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ROYAL BOTANIC GARDENS, KEW.

BULLETIN
MISCELLANEOUS INFORMATION.
No. 4] [1918

X.—THE MICROCONIDIA OF BOTRYTIS CINEREA.

StubpiEs FrRoM THE PaTHOLOGICAL LaBoraTORY VII.
Wirriam B. BrierrEey.

Introduction.—In 1887 Lindner* cobserved that the cell con-
tents in old hyphae of Botrytis cinerea occasionally contracted
away from the cell wall, and subsequently developed either into
the adjoining cells or into the surrounding medium, giving rise
to flask-shaped sterigmata bearing a chain of minute conidia at
their tips. An excellent delineation of this microsporogeny is
given in figure 13 of plate vii. of his work.

Klocker and Schonningt also briefly noted the existence of
‘“ spermaties,” and considered them to be an abnormal spore form.

In 19038 Lorrain Smith} described a disease of the gooseberry
caused by Botrytis cinerea, and remarked that ““in the test-tube
culture the gelatine was liquefied near the surface. The liquid
was filled with spores that had become yeast cells, and were bud-
ding out in great numbers.”

The same year Beauverie and Guilliermond§ published a
detailed account of the cytology of the mycelium of Botrytis
cinerea. They observed the formation of ‘‘ sporidies’’ when the
fungus was grown in bouillon, peptone, and distilled water.
Figures of the microconidia are given, and their formation and
structure described as follows:—‘‘ These sporidia contain, almost
from the first, a large vacuole which nearly fills them, and in
which are a large number of metachromatic granules. Glycogen
is equally abundant. The cytoplasm forms a delicate parietal
layer; the nuclei are difficult to distinguish, lying in the peri-
pheral cytoplasm and appearin%] as small homogeneous masses.
The portion of the filament which gives rise to the sporidia con-
tains an accumulation of metachromatic granules, some of which
enter the sporidia through their mother cells. The nuclei are
difficult to distinguish during the formation of the sporidia, but

# Lindner, P.: Ber. d. deut. bot. Gesell. v, 1887.

+ Klocker, A., et Schonning, H.: Compt. Rend. du Lab. de Carlsberg. v.
1900.

1 Lorrain Smith, A.: Journ. Bot. xli. 1903. B

§ Beauverie, J. et Guilliermond, A.: Centr. f. Bakt. ii. x. 1903.
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it would ai)pear that only one exists in each sterigma ; each of the
sporidia also contains a single nucleus, this resulting from the
divisiqn of the nucleus in t%e sterigma; the formation of the
sporidia appears, therefore, to be identical with that of the
conidia of Penicillium glaucum described by Dangeard and
Guéguen. The mature sporidia each contain a single nucleus,
situated at the periphery, and a vacuole occupying the greater
part of their volume; one or two metachromatic granules are also
to be observed in the peripheral layer of cytoplasm.

“In this medium (distilled water) the osmotic pressure of
which is very feeble, many curious morphological phenomena are
produced. In many of the filaments the protoplasm contracts to
the interior in a chain-like manner, and rapidly forms about
itself a new membrane. Often these internal filaments produee
sporidia, and then show the most curious and bizarre forms.”

In 1905 appeared the voluminous work on Botrytis cinerea by
Istvanfi®. Microsporogeny only occurred when the fungus was
grown in glycerine, and the following characteristic forms were
exhibited :—(a) a form showing resemblance to a promycelium
(type Sclerotinia); (b) small groups on the sterigmata in the
shape of a sickle (faucille); (c) large masses of the type gamo-
cladocephalo-merizosporica; (d) little chains at the tips of fila-
ments.

All the foregoing authors regarded this type of spore production
as a very rare and abnormal or bizarre occurrence, and in no case
was the germination of the microconidia observed.

In 1908 Brookst published his ‘‘ Observations on the Biology
of Botrytis cinerea,”” and found that microconidial formation
occurred when the fungus was cultivated upon bouillon with 10
per cent. gelatine. He states that in this medium ‘““the growth
was comparatively feeble, and during the first three generations
only conidiophores bearing microconidia were borne. . . . In the
fourth generation of the fungus upon the bouillon medium the
growth was more luxuriant and the normal conidiophores were
produced. It is not known whether this change in the mode of
reproduction was dependent upon some alteration in the condi-
tions of experiment, such as accounts for the different modes of
reproduction in some algae, as Klebs has shown. If this were the
case the alteration must have been a slight one, for the cultures
were kept in a room where the obvious physical factors controlling
the growth were the same. It may be that the fungus, having
become accustomed during three previous generations to the
bouillon medium, was sufficiently invigorated to produce again

the normal type of conidiophore.”

# Istvanffi, Gy. de,: Anns. de I'Tnst. Centr. Ampel. Roy. Hongr. iii. 1905.
It should be noted that throughout the whole of his work Istya.nﬁi regarded
Botrytis cinerea as identical with Selerotinia, Fuckeliana. Tu view of the very
general acceptance of this author's investigations, it cannot be too often
emphasised that there is no good evidence to show that these two fungi are
other than discrete species, without genetic relationship, and belonging to
widely separated groups. See Lind, J. .—Danish Fungi in the Herbarium of
E. Rostrop, Copenhagen, 1913; Pethybridge, G. H.—Journ. Dept. Agr.
Ireland, xi. No. 3, 1911; xvi. No. 4, 1916; Smith, R. E.—Bot. Gaz. xxix. 1900.

+ Brooks, F. T.: Ann. Bot. xxii. 1908.
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In 1902 Farneti * published a remarkable account of the poly-
morphism of a new species of Botrytis attacking Salvia Hor-
minsum, L. His results may be summarised as follows:—The
fungus, which the author designates Botrytis hormini, gives rise

(i.) a sterile mycelium multiplying by fragmentation and
producing the forms ii. v,, vi., and vii,

(ii.) the type Polyactis which reproduces by conidia.

