-es—^ox\ dark brown, roundish, scattered. Spores

roundish, elliptical or subpyriform, chestnut-brown, smooth,

25-35 X 15-25/X, apex of the spores having a pale, rounded,

wart-like point. Pedicels short, deciduous.

Synonyms.

Uromyces rumicis (Schum.). Winter in Rabh., " Krypt. Flor.,"

vol. i. p. 145-

Uredo rumicis, Schum. '* Enum. Plant. Saell.," vol. ii. p. 231.

Purton, "Midi. Flor.," vol. iii. No. 1544.

Uredo bifrons. Grev., " Flor. Edin.," p. 435. Berk., " Eng.

Flor.," vol. V. p. 382. Johnst., "Flor. Berw.," vol. ii. p. 201.

Cooke, "Hdbk.," p. 528; "Micro. Fungi," 4th edit., p. 217,

t. vii. figs. 137-139-
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Uredo apicitlosa, Link. Berk., " Eng. Flor.," vol. v. p. 382.

Purton, "Midi. Flor.," vol. iii. p. 297. Grev., "Flor. Edin.,"

p. 436.

Trichobasis rumicum^ D. C. Cooke, " Micro. Fungi," 4th edit.,

p. 225.

Uromyces apiailosa, Lev. Cooke, "Hdbk.,"p. 518; "Micro.

Fungi," 4th edit., p. 212, t. vii. figs. 154-155.

Uromyces rumicu»i, Lev. Cooke, " Grevillea," vol. vii. p. 136.

Exsiccati.

Cooke, i. 318, 322; "L. F.," p. 26. Vize, '^ Fungi Brit.,"

63, 55 ; "Micro. Fungi Brit.," 225.

On Rumex conglomeratus, obtiisifoliiis, crispus, hydrolapathum,

acetosa. May to September.

Biology.—The sori are often accompanied by very little dis-

coloration of the foliage, but the presence of the mycelium often

causes those parts of the leaf which are adjacent to the sori to retain

their original green colour long after the unaffected portions of the

leaves have become yellow from age. Sometimes, however, on

R. acetosa there is considerable red discoloration.

Uromyces sparsus, (Kze. and Schm.)

Uredospores—Sori on pale spots, often convex, round or elliptical,

amphigenous or cauline, long covered, at length surrounded

by the ruptured epidermis. Spores round or oblong, 20-23/A

in diameter, to 30/x in length.

Jeleutospores—Round or ovoid, frequently attenuated below,

brown, smooth, epispore thickened above, sometimes hooded,

30-40 X 15-24/X. Pedicels long and persistent.

Synonyms.

Uromyces sparsus (Kze. and Schm.). Winter in Rabh.,

"Krypt. Flor.," vol. i. p. 148.

Uredo sparsus, Kze. and Schm. " Deutsch. Schwamme," 170.

Uromyces sparsa, Lev. Cooke, " Hdbk.," p. 5 19 ;
" Grevillea,"

vol. vii. p. 137; "Micro. Fungi," 4th edit., p. 214.

On Spergiilaria nihra. May to July.
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Uromyces alchemillae. (Pers.)

Uredospores—Sori golden-scarlet, hypogenous, rounded or ellipti-

cal,, frequently arranged radially, following venation of the

leaves, becoming confluent. Spores globose, elliptical, or oval,

epispore thickly covered with short sharp points, orange-yellow,

15-25 X 15-20/A.

Teleutospores—Sori chestnut-brown, hypogenous, scattered, round-

ish, discrete, rarely confluent. Spores elliptical or ovate,

verrucose, brown, 30-40 x 20-35/x. Pedicels rather long,

deciduous.

SynoJiyms,

Uromyces alchemillcB (Pers.). Winter in Rabh., " Krypt. Flor.,"

vol. i. p. 146.

Uredo alcheinilla'. Pers., " Syn.," p. 215. Grev., "Flor.

Edin.," p. 439. Johnst., "Flor. Berw.," vol. ii. p. 199.

Uredo iiitrusa. Grev., " Flor. Edin.," p. 436. Berk., " Eng.

Flor.," vol. ii. p. 382. Johnst, " Flor. Berw.," vol. ii. p. 201.

Uromyces ifitn/sa, Lev. Cooke, "Hdbk.," p. 519; "Micro.

Fungi," 4th edit., p. 213.

Uromyces alchemilla, Fckl. Cooke, "Grevillea," vol. vii. p.

136.

Trachyspora alchemiUce^ Fckl. Bot. Zeit., 186 r, p. 250.

Schroter, " Krypt. Flor. Scblesien," vol. iii. p. 350.

Exsiccati.

Cooke, i. 121 ;
" L. F.," 27. Vize, " Fungi Brit.," 40 ;

" Micro.

Fungi Brit.," 43.

On Alchemilla vulgaris. May to September.

Biology.^Those leaves which are attacked by the mycelium of

the uredospores do not properly develop, and are usually more elongated

in the stalk than the healthy ones. The teleutospores are much less

conspicuous than the uredospores.

Uromyces alliorum. (D. C.)

Uredospores—Subglobose, pale, 22 x 25/A. Epispore thin.

Teleutospores— Elliptical, brown, 30-35 X 15-iS/j,. Pedicels

very evanescent.
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Synonyms.

Uromyces alliorum, D. C. Cooke, "Grevillea," vol. vii. p. 138 ;

"Micro. Fungi," 4th edit., p. 212.

Uredo alliorum, D. C. Cooke, "Micro. Fungi," 4th edit.,

p. 217, in part.

I am unacquainted with this species.

IV. UROMYCOPSIS. Schrot.

Having spermogonia, secidiospores, and teleutospores. Uredospores absent.

Uromyces behenis. (D. C.)

^-Ecidiospores—Pseudoperidia in round, often confluent, circinate

clusters, sometimes almost covering the affected leaf, slightly

prominent, rather short, with broad, torn, whitish-yellow edges.

Spores round or elongate, finely echinulate, orange-yellow,

15-20/X, in diameter.

Teleutospores—Sori dark brown, often occurring with the secidia

in small, roundish clusters, sometimes confluent, long covered

by the epidermis. Spores elliptical or ovate, smooth, with

rather markedly thickened summits, 25-40 x 17-25/x.

Pedicels very long, stout, persistent, hyaline or yellowish.

Synonyjns.

Uromyces behenis, D. C. Winter in Rabh,, " Krypt. Flor.,"

vol. i. p. 153.

^cidium behenis, D. C. " Encycl.," vol. viii. p. 239. Berk.,

" Eng. Flor.," vol. v. p. 372. Cooke, " Hdbk.," p. 541 ;
" Micro.

Fungi," 4th edit., p. 197.

Uromyces behenis. Lev. Cooke, "Grevillea," vol. vii. p. 134;
" Micro. Fungi," 4th edit., p. 213.

Exsiccati.

Baxt, 90. Cooke, i. 442. Vize, " Fungi Brit.," 167 ;
" Micro.

Fungi Brit.," 134.

On Silene inflata, mariiima. July to September.

Biology.—The mycelium causes considerable discoloration of

the host-plant, the affected spots being sometimes yellow, sometimes
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brown, and generally having a purple margin. Both aecidiospores and

teleutospores are produced from the same mycelium, as is the case

with the Chilian species, Puccinia berberidis.

Uromyces scrophularise. (D. C.)

yEcidiospores—Pseudoperidia on yellowish spots, in roundish cir-

cinate clusters, generally hypophyllous, with rather prominent,

yellowish-white, erect or sometimes inverted, entire edges.

Spores rounded, polygonal, finely verrucose, 17-30/A in

diameter.

Teleutospores—Sori frequently intermingled with the accompanying

secidia, circinate, confluent or following the venation, small,

round or elliptical. Spores round, obovate or oblong, or

subpyriform, with much-thickened, often conically attenuated

summits, chestnut-brown, smooth, 20-35 X io-20/x. Pedicels

rather long, deciduous.

Synojivms.

Uromyces scrop/udarice (D. C). Winter in Rabh., " Krypt.

Flor.," vol. i. p. 151.

yEcidium scrophidarice. D. C, " Flore frang.," vol. vi. p. 91.

Cooke, "Hdbk.," p. 544; "Micro, Fungi," 4th edit., p. 199.

Uromyces concomitans, Y^. and Br. Cooke, " Micro. Fungi,"

4th edit., p. 213.

Uromyces scrophularice, Lev. Cooke, " Grevillea," vol. vii.

p. 136; "Micro. Fungi," 4th edit., p. 213.

Puccinia scrophidarice. Lev. Cooke, " Hdbk.," p. 497.

Exsiccati.

Cooke, i. 209 , ii. 82, 637. Vize, "Micro. Fungi Brit," 41.

On ScropJuiIaria tiodosa.

May to October.

Biology.—The mycelium causes considerable distortions of the

stem and petioles ; the spots are yellowish, usually surrounded by a

purplish margin. In this species the same mycelium which produces

the lecidiospores also gives rise to the teleutospores.
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Uromyces ervi. (Wallr.)

^Ecidiospores—Scattered over both surfaces of the leaves and on the

stems. Pseudoperidia cyHndrical or abbreviated, with torn

white edges. Spores subglobose, orange, often polygonal,

IO-I2/X in diameter.

Teleutospores—Sori oval, elliptical or linear, shining black, per-

sistent, erumpent, mostly cauline. Spores ovate or subglobose,

smooth, brown, apex thickened and darker, rounded or flat-

tened, often with a blunt conical incrassation, io-12/x high

3°~35 X i5~2 5/*. Pedicels brown, long, firmly attached,

stout.

Synonym.

A^.cidiuni ervi. Wallr., " Flor. Crypt. Germ.,'" vol. ii. p. 247.

On Vicia hirsiita {Ervum hirsutum, L.).

^cidiospores, May to June and August to October ; teleuto-

spores, from July, lasting on the dead stems through the winter.

Biology.— Intermixed with the teleutospores occasionally are

found a few ovate, pale brown uredospores, 20 x \o^. This species

morphologically closely resembles U. orobi, fabce, and pisz; but I

found, in 1886, that the germinating teleutospores, when placed on

young plants of Piston sativum., Faba vulgaris, and a vetch seedling,

produced no effect (Exp. 623, 645, 646, 647). In 1888, no result was

obtained on Vicia cracca, safiva, and Latliyrus pratensis, but only

upon Ervuni Jiirsutiim (Exp. 813 to 827).

V. MICRUROMYCES. Schrot.

Having only teleutospores, which germinate after a period of rest. Rarely

there are found hidden between the teleutospores a few solitary uredospores.

Uromyces ficariae. (Schum.)

Teleutospores— Sori numerous, amphigenous, in more or less

rounded clusters. Spores mostly ovoid, obovate, or pyri-

form, smooth, brown ; the apex of each has usually a wart-

like, pale brown papilla, 25-44 x 16-26/x. Pedicels short,

colourless.
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Synonyms.

Uromyces ficarict (Schum.). Winter in Rabh., " Krypt. Flor.,"

vol. i. p. 141.

Uredo ficarice, Schum. " Enum. Plant. Siell.," pt. ii. p. 232.

Grev., " Flor. Edin.," p. 434. Johnst., " Flor. Berw.," vol. ii. p. 203.

Berk., " Eng. Flor.," vol. v. p. 380.

Uroniyces ficaricB, Lev. Cooke, "Hdbk.," p. 518; "Micro.

Fungi," 4th edit., p. 212, t. vii. figs. 156, 157; " Grevillea," vol.

vii. p. 134.

Exsicxati.

Cooke, i. 122; ii. 145 ;

'• L. F.," 24. Vize, "Fungi Brit.," 41.

On Raniinculns ficaria, L.

April to June.

Biology.—The sori occur upon pale spots on the leaves and stems
;

on the latter, they cause elongated distortions. This species was at

one time considered to be the teleutospores of ALcidiuni ficario', until

Schroter (Cohn's " Beilrage," vol. ii. pt. iii. p. 63) worked out the life-

history of the Ranitnctihis ^-Ecidia.

Uromyces scillarum. (Grev.)

Teleutospores—Sori amphigenous, brown, arranged more or less

concentrically, sometimes irregularly, becoming confluent,

especially in the centre of the larger groups, at first covered

with the cuticle. Spores roundish, ovate, or elliptical, with a

uniformly thick, smooth, brown epispore, apex rounded or

flattened, 20-30 x 15-20/A. Pedicels short, slender, deciduous.

SynoTiyms.

Uromyces scillarum (Grev.). Winter in Rabh., "Krypt. Flor.,"

vol. i. p. 142.

Uredo scillariDn. Grev., "Flor. Edin.," p. 376. Berk., "Eng.
Flor.," vol. V. p. 376.

Uromyces concentrica, Lev. Cooke, "Hdbk.," p. 519.

Uromyces concentricas, LeV. Cooke, " Grevillea," vol. vii.

p. 138 ; "Micro. Fungi," 4th edit., p. 213.

Puccinia scillarum. Baxt., Exs. 40.
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Oil Scilla bifolia and nutans.

May and June.

Biology.—The presence of the mycelium causes the sori to be

produced on paler discoloured spots on the leaves and stems.

Uromyces ornitliogali. (Wallr.)

Teleiitospores—Sori dark brown, scattered, elliptical or oblong, on

the smaller leaves causing various distortions, often confluent,

at first covered by the epidermis, then pulverulent. Spores

elliptical or subpyriform, sometimes smooth, sometimes rough,

pale or chestnut-brown, having a colourless wart-like point

above, rounded or attenuated below, 25-40 X 17-22/x. Pedi-

cels long, slender, deciduous.

Synonyms.

Uromyces ornithogali (Wallr.). Winter in Rabh., " Krypt.

Flor.," vol. i. p. 141.

Eijsibe rostcUata, var. ornithogali. Wallr., " Flor. Crypt.

Germ.," vol. ii. p. 209.

Uromyces ornithogali, Le'v. Cooke, " Grevillea," vol. vii.

p. 138.

On Gagea lutea, L.

Biology.—The presence of the mycelium causes variously shaped

pale spots on the affected leaves.

Uromyces urticse. Cooke.

Teleiitospores—Subpyriform, apiculate, pale, 30 X iS/i^. Epispore

thickened, on hyaline pedicels.

Synonym.

Uromyces iirticcE. Cooke, "Grevillea," vol. vii. p. 137.

On Urtica dioica. Shere, Surrey.

This species has never been found but once. It is remarkable

that no one except Dr. Cooke should have met with it, seeing how

common the host-plant is.



A uteupuccinia. 1 4 3

M. LEl'TUROMYCES. Schrot.

Having only teleutospores, which gonniiiate as soon as they arc mature

upon the living host-plant.

PUCCINIA. Pers.

Teleutospores separate, pedicellate, produced in flat sori, con-

sisting of two superimposed cells, each of which is provided with

a germ-pore. The superior cell has its germ-pore, as a rule,

piercing its apex ; in the inferior the germ-pore is placed laterally,

immediately below the septum.

I. EUPUCCINIA. Schrot.

Having spermogonia, EEcidiospores, uredospores, and teleutospores ; the

latter germinating only after a period of rest.

A. AuTEUPUCCiNiA. De Bary.

Spermogonia, a;cidiospores, uredospores, and teleutospores on the same

host-plant.

Puccinia galii. (Pers.)

^Ecidiosporcs— Pseudoperidia scattered or clustered in irregular

groups, edges torn, whitish. Spores roundish or shortly ellipti-

cal, orange-yellow, smooth, 16-23/x in diameter.

Uredospores—Sori reddish brown, round or oval, often confluent.

Spores globose, oval, or ovate, echinulate, pale brown, 20-30

X 17-22/U,.

Teleutospores—Sori black, roundish, persistent. Spores elliptical,

oblong, or clavate, base attenuated, apex much thickened

(9-10/x), often obliquely conical, constriction slight, brown,

smooth, 30-55 X 15-25/X. Pedicels rather long, brown.

Sy7ionyms.

Puccinia galii (Pers.). Winter in Rabh., " Krypt. Flor.," vol. i.

p. 210.

yEcidium ga/ii. Pers., "Syn.," p. 207. Cooke, " Hdbk.,"

p. 540; "Micro. Fungi," 4th edit., p. 196, t. ii. figs. 15-17.

Trichobasis galii, I.ev. Berk., " Outl.," p. 332. Cooke,

"Hdbk.," p. 501 ; "Micro. Fungi," 4th edit., p. 226.
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Puccinia galionim, Link. Berk., " Eng. Flor.," vol. v. p. 366.

Cooke, "Hdbk.," p. 501; "Micro. Fungi," 4th edit., p. 208,

t. viii. figs. 172, 173.

Puccinia diffonnis, Fckl. Cooke, " Hdbk.," p. 501 ;
" Micro.

Fungi," 4th edit., p. 208.

Exsiccati.

Cooke, i. 9, 72, 113; ii. 318, 325, 575. Vize, "Fungi Brit.,"

82, 229; "Micro. Fungi Brit.," no.

On Asperula odorata, Galium cruciata, apamie, idiginosum,

palustre, veruin, moiliigo.

Biology.—The presence of the myceHum in the stems, especially
in G. aparine, causes considerable swellings and distortions.

Puccinia asparagi. D. C.

.^a^/(?5/(?/rj—Pseudoperidia in elongated patches upon the stems

and larger branches, short, edges erect, toothed. Spores orange-

yellow, round, very finely echinulate, 15-26/^ in diameter.

Uredospcres—Sori brown, flat, small, long covered by the epider-

mis. Spores irregularly round or oval, clear brown, echinu-

late, 17-25 X 20-30/x,

Tcleutospores—Sori black-brown, compact, pulvinate, elongate or

rounded, scattered. Spores oblong or clavate, base rounded,

apex thickened, darker, central constriction slight or absent,

deep chestnut-brown, 35-50 x 15-25/x. Pedicels persistent,

colourless or brownish, as long as or longer than the spores.

Synonyjii.

Puccmia asparagi. D. C, " Flore frany.," vol. ii. p. 595.

Winter in Rabh., " Krypt. Flor.," vol. i. p. 201. Grev., "Flor.

Edin.," p. 429. Berk., "Eng. Flor.," vol. v. p. 363. Cooke,
" Hdbk.," p. 494; "Micro. Fungi," 4th edit, p. 203.

Exsiccati.

Cooke, i. III. Vize, " Fungi Brit.," 113.

On Asparagus officinalis.

April to October.
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Puccinia thesii. (Desv.)

.Ecidiospores—Pseudoperidia scattered and thickly crowded over

the whole plant, cylindrical, whitish, with torn edges. Spores

nearly spherical, orange-yellow, smooth, 17-26 x 12-17/x.

Uredospores—Sori reddish brown, round, subconfluent. Spores

round or shortly elliptical, brown, echinulate, 20-28/x, in

diameter.

Teleutospores—Sori compact, round or elongate, brownish black.

Spores elliptical or ovate, central constriction slight or absent,

base rounded, apex thickened and darker, smooth, brown,

30-40 X 14-28/X. Pedicels brown, persistent, very long.

Synonyms.

Puccinia thesii (Desv.). Winter in Rabh., " Krypt. Flor.,"

vol. i. p. 202.

^cidiiini thesii. \ytsv.,/our. de Bot., vol. ii. p. 311. Cooke,
" Hdbk.," p. 537; "Micro. Fungi," 4th edit., p. 195, t. iii. figs.

50-51. B. and Br., Ann. Nat. Hist., No, 1048.

Puccinia thesii, Chail. Cooke, "Hdbk.," p. 495; "Micro.

Fungi," 4th edit., p. 204.

Exsiccati.

Berk., 318. Cooke, ii. 311. Vize, "Fungi Brit.," 12, 81;

"Micro. Fungi Brit.," 214,' 457.

On Thesiu?n humifusum.

April to October.

Puccinia calthse. Link.

y^cidiospores—Pseudoperidia on roundish spots, or when cauline

on long swellings, flat, with white torn edges. Spores sub-

globose, finely verrucose, orange, 20-30/A in diameter.

Uredospores—Sori small, round, chestnut-brown, soon scattered.

Spores globose or elliptical, echinulate, brown, 22-30 x
20-25/4.

Teleutospores—Sori small, black, pulverulent, but persistent.

Spores oblong, attenuated towards both extremities, rarely

rounded, central constriction little or none, apex conical or

with a paler wart-like papilla, smooth, brown, 30-44 X 13-22/x.

Pedicels persistent, rather long.

L
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Synonyms.

Puccinia calthcB. Link., "Sp. Plant," vol. vi. pt. ii. p. 79.

Winter in Rabh., " Krypt. Flor.," vol. i. p. 216. Berk., " Eng.

Flor,," vol. V. p. 367. Cooke, " Hdbk.," p. 504 ;
" Micro. Fungi,"

4th edit., p. 210. Grev., " Flor. Edin.," p. 367. Johnst., " Flor.

Berw.," vol. ii. p. 196.

Vadium calthce. Grev., "Flor. Edin.," p. 446. Berk.,

" Eng. Flor.," vol. v. p. 371. Cooke, " Hdbk.," p. 539 ;
" Micro.

Fungi," 4th edit, p. 196.

Exsiccati.

Cooke, i. 114. Vize, "Micro. Fungi," 159; "Micro. Fungi

Brit.," 219.

On Caltha palusiris.

May to September.

Puccinia convolvuli. (Pers.)

yEcidiospores—ln circular clusters on the leaves and on elongated

swellings on the stems. Pseudoperidia cup-shaped, with

broad, recurved, torn white edges. Spores polygonal, finely

verrucose, pale yellow, 17-26 X 25-30/x,.

Uredospores—^ox\ scattered or circinate, often confluent, bro\TO,

soon naked. Spores subglobose, rarely ovate, echinulate,

pale brown, 22-26 x 25-30/x.

Teleutospores— ?>0T\ scattered or circinate, dark brown, long

covered by the epidermis, sometimes confluent. Spores of

two kinds: (i) Teleutospores proper, oblong, oval, or sub-

clavate, apex truncate, slightly thickened, or attenuated, or

much thickened, base rounded or slightly attenuated, deep

brown, 38-66 x 20-30/x. Pedicels stout, brownish. (2)

Mesospores, generally ovate, apex much thickened, truncate,

or attenuated, brown, 25-35 X 20-25/^. Pedicels pale brown,

persistent.

Synonyms.

Puccinia convolvuli (Pers.). Winter in Rabh., " Krypt. Flor.,"

vol. i. p. 204,

Uredo betcB, var. cofivolvuli. Pers., " Syn.," p. 221.

On Convolvulus sepium; Miss Jelly.

June to October
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Puccinia gentianae. (Strauss.)

^cidiospores—Pseudoperidia on circular or elongated brownish

spots, flat, with white torn edges. Spores globose, orange,

finely verrucose, 16-23 x 14-17/^.

Uredospores— Sori roundish, scattered or circinating, at first

covered by the epidermis, chestnut-brown. Spores elliptical,

ovate, or obovate, brown, echinulate, 20-30 x 19-24/A.

Teleiitosporcs—Sori small, blackish, pulverulent. Spores elliptical

or ovate, rounded at both ends, median constriction slight or

absent, smooth, thickened above, 28-38 x 20-25/x. Pedicels

colourless, delicate, very deciduous.

Synonyms.

Puccinia gentiame {^ixavLSs). Winter in Rabh., " Krypt. Flor.,"

vol. i. p. 205.

Uredo gentiance, Strauss. " Wetter Ann.," vol. ii. p. 102.

W. G. Smith, Gard. C/iron., Sept. 19, 1885, p. 372, fig. 82.

On Gentiana acaiilis. Kew Gardens.

Puccinia silenes. Schrot.

y^cidiospores—Pseudoperidia on pale yellowish spots, in small

clusters, small, white, shortly cylindrical, edges torn. Spores

subglobose, granular, orange-yellow, 17-26 x 14-20/x.

Uredospores—Sori brown, roundish, scattered or circinating, often

confluent. Spores roundish or elliptical, pale brown, echinu-

late, 20-26 X I7-2 0yU,.

Teleutospores—^ox\ small, pulverulent. Spores elliptical or oblong,

very slightly constricted, rounded at both ends, apex slightly

thickened, smooth, chestnut-brown, 25-40 X 16-26/x. Pedicels

short, deciduous.

Sytionyms.

Puccinia silenes, Schrot. Winter in Rabh., "Krypt. Flor.,"'

vol. i. p. 215.

Puccinia lychnidearuvi. Fckl, " Symb.," p. 50, pro parte.

Puccinia sile?ies, Rabh. Cooke, " Micro. Fungi," 4th edit.,

p. 211.

On Silene inflata.
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Puccinia porri. (Sow.)

^-Ecidiospores—Pseudoperidia in linear or circinate clusters, shortly

cylindrical, with everted torn edges. Spores polygonal, finely

verrucose, membrane colourless, contents orange, 19-28/A in

diameter.

Uredospores—Sori reddish brown, scattered or in elongate clusters,

linear or oblong. Spores roundish, shortly elliptical, very

finely echinulate, orange-yellow, 20-27 X 25-30/x.

Tcleutosporcs—Sori small, bluish grey fi-om the dark spores being

covered by the semitransparent epidermis. Spores clavate

or oblong, central constriction slight, generally attenuated

towards the stem, apex rounded or truncate, smooth, brown,

30-45 X 20-2 6/x. Pedicels long, but deciduous.

Mesospores numerous, unicellular on long deciduous pedicels,

often irregular in form, sometimes thickened above, 22-36 x
17-23/X.

Synonyms.

Puccinia porri (Sow.). Winter in Rabh., " Krypt. Flor.,"

vol. i. p. 200.

Uredo porri. Sow., " Eng. Fungi," t. 411.

Uredo ailiorum, D. C. Berk., " Eng. Flor.," vol. v. p. 376,

in part. Cooke, "Micro. Fungi," 4th edit., p. 217, in part;

"Hdbk.," p. 528.

Uromyces ailiorum. Cooke, " Hdbk.," p. 518 (?).

Puccinia mixta, Fckl. Vize, Exs.

Exsiccati.

Cooke, ii. 425. Vize, " Fungi Brit.," 38 ; " Micro. Fungi

Brit.," 43°-

On Allium cepa, scJmnoprasum.

May to August.

Puccinia prenanthis. (Pers.)

^^cidiosporcs—Pseudoperidia in circular or elongate patches,

hemispherical or shortly conical, opening above by small
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irregular clefts without typical pseudoperidium. Spores

rounded, pale orange, densely verrucose, 15-25 x 12-20/x.

Uredospo7-es—Sori reddish brown, scattered or circinate, small,

rounded. Spores spherical, pale yellow, finely echinulate,

with very remarkably thickened margins to the three germ-

pores, as seen in the moist state, 16-23/Ain diameter.

Teleutospoi'es—Sori round, blackish, dusty. Spores elliptical or

ovate, central constriction slight, extremities rounded, apex

scarcely thickened, finely punctate, brown, 25-35 ^ 20-25/x.

Pedicels deciduous, colourless, short.

Sy?WJiyfns.

Piiccinia prenanthis (Pers.) Winter in Rabh., " Krypt. Flor.,"

vol. i. p. 208. Schrot., " Krypt. Flor. Schl.," vol. iii. p. 318.

yEcidium prenanthis. Pers., " Symb.," p. 208. Cooke,
" Hdbk.," p. 542; "Micro. Fungi," 4th edit, p. 19S. Grev.,

Flor. Edin.," p. 444. Johnst., " Flor. Berw.," vol. ii. p. 205.

yEcidinm coniposiiaruni, Mart, in part. Berk., " Eng. Flor,,"

vol. v. p. 370.

Piiccinia chondrillcB., Corda. Vize, Exs.

Exsiccati.

Vize, "Micro. Fungi Brit," 211.

On Lactiica muralis.

April to September.

Some of the teleutospores are as much as 40/x in length.

Puccinia lapsanae. (Schultz.)

yEcidiospores—Pseudoperidia flat, amphigenous, with torn, white

reflexed edges, on purple, irregular spots. Spores ovate or

subrotund, smooth, yellow, about i8/a in diameter.

Uredospores—Sori orbicular, pulverulent, very numerous, often

confluent, cinnamon-brown. Spores subglobose or ovate,

brown, finely echinulate, 18-21 x \^-\i[*..

Teleutospores—Sori small, flattish, black, pulverulent, numerous.

Spores ovate or roundish, obtuse at both extremities, slightly

(if at all) constricted, punctate, dark brown, 23-28 x iS-2ia

Pedicels hyaline, short, often oblique.
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Synonyms.

,£cidiu;n lapsance. Schultz, " Prod. Flor. Starg.," p. 454.

Puccinia lapsance, Fckl. Schrot., " Krypt. Flor. Schl.,"

p. 318. Cooke, "Micro. Fungi," 4tli edit, p. 207.

^Ecidhim lapance, Purton. Cooke, " Hdbk.," p. 543

;

" Micro. Fungi," 4th edit., p. 198.

^cidhunprenanthis, Pers. Cooke, " Hdbk,," p. 542 ;
" Micro.

Fungi," 4th edit., p. 198.

Trichobasis lapsancE, Fckl. Cooke, " Micro. Fungi," 4th

edit., p. 224.

Exsiccati.

Cooke, i. 13; ii. 91, 92. Vize, "Micro. Fungi," 162, 169.

On Lapsana communis, Crepis paludosa.

^cidiospores, March to April ; uredospores, April to June ;

teleutospores, June to August.

Biology.—This species is said by Schroter to occur on Crepis

p iludosa. It is certainly distinct from Puccinia variabilis and taraxaci

on Taraxacum, as neither the tecidiospores, uredospores, nor teleuto-

spores of P. lapsancE, when applied to Taraxacum in duplicated ex-

periments made in 18S5, had any effect (Exp. 481, 497, 499, 5°°),

although they readily enough infected plants of Lapsana communis.

The species which occurs so frequently on the Composita; is without

lecidiospores.

Puccinia variabilis. (Grev.)

.Ecidiospores—Spots very small, purple, scattered over the under

surface of the leaves, from 2 to 5 mm. across. Pseudoperidia

often single, cup-shaped, with torn whitish edges. Spores sub-

globose or oval, hyaline, with orange contents, echinulate,

20-25 X 15-20/X.

Uredospores | Sori small, round or elongate, dark brown, soon

Teleutospores] naked, containing both spore-forms.

Uredospores scanty, subglobose, often irregular, brown, echinulate,

20-25/x in diameter. Teleutospores oval, oblong, often sub-

globose, frequently distorted in various ways, constriction

almost none, dark brown, finely verrucose, 28-30 X 1S-20/A.

Pedicels hyaline, deciduous, of variable length.
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Synonyms.

Fnccinia variabilis. Grev., "Scot. Crypt. Flor.," t. 75 ;

" Flor.

Edin.," p. 431. Johnst, "Flor. Bervv.," vol. ii. p. 196. Berk.,

"Eng. Flor.," vol. v. p. 365. Cooke, " Hdbk.," p. 500 ;
" Micro.

Fungi," 4th edit., p. 207, t. 4, figs. 82, 83.

Vadium taraxaci. Grev., " Flor. Edin.," p. 444.

yEcidimn grevillei, Gxovq, Jour, of Bot., May, 1886.

On Taraxacum officinale.

July to October.

Biology.—Mr. H. T. .Soppitt met with this ^cidium at Grassing-

ton, in Yorkshire, and found, by applying the a^cidiospores to healthy

plants of Taraxacum officinale, the uredospores and teleutospores were

produced in about fourteen days. Greville's description of the .^Ecidium

is clear :
" Spreading over the whole leaf, and generally collected into

numerous little clusters, with single ones scattered between them."

The yEcidium to Pucci7iia sylvatica, which also occurs on Taraxacum,

has its pseudoperidia not scattered but collected into large clusters.

In July, 1888, I found the cecidiospores oi P. variabilis at Watlington,

near King's Lynn, and successfully repeated Mr. Soppitt's experiment,

Puccinia pulverulenta. Grev.

^cidiospores—Pseudoperidia flat, scattered over the whole surface

of the leaves. Spores subglobose, finely verrucose, orange-

yellow, 16-26^ in diameter.

Uredospores—Sori scattered or circinating, often confluent, pul-

verulent. Spores elliptical or ovate, echinulate, brown, 20-28

X 15-25/^-

Teleutospores—Sori dark brown, often concentric, pulverulent.

Spores elliptical or oblong, centrally constricted, apex thick-

ened, hooded, base generally rounded, smooth, brown, 24-35

X 16-20/X. Pedicels colourless, deciduous.

Synonyms.

Puccinia epilobii tetragoni (U. C). Winter in Rabh., " Krypt.

Flor.," vol. i. p. 214.

Uredo vagans, var. epilobii D. C, " Flore fran9.," vol. ii.

p. 228.
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Vadium epilobii, D. C. Berk., " Eng. Flor.," vol. v. p. 372.

Cooke, "Hdbk.," p. 536; "Micro. Fungi," 4th edit, p. 195.

Grev., "Flor. Edin.," p. 444. Johnst., "Flor. Berw,," vol. i.

p. 204.

Uredo epilobii, D. C. Purton, " Midi. Flor.," vol. iii., No. 1604.

Johnst., "Flor. Berw.," vol. ii. p. 200. Berk., "Eng. Flor.,"

vol. V. p. 381.

Trichobasis epilobii. Berk., " Outl.," p. 333. Cooke, " Micro.

Fungi," 4th edit., p. 226.

Puccinia pulverulenta. Grev., "Flor. Edin.," p. 432. Berk.,

" Eng. Flor.," vol. v. p. 368. Cooke, "Hdbk.," p. 507 ; "Micro.

Fungi," 4th edit., p. 211, t. iv. figs. 78, 79.

Exsiccati.

Berk., 108, 349. Cooke, i. 4, 49 ; ii. 80 ;
" L. F.," 52. Vize,

" Fungi Brit.," 19, 79; "Micro. Fungi Brit.," 36, 215.

On Epilobium hirsutum, montanum, tetragoniwi.

Biology.—The mycelium of the jecidiospores is diffused through

the greater part of the affected plant, but whether it be truly perennial

I cannot say. The mycelium of the uredospores and teleutospores is

strictly localized. I found in June, 1882, that the tecidiospores sown

on seedlings of E. hifsi/ti/jn gave rise to aecidiospores in seventeen

days.

Puccinia violse. (Schum.)

^cidiospores—Pseudoperidia on the leaves in circular concave

patches, often causing much distortion on the stems, flat, with

white torn edges. Spores subglobose, finely verrucose, orange-

yellow, 16-24 X T0-18/X.

Uredospores—Sori brown, small, roundish, scattered, soon naked.

Spores roundish or elliptical, brown, echinulate, 20-26^1 in

diameter.

Teleutospores—Sori black, roundish, small, pulverulent. Spores

elliptical or oblong, slightly attenuated at the base, with an

apical thickening, constriction almost absent, brown, 20-35 X

i5-20yu,. Pedicels long, deciduous.
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Synonyms.

Puccinia violce. (Schum.). Winter in Rabh., " Krypt. Flor.,"

vol. i. p. 215. Grev., "Flor. Edin.," p. 432. Johnst., "Flor.

Berw.," vol. vi. p. 196.

y£cidiian violce, Schum. " Enum. Plant Saell.," vol. 11. p. 224.

Grev., "Edin. Flor.," p. 444. Berk., " Eng. Flor.," vol. v. p. 372.

Johnst., "Flor. Berw.," vol. ii. p. 205. Cooke, "Hdbk.,"p. 543;
" Micro. Fungi," 4th edit., p. 198.

Uredo violarum, D. C. Berk., " Eng. Flor.," vol. v. p. 380.

Sow., t. 440. Johnst., " Flor. Berw.," vol. ii. p. 202.

Trichobasis violanim. Berk. Cooke, " Micro. Fungi," 4th edit.,

p. 226.

Puccmia vio/ariini, Link. Berk., "Eng. Flor.," vol. v. p. 367.

Cooke, " Hdbk.," p. 505 ; "Micro. Fungi," 4th edit., p. 210.

Exsiccati.

Berk., 223, 22S. Cooke, i. 46, 49, 104; ii. 135; " L. F.,"

43. Vize, "Micro. Fungi Brit.," 57-112 ;
" Fungi Bnt.," 77.

On Viola canina, odorata, sylvaiica, liiiia, tricolor.

Maj' to October.

Puccinia albescens. (Grev.)

^Ecidiospores—Pseudoperidia short, whitish, with toothed edges,

on bleached places on the stems, petioles, leaves, and blossoms.

Spores roundish, colourless, 15-22/^ in diameter. Mycelium

diffused, perennial.

Uredospores—Sori brown, small, round or oblong, long covered

by the epidermis. Spores oval or elliptical or subglobose,

nucleate, echinulate, clear brown, 20-25 x 15-20/^.

Teleutospores—Sori small, round, scattered. Spores often in the

same sori as the uredospores, rarely confluent, long covered by

the epidermis, fusiform or elliptical, attenuated at both ends,

often surmounted by a colourless papilla, constriction slight,

smooth, brown, 34-40 x 18-25/Lc. Pedicels short, h3-aline,

deciduous.

Synonym.

^cidiuni albescens. Grev., "Flor. Edin.," p. 444. Berk.,

"Eng. Flor,," vol. v. p. 372. Johnst., "Flor. Berw.," vol. ii.
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p. 205. Cooke, " Hdbk.," p. 536 ;
'' Micro. Fungi," 4th edit.,

p. 194.

Exsiccati.

Cooke, i. 636; ii. 78. Vize, "Fungi Brit.," 164. "Micro.
Fungi Brit.," 561.

On Adoxa moschatellina.

March to May.

Biology.—The mycelium of the cecidiospores is perennial, that of

the uredospores and teleutospores annual. Schroter found that when
the a^cidiospores were sown on healthy plants, a small quantity of the

uredospores were produced. I have grown plants affected with the

jecidiospore mycelium in a flower-pot, which for three successive years

came up affected with the ^cidium. Mr. Soppitt produced the uredo-

spores and teleutospores in June, 1888, from the aecidiospores. He
states that the teleutospore sori remains longer covered by the

epidermis than those of P. adoxa; do.

Puccinia bupleuri. (D. C.)

jEcidiospores—Pseudoperidia uniformly scattered over the whole

leaf-surface, flat, with torn white edges. Spores polygonal,

nearly smooth, 14-21/A in diameter.

Uredospores—Sori scattered or circinating, small, roundish or

irregular. Spores very few, subglobose, verrucose, yellowish

brown, 17-23/x, in diameter.

Teleutospores— Sori numerous, scattered, dark brown, oblong,

surrounded by the ruptured epidermis, rather small. Spores

broadly elliptical or oblong, apical thickening slight or absent,

rounded at both ends, broadly constricted, smooth, dark brown,

26-42 X 17-30/^. Pedicels long, deciduous.

Syno7iynis.

^cidiumfalcaria, var. Bupleurifalcati. D. C, " Flore frang.,"

vol. vi. p. 91.

Puccinia Bupleuri falcati (D. C). Winter in Rabh., " Krypt.

Flor.," vol. i, p. 212. Cooke, "Grevillea," vol. xvi. p. 47.

On Bupleurum temtissimu?n.

Walton-on-the-Naze. August, 18S7.
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Puccinia pimpinellse. (Strauss.)

^cidiospores—Pseudoperidia mostly on distortions of the stems,

at first hemispherical, then rounded or elongate, edges slightly

torn. Spores roundish, yellow, finely verrucose, 18-35 X
16-21/X.

Uredospores—Sori chestnut or cinnamon brown, rounded or elon-

gated, pulverulent. Spores rounded, shortly elliptical or

pyriform, pale brown, echinulate, 23-32 x 20-24/A,

Teleutospores—Sori blackish, rounded or elongated, pulverulent,

often on the stems, which are then much distorted. Spores

elliptical or ovate, scarcely constricted, rounded at both

extremities, membrane reticulated with broad net-like ridges,

chestnut-brown, 25-35 ^ i7-2':!ij.. Pedicels long, deciduous,

colourless.

Synonyms.

Pucciniapimpinellce, Strauss. Winter in Rabh., " Krypt. Flor.,"

vol. i. p. 212.

Uredo pimpinellm, Strauss. "Wett. Ann.," vol. ii. p. 102.

^cidium bunii, D. C. Grev., "Flor. Edin.," p. 445. Berk.,

" Eng. Flor.," p. 370, in part,

/Ecidium pimpinellce, Kirch. Cooke, " Micro. Fungi," 4th

edit., p. 196.

Uredo heraclei, Grev. Berk., " Eng. Flor.," vol. v. p. 380.

Trichobasis heracki. Cooke, " Hdbk.," p. 502; "Micro.

Fungi," 4th edit., p. 225.

Trichobasis angclicce^ Schum. Cooke, " Micro. Fungi," 4th

edit., p. 224.

Trichobasis pimpinella, Strauss. Cooke, " Micro. Fungi," 4th

edit., p. 224.

Puccinia umbelliferariwi^ D. C. Grev., "Flor. Edin.," p. 431.

Berk., " Eng. Flor.," vol. v. p. 316. Johnst., " Flor. Bervv.," vol. ii.

p. ig6. Cooke, " Hdbk.," p. 501, in part.

Puccinia charophylli. Purton, " Midi. Flor.," vol. iii.. No. 1553.

Puccinia heraclci. Grev., "Scot. Crypt. Flor.," t. 42. Cooke,
" Hdbk.," p. 502 ;

" Micro. Fungi," 4th edit., p. 208.

Puccinia angelicce, Fckl. Cooke, "Micro. Fungi," 4th edit,

p. 208.
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Puccinia pimpinellce, Link. Cooke, " Micro. Fungi," 4th edit.,

p. 209.

Exsiccaii.

Vize, "Micro. Fungi Brit.," 124, 425.

On Pimpinella saxifraga, Heradeuni sphondyliuni, Anthriscus

sylvestris, Myrrhis odorata.

May to October.

Puccinia apii. (Wallr.)

^cidiospores—Spots rounded or irregular, yellow above, paler

belo\Y, causing elongated yellow swellings on the stems.

Pseudoperidia subcylindrical, with torn, white, everted edges.

Spores subglobose, orange-yellow, finely echinulate, about 25/x

in diameter.

Uredospons—Sori rather large, cinnamon-brown, pulverulent,

round or elongate, scattered, sometimes circinating. Spores

globose, oval, or subpyriform, pale brown, finely verrucose,

30-40 X 20-30/^.

Teleiitospores— Sori rounded, elongated, or irregular, long covered

by the epidermis, blackish brown. Spores oval or clavate,

smooth, dark brown, scarcely constricted, apex not thickened,

30-50 X 15-20/^. Pedicels hyaline, rather persistent, not very

short.

Synonyms.

Uredo apii. Wallr., " Flor. Crypt. Germ.," vol. ii. p. 203.

Puccinia apii. Corda, " Icones," vol. vi. p. 30, fig. n.

Cooke, " Hdbk.," p. 502 ;
" Micro. Fungi," 4th edit, p. 208.

Exsiccati.

Cooke, i. 40A. Vize, "Fungi Brit.," 54, 127 ; "Micro. Fungi

Brit," 554.

On Apimn graj'eolens.

May to September.

Biology.—The secidiospores occur at the latter part of May, and

are by no means profuse, although the yellow spots on which they

occur are very conspicuous. On May 27, 1888, I applied the Eecidio-

spores and uredospores freely to a plant of Pimpinella saxifraga in my
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garden, but without effect. This is the only Uredine affecting the

Umbellifene with which I have made any experimental cultures, and
I have therefore followed Winter and Schroter in grouping the various

spore-forms together under Puccinia pi)npinell(B and bitllata ; but it

is probable that biological research will show several of them to be

good species.

Puccinia menthae. Pers.

.^cidiospores—Pseudoperidia immersed, flat, opening irregularly,

edges torn
;
principally on the stems, which are much swollen,

more rarely on concave spots on the leaves. Spores sub-

globose or polygonal, coarsely granular, pale yellowish, 17-26

X 26-35/x.

Uredospores—Sori small, roundish, soon pulverulent and confluent,

cinnamon-brown. Spores irregularly rounded or ovate, echinu-

late, pale brown, 17-28 x 14-19/A.

Tekutospores—Sori black-brown, roundish, pulverulent. Spores

elliptical, oval, or subglobose, central constriction slight or

absent, apex wath a hyaline or pale brown papilla, verrucose,

deep brown, 26-35 X 19-23,01. Pedicels long, delicate,

colourless.

Synonyms.

Puccinia menthcAi. Pers., "Syn.," p. 227. Winter in Rabh.,
" Krypt. Flor.," vol. i. p. 204.

yEcidium menthcB, D. C. Berk., " Eng. Flor.," vol. v. p. 369.

Cooke, " Hdbk.," p. 544; " Micro. Fungi," 4th edit., p. 199.

Trichobasis labiatarum,'L€v. Cooke, " Hdbk.," p. 496 ; "Micro.

Fungi," 4th edit., p. 224.

Trichobasis cliiwpodii, D. C. Cooke, "Micro. Fungi," 4th

edit., p. 224.

Puccinia clinopodii, D. C. Cooke, "Micro. Fungi," 4th edit,

p. 205.

Puccinia menthce, Pers. Berk., " Eng. Flor.," vol. v. p 364.

Grev., "Flor. Edin.," p. 430. Johnst., "Flor. Berw.," vol. ii.

p. 195. Cooke, "Hdbk.," p. 496; "Micro. Fungi," 4th edit,

p. 204, t. iv. figs. 69, 70.

Uredo menthcs. Purton, "Midi. Flor.," vol. iii.. No. 1550.

Sow., t 398, fig. 3, sub yEcidium.
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Uredo labiatariim, D. C. Grev,, " Flor. Edin.," p. 436.

Berk., " Eng. Flor.," vol. v. p. 378. Johnst., "Flor. Berw.,"

vol. ii. p. 203.

Exsiccati.

Berk., 217, 232, 233. Cooke, i. 30; ii. 33, 60, 444. Vize,

" Fungi Brit," 14, 15, 75 ;
" Micro. Fungi Brit."