(iii.) the type Cristularia with microconidia, which never
reproduce the Cristularia form, but the type ii, (Poly-
actis), and the type vii. (Gamocladocephalo-merizo-

. sponoa%. )

iv.) the sclerotia.

v.) a form with conidia of the type Macrosporium, which
produce similar spores or those of the type vi.
(Alternaria).

(vi.) a conidial form of the type Alternaria which gives rise
to similar spores.

(vii.) an abnormal conidial type Gamocladocephalo-merizo-
sporica having two kinds of microconidia. The first
correspond to those of the form ii. (Polyactis) and give
rise either to a similar type (Polyactis), or to the form
vii. (abnormal). The second of the type iii. (Cristu-
laria) reproduce a similar type iii. (Cristularia) or the
type 1i. (Polyactis).

It is very unfortunate that practically all experimental details
are omitted from this account.

This polymorphism is so extreme and of so unusual an order
that until some degree of confirmation is forthcoming the author’s
interpretation of his results must be accepted with much reserve.
An examination of the many figures accompanying the memoire
makes it appear very probable that tylpes i. (fragmenting sterile
mycelium 11. (Polyactis), iii. (Cristularia), iv. (Sclerotia), vii.
(Gamocladocephalo-merizosporica), were various phases of the
common fungus Botrytis cinerea; whilst v. and vi., the Macros-
poriwm-Alternaria types, were merely different growth phases of
the common contaminating fungus Macrosporium sp. The latter
supposition receives strong confirmation from the fact that on de-
veloFment these spores never gave the Botrgtis type, but only, as
would be expected, further generations of themselves. If the
above hypothesis be correct, Farneti would thus have observed
not only the process of microsporogeny in Botrytis cinerea, but
the germination of these minute spores, this being accurately
represented in plate xx. of his work.

Perhaps no single fungus has been so thoroughly investigated
by so many competent observers as Botrytis cinerea, or is the
centre of such an extensive literature; and yet only in the six or
probably seven cases already noted has a process of micro-
sporogeny been observed. In the past contaminating fungi have
frequently been confused with the real fungus under investiga-
tion, and in the present case this admittedly rare, abnormal, or

* Farneti, R.: Atti. del. R. Ist. Bot. d'Univ. di Pavia, vii, 1902.
A2
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bizarre type of fructification bears a striking resemblance both in
manner of growth and size and shape of spore to the ubiquitous
contaminating fungus Penicillium sp. In consequence, there is
among mycologists a very general scepticism as to the reality of
any genetic relationship between the microsporogenating
mycelium and Botrytis cinerea. Even if the evidence of such
relationship be admitted, the microconidia are merely regarded
as a bizarre form without morphological status, and are un-
recognised in systematic treatises on the fungi.

‘Whilst carrying out an extensive series of pure culture experi-
ments with this fungus, the formation of microconidia wasnoted
and the opportunity was taken to attempt a decisive settlement
of the question of the true status of these spores.

The process of microsporogeny was first observed in a culture
six weeks old of a strain of the fungus derived from onion leaves
and growing upon potato agar. The presence of an abundant
development of a penicillioid type of conidiophore giving rise to
immense numbers of minute spores was regarded as a contami-
nation, and the culture was rejected. Three other cultures of
the same strain made at the same time, one on a similar medium,
and two on potato gelatine were then examined, and found to
contain a like contamination in equal abundance. This led to a
more careful examination, which revealed the fact that the peni-
cillioid growth was in organic connection with the Botrytis
mycelium. It was at first suspected that the former was develop-
ing parasitically upon the latter, as in the case of Cicinnobolus
upon the mycelium of Erysiphe,* or certain Penicillia upon the
fungus Mucor,t but a detailed investigation proved conclusively
that the formation of minute conidia is a true developmental
stage of the fungus Botrytis cinerea. Examination of numerous
cultures and diseased host plants showed that this stage is not the
rare and bizarre occurrence hitherto supposed, but an exceedingly
common and probably integral stage in the life history of the
fungus Botrytis cinerea. A few observations have been made upon
the genesis and development of these microconidia and the possible
factors controlling their production, and in the complete absence
of information concerning the process of microsporogeny in this
fungus, these have been considered of sufficient interest to merit
a brief presentation.

ForMmATION OF MICROCONIDIA.

The microconidia may originate either from the vegetative
mycelium, from the cells of the conidiophores, or directly by the
germination of the conidia. The latter as the simplest case will

be described first.

Microconidia arising from normal Polyactis conidia.—Conidia
pormal in size and appearance germinate by the protusion at one
or more points on their surface of a small and delicate germ tube.
From its initiation this differs from a normal germ tube in being