On MeJitha rotimdifolia, sylvestris, aquatica, arvensis^ viridis,

Origamun vidgare, Calamintha dinopodmm.

May to October.

Biology.—The cecidiospore mycelium is diffused and probably

perennial —at any rate, lasting for more than one year ; at least, this

appears to be the case with M. viridis^ which I have cultivated for a

period of three years. The mycelium of the uredospores and teleuto-

spores is purely local.

Johnoston records this species on Ajuga reptans.

Puccinia segra. Grove

^<;/^w<r/^;rj-—Pseudoperidia on all green parts of the ' plants,

scattered, not collected on swollen roundish or elliptical spots,

with torn, white, somewhat recurved margins. Spores roundish

or oblong, angular, smooth, orange-yellow, 17-21 x 14-16/A.

Uredospores—Sori numerous, amphigenous, on yellow spots, not

very small, scattered or collected in groups, roundish, flatly

convex, covered with the silvery, shining, persistent epidermis.

Spores elliptical or obovate, finely echinulate, brown, 28-30/x.

Teleutospoi-es—?)Ox\. resembling those of the uredospores. Spores

elliptical, oblong, or roundish, very irregular, rounded or taper-

ing at the base or apex, sometimes truncated, smooth, not

constricted, dark brown, 22-30 x 18-241^. Pedicels short,

hyaline.
Synonyms.

Puccinia cegra. Grove, /our. of Bot, vol. xxi. (1883), p. 274.

^cidium depmiperatis, Vize. Cooke, " Micro. Fungi," 4th

edit., p. 195.
,

Exsiccati.

Vize, "Micro. Fungi Brit.," 56.

On Viola cormita, lutea var. amcena.

May to September.
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Biology.—The jecidiospore mycelium is perennial, and the affected

plants are altered in habit, being paler in colour and more elongated

in their stems and petioles. The mycelium of the uredospores and

teleutospores is purely local.

Puccinia primulae. (D. C.)

JEcidiospores—Pseudoperidia hypophyllous, in roundish clusters,

shortly cylindrical, with whitish torn edges. Spores sub-

globose, finely echinulate, orange-yellow, 17-23 X 12-18/x.

Uredospores—Sori small, hypogenous, brown or yellowish, rounded,

pulverulent. Spores ovoid, brown, echinulate, 20-23 X

15-18/X.

Teleutospores— Sori hypogenous, greyish brown. Spores ovate or

oblong, slightly constricted, apex thickened, smooth, brown,

22-30 X 15-17/^. Pedicels short, deciduous.

Synonyms.

Puccinia primuhe (D. C). Winter in Rabh., " Krypt. Flor.,"

vol. i. p. 203.

Uredo primulce. D. C, "Flore frang.," vol. vi. p. 68. Berk.,

" Eng. Flor.," p. 379. Grev., " Flor. Edin.," p. 435.

yEcidium primulce, D. C. Berk., " Eng. Flor.," p. 369. Cooke.

" Hdbk.," p. 544 ; "Micro. Fungi," 4th edit., p. 199.

Trichobasis primulce. jCooke, " Micro. Fungi," 4th edit.,

p. 227.

Puccinia primulce. Grev., "Flor. Edin.," p. 432. Berk.,

" Eng. Flor.," vol. v. p. 364. Cooke, " Hdbk.," p. 496 ;
" Micro.

Fungi," 4th edit., p. 204.

Exsiccati.

Berk., 341. Cooke, i. 28, 296; ii. 85, 138, 141 ;
" L. F.," 6.

Vize, " Fungi Brit," 80, 115 ;
" Micro. Fungi Brit," 121, 233, 429.

On Primula officinalis.^ facchini.

May to July.

Puccinia soldanellse. (D. C.)

^cidiospores — Pseudoperidia hypophyllous, scattered, shortly

cylindrical, edges toothed. Spores subglobose, polygonal,

finely granular, yellow, 20-26 x i7-2o/x. Mycelium diffused.
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Uredospores—Sori brown, scattered irregularly or circinate, often

confluent, brown. Spores round or ovate, echinulate, brown,

20-30 X 19-30 .

Teleutospores—Mixed with the uredospores, elliptical or broadly

constricted, base rounded, apex thickened, smooth, chestnut-

brown, 35-50/X X 2o-35yii. Pedicels rather long, deciduous.

Synonyms.

Piiccinia soldauelhe (D. C). Winter in Rabh., " Krypt. Flor.,"

vol. i. p. 202.

Uredo soldauella. D. C, " Flore fran^.," vol. vi. p. 85,

^cidiufn soldanellcB, Hornsch. Berk,, " Eng. Flor.," p. 369.

Cooke, " Hdbk.," p. 537 ; "Micro. Fungi," 4th edit., p. 195.

On Soldanella alpina.

Puccinia saniculae. Grev.

^Ecidiospores—Pseudoperidia on purple, thickened spots, hypo-

genous, cup-shaped, with torn white edges. Spores sub-

globose, yellow, verrucose, 20-2 7/x, in diameter.

Uredospores—Sori scattered, small, round. Spores roundish or

clavate, echinulate, brown, 25-40 x 15-26.

Teleutospores—Sori small, blackish, scattered, pulverulent. Spores

obtuse, very slightly constricted, apex slightly thickened,

smooth, brown, 26-45 ^ 17-26/*. Pedicels very long,

colourless, deciduous.

Synonyms.

Piiccitiia saniculi^. Grev., "Flor. Edin.," p. 431. Berk.,

" Eng. Flor.," vol. v. p. 366. Cooke, " Hdbk.," p. 503 ;

" Micro. Fungi," 4th edit, p. 208.

JEcidium saniciilce, Carm. Cooke, Seem. Jour. Bot., vol. ii.

P- 39> t. 14, fig. I
;

" Hdbk.," p. 543 ;
" Micro. Fungi," 4th edit.,

p. 198.

Exsiccati.
'

Berk., 315. Cooke, i. 14, 41; ii. 136; " L. F." Vize,

"Micro. Fungi," 160; "Micro. Fungi Brit.," 32.

On Satiicnla europcea.

May to October.
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Puccinia vincae. (D. C.)

Spennogonia—Scattered over the whole leaf-surface and stems,

yellow, sweet-scented.

yEcidiospores—Sori pulvinate, not cup-shaped, but discoidal, solid,

2-3mm. in diameter, dark brown, with a greyish lustre. Spores

globose, finely echinulate, colourless, 10-12/A in diameter.

Uredospores—Primary : Sori irregular, elongate, crowded, soon

naked and often confluent, brown, occurring with the spermo-

gonia and aecidiospores. Secondary : Sori on roundish brown

spots, brown, long covered by the epidermis. Spores sub-

globose, or obovate, brown, echinulate, 20-38 x 1 8-25/^1,

Teleidospores— Sori small, on discoloured spots, roundish, scattered,

surrounded by the ruptured epidermis, blackish. Spores

elliptical or oval, slightly constricted, lower cell sometimes

attenuated, sometimes rounded, upper cell thickened above,

often surmounted with a pale papilla, chestnut-brown, verru-

cose, 38-56 X 17-28/A. Pedicels rather long, deciduous.

Synonyf7is.

Uredo vincce. D. C, " Flore frang.," vol. vi. p. 70. Berk.,

" Eng. Flor.," vol. v. p. 378.

Trichobasis vinccB, Berk. Cooke, "Micro. Fungi," 4th edit.,

p. 226, t. vi. figs. 130, 131.'

Puccinia vincce, Berk. Cooke, " Hdbk.," p. 497 ;
" Micro.

Fungi," 4th edit., p. 205, t. vi. fig. 132. Winter in Rabh.,

" Krypt. Flor.," vol. i. p. 187.

Exsiccati.

Berk., 234. Cooke, i. 32 ; ii. 3, 331 ;
" L. F.," 10. Vize,

" Micro. Fungi," 118 ;
" Micro. Fungi Brit.," 29, 227.

^cidiospores, March to May ; uredospores, May to July

;

teleutospores, July to October, and lasting through the winter.

On Vinca major.

Biology.—The life-history of this species is peculiar. The mycelium

of the necidiospores is perennial, and causes the affected plant to pro-

duce shorter and thicker leaves. The jecidia are not cups, but convex

or flat sori, more resembling a Coryneum than an aecidium. The

M
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spores are colourless, comparatively small, and produced from the

hyphae in basipetal chains (Plate II, Figs. 11-14). They emit a germ-

tube, which usually exhibits circumnutatory motions. The primary

uredospores occur with the cecidiospores, and resemble the secondary

in form, but are much more profuse. The secondary uredospores and

teleutospores have localized mycelia (Plow., Card. Chron., July 25,

1885, p. 108, figs. 22, 23).

B. Heteropuccinia. Schrot.

Spermogonia and recidiospores on one host-plant ; the uredospores and

teleutospores on another, belonging to a different genus.

Puccinia graminis. Pers.

^cidiospores—Spots generally circular, thick, swollen, reddish

above, yellow below. Pseudoperidia cylindrical, with whitish

torn edges. Spores subglobose, smooth, orange-yellow,

15-25/* in diameter.

Ut-edospores—Sori orange-red, linear, but often confluent, forming

very long lines on the stems and sheaths, pulverulent. Spores

elliptical, ovate, or pyriform, with two very marked, nearly oppo-

site germ-pores, echinulate, orange-yellow, 25-38 x 15-20/1,.

Teleutospores —'$>ori persistent, naked, linear, generally forming lines

on the sheaths and stems, often confluent. Spores fusiform

or clavate, constricted in the middle, generally attenuated

below, apex much thickened (8-io/x), rounded or pointed,

smooth, chestnut-brown, 35-65 x 15-20U. Pedicels long,

persistent, yellowish brown.

SynonyjHs.

Puccinia graminis. Pers., " Disp. Meth.," p. 39, t. 3, fig. 3.

Winter in Rabh.," Krypt. Flor.,"vol. i. p. 217. Cooke, " Hdbk.,"

p. 493; "Micro. Fungi," 4th edit., p. 202, t. iv. figs. 57-59.

Grev., Berk. " Eng. Flor.," vol. v. p 363; " Flor. Edin.," p. 433.

Johnst, "Flor. Berw.," vol. ii. p. 195.

Uredo frtimenti. Sow, t. 140.

Uredo linearis, Pers. Berk., " Eng. Flor.," vol. v. p. 375.

Grev., "Flor. Edin.," p. 440. Johnst., "Flor. Berw.," vol. ii.

p. 198.
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Trichobasis linearis. Lev. Cooke, " Micro. Fungi," 4th edit.,

p. 223, t. vii. figs. 143, 144.

ALcidium hcrberidis, Pers. Berk., " Eng. Flor.," vol. v. p. 372.

Grev., t. 97; "Flor. Edin.," p. 446. Johnst., "Flor. Berw.,"

vol. ii. p. 207. Sow., t. 397, fig. 5. Cooke, " Hdbk.," p. 53S
;

" Micro. Fungi," 4th edit., p. 195, t. i. figs. 7-9.

Exsiccati.

Cooke, i. 24, 441; ii. 93, 121, 122, 124. Vize, "Micro.

Fungi Brit.," 453, 456 ; "Fungi Brit.," 76, 78.

^cidiospores on Berberis vulgaris and Mahonia ilicifoliay

chiefly on the berries. May to July.

Teleutospores on Triticum vulgare, j'epens, Secale cerea/e,

Dodylis glomerata, Feshtca gigantea, Alopecurus pratensis, Agrostis

alba, Avena sativa, elatior, July and August, and throughout the

winter.

Biology.—The mycelium of all spore-forms is strictly localized.

The secidiospores on the berries oi MaJionia ilicifolia I found, in M ly,

1883, readily produced the uredospores on wheat in about eight or ten

days. This is a fungus which varies very much in frequency ; some
years almost every straw in a wheat-field is affected, in others scarcely

one can be found attacked. Certain conditions render the wheat plant

more susceptible to the parasite, foremost amongst which is a too large

supply of nitrogen, as evinced by the uniformity with which wheat

plants growing on manure-heaps are attacked with the parasite \ so

are the plants grown on the ground where a manure-heap has stood,

and also plants growing where an old ditch has been filled up, although

perhaps to a less degree. A very thin, or what is termed in some

parts of England " a gathering crop," one in which the plants are far

apart, and which consequently throw out a large number of lateral

shoots, is also hable to beconie affected by the parasite. It is interesting

to remark that a Puccinia occurs on Berberis glauca in Chili, which

is accompanied by an /Ecidium. In some parts of Europe an^cidium,

having a perennial mycelium (^. magellianicinn, Berk, in Hooker's
" Flor. Antarctica," pp. i, 2. London ; 1844-1847), occurs on Berberis

vulgaris, which has been shown by Magnus to have a distinct life-

history.

Puccinia coronata. Corda.

y^cidiospores—Pseud operidia often on very large orange swell-

ings, causing great distortions on the leaves and peduncles,



64 British l/redinecs and Ustilaginece.

cylindrical, with whitish torn edges. Spores subglobose, very

finely verrucose, orange-yellow, 15-25 x 12-18/^,

Uredospores—Sori orange, pulverulent, elongated or linear, often

confluent. Spores globose or ovate, with three or four germ-

pores, echinulate, orange-yellow, 20-28 x 15-20/x.

Teleutospores—Sori persistent, black, linear, often confluent, long

covered by the epidermis. Spores subcylindrical or cuneiform,

attenuated below, constriction slight or absent, apex truncate,

somewhat thickened, with six or seven curved blunt processes,

brown, 40-60 x i2-2 0jn. Pedicels short, thick.

Synonytns.

Puccinia coronata. Corda, " Icones," vol. i. p. 6, t. ii. fig. 96.

Winter in Rabh., " Krypt. Flor.,"vol. i. p. 218. Schrot, " Krypt.

Flor. Schl.," p. 323. Cooke, " Hdbk.," p. 494; "Micro. Fungi,"

4th edit., p. 203, t. iv. figs. 60-62.

^cidium crassum, Pers. Berk., " Eng. Flor.," vol. v. p. 373.
Pers., "Ic. et Descrip.," t. 10, figs, i, 2. Cooke, "Hdbk.,"

538 ;
" Micro. Fungi," 4th edit, p. 196.

yUcidium rhamni. Pers., " Obs.," t. 2, fig. 4. Purton, " Midi,

Flor.," vol. iii. No. 1538.

Exsiccati.

Berk., no. Cooke, i. 7, 26; ii. 94, 95 ;
" L. F.," 53. Vize,

"Micro. Fungi," 116, 155 ; "Micro. Fungi Brit," 210, 234.

^cidiospores on Rhamnusfrangula and catharticus, May and

June.

Teleutospores on Holcus mollis, Avena elafior, saliva, Festuca

sylvatica, Lolium pere7me, Dactylis glomerata, July to September,
and throughout the winter.

Biology.—Nielsen found that when the aecidiospores from Rham-
fius frangtela and cathartica were placed on LoHttm pere/ute, the latter

only gave rise to uredospores, and that these uredospores, put on
Avena sativa, reproduced the uredospores and subsequently the teleu-

tospores of P. coronata. I have found, by numerous cultures, that the

teleutospores from Dactylis glomerata and Festuca sylvatica readily

produced the ascidium on R. frangula, but I have failed to produce
on R. frattgula the jecidium from the teleutospores on Lolium perenue.

I think two species are confounded under the name P. coronata. As
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this fungus occurs on LoUimi pcroinc, which it does abundantly in

this neighbourhood, it is accompanied by a profuse development of

uredospores, and only in the autumn, from September to November
;

whereas the P. coronata on Dactylis is an early summer species, with

a much less free development of uredospores. P. corotiata is dis-

tinguished from all other British species by its coronate teleutospores,

which are surmounted by a crown of digitate processes ; these, being

outgrowths of the spore-membrane, and not of the epispore, are dark

brown in colour. What their precise function may be is unknown,

but they appear, for one thing, to hold the spores together, so that they

may be regarded in part as organs of attachment. Sometimes these

processes are not confined to the summit of the spore, but extend

downwards, gradually becoming smaller, as far as the septum. Such

spores show the transition towards the American species, P. aculeata,

Schw. Winter has described a coronate Uromyces, U. digiiata, from

South Australia ; and Ellis an American Puccinia, P. digttata, on

Rhamnus crocea from California.

Puccinia sessilis. Schneider.

j^cidiospores—Pseudoperidia on pale roundish or elongated spots,

circinating, cup-shaped, with broad, torn white edges. Spores

subglobose, smooth, orange-yellow, 18-25 >< 13-20/i,.

Uredospores—Sori small, elliptical or linear, scattered, yellowish-

brown. Spores roundish or elliptical, echinulate, pale brown,

20-28 X 20-23/x., withotit paraphyses.

Teleutospores—Sori very small, linear, numerous, covered by the

epidermis, black, scattered or in linear series. Spores oblong

or wedge-shaped, apex slightly thickened, generally truncate,

base attenuated, lower cell often paler, central constriction

slight, smooth, brown, 25-40 x 1 5-20/1,. Pedicels very short

or absent.

Synonyms.

Puccinia sessilis, Schneider. Schrdt., "Brandp.," p. 119.

Winter in Rabh., " Krypt. Flor.," vol. i. p. 222.

Puccinia lijiearis, Rob. Cooke, " Micro. Fungi," 4th edit.,

p. 203.

yEcidium alia. Grev., "Flor. Fdin.," p. 447. Berk., " Eng.

Flor.," vol. V. p. 369. Cooke, " Hdbk.," p. 545 ;
" Micro.

Fungi," 4th edit., p. 200. Johnst., "Flor. Berw.," vol. ii. p. 207.
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Exsiccati.

Cooke, i. i6. Vize, " Micro. Fungi Brit.," 59, 322.

yEcidiospores on Alliuni w'smu?Ji, June and July.

Teleutospores on Phalaris anmdinacea, from August, throughout

the winter.

Biology.— The Hfe-history of this fungus was worked out by

Winter. I have been able to repeat Winter's culture of P. sessilis

by placing the germinating teleutospores which Mr. Soppitt sent me
in 1 888 on Alliuni nrsinimi and Arum maculaluin. On the first-

named plant they produced the cecidium, but they had no effect upon

the Arum.

Puccinia phalaridis. Plow.

Aicidiospores—Pseudoperidia mostly hypophyllous, in circular

clusters on yellowish spots, not very prominent, with whitish

torn edges. Spermogonia appearing first on the upper surface

of the leaf, centrally then surrounded by the cups. Spores

roundish, echinulate, orange-yellow, 20-25/* ^^ diameter.

Uredospores—Sori orange, small, elongated, oval, oblong or linear,

sometimes confluent, at length naked. Spores subglobose or

oval, yellow, echinulate, 20-25/x in diamei"er.

Teleutospores—Sori minute, punctate or linear, black, covered by

the epidermis, persistent. Spores smooth, brown, sessile,

quadrate or attenuated below, truncate or rounded above,

apex thickened, sometimes obliquely hooded, slightly con-

stricted, 40-50 X 15-18/X. Pedicels very short.

Synojiyms.

yEcidiuJu ari. Desm., " Catal. des Plant, oniiss " (1S23), p. 26.

Cooke, "Hdbk.," p. 545; "Micro. Fungi," 4th edit., p. 199.

Berk., " Eng. Flor.," vol. v. p. 369.

Puccinia phalaridis, V\o^., Jour. Linn. Soc.^ vol. xxxiv. p. 88.

Exsiccati

Cooke, i. 534 ; ii. 84. Vize, " Micro. Fungi Brit," 165, 559.

^cidiospores on Aruui maculaluin^ L., May and June.

Uredospores, teleutospores, on Phalaris arundinacea, L., June

and July, and from July to May.



Hdej^opttccinia. 167

Biology.—The teleutospores are surrounded by a bed of dark-

brown tissue, the individual fibres of which are not easily demon-

strable. Numerous cultures in 1885-6 proved the connection be-

tween the jEcidium ari and this Puccinia. The teleutospores of this

species placed on Allitim tirsinuvi produce no effect.

Puccinia rubigo-vera. (D. C.)

^cidiosporcs—Spots large, generally circular, discoloured, gene-

rally crowded. Pseudoperidia flat, broad, with torn white

edges. Spores subglobose, verrucose, orange-yellow, 20-25/A

in diameter.

Uredospores—Sori oblong or linear, scattered, yellow, pulverulent.

Spores mostly round or ovate, echinulate, with three or four

germ-pores, yellow, 20-30 X 17-24/x.

Teleutospores—Sori small, oval, or linear, black, covered by epi-

dermis, surrounded by a thick bed of brow^n paraphyses.

Spores oblong or elongate, cuneiform, slightly constricted,

the lower cell generally attenuated, apex thickened, truncate

or often obliquely conical. Spores smooth, brown, variable in

size, 40-60 X i5-20;u,. Pedicels short.

Synonyms.

Puccinia rubigo-vera (D. C). Winter in Rabh., " Krypt.

Flor.," vol. i. p. 217.

Uredo rubigo-vera. D. C-, "Flore frang.," vol. vi. p. 83.

Berk., " Eng. Flor.," vol. v. p. 375.

Trichobasis rubigo-vera., Lev. Cooke, '•' Micro. Fungi," 4th

edit., p. 222, t. viii. figs. 140-142.

Trichobasis glumarum, Lev. Berk,, "Outl.," p. 332. Cooke,

" Hdbk.," p. 529 ;
" Micro. Fungi," 4th edit., p. 223.

Puccinia straminis, De Bary. Cooke, " Micro. Fungi," 4th

edit., p. 202.

Aicidium asperifolii, Pers. Cooke, " Hdbk.," p. 541 ;
'* Micro.

Fungi," 4th edit, p. 197.

Exsiccati.

Cooke, i. 325 ; ii. 48. Vize, " Fungi Brit," 7 ;
" Micro. Fungi

Brit," 431, 440, 441.
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^cidiospores on Anchusa aj'veusis, Echiuni vulgare, September

and October.

Teleutospores on Bromus mollis, Triticum znilgare, repens,

sativum, Secale cereale, Hordeum vulgare, Holcus lanatus, mollis,

Avena saliva, elatior, from November to August.

Biology.—Mesospores are not uncommonly mixed with the normal

teleutospores, especially when the fungus occurs on any of the genus

Hordeum = van simplex, Kornicke, and P. anomala, Rost. The
mesospores are about 45^1 long. The teleutospores germinate in the

autumn of the year in which they are produced ; hence the a;cidium is

to be found on Anchusa arvetisis in September and October. The
knowledge of this fact only came recently under my notice. In 1885,

I laid a bundle of wheat straw affected with P. rtibigo-vera in my
garden, near some plants of Anchusa, in August, with the intention of

doing some cultures in the following spring. In September, I found

to my surprise the secidium appearing on the Anchusa. This was the

more remarkable, because I had never previously found the aecidium,

and the plants of Anchusa had been growing all the year in the garden

perfectly healthy. The uredospores are exceedingly abundant in

spring, on wheat plants, in many parts of England, but the Puccinia,

unlike P. graminis, has very little prejudicial effect upon the crop.

Nielsen also finds P. rubigo-vera germinates in autumn. It is very

possible that more than one species is included under P. rubigo-vera.

Puccinia poarum. Nielsen.

y^cidiospores—Spots yellow above, often surrounded by a violet

margin, slightly thickened, concave. Pseudoperidia flat, with

whitish torn edges. Spores subglobose, finely echinulate,

orange-yellow, 18-24 x i5-i8yu. in diameter.

JJredospoi-es—Sori small, round or elliptical, orange. Spores

spherical or elliptical, echinulate, yellow, 20-30/x in diameter.

Without paraphyses.

Teleutospores—Sori small, black, persistent, usually circinating,

covered by the epidermis. Spores elliptical or clavate, very

variable, apex flattened or canically thickened, dark brown,

35-45 X 18-25/X. Pedicels very short, persistent, brownish.

Synonyms.

Puccinia poarum. Nielsen, " Bot. Tids.," vol. ii. p. 26.

Winter in Rabh., " Krypt. Flor.," vol. i. p. 220.
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yEcidium comJ>ositariini, Mart., var. tussilaginis, Pers. Cooke,

" Hdbk.," p. 542; "Micro. Fungi," 4th edit., p. 198. Berk.,

"Eng, Flor.," vol. v. p. 370, in part. Sow., t. 397, fig. i. Grev.,

" Flor. Edin.," p. 447. Johnst., " Flor. Berw.," vol. ii. p. 207,

in part.

Exsiccati.

Cooke, i. 12 ; ii. 89. Viz-e, "Fungi Brit.," 70 ;
" L. F.," 58.

yEcidiospores on Ti/ssi/ago farfa?a, June and Jul)'; October

and November,

Teleutospores on Foa irivialis^prateiisis, 7icmoralis, and annua,

but rarely on the latter, July and August, October to December.

Biology. — Schroter states that between the uredospores are

numerous stifif, capitate paraphyses. The teleutospores germinate

after a very short period of rest, and produce generally two crops of

cecidia in spring and autumn. In 1882, I found the aecidiospores

produced the uredospores on Poa annua in ten or twelve days.

Puccinia caricis. (Schum.).

yEcidiospores—On roundish yellow spots on the leaves, and elon-

gated swellings on the stems, causing much thickening and

distortion. Pseudoperidia flat, broad, with torn white edges.

Spores subglobose, very finely verrucose, orange-yellow, 15-

25/A in diameter.

Uredospores—Sori small, brown, linear, often confluent in long

lines. Spores ovate or elliptical, yellowish brown, echinulate,

20-30 X 15-25/^-

Teleutospores— Sori dark brown, linear, often confluent in long

lines. Spores elongate, oblong, or clavate, persistent, apex

truncate or rounded, much thickened, base attenuated, smooth,

brown, 40-70 x 14-20/A. Pedicels short, brownish, persistent.

Synonyms. \

Puccinia caricis, Schum. Winter in Rabh., " Krypt. Flor.,"

vol. i. p. 222.

Uredo caricis. Schum.^ " Enum. Plant. Scell.," vol. ii. p. 231.

Berk., "Eng. Flor.," vol. v. p. 376. Grev., t. 12; "Flor. Edin.,"

p. 437, sub U. oblongata.

Puccinia caricina. Grev., " Flor. Edin.," p. 433.
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Trichobasis carici/ia, Berk. Cooke, '• Hdbk.," p. 493 ;
" Micro.

Fungi," 4th edit., p. 223, t. viii. figs. 170, 171.

Puccinia striola, Link. Cooke, " Hdbk.," p. 493 ;
" Micro.

Fungi," 4th edit., p. 203. Berk., " Eng. Flor.," vol. v. p. 363.

^cidinm tirticce, D. C. Berk., " Eng. Flor.," vol. v. p. 374.

Grev., "Flor. Edin.," p. 445. Johnst., "Flor. Berw.," vol. ii.

p. 206. Purton, "Midi. Flor.," vol. iii. p. 294. Cooke, "Hdbk.,"

p. 541 ;
" Micro. Fungi," 4th edit., p. 197, t. i. figs. 10, 11.

Exsiccati.

Berk., 1 1 2. Cooke, i. 67, 634 ; ii. 86, 3 1 7, 634 ;
" L. F.," 2>7y^

35. Vize, "Fungi Brit," 121, 159; "Micro. Fungi Brit.,"

220, 235.

^Ecidiospores on Urtka dioica, May and June.

Teleutospores on Carex hirta, riparia, paiudosa, binervis, July

to April.

Biology.— In many cultures I have found the teleutospores from

Carex hirta produce the aecidiospores on Urtica dioica, and the aecidio-

spores produce the uredospores in from eight to fourteen days. It is

interesting to note that Surgeon-Major Barclay has described a Lepto-

puccinia on Urtica parvifolia in India (" Scientific Memoirs by Medical

Officers of the Army in India" (1887), p. 10, t. v. figs. 18, 19).

Puccinia arenariicola. Plow.

yEcidiospores—Spots circular on the leaves, elongated on the

stems, yellow, surrounded by a purple margin. Pseudoperidia

mostly hypophyllous, rarely epiphyllous, edges whitish, promi-

nent, torn, everted. Spores subglobose or polygonal, nearly

smooth, yellow, 15-20/x in diameter.

Uredospores—Sori brown, erumpent, linear or oblong, about 5 mm.
long, surrounded by the torn epidermis, seated on yellowish

spots. Spores globose or ovate, brown, finely echinulate,

18-20/X, in diameter.

Teleutospores—Sori small, black, naked, persistent, linear or

elongate, mostly hypophyllous. Spores smooth, dark brown,

oblong or cuneiform, the upper cell usually darker, rounded,

and thickened above, lower cell somewhat attenuated, con-

striction slight, 40-50 X 20/x. Pedicels long, persistent.
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Synonym.

Puccinia arcnariicola. Vlow.^/our. Linn. Soc. Bot , vol. xxiv.

p. 90. Vize, "Micro. Fungi Brit. " (188S), 549.

^cidiospores on Ccntaurea nigra, L., May and June.

Uredospores, teleutospores, on Carex arenaria, L., July to May.

On the seashore at Hemsby, Norfolk.

Biology.—The above life-history was worked out by a series of

cultures (1885), by which it was proved that this species is distinct

from the other Puccinite on Carices, P. sclia:leriana and caricis, for

details of which see Linti. Soc. Jour. Boi., vol. xxiv. pp. 90-93.

This may be Xh.& Puccinia tenuistipcs, Rost. (Schrot., " Krypt. Flor.

von Schlesien," vol. iii. p. 329) on C. muricata, which has its ^ecidio-

spores on Ccntaitrea jacea.

Puccinia schoeleriana. Plow, and Mag.

/Ecidiospores—Spots yellow, circular, mostly on the radical leaves,

Pseudoperidia hypophyllous, with reflected torn edges, spermo-

gonia on the upper surface of the leaves. Spores rounded,

yellow, finely echinulate, 15-20/x in diameter.

Uredospores—Spots yellow, pallid. Sod elongated or subrotund, sur-

rounded by the torn epidermis, brown, generally hypophyllous.

Spores subglobose or ovate, yellowish brown, 25-30 x 14-20/A.

TeleiUospores—Sori erumpent, oblong or elongate, large, prominent,

persistent, black, hypophyllous, naked. Spores slightly con-

stricted, upper cell subglobose, ovate or attenuated upwards,

apex much thickened, rounded or pointed, lower cell cunei-

form, often paler than the upper, rich brown, smooth, 60-

80 X 15-20/A. Pedicels long, firm.

Synonyms.

Puccinia schoeleriana. Plow and Mag., Quart. Jour, Micro.

Science, vol. xxv., new series, p. 170.

JEcidium jacobcE(z. Grev., "Flor. Edin.," p. 445.

Aicidium composiiarum., Mart. Cooke, " Hdbk.," p. 542 ;

"Micro. Fungi," 4th edit., p. 198.

Exsiccati.

Vize, "Micro. Fungi," 156; "Micro. Fungi Brit./' 434.
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^cidiospores on Sentxio jacobcea^ May and June.

Uredospores and teleutospores on Carex arenaria, July to May.

Biology.—The life-history of this species was worked out in a

series of numerous cultures, by which it proved to be distinct not only

from P. caricis, but also from P. arenariicola; for the details of which

see Quart. Jour. Micro. Science., vol. xxv., new series, pp. 167 and

170 ; and also Linn. your. Soc. Bof., vol. xxiv. pp. go-95. It has been

found by me at North Wootton, Norfolk ; at Skegness, Lincolnshire ;

and by Professor J. W. H. Trail near Aberdeen.

Puccinia sylvatica. Schrot.

y^cidiospores—-Pseudoperidia on round or elongate patches, which

are often surrounded by a violet margin, crowded, short, with

white torn edges. Spores polygonal, smooth, orange-yellow,

14-2 iju, in diameter.

Uredospores—Sori small, scattered, dark brown. Spores globose,

elliptical, or ovate, brown, echinulate, 22-26 X i5-2 2/>(,.

Teleutospores—^oxi small, round, persistent, pulvinate. Spores

clavate, apex much thickened, 6-8ya, rounded, base attenuated,

somewhat constricted, 35-44 X 12-20/x. Pedicels persistent,

about the length of the spores.

Synonyjns.

Puccinia sylvatica. Schrot., " Cohn's Beitrage," vol. iii. p. 68.

Winter in Rabh., " Krypt. Flor.," vol. i. p. 223.

^cidium compositarum, Mart., var. Taraxaci. Grev., " Flor.

Edin.," p. 444. Cooke, " Hdbk.," p. 542; "Micro. Fungi,"

4th edit., p. 198, in part.

Exsicca ti.

Vize, " Micro. Fungi," 166.

^cidiospores on Taraxacum officinale, June and July.

Uredospores and teleutospores on Carex divulsa, brizoides,

prcecox, leporina, remota, rigida, pallescens, panicea, ericetoru?n,

pilulifera, flava.

Biology.—The admission of this species into the British flora

requires confirmation, as the teleutospores have not yet been found in

this country. Mr. Grove also thinks that there are two aecidia on
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Taraxacum, one of which belongs to F. variabilis^ and the other to

P. sylvatica

The two aecldia on Taraxacum have both been found by Mr. Soppitt,

who kindly sent me specimens ; one has numerous small clusters of

pseudoperidia scattered over the leaves = ^c. grevillei, Grove. This

Mr. Soppitt laid upon a plant of Taraxacum, and in a fortnight he

found the Taraxacum affected with Puccinia. I have repeated this

experiment with a^cidiospores found near King's Lynn with success.

In the other ajcidium {F. sylvatica) the pseudoperidium occurs in

large clusters, and is the one described above.

The teleutospore host-plants are those given by Schroter in Cohn's

" Krypt. Flor. von Schlesien," vol. iii. p. 328.

Puccinia dioicse. Magnus.

^Ecidiospores—Spermogonia in small crowded groups, yellow.

Pseudoperidia in one or many circles, crowded on roundish

spots, flat, with torn white edges. Spores orange-yellow, as

much as 25/^ in diameter.

Uredospoi'es—Sori small, chestnut-brown, roundish. Spores glo-

bose, elliptical, or ovate, as much as 25/A long, pale brown,

echinulate.

Teleutospores—Sori thick, roundish, persistent, black, pulvinate.

Spores clavate, apex much thickened, rounded or pointed,

constriction slight, base attenuated, smooth, brown,

35-55 X 17-20/X. Pedicels persistent, 40/A long.

Synonyms.

Puccinia dioica. Magnus, Tagebl. der Naturf. vers, zu MU?ichen

(1877), P- 200. Schrot., " Krypt. Flor. Schl.," p. 329.

j^cidiiim cirsii. D. C, " Flore fran(^.," vol. v. p. 94.

^cidiospores on Carduus palustris, July—Professor J. VV. H.

Trail.

Teleutospores on Carex dioica, davalliana.

Biology.— Schroter worked out the biology of this species in

1880 ("Krypt. Flor. Schl.," vol. iii. p. Z'lP)^ by placing the teleuto-

spores of F. dioiccB on Cirsium oleracetiiii. Johanson and Rostrup, in

June, 1883, during an excursion in Jutland, found the ascidium on

C. palustris, lanceolatiiin, and arvcnse, growing in company with

F. dioicce. The teleutospores have not at present been found in

Britain, but Professor Trail found the tecidiospores in July.
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Puccinia paludosa. Plow,

^cidiospores—Pseudoperidia irregularly clustered on the leaves,

petioles, peduncles, stems, and sometimes even on the calices,

sub-immersed, with torn white edges. Spores subglobose,

echinulate, hyaline, with orange contents, 15-2S X io-i6/t.

Uredospores—Sori small, oval or elongated, on yellowish spots,

light brown, soon naked, and pulverulent. Spores round,

rarely oval, brown, rough with small, sharply pointed, not

very numerous warts, 20-25/x.

Teleutospores—Sori small, oval or elongate, rarely roundish, often

in linear series, black, naked. Spores, upper cell rounded and

thickened above, often obliquely, lower cell subcylindrical or

cuneiform, constriction rather marked, smooth, dark brown,

50-60 X 1S-20/X. Pedicels rather long, brownish, persistent.

Synonyms.

JEcidiinn pcdicidaris. Libosch., " Mem. de Moscou," vol. v.

p. 76, t. 5, fig. I. Berk., Ann. Nat. Hist., No. 254. Cooke,

" Hdbk.," p. 544; " Micro. Fungi," 4th edit., p. 199.

Puccinia carids. Rabh., Fiing. Europ., No. 1589.

Exsiccati.

Cooke, i. 105. Vize, "Fungi Brit.," i68; "Micro. Fungi

Brit," 555, 557- Rabh., 1589.

.•Ecidiospores on Pediciilaris palustris, June and July.

Uredospores on Carex vulgaris, strictajulva, and panicea (?),

July and August ; teleutospores, August to June.

Biology.— In June, 18S8, I found the fecidiospores at Irstead,

Norfolk, in company with the last year's teleutospores. The latter

germinated freely, and, when applied to Pedicularis paltistris,g\v& rise

to the Eecidiospores. Conversely, the scidiospores, applied to Carex

milgaris, give rise to the uredospores and teleutospores. Professor

Trail has found this species in Orkney.

Puccinia obscura. Schrot.

^cidiospores—V?.Q\xdo^en^\^ on large roundish or elongate dis-

coloured spots, mostly epiphyllous, shortly cylindrical, with

torn white edges. Spores irregularly globose, finely echinu-

late, 18-20/A in diameter.
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Urcdospores—Sori oval or linear, generally surrounded by a red

margin, long covered by the epidermis, yellow. Spores orange,

spherical, elliptical, or ovate, echinulate, 19-26 x 17-20/x,.

Teleutospores—Sori elliptical or elongate, pulvinate. Spores

oblong, clavate, apex rounded, truncate or conical, thickened

(5-9/x.), base attenuated, somewhat constricted in the middle,

brown, smooth, 30-45 X 14-20/^. Pedicels rather long, per-

sistent. Mesospores clavate, pretty abundant.

Synonyms.

Puccinia obscura. Schrot. in Nuov. Gior/i. Bot. Hal., vol. ix.

p. 256. " Krypt. Flor.," vol. iii. p. 330. V\o\\., Jour. Linn. Soc.

Bot., vol. XX. pp. 511, 512.

yEcidhun conipositannn, Mart., var. hcUidis, D. C. Cooke,

"Hdbk.,"p. 543-

Exsiccati.

Berk., 225. Cooke, i. 327; ii. 90; " L. F.," 57. Vize,

" Micro. Fungi," 156.

.-Ecidiospores on Bellis perennis, October to December.

Uredospores and teleutospores, on Luzula canipcstris, L., June

to November.

Biology. — The teleutospores are not formed until August or

September, and germinate after a very short period of rest. The life-

history wa5 first worked out in November, 1883, and June, 1884.

Further cultures were made in 1887.

Puccinia phragmitis. (Schum.)

yEcidiospores—Pseudoperidia on circular red spots ("5 to i"5 cm.

in diameter), shallow, edges white, torn. Spores white, sub-

globose, echinulate, 15-26/x in diameter.

Uredospores—Sori rather large, dark brown, elliptical, pulverulent,

without paraphyses. Spores ovate or elliptical, echinulate,

brown, 25-35 X 15-23/^-

Teleutospores—Sori large, long, sooty black, thick, often confluent.

Spores elliptical, rounded at both ends, markedly constricted

in the middle, dark blackish brown, smooth, 45-65 X 16-2 5/^1.

Pedicels very long, 150-200 x 5-8/x, yellowish, firmly attached.
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Synonyms.

Puccinia phragmitis (Schum.). Schrot., " Krypt. Flor.," vol. iii.

P- ZZ"^-

Uredo phragmitis. Schum., " Enum. Plant. S?ell.," vol. ii.

p. 231.

Puccinia antndinacea, Hedw. Cooke, " Hdbk.," p. 491 ;

" Micro. Fungi," 4th edit., p. 202.

yScidiu/n ntmicis, Pers. Purton, vol. iii.. No. 1540, t. 26.

yScidiitm ricbelhwi, Pers. Sow., t. 405. Grev., " Flor. Edin.,"

p. 447. Berk., " Eng. Flor.," vol. v. p. 369, t. 26. Cooke,

"Hdbk.," p. 544; "Micro. Fungi," 4th edit., p. 199.

Exsiccati.

Cooke, i. 15, 25; ii. 81, 123; " L. F.," 59. Vize, "Micro.

Fungi Brit.," 161, 438, 439; " Fungi Brit.," 124.

^cidiospores on Rumex conglomeratiis, obtusifolius, crispus,

hydrolapathu/n, Rheum officinale, May and June.

Uredospores and teleutospores on Phragmites communis, July

to May.

Biology.—The life-history of this fungus has been the subject of

considerable confusion, owing to its having been confounded with

P. niagnusiana. In a series of more than thirty cultures, made during

the years 1882 and 1883, it was proved that P. phragmitis has its

aecidiospores on the above-named Rumices and Rheum, and it was,

moreover, shown by several serial cultures that it does not affect

Rumex acetosa. For details, see Proc. Royal Soc, No. 228, 1883,

pp. 47-50 ; and (luar. Jour. Micro. Science, vol. x.xv., new series,

pp. 156-161.

Puccinia trailii. Plow.

yEcidiospores—Spots rounded, often irregular, purple-red, sur-

rounded by a yellow margin. Pseudoperidia cup-shaped,

wide, with torn, white, everted edges. Spores round, oval, or

irregular, white, finely echinulate, 20-40/x in diameter.

Uredospores—Sori rather large, elliptical or elongate, reddish

brown, pulverulent, amphigenous, without paraphyses. Spores

oval, subpyriform, sometimes nearly globose, brown, echinu-

late, 25-35 X 20-25^.
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Teleiitospores—Sori blackish, large (2-4 mm. long by '5 mm. high),

compact, pulvinate, elongate, with numerous smaller ones scat-

tered between. Spores oval, fusiform, or subcylindrical,

brovvn, granular, markedly constricted. Upper cell slightly

.
thickened above, rounded above and below, lower cell similar

in form, but more attenuated below, 50-60 X 20-23/u,.

Pedicels brown, stout, persistent, 75-100 x 6-8/>t.

Sytionyms.

Vadium rinnicis, Grev., in part.

yEcidhim rubdlum, Pers., in part.

ruccinia phragmitis (Schum.), in part.

^cidiospores on Rumex acetosa.

Uredospores and teleutospores on Phragmites couiiiiimis.

^cidiospores, May and June ; uredospores, July and August ;

teleutospores, August to June.

Biology.—While studying the life-history of Puccinia phragmitis

and magnusiaiia^ I became convinced that a third species occurred

upon the common reed, which had its a^cidiospores on Rumex acetosa.

Professor Trail was fortunate enough to find near Aberdeen a Puccinia

on reed, and in close proximity to it the yEcidium on R. acetosa., and,

although other Rumices were growing equally near, none of them had

the Eecidiospores on them. From specimens he was kind enough to

send me in July, 1888, the above descriptions have been drawn up.

The teleutospores, while closely resembling those of P. phragmitis,

differ in having a granular spore-membrane, and in being borne on

stouter pedicels. The last year's teleutospores collected by him in

June and July were found to germinate freely, and on July 29 were

applied to R. acetosa and crispus (Exp. 950, 951), and on August i to

R. acetosa, crispus, obtusifolia, and Rheum officinale. The a^cidio-

spores were produced in due course upon R. acetosa, but not upon the

other plants.

Puccinia magnusiana. Korn.

x^cidiospores—Pseudoperidia in small circular groups on the

leaves, mostly hypophyllous, with everted, toothed, whitish

edges. Spores subglobose, 15-25/x in diameter.

Uredospores—Sori orange-brown, small, elliptical or linear. Spores

globose, ovate or elliptical, finely echinulate, orange-yellow,

N
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21-35 X 12-20/A, intermixed witli great numbers of hyaline,

clavate paraphyses.

Teleiitospores—Sori black, persistent, very numerous, small,

scattered, elliptical or linear, on the stems and sheaths con-

fluent into very long, black lines. Spores oblong or clavate,

base attenuated, apex much thickened, rounded and darker,

truncate or sometimes conical, constriction slight, chestnut-

brown, 30-55 X 16-26/A. Pedicels firm, about the length of

the spores.

Synonyms.

Piucinia magmisiana. Kornicke, " Hedwigia " (1876), p. 179.

Winter in Rabh., " Krypt. Flor.," vol. i. p. 221.

Pticcinia gromwis, Pers., var. arimdinis. Cooke, " Hdbk.,"

p. 493 ;
" Micro. Fungi," 4th edit, p. 202. Berk., " Eng. Flor.,"

vol. v. p. 363. Grev., " Flor. Edin," p. 433. Johnst., " Flor.

Berw.," vol. ii. p. 195.

j^cidmm ranunculacearuni, D. C. Cooke, " Hdbk.," p. 539 ;

" Micro. Fungi," 4th edit., p. 196, in part. Berk., " Eng. Flor.,"

vol. V. p. 370. Grev., " Flor. Edin.," p. 446. Johnst., " Flor.

Berw.," vol. ii. p. 206, in part.

Exsiccati.

Vize, "Micro. Fungi Brit," 560.

^cidiospores on Ranunculus repens and bulbosa, April to

June.

Uredospores and teleutospores on Phragmites communis, June

to April,

Biology.—The life-history of this fungus was worked out by a

long series of cultures, more than fifty in number ;
for the details of

which, see Quar. Jour. Micro. Science, vol. xxv., new series, pp. 156-

161. These included the sowing of the promycelial spores on

barberry, which was without result ; on various Ranunculi, which was

also without result, excepting upon R. repens and bulbosa, and the

converse cultures of the fecidiospores on Phragmites. No result was

obtained on Rumex conglomeratus, obiusifolium, crispus, hydrola-

pathinn, nor on Rheum.
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Puccinia molinise. Tul.

^cidiospores—Pseudoperidia on round discoloured spots, flat,

with torn, white edges. Spores subglobose, finely verrucose,

orange-yellow, 17-25 x 15-21/x.

Uredospons—Sori chestuut-brown, elliptical or linear, often con-

fluent. Spores globose or shortly elliptical, very thickly but

finely echinulate, yellowish brown, 24-28/x, in diameter.

Teleutospores—Sori black-brown, elliptical or linear, pulvinate,

naked, often confluent. Spores elliptical, central constriction,

slight, base rounded, apex rounded, much thickened, smooth,

brown, 30-56 X 20-26/^. Pedicels brownish, permanent, very

long (loo/x).

Synonyms.

Puccinia molinice. Tul., Mem. Ured. Ann. Sc. Nat., series iv.,

vol. ii. p. 141. Winter in Rabh., " Krypt. Flor.," vol. i. p. 219.

Cooke, " Micro. Fungi," 4th edit., p. 203.

JEcidium orchidearum, Field. Cooke, " Hdbk.," p. 545

;

" Micro. Fungi," 4th edit., p. 200.

Exsiccati.

Cooke, i. 106. Vize, " Micro. Fungi Brit," 558 (?).

yEcidiospores on Orchis latifolia, May and June.

Uredospores and teletitospores on Molinia ccerulea, July to

October.

Biology.—The life-history was worked out by Rostrup, and

while there is no reason to doubt the accuracy of his conclusions, yet

I was unable to produce the uredospores on M. ccerulea from the

iecidiospores on O. latifolia from Irstead. Neither have I been able

to find P. molinia at Irstead, although the^cidium is abundant there

during May and June on O. latifolia. It is therefore probable that

two species have their aecidiospores on O. latifolia.

Puccinia perplexans. Plow.

yEcidiospores—Pseudoperidia in roundish or elongate clusters on

thickened yellow, often concave spots, shortly cylindrical, with

torn white everted edges. Spores subglobose or polygonal,

finely echinulate, orange-yellow, 24-28 X 20-25/A.
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Uredospores—Sori linear, oblong or rounded, sometimes confluent,

amphigenous, golden-yellow. Spores globose, oval or sub-

ovate, orange, finely echinulate, with or without capitate

paraphyses, 20-25 x 30-35/*.

Tdeiitospons—Sori small, sometimes round, but generally

elongate, oblong, or linear, covered by the cuticle, black, often

in clusters, sometimes confluent. Spores very irregular in

form and size, clavate, subfusiform, oblong, upper cell rounded,

truncate or attenuated, often obliquely, central constriction

little or none, lower cell generally cuneiform, clear brown,

epispore often appearing granular, 40-60 x io-12/x. Pedicels

very short.

Synonym.

^cidiuin ranunculaceanim, D. C. Cooke, " Micro. Fungi,

4th edit., p. 196, in part; " Hdbk.," p. 539. Johnst., "Flor. Berw.,

vol. ii. p. 206, in part.

Exsiccati.

Vize, " Micro. Fungi Brit," 443, 548.

^cidiospores on Ranunculus acris.

Uredospores and teleutospores, on Alopccurus pratensis.

>>

Biology.—The life-history of this fungus was worked out in a

series of more than thirty cultures. The uredo, when produced

directly from the Eecidiospores, is without paraphyses ; but these appear

later on in the year. For details, see Quar. Jour. Micro. Science.,

vol. XXV., new series, pp. 164-166. I have found this species near

King's Lynn ; and Mr. George Brebner has met with it at Aboyne,

Scotland.

Puccinia persistens. Plow.

y£cidiospores—On thickened spots, which are purple-brown above,

yellow below, and surrounded by brownish margins. Pseudo-

peridia cylindrical, short, yellow, with torn white edges.

Spores subglobose or oval, finely echinulate, orange-yellow,

20-30 X 17-20/X.

Uredospores— Sori small, orange, round or elongate, on yellowish

spots. Spores subglobose, hyaline, finely echinulate, with

orange-yellow contents, 25-30/x in diameter.
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Telcuiospores—^on small, black, oval, oblong, or linear, long

covered by the epidermis. Spores cylindrical or clavate, apex
slightly thickened, rounded, truncate, or obliquely attenuated,

constriction sometimes marked, sometimes almost absent,

lower cell attenuated below, smooth, brown, 50-60 x 15-20/A.

Pedicels short, very persistent.

Syiiotiym.

^cidiiim ranunciilacearum, var. thalictri-flavi. D. C, " Floie

fran(;.," vol. vi. p. 97. Winter, " Krypt. Flor.," p. 269.

^cidiospores on Thalictnim flainim and minus (?), May ami
June.

Uredospores on Trificum repens {Avetia elafior}), July and
August ; teleutospores, August to July.

Biology.—The aecidiospores were found by Mr. T. Birks near

Goole, in June, 1884, growing near a plant of Ai'e/ia elatior, affected

with an orange Uredo with paraphyses. I was, however, unable to

produce the Uredo on A. elatior, either from Mr. Birks' aecidiospores,

or from specimens collected near King's Lynn in 1888. The teleu-

tospores were found in June, 1888, on a piece of dead grass of the

previous season, germinated, and when applied to a plant of Ihalic-

trtiin flavum, which had been growing in my garden since 1884, the

y^cidium appeared in due course. In July, 1888, the tecidiospores,

applied to a plant of Tritictim repens, gave rise to the Uredo in

twelve days.

Puccinia extensicola. Plow

yEcidiospores—Pseudoperidia on paler spots (which are more or

less circular on the leaves, and elongate on the stems), erect,

circinating or scattered, often amphigenous, margins torn,

white, everted. Spores globose, very finely echinulate, orange-

yellow, 20-2 5/A in diameter.

Uredospores—Sori small, reddish brown, elongate, elliptical or

linear, on rather extensive though pale discoloured spots.

Spores subglobose or ovoid, rather irregular, very finely

echinulate, brownish with a tinge of yellow, 25-30 x 15-20/x.

Teleutospores—Sori small, -5 to i mm. long, elongated, erumpent,

black, surrounded by the torn epidermis. Spores ovate or

subclavate, brown, smooth, apex thickened, often hooded,
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rounded or conical, lower cell attenuated below, slightly con-

stricted, 40-60 X i8-2o/^. Pedicels short, persistent.

Exsiccati.

Vize, "Micro. Fungi Brit.," 544, 552.

^cidiospores on Astei' triJ>oIiu>n, June and July.

Teleutospores on Carex extensa, August to June.

Wells-next-the-Sea ; Norfolk.

Biology.—The life-history of this species was worked out by ;.i

series of experimental cultures during the year 18R8.

II. BRACHYPUCCINIA. Schrot.

Having spermogonia, uredospores, and teleutospores.

Puccinia suaveolens. (Pers.)

Spermogonia—Pale yellow, scattered over the whole kaf-surface,

sweet-scented.

Uredospores—Primary: Son hypogenous, large, crowded, soon

confluent, very pulverulent. Spores echinulate, globose,

brown, 22-20/x in diameter. Secondary: Sori small, scat-

tered, discrete, rarely confluent. Spores globose or broadly

elliptical, echinulate, epispore brown, 20-30/^ in diameter.

Teletdospores—Sori small, roundish or elongate, blackish brown.

Spores oval or oblong, rounded above, echinulate, pale brown,

25-40 X 17-25/^-

Synonyjns.

Puccinia suaveolens (Pers.). Winter in Rabh., " Krypt. Flor.,"

vol. i. p. 189.

Uredo suaveolens. Pers., "Syn.," p. 221. Berk., " Eng.

Flor.," vol. V. p. 379. Purton, "Midi. Flor.," vol. iii., No. 1548.

Grev., " Flor. Edin.," p. 434. Johnst., " Flor. Berw.," vol. ii.

p. 202. Sow., t. 398, fig. 5.

Trichobasis suaveolens^ Lev. Berk., "Outl.," p. 208. Cooke,

"Hdbk.," p. 530; "Micro. Fungi," 4th edit., p. 226, t. vii.

figs. 151-153-

Puccinia compositarum, Mart. Cooke, "Hdbk.," p. 498, in part.

Puccinia obiegens, Fckl. Vize, Exs.



Brachyp7iccinia. 1

8

J

Exsiccati.

Cooke, i. 73; ii. 54. Vize, "Fungi Brit.," 64, 147 ; '-'Micro.

Fungi Brit," 323.

On Carduus arvensis, April to November. A variety occurs

on Centaitrea cyanus.

Biology.—The life-history of this fungus has been worked out by

Rostrup. The first generation consists of roundish uredospores,

spermogonia, and sometimes a few stray teleutospores. The mycelium

invades the whole of the infected plant, and hybernates in the upper

part of the root-stock, so that every shoot sent up from this root con-

tains the mycelium, and bears spermogonia and the primary uredo

(= Uredo suavcolens^ Pers.). The affected plants appear sooner than

the healthy ones, have a sickly pale-green colour, and do not bear

flowers. The second generation consists of uredospores and teleuto-

spores, and has only a localized mycelium ( = /*. obtcgois^ Fckl.). The
variety on Ccntaiirca cyanus was first described by Magnus, who
does not consider it a distinct species, but that it is modified by the

host-plant. It is in this country not very rare on cultivated Centaure?e

in gardens. I have gathered it in the public park at Aberdeen, and

the Rev. Canon Du Port has also sent me specimens.

Puccinia bullata. (Pers.)

Spermogonia—Honey-coloured, in small roundish clusters.

Uredospores—Sori on small, roundish, pale-brown spots, roundish

on the leaves, elongated on the stems, sometimes circinating.

Spores ovate, generally attenuated below, with two lateral,

markedly thickened germ-pores. Membrane ochraceous, echi-

nulate, thickened and hooded above, contents pale reddish,

23-35 X 20-25/A.

Teleutospores—Sori roundish, or more often elongate, dark brown.

Spores elliptical or clavate, rounded above, often attenuated

below, apex slightly thickened, smooth, brown, 30-40 x 20-

25/x. Pedicels deciduous.

Synonyms.

Puccinia bullata (Pers.). Schrot., " Krypt. Flor.," vol. iii.

P- 335- Winter in Rabh., "Krypt. Flor.," vol. iii. p. 191.

Uredo bullata. Pers., " Obs. Myc," vol. i. p. 68.

Uredo cecidiiformis. Grev., "Flor. Edin.," p. 441.
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Uredo nmbeUatani/n. Johnst., " Flor. Berw.," vol. ii. p. 202.

Berk., " Eng. Flor.," vol. v. p. 380.

Trichobasis umbelliferarum^ Lev. Cooke, " Micro. Fungi,"

4th edit., p. 225.

Trichobasis conit, ?)txdi\xs's,. Cooke, " Micro. Fungi," 4th edit.,

p. 225.

Trichobasis cynapii, D. C. Cooke, "Micro. Fungi," 4th edit.,

p. 224.

Trichobasis petroselinL Cooke, " Micro. Fungi," 4th edit.,

p. 223.

Piicciuia iniibelliferarinn, D. C. Berk., " Eng. Flor.," vol. ii.

p. 366, Cooke, "Hdbk.," p. 501; "Micro. Fungi,-' 4th edit.,

p. 208, t. iv. figs. 70, 71. Grev., "Flor. Edin.," p. 431. Jolinst.,

" Flor. Berw.," vol. ii. p. 196.

Puccinia conii, Fckl. Cooke, "Micro. Fungi," 4th edit.,

p. 2og.

Puccinia cethusce, Link. Cooke, " Micro. Fungi," 4th edit.,

p. 209.

Piiccinia tumida. Grev., " Flor. Edin.," p. 430. Berk., " Eng.

Flor.," vol. V. p. 366.

Puccinia silai, Fckl. Cooke, " Grevillea," vol. xiv. p. 39.

Puccinia buUaria, Link. Berk., " Eng. Flor.," vol. v. p. 366.

Cooke, "Hdbk.," p. 503. Pers., "Obs.," vol. i. t. ii. fig. 5.

Johnst., "Flor. Berw.," vol. ii. p. 197.

Exsiccati.

Berk., 57, 221. Cooke, i. 40, 40^-, 42, 42^^; ii. 319, 328;

"L. F.," 15, 16, 38. Vize, "Micro. Fungi Brit.," 123; "Fungi

Brit.," 9, 54, 127.

On Petroselinum sativuni^Aithusa cynapium, CoJiium viaculatum,

Silaus pratensis.

Biology.— I have followed Winter and Schroter in uniting the

above species, but I am convinced biological research will show many

of them to be distinct.

Puccinia hieracii. (Sebum.)

Spermogonia—In small clusters, which are roundish on the leaves,

but more or less elongated on the stems, yellowish.
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Uredospores—Sori dark brown, small, roundish, scattered or circi-

nating, soon pulverulent. Spores round or shortly elliptical,

brown, with two or three germ-pores, 20-30 x i5-25/a.

Teleutospores—Sori blackish, small, round, soon pulverulent,

elliptical or ovate, constriction slight, apex generally rounded.

Epispore dark brown, when seen in water usually punctate,

25-40 X 20-25/*. Pedicels colourless, deciduous, delicate.

Synonyms.

Puccinia flosculosoniin (Alb. and Schw.). Winter in Rabh.^
" Krypt. Flor.," vol. i. p. 206.

Uredo hieracii. Schum.j " Enum. Plant. SselL," vol. ii. p. 22

Puccinia compositariim. Schlecht. " Flor. Berol.," vol. ii. p. 13

Cooke, " Hdbk.," p. 449 ; "Micro. Fungi," 4th edit., p. 206, t. 4
figs. 67, 68. Johnst, " Flor. Berw.," vol. ii. p. 196. Berk., " Eng.

Flor.," vol. v. p. 365.

Trichobasis hieracii, Schum. Cooke, " Micro. Fungi," 4th

edit., p. 224.

Puccinia hieracii. Mart. Cooke, "Micro. Fungi," 4th edit.,

p. 207.

Puccinia clandestina, Carm. Cooke, "Hdbk.," p. 498;
"Micro. Fungi," 4th edit, p. 205. Berk., " Eng. Flor.," vol. v.

P- 365-

Uredo cichoracearum. Grev., " Flor. Edin.," p. 435. Johnst.,
" Flor. Berw.," vol. ii. p. 201.

Exsiccati.

Berk., 219. Cooke, i.
2>2>. 34, 68; ii. 53, 56, 638, 639;

"L. F.," II, 12, 36. Vize, "Micro. Fungi Brit," 120, 428;
" Fungi Brit," 23, 62.

On Carlina vulgaris, Arctium lappa, Carduus crispus, lanceo-

latus, palustris, Cichoriuni intybus, Leontodon auiiimnalis, hispidus,

Hieracium vu/gatum, murorum, coryinbosum, boreale, pilosella,

Scabiosa succisa (?) Crepis virens.

Biology.— I have followed Winter and Schroter in uniting the

above species in the absence of biological information, although I feel

sure many of them are distinct species.
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Puccinia centaure^. Mart.

Spennogonia—On yellow spots, which are round on the leaves,

elliptical or lanceolate on the petioles, where they are surrounded

by a purple margin.

Uredospores—Primary : Sori few, surrounded by the spermogonia,

large, round or elliptical. Spores produced singly on basidia,

globose or subovate, echinulate, brown, about 25/^ across.

Secondary : Sori small, very numerous, scattered, mostly hypo-

phyllous, dark brown, soon pulverulent. Spores subglobose

or elliptical, brown, echinulate, 20-25 ^ 16-23/*.

Teleutospores—Sori very small, amphigenous, roundish or oval,

black, pulverulent, often confluent. Spores elliptical, pyriform,,

or subglobose, not constricted, both cells equal or nearly so,

dark brown, smooth, 30-50 x 20-28/x. Pedicels hyaline.,

short.

Synonyms..

Puccinia centaurece. Mart., " Flor. Mosq.," p. 226. Cooke,

" Micro. Fungi," 4th edit., p. 207. Grev., "Flor. Edin.," p. 430.

Puccinia compositar2im^ Mart., in part. Berk., " Eng. Flor,,"

vol. V. p. 365. Johnst., "Flor. Berw.," vol. ii. p. 196. Cooke,

"Hdbk.," p. 499.

Exsiccati.

Vize, " Micro. Fungi Brit.," 120.

On Centaiirea nigra.

Biology.—The primary uredospores, accompanied by the spermo-

gonia, occur early in May, and are in very much larger sori than the

secondary uredospores. I found by experimental culture that the

primary uredospores produced the secondary in about fourteen days

(Exp. 851,852), but that no result followed when they were appUed

to Taraxacum officinale (853), Leofitodon autumnalis (923^ and

Hieracium pilosella (854, 855).

Puccinia taraxaci. Plow.

Spermogonia—On yellow oval or rounded spots. Paraphyses not

conspicuous. Spermatia globose or oval, i-2yu, in diameter.

Uredospores—Primary : Sori scanty, large, dark brown, elongated
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or ciicinating. Spores ovate, round, or subpyriform, ecliinu-

late, brown, 25-30 X 25|U. Secondary : Sori small, very pro-

fuse, round, cinnamon-brown,, soon pulverulent, often confluent.

Spores subglobose, brown, echinulate, 20-251U, in diameter.

Telentospores—Sori amphigenous, minute, blackish, round, pul-

verulent, surrounded by the ruptured epidermis. Spores

obtuse, shortly oval, ovoid, or even subglobose, constriction

almost none, brown, echinulate, especially above, 30-40 x

20-2 5/i.. Pedicels short, hyaline, deciduous.

Synonyms.

Puccinia variabilis. Grev., " Flor. Edin.," p. 431; " Flor.

Scot.," t. 75. Cooke, "Hdbk.," p. 500; "Micro. Fungi," 4th

edit., p. 207, t. 4, figs. 82, 83. Johnst., "Flor. Berw.," vol. vi.

p. 196, al'l in part.

Puccinia floscidosorum (Alb. and Schw.). Winter in Rabh.,

" Krypt. Flor.," p. 206, in part.

Exsiccaii.

Cooke, i. 539; ii. 128. Vize, "Micro. Fungi Bri.t.," 53.

On Taraxacum officinale.

April to November.

Biology.—The spermogonia and primary uredospores occur early

in the year, about the end of April. Mr. Grove considers this species

has a true ^cidium {^c. grevillei, Grove), which is scattered over

the leaves in small clusters. If this had been the case, I think I must

have met with it, as I have for many years searched the Taraxacum

in the neighbourhood of King's Lynn for the ^cidium. It has been

asserted that the PucciniEe on the Composite' belong to one species,

but this is clearly incorrect. I found, for instance, that the jecidio-

spores of P. lapsancp, placed on Taraxacum officinale and Lapsatta

communis in a duplicated culture, produced the uredospores on the

latter in twenty days, but had no effect upon Taraxacum (Exp. 497,

498), and conversely the germinating teleutospores of P. lapsaucr pro-

duced the secidiospores on L. communis in twenty days, but had no

effect upon the Taraxacum (Exp. 499, 500). I also found that the

teleutospores on Leontodon autumnalis {Y.x\). 620), and the uredospores

on Centaurea nigra (923), when applied to Taraxacum offici7iale^ pro-

duced no effect, although they readily infected their respective host-

plants.

P. iaraxaci is a much more common species tlian P. variabilis.
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III. HEMIPUCCINIA. Schrot.

Having uredospores and teleutospores, the latter germinating only after

a period of rest.

Puccinia polygoni. Pers.

Uirdospores—Sori at first yellowish brown, then dark brown,

roundish, scattered irregularly or arranged in circular groups,

soon pulverulent. Spores spherical, elliptical, or ovate, echi-

nulate, brown, 17-30 x 16-20/x.

Teleutospores—Sori compact, blackish, generally crowded, rounded

or elliptical, on the stems, elongated, often confluent, brown.

Spores cuneiform or clavate, constriction slight or absent, base

attenuated towards the stem, apex much thickened (4-7/x),

rounded, truncate, capitate or conical, smooth, brown, 30-50

X 14-20/X. Pedicels about as long as the spores, persistent.

Synonyms.

Puccinia polygoni. Pers. ,
" Syn

.

,

" p. 227.

Puccinia polygonorum, Link. Cooke, " Micro. Fungi," 4th

edit., p. 203; "Hdbk.," p. 495. Berk., " Eng. Flor.," vol v.

P- Z^Z- Johnst., "Flor. Berw.," vol. ii. p. 195; Grev., "Flor.

Edin.," p. 430.

Puccinia amphibii, Fckl. Cooke, " Micro. Fungi," 4th edit.,

p. 204.

Uredo polygonorum, D. C. Grev,, t. 80. Berk., " Eng. Flor.,"

vol. V. p. 377. Johnst., " Flor. Berw.," vol. ii. p. 201.

Trickobasis poIygonorunij'Eerk. Cooke, " Micro. Fungi," 4th

edit., p. 226.

Exsiccati.

Berk., 231, 216. Cooke, i. 27; " L. F.," 5, 42. Vize,

" Micro. Fungi Brit.," 28; "Fungi Brit.," in.

On Polygonum convolvulus, amphibium, lapatJiifolittm.

June to November.

Biology.—Winter (Rabh., " Krypt. Flor.," vol. i. pp. 185, 186)

separates the form on P. ampliibium, following Fuckel, the principal

morphological difference being that in this form the teleutospores

remain covered by the epidermis. This is also the case when the

fungus occurs on P. lapathifoHuni. On P. convolvulus the sori are
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pulverulent. In the absence of biological iafoinuuion, I have followed

Schroter in uniting these species.

Puccinia tanaceti. (L). C.)

Uredospores—Sori pale brown, small, round or oval, pulverulent,

elongated. Spores round or ovate, pale brown, with three

germ-pores, echinulate, 20-35 ^ i5~2o/a.

Teleutospores—Sori compact, pulvinate, black. Spores elliptical

or clavate, base attenuated, summit thickened (5-7/u.),

hooded, smooth, or slightly verrucose towards the summit,

deep brown, 40-50 x 20-28/^. Pedicels long, permanent.

Synonyms.

Puccinia tanaceti, D. C. Winter in Rabh., " Krypt. Flor.,"

vol. i. p. 209, in part.

Urcdo tanaceti. D. C, "Encyc," vol. viii. p. 224.

Trichobasis artemisice, Berk. Cooke, " Micro. Fungi," 4ih

edit., p. 223.

Uredo artemisice. Berk., "Outl.," p. 332.

Puccinia tanaceti, D. C. Cooke, " Micro. Fungi," 4th edit.,

p. 207.

Puccinia discoidearwn, Link. Cooke, " Micro. Fungi," 4th

edit., p. 206; " Hdbk.," p. 499.

Exsiccati.

Berk. Cooke, i. 115, 35, 437 ; ii. 126.

On Artemisia absinthium^ maritima, Tanacetum vulgare.

Puccinia iridis. (D. C.)

Uredospores—Sori hypophyllous or amphigenous, reddish brown,

scattered irregularly, elongated or roundish, long covered by

the epidermis, then pulverulent. Spores elliptical or ovate,

with three germ-pores, brown, echinulate, 20-35 ^ 16-26/*.

Teleutospores—Sori black, linear, soon naked, compact, persistent.

Spores oblong, apex very much thickened (io-12/x), rounded

or obliquely conical, seldom truncate, base wedge-shaped,

constriction slight, smooth, brown, 35-45 x 15-22/A. Pedicels

rather long, often brown, persistent.
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Synonyms.

Pitccmia iridis, D. C. Winter in Rabh., " Krypt. Flor.," vol. i.

p. 184.

Uredo iridis. D. C, " Encyc," vol. viii. p. 224. Berk., " Eng.

Flor.," vol. V, p. 376.

Trichobasis iridis. Cooke, " Micro. Fungi," 4th edit, p. 227.

Fucci?iia triincata. B. and Br., No. 754. Cooke, "Hdbk.,"

p. 494 ;
" Micro. Fungi," 4th edit., p. 203.

Exsiccati.

Berk., 59. Cooke, i. 77 ;
" L. F.," 28. Vize, " Fungi Brit.,"

122.

On Irisfcztidissiina, pseudo-acorns.

July to December.

Biology.—The uredospores which occur on certain cultivated

species of iris, as Iris ibcrica, tolniicana, etc., produced no effect upon

I. fcetidissiiJia ^ndpsendo-acorus. (See Uredo iridis, p. 258.)

Puccinia oblongata. (Link.)

Uredospores—Sori reddish brown, bullate, scattered, roundish,

oblong, long covered by the epidermis. Spores generally

ovate or pyriform, epispore very thick, quite smooth, very pale

yellow, generally 30-42 X i2-r5/x.

Teleutospores—Sori black, elliptical or linear, compact, sooner

naked and surrounded by the ruptured epidermis. Spores

clavate, slightly constricted, base attenuated, apex thickened

(io-20/x), hooded, round or conical, smooth, brown, 40-60 or

even So x 17-23/^. Pedicels short, firmly attached.

Synonyms.

Puccinia oblongata (Link.). Winter in Rabh., " Krypt. Flor.,"

vol. i. p. 183.

Ca;oma oblongatum. Link., " Obs.," vol. ii. p. 27.

Uredo oblongata. Grev., t. 12. Berk., "Eng. Flor.," vol. v.

p. 376 ;
" Outl.," p. 208. Cooke, " Hdbk.," p. 529. Grev., " Flor.

Edin.," p. 437. Johnst., " Flor. Berw.," vol. ii. p. 202.
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Trichobasis oNo/igaia, licrk. Cooke, "Micro. Tungi," 4lh

edit., p. 223, t. 7, figs 158, 159.

Puccinia luzulce, Lib. Cooke, " Micro. Fungi," 4th edit.,

p. 203.
Exsiccafi.

Cooke, i. 535. Vize, "Fungi Brit.," 61.

On Luzula piiosa, campestris, maxima. May to November.

Biology.—This is probably a hetercecious species.

Puccinia scirpi. D. C.

Vredospores—Sori reddish brown, elUptical, often numerous and

confluent. Spores ovate or subcuneiform or oblong, echinu-

late, yellowish brown, 20-32 X 12-24/A.

Tdeutospores—Sori small, blackish, sometimes circinating, at

length naked. Spores clavate, attenuated below, constriction

slight, apex thickened, generally roundish, conical, smooth,

brown, 30-60 X io-20/x. Pedicels long, brownish, persistent.

Synonym.

Puccinia scirpi, D. C. Winter in Rabh., " Krypt. Flor.,"

vol. i. p. 182. "Flore frang.," vol. ii. p. 223.

^xsiccati.

Cooke, ii. 636. Vize, "Micro. Fungi Brit," 122.

On Scirpns laciistris. King's Lynn.

July to November.

Biology.—This is most likely a hetercecious species, the life-

history of which is unknown. Mesospores are often abundantly

mixed wth the normal teleutospores. They measure from 25 to 40^ in

length.

Puccinia baryi. (B. and Br.)

Vredospores—Sori small, scattered or crowded, elongate or linear,

reddish yellow, usually occurring in long linear series on

the leaves. Spores globose or ovate, finely echinulate, orange-

yellow, 20-2 5/x. in diameter. Paraphyses numerous, capitate,

hyaline, about 20/A long.
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Teleutospores—Sori small, blackish, crowded in linear series, long

covered by the epidermis. Spores irregularly elliptical or

cuneiform, constriction slight or absent, summits generally

truncate, often obliquely, rarely rounded, usually thickened,

attenuated below, smooth, brown, 25-35 ^ i5~25)U,. Pedicels

very short, often obsolete.

Synonyms.

Puccinia baryi (B. and Br.). Winter in Rabh., " Krypt. Flor.,"

vol. i. p. 178.

Epitea baryi. B. and Br., Ann. Nat. Hist., No. 755.

Lecythea baryi., Berk. Cooke, "Micro. Fungi," 4th edit.,

p. 222 ; "Hdbk.," p. 532. Berk., "Outl.," p. 334.

On Brachypodium sylvaticum and pinnattint.

June to November.

Biology.—This is probably a heteroecious species. Mr. Soppitt

considers that it also occurs on Aim cccspitosa.

Puccinia bistortse. D. C.

Uredospores—Sori yellow, small, irregularly rounded, soon naked,

scattered. Spores rounded or elliptical, finely echinulate,

yellow, 20-28 X 18-20/X.

Teleutospores—Sori black-brown, very small, often confluent.

Spores elliptical or ovate, very slightly constricted, apex not

thickened, rounded, smooth, brown, 24-38 X 15-24/x. Pedicels

rather long, deciduous.

Synonym.

Puccinia bistorta>, D. C. Winter in Rabh., " Krypt. Flor.,"

vol. i. p. 186. Cooke, "Micro. Fungi," 4th edit., p. 204.

On Polygonum viviparum.

July to September.

Puccinia pruni. Pers.

Uredospores—Sori light brown, small, round, crowded, pulverulent,

often confluent. Spores ovate or subpyriform, apex darker,
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thickened, bluntly conical, closely echinulate, brown, 20-35 ^
12-16/X,, mixed with numerous capitate brownish paraphyses.

TeIciitospoi-es—Sori pulverulent, dark brown, almost black. Spores

consisting of two spherical cells, flattened at their point of

union, the lower cell often being smaller and paler. Epispore

uniformly thick, chestnut-brown, thickly studded with short stout

spines. Spores 30-45 X 17-25/x. Pedicels short, colourless.

Synonyms.

Puccinia priini-spinoscE, Pers. Winter in Rabh., " Krypt. Flor.,"

vol. i. p. 193.

Pticcinia pruni. Pers., "Syn.,"p. 226.

Puccinia prunorum, Link. Berk., " Eng. Flor.," vol. v. p. 368.

Cooke, "Hdbk.," p. 507; "Micro. Fungi," 4th edit., p. 211.

Purton, "Midi. Flor.," vol. iii. No. 1552.

Trichobasis rhamni. Cooke, "Hdbk.," p. 507.

Exsiccati.

Baxt, 83. Cooke, i. 51 ; ii. 139. Vize, "Micro. Fungi," 128.

On Prtinus spinosa, domestica, Rhamnus cathartkus.

Biology.—The teleutospores are very apt to fall asunder at the

septum. The frequently imperfect development of the lower cell shows

the relationship which exists between the present genus and Uromyces.

The form on Rhamnus requires to be experimentally examined.

Puccinia argentata. (Schultz.)

Uredospores—Sori yellowish brown, small, rounded, circinate or

scattered, often confluent. Spores spherical or elliptical, finely

echinulate, yellow, 15-20 x 14-18/x.

Teleutospores— Sori rounded, chestnut-brown, soon pulverulent.

Spores ovate or clavate, rounded or attenuated above, con-

striction slight or absent, 25-35 X 1 2-1 7/1. Pedicels hyaline,

very deciduous.

Synonyms.

Puccinia argentata {?)c\\u\i7.). Winter in Rabh., "Krypt. Flor.,"

vol. i. p. 194.

yEcidium argentatum, Schultz. " Prod. Flor. Starg.," p. 454.

O
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TricJiobasis impatiens, Rabh. Cooke, "Micro. Fungi," 4th

edit., p. 225.

Pucdnia ?wU-tangeris, Corda. B. and Br., No. 1044. Cooke,

"Hdbk," p. 504; "Micro. Fungi," 4th edit., p. 210.

Exsiccati.

Cooke, i. 44; "L. F.," 19.

On Impatiens noli-me-tangere.

April to September.

Puccinia anthoxanthi. Fckl.

Uredospores—Sori elliptical or linear, dusky orange, soon naked.

Spores elliptical or ovate, finely echinulate, pale yellowish

brown, 20-30 X i5-20/x. Paraphyses hyaline, capitate.

Teleutospores—Sori scattered, very small, mostly linear, dark

brown. Spores elliptical or subpyriform, slightly constricted,

sometimes rounded below, rarely cuneiform, summits thickened

or slightly apiculated, smooth, chestnut-brown, 25-40 X 15-20/x.

Pedicels long, firmly attached.

Synonym.

Puccinia anthoxanthi. Fckl., "Symb. Myc," vol. ii. p. 15.

Winter in Rabh., " Krypt. Fior.," vol. i. p. 180.

Exsiccati.

Vize, " Micro. Fungi Brit.," p. 436;

On Anthoxanthum odoratum.

Biology.—This is probably a heteroecious species, the life-history

of which has not yet been worked out. The uredospores are usually

mixed with a large number of capitate, hyaline paraphyses.

Puccinia oxyriae. Fckl.

Uredospores—Sori cinnamon-brown, roundish or irregular, crowded,

often confluent. Spores rounded or pyriform, finely echinu-

late, brown, with orange-yellow contents, 25-30 x 20-25/x.
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Tcleutospores—Sori amphigenous, black-brown, rounded on the

leaves, more often on the stems, petioles, and peduncles, where

they are elongated. Spores elliptical or ovate, slightly con-

stricted, base rounded, apex a little thickened, rounded or

hooded, smooth, brown, 30-45 X 15-25/x,. Pedicels rather

long, colourless.

Syno7iy7ii.

Fucania oxyria. Fckl., " Symb. Myc," vol. iii. p. 14. Cooke,
"Grevillea," vol. xi. p. 15. Winter in Rabh., " Krypt. Flor.,"

vol. i. p. 186.

On Oxyria reniformis.

August.

The apex of the spores has often an irregular outline.

Puccinia hydrocotyles. (Link.)

Uredospores—Sori small, scattered, epiphyllous, surrounded by

the ruptured epidermis, rarely confluent, sometimes circinating

round a central larger sorus. Spores irregularly oval, sub-

pyriform or subglobose, pale brown, finely echinulate, 20-30,11

in diameter.

Teleutospores—Few, mixed with uredospores. Spores oblong or

oval, slightly constricted', upper cell rounded at the apex,

generally larger, smooth, brown, 40-45 X 20-25/*. Pedicels

rather long, hyaline.

Synonytns.

Ccpojna hydrocotyles. Link., "Sp. Plant.," vol. ii. p. 22.

TricJwbasis hydrocotyles., Cooke. Cooke, " Micro. Fungi," 4th

edit., p. 225, t. 8, figs. 168, 169; "Hdbk.," p. 530.

Exsiccati.

Cooke, i. 69; ii. 59 ; "L. F.," 44. Vize, "Micro. Fungi Brit.,"

!28.

On Hydrocotyle vidgaris. Epping Forest.

July to October.
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Puccinia sonchi. Rob.

Uredospores—Sori small, brown, mostly hypophyllous, at first

buUate, then naked, roundish, pulverulent. Spores roundish

or ovate, verrucose, 23-35 ^ 16-2 i/x.

Tehiitospores— Sori black, compact, roundish, surrounded by dark

brown, clavate paraphyses, 80-100 x 12-15/A. Spores oblong

or ovate, constricted, rounded at both ends, smooth, brown,

35-60 X 20-30/*. Mesospores numerous, of similar form, but

unicellular, apex more distinctly thickened (45-5 5/x). Pedicels

long, persistent.

Synonym.

Puccinia sonchi, Rob. Winter in Rabh., " Krypt. Flor.," vol. i.

p. 189. Desmaz., Ann. Sc. Nat., 3rd series, vol. ii. p. 274.

Grove, Science Gossip, 1885, vol. xxi. p. 9, figs. 6-9.

On Sonchits arvensis ; Mr. H. Hawkes.

October.

Puccinia lychnidearum. Link.

Credospores—Sori on pallid yellowish spots, subrotund, flat,

scattered, often arranged in a circular manner, hypophyllous,

cinnamon-brown. Spores subglobose or ovate, pale brown,

echinulate, 18-20 x 23-30/x.

Teleutospores—Sori dark brown, on pale spots, oblong or roundish,

generally circinating, soon naked, but persistent. Spores pale

brown, ovate, clavate, or subfusiform, apex not thickened,

smooth, 35-40 X 15-18/X. Pedicels long, persistent, hyaline.

Synonyms.

Puccinia lychnidearum, Link. Linn., " Sp. Plant," vol. ii. p. 80.

Berk., " Eng. Flor.," vol. v. p. 367. Cooke, " Hdbk.," p. 505 ;

" Micro. Fungi," 4th edit, p. 210.

Trichobasis lychnidearum. Lev. Cooke, "Hdbk.," p. 505;

" Micro. Fungi," 4th edit, p. 224.

Pxsiccati.

Berk., 224. Cooke, i. 47; ii. 129. Vize, "Micro. Fungi

Brit.," 31, 130; "Micro. Fungi," 125.
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On Lychnis diurna.

Uredospores, April to June ; teleutospores, July to September.

IV. PUCCINIOPSIS. Schrot.

^Ecidiospores and teleutospores on the same host-plant. Not infrequentl)

a few isolated uredospores are found concealed between the teleutospores, l)ul

they do not form proper uredospore sori.

Puccinia liliacearum. Duby.

^^cidiosporcs—Pseudoperidia scattered on the leaves, deeply im-

bedded, opening above by a small orifice. Spores rounded,

polygonal, isodiametric, rarely elliptical,, orange-yellow, 16-23

X 14-17/A.

Teleutospores— '&ox\ scattered in groups, imbedded in the leaf-

tissue, covered by the epidermis, which becomes at length

ruptured by a small rift above. Spores oblong, sliglitly or

not at all constricted, apex not thickened, rounded, but more

often attenuated and surmounted by a conical point, base

attenuated, smooth, pale brown, 40-70 x 22-351U,. Pedicels

rather long, thick, colourless.

Synonym.

Puccinia liliacearum. .Duby, " Bot. Gall," vol. ii. p. 891.

Winter in Rabh., " Krypt. Flor.," vol. i. p. 194. Schrot.,

" Krypt. Flor. Schl.," vol. iii. p. 342.

On Ornithogalum umbcllatum.

Near Carlisle ; Rev. Hilderic Friend.

April and May.

Biology.—Schroter remarks that the aecidia are always few, and

often altogether absent, but that the spermogonia are abundant,

especially on the ends of the affected leaves.

Puccinia tragopogi. (Pers.

)

^cidiospores—Pseudoperidia on the whole plant —leaves, stems,

bracts, receptacles—shortly cylindrical, at first mammaiform,

with whitish torn edges. Spores rounded, verrucosa, orange-
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yellow, 18-27/X, sometimes as much as 35/x long. Mycelium

diffused throughout the host-plant.

Teleutospores—'S,ox\ brown, few, small, scattered, elliptical or elon-

gate, long covered by the epidermis. Spores broadly oval,

often almost globose, slightly constricted, apex not thickened,

thickly verrucose, brown, 26-48 X 20-35/^. Pedicels short,

colourless, deciduous. Mycelium locahzed.

Synonyms.

Fuccinia tragopogi (^Qxs.). Winter in Rabh., " Krypt. Flor.,"

vol. i. p. 209.

JEcidium tragopgi. Pers., "Syn.," p. 211. Berk., " Eng.

Flor.," vol. V. p. 370. Sow., t. 397, fig. 2. Cooke, " Hdbk.,"

p. 537 ; "Micro. Fungi," 4th edit., p. 195, t. i, figs. 1-3.

.^cidhm cichoraceanim, D. C. Johnst., " Flor. Berw.," vol. ii.

]). 205.

Puccinia sparsa. Cooke, " Hdbk.," p. 498 3
" Micro. Fungi,"

4th edit., p. 205.

Puccinia syngenesiarum, Link. Johnst., "Flor. Berw.," vol. 11.

p. 197, in part.

Exsiccaii.

Cooke, i. 5, 330 ; ii. 79 ;
" L. F.," 51. Vize, " Micro. Fungi,"

158 ;
" Micro. Fungi Brit," 133.

On Tragopogon pratensis.

April to September.

Biology.—The life-history of this species was first worked out by

De Bary (" Champ, parasit.," Ann. Sc. Nat., 1861, 4th series, t. xx.,

pp. 76 and 87-88 of the reprint). He found the aecidiospores to

have a colourless epispore, with three germ-pores ; that when they

were sown upon the young leaves of Tragopogon pratensis ^.nd. porri-

folius they gave rise to the teleutospores, with a locahzed mycelium at

the place where the secidiospores were placed. Mixed with the teleu-

tospores are a very few uredospores. The teleutospores give rise,

when placed upon young plants, to a mycehum, which pervades the

whole of the plant. The infected plants produce the aecidiospores on

the leaves, involucre, and receptacle. The mycelium is to be found in

the upper part of the root-stock.

I have cultivated this fungus for several years. Sometimes the
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young seedlings will produce a crop of iccidia in the autumn, but as

a rule they do not do so until the following spring, after the mycelium

has hybernated in them during the winter. I have sown the seeds

from aecidiiferous plants, in which the aecidiospores were produced

upon the receptacle ; most of these seeds failed to germinate, but

those which did produced healthy plants. I do not find the spermogonia

at all frequently ; as a rule they are absent.

Puccinia smyrnii. Corda,

.Ecidiosporcs—Pseudoperidia hypophyllous or cauline, yellow, at

first closed hemispherical, then bursting at the apex and be-

coming cupulate, edges not torn. Spermogonia epiphyllous.

Spores oval or oblong, golden yellow, finely echinulate, 25-30

X 10-15/A.

Teleutospores—Sori small, pulverulent, scattered, black, hypophyl-

lous. Spores ovoid obtuse or subpyriform, constriction slight

or absent, upper cell generally the larger, outline irregular from

the epispore being covered by very large discrete tubercles,

rich brown, 30-50 X 20-25/^. Pedicels hyaline, short.

Sy?wnym.

Puccinia smyrnii. Corda, vol. i. fig. 67. B. and Br., Ann.

Nat. Hist., No. 469. Cooke, "Hdbk.," p. 503 ; "Micro. Fungi,"

4th edit., p. 209, t. 3, figs. 55, 56.

Exsiccati.

Cooke, i. 320; ii. 440. Vize, "Fungi Brit," 22; "Micro.

Fungi Brit.," 562, 563.

On Smyrnium olusatrum.

^cidiospores. May and June.

Teleutospores, June and July.

V. MICROPUCCINIA. Schrot.

Having teleutospores only, which do not germinate until after a period of

rest.

Puccinia betonicse . (Alb. and Schw.)

Teleutospores—Sori dark brown, numerous, small, roundish, con-

fluent, covering the whole surface of the leaf. Spores broadly
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elliptical or ovate, generally rounded at both ends, apices

surmounted by a brown wart-like papilla, constriction slight,

smooth, yellow-brown, 28-45 X 15-25/x,. Pedicels hyaline,

deciduous.

Synonyms.

Fuccinia befonicce (Alb. and Schw.). Winter in Rabh., " Krypt.

Flor.," vol. i. p. 172.

Fuccinia anemones, (3 betoniccc. Alb. and Schw., "Consp.,"

p. 131.

Fuccitiia bctonicce, D. C. Berk., " Eng. Flor.," vol. v. p. 364.

Grev., " Flor. Edin.," p. 431. Cooke, " Hdbk.," p. 477 ;
" Micro.

Fungi," 4th edit., p. 205.

Exsiccati.

Berk., 218. Cooke, i. 108; ii. 532. Vize, "Fungi Brit.," 16.

On Betotiica officinalis.

Biology.—The mycelium appears to be perennial. Mr. W. B.

Grove figures in the Gardejter's Chronicle {KMgusX. 8, 1885) an abnormal

condition of the teleutospores in which they are variously septate and

distorted.

Fuccinia campanulge. Carm.

Teleutospores—Sori brown, small, rounded, long covered by the

epidermis, often circinate. Spores elliptical or ovate, summits

thickened, conical, with a flat or wart-like (usually brown)

incrassation, constricted in the middle, smooth, pale brown,

26-45 ^ I2-2I/A. Pedicels very deciduous.

Synonyvu

Fuccinia campanulcE, Carm. Berk., "Eng. Flor.," vol. v. p.

365. Cooke, "Hdbk.," p. 498 ;
" Micro. Fungi," 4th edit., p. 205.

Winter in Rabh., " Krypt. Flor.," vol. i. p. 173.

Exsiccati.

Cooke, i. 109.

On Campamila rapunctdus and rotundifoiia.

June to August.



Micropticcinia. 20

1

Puccinia schneideri. Schrot.

Teleutospores—Mycelium pervading the stems and leaves of the

affected plants, causing an increase in length of the former,

and more or less crumpling of the latter. Sori small, black-

brown, for some time covered by the epidermis, usually

elongated, pulverulent. Spores elliptical, rounded at both

ends, apex thickened, medial constriction pronounced, smooth,

chestnut-brown, 25-28 x 15-18/x. Pedicels deciduous,

colourless.

Synonyms.

Puccinia schneideri. Schrot., " Krypt. Flor. Schl.,'" vol. iii.

P- 344-

Puccinia caulifuola. Schneider, 48, Jahresber d. Schles. Ges.,

1870, p. 120.

On Thynius se>-pylhun.

June to October.

Links., Aberdeen ; Prof. J. W. H. Trail.

Biology.—The presence of the mycelium in the affected stems

causes them to assume a more erect habit of growth, so that they

can be distinguished from the healthy plants by the naked eye.

Puccinia segopodii. (Schum.)

Teleutospores—Sori on brown spots, on the leaves, small, roundish,

crowded, on the petioles generally larger, at first yellow, then

brown. Spores elliptical, oval, or subpyriform, constriction little

or none,, apex generally surmounted by a paler papilla, dark

chestnut-brown, 30-40 x 15-23/x. Pedicels colourless,

deciduous.

Synonyms.

Puccinia cegopodii (Schum.). Winter in Rabh., " Krypt. Flor.,"

vol. i. p. 174.

Uredo cegopodii. Schum., " Enum. Plant Saell," vol. ii. p. 2^.
Puccinia cegopodii, Link. Berk., " Eng. Flor.," vol. v. p. 366.

Cooke, "Hdbk.," p. 502; "Micro. Fungi," 4th edit., p. 208.

Grev., "Flor. Edin.," p. 429.
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Exsiccati.

Cooke, i. 540 ; ii. 439. Vize, "Micro. Fungi Brit.," 34, 426.

On ^gopodiitvi podagnij-ia.

April to August.

Biology.—The presence of the mycelium in the stems and midribs

causes them to be much swollen and distorted.

Puccinia epilobii. D. C.

Tcleutospores—Sori small, roundish, rather crowded, but seldom

confluent, soon naked, surrounded by the torn epidermis, dark

brown. Spores oblong or elliptical, often irregular, rounded

at both ends, not thickened above, much constricted, brown,

very minutely verrucose, 27-40 x 17-25/x. Pedicels hyaline,

deciduous, rather short.