* See De Bary in De Bary. A. and Woronin, M.: Beitrige zur Morphologie
und Physiologie der Pilze, 1870.
+ Brefeld, O.: Untersuchungen ii. 1874.
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vacuolate. When a length of 10-15 u has been attained linear
growth usually ceases, a septum may or may not be formed.
separating the s;;]ore from the hypha, and the latter assumes a
bottle or phial shape and functions as a sterigma. The tip of
this structure becomes swollen, and finally is cut off as a separate
spore (Pl. v. fig. 1), the first of many which later may form long
chains or irregular clusters. This type of spore germination bears
a striking resemblance to that of the brand spores of species of
Geminella as described and figured by Brefeld.* The result of
germination, however, is often more complex than this, two or
more sterigmata arising from a hypha of variable length. PIl. v.
fig. 3 shows such a case, the development of which was followed
under the microscope. At 7.20 p.m. a short two-celled hypha
was in evidence. An hour later the terminal sterigma had almost
formed a spore, whilst a second sterigma was arising from the
basal cell. By 10 p.m. two spores had been formed by the
terminal sterigma which was also giving rise to a new lateral
sterigma, and the sterigma from the basal cell had almost com-
pleted the formation of a spore. A still more complex form of
direct germination is seen in Pl. v. fig. 4, and this may reach at
times an extraordinary degree of complexity (Pl. v. fig. 6).
Superficially such forms as the latter appear simply as compact
masses of spores, and it is only when these are removed that the
real morphological structure can be seen. Undoubtedly the
Gamocladocephalo-merizosporica form of Farneti, as probably
also the Cristularia form, are merely growths of this character.
Occasionally the sterigmata are borne at the extremity of a
hypha of some considerable length.—(Pl. v. fig. ). The latter is
slender but possesses a swollen end cell from which arise the
sterigmata. Not infrequently a spore germinates, giving rise to
a rather slender and sparsely branched mycelium of very limited
growth. On these hyphae sterigmata are produced copiously in
clusters or singly in terminal and lateral positions. If a frag-
ment of mycelium bearing microconidia be examined in water,
the liberated spores tend to aggregate around the large conidia,
simulating very closely the active budding of yeast cells. It is
probable that the budding of spores described by Lorrain Smith
(loc. cit.) was of this nature, for true budding in the absence of
a definite sterigmata has neither been noted by other observers
nor found during my own work.

The origin of Microconidia from the conidiophores.—The for-
mation of microconidia from the conidiophores presents many
features of interest. The spore-bearing hyphae of Botrytis are
crgans of strictly limited growth and highly specialised char-
acter. The lower portion 1s structurally different and behaves
differently from the upper region, and it will conduce to clear-
ness if these are treated separately.

Upper region.—The cells of the upper region are thin walled
and densely filled with usually homogeneous or finely granular

# Brefeld, O.: Untersuchungen ix. 1891 ; xv, 1912.
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protoplasm which by virtue of its sporogenating function is in a
vigorous and plastic condition.

hen microconidial formation occurs the spore-bearing branch-
lets of the conidiophore often proliferate, giving rise to long
slender hyphae which either terminate in slightly swollen cells
from which arise the sterigmata (Pl. v. fig. 8), or more rarely
pass directly into a single sterigma. Not infre%uently these
hyphae are themselves branched, so that a freely ramifying
gystem is formed, producing an immense number of spores.
Single or branched sterigmata often arise laterally on these
hyphae.
y%‘requently the sporogenous branches of the conidiophore do
not proliferate, but slender hyphae develop from immediately
below them, and these originate the microconidia as already
described.

Lower region.—The coloured lower region of the conidiophore
consists of thick-walled and mechanically rigid cells containing
large vacuoles and very little protoplasm, the latter being dis-
posed as a thin parietal layer. These specialised cells have not
the plasticity possessed by those of the upper region and have
rever been observed to grow out directly into a hyphal system.
Microconidial formation may occur in one of two ways. The
contents of a cell may pierce the cell wall and give rise on the
outside of the hypha to a short but more or less branched strue-
ture closely resembling that derived from conidial germination
and occasionally reaching a similar degree of complexity (Pl. v.
fig. 7). More often, however, one cell of the conidiophore grows
into 1ts adjacent cell and there produces microconidia (Pl. v.
figs. 9 and 10). Not infrequently several old cells are traversed
by the sporogenating hypha before the principal formation of
spores occurs, and often the containing cells are ultimately so
completely filled by the microconidia that they resemble mature
phycomycetous sporangia. The, cells of the conidiophore from
which the new growths originate, always contain an abundance
of vacuolate protoplasm and appear to undergo previously a pro-
cess of rejuvenescence. Frequently as noted by Lindner and
Beauverie and Guilliermond the contents contract away from the
walls and surround themselves with a new membrane, in which
case they may be regarded as ‘‘ aplanospores ’’ which on germina-
tion give rise to microconidia. Often this contraction does not
occur, but in all cases there is an apparent renewal of vigour
and a marked increase in the quantity of cell content.

Microconidiaarising from the vegetative mycelium.—Any por-
tion of the vegetative mycelium may give rise to sterigmata borne
either directly, or on special hyphae of a greater or less degree of
complexity. Not infrequently this is preceded by a process of
rejuvenescence, and the formation of a new membrane about the
cell contents, but usually the cell contents simply grow out as in
the formation of a lateral branch. The sterigmata may be formed
at the swollen tip of a slender branch of varying length, or may
occur in little clusters along the parent hypha, or as single sterig-
mata in either a lateral or terminal position. Identical appear-
ances have been described in the mycelium of various species of

This content downloaded from 129.174.21.5 on Mon, 29 Feb 2016 22:35:39 UTC
All use subject to JSTOR Terms and Conditions



http://www.jstor.org/page/info/about/policies/terms.jsp

135

Gemimella* and Sclerotiniat and are known in certain other fungi.
When large clusters of sterigmata occur in close proximity they
produce the Gamocladocephalo-merizosporica and Cristularia
forms of Farneti. Not infrequently the rejuvenescent cells
germinate into adjacent cells and give rise to large numbers
of miecroconidia as described for the conidiophores (Pl. v. figs. 9
and 10). Occasionally where a hypha is slender the spores form
a single chain along the lumen, simulating the appearance of
endoconidia &Pl. v. fig. 8). Inall cases, however, microsporogeny
takes place by a process of acropetal segmentation from a spe-
cialised sterigma and never by fragmentation! or budding.