Synojjyin.

Puccinia epilobii. D. C, "Flore frang.," vol. vi, p. 61. Grev.,

"Flor. Edin.," p. 431. Berk., " Eng. Flor.," vol. v. p. 368.

Cooke, "Hdbk.,"p. 506; "Micro. Fungi," 4th edit., p. 211.

Johanson, Boian, Centralblatt, bd. 28 (1886), p. 395.

Exsiccati.

Berk., 348.

On Epilobiiim palustre.

Puccinia asarina. Kze.

Tcleutospores—Sori small, brown, roundish, long covered by the

epidermis, often circinate, at length naked. Spores ovate,

elliptical, or fusiform, constriction slight, surmounted by a

conical paler point, apex scarcely, base slightly (if at all)

attenuated, pale brown, 30-40 X 14-24/x. Pedicels very long,

deciduous.

Synony7n.

Puccinia asarina. Kze. and Schm,, " Mykol. Hefte," i. p. 70.

Cooke, "Hdbk.," p. 504. Winter in Rabh, " Krypt. Flor.,"

vol. i. p. 172.
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Mxsiccati.

Cooke, i. 10.

On Asarum eiiropccuin.

June to October.

The sori are generally confluent in large circular patches.

Fuccinia paliformis. Fckl.

Teleutospores—Sori small, thick, pulvinate, round or oblong,

black. Spores clavate or fusiform, central constriction slight,

base wedge-shaped, apex much thickened, generally truncate,

rarely rounded, occasionally conical, brown, 23-52/A x io-16/x.

Pedicels long, firm.

Synonym.

Fuccinia paliformis. Fckl., " Symb. Myc," p. 59. Winter in

Rabh., " Krypt. Flor.," vol. i. p. 224.

On Kceleria cristata.

September and October.

Prof. J.
\V. H. Trail, near Aberdeen.

Puccinia virgaiireae. (D. C).

Teleutospores—Sori black, shining, punctiform, generally in large

numbers on orbicular, pallid, yellowish spots, crowded in the

centre, scattered towards the periphery. Spores fusiform,

pyriform, or clavate, constriction slight or absent, base attenu-

ated, apex thickened, rounded or truncate, often with a central

oblique point, hooded or conically attenuated, smooth, pale

brown, 30-56 x \2-2011. Sori surrounded by a thick bed of

dark-brown paraphyses. Pedicels hyaline.

Synonyms.

Puccinia virgaiirex (D. C). Winter in Rabh., "Krypt. Flor.,"

vol. i. p. 173.

Xyloma virgaurece. D. C, " Syn.," No. 821

Puccinia virgaurece, Lib. Cooke, " Hdbk.," p. 500 ;
" Micro.

Fungi," 4th edit., p. 206.
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Exsiccati.

Cooke, i. 45.

On Solidago virgaurea,

August and September..

Puccinia andersoni. B. and Br.

Teleutospores— Spots epiphyllous, orbicular, surrounded by a brown

border. Sori hypophyllous, compact, minute, but crowded into

large circular patches, often almost concealed by the pubes-

cence of the leaf, dark violet. Spores oblong, fusiform, or

clavate, constricted, smooth, brown, upper cell often the darker,

apex rounded or conically thickened (8 to lo/x), 45-55 X
20/X. Pedicels long, stout, pale brown, 60-70 x 8-9/x.

Synonym.

Puccinia andersoni. B. and Br., Ann. N^at. Hist.., No. 1464.

Cooke, " Micro. Fungi," 4th edit., p. 204.

On Cardints heterophyllus.

September and October.

Den of Airlie, Scotland. Yorkshire ; Mr. Soppitt.

Biology.—A very striking species. The sori are crowded together

in large round patches, often from i to 1.5 cm. in diameter; dark

violet in colour, and are without paraphyses.

Puccinia umbilici. Guep.

Teleutospores—Sori seated upon pallid spots, round, often circinat-

ing, convex, compact, then pulverulent, at length confluent in

large orbicular patches. Spores dark brown, not constricted,

smooth, globose or ovate, 28-30 x 24-26/^. Pedicels short,

hyaline.

Synonym.

Puccinia umbilici, Guep. Duby, " Bot. Gall.," p. 890. B. and

Br., Ann. Nat. Hist, No. 470. Cooke, " Hdbk.," p. 505 ;
" Micro.

Fungi," 4th edit., p. 211, t. iv. figs. 80, 81.
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Exsiccati.

Berk., 329. Cooke, i. 48; ii. 132. Vize, " Fungi Brit,," 29.

On Cotyledon nmbilian.

May and June.

Biology.—The small sori are surrounded by a pseudoperidium,

from which the spores eventually fall out, leaving a honeycomb-like

matri.x.

Pnccinia fusca. (~Relhan.)

Teleutospores—Sori black-brown, scattered equally over the whole

surface of the leaves, small, round, pulverulent, often con-

fluent. Spores formed of two almost spherical cells, which

are flattened at their point of contact, hence the spores are

strongly constricted and easily fall apart, thickly covered with

large warts, brown, 30-50 X 15-24/x. Pedicels stout, hyaline.

Mycelium perennial.

SynonyjHs.

Pucciniafusca (Relh.). Winter in Rabh., " Krypt. Flor.," vol. i.

p. 199.

ALcidiuvi fusaim. Relh., "Flor. Cantab. Suppl.," ii.

Pticcinia anemones. Pers., " Syn.," p. 226. Berk., " Eng.

Flor.," vol. v. p. 367. Cooke, " Hdbk.," p. 503 ;
" Micro. Fungi,"

4th edit., p. 209, t. iv. figs. 64, 65.

Exsiccati.

Baxter, 82. Berk., 222. Cooke, i. 43 ; ii. 530; " L. F.," 18.

Vize, " Fungi Brit," 26.

On Anemone ne?norosa.

April to July.

Biology.—The mycelium is perennial, and was found by De Bary

in the upper part of the rhizome. The teleutospores are accompanied

by spermogonia. The aecidiospores {A£. leucospennum), which con-

tinental botanists regard as belonging to this Puccinia, are much less

common than the teleutospores, and further experimental culture is

desirable as to the life-history of this well-known and widely distributed

species.
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Puccinia bunii. (D. C.)

Teletitospores—Sori brownish black, roundish, often cauUne, elon-

gated, usually confluent, long covered by the epidermis. Spores

elliptical or subpyriform, central constriction slight or absent,

punctate, brown, 25-45 x 15-23/x. Pedicels rather long,,

deciduous.

Synonyms.

Puccinia bunii (D. C). Winter in Rabh., " Krypt. Flor.,"

vol. i. p. 197.

Puccinia bulbocastani, Fckl. Cooke, "Micro. Fungi," 4tli.

edit., p. 209.

Puccinia tumida. Grev., "Flor. Edin.," p. 430.

Exsiccati.

Cooke, i. 39; ii. 327. Vize, " INIicro. Fungi Brit.," 216.

On Conopodium denudatum {^Bmiiiun flexuosnm).

Biology.—The mycelium is perennial. I have cultivated in^ my
garden for four years plants of Bunium in a flower-pot, which are

annually affected with the fungus, but they have never produced the

ascidiospores. Although this fungus is very common around King's

Lynn, yet I have never found the ALcidium bunii, which continental

botanists consider to be connected with it.

Puccinia thalictri. Chevall.

Tcleutospores—Sori dark brown, very crowded, covering the whole

surface of the leaf, soon pulverulent, small, rounded. Spores

deeply constricted, both cells rounded, flattened at their point

of contact. Epispore covered with pointed warts, dark brown,

25-50 X 15-25//-. Pedicels long, deciduous.

Synonym.

Puccinia thalictri. Chevall, "Flor. Paris," vol. i. p. 417.

Winter in Rabh., " Krypt. Flor.," vol. i. p. 177.

On Thalictrum flavum, minus var. montanum.

September and October.

Rannoch, near Perth.
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Biology.—This plant appears to me to have a perennial mycehum,
but I liave not had the opportunity of cultivating it.

Puccinia fergussoni. B. and Br.

Teleutospores—Sori on rounded yellowish or paler spots, crowded

in orbicular clusters, long covered by the epidermis. Spores

oblong, slightly constricted, apex often obtusely and conically

apiculate, smooth, yellow-brown, 23-38 X 13-20/x,. Pedicels

short,, deciduous.

Synonym.

Puccinia fergussoni^. B. and Br. Cooke, " Micro. Fungi,"

4th edit., p. 210. Winter in Rabh., " Krypt. Flor.," vol. i. p. 176.

On Viola palustris.

Scotland and AVales.

Puccinia rhodiolae. B. and Br.

Teieutospores—Spots orbicular, brown. Sori minute, crowded.

Spores shortly pedicellate, articulations depressed, sometimes

spuriously subdivided.

Synonym.

Puccinia rhodiolce, Berk. Gardiner's " Flora of Forfar.," p. 296.

B. and Br., Ann. Nat. Hist., No. 468. Cooke, " Hdbk.," p. 506
;

"Micro. Fungi," 4th edit., p. 211.

On Sedum i-Jwdiola.

Summer.

Puccinia adoxae, 1). C.

Teieutospores—Sori black, small, rounded, circinate on the leaves,

scattered on the swollen stems, confluent, pulverulent. Spores

oblong, elliptical, or ovate, extremities attenuated, central

constriction very slight or absent, apiculate above, smooth,

brown, 25-35 ^ 15-20/x,. Pedicels hyaline, as long as, or

longer than, the spores,, deciduous.
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Synony7ns.

Piiccinia adoxce. D. C, " Flore frang.," vol. ii. p. 220. Winter

in Rabh., " Krypt. Flor.," vol. i. p. 211, in part. Cooke, "Micro.

Fungi," 4th edit., p. 209. Grev., " Flor. Edin.," p. 432.

Puccinia saxifrogannn, Schlecht. Berk., " Eng. Flor.," vol. v.

p. 367. Cooke, " Hdbk.," p. 506. W. G. Smith, Gard. Chron.,

July 4, 1885, p. 21, fig. 7.

Exsiccati.

Cooke, ii. 531. Vize, "Fungi Brit.," 117; "Micro. Fungi

Brit.," 217.

On Adoxa moschatellina.

March to May.

Biology.—The mycelium of this fungus is perennial ; affected

plants, cultivated by Professor Trail at Aberdeen, and by myself at

King's Lynn, year after year, produced only teleutospores. Mr.

Soppitt placed some over-wintered teleutospores in active germination

on healthy plants, in March, 1888 ; in ten days the teleutospores had

reproduced themselves without the intervention of either uredospores or

zecidiospores. He had previously satisfied himself of the distinctness

of this species from P. albescens by his observations of the fungi as

they occurred in a state of nature in Yorkshire.

Puccinia saxifragae. Schlecht.

Teleutospores—Sori amphigenous, dark chestnut or blackish brown,

on numerous discoloured spots, irregular, soon pulverulent,

confluent. Spores elliptical or ovate, slightly constricted,

apex surmounted with a conical or wart-like pale papilla,

faintly reticulate, yellow-brown, 26-45 ^ i4-2o/x. Pedicels

short, deciduous.

Synonym.

Puccinia saxifrages. Schlecht., "Flor. Berol.," vol. ii. p. 134.

Cooke, "Micro. Fungi," 4th edit, p. 209. Winter in Rabh.,

" Krypt. Flor.," vol. i. p. 174.

On Saxifraga granulata, stellaris.

April to August.
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Puccinia senecionis. Lib.

Teleutospores—Sori small, crowded, chestnut-brown, at first hemi-

spherical, then depressed in the centre, becoming perforate,

at length pulverulent. Spores irregular in form, subovoid

or elliptical, lower cell sometimes attenuated, upper gene-

rally rounded, but often pointed, brown, smooth or granular,

40-50 X i8-28ju,. Pedicels short, hyaline, deciduous.

Syno7iym.

Puccinia senecionis, Lib. Cooke, " Micro. Fungi," 4th edit,

p. 207.

Exsiccati.

Cooke, i. 37 ; ii. 236. Vize, "Fungi Brit.," 21.

On Senecio aquaticus.

September.

Biology.—The mycelium has a great tendency to follow the

venation. The sori are enclosed in an indistinct pseudoperidium, which

remains as a honeycomb-like matrix in the centre of the sori-clusters

after the spores have fallen off. The sori are brown, not black as in

P. glomerata.

Puccinia .glomerata. Grev.

Teleutosp07-es—Sori small, black, circinating, crowded, soon pul-

verulent, in roundish or elongated clusters. Spores elliptical,

elongated, or irregular, lower cell often smaller, constriction

slight, upper cell rounded or attenuated, usually surmounted

by a colourless papilla, smooth or granular when old, dark

brown, 30-40 X 20-25^.

Synonym.

Puccinia glomerata. Grev., " Flor. Edin." Berk., " Eng.

Flor.," vol. V. p. 365. Cooke, " Hdbk.," p. 500 ;
" Micro. Fungi,"

4th edit., p. 206.

Exsiccati.

Berk., 220.

On Senecio Jacobcea.

August to November.
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Biology.—The presence of the mycelium causes elongated fusi-

form swellings on the petioles and midribs. It differs from P. sene-

cionis in the darker colour of the sori, which are almost black.

VI. LEPTOPUCCINIA. Schrot.

Having teleutospores only, which germinate upon the living plant as soon

as they have arrived at maturity. The germ-tubes of the promycelial spores

enter the host-plant either through the stomata or between the epidermal cells.

Puccinia arenarise. (Schum.)

Teleutospores—Sori compact, pulvinate, roundish, scattered, often

circinate. Spores broadly fusiform or pyriform, summits

pointed or rounded, often thickened, base rounded or attenu-

ated, slightly constricted, smooth, pale yellowish brown, 30-50

X 10-20/X. Pedicels hyaline, colourless, as long as the

spores.

Synonyms.

Puccinia arenarice (Schum.). Winter in Rabh., " Krypt, Flor,,"

vol, i. p. 169.

Uredo arenarice.. Schum., " Enum. Plant. SselL," vol. ii. p. 232,

Puccinia lychnidearum. Link. Berk., " Eng. Flor.," vol. v.

p. 367, in part. Cooke, "Hdbk.," p. 505, in part; "Micro.

Fungi," 4th edit., p. 210, in part.

Puccinia i?icehringicB, Fckl. Cooke, " Micro. Fungi," 4th

edit., p. 210.

Puccinia stellarice, Duby. Vize, Exs.

Puccinia sagincn, Fckl. Vize, Exs.

Puccinia dianthi, D. C. Vize, Exs.

Puccinia spergulce, D. C. Cooke, "Micro. Fungi," 4th edit.,

p. 210.

Exsiccati.

Cooke, i. 8, 297; ii. 129, 130, 321, 432. Vize, "Micro.

Fungi," 35, 125; "Micro. Fungi Brit.," 32, 35.

On Diajithus barbatus, Moehringia trinervia, Stellaria media,

uliginosa, holostea, Sagina fiodosa, prociimbens, Spergula arvensis.

May to November.

Biology.—Cornu found that the teleutospores from M. trinervia

reproduced themselves in twenty-nine days on Alsine media and
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Stellaria Jiolostea. De Bary found P. dianthi from D. barbatiis would
not reproduce itself on Silcne inflata and Lychnis diiirna, and that the

germ-tube of the promycelial spores entered the host-plant through its

stomata.

Puccinia chrysosplenii. Grev.

Tekiitospores—Sori compact, very small, scattered or collected into

concentric groups, roundish, often confluent. Spores fusiform

or clavate, summits much thickened, conical or rounded, base

attenuated, very slightly or not at all constricted in the middle,

smooth, pale yellow-brown, 28-45 X io-i6/a. Pedicels long,

firm.

Synonym.

Puccinia chrysosplenii. Grev., " Flor. Edin.," p. 429. Berk.,

"Eng., Flor.," vol. v. p. 367. Cooke, "Hdbk.,"p. 506 ; "Micro.

Fungi," 4th edit., p. 210. Winter in Rabh., " Krypt. Flor.," vol. i.

p. 165

Exsiccati.

Cooke, ii. 322; Vize, "Micro. Fungi.," 119- "Micro. Fungi

Brit," 218.

On Chrysosplenium alternifolium and oppositifolium.

April and May.

Puccinia veronicas. (Schum.)

Teleutospores—Sori at first yellowish, then brown, generally circi-

nating, pulverulent. Spores fusiform, apex rounded, slightly

constricted in the middle, pale yellowi.sh, smooth, 28-36 x
I0-I2/X. Pedicels as a rule not quite so long as the spores.

Synonyms.

Puccinia vei-onicce. (Schum.). Schrot., "Krypt. Flor. Schl.,"

vol. iii. p. 347. Var. a fragilipes—y^'m.\.tx in Rabh., " Krypt.

Flor.," vol. i. p. 166.

Uredo veronicce. Schum., " Enum. Plant. Ssell.," vol. ii. p. 288.

On Veronica monlatia and alpina.

June to October.
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Puccinia valantise. Pers.

Teleutospores—Sori compact, round, pulvinate, on the stems

elongated and often confluent, at first yellow, then brown,

then almost black. Spores fusiform, slightly constricted, sum-

mits much thickened, smooth, pale yellow-brown, 35-65 X 12-

17/X. Pedicels firm, long.

Synonyms.

Fiiccinia valanfice,Ver5. " Obs. Myc," vol. ii. p. 25. Winter

in Rabh., " Krypt. Flor.," vol. i. p. 167. Berk., "Eng. Flor.,"

vol. V. p. 366. Cooke, " Hdbk.," p. 500 ;
" Micro. Fungi," 4th

edit., p. 207. Grev., "Flor. Edin.," p. 432, in part.

Puccinia acuminata, Fckl. Cooke, " Micro. Fungi," 4th edit.,

p. 207.

Fuccinia galii-cruciati. Johnst., "Flor. Berw.," vol. ii. p. 196.

Exsiccati.

Cooke, i. 2>^ ; ii. 437 ;
" L. F.," 14. Vize, " Fungi Brit.," 24 ;

" Micro. Fungi Brit.," 27, 213.

On Galium cniciata, saxatile.

June to September.

Fuccinia malvacearum. Mont.

Teleutospores—Sori greyish brown, compact, round, pulvinate,

elongate on the stems, scattered, seldom confluent, pale

reddish brown. Spores fusiform, attenuated at both extremi-

ties, apex sometimes rounded, constriction slight or absent,

apical thickening slight, smooth, yellow-brown, 35-75 X 15-

25/x. Pedicels firm, long, sometimes measuring i20)u,.

Synonym.

Fuccinia malvacearum (Mont.). Gay, " Hist. Chili," vol. viii.

p. 43. Cooke, "Micro. Fungi," 4th edit., p. 205. Winter in

Rabh., "Krypt. Flor.," vol. i. p. 168.

Exsiccati.

Cooke, i. 630; ii. 137. Vize, "Fungi Brit.," 27.

On Malva moschata, sylvestris, rotundifolia, AltJuea rosea.
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Biology.—The sori occur on yellow spots on the leaves, which

often, as the leaves expand, fall out and leave circular perforations. On
the stems the sori are elongated, often with pointed extremities ; they

fall off as the stems grow, and leave elliptical wounds, at the bottom of

which the woody parts of the stem are exposed. The sori often occur

on the calyces and on the young fruit. The teleutospores readily

germinate in water. I have infected cotton plants with the promy-

celial spores, but obtained no result.

This fungus was first described by Montagne in 1852, from a speci-

men from Chili. I have in my herbarium a specimen from Melbourne,

Australia, gathered in 1865. It is said, however, to have been found

in Algeria at an early date on Lavatera cretica. In 1869, it appeared

in Spain.* In April, 1873, Durieu found it near Bordeaux, and in the

same month Decaisne at Montpellier. In June and July, it appeared

in England, and did great damage to the hollyhocks. It was found by

Messrs. Roper, Hussey, Paxton, and Parfitt at Exeter, Salisbury,

Chichester, and soon after by myself at King's Lynn. In October,

Schroter found it in Bavaria ;. in January, 1874, Beltrani-Pisani met
with it at Rome ; and in April it was seen at Panisperma, in June at

Erlangen, in July at Dusseldorf, and in the course of a year or two

spread all over Europe from Athens to Denmark and Finland. So
virulently did it attack the hollyhocks that for several years they

almost disappeared from our gardens. It seems to have spent its

energy, as these plants are again beginning to be cultivated. Kellerman,

in 1874, pointed out that germ-tubes of the promycelial spores insinu-

ated themselves between the epidermal cells, and he described the

haustoria on the mycelium. ' He found that on plants cultivated indoors

spore-formation continued throughout the winter.

Puccinia circsese. Pers.

Teleutospores—Sori compact, pulvinate, round, at first yellowish,

then brown, often circinate. Spores two kinds, simikar in form,

but differing in colour, those formed earlier in the year being

paler, those formed later being a darker brown, fusiform, with

thick (6 or 7/x) conical apices, attenuated towards the stem,

very slightly constricted in the middle, 23-40 x io-i4/>t.

Pedicels hyaline.

Synonym.

Puccinia circcecB, Pers. " Disp. Meth.," p. 39. Winter in

* For an account of the spread of tliis fungus in Europe, see Egoii lline,

" .Studicn zur Pflanzcngcograpliie." 18S0.
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Rabh., " Krypt. Flor.," vol i. p. i68. Berk., " Eng. Flor.," vol. v.

p. 368. Cooke, "Hdbk.," p. 507; "Micro. Fungi," 4th edit,

p. 211.

Exsiccati.

Berk., 319. Cooke, i. 50; ii. 131. Vize, "Fungi Brit.," 16,

120; "Micro. Fungi Brit.," 125.

On Circica hiteiiana.

Biology.—Schroter pointed out the two spore-forms, and that,

while the paler teleutospores germinated at once on the living host-

plant, the darker ones only did so after a period of rest. The resting

spores are often produced on the stems, petioles, and midribs.

Puccinia veronicarum. D. C.

Teleutospores—Sori pulVinate, compact, firm, dark cliestnut-brown,

often greyish. Spores fusiform, surmounted with a thickened

conical point, constricted in the middle, 35-40 X i5-2o/x.

Epispore smooth, thick, pale or dark brown, 6-9/x thick at

the apex of the spore, colourless above. Pedicels firm, yellow-

ish, 24-46/x long (Schrot.).

Synonyms.

Puccinia veronicarum. D. C, " Flore frang.," vol. ii. p, 597.

Pers., "Syn.," p. 45. Winter in Rabh., "Krypt. Flor.," vol. i. p. 166,

in part. Schrot., " Krypt. Flor. Schl.," vol. iii. p. 348. Johnst,

"Flor. Berw,," vol. ii. p. 194. Berk., " Eng. Flor.," vol. v. p. 364.

Cooke, "Hdbk.," p. 496 ; "Micro. Fungi," 4th edit., p. 204.

Puccinia veroniccB, forma jS persistens. Korn.

Exsiccati.

Cooke, ii. 112 ; "L. F.," 7. Vize, " Fungi Brit.," 28 ;
" Micro.

Fungi Brit.," 124.

On various species of Veronicse.

July to September.

Puccinia glechomatis. D. C.

Teleutospores—Sori yellowish, then brown, becoming darker, com-

pact, round, pulvinate, single or circinating, causing elongated
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swellings on the stems, petioles, and nerves. Spores elliptical

or fusiform, central constriction slight, summits surmounted

by a pointed erect or oblique papilla (8-1 o/a high), smooth,

chestnut-brown, 30-50 x 16-24/x. Pedicels very long, rather

firm.

Synonyms.

Puccinia glechomatis. D. C, "Encycl.," vol. viii. p. 245.

Berk., " Eng. Flor.," vol. v. p. 364. Cooke, " Hdbk.," p. 496;
"Micro. Fungi," 4th edit., p. 204, t. iv. figs. 73, 74.

Puccinia verrucosa (Schultz). Winter in Rabh., " Krypt. Flor.,"

vol. i. p. 166.

Exsiccati.

Cooke, i. 29; ii. 438, 635 ;
" L. F.," 8. Vize, "Fungi Brit.,"

114; "Micro. Fungi Brit.," 126.

On Glechoma hederacea. Prof. J. W. H.. Trail has met with

this species (?) on Prunella vulgaris, on Ben Lawers, in September.

June to October.

Puccinia asteris. Duby.

Teleutospores—Sori rather large, confluent into pulvinate masses,

amphigegous, brown, with a greyish tinge. Spores cylindrical,

fusiform, or clavate, smooth, brown, apex, rounded or truncate,

rarely attenuated into a conical point, lower cell cuneiform,

attenuated below, 45-60 x 20-25/x,. Pedicels long, stout.

Synonyms..

Puccinia asteris, Duby. " Bot. Gall.," vol. ii. p. 888.

Puccinia tripolii, Wallr. Cooke, " Micro. Fungi," 4th edit.,

p. 207.

Exsiccati.

Cooke, i. 631 ; ii. 127. Vize, "Fungi Brit.," 25.

On Aster tripolium.

June to September.

Puccinia millefolii. Fckl.

Teleutospores—Sori small, rounded, but generally irregular and

following the structure of the foliage, soon naked, persistent.
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Spores ovate or fusiform, apex generally rounded and thick-

ened, often subtruncate, pale brown, smooth, 45-55 X 18-20/^.

Pedicels not very long.

Synonym.

Puccinia millefolii. Fckl, " Synib. Myc," p. 55. Cooke,

"Micro. Fungi," 4th edit., p. 207.

Exsiccati.

Cooke, ii. d^. Vize, " Fungi Brit.," 2>Z-

On Achillea millefoUiim.

August to October.

Biology.—This species is, by both Winter and Schroter, united

with P. asteris; but I found that, by placing the promycelial spores of

P. millefolii on Aster tripoliian, no effect was produced. Neither did

a plant of Achillea, which was richly covered by the teleutospores and

planted close to two plants of Aster, so that the diseased foliage of the

former touched the latter, cause them to become diseased, although

they grew together for a period of two months.

Puccinia cardui (nov. sp.).

Teleutospores—Sori small, circinating, crowded and confluent in

large clusters, 3 or 4 mm. across, hypophyllous, long covered by

the epidermis ; spots pale on the opposite surface of the leaf.

Spores fusiform, subcylindrical, or clavate, markedly constricted,

smooth, pale brown, base attenuated, apex generally thickened

and rounded, 45-50 x 16-18/x. Pedicels pale brown, per-

sistent, as much as 50/x long.

Syno7iyms.

Puccinia sy^igenesiarum. Link. Johnst., " Flor. Berw.," vol. ii.

p. 97. Berk., " Eng. Flor.," vol. v. p. 365. Cooke, " Hdbk.,"

p. 499 ;
" Micro. Fungi," 4th edit., p. 206, t. iv. figs. 63, 64.

Puccinia cirsii, Fckl. Exs. No. 340 (?).

On Carduus lanceolatus, crispus.

August to October.

Biology.—This species has the appearance of a Leptopuccinia,

but it may belong to the previous group. It is clearly not the plant
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described by Link (" Sp. Plant.," vol. vi. pt. ii. p. 74), which has very

short pedicels, and occurred on Tussilago alpina and Centaurea

alpina. It may be Fuckel's P. cirsii.

Puccinia buxi. D. C.

Teleutospores— Sori chestnut-brown, compact, hemispherical,

cushion-shaped, soon naked, amphigenous. Spores oblong or

elliptical, deeply constricted, upper cell obovate, apex rather

thickened, lower cell attenuated below, cuneiform, generally

longer than the upper, brown, smooth, 55-90 X 25-35/i,.

Pedicels very long.

Synonym.

Puccinia buxi. D. C, " Flore frang.," vol. vi. p. 60. Winter

in Rabh., " Krypt. Flor.," vol. i. p. 164. Sow., t. 439 ;
Berk.,

" Eng. Flor.," vol. v. p. 369. Cooke, " Hdbk.," 508 ;
" Micro.

Fungi," 4th edit., p. 2 1 2.

Exsiccati.

Berk., 109. Cooke, i. 52 ; ii. 140. " L. F.," 23. Vize,

" Fungi Brit., 11.

On Bnxus sempervirens.

April to May.

Biology.—The spores hdve a tendency to fall in halves at the

septum. The sori occur on both surfaces of the leaves, and are accom-

panied by slight yellowish or brown discolorations. Schroter was

unable to get this fungus to reproduce itself by applying the promy-

celial spores to the foliage of box plants. It seems to me probable

that the germ-tubes enter the leaves and give rise to a mycelium

which remains in a quiescent state until the following spring. This,

however, is only an opinion, and has not been proved by experimental

culture.

Puccinia annularis. (Strauss).

Teleulospores—Sori small, compact, round, confluent in subrotund

patches, hypogenous, at first greyish brown, then cinnamon,

at length brown from the rupture of the epidermis. Spores

oblong, slightly constricted in the middle, summits rather

strongly thickened, rounded, rarely truncate, sometimes attenu-
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ated, smooth, very pale yellowish brown, 30-50 x 15-20/x.

Pedicels very long, persistent, hyaline.

Synonyms.

Puccinia annularis (Strauss). Winter in Rabh., " Krypt. Flor.,"

vol. i. p. 165.

Uredo annularis. Strauss (in "Wetter. Annal.," vol. ii. p. 106).

Puccinia scorodinicB, Link. Cooke, " Hdbk.," p. 497 ;
" Micro.

Fungi," 4th edit., p. 205. Berk., " Eng. Flor.," vol. v. p. 364
Johnst., "Flor. Berw.," p. 194.

Exsiccati.

Cooke, i. 31 ; ii. 329 ;
" L. F.," 9. Vize, " Fungi Brit.," 17 ;

" Micro. Fungi Brit.," 123.

On Teucrium scorodonia.

September and October.

Biology.—The sori occur on the under side of the leaves, on
brown concave spots. As I understand Schroter, he considers the
production of those spores which germinate at once ceases with the
cold weather, and that the spores produced under the influence of a
low temperature, as well as those which are found late in the year,

surrounded by a circumferential zone of dead leaf-tissue, retain their

power of germination until the following year.

TRIPHRAGMIUM. Link.

Teleutospores separate, pedicellate, composed of three cells

placed laterally, which are triangular in form and firmly held
together, each cell having a single germ-pore.

BRACHYTRIPHRAGMIUM.
Having spermogonia, uredospores, and teleutospores.

Triphragmium ulmarise. (Schum.).

Primary uredospores— VQrn?i\, spermogonia flattish, spermatia

about 6/x long. Sori hypophyllous, very large, pulverulent,

mostly on the petioles and venation, causing elongated swell-

ings, which greatly distort the affected leaves by preventing
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their expansion, more rarely in compact, extended sori on the

under surface of the leaves. Spores brilliant orange, finely

verrucose, globose, oval, or ovate, pedicellate, 18-24 x i7-22/>i.

Secondary nredospores—ln summer and autumn. Sori hypophyll-

ous, small, round, orange. Spores globose or elliptical, finely

echinulate, orange-yellow, 18-30 x 18-28/x.

Teleiitospores—Sori small, round, black, persistent, but pulverulent,

on the leaves and petioles. Spores globose, rough, with obtuse

warts, chestnut-brown, 35-50/A in diameter. Pedicels colour-

less, persistent-

ly^^^^zywi".

Triphragmium tilmarice (Schum.). Winter in Rabh., " Krypt.

Flor.," voL i. p. 225.

Uredo ulmarice. Schum., " Enum. Plant. Ssell.," vol. ii. p. 227.

Uredo effusa. Berk., " Eng. Flor.," vol. v. p. 381. Grev., t. 19.

Piiccinia ulmari(z, D. C. " Eng. Flor.," vol. v. p. 368. Grev.,

"Flor. Edin.," p. 433. Johnst., "Flor. Berw.," vol. ii. p. 194.

Puccinia spirccce. Purton, " Midi. Flor.," vol. iii. p. 304.

Uromyces ulmaritz, Lev. Cooke, " Micro. Fungi," 4th edit.,

p. 212, t. vii. figs. 147^ 148.

TriphragDiiinn uliiiarice, Link. Cooke, " Hdbk.," p. 492 ;

" Micro. Fungi," 4th edit., p. 202, t. iii. fig. 48.

Exsiccati.

Berk., 343. Cooke, i. 23, 75 ; ii. 146, 212 ;
" L. F.," 4, 25.

Vize, "Fungi Brit.," 136.

On SpircBa ulmaria.

May to October.

Biology.— It is not difficult to find the teleutospores still attached

to the foliage in spring. These will germinate very readily if placed

in water.

Triphragmium filipendulae. (Lasch.)

Primary uredosporcs—Spores oblong or pyriform, often as much
as 35/t long.

Secojidary uredospores—Sori scattered, roundish, at first covered

by the epidermis, then surrounded by it, orange. Spores

globose or ovate, pedicellate, orange.
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Teleiitospores—Sori scattered, roundish, soon pulverulent, brownish,

then black. Spores globose, at first yellowish, then brown,

smooth. Pedicels hyaline, rather long.

Synonyms.

Uredo filipendulcB, Lasch in Klotzsch. Rabh., "Herb. Myc,"
i. No. 580.

TripJif-agmium filipendulcB, Pass. "Nuovo Giorn. Bot. Ital.,"

vol. vii. p. 255. Cooke, " Grevillea," vol. xi. p. 15.

On Spircea filipetidula.

Mount Caburn, Lewes, September 14, 1862. Herb. Currey.

PHRAGMIDIUM. Link.

Teleutospores separate, pedicellate, consisting of from three to

ten superimposed cells, the uppermost of which has a single apical

germ-pore, the others about four each, placed laterally. Uredo-

spores single ; gecidiospores in basipetal chains. The last two

spore-forms in pulverulent sori, surrounded by clavate or capitate,

hyaline paraphyses.

Phragmidium fragariastri. (D, C.)

^cidiospores— Spots roundish, especially on the stems and veins,

irregular, scattered, often confluent, orange-yellow. Spores

globose or elliptical, produced in chains, verrucose, surrounded

by clavate, curved paraphyses, orange-yellow, 17-26 x 14-20/*.

Uredospores—Sori orange-yellow, small, with clavate paraphyses.

Spores globose, ovate, or elliptical, echinulate, orange-yellow,

17—24 X 14—20ya.

Teletitospores—Sori brownish black, scattered, small, round.

Spores cylindrical, rounded at both ends, three or four celled,

brown, coarsely verrucose, especially towards the apex, 46-60

X 22-26/1. Pedicels short, colourless, deciduous, 22/x, long.

Syiionyms.

Schrot, "Krypt. Flor. Schl.," vol. iii. p. 351.

Puccinia fragariastri. D. C, "Flore frang.," vol. vi. p. 55.

Uredo poterii, Spreng. Berk., " Eng. Flor.," vol. v. p. 385.
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Uredo potcntlUcB, D. C. Grev., " Flor. Edin.," p. 438. Johnst.,

"Flor. Bervv.," vol. ii. p. 199.

Uredofragaria;. Purton, " Midi. Flor.," vol. iii. p. 299.

Puccinia fragarice. Purton, " Midi. Flor,," vol. iii. p. 304.

Johnst, "Flor. Berw.," vol. ii. p. 193.

Uredo potentiUcE. Grev., " Flor. Edin.," p. 428; " Scot. Crypt.

Flor.," t. 57, in part.

Aregma aaiminat/i/Ji, Fries. Berk., " Eng. Flor.," vol. v. p. 358.

Phr-agmidinm acumiiiatum, Fries. Cooke, " Hdbk.," p. 490;
" Micro. Fungi," 4th edit., p. 201, t. iii. fig. 32.

Exsiccati.

Cooke, i. 19; ii. 211. Vize, "Micro. Fungi Brit," 109.

On Fotentillafragariastrum.

May to October.

Phragmidium sanguisorbae. (D. C).

j^cidiosporcs 1

,^ , V Similar to those of Fhragmidmm framriasiri.
Uredospores j

& j i,

Teleutospores—Sori punctiform, black. Cells in the spores four or

five, very seldom three, the four cells measuring 44-55 ^ 20-2 2/x,

cylindrical, apex rounded ; the fifth cell 66-70/* long, usually

with a pointed apex. Epispore dark brown, smooth, or with

a few scattered obtuse warts. Pedicels delicate, 22/A long.

Synonyms.

Schrot, loc. cit, p. 352.

Puccinia sanguisorbc^. D. C, "Flor. frang.," vol. vi. p. 54.

Cceoma poferii., Schl.

Phragmidium poterii, Fckl.

Phragmidium sanguisorbce (D. C). Schrot., loc. cif., p. 352.

On Poterium sanguisorba.

June to October.

Phragmidium potentillse. (Pars.)

^cidiospores—Like those o f Ph. fragariastri.

Uredospores—Sori orange-red, roundish, often confluent Spores
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spherical, elliptical, ovate, generally 20-22 x 16-20/^, finely

echinulate. Paraphyses abundant, swollen above, curved.

Teleutospores—Sori black, pulvinate. Spores cylindrical, cells

four to six, 50-70 X 20-22/A, constricted, apex rounded or

slightly pointed, sometimes surmounted with a brown blunt

point. Pedicels ioo-150/x, long, colourless, rather firm.

Synonyms.

Schrot., loc. cit, p. 352.

Piiccinia potentillce. Pers., "Syn.," p. 229.

Uredo oblusa, Strauss.

Uredo poientillaruin, D. C.

Phragmidiuni potentilla, Winter.

Phragmidiiim obtusatum, Fries. Cooke, " Micro. Fungi," 4th

edit., p. 201, in part.

Ph7-agmidium potentilla. Schrot., loc. cit., p. 352.

On Poteutilla argentea and various cultivated species.

May to November.

Phragmidium tormentillae, Fckl.

yEcidiospores —^Qi&viMvcvg those oiPh.fragariastri.

Uredospores—?>ox\ round, small, orange-red, punctiform. Spores

spherical or ovate, finely echinulate, reddish orange, 20-23 x

17-20//-.

Teleutospores—^on small, round, punctiform, pale brown. Spores

cylindrical, cells three to ten, generally five to eight, often

curved, clear brown, smooth, apex rounded or pointed,

100-160 X I6-22/X. Pedicels long (loo/x), equally thick,

colourless.

Synonyms,

Schrot., loc. cit., p. 352.

Phragmidium torine^itillce. Fckl, " Symb. Myc," p. 46.

Uredo potentillarum, D. C. Berk., " Eng. Flor.," vol. v. p. 382.

Sow., t. 398, fig. 2.

Pnccinia potcntillcE. Grev., t. 37, in part.

Aregma obtusatum, Fries. Berk., " Eng. Flor.," vol. v. p. 359-

Phragmidium obtusatum, Fries. Cooke, " Hdbk.," p. 491;

"Micro. Fungi.," 4th edit., p. 201, t. iii. fig. 35.
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£xstccaJi.

Berk , 105. Cooke, i. 22, 67 ; ii. 100. Vize, "Fungi Brit.," 5.

On Potentilla tormentilla.

Biology.— I have followed Schroter in the arrangement of these

species, but am by no means sure this is distinct from the preceding.

Dietel states (" Beitrage zur Morph. Biol, der Uredineen," 1887, p. 9)

that the teleutospores of P. obtusatum germinate in the autumn, and

they resemble Puccinia teleutospores in having an apical germ- pore

in the upper cell, and only one lateral germ-pore in each of the other

cells.

Phragmidium violaceum. (Schultz.)

^cidiosporcs—Sori hypophyllous, roundish or elongate, often in

circular clusters on irregularly rounded spots, above which the

corresponding upper surface of the leaf is reddish, and sur-

rounded by a broad, irregular, violet-red margin. Paraphyses

very {q\n. Spores in short chains, globose or elliptical, echinu-

late, orange-yellow, 11-30 x 17-24/^.

Uredospores—Sori greenish yellow, roundish, pulverulent. Spores

globose, ovate or elliptical, echinulate, verrucose, yellow, 19-25

X 15-20/A.

Teleutospores—Sori thick, black, rather persistent. Spores cylin-

drical, blunt or rounded at both ends, opaque, cells three

to five, mostly four, verrucose with colourless hemispherical

flat warts, apex generally provided with a w^art-like brown

point, 70-So X 25-30f(,. Pedicels long, slightly clavate below.

Synonyms.

Schrot., loc. cit, p. 353. Winter, he. eit, p. 231.

Puccinia violacea. Schultz, " Prodr. Flor. Starg.," p. 459.

Lecythea ruborwn,'L€w. Cooke, "Micro. Fungi," 4th edit,

p. 221, in part.

Exsiccati.

Vize, " Micro. Fungi Brit.," 442.

On Rubus fructicosus.
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Phragmidium rubi, (Pers.)

JE-cidiospores ) . . „, . ,

^^ ,
> As in Fit. vwlaceum.

Uredospores )

Teleutospores—Sori black, small, loose, round, often confluent.

Spores cylindrical, rounded, verrucose, cells six to eight (but

mostly five to six), apex an awl-shaped, hyaline point (5-1 o/a),

77-100 X 25-28ya. Pedicels long, bulbous, 70-80/^ long, 15/^

wide.

Synonyms.

Schrot., loc. cit., p. 353. Winter, loc. cit., p. 230.

Puccinia nmcronata, /3 rubi. Pers., " Disp. Meth.," p. 38.

Piiccinia rubi, Sow.,, t. 400, fig. 9. Purton, " Midi. Flor.,"

vol. ii. p. 726 ; iii. p. 507. Grev., "Flor. Edin.^" p. 428.

Fuccinia ruboru?n,D. C Grev., "Flor. Edin.,"p. 438. Johnst.,

" Flor. Bervv.," vol. ii. p. 199. Berk., " Eng. Flor.," vol. v. p. 382,

pro pai'te.

Aicidiuni rubi. Sow., t. 398, fig. i.

Lecythea ruboruni, Lev. Cooke, " Micro. Fungi/' 4th edit.,

p. 221, in part.

Aregma bulbosum, Fries. Berk., "Eng. Flor.," vol. v. p. 358.

Fhragmidiuni bulbosum, Fries. Cooke, "Hdbk.," p. 491;
" Micro. Fungi," 4th edit., p. 201.

Exsiccati.

Baxter, 33. Cooke, i. 18, 20; ii. 65, 99, 209. Vize, "Micro.

Fungi Brit.," 443, 449-

On Rubus fructicosus, cxsius, saxatilis.

Biology.—The teleutospores often remain attached to those leaves,

which survive the winter and may be gathered in spring, when the

teleutospores will germinate very readily if placed in water. The

secidiospores have six germ-pores.

Phragmidium subcorticatum. (Schrank.)

jEcidiospores—Similar to those of the preceding species, but when

they occur on the peduncles and stems they form large pulve-

rulent orange sori. Spores rounded or ovate, finely echinu-

late, orange-yellow, 17-25 X 12-20/x,.
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Uredospores—Sori rounded, soon naked, yellowish orange, often

confluent. Spores globose, elliptical, or ovate, echinulate,

yellow, 18-30 X 15-25/X.

Teleutospores—Sori black, small, loose, round, scattered over the

whole leaf. Spores verrucose, apex attenuated into a hyaline

point, IO-I2/A long, base rounded, dark brown, cells seven

to nine, 80-100 X 2 5-3o/a. Pedicels bulbous, very long,

lOO-IIO/A.

Synonyms.

Schrot, loc. at, p. 353. Winter, Inc. cit, p. 228.

Lycoperdon subcoriicatum. Schrank. in Hoppe's Bot. Taschb.,

1793, p. 68.

Uredo effusa, Strauss. Grev., " Flor. Edin.," p. 439 ;
"Scot.

Crypt. Flor.," t. 19. Johnst., " Flor, Berw.," vol. ii. p. 199. Berk.,

"Eng. Flor.," vol. v. p. 381, in part.

Uredo aiirea. Burton, "Midi. Flor.," vol. ii. p. 725.

Uredo rosce, D. C. Grev., "Flor. Edin.," p. 348. Berk.,

" Eng. Flor.," vol. v. p. 381,

Piiccinia rosce. Grev., "Flor. Edin.," p. 428 ;
"Scot. Crypt.

Flor.," t. 15. Burton, "Midi. Flor.," vol. iii. t. 28, No. 1551,

p. 301. Johnst, "Flor. Berw.," vol. ii. p. 193.

Coleosporiiim pingiie, Lev. Cooke, " Hdbk.," p. 520 ;
" Micro.

Fungi," 4th edit., p. 217.

Coleosporium jniniatum, Vqxs. Cooke, "Micro. Fungi," 4th

edit, p. 217.

Lecythea rosce, Lev. Cooke, " Micro. Fungi," 4th edit., p. 221,

t iii. fig. 37.

Aregma 7nucrotiatum, Fries, Berk., "Eng. Flor.," vol. v.

p. 385 ;
" Outl.," p. 329. Grev., t 15.

Phragmidium bidlatum, West. Cooke, " Micro. Fungi," 4th

edit., p. 202.

Phragmidhini mucronatum., Fries. Cooke, " Hdbk.," p. 490 ;

"Micro. Fungi," 4th edit, p. 201, t. iii. fig. 38.

Exskcati.

Cooke, i. 17; ii. 66, 98. Vize, "Fungi Brit," 2, 40, 138;

" Micro. Fungi Brit.," 450. Baxter, 37.

On Rosa canina, ceritifolia.

June to October.

Q



2 26 Bi^itish UredinccE and Ustilaginccu.

Phragmidium rosae-alpinae. (D. C.)

^cidiospores—Sori of two kinds, on the leaves, small and puncti-

form ; on the stems, large and erumpent. Spores polygonal

or ovate, echinulate, orange-yellow, 17-28 x 15-20/^. Para-

physes globose, colourless.

Vredospores—Sori small, round, pale yellow. Spores rounded or

oval, echinulate, yellow, 15-20/* in diameter.

Teleufospores—Sori very small, black. Spores rounded or oval,

cell ten to thirteen, thickly verrucose, cylindrical, fusiform,

attenuated at both ends, apex with a conical colourless papilla,

dark brown, 11 5-1 20 X 18-25/x. Pedicels as long as the

spores.

Synonyms.

Winter, loc. cit., p. 227.