Formation of microconidia.—The exact details of the process
of microsporogeny may easily be determined either by obser-
vation of the several stages as shown by different sterigmata,
or by following the actual development in any single case.
The sterigma becomes swollen at the tip, the cell membrane
thinning out very distinctly in the neck region (Pl. v. fig.
11 f) so that the spherical extremity which is surrounded
by an extremely thin pellicle appears to be affixed to the
end of the tapering sterigma. The thinning of the wall com-
mences abruptly, and just at this point in the neck a transverse
septum is formed, separating the spore from the sterigma (Pl. v.
fig. 11 g). This septum splits along its middle lamella liberating
the spore. The succeeding spore arises by the pushing out of the
thin pellicle, closing the extreme tip of the sterigma (Pl. v. fig.
11 h) by the turgid protoplasmic contents, the abrupt ending of
the walled region of the sterigma showing as a line across the
neck (PIl. v. fig. 11). The swelling increases, is separated as be-
fore by a septum which splits in the plane of the middle lamella
freeing the second spore (Pl. v. fig. 11 h, a, b, ¢, d, e). This
process is continued so that ultimately a long chain or cluster of
spores is formed on each sterigma, the new spores pushing before
them those previously formed. Each spore is connected with
those succeeding it by a short neck which represents the part
finally cut off from the sterigma, so that although most usually it
appears spherical, it is in reality slightly pear-shaped.

The microconidia are 2-3 u in diameter, surrounded by an ex-
ceedingly thin pellicle, and contain ome, or infrequently more
than one, central and highly refractive granule of an -amorphous

* Brefeld O.: loc. cit.

+ Brefeld, O.: Untersuchungen iv. 1881, ix. 1891, and the recent figures of
Gilbert, A. H., and Bennett, C. W.: Phytopathology vii. 1917.

! Under certain conditions mycelial fragmentation may occur, but the
large ‘oidia’ so formed are utterly different from the microconidia.
Beauverie and Guilliermond conclude that fragmentation is conditioned
by a temperature factor, but in my experiments I have been able very
frequently to produce this condition in a period of two or three days by
placing vigorous mycelium in distilled water, thus indicating that the oidial
state 18 a direct response to a condition of physiological starvation. The
oidia are short-lived and germinate under favourable conditions giving rise
to the normal vegetative mycelium, and their production appears to be a
method of tiding the fungus over a suddenly arising adverse period. Frag-
mentation has also been recorded by Berlese (Malphighia 1889), Farneti and
Istvanfh.
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consistency. This is described by Beauverie and Guilliermond as
a vacuole, but it differs widely both in appearance and behaviour
from the other vacuoles present in the cytoplasm. The granule is
soluble in hot water but not in alcohol, ether, or chloroform. No
clear reaction is obtained with Fehling’s solution, Schultze’s solu-
tion, or Millon’s reagent. A solution of iodine in potassium
iodide stains it yellow and it is coloured deeply by methylene
blue. The granule would therefore appear to gear close relation
to the volutin substance described by Meyer* in the bacteria, and
in the yeasts by Wager and Peniston.t The behaviour of the
granule on the germination of the spore supports the view that
1t is a reserve stuff and not a vacuole. The cytoplasm of the
spore contains abundant glycogen and a single nucleus which
is not easy to distinguish. The sterigmata are also uninucleate
and contain glycogen.

GERMINATION OF THE MICROCONIDIA.

On germination which occurs in from twenty-four to forty-
eight hours after immersion in water or a nutrient medium
at a temperature of 17° C. to 23° C. the spore increases markedly
in size and either protrudes a slender germ-tube or itself elongates
into a minute hypha. The volutin granule disintegrates into
smaller particles which become scattered through the young
hypha and finally disappear. In water the growth is very scanty
and quickly dies away, but in nutrient media the germ-tubes
become vigorous and give rise to a normal mycelium which in
the course of a few days bears Polyactis conidiophores. If the
Gamocladocephalo-merizosporica stage and the Cristularia stage
of Farneti represent, as would appear highly probable, the micro-
conidial stage of Botrytis cinerea, then according to this author
a certain proportion of these spores should give rise to a mycelium
bearing only microconidia (the Cristularia type). Brooks found
in his cultures on bouillon that the first three generations were
purely microconidial, whilst the fourth generation under ap-
parently identical conditions was of the usual Polyactis type.

In order to settle with certainty the fate of the microconidia,
a number of hanging drops were made containing only these
spores. They were prepared by making successive dilutions of
spore mixtures derived from cultures of distinct and recognisable
strains. As the microconidia were present in immense numbers,
they were obtained practically pure in final dilutions. Drops
were then prepared from the latter, and several were thus ob-
tained containing only microspores. The germination of these
spores was followed, and the absence of Polyactis conidia most
carefully ascertained. The outer surfaces of the cover slips were
then sterilised in mercuric bichloride solution, thoroughly washed
with distilled water, and the cover slips dropped into tubes of
nutrient media. Eight such tubes were prepared, four of potato
agar, and four of potato gelatine, two of each being incubated
at 220 C.—23° C., whilst the others remained in the diffuse light
of the laboratory at a temperature of 15° C.—17° C. One of the

* Meyer. A.: Die Zelle der Bakterien, Jena, 1912.
+ Wager, H. H., and Peniston, A.: Apn. Bot. xxiv, 1910.
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latter tubes remained sterile whilst after three days the remaining
seven gave rise to pure cultures of Botrytis cinerea corresponding
to the strains from which the original spores had been obtained.
The conidia and conidiophores were of the usual Polyactis type.
In due course these cultures gave rise to microconidia.

Successful infections of living tissues were obtained by placing
drop dilutions containing only microconidia on wounded surfaces.
These experiments were carried out in test-tubes and under rigidly
sterile conditions, the hosts inoculated being fleshy leaves of
Crassula sp. and sugar beet root. The invading hyphae at first
grew slowly but later with greater rapidity, and Polyactis fructifi-
cations were formed in from ten to fifteen days. With one
exception the control plants remained perfectly healthy. Inocu-
lations of unwounded surfaces were a total failure. Nothing
resembling the polymorphism described by Farneti nor the
dimorphism obtained by Brooks was noted at this, or any
other stage, of the investigation. The microconidia appear to
be merely a normal developmental stage in the life cycle of
Botrytis cinerea, which on germination give rise to vegetative
mycelium, producing in course of time the Polyactis type of
fructification.

CoNDITIONS OF MICROCONIDIAL FORMATION.

In 1896, Klebs* demonstrated that the developmental stages in
the life-history of the algae and fungi are determined by specific
quantitative changes in the conditions of life of the organisms.
It seemed desirable therefore in the present case to ascertain if

ssible the nature of the factor or factors which stimulate
g}trytis cinerea to the formation of microconidia. The con-
ditions primarily affecting the reproductive processes in the fungi
are those of atmospheric humidity, light, temperature, nutrition,
and age, and the influence of these factors on the formation of
spores in Botrytis may be briefly discussed.

Atmospheric humidity.—A certain degree of atmospheric
humidily is essential to the aerial growth of any fungus. If
Botrytis be grown on a medium in an atmosphere dried to a
certain degree by calcium chloride the conidiophores are small,
weak and stunted, and few spores are formed, but neither the
general character nor the size of the mature spore is affected. At
normal laboratory temperatures a saturated atmosphere induces a
luxuriant fruiting growth. At higher temperatures, however,
(above 25° C.), atmospheric saturation tends to induce prolifera-
tion of the sporogenous heads of the conidiophores so that an
almost or even completely sterile condition may be brought about.
The sterile form obtained by Beauverie and Guilliermond was
probably the result of a high temperature acting in conjunction
with a saturated atmosphere, but the atmospheric humidity, and
not the temperature, was the primary factor involved. These
authors found the sterility to become permanent, but this has not

# Klebs, G.: Die Bedingung der Fortpflanzung bei Algen und Pilsen.
Jena, 1896 ; also Jahr. f. wiss. Bot. 1898 and 1900; Probleme der Entwicke-
lung iii. Biol. Centralb. 1904.
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been confirmed in my own work, the mycelium freely producing
conidia when again transferred to a more normal environment.
As microconidial formation has occurred copiously on media sub-
jected to many different degrees of atmospheric humidity, it is
improbable that this factor bears any relation to the particular
type of sporogeny under consideration.

Light.—It has been repeatedly stated in mycological literature
that the conidia of Botrytis are only formed in darkness, but this
may easily be refuted by exposing cultures of the fungus to con-
tinuous lighting. The formation of conidia is not inhibited but
merely retarded, and a series of spore comparisons shows that
there is no difference of size in the conidia formed under the two
conditions. Exposure to very intense light is inimical to myce-
lial development, and the fungus grows feebly downward into the
substratum. If, however, the intensity of light be decreased
development is more vigorous and conidia are produced which in
size and shape are inﬁistinguishable from those developed by
similar cultures in diffuse light or in darkness. Cultures in
which microconidial formation has occurred abundantly have
been maintained either in the diffuse light of the laboratory, or in
the darkness of an incubator. Varying intensity of light there-
fore does not affect the size of the conidia nor the type of sporo-
geny, but only the amount and rapidity of conidial formation.
The same holds true of light of different wave lengths. Exposure
to the less refrangible rays of the spectrum inhibits the formation
of conidia, whilst these are produced in abundance in blue or
violet light. The quality of sporogeny, however, is not affected,
but only the quantity; either Polyactis conidia are pro-
duced or there is sterility*. Light cannot therefore be the de-
termining factor in the production of microconidia.

Temperature.—Spore formation in Botrytis cinerea is greatly
and directly influenced by the temperature at which the fungus
develops. In a series of researches Beauverie and Guilliermond*
have shown that this fungus which at ordinary temperatures
reproduces in the normal Polyactis manner, passes into a semi-
sterile form with proliferating conidiophores ‘‘forme inter-.
médiare’’ when grown at a temperature of 26° C and into a
completely sterile mycelium at a temperature of 30° C. to 35° C.
I am not able to confirm the results of these authors in the
strains of Botrytis cinerea with which I have worked. On the
majority of vegetable media the fungus produces spores very
abundantly between the temperatures of 16° C. and 25° C. 'With
raised or lowered temperature mycelial growth and spore pro-
duction is reduced, the latter ceasing at about 5° C. and 33° C.
and the former possessing a slightly greater range. With vary-

# See Costantin, J.: Bull. Soc. bot. de Fr. 1889 ; Klein, L.: Bot. Zeit.
1885 ; Reidemeister, W.: Ann. Mycol. vii. 1909 ; Moreau, M. and F.: Bull.
Soc. bot. de Fr. 1913.

+ Beauverie, J.: Compt. Rend. 128, 1899, and 133, 1901, also Anns, Univ.
Lyon, Nouv. sér. iii. Beauverie, J., and Guilliermond; Centr. f. Bakt. ii. x.
1903.
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ing temperature there is no change in the size or shape of
conidia. Cultures which have produced microconidia in pro-
fusion have been kept either at the laboratory temperature of
15° C. to 17° C. or in an incubator at 22° C. to 23° C.

The factor cf temperature, therefore, like those of light and
humidity is not the determining condition in the formation of
microconidia.

Nutrition.—The factor of nutrition is much more complex than
the three factors which have been briefly commented upon. Many
distinct influences are comprised, such for example as the
physiological availability of the nutritive substance and its
accessibi%ity to the fungus, the dilution or concentration of the
food, and the effect of the presence of other chemical substances
and accessory food bodies. Failure to distinguish between these
component factors renders invalid the results obtained in perhaps
the majority of investigations on the nutrition of fungi.