Uredo pifiguis, (S Rosa alpincs. D. C, " Flore frang.," vol. ii.

P- 235-

Phragmidijnu fusiforme. Schrot., " Brand, und Rostp.," p. 24.

On Rosa alpina. Scotland.

July to October.

Phragmidium rubi-idaei. (Pers.)

.Ecidiospores—Sori small, epiphyllous, greenish yellow, often cir-

cular, abundant, umbilicate. Spores in short chains, round or

oval, echinulate, orange-yellow, 20-30/* in diameter. Para-

physes globose, orange-yellow.

Vredospores—'$>QX\ small, scattered, pale orange. Spores globose

or ovate, echinulate, yellow, 16-22/x in diameter.

Teleutospores—Sori roundish, small, loose, scattered, black. Spores

opaque, cylindrical, dark brown, apex with a blunt, conical

hyaline papilla, cells eight to ten, 1 10-130 X 20-30/x. Pedi-

cels long (i2o-i35ft), bulbous.

Syno7iyms.

Winter, loc. cit., p. 231.

Uredo rubi-idcei. Pers., " Obs. Myc," vol. ii. p. 24.

Uredo gyrosa, Reb. Berk., " Eng. Flor.," vol. v. p. 384. Grev.,

" Flor. Edin.," p. 439.
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Lecythea gyrosa, Berk. Cooke, " Micro. Fungi," 4th edit.,

p. 222.

Puccinia gracilis. Grev,, " Flor. Edin.," p. 428. Johnst.,.

" Flor. Berw.," vol. ii. p. 193.

Aregma graci/e, Grev. Berk., " Eng. Flor.," vol. v. p. 358.

Plwagmidinm gnicile, Berk. Cooke, " Hdbk.," ]). 491;
" Micro. Fungi," 4th edit., p. 201.

Exsiccaii.

Cooke, i. 21, 64 ; ii. 68, 210. Vize, "Fungi Brit.," 4 ;
" Micro.

Fungi Brit.," 119. Baxter, 39,

On Rubus idceus.

July to October.

XENODOCHITS. Schlecht.

Teleutospores separate, pedicellate, cylindrical, multicellular

(15-20). ^cidiospores in basipetal chains.

Xenodochus carbonarius. Schlecht.

^cidiospores—Sori orange-red, large, roundish, on the stems

elongated. Spores in short chains, subglobose, orange-yellow,

verrucose, 15-25 x iS-20/x. Paraphyses clavate, with traces

of orange-yellow endochrome.

Teleutospores— Son jet-black, thick, pulvinate, roundish, often

confluent. Spores long, cylindrical or vermiform, often curved,

cells ten to twenty, much constricted,, generally smooth,

except the terminal, which are slightly verrucose, dark brown,

cells i5-20)U., the whole spore 250-300/x long. Pedicels

very short, persistent.

Synonyms.

Phragmidium carbonarium (Schlecht.). Winter in Rabh.,

" Krypt. Flor.," vol. i. p. 227.

Xenodochus carbonarius. Schlecht., " Linnea," vol. i. p- 237,

t. iii. fig. 3. B. and Br., No. 133. Currey, Micro. Jour., vol. v.

t. 8, fig. 34. Cooke, " Hdbk.," p. 489; "Micro. Fungi," 4th edit.,

p. 201, t. iii. fig. 29.
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Lecythea poterii, Lev. Cooke, " Micro. Fungi," 4th edit.,

p. 221, t. iii. fig. 31.

Uredo miniata. Pars., " Syn.," p. 216.

Exsiccati.

Berk., 323. Cooke, i. 315 ; ii. 97. Vize, "Fungi Brit.," i.

On Sanguisorha officinalis.

June to October.

Xenodoclius curtus. Cooke.

Teleiitospores—Sori scattered in very small tufts. Spores abbre-

viated, obtuse, broad, of from four to eight articulations.

Synonyjn.

Xenodochiis curtus. Cooke, " Micro. Fungi," 4th edit., p. 201.

On leaves of Valei-iana officinalis (?)

I have no knowledge of this species.

ENDOPHYLLUM. Lev.

Teleutospores in basipetal chains, enclosed in a pseudoperi-

dium of barren cells, and resembling the aecidiospores of Puccinia,

but germinating by the protrusion of a promycelium and the

abstriction of promycelial spores.

Endophyllum eupliorbise. (D. C.)

Mycelium perennial. Spermogonia mostly on the upper surface of

the leaves, yellow. Pseudoperidia hypophyllous, on all the

foliage, round, immersed, wide, edges thick, erect. Spores

subglobose, granular, orange, 16-26 X 12-18//..

Synonyms.

Endophyllum euphorbi(S-sylvaticce, Lev, Winter in Rabh.,
" Krypt. Flor.," vol. i. p. 251.

^cidium euphorbicB. D. C, " Flore frang.," vol. ii. p. 241.

jEcidium euphorbice, Pers. Berk., " Eng. Flor.," vol. v. p. 374.

Cooke, "Hdbk.," p. 537. "Micro. Fungi," 4th edit., p. 195.

Purton, vols. ii. and iii.. No. 1537.
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Exsiccati.

Berk., 299. Cooke, i. 6; ii. 302. Vize, "Fungi Brit.," (54.

" Micro. Fungi Brit.," 458.

On Euphorbia amygdaloides.

April to June.

Biology—The spores of this species germinate freely in water, and
produce a promycelium with three or four promycelial spores. When
placed on the cuticle of a leaf of the proper host-plant, these promy-
celial spores bore, by means of their germ-tubes, through the epidermal

cells and enter the pai'enchyma of the leaf, between the cells of which
they soon produce a richly branched and widely extending mycelium.
If the entrance has been efifected into an old leaf, the further develop-

ment of the parasite ceases when the leaf falls off. The mycelium
passes along the petiole and enters the stem, where it may be found,

especially in the pith and inner bark. In the following spring, the

foliage which is produced by an infected, is different from that which
is produced by a healthy plant. The affected plant sends up longer

shoots, with shorter and wider leaves, which have a paler g^reen colour

than the healthy foliage (De Bary, Neiie Unterstich., 1865, pp. 20, 21).

I find that the promycelial spores often send out germ-tubes while

still attached to the promycelium. I have always failed in permanently

infecting old plants of Euphorbia ; no matter what the age of the leaves

may be, in the ensuing spring the foliage has always been healthy.

But if a young seedling be infected shortly after it has come up— that

is, while not more than a month or two old—the ni} celium produced
in its leaves readily gains an entrance into the stem. The foliage,

and shoots sent up by it in the following year are pervaded by the

perennial mycelium, and produce aecidia abundantly during the spring
;

but the late summer and autumn foliage differs little from healthy

foliage, excepting that the leaves are somewhat shorter. The next

vernal foliage is, however, secidiiferous. The affected plants seldom
flower.

Endophyllum sempervivi. (Alb. and Schw.)

Mycelium perennial. Spermogonia globose, then conical, yellow.

Pseudoperidia scattered, immersed, at first papillreform, open-

ing above by a small foramen, then broadly cup-shaped, with

whitish edges. Spores subglobose or angular, verrucose,

orange, 20-30/A in diameter, sometimes 30/x long.
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Synonyms.

Winter in Rabh., " Krypt. Flor.," vol. i. p. 252.

Uredo sempervkn. Alb. and Schw., " Consp.," p. 126.

Endophyllum sempervivi, Lev. Berk., Ann. Nat. Hist., No. 476.

Cooke. " Hdbk.," p. 546 ;
" Micro. Fungi," 4th edit., p. 200.

On Semperznviwi tectorum.

April and May.

Biology.—The cups are produced early in the year ; the spores

germinate at once, and the promycelial spores enter all parts of the

leaves, including the hairs, and produce mycelium in them as in

the preceding species. During the summer the infected leaves and

shoots maintain their normal appearance, but towards autumn the

lower leaves fall off from the rosettes. The leaves produced during

the summer after infection, and those produced from infected plants

during the winter and spring, are more elongated in their contour, and,

towards the base especially, have a paler, yellowish hue. The my-
celium from the leaves reaches the stems, and all the leaves subse-

quently produced from the plant are pervaded by the mycelium (De

Bary, Neue Untersuch., 1865, p. 20).

It has been assumed that this F.ndophyllum on Sempervivum is

identical with that on Sediini aa'c, but I have been unalile to produce

the Endophyllum on Seduin acre from the spores of E. sejnpervivi,

although the same spores sown on Setnperviviim tectorum always

produced the Endophyllum in the following spring. I was further

unable to infect S. proliferum and califor7iictan. Mr. W. G. Smith

{Card. Chron., 1880, pp. 660 and 725) reports this fungus on 6". monta-

num, and Mr. Badger (p. 815) on S. globiferum and calearum.

GYMNOSPORANGITTM. Hedw.

Teleutospores bicellular, united by a gelatinous matrix into

variously shaped spore-masses. Each cell provided with from

two to four germ-pores, placed laterally near the septum. yEcidio-

spores in basipetal chains with alternate barren cells, enclosed in

a pseudoperidium.

Gymnosporangium sabinse. (Dicks.)

JE.cidiospores—Spots at first orange, then reddish, thickened,

generally circular. Pseudoperidia flask-shaped, pale brown,

split to the base into laciniae which remain for a long time
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united at the apex; the lacinioe are joined at intervals by

short transverse trabeculte. Spores subglobose, finely verru-

cose, brown, 25-40 x 18-25/x.

Teleiitospores—Mycelium perennial, causing fusiform swellings on

the branches of the host-plant. Spore-masses vernal,

cylindrical or clavate, generally compressed laterally, 8-

10 mm. high, at first blackish, firm, then red-brown and

gelatinous. Spores broadly fusiform or bipyriform, central

constriction almost none, yellowish brown or chestnut-brown,

with four germ-pores, 38-50 x 23-26/x. (Plate IV. figs,

li and 12.)

Synonyms.

Winter in Rabh., " Krypt. Flor.," vol. i. p. 232.

Tremella sabincB. Dicks., "Plant. Crypt. Brit.," vol. i. p. 14;

" Eng. Bot.," t. 710. With., vol. iv. p. 68. Purton, " Midi. Flor.,"

vols, ii., iii., No. 883.

Podisoma sabince, Fries. Berk., "Eng. Flor.," vol. v. p. 362.

Pers., "Disp. Meth.," t. ii. fig. i. "Eng. Bot.," t. 710. Berk.,

"Outl.," t. ii. fig. 4. Cooke, "Hdbk.," p. 510; " Micro. Fungi,"

4th edit., p. 214.

Myxosporium colliailosum. Berk., "Out!.," p. 325. Sow.,

t. 409.

Rcestelia cancellata, Reb. Berk., "Eng. Flor.," vol. v. p. 373.

Sow., t. 409, 410. Cooke, " Hdbk.," p. 533 ;
" Micro. Fungi,'

4th edit., p. 193, t. ii. figs. 20, 21.

Exsiccati.

Berk., 58, 107. Cooke, i. 332. Vize, "Micro. Fungi Brit.,"

37, 55-

yFlcidiospores on Pynis communis^ July to September.

Teleutospores or\ Juniperus sabina, April to May.

Biology.—All the Gymnosporangia are easy of cultivation. If the

gelatinous masses be placed in water they swell up, and in twelve or

eighteen hours are covered by a golden-yellow powder, the promycehal

spores. These, diffused in water and applied to the proper host-plant,

are almost certain to produce JEcidiospores. The teleutospores in the

present species vary somewhat in shape, being often slightly contracted

at both ends so as to resemble two pyriform bodies joined at their
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broad ends. The teleutospores are of two kinds, similar in form, but

differing ia colour. In the first kind the spore-walls are hyaline, and

the contents orange ; in the second, the spore-walls are thicker, and

brown or yellowish brown. The dark spores are the least abundant,

and do not germinate so soon as the paler ones do, although they do

so within a comparatively short period. So far as is at present known,

G. sabincE has its a^cidiospores on the common pear only, which cul-

ture I have successfully made in seventeen experiments.

Gymnosporangium confusum. Plow.

^cidiospores—Pseudoperidia on thickened roundish spots, orange

above, and often surrounded by a reddish or purple line,

cylindrical or cylindrico-fusiform, opening by lateral longitu-

dinal fissures, at length fimbriate. Spores subglobose, pale

brown, verrucose, 15-20/A in diameter.

Teleutospores—Mycelium perennial. Spore-masses vernal, at first

tuberculate, dark chocolate-brown, almost black, soon becom-

ing cylindrical, often compressed, 5-8 mm. long, then rich

chestnut-brown, swelling when moist, and speedily covered with

golden-yellow promycelial spores. Spores smooth, oval or

elliptical, generally acute at both ends, of two kinds, the more

numerous with hyaline spore-walls and orange-yellow contents,

the other with dark brown, thick walls, 40-50 x 20-25/A, with

from two to four germ-tubes. Pedicels long (80-1 oo/x), hyaline.

(Plate IV. figs. 13 and 14.)

Synony7ns.

y^cidium penicillatum. Mull. (?)

ALcidium mespili, D. C. Winter, loc. cii., p. 266.

Exskcafi.

Vize, "Micro. Fungi Brit," 454, 545, 551.

^cidiospores on Cratagus oxyacantha, Mespihis germanica,

grandiflora (?), Pyrus mdgarls^ June to August.

Teleutospores on Juniperus sabina, April to May.

Biology.—This species has hitherto been confounded with G.

sabince, which it resembles in many points. When the a^cidiospores

occur on Cratcegus oxyacaiitJia^ the spermogonial spots are more
brightly coloured than those of G. clavari(eforinc. The tecidiospores
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are slightly smaller than those of G. clavariccfo7-Jiit\ and the cells of the

pseudoperidia are delicately reticulated and longitudinally wrinkled.

In thirty-six cultures I have produced the aecidiospores on C. oxyacan-

tha from G. confusinn ; in six cultures on Pyriis vulgaris (quince), and

in seven on Mespihis gerinanlca (medlar). I have failed to produce

any result on apple in three experiments, and on beam in one. Of these

cultures several were serial. Thus, on May 16, 1887, three pears

and one thorn were infected from the same material ; on the three pears

no result was obtained, but on the thorn aecidiospores were produced.

In another series, on the same day, a pear, a quince, and a thorn were

infected ; the quince and thorn had spermogonia on the 30th, but

no result was obtained on the pear. Again, on June 16, a ciuince,

two pears, a thorn, a beam, and an apple were infected ; the quince

and thorn became infected with the aecidiospores, but the pears,

apple, and beam remained free. On April 25, a pear and two thorns

were infected ; the two thorns produced the aecidiospores (spermogonia

appearing on one on May 5, and on the other on the loth), but the pear

remained free. On May 7, 1885, the same infecting material was

applied to a medlar and six thorns ; both the medlar and all the

thorns became affected by the 20th with the spermogonia. In due

time on the thorns the fficidiospores were developed, and these were

on June 25 applied to a healthy sabine bush. In September, it was

noted that many of the leaves had turned yellow ; these during the

winter and following summer (1886), fell off, and in March, 1887, the

G. co7tfusnm appeared on those parts of the branches from which the

leaves had fallen off. It may be added, that in only one duplicated

culture out of the hundred I have made in elucidating the life-history

of the sabine Gyinnosporangia have Eecidiospores on both thorn and

pear been produced from the same infecting material. This was

doubtless caused by an accidental mixture of teleutospores.

Gymnosporangium clavariaeforme. (Jacq.)

^cidiospores —Pseudoperidia on yellow, thickened spots, at first

flask-shaped, then cylindrical, light brown, at length becoming

fimbriate above. Spores subglobose, verrucose, pale brown,

20-40 X 20-28/z.

Teleutospores—Mycelium perennial, causing fusiform swellings on

the branches. Spore-masses ligulate, compressed, sometimes

bifid, at first firm and cartilaginous, becoming gelatinous, pale

orange, about 10 mm. long. Spores fusiform, constricted,

dark yellow, 70-120 x 14-20/x.
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Synonyms.

Winter, loc. cit., p. 233.

Tremella clavaricE.foi-mis. Jacq., " Collect," vol ii. p. 174.

Fodisonia juniperi, Fries. Berk., " Eng. Flor.," vol. v. p. 362.

Bull., t. 427, fig. I. Cooke, "Hdbk.," p. 510; "Micro. Fungi,"

4th edit., p. 214. Johnst, "Flor. Berw.," vol. ii. p. 146. Grev.,

" Flor. Edin.," p. 427.

yEcidhim laceratuni. Sow. Berk., "Eng. Flor.," vol. v. p. 373.

Sow., t. 318. Grev., "Flor. Edin.," p. 447. Johnst., "Flor.

Berw.," vol. ii. p. 107.

Roestelia /acerata, Tul. Cooke, "Hdbk.," p. 534; "Micro.

Fungi," 4th edit., p. 190, t. ii. figs. 22-26. Grev., t. 209.

Exsiccati.

Cooke, i. 2, 125; ii. 442, 640; " L. F.," 50. Berk., 106, in.

Vize, "Micro. Fungi," 129; "Micro. Fungi Brit.," 38, 69.

^cidiospores on Cratcegus oxyacantha, Fyrus communis, June

to August.

Teleutospores on Jmiipems communis, April to May.

Biology.—-The teleutospores germinate within twenty-four hours

after being placed in water, and the promycelial spores, when applied

to Cratcegus, give rise in ten or twelve days to the scidiospores. This

culture is very easy to make. I have done it sixteen times, and had

no failure. A certain number of failures have followed my cultures

of the promycelial spores on Pyrus communis, but still I have suc-

ceeded often enough to prove the metoecism. The pseudoperidia on

pear are similar to those on thorn, and can be distinguished at a glance

from R. cancellata. Rdthay states that a^cidiospores occur also on P.

torniinalis and Cratcegus nwnogyna in addition to the above-named

plants (" Untersuch. liber die Spermogonien der Rostpilze," pp. 20,

22. Wien: 1882).

The converse culture of the jecidiospores on juniper I made in 1884.

On June 25, a small juniper was infected with the cecidiospores ; on

July 8, many of the leaves began to turn yellow, these during the

summer and autumn fell off, leaving bare places on the branches, and

giving the bush a very peculiar appearance ; in December, 1885, these

bare places began to swell ; and on April i, 1886, the teleutospore-masses

were produced. Thus it will be seen that the iiecidiospores recpiire

two years in which to perfect the development of perennial teleuto-



Gymnospora iigiu ui. 235

spore mycelium, while the teleutospores only require two or three

weeks in which to perfect the mycelium bearing the ascidiospores.

The germ-tubes of the jecidiospores will not enter old leaves, but

only those produced the same year the experiment is made ; or, if

they do enter the former, the mycelium will not penetrate into the

perennial tissues of the host-plant. Hence it is useless attempting to

infect a bush which has recently been transplanted ; but there is no

difficulty with an established plant, which has thrown out a number of

young leaves. Once established in the juniper, the mycelium lives in

a vigorous condition, annually producing teleutospores for many years.

Gymnosporangium juniperinum. (Linn.)

JEcidiospot-es—Pseudoperidia on orange or red, roundish spots,

cylindrical, curved, yellowish brown, 8-10 mm. long, open

above, fimbriate. Spores subglobose, brown, finely verrucose,

21-28 X 19-24JU,.

Teleutospores—Mycelium perennial. Spore-masses at first dark

brown, then orange, soft, gelatinous, subglobose. Spores of

two kinds : (i) fusiform, brown, with thick epispore, 75 X 27/x
;

(2) yellow, with thinner epispore, about 66xr7/u,, having

six germ-pores.

Synonyms.

Winter, loc. a'f., p. 234.

Ti'emella juniperina. Linn., "Sp. Plant.," p. 1625.

Gymnospoj-angium juniperi, Link. Berk., " Eng. Flor.," vol. v.

p. 361 ; "Outl.," t. ii. fig. 2. Cooke, " Hdbk.," p. 509 ; "Micro.

Fungi," 4th edit., p. 214.

y£ddium corfwtinn, Pers. Berk., "Eng. Flor.," vol. v. p. 373.

Johnst, " Flor. Berw.," vol. ii. p. 207. Sow., t. 319. Grev., t. 180
;

"Flor. Edin.," p. 447.

Rcestelia cornuta, Tul. Cooke, "Hdbk.," p. 534; "Micro.

Fungi," 4th edit., p. 190, t. ii. figs. 18, 19.

Exsiccafi.

Cooke i. 1 ; ii. 441. Vize, "Micro. Fungi Brit," 54.

^Ecidiospores on Fyrus auciiparia, July to October.

Teleutospores on Juniperus communis, ALay to June.

Biology.—The teleutospores do not generally appear until May.

They readily produce promycelial spores in water, which, when applied
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to the foliage of the mountain ash, give rise to the spermogonia in

from eight to fifteen days.

I have failed only twice in thirteen cultures, and I had to experi-

ment with material sent from Scotland. Rdthay states (" Spermo-

gonien der Rostpilze," 1882, pp. 20-22) that the cecidiospores of this

species also occur on Pyrtis aria, mains, and Amelanchier vulgaris. I

have applied the promycelial spores to quince {P. vulgaris) in three

experiments, to apple {P . mahts) and to beam {P. aria) in one, but

without success.

In the spring of 1884, a patch of spermogonia appeared on a

mountain-ash, which had borne the secidiospores in 1883 ; this is the

only instance in which I have seen the mycelium of the a^cidiospores

survive the winter. Probably this arose from a bud being infected

late the previous year. From the fact ot my being unable to produce

the aecidiospores on the host-plants with which R^thay succeeded,

viz. Pyriis nialns and aria, it is clear that in Europe we have a second

species of Gymnosporangium onjuniperus co?ninuiiis, namely G. tre-

melloides, Hartig. (Lehrb. d. Baumk, p. 55).

MELAMPSORA. Castagne.

Teleutospores unicellular or rarely multicellular from transverse

or longitudinal cleavage, in compact flat sori or crusts. Germina-

tion by a promycelium, as in Puccinia. Uredospores single, formed

on sterigmata.

The C^omata are considered by many botanists the ascidiospores

of this genus. The promycelial spores, when applied to the teleuto-

spore host-plant, do not give rise to the uredospores.

I. MELAMPSORA.
Teleutospores formed outside the epidermal cells of the host-plant, and re-

maining single.

Melampsora helioscopise. (Pers.)

Uredospores—Sori small, roundish, or irregular, soon pulverulent.

Spores elliptical or ovate, finely echinulate, orange-yellow,

14-23 X io-i7;u,. Paraphyses abundant, between the spores,

capitate, hyaline, 15-18/A broad.

Teleutospores—At first deep orange, then blackish brown, rounded,

on the stems elongate, scattered. Spores cuneiform, cylindrical,

or prismatic, in section polygonal, dark brown, simple, inter-

cellular, 30-35 X 12-1S/X..
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Synonyms.

Winter in Rabh., " Krypt, Flor.," vol. i. p. 240.

Uredo hclioscopice. Pers., " Disp. Meth.," p. 13. Grev., "Flor.

Edin.," p. 440.

Uredo euphorbicz, Reb. Berk., " Eng. Flor.," vol. v. p. 385.

Purton, " Midi. Flor.," vol. iii. p. 397.

Lecythea cuphorbice^ LeV. Cooke, " Micro. Fungi," 4th edit.,

p. 221.

Alelanpsora euphorhicE, Cast. Cooke, "Hdbk.," p. 523;
"Micro. Fungi," 4th edit., p. 219, t. ix. figs. 193, 194.

Exsiccati.

Berk., 240. Cooke, i. 65, 439. Vize, "Fungi Brit," 50, 141.

On Euphorbia kelioscopia, peplus, exigua.

May to October.

Melampsora lini, (Pers.)

Uredospores—Sori scattered, small, roundish, soon pulverulent,

orange. Spores round or ovate, echinulate, orange-yellow,

15-25 X 13-16/X,. Paraphyses markedly capitate, and espe-

cially abundant towards the margins of the sori.

Telentospores—Sori rounded, reddish brown, then black, shining.

Spores formed under the cuticle, cylindrico-prismatic, inter-

cellular, in section polygonal, 45 x 20/x,.

Synonyms.

Winter, loc. cit., p. 242.

Uredo miniata, var. Lini. Pers., "Syn.," p. 216.

Uredo li?ii, D. C. Berk., " Eng. Flor.," vol. v. p. 384 ;
" Outl.,"

p. 334. Grev., t. 31.

Lecythea lini, Berk. Cooke, " Hdbk.," p. 532 ;
" Micro. Fungi,"

4th edit., p. 222, t. viii. figs. 165-167.

Exsiccati.

Berk., 118. Cooke, i. 446; ii. 70. Vize, "Fungi Brit.," 66.

On Lifium catharticum.

June to September.
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Melampsora farinosa. (Pers.)

Uredospores—Hypophyllous, roundish, scattered or clustered, often

disposed in a circular manner, soon pulverulent, orange.

Spores more or less globose, epispore echinulate, hyaline, con-

tents golden-orange, germ-pores two, opposite each other,

17-22 X 13-15/X. Paraphyses very numerous, clavate, straight

or slightly curved below, swollen and obtuse above, hyaline,

40-60 X 1 5- 1 7/^5 smooth.

Teleutospores—Epiphyllous, without spots, always covered by the

epidermis, in clusters, often confluent and forming thick crusts,

flat, firm, at first orange, then brown, at length blackish. Spores

cylindrical, rather narrower below, smooth, pale brownish,

40-45 X 16-17/X.

Synonyms.

Schrot., " Krypt. Flor. Schl.," vol. iv. p. 3'6o.

Uredofarinosa,Ytx%. "Syn.,"p. 217. Purton, " Midi. Flor.,"

vol. iii. p. 298. Johnst., " Flor. Berw.," vol. ii. p. 200. Grev.,

"Flor. Edin.," p. 437.

Uredo caprearum. Berk, " Eng. Flor.," vol. v. p. 385.

Lecythea caprearum, Berk. Cooke, "Micro. Fungi," 4th edit.,

p. 222.

Uredo saliceti, Lev. Cooke, " Micro. Fungi,." 4th edit., p. 221.

Melampsora salicina, Lev. Cooke, " Hdbk.," p. 522 ;
" Micro.

Fungi," 4th edit., p. 219, t. ix. figs. 191, 192.

Melampsora salicis caprecz, Pers. Winter, loc. cil., p. 239.

ISxsiccati.

Cooke, i. 55, 85; ii. 69, 155; " L. R," 49. Vize, "Micro.

Fungi," 51 ; "Micro. Fungi Brit," 67, 2'32.

On Salix caprea, ati?ita, cinej'ea, i-eticulata.

June to November. The teleutospores germinate in March

and April.

Biology.—Rostrup and Nielsen state that the secidiospores of

this species are CcEoma euoiiymi. In 1884, I applied the germinating

teleutospores from Salix capreato a small plant oi Eiionyjiius eiiropa;iis

on three separate occasions (March 17, April 6, and May 14), but no

result followed. In 1885, I repeated the experiment with the same
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want of success. Lest there should have been any error in the deter-

mination of the teleutospores, I tried them upon a plant oiRibesriibriim,

but with no result, the above-named botanists having stated tiiat an

allied Melampsora {M. hartigii) had for its jecidiospores, Cceoma

ribesii.

Melampsora epitea. (Kze. and Schm.)

Uredospores— Sori hypophyllous, rarL4y epiphyllous, generally very

minute, but sometimes larger, at length pulverulent, orange.

Spores globose, rarely subelliptical, echinulate, pale yellow, 20/^.

in diameter. Paraphyses very numerous, clavate, almost glo-

bose, hyaline, base acute, smooth, 40 x 22/x,.

Teleutospores—Hypophyllous, very small, at first brown, then almost

black, subverruccxform, hemispherical, crowded. Spores cylin-

drical, pale brown, 30-34 x i2-i4/x. Epispore smooth, 2/j.

thick.

Synonyms.

Melampsora epitea. Thiim., " Monograph, der Weidenrust.,'"'

p. 17.

Uredo epitea. Kze. and Schm., " Mycol. Heft.," i. p. 68.

Vadium salicis. Sow., t. 39S, fig. i.

Lecythea epitea, Le'v. Cooke, " Micro. Fungi," 4th edit., p. 221.

On Salix viminalis.

July to November.

Biology.—Rostrup and Nielsen, according to Schroter (" Kiypt.

Flor. Schl," vol. iii. p. 361), refer Cceoma ribesii to this species ; but, as

I understand the Danish botanists, they refer C. ?ibesii to J/, hartigii,

which is not a British species.

Melampsora mixta. (Schlecht.)

Uredospores—Sori on the leaves, hypophyllous, orange, crowded,

at length pulverulent, on the young branches large, erumpent,

and confluent, also on the inflorescence. Spores elliptical or

ovate, orange, echinulate, 14-18 X 12-15/x. Paraphyses very

abundant, as much as 50/x long, upper end swollen, capitate,

15-28/* wide, hyaline.

Teleutospores—In small blackish crusts, hypophyllous.
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Synonyms.

Thiim., "Monograph.," p. 20.

CcBoma mixtiim. Schlecht., " Flor. Berol.," vol. ii. p. 124.

Lecythea mixta, Lev. Berk., A^in. Nat. Hist., No. 478. Cooke,
" Hdbk.," p. 531 ;

" Micro. Fungi," 4th edit, p. 221.

Exsiccati.

Berk., 120.

On Salix purpurea.

May to November.

Melampsora vitellinse. (D. C.)

Uredospores—^Qxi small, round, soon pulverulent, golden-yellow,

amphigenous. Spores elliptical or ovate, echinulate, orange,

25-28 X 15-20/X.. Paraphyses fairly abundant, hyaline, smooth,

globose, with a short attenuated base, 30-36 X 30/A (Thiim.).

Teleutosp07-es—Hypophyllous in small crusts (Schrot.).

Synonyms.

Thiim., "Monograph," p. 21. Schrot, loc. cit., p. 361,

Uredo vitellincR. D. C, "Flore frang.," vol. ii. p. 231. Grev.,

"Flor. Edin.," p. 437. Burton, "Midi. Flor.," vol. iii. p. 298.

Johnst., " Flor. Berw.," vol. ii. p. 200.

Uredo saliceti, Schlecht Berk., " Eng. Flor.," vol. v. p. 385.

Lecythea saliceti, Le'v. Berk., "Outl.," p. 334. Cooke, " Hdbk.,"

p. 532; "Micro. Fungi," 4th edit, p. 221.

Exsiccati.

Cooke, i. 316 ; ii. 63.

On Salix pentandra, fragilis, triandra viminalis, vitellina.

Melampsora tremulae. Tul.

Uredospores—Sori small, generally hypophyllous, orange-yellow,

on the twigs larger, erumpent, pulverulent Spores subglobose

or ovate, echinulate, orange, 15-20 X 14-16/x. Paraphyses

numerous, clavate, 40-50 x 10-15/*.

Teleutospores—Sori hypophyllous, abundant, reddish brown, then

black. Spores elongated, compressed, slightly attenuated

downwards, 45-50 X io-12/x.
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Synonym.

Melampsora tremulcs, Tul. Ann. Sc. Nat., 2nd series, p. 95.
Cooke, "Hdbk.," p. 522; "Micro. Fungi," 4th edit, p. 219.

Sclirot., loc. at., p. 362.

Exsiccatt.

Cooke, i. 85; ii. 154; "L. R," 48. Vize, "Micro. Fungi
Brit," 44.

On Pop1(1us tremula.

June to November.

Biology.—Rostrup states that the aecidiospores of this species

are Cceoina inercurialis and C. pinitorquum. The last-named species

is not British. I have applied the germinating teleutospores froni

P. tremula to Mercurialis pere7inis in 1883 and 1884, but could

obtain no result (Exp. 277-350). Although C. pinitorquum is not a

British species, yet I applied the germinating teleutospores of this

Melampsora to Pinus sylvestris (Exp. 351), but with no result. I

have also tried the germinating teleutospores on Orchis maculata and

latifolia, but with no result (Exp. 650-652, 654, 655).

Hartig (" Allgem. Forst-und Jagdztg.," 1885, pp. 325-327) states that

the aecidiospores o{ M. tremulcB are Cceoma laricis, and that by apply-

ing the spores of C. laricis to the leaves of Populus tremula he

produced the Melampsora, and adds that C. laricis and C.pinitorquum

may either be two distinct species, or the same species modified by

the difference of the host-plant. I have repeated Hartig's experiments

on three occasions (Exp. 710, 768, 769), by placing the germinating

teleutospores of M. tremula on young larch-trees, but without result.

Professor Trail, however, finds these two species growing in company
near Aberdeen,

Probably more than one species of Melampsora occur on Populus
tremula.

Melampsora aecidioides. (D. C.)

Uredospores—Sori small, roundish, surrounded by a white wreath

of large crowded paraphyses. Spores spherical, elliptical, or

ovate, 17-24 X 15-17/X. Spore-walls colourless, echinulate,

contents orange-red. Paraphyses clavate, 40-60 X i5-20/>(,

Teleutospores—Forming small brown crusts. Spores cylindrical,

brown, cohering laterally, apex truncate, 50 X lo//.

R
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Synonyms.

Scbrot, loc. cit., p. 362.

Uredo cBcidioides. D. C, "Flore frang.," vol. ii. p. 236.

Ccsoma agirinum. Schlecht., " Flor. Berol.," vol. ii. p. 124.

On Popiihis alba.

Biology.—The jecldiospores of this species are Cccoiiia vier-

curialis. After performing many cultures with the Melampsorje, I

at last placed the germinating teleutospores of this species, obtained

from Dinmore Hill, Herefordshire, in October, 1887, on a plant of

M. percnnis (Exp. 711) ; the spermogonia appeared in about ten days.

A duplicate culture on Clematis vitalba was without effect.

Melampsora populina. (Jacq.)

Uredospores—Sori hypogenous, roundish, at first covered by the

epidermis, orange. Spores elongate, elliptical, or ovate, echinu-

late, orange-yellow, 28-40 x i$-2oix. Paraphyses more or

less abundant, capitate or ovate, 45-55 X 20/^.

Teleutospores—Sori hypophyllous, flat, generally crowded, often

confluent, forming reddish brown, then blackish crusts.

Spores cylindrico-prismatic, in section polygonal, pale brown,

larger above, 40-50 x 10-15//,.

' Synonyms.

Lycoperdon populina. Jacq., " Collect," Sup., t. ix. figs. 2, 3.

Uredo cylindrica, Strauss. Berk., " Eng. Flor.," vol. v. p. 385,

in part.

Lecythea populina, Lev. Cooke, " Micro. Fungi," 4th edit.,

p. 221.

Melampsora populina, Lev. Cooke, " Hdbk.," p. 523 ;
" Micro,

Fungi," 4th edit., p. 219, t. ix. figs. 195, 196. Schrot., loc. cit.,

p. 362.

Uredo populina. Grev., " Flor. Edin.," p. 442. Johnst., " Flor.

Berw.," vol. ii. p. 200. Purton, "Midi. Flor.," vol. iii. t. 27,

No. 1542.

Exsiccati.

Cooke, i. 83 ; ii. 61, 135 ;
" L. R," 47. Vize, "Fungi Brit.,"

i35> 231 ; "Micro. Fungi Brit," 326, 443.
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On Populiis nigra, balsainifcra, iialka.

June to November.

Biology.—Rdthay states that the recidiospores of this species are

^c. clematidis. I have applied the germinating teleutospores from

P. pyramtdalis in four cultures to Cletnatis viialba, but could obtain

no result. Schroter thinks that C<xoma allioriDii, in part at least,

belongs to this Melampsora ; I have tested this statement by culture

on AlliiDii ursinitDi, but without result.

Melampsora hypericorum. (D. C.)

Uredospores—Sori orange, small, pulverulent, scattered, mostly

hypophyllous. Spores globose or elliptical, finely echinulate,

orange-yellow, 14-21 X 12-17/x. Paraphyses absent.

Tciadospores—Dark brown, small, flat. Spores subcylindrical,

section polygonal, brown, 25 X 15^1.

Synonym.

Winter, he. cit, p. 241. Schrot, loc. cit, p. 363.

Uredo hypericormn. D. C, "Flore frang.," vol. vi. p. 81.

Berk., " Eng. Flor.," vol v. p. 380. Cooke, " Hdbk.," p. 526;

"Micro. Fungi," 4th edit., p. 215, t. viii. figs. 174, 175.

Exskcati.

Baxt., 42. Cooke, i. 118 ; ii. 321. Vize, " Fungi Brit.," 56 ;

" Micro. Fungi Brit," 127.

On Hyperkum perforalum, andros(Bmiim, pidchruni.

Melampsora betulina. (Pers.)

Uredospores—Sori pale orange, small, roundish, numerous, flat.

Pseudoperidia persistent. Spores ovate or oblong, finely

echinulate, orange-yellow, 25-40 x 10- 20//,. Without para-

physes.

Tekutosporcs— Sori at first yellow, then brown, at length black,

generally hypophyllous, flat, roundish. Spores cylindrical,

section polygonal, pale yellow-brown, 50 x 16/A.

Syno7iyins.

Winter, loc. cit., p. 238.

Uredo populina, var. betulina. Pers., "Syn.," p. 219.
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Uredo cylindrica, Strauss. Berk., " Eng. Flor.," vol. v. p. 385,

in part.

Uredo ovata. Grev., " Flor. Edin.," p. 442. Johnst., " Flor.

Berw.," vol. ii. p. 198.

Lecythea betulina, Lev.

Melampsora betulina, Desm. Cooke, " Hdbk.," p. 522;

"Micro. Fungi," 4th edit., p. 219, t. ix. figs. 189, 190.

Exsiccati.

Cooke, i. 124; ii. 62. Vize, "Micro. Fungi," 140; "Micro.

Fungi Brit.," 230.

On Betula alba.

May to November.

Biology.—In the presence of so many assertions that the ascidio-

spores of the Melampsora; are to be found amongst the Caeomata, and

from the fact that the only station in which I find C. orchidis is under

a birch-tree that is annually affected with M. belielino', I have tried

several cultures by placing the germinating teleutospores on Orchis

maculata and latifolia (Exp. 256, 284, 343, 672, 674, 675), but always

without success. As a plant of Lonicera periclymemim grows not

very far off, I tried the germinating teleutospores on Lonicera (Exp.

1 13, 1 13«, 114, 136), but with no result. I have also applied the germi-

nating teleutospores to young healthy birch plants, but of course with-

out result.*

II. PUCCINIASTRUM. Otth.

Teleutospores formed outside the epidermal cells, becoming longitudinally

or obliquely divided into from two to four cells.

Melampsora pustulata. (Pers.)

Uredospores—Sori orange, pustular, often widely confluent, small.

Pseudoperidia hemispherical, spores subglobose or ovate,

echinulate, orange-yellow, 14-20 X 10-15/^.

* Since Rostrup pointed out, in 18S3, the connection between the Melamp-

sorse and the Cccomata, I have made upwards of forty experimental cultures

with these species. The results which I have obtained differ so materially

from those of other botanists, that it is evident several species of Melampsora

are at present confounded with one another. The satisfactory recognition of

these can only be accomplished by careful biological research.
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TeleJitospores—S>on at first reddish brown, then blackish, at length

confluent. Spores intercellular, subcylindrical, cells rarely

one, generally three or four, superimposed or lateral, 25-30/x

long.

Syjionym.]

Schrot., loc. cit., p. 364. Winter, loc. cit., p. 243.

Uredo pustulata. Pers., "Syn.," p. 219. Berk., " Eng. Flor.,"

vol. V. p. 381. Grev., "Flor. Edin.," p. 440. Cooke, " Hdbk.,"

p. 526 ; "Micro. Fungi," 4th edit., p. 215.

Exsiccati.

Cooke, i. 210; ii. 322; " L. F.," 29.

On Epilobiuin palustre, augustifolium.\

Melampsora circsese. (Schum.

)

Uredospores—Sori brownish yellow, pustular, small, scattered.

Pseudoperidia hemispherical. Spores round or ovate, pale

yellow, echinulate, 15-20 X 10-14//.

Teleiitospores—Sori pustular, then forming brownish, waxy crusts.

Spores 1-4 cellular, cylindrico-prismatic, brown, intercellular,

component cells lateral, prismatic cuneiform, 25-30 x 24-28/x.

Synonyms.

Winter, loc. cit., p. 243. Schrot., loc. cit., p. 364.

Uredo circcBcs. Schum., " Enum. Plant. Ssell.," vol. ii. p. 228.

Cooke, "Micro. Fungi," 4th edit., p. 217, t. vii. figs. 135, 136.

Puccinia circceci, Pers. Cooke, "Hdbk.," p. 507, in part.

Exsiccati.

Berk., 342. Cooke, i. 62 ; ii. 74 ;
" L. F.," 31.

On Cinema lutetiana, intermedia.

ITI. THECOPSORA. Magnus.

Teleutospores formed in the epidermal cells, becoming confluent into

irregular but circumscribed masses. Uredospores in pustular heaps.
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Melampsora padi. (Kze. and Schm.)

Uredospores—Sori hypophyllous, small, pustular, whitish. Pseudo-

peridia on violet or brownish polygonal spots, hemispherical,

persistent, opening with an apical perforation. Spores elongate

or subglobose, often angular from mutual pressure, echinulate,

white or yellowish, 15-20 x io-15/x.

Telentospores—Sori epiphyllous, small, round, or angular, often

forming black-brown crusts. Spores divided longitudinally,

into cylindrico-prismatic cells, from two to four in number,

intracellular, brown, 1 8-2 3/x long.

Synonyms.

Uredo padi. Kze. and Schm., Exs., 187. Cooke, " Hdbk.,"

P- 527-

Uredo porphyrogenita, Kze. Cooke, " Mico. Fungi," 4th

edit, p. 216.

Melampsora padi. Cooke, " Hdbk.," p. 523.

Exsiccati.

Cooke, i. 536. Vize, "Fungi Brit.," 146.

On Primus padiis.

July to November,

Melampsora vacciniorum. (Link.)

Uredospores— Sori yellow, small, pustular, scattered or crowded.

Pseudoperidia hemispherical, perforate above. Spores sub-

globose or ovate, fine, echinulate, orange-yellow, iS-24 x
12-18/X.

Telentospores—Sori forming very small, pale brown, irregular

crusts, hypophyllous, on the fallen leaves. Spores formed in

the epidermal cells (intracellular), which they generally fill,

septate longitudinally, brown, 14-18/*.

Synonym.

Schrot., loc. cif., p. 365. Winter, ioc. cif', p. 244.

Uredo vaccinio7'iim. Link., " Sp. Plant," vol. ii. p. 15. Berk.,

" Eng. Flor.," vol. v. p. 378. Cooke, " Hdbk.," p. 527 ;
" Micro.

Fungi," 4th edit, p. 216. Johnst., "Flor. Berw.," vol. ii, p. 199.
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Exsiccali

Cooke,i. 119. Vizc, "Fungi Brit.," 59; "Micro. Fungi Brit," 2 26.

On Vaccinitim myrtillus.

June to November.

Melampsora pyrolse. (Gmelin.)

Uredospores—Sori small, round, globose, yellow, solitary or aggre-

gate on yellowish or brownish spots. Pseudoperidium at

length perforate above. Spores elliptical or subpyriform,

echinulate, orange-yellow, 26-33 ^ i3~^5/^'

Synonyms.

Schrot., loc. cit., p. 366.

^cidium pyrolce. Gmelin., " Linne Syst. Nat.," vol. ii. p. 1473.

Uredo pyrola. Grev., " Flor. Edm.," p. 440. Berk., " Eng.

Flor.," vol. v. p. 378. Johnst., "Flor. Berw.," vol. ii. p. 199.

TricJiobasis pyrolcE. Berk., "Outl.,"p. 332. Cooke, " Hdbk.,"

p. 529; "Micro. Fungi," 4th edit., p. 223.

Exsiccati.

Cooke, i. 43S.

On Fyrola rotundifolia and minor.

August to October.

Biology.—Only the uredospores have at present been observed,

but from their general appearance this fungus can hardly be other

than a Melampsora (Schroter).

IV. MELAMPSORELLA. Schrot.

Teleutospores undivided, formed inside the epidermal cells (intracellular),

hyaline, confluent in wide-spreading masses. Promycelial spores hyaline.

Uredospores echinulate, enclosed in a pseudoperidium.

Melampsora cerastii. (Pers.)

Uredospores—Sori pustulate, scattered, small, round. Pseudoperi-

dium hemispherical, persistent, apically perforate. Spores sub-

globose, ovate or clavate, echinulate, yellow, 20-25 X 14-20/x.
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Teleutospores—Sori vernal on last year's living leaves, whitish or

pinkish, often covering the whole leaf-surface. Spores spherical

or shortly prismatic, in section polygonal, membrane thick,

smooth, colourless, contents very pale reddish, simple, inter-

cellular, 13-15/X in diameter. Promycelial spores globose,

8-1 o/A, colourless.

Syfionyms.

Schrot, loc. cit., p. 366. Winter, loc. cit., p. 242.

Uredo piistulata, var. cerastii. Pers., " Syn.," p. 219.

Uredo caryophyllacearum. Johnst., " Flor. Berw.," vol. ii. p.

199. Berk., " Eng. Flor.," vol. v. p. 381. Cooke, " Hdbk.," p.

526 ;
" Micro. Fungi," 4th edit., p. 216.

Exsiccati.

Cooke, i. 6 ; ii. 75 ;
" L. R," 30. Vize, " Fungi Brit.," 145.

On Cerastium arvense, Stellaria graminea.

Biology.—We are indebted to Schroter for the life-history of this

fungus. The uredospores first make their appearance in June, and
are found throughout the summer until October. The teleutospores

are found in the following year in May and June, in colourless or pale

flesh-coloured sori on those living leaves which have survived the

winter.

COLEOSPORIUM. Lev.

Teleutospores composed of several superimposed cells enclosed

in a thick transparent membrane, confluent in flat waxy masses.

Each cell germinates by a single unseptate promycelial tube,

which produces at its end a single promycelial spore. Uredo-

spores formed in basipetal chains.