The substrata on which microsporogeny has occurred in the
present work include the following:—Potato agar, potato gela-
tine, parsnip agar, parsnip gelatine, Quaker oat agar, Quaker oat
gelatine, steamed slants of tuber of potato and artichoke; roots
of red beet, sugar beet, carrot, turnip, and swede; fruits of
quince, apple and pear; and onion bulb. Experimental inocu-
lations into the following living hosts have given microco-
nidia:—Bulbs of daffodil, and onion; fruits of apple, pear,
quince, and tomato; roots of red beet, sugar beet, carrot, swede,
and turnip; and tubers of potato and artichoke. Microsporogeny
has been observed on the following naturally infected hosts:—
Bulbs of onion and hyacinth, fruits of apple, tomato, and quince,
leaves of cabbage, crassula, cotyledon, clematis, geranium, and
other herbaceous plants, and roots of carrot. It may also conve-
niently be noted here that strains of Botrytis derived from the
following original hosts have produced microconidia in culture
and on other living hosts : —Fruits of apple, quince, and tomato,
roots of carrot, bulbs of onion, leaves of cabbage, lettuce, and
primula, shoots and ‘‘fruits” of fig trees, and the stem of an
Aesculus Pavia which had been killed by the fungus.* Previous
authors have found microconidia upon peptone, distilled water,
bouillon and glycerine.

This type of spore production has been regarded as an abnormal
or bizarre form consequent upon development in a physiologically
unsuitable medium. Bizarre structures are very common in all
groups of plants, and many have been recorded among the fungi,t
but in the present instance this hypothesis is very improbable,
for, as noted above, microconidia occur regularly on all kinds of
media and natural hosts under perfectly normal conditions, and
possess a well-defined place in the life-cycle of the fungus.
Furthermore if this type of sporogeny is a degenerate or diseased
structure due to physiological starvation, there should be found

* Since this paper was written microconidia have been found in strains of
the fungus derived from thirty additional hosts, and have incurred in
culture on all the media and natural substrata used.

t+ See Worsdell, W. C.: Principles of Plant Teratology, London, 1915.
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a gradual transition between the usual Polyactis form upon
a suitable medium, and the microconidial form upon an unsuit-
able medium; and it should be possible to obtain every stage in
this transition by growing the fungus upon a carefully graduated
series of media. Experiments have shown that this is not the
case. Microsporogeny occurs for instance equally when the fua-
gus is growing vigorously upon the natural hosts, and when it is
struggling to grow in a medium physiologically unsuitable to its
needs. Moreover, the formation of microconidia of constant size
by sterigmata of very specialised type upon a penicillioid form
of conidiophore is a development perfectly distinct and abruptly
separated from the Polyactis fructification: there are no transi-
tional forms of either spore or conidiophore.

Numerous studies have been made* on the effect of various
food conditions upon spore formation in Botrytis cinerea, and
it has been clearly demonstrated that nutritional factors merely
cause either an increase or decrease in the amount of conidial
production, or accelerate or retard the formation of spores.
Physiological starvation like physiological repletion controls the
quantity and not the quality of conidial formation,t and cannot,
therefore, be the determining factor in microsporogeny.

Age.—There remains to discuss the factor of age, and this in
the author’s view, is the primary factor determining the pro-
duction of microconidia. It seemed advisable to eliminate the
other factors before proceeding to this, and here it will be well
to present the positive evidence before discussing it.

In a vigorous culture of Botrytis upon an artificial medium
under normal conditions of temperature, light, and atmospheric
humidity, the first generation of conidia is formed in from two
to three days. These largely fall to the surface of the medium,
germinate and produce a second generation of spores, which give
rise to a third by a similar process. After, perhaps, three to
five such generations, the available germinating surface of the
medium has been completely occupied and comparatively little
further germination or conidial production occurs. It follows,
therefore, that in a vigorous culture a month old, the majority of
the conidia and the greater part of the conidiophores and vege-
tative mycelium, are from two to three weeks of age, and in a
two months culture their age is approximately six to seven weeks.
In a medium with a considerable surface extent the age of the
conidiophores is also conditioned by their distance from the
original point of infection.

* See in particular Behrens, J.: Centrl. f. Bakt. ii. iv. 1898; Smith, R. E.:
Bot. Gaz. xxxiii. 1902 ; Istvanffi, Gyde: (loc. cit.); Benecke. W., in Lafar’s
Hand. Tech. Mykol i. 1904-1907 ; Reidemsister, W.: (loc. cit.); and Peltier,
G. L.: Anns. Mo. Bot. Gard. xxiii, 1912.

+ See, however, the note on mycelial fragmentation. Also, vigorous
hypha which are suddenly starved by being placed in a physiologically
unavailable medium or by drought rapidly form chlamydospores. This is a
very common spore-form of Botrytis, but has been rarely noted in myco-
logical literature, see Price, S. R.: New Phyt. x, 1911; Istvanffi (loc. cit.)
On germination, these chlamydospores which are thick-walled and resistant
give rise to the normal mycelium, and like the oidia already described, serve
to tide the fungus over a period of adverse conditions.
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Now with a few exceptions the process of microsporogeny has
not been found in cultures less than one month old; and this
holds true of living hosts which have been experimentally inocu-
lated with the fungus, and, so far as can be judged, of hosts
naturally infected, although the latter obviously cannot be in-
cluded with the same degree of certainty.

If freshly formed conidia be placed under favourable conditions
in a nutrient medium, such as a hanging drop of potato agar or
gelatine, approximately one hundred per cent. of the spores
germinate, giving rise to normal vegetative mycelium. If
conidia from a similar culture one month old be treated in a
like manner a variable proportion of the spores are found to be
incapable of germination, about three-quarters of the remainder
germinate by the protrusion of a germ-tube, whilst the others
give rise to microconidia. If this experiment be repeated with
spores from a culture two months of age, considerably more than
one half of the spores do not germinate; and of the remainder
many more give rise to microconidia or hyphae of limited growth
bearing sterigmata than produce germ tubes originating the
usual vegetative mycelium; and with increasing age this dis-
parity becomes more pronounced. It might be criticised that
the latter does not result from age but from physiological star-
vation due to exhaustion of the original medium or to the presence
of toxic excreta. In perhaps the majority of cases, however, this
medium is obviously not exhausted and in any case it is difficult
to understand why this should affect spores germinating in a
fresh and exceedingly favourable nutrient solution.*

Evidence pointing in the same direction is presented by the
formation of microconidia by the vegetative hyphae and the
conidiophores, for, as Lindner noted, only old mycelium shows
this type of sporogeng. What has been described of cultures of
the fungus upon artificial or natural media is equally true of the
Botrytis developing in nature upon the living host.

The facts stated above are most easily and naturally inter-
pretable by the hypothesis that microsporogeny is a normal and
discrete developmental phase in the life cycle of Botrytis
cinerea, and that it is controlled primarily by an age factor. If
this hypothesis be correct it is desirable that some explanation
be forthcoming of the fact that the great majority of mycologists
who have investigated this ubiquitous fungus have overlooked
this stage in its life history; whilst the few who have recorded
it have found it in cultures of an age considerably less than that
indicated here as approximately the normal controlling factor.

I conceive these explanations to be as follow:—The plants
attacked by Botrytis are in nearly all cases of a soft herbaceous
nature, and owing to the enzymic action of the fungus, are very

* Since the paper went to press very many more strains of Botrytis
cinerea have been examined, and it has been found that the above paragraph,
although presenting a true general picture, is not true in all cases. The
production of microconidia by direct germination of the Polyactis spores
appears to be very largely a strain character; certain strains micro-
sporogenating chiefly in this way, whilst others produce these minute spores
principally from the old mycelium.
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quickly reduced to a semi-fluid or pulpy condition. This rapid
disintegration is accelerated by innumerable saprophytic fungi
and bacteria, so that by the time the age factor should come into
operation the host plant has either completely disappeared, or
exists in such a condition that few mycologists care to retain it
as an object of close observation. If on the contrary the host
shrivels and dries to a mummified condition, the desiccation of
the medium usually inhibits all growth, and consequently also
the process of microsporogeny. Should the host plant, however,
remain in such a state that it forms a suitable pabulum, it be-
comes so completely permeated by innumerable saprophytic
organisms, that one minute type of penicillioid conidiophore more
or less is easily overlooked in the general gamut of fungal
fructifications.

Again in cultures of the fungus on artificial media micro-
sporogeny does not often occur within a period of approximately
one month. If germination studies are carried out the spores
are always taken from young cultures and in consequence produce
normal germ tubes giving rise to the usual mycelium. Cultures
of an age in which microsporogeny is occurring are seldom
examineg and rarely used except as stock cultures for the purpose
of keeping alive a particular strain. 'When sub-cultures are made
from these the microconidia germinate and give rise to a normal
mycelium producing the usual conidiophores, so that the microco-
nidial origin of the new culture remains unsuspected. If by
chance the microconidial type of fructification 1s observed in
cultures it is regarded, as in the author’s own experience, as one
of the many penicillioid fungi so commonly occurring as con-
taminations, and the cultures are rejected as impure. Further-
more the microconidia themselves are of so extremely delicate and
evanescent a nature, that in growths which have passed through
the microsporogenating period, their collapsed and shrivelled
remains are almost impossible to distinguish amid the general
detritus of an old culture. These reasons appear to the author
sufficiently adequate to explain the omission of any record of the
process of microsporogeny in many previous accounts of this
fungus.

The occurrence of microconidial formation in young cultures
is equally susceptible of explanation. The records may be briefly
commented upon. Lindner and Kliscker and Schénning merely
note the presence of microconidia and beyond stating that they
are formed on old mycelia do not give any detailed information
regarding the conditions of their occurrence. Beauverie and
Guilliermond, however, relate a number of interesting facts
concerning their formation. In bouillon the fungus developed
vigorously first producing sporidia and later Polyactis fructifi-
cations. In peptone an abundant formation of microconidia was
noted, but further details are omitted. In distilled water the
scanty growth showed all the symptoms of starvation and pro-
duced few sporidia and no Polyactis conidiophores. Thus
microsporogeny occurred prior to the Polyactis type of sporogeny
and in both vigorous and starved growths. It would appear,
therefore, that in these cultures microconidial formation was not
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related to physiological starvation or any direct nutritional
condition; but to some accessory factor.

Istvanffii obtained microconidia by germinating conidia in
dilute solutions of glycerine (1 per cent., 5 per cent., 10 per
cent.). The mycelial development was sparse, but microconidia
occurred profusely, the sterigmata being borne often on highly
abnormal hyphae. The author remarks: ‘‘ In these old cultures
(two or three weeks) we have found the best sterigmatous for-
mations.”” Although Istvanffi carried out a very great number of
germination experiments with the spores of this fungus using a
large number of different media, many of an obviously physio-
logically unsuitable nature, only in this particular case was
microsporogeny noted, and it would appear improbable therefore
that the abnormal sporogenous process was related to the food
value of the medium, but again rather to some accessory (possibly
chemical) factor. Moreover, it does not seem highly improbable
that in this particular case Istvanfi may have chanced to use
spores from an old culture when, as has been shown, they would
normally germinate in the manner described by the author.

Lorrain Smith found ‘‘spores that had become yeast cells’’
in a culture on gelatine but does not indicate the age of this
culture, or state whether a yeast contamination was present.