I. EUCOLEOSPORIUM. Winter.

Heteroecious, having spermogonia, secidiospores, uredospores, and teleuto-

spores.

Coleosporiuni senecionis. (Pers.)

j^cidiospores—Of two kinds, (i) On the fir needles, scattered or

in small groups. Pseudoperidia cylindrical or laterally com-

pressed, mouth torn irregularly, 2-2-5 i^""^- high- (2) On the
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young branches, producing fusiform swellings from the perennial

mycelium. Pseudoperidia larger, crowded, whitish, saccate,

mouth patent, widely torn, 5-6 mm. broad, 2 '5-3 mm. high.

Spores orange, spherical or ovate or angular, coarsely and

thickly verrucose, 30-40 X 18-30/x.

Uredospores—Sori orange, small, scattered, soon pulverulent

Spores in short chains, elliptical, ovate, or almost cylindrical,

epispore densely verrucose, 20-30 x 15-25/A.

Teleutospores—Sori at first orange, then forming red crusts. Spores

cylindrical or clavate, consisting of about four superimposed

cells, dark orange-red, 90-110 x 17-30//.

Syno7iy)ns.

Winter, loc. cit., p. 248. Schrot., loc. cif., p. 367.

Uredo farinosa, var. senecionis. Pers., " Syn.," p. 218.

yScidium pi?ii, Pers. Berk., " Eng. Flor.," vol. v. p. 374.

Grev., t. 7 ;
" Flor. Edin.," p. 444.

Peridermuun piiii, Chev. Cooke, " Hdbk.," p. 535 ;
" Micro.

Fungi," 4th edit., p. 191, t. ii. figs. 27, 28.

Peridertnmm acicolian^ Link. Cooke, " Micro. Fungi," 4th

edit., p. 191.

Puccinia glomerata (uredospores). Cooke, " Hdbk.," p. 500.

Uredo senecionis, Schlecht. Berk., "Eng. Flor.," vol. v. p. 379.

Grev., "Flor. Edin.," p. 438, Johnst., "Flor. Berw.," vol. ii.

p. 198.

TricJiobasis senecionis. Berk., " Outl.," p. 322. Cooke, " Micro.

Fungi," 4th edit., t. vii. figs. 145, 146.

Coleosporium senecionis, Fries. Cooke, " Micro. Fungi," 4th

edit., p. 218, t. vii. figs. 145, 146.

Exsiccati.

Cooke, i. 66; ii. 53. Vize, " Micro. Fungi Brit," 20.

-^cidiospores on the leaves and on the young branches of

Piniis sylvestris, austriaca, May and June.

Uredospores and teleutospores on Senecio vidgaris, viscosus,

sylvaticus, zxidijacobcea, all the year.

Biology.—The connection between Coleosporium senecionis and

Peridermiitm pini was first demonstrated by Wolff in 1872. He first
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found that the sowing of the ascidiospores of ^c. piftz, both from the

leaves and also from the young branches, on Senecio viscosns, sylvaiici/s,

vernalis, jacobaa, and vulgaris^ gave rise to the uredospores of the

Coleosporium. In 1882, I repeated Wolff's culture on S. vulgaris with

the cecidiospores from the leaves with success. In 1883, the Rev. Dr.

Keith sent me from Forres a specimen of ^c. pini on the bark of a

young fir-branch, the spores from which I used for infecting two plants

oi S. vulgaris, but without success. Too much importance must not

be attached to this failure, considering the distance from which the

ascidiospores came. I have had, however, so many failures in in-

fecting S. vulgaris with the ascidiospores from A£c. pini, var. acicola,

that I think there must be more than one species included under this

name. My friend M. Max. Cornu informs me that in France he

has succeeded in producing Cronartium asclepiadeum by sowing the

ascidiospores of ALc. pini, var. acicola on Vincetoxiciim officinale. As
neither the Cronartium nor its host-plant occur in Britain, we must

conclude that the aecidiospores which M. Cornu employed belong to

a distinct species.

II. HEMICOLEOSPORIUM. Winter.

Having uredospores and teleutospores, which occur on the same host-

plant,

Coleosporium sonchi. (Pers.)

Uredospores—Sori rounded, soon pulverulent and scattered,

orange. Spores in short chains, rounded, oblong, or sub-

cylindrical, coarsely and densely verrucose, orange-yellow,

20-35 X 15-20/^.

Teleutospores—Sori at first orange, then red, flat, often confluent,

forming crusts. Spores cylindrical or cylindrico-clavate,

generally four-celled, 60-70 x 15-25/x, sometimes as much

as 130-140/A long.

Synonyms.

Schrot, loc. cit., p. 368. Winter, loc. cit., p. 247.

Uredo sonchi-arvensis. Pers., "Syn.,"p. 217.

Uredo compransor, Schlecht. Berk., " Eng. Flor.," vol. v.

P- 379-

Uredo sonchi, Pers. Purton, " Midi. Flor.," vol. iii., No. 1547.

Johnst., "Flor. Berw.," vol. ii. p. 198. Grev., "Flor. Edin.,"

p. 441.
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Uredo tussilaginis, Pers. Grev., " Flor. Edin.," p. 438.

Johnst., "Flor. Berw.," vol. ii. p. 198.

Uredo petasites. Grev., " Flor. Edin.," p. 441. Johnst.,

"Flor. Berw.," vol. ii. p. 198.

Coleospofium sonchi-arvensts, Lev. Cooke, " Hdbk.," p. 521 ;

"Micro. Fungi," 4th edit., p. 21 8, t. viii. figs. 178, 179.

Coleosporium cacalice, D. C. Cooke, " Micro. Fungi," 4th

edit., p. 218.

Coleospormm tussilaginis, Lev. Cooke, "Hdbk.," p. 520;

''Micro. Fungi," 4th edit., p. 217, t. viii. figs. 180, 181.

Coleosporium petasiiis, Lev. Cooke, "Hdbk.," p. 521;

"Micro. Fungi," 4th edit., p. 217.

Exsiccati.

Cooke, i. 32, 80, 81; ii. 44, 15:, 152; " L. R," 45. Vize,

"Fungi Brit.," 45, 48; "Micro. Fungi Brit," 49.

On Sonchus arvensis, oleraceus, Tussilago farfara, Petasites

offici7ialis, Cacalia hastata.

May to October.

Biology.— I have followed Winter and Schriiter in uniting these

species, but further biological observations will probably show some

of them to be distinct.

Coleosporium campanulse. (Pers.)

Uredospores—Sori yellow, small, rounded, soon pulverulent and

scattered. Spores in short chains, rounded or elongated,

verrucose, orange-yellow, 17-25 x 13-20/x,.

Teleutospores— Sori at first orange, then red, at length brownish,

flat, confluent. Spores cylindrical or clavate, generally four-

celled, 90-100 X l8-2 2;u.

Synonyms.

Winter, loc. at., p. 246. Schrot, loc. cit., p. 369.

Uredo campanulce. Pers., "Syn.," p. 217. Grev., "Flor.

Edin.," p. 440. Johnst., "Flor. Berw.," vol. ii. p. 200.

Coleosporium campanulce, Lev. Cooke, "Hdbk.," p. 521 j

" Micro. Fungi," 4th edit, p. 218.

Uredo Crustacea. Berk., " Eng. Flor.," vol. v. p. 378.
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Exsiccati.

Baxt, 41. Berk., 336. Cooke, i. 81 ; ii. 421. Vize, "Fungi
Brit.," 46.

On Campamila ivtundifolta, tracheliian.

May to October.

Coleosporium euphrasiae. (Schum.)

Uredospores—Sori orange, irregular, soon pulverulent and scattered.

Spores concatenate, subglobose or elongate, often irregular,

verrucose, orange-yellow, 20-30 x 15-20/x.

Teleutospores— Sori at first orange, then red. Spores orange,

cylindrical or clavate, 80-100 x 20-25^.

Synonyms.

Winter, loc. cit., p. 246. Schrot., loc. cif., p. 370.

Utrdo eitphrasice. Schum., " Enum. Plant. Ssell.," vol. ii.

p. 230.

Uredo rhinanthaceartim., D. C. Berk., " Eng. Flor.," vol. v.

p. 377. Grev., "Flor. Edin,," p. 439. Johnst, " Flor. Berw.,"

vol. ii. p. 200.

Coleosporium r/iinant/mcearum, Lev. Cooke, " Hdbk.," p. 521 ;-

"Micro. Fungi," 4th edit., p. 218, t. viii. figs. 176, 177.

Exsiccati.

Cooke, i. 299; ii. 156. Vize, "Fungi Brit.," 47.

On Melampyrum arvense, Batisia odontites, Euphrasia offici-

nalis, RhinafitJius crista-galli.

CHRYSOMYXA. Unger.

Teleutospores formed of a series of superimposed cells, of

which the lower are sterile, forming flat or slightly elevated

orange or reddish waxy crusts. Uredospores in linear series.

Germination of the teleutospores by a multicellular promyceliuni

from each cell, which produces from three to four, mostly four,

promycelial spores.
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HEMICHRYSOMYXA. Winter.

Having only uredospores and teleutospores, whicli occur on the same host-

plant.

Chrysomyxa pyrolse. (D. C.)

Uredospores— Sori hypophyllous, scattered, generally covering the

under surface of the leaves, roundish, pulverulent, yellow.

Spores ovate or elliptical, often angular, coarsely verrucose,

yellowish orange, 20-23 x 15-22/x.

Teleutospores—Sori orange, then red, flat, waxy. Spores, 1 10-120

X 8-10/*.

Synonytns.

Schrot., loc. cit, 372. Winter, loc. cit., p. 250.

JEcidium pyrolce. D. C, " Flore frang.," vol. vi. p. 99.

Uredo pyrolcs. Grev., " Flor. Edin.," p. 440. Johnst., " Flor.

Berw.," vol. ii. p. 198.

Trichobasis pyrolcs. Berk., " Outl.," p. 332. Cooke, " Hdbk.,"

p. 529; "Micro. Fungi," 4th edit., p. 223, in part.

Exsiccati.

Vize, "Micro. Fungi Biit.," 52

On Pyrola rotundifolia.

Chrysomyxa empetri. (Pers.)

Uredospores—Sori orange, roundish or elongate, at first covered by

the epidermis, then surrounded by it. Spores ovate, elliptical,

or pyriform, verrucose, orange-yellow, 25-30 X 17-25/x.

Synonyms.

Schrot., loc. cit., p. 372.

Uredo empetri, Pers. Moug. and Nest., Exs., No. 391. Cooke,

Seem. Jour. Bot., vol. iv. p. 99 ;
" Hdbk.," p. 5273 " Micro. Fungi,"

4lh edit., p. 216.

On Empetrum nigrum.

May to September.
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CRONARTIUM. Fries.

Teleutospores unicellular, compacted into a cylindrical body,

germinating at maturity on the living host-plant. Promycelial

spores almost spherical, pale. Uredospores enclosed in a pseudo-

peridium, which surrounds the base of the cylinder of teleutospores.

Cronartium flaccidum. Alb. and Schw.

Uredospores—Sori small. Pseudoperidia broadly conical, dark

yellow, persistent. Spores elliptical or ovate, echinulate, 20-30

X 13-20/i..

I'eleutospores—Sori cylindrical, often curved, about 2 mm. high.

Spores oblong or cylindrical, brown, 10-12/A across.

Synonyms.

Sphccriaflaccida. Alb. and Schw., "Consp.," p. 31.

Cronariiuni pa'onm, Cast. Cooke, "Micro. Fungi," 4th edit,

p. 215.

Cronartium flaccidum (Alb. and Schw.). Winter, loc. cit., p. 236.

On Fivonia officinalis. In gardens. North Wootton ; C B. P.

South of England ; Miss Jelly.

APPENDIX.

Imperfect Forms, of which the Full Life-History is

UNKNOWN.

UREDO.

Spores produced singly on the terminal ends of mycelial

hyphae (basidia). Germination by a germ-tube which does not

produce promycelial spores, but enters the host-plant through its

stomata.
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tJredo agrimonise. D. C.

Sori pustular, hypophyllous, roundish or irregular, often confluent

and wide-spreading, covered by rather thin pseudoperidia.

Spores subglobose or ovate, verrucose, orange, 17-23 X
14-1 7/i.

Sy)wn}n)is.

Winter in Rabh., " Krypt. Flor.," p. 252

Uredo potentillaruin, var. agrimotim. D. C, " Flore fran^.,"

vol. vi. p. 81.

Uredo potentillariim, D. C. Berk., " Eng. Flor.," vol. v. p. 382.

Grev., "Flor. Edin.," p. 438. Johnst., "Flor. Berw.," vol. ii.

p. 199. Cooke, "Hdbk.," p. 525; "Micro. Fungi," 4th edit.,

p. 215.

Coleosporium ochraceum, Fckl. Cooke, " Micro. Fungi," 4th

edit., p. 218.

Exskcati.

Cooke, i. 635; ii. 149. Vize, "Fungi Brit.," 57; "Micro.

Fungi Brit.," 325.

On Agrimonia etipatoria.

Uredo symphyti. D. C.

Sori minute, very numerous, hypophyllous, yellow. Mycelium

perennial. Spores subglobose, ovate, finely echinulate, yellow,

25-35 X 16-24/X.

Synoriyms.

Winter, loc. cit., p. 254.

Uredo symphyti, D. C. " Encyc," vol. viii. p. 232.

Trichobasis symphyti, Le'v. Cooke, "Hdbk.," p. 529. Berk.,

"Outl.,"p. 332.

Coleosporium symphyti, Fckl. Cooke, " Micro. Fungi," 4th

edit., p. 218.

Exsiccati.

Berk., 320.

On Symphytum officinale.

May to September.
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Uredo polypodii. Pers.

Sori orange-yellow, rounded or irregular, scattered, often confluent,

covered by the epidermis. Spores of two kinds : (a) ovate or

elliptical, echinulate above, smooth below, orange-yellow, 24-30

X 12-15/x; {b) ovate or elliptico-polygonal, orange, with a

very thick epispore (5/*) quite smooth, 40-50 x 25-35//.

Synonyms.

Schrot., " Krypt. Flor. Schl.," vol. iii. p. 374.

Uredo linearis, var. polypodii. Pers., " Syn.," p. 217.

Uredofilicum, Desm. Berk.," Eng. Flor.," vol. v. p. 383. Sow.,

320. Cooke, "Hdbk.," p. 526; "Micro. Fungi," 4th edit,

p. 215.
_ _

Exsiccati.

Berk., 339. Cooke, i. 633 ; ii. 73. Vize, " Micro. Fungi,"

143-

On Polypodium dryopteris, Cystopteris fragilis, Adiantuni

capilliis-veneris.

Uredo scolopendri. Fckl.

Sori hypophyllous, small, pustulate, pale yellow, on brownish

irregular spots. Pseudoperidium hemispherical, opening by a

small aperture above, through which the spores escape. Spores

subglobose orclavate, echinulate, 30-40 X 15-20/x.

Synonyms.

Schrot., loc. cif., p. 374.

Uredo scolopendri, Fckl.

Milesia polypodii, B. White (?). "Scot. Nat.," vol. iv. p. 162,

t. ii. fig. 5.

On Blechmwi spicant, Scolopendriicm vulgare.

June to October.

Uredo muUeri, Schrot.

Spermogonia epiphyllous, on circular yellow spots. Sori amphi-

genous, roundish, golden-yellow, often circinate. Spores

globose, echinulate, orange, 18-20/x, in diameter.
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Synonyms.

Uredo miilleri. Schrot., " Krypt. Flor. Schl.," vol. iii. p. 375.

Uredo CBcidioides. I. Miiller, Rostp. der Rosa und Ricbusarten,

1886, p. 24, t. ii. fig. 12.

On Riibiis friiticosHs. Haywood Forest, Hereford ; C. B. P.

Ireland ; Mr. Greenwood Pim.

October to November.

Biology.— Miiller suggests that this may be connected with

Chrysomyxa albida.

Uredo quercus. Brond.

Sori hypophyllous, yellow, then orange, orbicular, minute, scattered

or in clusters. Spores subglobose, echinulate, orange-yellow,

15-25 X 12-15^.

Synonym.

Winter, loc. cit, p. 254.

Uredo qitereus, Brond. Duby, " Bot. Gall.," vol, ii. p. 893.

Berk., " Eng. Flor.," vol. v. p. 383. Cooke, " Hdbk.," p. 526 ;

" Micro. Fungi," 4th edit., p. 216.

Exskcati.

Berk., 239. Cooke, i. 281 ; ii, 76. Vize, "Fungi Brit.," 58;

"Micro. Fungi Brit.," 129. .

On Quercus pediinculata.

Uredo iridis. (Thiim.)

Sori oval, linear, sometimes confluent, amphigenous, at first

covered, then naked, chestnut-brown. Spores profuse, mostly

globose, rarely oval or pyriform, nucleate, with two germ-pores,

brown, echinulate, 30-35 X 20-25^.

Synonym.

Uromyces iridis (Lev.). Thiim., " Myco. Univ.," No. 2045.

On Iris Jlavissima, spuria, ensata, decora, kifigii, pumila, fili-

folia, caucasica, iberica, tolmicana. In gardens.

June to September.

S
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Biology.—This species occurs upon various species of cultivated

iris. To Dr. M. Foster, F.R.S., I am indebted for numerous speci-

mens. Repeated examinations at various periods of the year, both on

the part of Dr. Foster and myself, have failed to show teleutospores.

When applied to /. psetido-acorus and foetidissima, I have almost

always failed in obtaining any results. Thiimen's specimen in my
copy consists only of uredospores, and is on I.flavissinia from Siberia.

Rabenhorst's Uredo iridis on I. puinila ("Fung. Europ.," No. 1674)

seems to be the same plant. Dr. M. Foster says, " It came out with

me first on /. flavissima, then on /. tolmieana, then on /. iberica,

and all the irises from Central Asia ; also on /. spuria, ensataj

finally on /. decora, kingii, piimila, filifoUa, and caiicasica. It does

not readily attack the broad-leaved Mediterranean forms, such as

/. gerinanica, pallida, etc. ; but I am inclined to think that almost

every species would take it. I have not yet, however, seen it on

/. fcetidissima or psetido-acoriis.''''

Uredo phillyreae. Cooke.

Sori yellow, rounded or elliptical, on yellowish spots, solitary or in

clusters. Spores subglobose, ovate, finely echinulate, orange-

yellow, 15-18 X I2-I5/A.

Synonym.

Uredo phillyrecB. Cooke, Exs.

Exsiaati.

Cooke, i. 592. Vize, " Fungi Brit.," 142.

On Phillyrea media.

Uredo tropseoli. Desni.

Hypogenous spots, pale yellow. Sori minute, roundish, scattered

or confluent. Spores ovoid or subglobose, orange.

Synonym.

Uredo tropceoli. Desm., Aim. Nat. Sc, 1836, vol. vi. p. 243.

Cooke, Seem. Joiir, Bot., vol. iv. p. 97; '• Hdbk.," p. 528;
" Micro. Fungi," 4th edit., p. 216.



Cceoma. 259

Exsiccati.

Desm., i. 837.

On Tropmolum adujicimi.

October.

This species, which can hardly be regarded as British, was

found by Dr. Capron, in 1S65, near Guildford.

Uredo lynchii. (B. and Br.)

Spots small, pallid, scattered, rarely confluent. Spores yellow,

obovate, beautifully echinulate, with short pedicels, 20-30 x

28-35M-

Sy7ionym.

Trichohasis lynchii. B. and Br., Afin. Nat. Hist., No. 1706.

W. G. Smith, Gard. Chron., May 30, 1885, p. 693, fig. 154.

On exotic Spiranthes. Kew Gardens.

Not truly a British species.

Uredo plantaginis. B. and Br.

Spots pallid, pustular, minute, soon ruptured at the apex. Spores

elliptical, yellow.

Synonym.

Uredo plantaginis. B. and Br., Ann. Nat. Hist., No. 1905.

On Plantago lanceolata. Wood Newton, Dolgelly.

There is some doubt as to whether this is not a Sxnchxtriiini.

C^OMA.

Spores without a pseudoperidium, accompanied by spermo-

gonia, with or without paraphyses, produced in chains. Germi-

nation as in Uredo.

Cseoma saxifragae, (Strauss.)

Sori rounded or oval, flat, orange, amphigenous, scattered. Spores

subglobose, finely verrucose, orange-yellow, 1 7-30/x in

diameter.
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Sy/iofiyins.

Winter, loc. cit., p. 258.

Uredo polymorpha,\2iX. saxifrages. Strauss in Wetter., "Ann.,"

vol. ii. p. 87.

Uredo saxifragarum, D.C. Berk., " Eng. Flor.," vol. v. p. 381.

Cooke, " Hdbk.," p. 525; "Micro. Fungi," 4th edit., p. 215.

Grev., " Flor. Edin.," p. 440.

On Saxifraga granulata.

June to September.

Cseoma euonymi. (Gmelin.)

Sperniogonia flat, circinating in small clusters. Sori rounded,

often confluent, on the leaves and young branches. Spores

round, elliptical, or subpyriform, finely verrucose, pale yellow,

13-25 X 25-30/..

Synonyms.

Winter, loc. cit., p. 259.

^cidhim euonymi. Gmelin, "Linne Syst. Nat.," vol. ii. p. 1473.

Uredo eiionytni, Mart. Cooke, ''Micro. Fungi," 4th edit,

p. 216.

On Euonymus europceus,

August to September.

Cseoma mercurialis. (Pers.)

Sori flat, roundish or irregular, often circinating and confluent on

large yellow spots, orange-yellow. Spores elliptical or sub-

pyriform, finely verrucose, orange-yellow, 17-25 x io-i5yu.

Synonyms.

Winter, loc. cit, p. 257.

Uredo confluens, var. mercurialis. Pers., " Syn.," p. 214.

Uredo confiuens, D. C. Berk., "Eng. Flor.," vol. v. p. 383.

Cooke, "Hdbk.," p. 527; "Micro. Fungi," 4th edit., p. 216,

t. vii. figs. 133, 134. Grev., "Flor. Edin.," p. 438. Sow., t. 397,

fig. 6.

Exsiccati.

Cooke, i. 117 ; ii. 426. Vize, "Fungi Brit," 144.
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On Menurialis perennis.

May and June.

Biology.—This is stated by Rostrup and Nielsen to be the

.(tcidium of Melavipsora ireinulce from Populus tremula and alha.

I repeated their experiments by placing the teleutospores from P. tre-

mula on Mercurialis peimnis on several occasions, but was unable

to confirm their statement. The Cceoina pinitorqiium, which these

authors also state to be connected with a form of M. tremulce, has

not yet occurred in Britain.

In October, 1887, however, during the annual excursions of the

Woolhope Club, I gathered a number of leaves of Populus alba, on

Dinmore Hill, with a Melampsora on them. In April and May, 1888,

I infected with this Melampsora some plants of Mercurialis perennis,

which had been growing for several }ears in my garden at King's

Lynn, and produced first the spermogonia, and then the perfect Cieoma.

Cseoma alliorum. Link.

Spermogonia flat, yellowish, in circular groups. Sori amphigenous

in circular or elliptical clusters. Spores subglobose or ellip-

tical, punctate, yellow, 17-25 x io-20/x.

Synonyms.

CcEonia alliatum. Link (?),
" Sp. Plant.," vol. ii. p. 43.

Uredo alliorum, D. C. Cooke, " Micro. Fungi," 4th edit.,

p. 217, in part.

On Allium nrsinum, oleraceum, vineale.

Biology.— Schroter thinks this species, or at least the form of it

that occurs on A. olej-aceutn, is connected with Melampsora populina

(" Krypt. Flor. Schl.," vol. iii. p. 363).

Coeoma orchidis. Alb. and Schw.

Spermogonia on yellowish spots. Sori generally irregular, flat,

often confluent. Spores subglobose or ovate, punctate, yellow,

15-25 X 10-20/U..

Synonyms.

Winter, loc. cit, p. 256.

Uredo confluens, var. orchidis. Alb. and Sclnv., " Consp.,"

n. 122.
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Uredo orchidis. Mart. Cooke, " Hdbk.," p. 527; "Micro.

Fungi," 4th edit., p. 216.

Exsiccati.

Cooke, i. 61 ; ii. 323.

On Orchis 7naculata, lati/olia, Listera ovaia.

May and June.

Biology.—In view of so many statements having been made that

the Caeomata are the aecidiospores of the Melampsorse, I have made

several cultures with the teleutospores of M. betulince on Orchis

niaculata and lati/o/ia, but always without result (Exp. 256, 284, 343).

I was led to do so from finding C. orchidis under a birch-tree affected

with the Melampsora, but I feel sure there is no connection between

these two fungi.'&'

Caeoma laricis. (Westd.).

Sori minute, on yellow spots, surrounded by the ruptured epi-

dermis and a number of barren cells. Spores subglobose or

elliptical, finely echinulate, orange-yellow, 15-25 x 12-18/A.

Synonym.

Winter, loc. cit., p. 256.

Uredo laricis. Westd., Bullet. Acad. Roy. Belgique, 2nd se'r.,

tome xi., No. 34.

On Finns larix.

May and June.

Biology.—This species is not uncommon early in the year on

larch foliage, but is very inconspicuous and easily overlooked. From

certain reasons I was led to apply the spores to a plant of Scnecio

jacobcea, but they produced no result. The investment of barren cells

shows its relationship to the vEcidia. Hartig has more recently

asserted that this species is connected with one form of Melampsora

tremtila; and Professor Trail has found them growing in company

near Aberdeen (see p. 241).

^CIDIUM.

Spores surrounded by a pseudoperidium
;
produced in basipetal

series. Germination as in Uredo.
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* Mycelium localized, short-lived.

^cidium aquilegiae. Pers.

Pseudoperidia crowded upon round, thickened, yellow spots on

the leaves, or upon elongated swellings on the stems,

cylindrical, with white, torn, everted edges. Spores sub-

globose, finely verrucose, orange, 16-30 X 14-20/x.

Synonym.

Winter, loc. cit., p. 268.

^"Ecidliiin aqidlegicB. Pers, " Ic. Pict.," p. 58, t. 23, fig. 4.

Cooke, " Hdbk.," p. 539.

Exsiccatu

Vize, " Micro. Fungi Brit.," 58.

On Aqiiilegia vulgaris.

May and June.

iEcidium grossulariae. (Gmelin).

Pseudoperidia on concave thickened spots, which are reddish

above and yellow below, roundish on the leaves, and some-

times covering the whole surface of the young fruit, and even

on the seeds, shortly cylindrical, hypophyllous, with much-

torn white edges. Spores subglobose or polygonal, yellow,

finely echinulate, 15-24 x i2-i8/x.

Synonyms.

Winter, loc. cit., p. ig8.

jEcidium rnbellum, ^ grossularice, Gmelin. "Linne Syst. Nat.,"

vol. ii. p. 1473.

^cidium grossularice, D. C. Orev., t. 62. Berk., " Eng.

Flor.," vol. V. p. 372. Cooke, "Hdbk.," p. 541; "Micro.

Fungi," 4th edit., j). 197.

Exsiccaii.

Cooke, i. 10. Vize, "Fungi Brit.," 135; "Micro. Fungi

Brit," 328.

On Ribes grossularia.

May and June.
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Biology.—This species varies very much in frequency in different

seasons, sometimes being very abundant ; at other times scarcely a

specimen can be found.

.fficidium periclymeni. Schum.

Pseudoperidia on roundish, pallid, yellow spots on the leaves,

hypogenous, cylindrical, with white, irregularly torn edges.

Spores subglobose or polygonal, finely verrucose, yellow,

15-27 X 15-25/^-

Synonym.

JEcidium periclyme?ii. Schum., " Enum. Plant. Ssell.," vol. ii.

p. 225. Cooke, "Hdbk.," p. 539; "Micro. Fungi," 4th edit.,

p. 196. Winter, loc. cif., p. 264.

Exsiccafi.

Cooke, i. 102; ii. 96; " L. R," 54. Vize, "Fungi Brit," 78.

On Lotiicera peridymenum.

Biology.— I have made a great number of experimental cultures

with this species during the past five years, but hitherto entirely with-

out success.

.fficidium prunellae. Winter.

Pseudoperidia on yellowish brown or violet-edged spots, generally

arranged concentrically, cup-shaped, white, with whitish,

rather torn and everted edges. Spores colourless, polygonal,

finely echinulate, i6-2ija in diameter.

Syno7iyi)i.

yEcidiian prunellce. Winter in Rabh. (sub. Uromyces), " Krypt.

Flor.," vol. i. p. 164.

On Prunella vulgaris.

Forres ; Rev. Dr. Keith.

.fficidium convallariae. Schum.

Pseudoperidia on pale or yellowish spots, which are roundish on

the leaves and elongate on the stems, flat, with torn white

edges. Spores subglobose, finely verrucose, yellow, 15-30

X 14-22/^.
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Synony»i.

yEcidium convallarice. Schum., " Enuni. Plant. Sasll.," vol. ii.

p. 224. Winter, loc. at, p. 259.

On Convallaria majalis. Mr. Birks.

May to July.

.^cidium barbarese. I). C.

Pseudoperidia amphigenous on rubescent spots, in irregular

clusters, large, cup-shaped, rather flat, edges whitish, torn or

crenulate. Spores orange, subglobose, finely verrucose, 15-

25(a in diameter.

Synonym.

jEcidium barbarece. D. C, "Flore fran^.," vol. ii. p. 244.

Duby, "Bot. Gall," vol. ii. p. 905. Cooke, " Grevillea," vol. x.

p. 115. Winter, loc. cit, p. 267.

On Barbarea prcBcox. Plymouth ; Mr. Varenne.

Biology.—Sometimes the pseudoperidia occupy the whole leaf-

surface, causing considerable distortion.

.fficidium clematidis. D. C.

Pseudoperidia in roundish clusters on the leaves, often upon

swellings on the pedicels and young shoots, causing consider-

able distortion, shortly cylindrical or flat, with white torn

edges. Spores subglobose, minutely verrucose, yellow, 20-2 7/A

in diameter.

Synonym.

Winter, loc. cit., p. 270.

^cidiian ranuncnlacearnm, var. clematidis. D. C, " Flore

fran^.," vok ii. p. 243. Cooke, " Hdbk.," p. 539.

On Clematis vitalba.

May to July.

Biology.—R^thay states that this is connected with Melampsora
populina, Tul. ("Uber auto, und heteroecische Uredincen," Verhand.

zool. bot. GeselL, bd. xxxi. p. 13. Wein : 1881.) I have tried this culture
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on four occasions in 1886, with M. populina, from P.pyramidalis, but

always without success ; and in 1888, from P. alba, with the same

resuU.

^cidium sonchi. Johnst.

" Minute, scattered, whitish or cream-coloured, prominent. Spores

ovate, rather large."

Synonym.

Johnst., " Flor. Berw.," vol. ii. p. 205.

On the under surface of the leaves of Sonchus arvensis^ in

autumn.

" The cover does not split so regularly, and is not so decidedly

cupped, as is common in this genus."

JEcidinm ranuncnlacearum. D. C.

Pseudoperidia hypophyllous in roundish or elongated clusters of

various sizes, cup-shaped, whitish, margin brittle. Spores

polygonal, orange-yellow, 17-28 x 14-20/x,

Synonym.

Winter, loc. cit., p. 269. Grev., " Flor. Edin.," p. 446, D. C,
" Flore frang.," vol. vi. p, 97.

On Ranunculus lingua. Duddingston Loch ; Dr. Greville.

.fficidium dracontii. Schw.

Pseudoperidia on extensive pallid spots on the leaves, sometimes

almost covering them, arranged without order, elongate.

Spores orange.

Synonym.

Vadium dracontii. Schw., Trans. Am. Phil. Soc, 1834.

Cooke, " Hdbk.," p. 538 ;
" Micro. Fungi," 4th edit., p. 200.

On Arum triphylhan. In gardens, Melbury, 1863 \ M. J. B.

This can hardly be considered a British species.

.fficidium strobilinum. (Alb. and Schw.)

Pseudoperidia numerous, in clusters on the inner surface of the

scales of the fallen cones, hemispherical or polygonal from
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mutual pressure, about i mm. wide, mostly opening obliciuely.

Spores irregularly rounded or sulvelliptical, yellow, 18-34

X 16-23/X.

Synonyms.

Winter, loc. cit, p. 260.

Licea strohilina. Alb. and Schw., " Consp.," p. 109, t. vi. fig. 5.

Phelonitis strohilina^ Pers. Cooke, " Hdbk.," p. 409.

Perichcena strohilina. Fries, "Syst. Myc," vol. iii. p. 190.

Berk., " Eng. Flor,," vol. v. p. 321. Grev., t. 275.

Exsiccati.

Berk., 292. Cooke, i. 522.

On the scales of the cones of Finns ahies.

^cidium incarceratum. B. and Br.

"Sori minute, crowded in irregular spots. Peridia included in the

parenchyma of the leaf. Pseudospores pallid."

Synonym.

Aicidium incarceratum. B. and Br. in Rabh.,"Fung. Europ.,"

No. 1492.

On Sagittaria sagittifolia.

I can detect but little difference between this and Doassansia

sagittarice.

Mcidixun phillyreae. D. C.

Pseudoperidia mostly thickly crowded, in large numbers, with

almost entire, slightly inverted edges. Spores very variously

shaped, roundish, oval, oblong, or pyriform, verrucose, orange-

yellow, 18-35 X i5-20/;i.

Synonym.

yEcidium phillyrece. D. C, " Flore fran9.," vol. vi. p. 96.

Cooke, " Hdbk.," p. 539. Winter, loc. cit, p. 263.

Exsiccati.

Thiim., "Myc. Univ.," 1717. Vize, "Micro. Fungi Brit.,"

236.
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On Phillyrea media.

Biology.—This is a doubtful ^cidium, being little more than a

condition of Cceoma phillyrece, as far as I have observed it.

iEcidium glaucis. Dozy and Molk.

Pseudoperidia irregularly scattered, sometimes circinating, in

various-sized groups, shortly cylindrical or flattisb, with white

torn edges. Spores polygonal, finely granular, colourless,

16-25 X 15-20/X.

Synofiym.

y^cidium glands. Dozy, and Molk., Tijdschr. v. Natur. Ges.,

vol. xii. p. 16. Cooke, " Grevillea," vol. xv. p. 29. Winter,

loc. at, p. 262.

On Gla2tx marithna.

.fficidium poterii. Cooke.

Pseudoperidia hypogenous in subrotund or elongate clusters on

the leaves, also upon the petioles, scattered or circinate,

immersed, edges torn into minute fugacious teeth. Spores

yellowish, oval.

Synonym,

-^cidiitin poterii. Cooke, Seem. Jour. Bot., vol. ii. p. 39, t. xiv.

fig. 3 ;
" Hdbk.," p. 540 ;

" Micro. Fungi.," 4th edit., p. 198.

On Poteriiim sanguisorba.

May and June.

Probably this is the species referred to by Mr. Berkeley in

the " Eng. Flor.," vol. v. p. 373, as having been found by Dr.

Greville.

** Mycelium perennial, diffused in the host-plant.

iEcidium punctatum. Pers.

Pseudoperidia uniformly scattered over the whole of the foliage,

hypophyllous, flat, semi-immersed, with torn yellowish edges.

Spores subglobose, pale yellowish-brown, 15-24/x in diameter.

Spermogonia scattered, blackish, punctiform.
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Synonyms.

Winter, /oc. cit, p. 269.

Aicidium punctatum, Pers. Ann. JSot, 1796, vol. xx. p. 135.

JEcidiit7n quadrifidiim. D. C, " Flor. franc," vol. vi. p. 190.

Berk., " Eng. Flor.," vol. v. p. 371. Cooke, "Hdbk.," p. 536;

"Micro. J'ungi," 4th edit., p. 194.

Eocsiccati.

Berk., 227. Cooke, i. loi ; ii. 310. Vize, ''Fungi Brit.," 73.

On Anemone ranunailoides {coronaria).

April and May.

Biology.—The afiected leaves are thicker, and borne on longer

stems, than the healthy ones.

.fficidium leucospermum. D. C.

.Ecidiospores—Spermogonia scattered equally over the whole

surface of the leaves, and generally upon all the leaves of the

affected plants, which are altered in habit thereby. Pseudo-

peridia shortly cylindrical, white, with torn edges. Spores

polygonal, colourless, smooth, 15-22/* in diameter, sometimes

26/A long. Mycelium perennial.

Synonyms.

^cidium leucospermum, D. C. Berk., " Eng. Flor.," vol. v.

p. 371. Cooke, "Hdbk.," p. 536; "Micro. Fungi," 4th edit.,

p. 194, t. i. figs. 4-6.

Piucinia fusca (Relh.). Winter in Rabh., " Krypt. Flor.,"

vol. i. p. 199, in part. Schrot, "Krypt. Flor./' vol. iii. ]). 343, in

part.

Lycoperdon innahim. Withering, vol. iv. p. 352.

Exsiccati.

Baxter, 89, Berk., 220. Cooke, i. 3; ii. 77. Vize, "Fungi

Brit," 74.

On Anemone ne?norosa.

April and May.



270 Bj'itish Uredinece and Ustilaginece.

Biology.—Although Winter and Schroter consider this species

to be the ^cidium of Fuccima fusca, yet, in the absence of direct

biological evidence, I venture to differ from them. The Puccinia in

question is very common, but the ^cidium is rare in Britain.

iEcidium bunii. D. C.

^cidiospores—Pseudoperidia generally on swellings on the stems,

shortly cylindrical, with whitish, torn, everted edges. Spores

polygonal, finely verrucose, orange^yellow, 15—20/x in diameter,

sometimes 25/x long.

Synonyjn.

yScidium bunii, Vt.C. "Syn.," p. 51. Berk., " Eng. Flor.,""

vol. V. p. 370. Cooke, " Hdbk.," p. 540; "Micro. Fungi," 4th

edit., p. 196. Grev., "Flor. Edin.," p. 445.

On Conopodium denudahim [Biniium flexuosum).

Biology.—This ^cidium is comparatively rare in Britain, and

I have never been able to obtain any evidence that it is connected

with the Puccinia which occurs on the same host-plant.

.fficidium euphorbiae. Gmelin.

Pseudoperidia equally scattered over the whole leaf-surface, at

first conical, then cup-shaped, with whitish torn edges.

Spores polygonal or subglobose, finely verrucose, orange-

yellow, 19-26 X 30-35/^-

Sytwnym.

Winter, loc. cit., p. 261.

yEcidimn euphorhicz. Gmelin, " Linne Syst. Nat.," vol. ii.

p. 1473, in part. Purton, "Midi. Flor.," vol. iii. No. 1537 (?).

On Euphorbia exigua.

Hampshire ; Mr. Hill.

.fficidium elatinum. Alb. and Schvv,

Mycelium perennial in the affected branches, causing fusiform

swellings, from which are given off deformed shoots {Hexen-

besen), which bear pale green, short, swollen leaves on all
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sides. Spermogonia immersed, conical, honey-coloured.

Pseudoperidia white, opening irregularly. Spores elliptical

or polygonal, coarsely ^•crrucose, 16-30 x r5-i7/u,.

Synonyms.

yEddiiim elatinuni. Alb. and Schw., " Consp.," p. 121.

Peridermiitm elatifium, Alb. and Schw. Cooke. Seem. /our.

Bof., vol. ii. p. 34; " Hdbk.," p.. 535 ;
" Micro. Fungi," 4th edit.,

p. 194.

On Fifius picea.

JEcidium pseudo-columnare. J. Kiihn.

Pseudoperidia in two rows on the under side of the affected

leaves, which are not altered in length or breadth, but are

paler than the healthy ones. Pseudoperidia spherical, ovate,

or elongate, '5-2 mm. high, edges irregularly torn. Spores

white, finely verrucose, ovate, elongate elliptical, or irregular,

often triangular in section, 33-37 X 18-25/x.

Synonyms.

J. Kiihn, "Hedwigia," 1884, p. 168.

Pej-idermiiitn columnare, Alb. and Schw. Cooke, "Hdbk.,"

p. 535 ; "Micro. Fungi," 4th edit., p. 194, t. ii. figs. 27, 28.

Exsiccaii.

Vize, '' Micro. Fungi Brit.," 60. Cooke, i. 214.

On AMes pectinata, nordmam'ana, amabilis, cepJialonica.

Lyme Regis, Mr. Munro.

Biology.—jEcidium columnare was found by De Bary to be

the yEcidium of Melampsora gocppertiana^ Kiihn ; but the teleuto-

spores have not up to the present time been found in England,

ahhough their host-plant, Vaccintum I'itis-idcea, is by no means rare.

L therefore submitted specimens of this species to Professor Kiihn,

who found them to be his Mc. pseudo-columnare ^ the life-history of

which is distinct frcm ^c. columnare.



DESCRIPTIONS OF THE BRITISH
USTILAGINE/E.

USTILAGINEiE. Schroter.

Fungi parasitic in the tissues of living plants. Mycelium

widely spreading, but soon vanishing. Teleutospores produced

in the interior of mycelial branches, which often become gelati-

nized. Germination of the spores by a promycelium and pro-

mycelial spores (sporidia), or by continuous sprouting, after the

manner of yeast-spores.

Ustilago. Pers.

Teleutospores simple, produced in the interior of much gela-

tinized swollen hyphee ; when mature forming pulverulent masses.

Germination by a septate promycelium, which produces pro-

mycelial spores (sporidia) both laterally and apically, but principally

the former.

* Teleutospores smooth or obscurely punctate.

Ustilago longissima. (Sow.)

Forming long parallel lines, mostly on the upper side of the leaves,

soon pulverulent, olive-brown. Teleutospores globose, some-

times discoid, often irregular, pale olive-brown, smooth, 3"5-4/x

in diameter, 6-7/x long. Promycelia veiy short.

Synonyms.

Ustilago longissima. Winter in Rabh., "Krypt, Flor.," vol. i.

p. 85.
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Ustilago longissima, Tul. Cooke, " Hdbk.," p. 512 ;
" Micro.

Fungi," 4th edit, p. 229, t. v. figs. 105-107.
Uredo longissima. Sow., t. 139. Berk., " Eng. Flor.," vol v

pt. li. p. 375.

Exsiccati.

Baxter, 230. Cooke, i. 55 ; ii. 71. vize, " Fungi Brit.," 33.

On Glycerin aquatica ^ndjluiians.

Throughout the summer and autumn.

Biology.—The affected plants seldom if ever develop their inflo-
rescence. Intermixed with the teleutospores are a number of pale cells
the function of which is unknown. For an account of the germination
of the teleutospores, see p. 81.

Ustilago hypodytes. (Schlecht.)

Produced on the culms, beneath the leaf-sheaths, soon exposed,
black, with a tinge of olive, pulverulent. Teleutospores sub-
globose, oblong, or angular, pale yellowish brown, subtrans-
parent, smooth, 3-6 x 3-4- St^, mixed with others much larger.

Syftonyins.

CcBoma hypodytes. Schlecht., " Flor. Berol.," vol. ii. p. 129.
Ustilago hypodytes, Fries. Winter, he. cit, p. 87 Cooke

"Hdbk.," p. 513; "Micro.' Fungi," 4th edit., p. 229, t. v. figs!

100, 101.

Exsiccati.

Cooke, i. 56 ; ii. 433. Vize, " Fungi Brit," 35.

On Triticum repensjunceum, Elymus arenarius, Bromus erectus,
Psamma arenaria.

June to November,

Biology.—See p. 80.

Ustilago segetum. (Bull.)

Produced in the receptacle and rachis, destroying the whole
inflorescence, dusty, black, with an olive-brown lustre. Teleuto-
spores globose or irregular, often flattened on one side, pale

T
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yellowish-brown, subtransparent, smooth or obscurely punctate

or granular, 5-8/x in diameter.

Synonyms.

Reticularia segetum. Bull., " Champ.," vol. i. p. 90, t. 472,

fig. 2. With., vol. iv. p. 356. Purton, vols, ii., iii. No. 1079.

Johnst., " Flor. Berw.," vol. ii. p. 203. Grev., " Flor. Edin.,"

p. 442.

Uredo segetum. Pers., " Disp. Meth.," p. 56. Berk., " Eng.

Flor.," vol. V. p. 314.

Ustilago carbo, Tul. Cooke, " Hdbk.," p. 512.

UstUago segetum (Bull). Winter, loc. cit, p. 90. Cooke,
" Micro. Fungi/' 4th edit., p. 229, t. v. figs. 98, 99.

Exsiccati.

Cooke, i. 54; ii. 428, 430, 432. Baxter, 43. Vize, "Fungi

Brit.," 31.

On Avena elatior, saiiva, Tf'iticum vulgare, Hordeum vulgare,

distichum, hexactichum

.

May and June.

Biology.—See p. 74, and p. loi. Mr. J. L. Jensen, of Copen-

hagen, has recently published his observations on the biology of this

species. He has succeeded in infecting oats, barley, and wheat, by

removing the external envelopes of the seeds and applying the spores

to the bare kernels. He finds that the varieties of U. segetum which

occur upon the above plants are biologically distinct, the Ustilago

from the one cereal being incapable of infecting the others. Upon
barley he finds two well-marked forms, var. tecta and tntda. Of these

nuda is by far the most common. The spores have a tinge of yellow

when seen eti masse ; they are rather smaller than those of tecta.

The affected ears are completely destroyed, excepting the rachis, and

the spores soon scattered. Tecta, on the other hand, has somewhat

larger spores, which, when seen e7t masse, are jet-black. The affected

ears are nearly twice as broad as the healthy ones, and do not emerge

from the top of the leaf-sheath, but burst through laterally. Each of

the affected kernels retains its shape for a considerable time, being

enclosed in a membranous investment. The spores escape through

minute fissures which appear in this membrane. Tecta has been

found in the island of lona, but it doubtless occurs all over Britain.
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Ustilago grandis. Fries.

On the caulms beneath the leaf-sheath, often occupying whole

intemodes, black, dusty. Teleutospores globose, elongated

or irregular, pale brown, smooth, 7-12 x 6-8/^.

Synonyms.

Ustilago grandis. Fries, " Syst. Mycol.," vol. iii. p. 518.

Schr5t., " Krypt. Flor. Schl.," vol. iii. p. 268. Winter, loc. cit, 87.

Ustilago typhoides. B. and Br., A7in. Nat. Hist., No. 480.

Cooke, "Hdbk.," p. 513 ; "Micro. Fungi," 4th edit., p. 229, t. vi.

figs, 128, 129.

On Phragmites communis.

July to November.

Biology.—See p. 83.

Ustilago grammica. B. and Br.

Forming little transverse bands, consisting of short, parallel black

lines, 2 mm. or more long. Teleutospores globose, very minute.

Synonym.

Ustilago grammica. B. and Br., Anfi. Nat. Hist., No. 483.

Cooke, "Hdbk.," p. 514; " Micro. Fungi," 4th edit., p. 229, t. vi.

figs. 120, 121.

On Aira ccespitosa and Glyceria aquatica.

I have never met with this species ; and am unable to give

any details concerning its spore-germination.

Ustilago marina. Durieu.

Spore-masses blackish brown, forming sweUings on the roots.

Teleutospores of two forms : {a) globose or obtusely ovoid or

elongated, 10-13//,; {b) irregularly ovoid elongate, 16 x
10-13/X, olive-brown, smooth.

Synonym.

F. V. Waldh., " Syst. des Ust.," p. 17.

Ustilago marina. Cooke, " Grevillea," vol. xiv. p. 90.

On Scirpus parvuhcs.
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Ustilago hypogsea. Tul.

Spore-masses black, compact, formed round the root-stock, inter-

sected by white fibres. Teleutospores rounded or rounded

polygonal, dark brown, scarcely transparent, smooth, contents

very oleaginous, 20-24 X 14-201U,.

Synonym.

Ustilago hypog(2a. Tulasne, "Fung. Hypogsei," 1862, p. 196.

F. V. Waldh., " Monograph," p. 18. " Grevillea," vol. xiii. p. 52.

On Linaria spuria. Isle of Wight.

Ustilago caricis. (Pers.)

Spore-masses black, produced within the glumes, forming a firm,

black, globose body. Teleutospores very irregular in form,

spherical, elHptical, discoid or angular. Epispore dark brown,

opaque, obscurely punctate, 12-24 X 7-2 o/a.

Synonyms.

Winter, loc. cit., p. 92. Schrot, loc. cit., p. 270.

Uredo caricis. Pers., "Syn.," p. 225.

Uredo urceolorum, D. C. Berk., " Eng. Flor.," vol. v. p. 375.

Grev., "Flor. Edin.," p. 443. Johnst, "Flor. Berw.," vol. ii.

p. 204.

Ustilago urceolorum, Tul. Cooke, " Hdbk.," p. 512. "Micro.

Fungi," 4th edit., p. 229, t. vi. figs. 1 09-1 11.

Ustilago montagnei. B. and Br., No. 479. Cooke, " Hdbk.,"

p. 513 ; "Micro. Fungi," 4th edit., p. 229, t. v. figs. 96, 97.

Farinaria carbonaria. Sow., t. 396, fig. 4.

Exsiccati.

Cooke, i. 541. Berk., 114. Vize, "Micro. Fungi," 131.

On Carex pracox, stelltdata, recurva, glatica, dioica, vulgaris^

panicea, pseudocyperus, hirta, Rhyncospora alba.

June to August.
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Ustilago bistortarum. (D. C.)

Produced in buUate masses in the leaves, at first hemispherical,

then bursting, black. Teleutospores subglobose, dark violet,

obscurely punctate, 10-20 x \2-\^^.

Synofiyms.

Schrot., loc. cit., p. 271. Winter, loc. cif., p. 95.

Uredo bistortarum, var. D. C, "Flore fran^.," vol. vi, p. 76,

Tilktia bidlata, Fckl. Cooke, " Micro Fungi," 4th edit.,

p. 233-

On Polygonum bistorta and Ruinex sj>. (?)

July and August.

Ustilago olivacea. (D. C.)

Produced in the fructification, at length pulverulent and mixed

with filaments, dark olive-brown. Teleutospores variable in

form and size, roundish, angular, ovate, elongate, or sub-

cylindrical and curved, pale olive-brown, smooth or finely

punctate. The globose spores are about 5/* in diameter, the

elongate 5-15 X 4-5M-

Synonyms.

Winter, loc. cit., p. 91. Schrot., loc. cit., p. 269.

Uredo olivacea. D. C, " Flore frang.," vol. vi. p. 78. Berk.,

" Eng. Flor.," vol. v. p. 376.

Ustilago olivacea, Tul. Cooke, "Hdbk.," p. 513; "Micro.

Fungi," 4th edit., p. 230, t. vi. figs. 126, 127.

Exsiccati.

Cooke, i. 298; ii, 435. Vize, " Fungi Brit.," 32.

On Carex riparia.

June and July.

Biology.—The function and origin of the filaments are unknown.

See p. 84.



2^% British UredinecE and Ustilagiiiecu

Ustilago bromivora. (Tul.)

Produced in the inflorescence, soon pulverulent, black. Teleuto-

spores spherical or oval, dark brown, obscurely punctate,

7-12 X 7-1 0/x.

Synonytns.

Ustilago carbo, var. bromivora. Tul., Anft. Sc. Nat., ser. iii.,

vol, vii. p. 81.

Ustilago bromivora, Waldh. Cooke, " Micro. Fungi," 4th edit.,

p. 230. Winter, loc. cit., p. 91. Schrot., loc. cit., p. 260.

On Bromus secalinus and mollis.

May and June.

Biology.—See p. 83.

** Teleutospores echinulate or verrucose,

Ustilago maydis. (D. C.)

Olive-brown, dusty, in the ovule and female inflorescence, and on
the stems and leaves. Teleutospores subglobose, rarely

elongate, pale brown, closely echinulate, 10-13 X 8-io/a.

SynoJiym.

Schrot., loc. cit., p. 271. Winter, loc. cit, p. 97.

Ustilago maydis, Corda. Cooke, " Hdbk.," p. 513; ''Micro.

Fungi," 4th edit., p. 230, t. v. fig. 108.

£xsiccati.

Cooke, i. 433; ii. 431.

On Zea mays.

September and October.

Biology.—See p. 79.

Ustilago vinosa. (Berk.)

Spore-masses black, produced in the swollen flower-buds. Teleu-

tospores spherical, very pale violet, transparent, thickly covered

with large hemispherical warts, 10-12 x 7-10/A.
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Synonyms.

Uredo vinosa. Berk, in litt.

Ustilago vinosa, Tul. Cooke, " Hdbk.," p. 514; "Micro.

Fungi," 4th edit., p. 230.

On Oxyria reniformis.

*** Teleutospores reticulated.

Ustilago scabiosse. (Sow.)

Produced in the anthers and filUng the whole of the florets, pale

flesh-colour. Teleutospores subglobose, nearly colourless,

finely reticulated with low ridges, 10-12 x 8-io/a.

Synonyms.

Winter, loc. cit.., p. 99. Schrot., /oc. cit., p. 272.

Farinaria scabioscB. Sow., " Eng. Fung.," t. 396, fig. 2.

Ustilago flosculoritm, Tul. Cooke, " Hdbk.," p. 515 ;
" Micro.

Fungi," 4th edit., p. 231, t. vi. figs. 123-125, in part.

On Seabiosa arven sis.

June to September.

Biology.— See p. 79.

Ustilago flosculorum. (D. C).

Produced in the anthers, white, pale brownish, dirty violet or violet.

Teleutospores transparent, seldom quite spherical, irregularly

round, rarely sub-elliptical, ridges low, forming close reticula-

tions, 10-18 X I0-20/i.

Synonyms.
Winter, loc. cit., p. 99.

Uredo fiosciilorum. D. C, "Flore frang.," vol. vi. p. 79.

Ustilago intermedia, Schrdt. Rabh., "Fung. Europ.," 1696.

Ustilago succiscs. Magnus, " Hedwigia," 1875, p. 17. Cooke.

* Micro. Fungi," 4th edit., p. 230.

On Scabiosa columbaria, arvensis, and succisa.

July to October.

Biology.—See p. 79.
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Ustilago utriculosa. (Nees.)

Spore-masses dark violet, produced within the perianth, causing

the blossoms to become swollen. Teleutospores globose,

transparent, violet, reticulated with very high ridges which

form a wide network, g-12/x in diameter.

Synonyms.

Winter, loc. cit., p. 100. Schrot., loc. cit., p. 273.

CcBoma utriculosum. Nees, "System," p. 14, t. i., fig. 6.

Uredo Jitrkulosa, D. C. Berk., " Eng. Flor.," vol. v. p. 377.

Ustilago utriculosa, Tul. Cooke, " Hdbk.," p. 514; "Micro.

Fungi," 4th edit., p. 230, t. vi. figs. 11 2-1 16.

Exsiccati.

A^'ize, "Micro. Fungi," 132.

On Polygomun lapathifoliniu, persicaria, convolvulus, and hydro-

pipe?'.

June to September.

Biology.—See p. 85.

Ustilago violacea. (Pers.)

Spore-masses violet, pulverulent, produced in the anthers. Teleu-

tospores rounded, violet, transparent, epispore covered by

ridges which form a close network, 6-9/A in diameter.

Synonyms.

Winter, loc. cit., p. 98. Schrot., loc. cit., p. 273.

Uredo violacea. Pers., " Disp. Meth.," p. 57.

Farinaria stellarice. Sow., " Eng. Fung.," t. 396, fig. i.

Uredo antherarum, D. C. Grev., "Flor. Edin.," p. 443.

Berk., " Eng. Flor.," vol. v. p. 381.

Ustilago antherarum. Fries. Cooke, "Hdbk.," p. 515;
"Micro. Fungi," 4th edit., p. 230, t. v. figs. 102-104.

Exsiccati.

Cooke, ii. 427. Vize, "Fungi Brit.," 84.

On Silene inflata, maritima, nutans, Cerastium viscosum
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Stellaria graminea, holostca, Lychnis flos-cuculi^ vespertina, and

diiifyia.

June to October.

Biology.—See p. 78.

Ustilago major. Schrot.

Spore-masses blackish violet, produced in the anthers, pulverulent.

Teleutospores spherical or elongated, violet, reticulated with

ridges about i/a high and i/u. distant from each other,

7-13 X 7-9/^-

Symonyjji.

Ustilago major. Schrot. in Cohn's '* Krypt. Flor. Schl.,"

vol. iii. p. 273.

On Silene otiies. Near Brandon ; Mr. Frank Norgate.

July and August.

Biology.—See p. 84.

Ustilago kiihneana. Wolff.

Produced on the stems, flowers, and on the leaves in the form

of spots or striae, rusty violet. Teleutospores globose, violet,

rather transparent, reticulated with very slightly elevated ridges,

which form a close network on the epispore, io-18/x in

diameter.

Synonym.

Winter, loc. cit., p. 98.

Ustilago kiihneana. Wolff in j5^/. Zd'//., 1874, p. 814. Cooke,

"Micro. Fungi," 4th edit., p. 231.

On Runiex acetosa and acetosella.

June and July.

Biology.—See p. 80.

Ustilugo tragopogi. (Pers.)

Spore-masses blackish violet, destroying the whole of the flowers,

enclosed in the involucre. Teleutospores globose, generally

irregularly rounded, opaque, dark violet, with very fine reticu-

lations, 13-17 X 10-13/X.
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Synonyms.

Schrot, loc. cit., p. 274. Winter, loc. at, p. loi.

Uredo tragopogi. Pers., " Disp. Meth.," p. 57.

Ustilago receptaculoruin, Fries. Cooke, " Hdbk.," p. 515;
" Micro. Fungi," 4th edit., p. 230, t. v. figs. 92-95.

Exsiccati.

Cooke, i. 59 ; ii. 434. Vize, "Micro. Fungi," 134.

On Tragopogon pratensis.

May to July.

Biology.—See p. 80.

Ustilago cardui. F. v. Waldh.

Spore-masses brown, produced in the florets. Teleutospores

globose or shortly elliptical, violet, with very high reticulating

ridges, 15-20 x 10-15/A.

Synonym.

Ustilago cardiii, Waldh. Bull. Sc. Nat. de Moscou, 1867,

vol. i. Cooke, " Micro. Fungi," 4th edit., p. 231. Schrot., loc.

cit., p. 274. Winter, loc. clt., p. loi,.

On Cardmis acanfhoides.

July and August.

Biology.—See p. 7?,.

SPHACELOTHECA. De Bary.

Teleutospores contained in a compact receptacle, formed of

barren cells provided with a columella, and open above. Teleu-

tospores simple. Germination as in Ustilago.

Sphacelotheca hydropiperis. (Schum.)

Spore-masses black, elongated, projecting from the perianth,

formed in the ovary, at length opening at the top and allow-

ing the dusty teleutospores to escape. Teleutospores globose

or elongated, dark violet, transparent, smooth, 9-12 x 8-1 i/x.
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Synonytns.

Schrot. in Cohn's " Krypt. Flor. Schl.," vol. iii. p. 275.

Uredo hydropiperis. Schum., " Enum. Plant. Saell.," vol. ii.

p. 234.

Ustilago candollei, Tul. Cooke, "Micro. Fungi," 4th edit.,

p. 229.

Exsiccati.

Cooke, i. 58; ii. 72. Vize, "Micro. Fungi Brit," 221.

On Polygonum hydropiper.

August to October.

Biology.— See p. 85.

TILLETIACEI. Schrot.

Promycelium producing spores only at its apex. Conidia

either produced on the host-plant or from mycelium.

Tilletia. Tulasne.

Teleutospores simple, produced separately as outgrowths from

the gelatinized mycelium, when mature, pulverulent. Conidia

produced from mycelium in nahrlosung.

Tilletia tritici. (Bjerk.)

Spore-mass dusty, olive-black,- within the ovary, when rubbed

emitting an offensive fishy odour. Teleutospores spherical,

olive-brown. Epispore reticulated with ridges, from i to i 'S/x

high and about \\jl apart, 16-20/x in diameter.

Synonyms.

Winter in Rabh., " Krypt. Flor.," vol. i. p. no. Schrot., loc.

cit, p. 277.

Lycoperdon iriticL Bjerk., Act. Snec, 1775, p. 326.

Uredo caries, D. C. Grev., " Flor. Edin.," p. 443. Berk., " Eng.

Flor.," vol. V. p. 373. Johnst., "Flor. Berw.," vol. ii. p. 204.

Tilletia caries, Tul. Cooke, " Hdbk.," p. 511; "Micro.

Fungi," 4th edit., p. 223, t. v. figs. 84-91.
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Exsiccati.

Baxter, 113. Cooke, i. 53. Vize, "Micro. Fungi," 130.

On Triticum vulgare.

Biology.—See p. 86.

Tilletia decipiens. (Pers.)

Spore-masses black, compact, produced within the ovary, fetid.

Teleutospores globose, reticulated, ridges 2 •5-3^11 high and

about ^ix. apart, dark brown, 24-2 8/x in diameter.

Synonyms.

Schrot., loc. cit., p. 278. Winter, loc. at., p. iii.

Uredo segetum, var. decipiens. Pers., "Syn.," p. 225.

Tilletia sphcerococca, F. v. Waldh. Cooke, " Grevillea," vol. xii.

p. 99.

On Agrostis vulgaris.

Biology.—Professor J. W. H. Trail states that the presence of

the fungus in Agrostis vulgaris causes it to assume the form called

pumila, usually regarded as a distinct variety of this grass.

Tilletia striaeformis. (Westd.)

Spore-masses black, in parallel lines on the leaves, leaf-sheaths,

and stems. Teleutospores globose or irregularly rounded,

thickly covered with minute spicules, which towards the base

of the spores tend to form reticulations, olive-brown, 10-15

X 9-1 2/X.

Syno?}yms.

Schrot., loc. cit., p. 278. Winter, loc. cit., p. 108.

Uredo striceformis. Westd., Bull. Acad, de JSrux., 185 1,

p. 406.

Ustilago salveii. B. and Br., Ami. Nat. Hist., No. 482.

Cooke, "Hdbk.," p. 514; "Micro. Fungi," 4th edit., p. 230,

t. vi. figs. 1 1
7-1 19.

Exsiccati.

Cooke, i. 57. Vize, "Micro. Fungi," 133; "Micro. Fungi

Brit.," 222.
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On DiUiylis glomerata, TriticiDu repens, Holclnis ianaiits.

June to September.

Biology.—Fischer v. Waldheim says that the germination is

similar to that of T. tritici.

UROCYSTIS. Rab.

Pulverulent ; spore-balls consisting of a variable number of

dark, smooth, large teleutospores placed centrally, surrounded by

a number of smaller, paler pseudospores, which do not germinate.

Germination of the central teleutospores as in Tilletia.

Urocystis occulta. (Wallr.)

Spore-masses black, forming long lines on the leaves, stems, and
leaf-sheaths. Spore-balls round or elliptical, consisting of i to

3 spores, surrounded by a variable number of pseudospores,

16-25 X 15-20/X. Teleutospores irregularly rounded, con-

tiguous surfaces flattened, smooth, opaque, dark brown,

10-18/X in diameter. Pseudospores irregularly but generally

distributed around the circumference of the spore-ball, sub-

hemispherical, pale brown, 4-6/-1 high. Mycelium annual.

Synofiyms.

Schrot., loc. cit, p. 279. Winter, loc. cit., p. 119.

Erysibe occulta. Wallr., " Flor. Crypt. Germ,," vol. ii. p. 212.

Urocystis occulta, Preuss. Cooke, " Hdbk.," p. 517.

Urocystis parallela, B. and Br. Cooke, "Micro. Fungi," 4th

edit., p. 232, t ix. figs. 187, 188.

Uredo parallela, Sow. Berk., " Eng. Flor.," vol. v. p. 375, in

part.

On Secale cereale.

Biology.—See p. 93.

Urocystis agropyri. (Preuss.)

Produced in parallel lines on the leaves, black. Spore-balls sub-

globose, 20-26 X 15-20/a. Teleutospores from i to 3,
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surrounded by a single layer of pseudospores, 5-9//. in dia-

meter. Mycelium perennial.

Synonyms.

Schrot., loc. cit., p. 279.

Uredo agropyri, Preuss. Sturm's " Deut. Flor.," 3rd edit,

vol. vi. p. I, t. i.

Urocystis parallela, B. and Br. Cooke, " Micro. Fungi," 4th

edit., p. 232, in part.

On Triticujn repens and Avena elatior.

June to October.

Urocystis fischeri. Korn.

Spore-masses black, in parallel lines on the leaves. Spore-balls

with I or 2, rarely 3 teleutospores, 30-45/A in diameter.

Teleutospores rather larger as a rule than in U. occulta, generally

18-20/X, in diameter. Pseudospores firmly attached, numerous,

completely enclosing the teleutospores, dark brown.

Synonyin.

Winter, loc. cit., p. 120.

Urocystis fischeri. Korn., " Hedwigia," 1877, p. 34.

On Carex glauca.

July to September. Mr. Soppitt.

Biology.—See p. 93.

Urocystis colclaici. (Schlecht.)

Spore-masses black, forming in the leaves swollen Hnes and

patches, which soon burst and become pulverulent. Spore-

balls rounded or irregular, composed of from two to four

roundish, polygonal, smooth, brown teleutospores, which are

surrounded by a great number of yellowish-brown pseudo-

spores. Spore-balls 20-25 x 15-20/x; teleutospores 12 x 15/x

in diameter; pseudospores 8-1 i/a in diameter.

Synonyms.

Winter, loc. cif., p. 120. Schrot., loc. cit., p. 280.
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Cceoma colchici. Schlecht., " Liniitea," vol. i. p. 241.

Urocystis colchici, Tul. Cooke, " Hdbk.," p. 517; ''Micro.

Fungi," 4th edit, p. 232. B. and Br., No. 485.

Exsiccaii.

Berk., 309.

On Colchicum autuinuale.

April to July.

Biology.—See p. 68.

Urocystis sorosporioides. Korn.

Spore-masses black, in thick, flat pustules on the leaves, and in

fusiform swellings on the stems. Spore-balls rounded, com-

pact, opaque, 25-45 x 15-25/A. Teleutospores from three to

six in number, roundish, compressed, dark brown, 12-16/x in

diameter. Pseudospores hemispherical, pale brown, equally

distributed around the teleutospores, 7-10/x in diameter.

Synonyms.

Schrot., loc. cit., p. 280. Winter, loc. cit., p. 124.

Urocystis sorosporioides, Korn. Fckl., " Symb. Nach.," vol. iii.

p. 10. Cooke, "Micro. Fungi," 4th edit., p. 232.

On T/ialictnan minus, and its var. maritima.

June to August. .

Urocystis gladioli. (Requien.)

Spore-masses black within the corms. Spore-balls roundish,

4o-5oyu, in diameter. Teleutospores rounded on the outer

side, compressed on the inner, brown, 4-6/^ in diameter.

Pseudospores very numerous, pale, brown, evenly distributed.

Synonyms.

Winter, loc. cit., p. 121.

Uredo gladioli, Requien. Duby, " Bot. Gall.," vol. ii. p. 901.

Urocystis gladioli. Smith. Cooke, " Micro. Fungi," 4th edit.,

p. 232.

On Gladiolus communis.
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Urocystis anemones. (Pers.)

Producing roundish, elongate, or irregular swellings on the stems

and midribs. Spore-masses black. Spore-balls variable in

size, form, and composition, 35 x 25/x,. Teleutospores one

or two in number, rarely more, subglobose or polygonal,

opaque, dark brown, obscurely punctate, io-15/x. in diameter.

Pseudospores not very numerous, globose, or semiovate, pale

brown, seldom completely surrounding the teleutospores,

8-io/x in diameter.

Syjionyms.

Schrot., loc. cit., p. 280. Winter, loc. cit., p. 123.

Uredo anemones. Pers., " Disp. Meth.," p. 56.

Urocystis pompholygodes, Lev. Cooke, "Hdbk.," p. 517 ;

"Micro. Fungi," 4th edit., p. 232, t. ix. figs. 183, 184.

Exsiccati.

Berk., 236. Cooke, i. 79 ; ii. 148. Vize, " Micro. Fungi,"

36; "Micro. Fungi Brit.," 4.

On Anemone nemorosa, Ranunculus repens and bulbosus.

May to October.

Biology.—See p. 94.

Urocystis violae. (Sow.)

Spore-masses black, in swellings on the stems and midribs.

Spore-balls irregularly rounded, 35-45/x in diameter, contain-

ing from one to six or more teleutospores, which are roundish

or polygonal, dark brown, 10-15/A in diameter. Pseudospores

distinctly hemispherical, pale brown, 6-1 o/a in diameter.

Synonyms.

Schrot., loc. cit., p. 280. Winter, loc. cit., p. 122.

Granularia violce. Sow., " Eng. Fung.," t. 440.

Urocystis violce, B. and Br. Cooke, " Hdbk.," p. 517 ;
" Micro.

Fungi," 4th edit., p. 232, t. ix. figs. 185, 186.
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Exsiccati.

Cooke, i. 78. Vize, "Micro. Fungi," 137.

On Viola odorata^ sylvatica.

May to September.

Biology.—See p. 94.

Urocystis primulicola. Magnus.

Spore-masses brownish black, produced in the ovary, pulverulent.

Spore-balls roundish or irregular, 25-50/x in diameter. Teleu-

tospores subglobose, ovate, or polygonal, dark brown, smooth,

io-i5yu, in diameter. Pseudospores much resembling the

teleutospores, but rather smaller and not quite so dark in

colour, numerous. Promycelial spores ovate or elongate, ellip-

tical, 10-12 X 4-5/A

Synonytti.

Urocystis primulicola. Magnus, Hedwigia, 1879, P- ^9-

On Pritmda farinosa, Rev. C. Wolley Dod ; on P. vulgaris^

Prof. J. W. H. Trail.

July and August.

Biology.—See p. 95.

ENTYLOMA. De Bary.

Mycelium intercellular, not gelatinized. Teleutospores formed

within the hyphge, intercalated, never becoming pulverulent, in

circumscribed clusters. Promycelial spores produced on the end

of the promycelium. Conidia in some species produced on the

living host-plant from the mycelium.

f Coniiia formed on the living host-plant.

Entyloma fergussoni. (B. and Br.)

Spots circular, i-3mm. in diameter, becoming whitish from the

development of the conidia. Teleutospores globose or irregu-

larly rounded. Epispore rather thin, pale brown, smooth,

11-13/X in diameter.

U
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Synonyms.

Entyloma canescens, Schrot. Cohn's " Beitr.," vol. ii. p. 372.

Trail, Scott. Nat., 1884, pp. 128-181. Winter, loc. cif., p. 113.

Frotomycesfergussoni. B. and Br., Ann. Nat. Hist., No. 1473.

Cooke, "Grevillea," vol. xii. p. 99; "Micro. Fungi," 4th edit.,

p. 227.

On Myosotis arvensis, palustris, ccespitosa.

June to October.

Entyloma bicolor. Zopf.

Spots roundish, yellow. Teleutospores globose or polygonal.

Epispore gelatinous, of variable thickness, at first colourless,

then brown, 20-23 X 15-18/x. Conidia cylindrical, curved,

simple or septate, rounded above, attenuated towards the

base, 10-20 X 3/A.

Synonym.

Entyloma hicolor. Zopf in Rabh., " Fung. Europ.," No. 2496.

Winter, loc. cii., p. 112.

On Papaver rhceas.

June and July.

Entyloma ranunculi. (Bon.)

Spots circular, 2-5mni. across, at first whitish, then yellow or

brown. Conidia produced freely, fusiform or filiform, 40 x 2/a.

Teleutospores globose. Epispore smooth, pale brown, io-t4)u,

in diameter.

Synonyjns.

Winter, loc. cit., p. 112. Schrot., loc. cit., p. 282.

Fusidiu?n ranunculi. Bon., " Handb. d. Mycol.," p. 43.

Frotomyces ficarice, Cornu and Roze.

Efityloma Jicarice, F. v. Waldh.

GlcBosporium ficarice, Berk. Cooke, " Hdbk.," p. 475. Trail,

Scott Nat., 1884, p. 228.

Exsiccati.

Cooke, i. 533. Berk., 212.
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On Ranunculus ficaria and sceleratus.

May and September.

Biology.—See p. 91.

Entyloma matricariae. Trail.

Spots on stems (irregularly rounded or oval), or more often on

leaves, affecting the segments on all their surfaces, small,

nearly white while conidia are being formed, but becoming

brown and dry ; conidia (produced freely on conidiophores

pushed out in clusters from the stomata) fusiform or filiform,

15-20 X i"5-2/x, pale yellowish, pluri-guttulate or faintly 3-4

septate. Teleutospores abundantly formed in the tissues of

the host, round or polygonal from pressure, io-12/x in diameter.

Epispore smooth, about i'5/a thick, at first hyaline, becoming

brown.

On Matricaria inodora.

At Finstown, in Orkney, in August, and plentifully near Aber-

deen in September
; J. W. H. Trail.

** Conidia not formed on the living host-plant.

Entyloma ch,rysosplenii. (B. and Br.)

Spots whitish, thickened, roundish, 2-6 mm. across. Teleuto-

spores globose or shortly elliptical, smooth, colourless, 10-12/*

in diameter.

Syno7iym.

Schrot, loc. cit., p. 283.

Protomyces chrysosplenii^ B. and Br. Cooke, "Micro. Fungi,"

4th edit, p. 227.

On Chrysosplenium oppositifolium.

June to September.

Entyloma microsporum. (Ung.)

In round or fusiform swellings, which become yellowish brown.

Teleutospores globose or irregular, with a thick compound

epispore, pale yellowish brown, 15-25 x 12-15/x.
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Synonyms.

Schrot, loc. cit, p. 284.

Protomyces microsporus. Ung., " Exanth. Plant.," p. 343-

Entylotna ungeriaum, De Bary. Cooke, " Micro. Fungi," 4*

edit., p. 233. Trail, Scott. Nat., 1884, p. 288.

On Ranunculus repens and acris.

June to November.

Biology.—The promycelial spores are cylindrico-fusiform, and

conjugate in pairs.

Entyloma calendulse. (Oud.)

Spots round, at first whitish, then becoming brown. Teleuto-

spores globose or polygonal, smooth, nearly colourless or pale

yellowish brown, io-i6/x in diameter.

Synonyms.

Schrot, loc. cit., p. 283.

Protomyces calendulce. Oud., " Flor. Myc. Neerland," vol. ii.

p. 42.

Protomyces hieracii. Berk, in Herb., No. 5248. Cooke,

" Grevillea," vol. xii. p. 99.

Entyloma calendulcB. Trail, Scott. Nat., January, 1884, p. 124.

On Calendula officinalis, Hieracium vulgatum, murorum.

June to September.

MELANOT.ffiNITJM. De Bary.

Spores simple, in indeterminate groups, produced withm the

hyphse, not pulverulent, germination as in Entyloma.

Melanotsenium endogenum. De Bary.

Mycelium intercellular, permeating the whole plant, sending tufted

haustoria into the adjacent cells. Teleutospores forming

black masses under the cuticle, rounded, elliptical, or poly-

gonal from mutual pressure, dark brown, smooth, 15-20 x

i2-20;a. Epispore thick, opaque, dark brown. Endospore

thin, colourless.
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Synonym.

Schrot., loc. cit., p. 283.

Melanotceniufn endogenum. De Bary, Bot. Zeit., 1874, p. 108.

Trail., Scoti. Nat, 1884, p. 243.

On Galium vei'iim.

Biology.—The affected plants are deformed by the presence of the

parasite, being shorter and stiffer, seldom blossoming, and resembling

an Equisetum in habit (see p. 95).

TUBERCINIA. Fries.

Spore-balls consisting of numerous teleutospores, at length

pulverulent. Germination as in Entyloma. Conidia white, ovate,

produced from mycelium on the living host-plant.

Tubercinia trientalis. B. and Br.

Spore-masses black, in bullate swellings on the leaves and stems.

Spore-balls irregularly rounded or elongated, containing a

large number of teleutospores (50 to 100), from 20-ioo/x in

diameter. Teleutospores rounded or polygonal, dark brown,

smooth, firmly connected, 15-30 X io-20/x. Conidia in

white, shining, extended patches on the under side of the

leaves, ovate or pyriform, attenuated above, hyaline.

Synonyms.

Schrot., loc. cit., p. 285.

Ascomyces trientalis. Berk., " Outl.," p. 376. Cooke, " Hdbk.,"

p. 737 (conidial stage).

Tubercinia trientalis, B. and Br., No. 488. Cooke, " Hdbk.,"

p. 516.

Sorosporitim trientalis, Woron. Cooke, " Micro. Fungi.," 4th

edit., p. 231.

Sorosporium paridis (Ung.). Winter, loc cit., p. 102.

Exsiccati.

Vize, "Micro. Fungi," 137.

On Trientalis europtsa.

June to October.
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Biology.—The affected plants are taller and more slender in their

form. In May and June they produce conidia on the under sides of

their leaves. The stems are blackened by the presence of spores

beneath the bark (see also p. 96).

Tubercinia scabies. Berk.

" Spores subglobose, composed of minute cells, forming together

a hollow globe, with one or more lacunae, generally attached

laterally by a slender thread, olive."

—

Berkeley.

Synonyms.

Erysibe subterranea, Wallr. Regens., Bot. Zeit., 1S46, p. 119.

Protomyccs tuberum solani. Martius's Die Kartoffel Epid., 1842,

p. 28, t. ii. figs. 9-13 ; t. iii. figs. 36-38.

lubercinia scabies. 'S>qxV.., Jour. Royal Hort. Soc, 1846, vol. i.

p. 33, figs. 30, 31 ; An?i. Nat. Hist., No. 489. Cooke, "Hdbk.,"

p. 516 ;
" Micro. Fungi," 4th edit., p. 231, t. iii. fig. 54.

Exsiccati.

Cooke, i. 445.

On potatoes {Solamini ttiberosujn).

I am unacquainted with this species. In my copy of Cooke

Exs. I can find no spores.

LOASSANSIA. Cornu.

Spores in dense masses, surrounded by an investment of sterile

cells, not pulverulent, germination as in Entyloma.

Doassansia alismatis. (Nees.)

Spots rounded, yellowish, crowded with brown dots, on the leaves

and stems. Spore-balls very numerous, 3 mm. across. Teleu-

tospores roundish or polygonal, pale brown, smooth, 10-15

X 8-1 o/x. Promycelial spores abundant, cylindrical.

Synonym.

Doassansia alismatis. Cornu, Ann. Sc. N'at., 6th series, vol.

XV. p. 285, t. 16, figs. 1-4. Trail., Scot. N'at., Januar}-, 1884,

p. 124. Schrot., loc. cii., p. 286.
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On Alisina plauiago.

July to October.

Biology.— See p. 92.

Doassansia sagittariae. (Fckl.)

Spots yellowish, pustulate, rounded, "5-1 cm. across, hypophyl-

lous. Spore-balls roundish, 50-60/x in diameter. Teleutospores

firmly cohering, angular, pale brown-yellow, smooth, 8-1 i/a in

diameter. Promycelial spores numerous, cylindrical.

Synonym.

Schrot., loc. cif., p. 286.

Protomyces sagittarice, Fckl. Cooke, " Micro. Fungi," 4th

edit., p. 227.

Exsiccaii.

On Sagittaria sagittifoUa.

May to September.

Biology.—See p. 92.

THECAPHOREI. Schrot.

Spore-forming hyphae not gelatinized. Teleutospores com-

pound. PromyceUum sometimes branched. Promycelial spores

produced in concatenate chains from the end of the promycelium.

Thecaphora. Fingerhuth.

Spore-balls composed of large teleutospores, firmly adherent,

convex externally. Promycelium filiform, sometimes with lateral

branches.

Thecaphora hyalina. Fing.

Spore-masses rich chestnut-brown, pulverulent, produced in the

seeds. Spore-balls irregularly rounded, very variable in size,

brownish yellow, 50-60 x 20-50/x. Teleutospores from two

to ten in number, firmly cohering, broadly and shortly cunei-

form internally, internal flat surfaces smooth, external rounded

surface rough with large rounded tubercles, brown, 15-20/i, in

diameter.
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Synonyms.

Schrot, loc. cit, p. 288, Winter, loc. cit, p. 105.

Thecaphora hyalina. Fing., " Linnsea," vol. x. p. 230. B. and

Br., Ann. Nat. Hist., No. 1 148. Cooke, " Hdbk.," p. 5 1 5 ;
" Micro.

Fungi," 4th edit., p. 231.

Exsiccatl.

Cooke, i. 313. Vize, "Micro. Fungi Brit.," 45.

On Convolvulus sepium and soldanella.

September and October.

Biology.—See p. 86.

Thecapliora trailii. Cooke.

Produced in the florets. Teleutospores purple-brown, globose,

usually in fours, rarely two or three, compressed on the inner

face. Epispore finely verrucose, 12-14/A in diameter.

Synonyms.

Thecapliora trailii. Cooke, " Grevillea," vol. xi. p. 155.

Thecapliora cirsii. Boudier, Bull. Soc. Mycol. de France, 1887,

vol. iii. p. 149, pi. XV. fig. I.

On Cardials heterophyllus. Prof. J. W. H. Trail.

August.

Biology.—Pulverulent, having very much the habit of Ustilago

cardui, but differs in being a true Thecaphora, and in the epispore

being verrucose and not reticulate. M. C. C.

SOROSPORIUM. Rudolphi.

Teleutospores very numerous, small, in large spore-balls, but

easily separable, produced from intertwining gelatinized hyph?e,

having at first a gelatinous investment. Promycelium filiform.

Sorosporium. saponarise. Rudolphi.

Produced in the inflorescence, destroying the reproductive organs.

Spore-masses rusty brown. Spore-balls roundish, composed
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of numerous loosely connected teleutospores, 50-ioo/x, in

diameter. Teleutospores roundish, shortly elliptical or poly-

gonal from mutual pressure, yellowish brown, transparent,

rough, with minute tubercles and toothed ridges, 12-18 x
IO-I2/U,.

Synonym.

Sorosporiuni saponarm. Rudol., " Linnaea," vol. iv. p. 116.

Schrot., loc. cit., p. 288. Winter, loc. cif., p. 104.

On Dianthus delioides. Norwich, in gardens.

Biology.—See p. 85.

SUPPLEMENT.

Allied and Associated Species.

Doubtful Ustilaginei (Graphiola, Entorrhiza, Tuberculina).

The descriptions of the British species of Protomyces are also

given, both because they are apt, on cursory examination to be

confounded with the Entylomata, and also because they have

been described with them.*

GRAPHIOLA. Poiteau.

Mycelium in the tissues of the living plant, forming small con-

ceptacles, which burst through the cuticle of the plant. Peridia

roundish, the outer hard, formed by the intertwining of the my-

celial hyphje, the inner peridium thin, enclosed by the outer,

filled with hyphse, sterile and spore-bearing. Spore-forming

hyphge at the base of the conceptacle, yellow, filamentous,

crowded, becoming septate above into short joints, of which the

uppermost gradually mature. Spores formed from cells, which are

given off laterally from the joints, and which become abjointed

* Professor Marshall Ward considers that the Schinzia leguminosaruin of

Frank, which causes the tubercular swellings on the roots of the Leguminosie,

is allied to the Ustilagineae, but the evidence {Phil. Trans., 1S87, pp. 539-562)

adduced by him seems hardly to be conclusive.
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by transverse septa. Spores spherical or elliptical. Between

the spore-forming hyphee arise bundles of sterile hyphte, which

grow up out of the peridium and carry up with them the spores.

The spores germinate by the development of a filamentous

mycelium, or by the formation of fusiform sporidia. From the

investigations of E. Fischer,* it would appear that this fungus is

related to the Ustilaginei both by its spore-formation and by the

manner in which its spores germinate.

Graphiola phcenicis. (Moug.)

Conceptacles erumpent on the leaves of the host-plant, i-i'5 mm.

wide, '5 mm. high, opening above and allowing the sterile

hyphge to protrude. Outer peridium black and corneous
;

inner peridium delicate, colourless. Sterile hyphge yellow,

protruding 2 mm. or more. Spores en masse yellow, globose

or elliptical, 3-6yu, across. Membrane thick, colourless, smooth.

Synonyms.

Schrot. in Cohn, "Krypt. Flor.," vol. iii. p. 289.

Graphiola pJixnicis^ Moug. Schrot., "Krypt. Flor. Schl.,"

vol. iii. p. 289.

Corda, " Anleitung," t. C. 26, Nos. 5-8. Cooke, "Hdbk.,"

p. 546.

On the leaves of Phoenix dadylifera in greenhouses.

ENTORRHIZA. C. Weber.

Mycelium parasitic in the tissues of living plants, producing

large spores at the ends of lateral branches. Spores simple,

single or numerous in the cells of the host-plant. Epispore

thick, germinating by one or more thin germ-tubes, which are

sometimes slightly branched, and which develop, both at their

ends and lower down, small sickle-shaped promycelial spores f

* E. Fischer, Bcitrag. zjcr Kcnntniss der Gattung Graphiola, Bot. Zeit.,

1883.

t C. Weber, Ueber den Pike der IVttrzelanschwellungen von yuncusbufo/tius.

Bot. Zeit., 18S4.
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Entorrhiza cypericola. Magnus.

In the cells of the periblem of the living root, causing swellings

from 3 mm. thick to 10 mm. long. Spores elliptical, sometimes

pointed at the end, 17-20 x 15-17/^. Epispore thick, yellow

or brown, rough with large hemispherical or irregular warts.

Promycelial spores crescentic, whorled and very small (Schrot.,

loc. ciL, p. 290).

On the roots of Juticus bufonius and lamprocarpiis. The
Links, Old Aberdeen ; Prof. J. W. H. Trail.

Mr. P. Cameron records it oxijiniciis uUginostis and squarrosus.

TUBERCULINA. Sacc.

Mycelium parasitic on the hyphse and spore-beds of the Ure-

dineae. Spore-beds flat, formed by erect hyphae, which bear on

their summits conidia. Conidia spherical, smooth, pulverulent,

germinating by erect branched promycelia, which bear sickle-shaped

promycelial spores. Older spore-beds forming sclerotia (Schrot.,

loc. cit.).

Tuberculina persicina. Ditm.

Parasitic upon eecidiospores and uredospores, at first flat, pale violet

or dirty red, spore-bearing hyphse 30-60 x 2-3/A. Conidia

globose or shortly elliptical, 7-1 4yu, wide. Epispore smooth,

almost colourless, or very pale violet. Sclerotia convex,

sometimes globose, smooth externally, violet, internally white *

Synonyms.

Schrot., loc. cit, p. 291.

Tuberculina persicina, Ditm. Schrot., " Krypt. Flor. Schl.,''

vol. iii. p. 291.

Tuberculina vinosa, Sacc.

On ^cidium asperifolii, tussilaginis, Rcesfella lacerata.

* C. Gobi, Uber Tubercularia persicina Mem. de rAcademie .'mpJriale des

Sciences de St. Petersbotirg, s. vii., t. xxxii., 1884.
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PROTOMYCES. Unger.

Mycelium intercellular, parasitic in the tissues of living plants.

Spores formed in the continuity of the mycelial hyph^e, inside

the tissues of the living host-plant, causing indurated swellings

on the host-plant. Germination by the development of numerous

minute sporidia inside the resting spores. (Plate VIII. figs. 14-20.)

Protomyces macrosporus. Unger.

Tumefactions at first translucent, pale yellow, then white, at

length brownish, 1-4 mm. long, 2 mm. wide and thick, firm,

at first closed, then open. Spores irregularly spherical or

elliptical, 40-80 X 35-60/x. Epispore as much as 5ju, thick,

pale yellow, contents colourless, sporidia cylindrical, 2-2*2 x i/la.

SynoTiyj?!.

Protomyces macrosporus, Unger. Schrot., loc. cit, p. 259. Cooke,

"Micro. Fungi," 4th edit., p. 227.

On ^gopodiiunpodagraria, Helosciadinm iiodifioriim, Heracleum

sphondylium, Angelica sylvestris, Atithrisciis sylvestris, CEnanf/ie

crocata.

May to October.

Protomyces rhizobiiis. Trail.

Spores in the cortex of the roots in groups of from two to eight,

spherical, nearly smooth, with very thick walls, pale brown

or nearly colourless, 30-33/x in diameter.

Synonym.

Protomyces 7-hizobms. Trail, Scott. Nat., January, 18S4, p. 125.

On the roots oi Poa annua. Old Aberdeen, May, 1883.

Protomyces pachydermus. Thiim.

Forming elongate or confluent swellings in the leaf-stalk or mid-

rib of the leaves. Spores scattered, intercellular, subglobose

or elliptical, thick-walled. Epispore smooth, pale brown,

15-20/A in diameter.
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SynofiytJi.

Froiomyces pachydermus. Thiim., " Hedwigia," 1874, p. 97.

Trail, Scoit. Nat, July, 1883, p. 2,3-

On Taraxacum officinale. Aberdeen, Prof. J. W. H. Trail.

Protomyces menyanthis. De Bary.

Spores aggregated in roundish or confluent patches, immersed
in the substance of the leaves, purplish on the surface.

Spores brownish, subglobose.

Syf2ony?n.

Frotomyces jnefiyatiihis, De Bary. Cooke, "Micro. Fungi,"

4th edit., p. 228.

Exsiccati.

Vize, "Micro. Fungi/' 151.

On the leaves of Menyantlics irifoliata and Comarum pabtstre.

Biology.—This species Professor Trail finds commonly in Aber-

deenshire, on Menyafitkes, but not upon Comarnin.

Protomyces ari. Cooke.

Spots aggregated in elongated patches, immersed in the substance

of the leaves and petioles, always covered, globose, simple,

brown. Endochrome granular. Epispore smooth.

Synonym.

Frotomyces ari. Cooke, " Micro. Fungi," 4th edit.^ p. 227.

On the leaves and petioles of Arum inaculatum.
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THE BARBERRY LAW OF MASSACHUSETTS.

Anno Regni Regis Georgii II. Vicesimo Octavo, chap. x.

(published January 13, 1755).

An Act to prevent Damage to English Grain arisingfrom Barberry

Bushes.

Whereas it has been found by experience, that the Blasting of

Wheat and other English Grain is often occasioned by Barberry

Bushes, to the great loss and damage of the inhabitants of this

province :

—

Be it therefore enacted by the Governour, Council, and House

of Representatives, that whoever, whether community or private

person, hath any Barberry Bushes standing or growing in his or

their Land, within any of the Towns in this Province, he or they

shall cause the same to be extirpated or destroyed on or before

the thirteenth Day of June Anno Domini One Thousand Seven

Hundred and Sixty.

Be it further enacted that if there shall be any Barberry Bushes

standing or growing in any land within this Province, after the

said loth day of June, it shall be lawful, by Virtue of this Act, for

any Person whosoever to enter the Lands wherein such Barberry

Bushes are, first giving one month's notice of his intention to do

so to the Owner or Occupant thereof, and to cut them down, or

pull them up by the root, and then to present a fair account of

his labour and charge therein to the owner or occupant of the

said land ; and if such owner or occupant shall neglect or refuse

by the space of two months next after the presenting said account,

to make to such person reasonable payment as aforesaid, then the

person who cut down or pulled up such bushes, may bring the
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action, against such owner or occupant, owners or occupants,

before any Justice of the Peace, if under forty shillings, or other-

wise before the Inferior Court of Common Pleas in the County

where such Bushes grew, who upon proof of the cutting down or

pulling up of such bushes by the person who brings the action, or

such as were employed by him, shall and is hereby respectively

empowered to enter up judgment for him to recover double the

value of the reasonable expense and labour in such service and
award execution accordingly.

Be it further enacted that if the lands on which such Barberry

Bushes grew are common and undivided lands, that then an action

may be brought as aforesaid, against any one of the proprietors in

such manner as the Laws of this Province provide, in such cases

where Proprietors may be sued.

Be it further enacted, that the Surveyors of the Highways,

whether public or private, be and hereby are empowered and re-

quired ex officio to destroy and extirpate all such Barberry Bushes

as are or shall be in the Highways in their respective Wards or

Districts, and if any such shall remain after the aforesaid tenth

Day of June, Anno Domini One Thousand Seven Hundred and

Sixty, that then the Town or District in which such bushes are

shall pay a Fine of two shilhngs for every bush standing or grow-

ing in such Highway, to be recovered by Bill Plaint, Information,

or on the Presentment of a Grand Jury, and to be paid one Half

to the Informer and the other Half to the Treasury of the County

in which such bushes grew, for the use of the County.

Be it further enacted. That if any Barberry Bush stand or grow

in any Stone Wall or other Fence, either pointing on Highway, or

dividing between one Propriety and another, that an Action may

be brought as aforesaid against the Owner of the said Fence or

the Person occupying the Land to which such Fence belongs
;

and if the Fence in which such Bushes grew is a Divisional Fence

between the Lands of one Person or Community and another, and

such fence hath not been divided, by which means the particular

share of each Person or Community is not known, then an Action

may be brought as aforesaid against either of the Owners or

Occupants of the said Land.

Be it further enacted. That where the Occupant of any Land

shall eradicate and destroy any Barberry Bush growing thereon,
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or in any of the Fences belonging to the same (which such Occu-

pant is hereby authorized to do, and every action to be brought

against him for so doing, shall be utterly barred), or shall be

obliged, pursuant to this Act, to pay for pulling them up or cutting

them down, that then the owner or proprietor of such Land shall

pay the said Occupant the full value of his Labour and Cost in

destroying them himself, or what he is obliged to pay to others

as aforesaid ; and if such Owner or Owners shall refuse so to do,

then it shall be lawful for the said Occupant or Occupants to

withhold so much of the Rents or Income of the said Land as

shall be sufficient to pay or reimburse his cost and charge arising

as aforesaid.

This Act to continue in Force until the Tenth Day of June,

One Thousand Seven Hundred and Sixty-four.

From the Province Lcnvs of Massachusetts^ 173 6- 1761, p. 153.
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Abjoint. A spore is said to be abjointed when it is developed from the

end of a mycehal hypha or from a cell, from which it is first cut

off by a septum ; the lower part of the cell is then termed the

stalk-cell.

Abstriction, the separation of a spore by the contraction of the spore-

forming hypha below it without the previous production of a

septum, as the promycelial spores, Uredine spermatia.

Acropetal, proceeding in the direction of the apex from below upwards.
^cidiospore^ those spores of the Uredineas which arise from the pro-

mycelium produced by a promycelial spore, in basipetal series.

A[,cidiuin, the generic name formerly applied to the a^cidiospores.

Amphigenoiis, growing on both the upper and lower surfaces of the

leaves,

Anasto)nosi7ig, uniting into a network by cross branches.

Autoeciotis. 'J'hose parasitic fungi which pass the whole of their life-

cycle upon the same species of host-plant are said to be autoe-

cious.

Base^ the lower end of a spore, that which is nearest its attachment.

BasidmfH, the cell or hypha from the apex of which spores are

abjointed or abstricted.

Basipetal, proceeding in the direction of the base from above down-
wards.

Bullate, swollen in the form of a blister.

Capitate, having a head, as when the end of an erect hypha is abruptly

enlarged in a spherical manner. See Hooded.
Carpogottijon, the female cell, which is fertilized by the pollinodium.

Circinate, arranged in a circular manner.
Clavate, club-shaped.

Concatenate, united in a continuous series, like the links of a chain

or beads of a necklace.

Conidiophorc, the cell which produces conidia.

Conidium, an asexual spore.

X
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Deciduous^ falling off.

Discrete, separate, distinct, not confluent.

Echinidate, covered with short sharp spines.

Elliptical, having the form of an ellipse or oval with the ends rounded.

E)idochro}ne, the protoplasmic contents of spores or hyphae, usually

applied to the coloured cell-contents of spores.

Epiphylloies, growing on the upper surface of the leaves.

Erumpent, bursting through the surface of the host-plant or matrix.

Fimbriate, torn into a fringe.

Foramen, a. small hole or perforation.

Germ-pore, the opening in the walls of a spore through which the

germ-tube is protruded.

Germ-tube, the tube emitted from a spore in germination, which may
become a promycelium or may develop into a mycelium.

Globose, spherical, the' shape of a globe.

Glomerulus, a small round head.

Haustorium, a short lateral branch of a mycelial hypha, which enters

a cell of the host-plant and acts the part of a sucker.

Hetercecious. Those parasites which pass one part of their lives upon

one host-plant, and the other part upon another of a different

species, are said to be hetercecious.

Hooded. Those spores which have a much thickened membrane at

their upper ends are said to be hooded. Sometimes they are

called capitate.

Hymenium, the base of an jecidial cup formed by those hypha; which

produce the aecidiospores.

Hypha, a branch of mycelium, consisting of an elongated cell.

Hypogenous, Hypophyllous, growing on the lower side of the leaves.

Intercellular, between the cells of the host-plant.

Intracellular, inside the cells of the host-plant.

Isodiametric, having the transverse, longitudinal, and perpendicular

diameters the same length.

Laciniate, cut or torn into segments or lacinia;,

Ligulate, tongue-shaped.

Lumeti, the calibre of a tube.

il/^j'^j'/^r^, a unicellular teleutospore occurring in aPuccinia spore-bed
;

a middle spore-form between Uromyces and Puccinia.

Meta'cious, the same as hetercecious.
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Mycelhtui, the vegetative part of parasitic fungi, which consists of an

assemblage of hypha; or tubes containing protoplasm.

Oblong, in the sense employed in the description of the spores of the

Uredineze, it means an oval body with very blunt ends, or an

oblong body with rounded angles.

Obovate, the reverse of ovate, egg-shaped, with the base narrower than

the apex.

Oval, a rounded figure with one diameter longer than the other, like

an oblique section of a cylinder ; almost synonymous with elliptical.

Ovate, Ovoid, the shape of an egg—that is, oval, with the base some-

what broader than the apex.

Papillate, covered with, or terminating in, a papilla.

Paraphyses, barren hyphs, which may be filiform and dark-coloured or

variously swollen and hyaline.

Parasite, zx^. organism that can exist only upon a living plant or animal,

from which it takes its food.

Parenchyma, the cellular tissue of the host-plant.

Periblcm, in the sense used in the text, may be taken to mean that

part of the root of the host-plant which lies beneath the cortex.

Peridium, the case or envelope that encloses the spores in some

groups of fungi.

Perithcciwn, the flask-shaped receptacle which encloses the ascigerous

fructification of the Sphasritc, etc.

Persistent, lasting, not soon falling ofif.

Pollinodium, the cell which acts the part of the male organ and ferti-

lizes the carpogonium.

Promycelial spore, a spore produced from a prom)celium.

Proinyceliinn, the germ-tube of a teleutospore, which is of limited

length, and produces a few spores, unlike the teleutospore.

Protoplasm, the living contents of cells, or hypha;, consisting of

albumenoid substances.

Pseudoperidium, the outer investing case of the scidiospores, composed

of sterile cells.

Pseudospores, the barren spores which invest the fertile spores in

Urocystis. The term has been applied by some authors to the

uredospores and iecidiospores.

Pulverulent, dusty.

Pulvifiate, cushion-shaped.

Pyri/orm, pear-shaped.

Receptacle, (i) in fungi, the structure which encloses the spores
; (2) in

flowering plants, that part of the flower-stalk to which the flowers

are attached.

ReniJ'orni, kidney-shaped.
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Reticulate^ covered by lines or ridges wliicli cross eacli other and form

a network.

Saprophyte, as opposed to parasite, a fungus which Hves upon dead

organic matter only.

Scattered, spread about, not localized in distinct groups or clusters.

Sclerotium, an old genus of fungi, comprising hard compact bodies

which are now known to be the resting condition of the mycelium.

Separate, as applied to the teleutospores, distinct from one another, not

compacted into a solid mass.

Septate, partitioned off into compartments.

Sorus, a heap or cluster of spores, a spore-bed.

Sperniatiiiin, a minute cell abstricted from a hypha. These hyphse

are contained in a receptacle called a spermogonium. By some
botanists a male sexual function is attributed to the spermatia

of the Uredineas.

SperDiogoniiiin, the receptacle which encloses the spermatia.

Spherical, globose, in the form of a sphere.

Spore, a cell which, on becoming free, has the faculty of reproducing

the fungus.

Sporophore, a mycelial hypha that bears spores.

Sterigiiia, the cell from which spores are abjointed or abstricted ; the

same as basidium.

Stih, a prefix implying a slight degree of anything.

Teleittospore, the last-formed spore in the life-cycle of the Uredineje

and Ustilagineee, which germinates by the production of a promy-

celium and promycelial spores.

Trabecula, literally a little beam ; a small band of tissue joining others

together, often transverse in direction.

Trichogyne, the threadlike filament in lichens which, becoming im-

pregnated above by the spermatia, gives rise below to the carpo-

gonium or perithecium.

Truncate, cut off abruptly.

Urceolate, shaped like a pitcher with a contracted mouth.

Uredo, the old generic name applied to the uredospores.

Uredospore, a spore which is abjointed from the apex of a mycelial

hypha, endowed with a limited period of vitality, and germinating

by the emission of a germ-tube, which develops into a mycelium.

Verrucceforiii, shaped like a wart.

Verrucose, covered with small warts.

Yeast-spore, a spore produced by budding from another spore.

Generally these spores occur in large numbers, and are then called

yeast-colonies.
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DESCRIPTION OF PLATES.

Plate I.

Fig. I.—Mycelium of the aecidiospores of Puccinia porri on AUiiini

schanoprasitm near the spore-bed, showing the granular protoplasm and nuclei.

X 500. C. B. P.

Fig. 2.—Mycelium of the aecidiospores of Puccinia iragopogouis. X 500.

C. B. P.

Fig. 3.—Three spermogonia of ALcidiiim berheridis in different stages of

development, the two younger show the converging fibres which form their

necks. These subsequently separate and become paraphyses. X 200.

Modified from De Bary.

Fig. 4.—Two spermogonia in a more advanced condition, seen in section.

X 200. De Bary.

Fig. 5.—Spermatia being abstricted from their hyphse. X 200. De Eaiy.

Fig. 6.—Three spermatia of /Ecidiuni befbcridis. X 475, and enlarged

to 1000. C. B. P.

Fig. 7.—Five spermatia of ALcidiiim ranunculi repentis, April 29, 1883,

showing their different forms and somewhat irregular contour in the same

spermogonium. X 475, enlarged to looo. C. B. P.

Fig. 8.—Three of the same spermatia after being twelve hours in sugar and

water; they are just beginning to bud. Enlarged to 1000. C. B. P.

Fig. 9.—The same after forty-eight hours. Enlarged to 1 000. C. B. P.

Fig. 10.— Spermatia of the aecidiospores of Puccinia adoxcc from Mr. A.

Lister's figure. X 710, enlarged to 1000.

Fig. II.—Two spermatia of ALcidiuin punctaium in the act of budding,

j\Iay 7, 1883. Enlarged to 1000. C. B. P.

Fig. 12.—Spermatia of ALcidium bcllidis, December, 1883. Enlarged to

1000. C. B. P.

Figs. 13-15.—The same germinating in honey and water, after twelve

hours. Enlarged to looo. C. B. P.

Fig. 16.—The same as they appeared on the sixth day. Enlarged to 1000.

C. B. P.

Plate II,

Fig. I. —The early stage oi Aicidium crassum, showing the basipetal spore

series enclosed by the pseudoperidial cells, and covered by the epidermis.

X 200. De Bary.
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Fig. 2.

—

.'Ecidiuin grossii/an'ir at maturity, after rupture of the epidermis

and pseudoperidial cell-layer. X 150. De Bary.

Fig. 3.—Four secidiospores of Puccinia poarum {Vadium tussilaginis).

X 475. C. B. P.

Fig. 4.—One of the same beginning to germinate and showing its germ-

pores, five of which are visible, the sixth being on the opposite side of the

spore. X 475. C. B. P.

Fig. 5 —/Ecidiospore of Phragmidinm nibi in the same condition, and

showing five germ-pores. X 475. C. B. P.

Fig. 6.—yEcidiospore oi Puccinia poarum twelve hours after germination,

showing the circumnutation of the germ-tube, and the migration of the endo-

chrome to its growing end. X 475. C. B. P.

Fig. 7.—/Ecidiospore of Gymnosporangium clavariirfornie {Rtestelia lacerata),

with six germ-pores, from one of which a comparatively short germ-tube has

been protruded, which has become branched and full of endochrome from the

spore, at its peripheral extremity, x 475. C. B. P.

Fig. 8.—A basipetal series of eecidiospores of CJirysoniyxa rJiododcudri

showing the alternate abortive cells. X 600. De Bary.

Fig. 9.—^cidiospore-chain of RcesteUa caiiccUata, showing the undeveloped

mother-cells between the spores. X 300. De Bary.

Fig. 10.—yEcidiospores of Puccinia poarum (yEcidiuvi tussilagiiiis) ger-

minating upon the cuticle q{ Poa trivialis, and entering the stomata. X 475.

C. B. P.

Fig. II.—Part of a leaf of Vinca major, with the spermogonia and secidia

of Puccinia vincix. X 2. C. B. P.

Fig. 12.— Section of the same leaf, showing two of the pulvinate secidia.

X 10. C. B. P.

Fig. 13.—Section of a small recidium. X 475. C. B. P.

Fig. 14.—Two cccidiospores germinating. X 500. C. B. P.

Plate III.

Fig. I.—Sorus of the uredospores of Mclampsora farinosa, showing the

paraphyses. X 200. De Bary.

Figs. 2-4.—Uredospores of the same in different stages of development.

X 300. De Bary.

Fig. 5.—Uredospores and mycelium of Puccinia suavccdcjis treated witli

caustic potash, showing the development of the spores. X 300. De Bary.

Figs. 6-8.—Development of the teleutospores of Uromyccs falhc. X 300.

De Bary.

Fig. 9.—Uredospore of Puccinia graininis. X 475. C. B. P.

Fig. 10.—Two uredospores of the same in the initial stage of germination,

showing two germ-pores, x 475. C. B. P.

Fig. II.—Uredospore of the same after five hours and forty minutes'

immersion in water; it has emitted a germ-tube from each germ-pore. X 475.

C. B. P.

Fig. 12.—The same after twenty-three hours. One germ-tube has ceased

to grow and is, like the spore, empty ; the other, which is empty and septate
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below, contains all the orange endochrome, and, having grown to a considerable

length, has taken three circumnutatory turns. X 475. C. B. P,

l^'g- '3-—Another uredospore of the same, which, after twenty-six hours,

has become branched as well as having made several circumnutatory move-
ments. X 475. C. B. P.

Fig. 14.—Abnormal germination of one of the same uredospores (after

ninety hours), in which a spore of reserve has been produced at the upper end

of the germ-tube. X 475. C. B. P.

Fig. 15.—The germ-tubes of two uredospores of /V/c««?a! ^ra/;//;«j enter-

ing the stomata of a wheat plant. X 475. C. B. P.

Fig. 16.—Two hyaline paraphyses of the uredospores of Mclampsora cpitca.

X 200. C. B. P.

Fig. 17. --Two capitate hyaline paraphyses of the uredospores oi Piiccinia

anthoxanthi. x 300. C. B. P.

Pigs. 18-21.—Development of a teleutospore of /«(:(:/«/(? j^/awZ/z/j-. X 200.

De Bary.

Fig. 22.—Teleutospore of Gymnosporan^ium clavar{,rforme germinating.

It has protruded two promycelia, one from each segment near the septum.

The endochrome is passing from the spore into the promycelia, leaving the

apex of the spores empty. X 475. C. B. P.

Fig. 23.—The same further advanced. X 475. C. B. P.

Fig. 24.—Four promycelial spores of the same, three of which liave

germinated, and one has formed a spore of reserve. x 475. C. B. P.

Plate I\^

Fig. I.—Promycelial spores oi Piiccinia plialaridis piercing by their germ-

tubes the epidermal cells of Arum nuiculatum. X 475. C. B. P.

Fig. 2.—Teleutospore of 6''r^/«_)'r^j _/«/!'« germinating, x 200. C. B. P.

Fig. 3.—Teleutospore of Piuxiiiia coroimta germinating from both cells ;

both germ-canals are placed laterally. X 250. C. B. P.

Fig. 4.—Teleutospore of Piiccinia arunditiacea germinating. x 250.

C. B. P.

Fig. 5.—Teleutospore of PhragniidiiiDi ruhi, three cells of which have

germinated. X 300. C. B. P.

Fig. 6.—Teleutospore of Triphraginium ul/narice germinating, x 475.

C. B. P.

Fig. 7.—Teleutospore of Endophylluni euphorbice germinating ; two of the

promycelial spores have already emitted germ-tubes while still attached to the

promycelium. X 475. C. B. P.

Fig. 8.—Three teleutospores of Melampsora betulina, two of which have

germinated and are emptied of their endochrome. x 475. C. B. P.

Fig- 9-—Three teleutospores of Colcosporiuin senccionis, the upper compart-

ments of two of which have germinated and produced single promycelial

spores. X 300. C. B. P.

Fig. 10.—Germination of Chrysomyxa rJiododcndri. After De Bary.

Fig. II.— Gyiiinosporangiuin sabimc, thin-walled teleutospore germinating

(12 hours) ; t\yo germ-tubes have been emitted from each segment of the spore.

X 200. C. B. P.
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Fig. 12.—A tliick-wallcil teleutospore of ihe same. X 200. C. B. V.

Fig- 13-

—

Gymnosporangiitin confusum thick-walled teleutospore germi-

nating. X 200. C. B. P.

Fig. 14.—Thin-walled teleutospore of the same, germination rather further

advanced. X 200. C. B. P.

Figs. 15-17.—Three teleutospores of Puccinia amorpha:, showing the

gelatinous investment. x 400. C. B. P.

Plate V.

Fig. I.—Mycelial hypha of Ustilago scgctum from the base of the stem of

Aveiia elatior. X 500. C. B. P.

Fig. 2.—Mycelial hypha from the rachis of the same plant. x 500.

C. B. P.

Fig. 3.—Mycelial hypha of U. lougissima, the extremity of which has

become gelatinized. X 500. C. B. P.

Fig. 4.—Two gelatinized hyphce of the same, one of which {a) has become
nodose, and in it spore-formation has begun (from Glyceria aquatica). X 500.

C. B. P.

Fig. 5.—Gelatinized hypha of U. scgctum from Aveiia elatior. x 500.

C. B. P.

Fig. 6.—Mycelial hypha of Sorosporiitiu sapouarUr, which, after piercing a

cell-wall, has become suddenly changed into a spore-forming hypha. X 600.

Von Waldheim.

Fig. 7.—Gelatinized hypha of U. mayd/'s, showing the contents breaking up

for spore-formation, x 900. Von Waldheim.

Fig. 8.—A number of coalesced gelatinized hyphre of U. violacca in which

spore-formation is taking place, and the contour of the spores is distinctly

observable, x 900. Von Waldheim.

Fig- 9-—A gelatinized hypha of S. saponaricp, which is coiled upon itself

preparatory to the formation of a spore-ball. X 500. Von Waldheim.
Fig. 10.—A young spore-ball of S. saponarur, with the commencement of

four spores seen in section, surrounded by the coalesced gelatinized hyphre.

Treated with iodine. X 500. Von Waldheim.

Fig. II.—A larger spore-ball seen before the coalescence of the hypha?.

X 300. Von Waldheim.

Fig. 12.—Two spores from the interior of a spore-ball still attached to their

spore-forming hypha. X 800. Von Waldheim.

Fig. 13.—The terminal branches of a spore-forming hypha of Urocystis

r<7/ir/^?W becoming curved inwards, x 1000? Winter.

Fig. 14.—The same more advanced ; the external branches from which the

pseudospores are developed are embracing the young spore-ball. X 1000?
Winter.

Fig. 15.—Another view of the same, x 1000? Winter.

Plate VI.

Fig. I.—Two mycelial hyphie of Tiibcrcinia tricntalis with botryform

haustoria. X 520. Woronin,

Fig. 2.—The primary mycelium of Urocyslis occnlla growing across the
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interspace between the inner surface of the primary embryonic sheath and

the cuter surface of the embryo of a rye plant. x 375. \\'olff.

Fig. 3.—Promycelial spore of Tilktia IcEvis entering the primary sheath

of a wheat plant and invaginating a sheath of cellulose. x 600. Wolff.

Fig. 4.—Spore-forming hypha of Tillctia tritici from wheat, showing the

budding of the spores ; from an ovary i mm. long. X 900. Von Waldheim.

Fig. 5.—The extremity of a spore-forming hypha of the same, showing

two spores in different degrees of development. X 500. Von Waldheim.

Fig. 6.—Transparent single-contoured spore of the same, with shrivelled

remains of the spore-forming hypha. X 500. Von Waldheim.

Fig. 7.—Teleutospore of 7'. tritici germinating after forty-eight hours in

water. x 500. C. B. P.

Fig. 8.—The same more advanced, showing the H -shaped spores (primary

promycelial spores conjugated), two of which have already fallen away from

the promycelium. x 300. C. B. P.

Figs. 9, 10.—Primary promycelial spores conjugated, empty, and septate,

each pair of which has produced a secondary promycelial spore. x 300. C.

B. P.

Fig. II.—Two secondary promycelial spores conjugating. x 350. C.

B. P.

Fig. 12.—The same a little later. A germ-tube has been given off from one

of the spores, x 350. C. B. P.

Fig- 13.—A single unconjugated secondary promycelial spore giving off a

germ-tube, x 350. C. B. P.

I'ig. 14.—Mycelium from a single primary promycelial spore in nahrlosung

producing conidia. x ico. Reduced from Brefeld.

Fig. 15-—A small portion of the same more highly magnified. x 357.

After Brefeld.

Plate VII.

Fig. I.

—

Ustilago segetum. Teleutospore germinating in water after sixteen

and a half hours, x 500. C. B. P.

Fig. 2.—The same, with a secondary promycelial spore produced from a

primary while still attached to the promycelium. x 500. C. B. P.

Fig. 3.—A promycelium of the same forming a buckle joint. x 500.

C. B. P.

Fig. 4.—A promycelium of the same forming a bow joint, x 500. After

Brefeld,

Fig. 5.—Two promycelia conjugating. X 500. C. B. P.

Fig. 6.—A promycelium growing out into a germ-tube. X 500. After

Wolff.

Fig. 7.—Two promycelia given off from one teleutospore. X 500. C. B. P.

Fig. 8.—Yeast-spores produced from a promycelium in nahrlcisung (three

days). X 500. C. B. P.

Fig. 9 —A promycelium with a buckle joint and secondary promycelial

spores in exhausted nahrlbsung (twelve days). X 500. C. B. P.

Fig. 10.—A yeast-spore colony, produced from a single teleutospore.

X 500. Brefeld.

Fig. II.—Promycelial spores conjugating, x 500. C. 1!. P.

Y
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Fig. 12.—Promycelial spore emitting a germ-tube, x 500. C. B. P.

P"ig. 13.—Promycelial spore producing a secondary promycelial spore in

water. X 500. C. B. P.

Fig. 14.— Ustilago longissinia. Teleutospore just beginning to germinate.

X 500. C. B. P.

Fig. 15.—The same a little later, showing the septation of the promycelium

and the separation of the promycelial spore. X 500. C. B. P.

Fig. 16.—The same after two promycelial spores have been thrown off, and

a third is almost ready to be so. X 500. C. B. P.

Fig. 1 7 .— Ustilago kiilmcana. Teleutospore germinated, showing the promy-

celial spores in whorls on the promycelium. X 350. Brefeld.

Fig. 18.— Ustilago scabiosa: on Scabiosa arveusis, twelve hours after germi-

nation in water (September i, 1884). X 500. C. B. P.

Fig. 19.

—

Ustilago major on Silene otitcs, gathered near Paris, October,

1887 ;
germinated at the beginning of November. Twenty hours in water,

showing the promycelium, which has nearly attained its full development.

X 500. C. B. P.

Fig. 20.—The same at twenty-four hours, having become septate, x 500.

C. B. P.

Fig. 21.—Teleutospore with promycelium still attached (thirty-six hours),

which has produced a promycelial spore at its apex. This is quite an excep-

tional circumstance with this species. X 500. C. B. P.

Fig. 22.—Three promycelia which have fallen off the teleutospores (twenty

four hours), x 500. C. B. P.

Figs. 23-25.—Three promycelia which have produced promycelial spores

both terminally and laterally, after having fallen away from the teleutospores

(forty-eight hours), x 500. C. B. P.

Fig. 26, 27.—Spore-balls of Urocystis primulicola, germinating (August 31,

1884) after forty-eight hours in water. They have emitted promycelia, probably

from the central spores—but on this point I was unable to satisfy myself,—which

have given origin to promycelial spores, one of which (Fig. 27) has produced a

secondary promycelial spore. X 475. C. B. P.

Fig. 28.—Two promycelial spores conjugating, after fifty hours in water,

x 500. C. B. P.

Fig. 29.—Two promycelial spores which have become vacuolate and

septate, after two hundred and sixty-four hours in water. X 500. C. B. P.

Fig. 30.—Promycelial spore emitting a germ-tube, after one hundred and

sixty-eight hours in water, x 500. C. B. P.

!*'£• 31-— Urocystis anemones. Teleutospore germinating in water, Novem-

ber 25, 1884. X 475. C. B. P.

Fig. 32.—Two promycelial spores of the same conjugating. x 500.

C. B. P.

Fig. 33.—Two promycelial spores of the same which have become vacuo-

late and septate, x 500. C. B. P.

Fig. 34.—Spore-ball of Urocystis Jischeri, one teleutospore of which has

germinated. X 500. C. B. P.

Fig. 35.—Three promycelial spores of the same. X 500. C. B. P.
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Plate VIII.

Fig. I.— Tubcrcinia tricntalis conidiophores growing outwards l)etween the

epidermal cells and producing conidia. x 320. Woronin.

Fi^. 2.—Two conidia of the same germinating. X 320. Woronin.

Fig. 3.—Conidium of the same forcing its germ-tube between two epidermal

cellsof the host-plant. X 520. Woronin.

Fig. 4.

—

Doassansia alisiiiatis. Section of a leaf of Alisnia plantago, show-

ing a receptacle of /). alismatis. X 20. After Cornu.

Fig. 5.—Teleutospore of the same germinating, showing the septum in the

promycelium, and apical cluster of promycelial spores. X 500. Cornu.

Fig. 6.— Graphiola pha-iiicis. Three spores germinating, a has just emitted

its germ-tube ; in b and c the germ-tubes have become promycelia, and arc each

]iroducing a single promycelial spore. X 600. Fischer.

Fig. 7.—Promycelial spore of the above which has from one end emitted a

germ-tube, and has become septate and empty. X 600. Fischer.

Fig. 8.—Spore of the same which has produced a well-developed germ-

tube. X 600. Fischer.

Fig. 9.— Tjibercidina persicina. Ripe spore just beginning to germinate in a

weak saccharine solution. x 420. Gobi.

Fig. 10.—The same further advanced, and developing a promycelial spore

at its distal extremity. X 420. Gobi.

Y\a. II.—Apex of promycelium just before the promycelial spore is

abstricted. X 420. Gobi.

Fig. 12.—The extremity of a branched mycelial hypha producing spores

from the surface of ripe sclerotium. X 420. Gobi.

Fig. 13.— Three promycelial spores of various sizes. X 420. Gobi.

Fig. 14.

—

Protomyces macrosponis. Mycelial hypha with intercalated spore.

X 700. De Bary.

Fig. It;-i8.—The same in, various stages of maturity and germination.

X 200. De Bary.

Fig. 19.—The escaped spores. X 200. De Bary.

Fig. 20.—The same conjugating. x 300. De Bary.





INDEX OF HOST-PLANTS.

UREDINE/E.

Abies amabilis, 271

cephalonica, 27

1

nordmanniana, 271

pectinata, 271

Achillea millefolium, 216

Adiantum capillus-veneris, 256

Adoxa moschatellina, 153, 208

^Egopodium podagraria, 202

.•Ethusa cynapium, 184

Agrimonia cupatoria, 255

Agrostis alba, 163

Aira csespitosa, 192

Alchemilla vulgaris, 137

Allium cepa, 148

oleraceum, 261

schcenoprasum, 148

ursinum, 166, 261

vineale, 261

Alopecurus pratensis, 163, 180

Althaea rosea, 212

Anchusa arvensis, 168

Anemone coronaria, 269

nemorosa, 205, 269

ranunculoides, 269

Anthoxanthum odoratum, 194

Anlhriscus sylvestris, 156

Anthyllis vulneraria, 135

Apium graveolens, 156

Aquilegia vulgaris, 263

Arctium lappa, 185

Armeria vulgaris, 123

Artemisia absinthium, 189

maritima, 189

Arum maculatum, 166

triphyllum, 266

Asarum europajum, 203

Asparagus officinalis, 144

Asperula odorata, 144

Aster tripolium, 182, 215

Avena elatior, 163, 164, 168, 181

sativa, 163, 164, 168

Barbarea praecox, 265

Bartsia odontites, 252

Bellis perennis, 175

Berberis vulgaris, 163

Beta maritima, 127

vulgaris, 127

Betonica officinalis, 200

Betula alba, 244
Blechnum spicant, 256

Brachypodium pinnatum, 192

sylvaticum, 192

Bromus mollis, 168

Bunium flexuosum, 206, 270

Bupleurum tenuissimum, 154

Buxus sempervirens, 217

Cacalia hastata, 251

Calamintha clinopodium, 158

Caltha palustris, 146

Campanula rapunculus, 200

rotundifolia, 200, 252

trachelium, 252

Carduus arvensis, 183

crispus, 185, 2i6
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Carduus heterophyllus, 204

lanceolatus, 185, 216

palustris, 173, 185

Carex arenaria, 171, 172

binervis, 170

brizoides, 172

davalliana, 173

dioica, 173

divulsa, 172

ericetorum, 172

extensa, 182

flava, 172

fulva, 174

hirta, 170

leporina, 172

pallescens, 172

paludosa, 170

paiiicea, 172, 174

pilulifera, 172

prsecox, 172

remota, 172

rigida, 172

riparia, 170

stricta, 174

vulgaris, 174

Carlina vulgaris, 185

Centaurea cyanus, 183

nigra, 171, 186

Cerastium arvense, 248

Chrysosplenium alternifolium. 211

oppositifolium, 211

Cichorium iiitybus, 185

Circsea intermedia, 245

lutetiana, 214, 245

Clematis vitalba, 265

Conium maculatum, 184

Conopodium denudatum, 206, 270

Convallaria majalis, 265

Convolvulus sepium, 146

Cotyledon umbilicus, 205

Crataegus oxyacantha, 232, 234

Crepis paludosa, 150

virens, 185

Cystopteris fragilis, 256

Dactylis glomerata, 130, 163, 164

Dianthus barbatus, 210

Echium vulgare, 168

Empetrum nigrum, 253

Epilobium augustifolium, 245
hirsutum, 152

montanum, 152

palustre, 202, 245

tetragonum, 152

Ervum hirsutum, 140

Euonymus europajus, 260

Euphorbia amygdaloides, 229

cyparissias, 133

exigua, 237, 270

helioscopia, 237

peplus, 237

sp. (?), 134

Euphrasia officinalis, 252

Faba vulgaris, 120

Festuca gigantea, 163

sylvatica, 164

Gagealutea, 142

Galium aparine, 144

cruciata, 144, 212

mollugo, 144

palustre, 144

saxatile, 212

uliginosum, 144

verum, 144

Gentiana acaulis, 147

Geranium dissectum, 126

molle, 126

pratense, 126

sylvaticum, 126

Glaux maritima, 268

Glechoma hederacea, 286

Heracleum sphondylium, 156

Hieracium boreale, 185

corymbosum, 185

murorum, 1S5

pilosella, 185

vulgatum, 185

Holcus lanatus, 16S

mollis, 164, 168

Hordeum vulgare, 168

Hydrocotyle vulgaris, 195

Hypericum androsaemum, 243

perforatum, 243

pulchrum', 243
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Impaticns noli-me-tangero, 194

Inula dysenterica, 133

Iris caucasica, 257

decora, 257
ensata, 257
lilifolia, 257

flavissima, 257
foetidissima, 190

iberica, 257

kingii, 257
pseudacorus, I go

pumila, 257

spuria, 257

tolmieana, 257

J uncus obtusiflorus, 133

Juniperus communis, 234, 235

sabina, 231, 232

Koeleria cristata, 203

Lactuca muralis, 149

Lapsana communis, 150

Lathyrus macrorrhizus, 121

pratensis, 120

Linum catharticum, 237

Listera ovata, 262

Lolium perenne, 164

Lonicera periclymenum, 264

Luzula campestris, 175, 191

maxima, 191

pilosa, 191

Lychnis diurna, 197

Mahonia ilicifolia, 163

Malva moschata, 212

rotundifolia, 212

sylvestris, 212

Melampyrum arvense, 252

Mentha arvensis, 158

hirsuta, 158

rotundifolia, 158

sylvestris, 158

viridis, 158

Mercurialis perennis, 261

Mespilus germanica, 232

grandifolia, 232

Moehringia trinervia, 210

Molinia coerulea, 1 79

Myrrhis odorata, 156

Orchis latifolia, 179, 262

maculata, 262

Origanum vulgare, 158

Orobus tuberosus, 121

Ornithogalum umbellatum, 197

Oxyria reniformis, 195

Parnassia palustris, 129

Pedicularis palustris, 174

Petasites officinalis, 251

Petroselinum sativum, 184

Phalaris arundinacea, 166

Phaseolus vulgaris, 121

Phillyrea media, 258, 268

Phragmites communis, 1 76-1 78

Pimpinella saxifraga, 156

Pinus abies, 267

austriaca, 249
larix, 262

picea, 271

sylvestris, 249

Pisum sativum, 120, 133

Plantago lanceolata, 259

Poa annua, 132, 169

nemoralis, 169

pratensis, 132, 169

trivialis, 132, 169

Poeonia officinalis, 254

Polygonum amphibium, 188

aviculare, 142

convolvulus, 1 88

lapathifolium, 188

viviparum, 192

Polypodium dryopteris, 256

Populus alba, 242

balsamifera, 243

italica, 243

nigra, 243

tremula, 241

Potentilla argentea, 222

fragariastrum, 221

tormenlilla, 223

Poterium san^^uisorba, 221, 26S

Primula fachinii, 154

vulgaris, 159

Prunella vulgaris, 215, 264

Prunus domestica, 193
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Prunus padus, 246

spinosa, 193

Pyrola minor, 247
rotundtfolia, 247, 253

Pyrus aucuparia, 235
communis, 231, 234
vulgaris, 232

Quercus pedunculata, 257

Ranunculus acris, iSo

bulbosus, 130, 132, 17S

hcaria, 132, 141

lingua, 266

repens, 132, 178

Rhamnus catharticus, 164, 193
frangula, 164

Rheum officinale, 176

Rhinanthus crista-galli, 252
Ribes grossularia, 263

Rosa alpina, 226

canina, 225

centifolia, 225

Rubus caesius, 224

fruticosus, 223, 224, 257
idffius, 227

saxatilis, 224

Rumex acetosa, 136, 177

conglomeratus, 136, 176

crispus, 136, 176

hydrolapathum, 136, 176

obtusifolius, 136, 176

Sagina nodosa, 210

procumbens, 210

Sagittaria sagittifolia, 267

Salicornia herbacea, 130
Salix aurita, 238

caprea, 238

cinerea, 238

fragilis, 240

pentandra, 249

purpurea, 240

reticulata, 238

triandra, 240

viminalis, 239, 240
vitellina, 240

Sanguisorba officinalis, 228

Sanicula europrea, 160

Saxifraga granulata, 208, 260
stellaris, 208

Scabiosa succisa, 185

Scilla bifolia, 142

nutans, 142

Scolopendrium vulgare, 256
Scirpus lacustris, 191

Scrophularia nodosa, 139
Secale cereale, 163, 16S

Sedum rhodiola, 207

Sempervivum tectorum, 230
Senecio aquaticus, 209

jacobaea, 172, 209, 249
sylvaticus, 249
viscosus, 249
vulgaris, 249

Silaus pratensis, 184
Silene inflata, 138, 147

maritima, 13S

Smyrnium olusatrum, 199
Soldanella alpina, 160

Solidago virgaurea, 204
Sonchus arvensis, 196, 251, 266

oleraceus, 251
Spergula arvensis, 210

Spergularia rubra, 136

Spiranthes sp. , 259
Spiraea filipendula, 210

ulmaria, 219
Statice limonium, 123

Stellaria graminea, 248
holostea, 210

media, 210

uliginosa, 210

Symphytum officinale, 255

Tanacetum vulgare, 189
Taraxacum officinale, 151, 172, 187
Teucrium scorodonia, 218

Thalictrum flavum, iSi, 206
minus, 181, 206

Thesium humifusum, 145
Thymus serpyllum, 201

Tragopogon pratensis, 198
Trifolium pratense, 125

repens, 125

Triticum repens, 163, 168, iSi

sativum, 168

vulgare, 163, 168
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TropKolum aduncum, 259

Tussilago faifara, 251

Uitica dioica, 142, 170

Vaccinium myrtillus, 247

Valeriana dioica, 12S

officinalis, 128, 22S

Veronica alpina, 211

montana, 211

sp., 214

Vicia cracca, 120

faba, 120

Vicia hirsuta, 140

sativa, 120

sepium, 125

Vinca major, 161

Viola canina, 153

cornuta, 158

.hirta, 153

lutea, var. amoena, 158

odorata, 153

palustris, 207

sylvatica, 153

tricolor, 153

USTILAGINE.'E AND ALLIED SPECIES.

.-Ecidium asperifolii, 299
tussilaginis, 299

^Egopodium podagraria, 300

Agrostis vulgaris, 284

Aira crespitosa, 275

Alisma plantago, 295

Anemone nemorosa, 288

Angelica sylvestris, 300

Anthriscus sylvestris, 300

Aram maculatum, 301

Avena elatior, 274, 286

sativa, 274

Bromus erectus, 273
mollis, 278

secalinus, 278

Calendula officinalis, 292

Carduus acanthoides, 2S2

heterophyllus, 296

Carex acuta, 286

dioica, 276

glauca, 276

hirta, 276

panicea, 276

pra?cox, 276

pseudocyperus, 276

recurva, 276

riparia, 277

stellulata, 276

Carex vulgaris, 276
Chrysosplenium oppositifolium,

Colchicum autumnale, 287

Comarum palustre, 301

Convolvulus sepium, 296

soldanella, 296

Dactylis glomerata, 285

Dianthus deltoides, 297

Elymus arenarius, 273

Galium verum, 293

Gladiolus communis, 287

Glyceria aquatica, 273, 275

fluitans, 273

Helosciadium nodiflorum, 300

Heracleum sphondylium, 300

Hieracium vulgatum, 292

murorum, 292

Holcus lanatus, 2S5

Hordeum distichum, 274

hexastichum, 274
vulgare, 274

Juncus liufonius, 299
lamprocarpus, 299
squarrosus, 299

uliginosus, 299

291
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Linaria spuria, 276

Lychnis diurna, 281

flos-cuculi, 281

vespertina, 2S1

Matricaria inodora, 291

Menyanthes trifoliata, 301

Myosotis arvensis, 290

ccespitosa, 290

palustris, 290

(Unanthe crocata, 300

Oxyria reniformis, 279

Papaver rhseas, 290

Phoenix dactylifera, 29S

Phragmites communis, 275

Poa annua, 300

Polygonum bistorta, 277

convolvulus, 280

hydropiper, 280, 283

lapathifolium, 280

persicaria, 280

Primula farinosa, 289

vulgaris, 289

Psamma arenaria, 273

Ranunculus acris, 292

bulbosus, 288

ficaria, 291

repens, 288, 292

sceleratus, 291

Rhyncospora alba, 276

Roestelia lacerata, 299

Rumex acetosa, 281

acetosella, 281

sp. (?), 277

Sagittaria sagittifolia, 295

Scabiosa arvensis, 279

columbaria, 279

succisa, 279

Scirpus parvulus, 275

Secale cereale, 285

Silene inflata, 280

maritima, 280

nutans, 280

otites, 281

Solanum tuberosum, 294

Stellaria graminea, 28

1

holostea, 281

Taraxacum officinale, 301

Thalictrum minus, 287

,, var. maritimum, 2S7

Tragopogon pratensis, 282

Trientalis europaa, 293

Triticum junceum, 273

repens, 273, 285, 286

vulgare. 274, 284

Viola odorata, 289

sylvatica, 289

Zea mays, 278



BIOLOGICAL INDEX.

Aberdeen, 172

Abstriction of promycelial spores, 43

/Ecidia used as food, 7

yEcidiolum exanthematicuni, i5

/Ecidiomycetes, 17

^-^{cidiospore, 21

circumnutation of, 26

development of, 21

duration of vitality, 26

entrance into host-plant, 25

germination of, 25

germ-pores, 25

mother-cell of, 24

pseudoperidial cells of, 24

/Ecidium albescens, 15 ,

allii, 165

ari, 166, 167

asperifolii, 25, 167

asteris, 1S2

barbareoe, 265

bellidis, 175

berberidis, 55, 163

bunii, 206, 270

cirsii, 173

clematidis, 243, 265

compositarum, 169, 171, 172, 175

crassum, 164

cyparissiiv, 133

ficarioc, 131

grevillei, 173, icS7

grossularise, 264

jacobeese, 171

leucospermum, 19, 205, 269

magelhrenicum, 163

orchidearum, 179

•Ecidium ornamentale, 25

pedicularis, 174

periclymeni, 264

pini, 13

pseudo-columnare, 271

punctatum, 269

ranunculacearum, 130, 131, 178, 180,

181

rubelluni, 176, 177

rumicis, 176, 177

taraxaci, 172

thalictri-flavi, iSi

tragopogonis, 13, 25

tussilaginis, 167

urtica;, 170

,, var. himalayense, 4

zonale, 132

Agaricini, spore diffusion of, 32

Agrostis pumila, 284

vulgaris, 284

Aira CKspitosa, 192

Ajuga reptans, 158

Algeria, 213

Allium oleraceum, 261

ursinum, 166, 167, 243

Alsine media, 210

Amelanchier vulgaris, 236

Anchusa arvensis, 169

Anthoxanthin, 31

Arthur, Mr. C. J., 34

Artificial infection of plants, 1 14

method of, 115

with ;ecidiospores, II5

with teleutospores, 1 1

1

Arum maculatum, 166
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Ascomycetes, 17

Aster tripolium, 216

Athens, 213

Avena elatior, iSi

sativa, 164

Bachmann, E., 31

Badger, Mr., 230
Banks, Sir Joseph, 52
Barberry, 47

,, Law of Massachusetts, 47, 302
Basidia, 24, 31

Basipetal spore-formation, 40
Bavaria, 213

Beltrani-Pisani, 213
Berberis glauca, 163

vulgaris, 163

Berkeley, Rev. M, J., 72
Biology of the Uredinese, i

Birks, Mr. T., iSi

Board of Agriculture, 5

1

Bonorden, H. F., 72

Bordeaux, 213

Brachypuccinia, 1S2

Brefeld, O., 17, ]i, 74, 80

Brefeld's nahrlosung, 17

Cteoma alliorum, 243, 261

euonymi, 238

laricis, 241, 262

mercurialis, 241, 242, 261

orchidis, 244, 262

pingue, 10

pinitorquum, 241, 261

ribesii, 10, 239
Cseomata, 236

spermogonia of, 18

Carduus arvensis, 173

lanceoJatus, 173

palustris, 173

Carex muricata, 171

vulgaris, 174

Centaurea alpina, 217

cyanus, 1S3

jacea, 171

nigra, 187

Chichester, 213

Chili, 213

Chlorophyll, action of mycelium on, 7

Chrysomyxa, aecidiospores of, 22

albida, 257

germination of, 45
rhododendri, 42

teleutospores of, 42
Cirsium oleraceum, 173

Clematis vitalba, 242, 243
Clinode, 28, 36
Colchicum autumnale, 60

Coleosporium, germination of, 45
senecionis, 35, 246

sonchi, 251

uredospores of, 42
Collema, 17

Control plants, 117

Cooke, Dr. M. C, 74
Cornu, Dr. Max., 79, 250

Coryneum, 161

Dactylis glomerata, 164
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Denmark, 213
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Duplicated cultures, 117
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Durieu, M., 213

Dusseldorf, 213

Endochrome, 23

Endophyllum euphorbia;, 229

germination of, 45
sempervivi, 17, 230

Entorrhiza cypericola, 298

Entrance of germ-tubes, no
Entyloma microsporum, 292

ranunculi, 91

Epilobium hirsutum, 152

Erlangen, 213

Ervum hirsutum, 140

Euonymus europasus, 238

Euphorbia cyparissias, 57, 134
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Festuca sylvatica, 164

Finland, 213

Flibbertigibbett, 47
Fontana, F., 47
Foster, Dr. M. , 258
Fruchttrager, 78

Fiickel, L., 56

Galium aparine, 18, 144
Geminella, 68

Germination of
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Chrysomyxa, 45
Coleosporium, 45
Cronartium, 45
Doassansia, 92
Endophyllum, 45
Entyloma, 90, 91, 92
Melampsora, 45
Melanoteenium, 95.

Sorosporium, 85

Sphacelotheca, 85

teleutospores, 42
Thecaphora, 86
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,, in nahrlosung, 89

Tubercinia, 96
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Uredine spores, 105

uredospores, 33
Urocystis anemones, 94

,, fischeri, 93

,, occulta, 93

,, primulicola, 95
,, violce, 94

Ustilago antherarum, 78
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,, ficuum, 85

„ flosculorum, 78, 79
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,, longissima, 81
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Germination of
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