Brooks grew the fungus upon bouillon with 10 per cent. gela-
tine. He remarks ‘‘ the growth was comparatively feeble, and
during the first three generations only conidiophores bearing
microconidia were borne. In the fourth generation of the fungus
upon the bouillon medium the growth was more luxuriant and
the normal conidiophores were produced. The cultures were kept
in a room where the obvious physical factors controlling tlll)e
growth were the same.”” This result is difficult to reconcile with
that obtained by Beauverie and Guilliermond and it is not easy
to understand why, on the author’s assumptiop that micro-
sporogeny was due to physiological starvation, a strain which was
gradually gaining strength should suddenly change the quality
of its spore formation at a single bound and only in the fourth

eneration. One would rather expect it to follow the course
ound by the French authors and form microconidia at first and
later in the same medium gradually change the quality of its
spore formation. Furthermore it has been pointed out that
physiological starvation does not induce the process of micro-
sporogeny and in the present case the complete microsporogeny
followed by the abrupt change is much more indicative of some,
probably chemical, difference in the media which in the first
three cultures interfered with the normal controlling factors.

Among my own cultures premature microsporogeny has oc-
curred in the following cases, always, however, being preceded
by the normal production of Polyactis conidia. A strain from
onion bulb growing on steamed carrot formed microconidia after
fourteen days; a strain from Antirrhinum on potato agar
after eleven days, and a similar culture after fourteen days. A
strain from lettuce growing on living sugar beet root showed
microsporogeny after thirteen days. In each of these cases the
culture was vigorous and microconidial production at first very
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scanty. In exactly similar cultures of the same date growing
under identical conditions microsporogeny only occurred efter
about four weeks’ time, and the premature sporogeny is most
eagily explained by assuming that this fungal character, like all
other characters, is variable. On this view the time factor in a
large series of cultures would find expression in a normal curve of
frequency, the mode being perhaps about five weeks. This,
however, would not apply to the results of previous authors in
which the whole life cycle is disturbed and certain developmental
stages reversed or omitted.

This résumé of the recorded cases of premature microsporogeny
shows that the results are very discordant, and apart from some
accessory and possibly chemical factor, exhibit no evident
common condition which could function as the determining factor
in the formation of microconidia. Again it may be pointed out
that the results obtained by these authors do not coincide with
each other or with those either of myself or of other investigators*
and it would appear that in these abnormal cases the usual life
cycle of Botrytist—mycelium—~Polyactis stage—microconidial
stage—(with a sclerotial stage aécording to nutritional con-
ditions) has been drastically interfered with and the spore stages
reversed, or even eliminated.

This abnormality of life cycle is by no means a rare occur-
rence in the vegetable kingdom. Perhaps one of the most strik-
ing cases is that described by Mobius} of the oak in which almost
the whole vegetative life was eliminated. Flowering seedlings
of one to three years old were observed, whereas normally the
tree does not flower until it is sixty or eighty years of age. In
many cases the factors which control the cycle of life phenomena
are known, and it is, for example, a well-known horticultural
practice to reverse the sequence of flowers and leaves or eliminate
certain developmental stages in many bulbous plants and orna-
mental shrubs by subjecting them to specific quantitative changes
of environment, such as temperature and humidity.§ In the case
of the fungi this control has almost become a common laboratory
technique. Thus Klebs has shown that ‘‘ by modifying the
external conditions it is possible to induce fungi to grow con-
tinuously for several years or, in the course of a few days, to
die after an enormous production of sexual or asexual cells. In
some instances even an almost complete stoppage of growth may
be caused, reproductive cells being scarcely formed before the
organism is again compelled to resort to reproduction. Thus the
sequence of the different stages in development can be modified as
we may desire.”

The reproductive stages in the life cycle of Botrytis synchronise
with crests in the rhythmic working of the metabolic changes in
the protoplasm. When these changes proceed harmoniously, the

* Jee for example, Behrens; Smith, R. E.; Istvanffi; Reidemeister;
Peltier; (loc. cit.).

t There is no good evidence for the connection of Boirytis cinerea with
Sclerotinia sp.

{ Mobius: Beitrige zur Lehre von der Fortpflanzung, Jena, 1897.

§ See Molisch, H.: Das Warmbad, Jena, 1909.
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protoplasm of the fungus attains a certain physiological state
which is expressed in the formation of Polyactis conidia. This
initiates a new protoplasmic rhythm the crest of which is
represented by the microsporogenating process, and so to the
other developmental phases of the organism. Under given con-
ditions the fungus requires certain periods of time to attain to
these physiological equilibria, and these times represent the
‘‘ physiological age” of the fungus at particular reproductive
stages.

Ig: the case of Botrytis cinerea the normal physiological age at
which conidial formation takes place is represented by a few days,
and the physiological age at which microsporogeny occurs is
about one month; but in the cases under discussion, certain
quantitative alterations in the external conditions would appear
so to have stimulated the rhythmic working of the fungus proto-
plasm that the whole life sequence is disorganised, the Polyactis
stage is eliminated and the physiological age at which micro-
sporogeny occurs is represented in time by a few days. Put
briefly, the fungus has, in a few days, attained to a physiological
condition which is usually only reached after a period of about
four weeks.

This appears to be a phenomenon of the same order as, for
example, the elimination of the resting period of the ascospores
of Onygena equina. In this case the normal physiological age
at which germination occurs is represented in time by a period
of several months, but by specifically altering the external con-
ditions and here the interfering factor is of a chemical nature®
the life processes are so accelerated that this same physiological
age may be reached in the course of a few days.

It has been shown that in the case of Botrytis the factor
primarily controlling microsporogeny is apparently one of age,
and it would appear highly probable that in the recorded
instances of premature microconidial formation consequent upon
the reversal or elimination of certain life processes, the normal
controlling factor has been modified by the action of some ab-
normal or interfering factor present in the medium. Both meat
bouillon and the earlier peptone media are of very inconstant and
little known chemical composition, and these, like such an ab-
normal medium as glycerine, might well contain an accessory
chemical substance which would throw out of gear the normal life
cycle of Botrytis cinerea, or, in the words of Klebs, function as a
‘“ releasing stimulus ’’ for microsporogeny.

The conclusion therefore at which one arrives is that the for-
mation of microconidia is a normal and discrete stage in the life
cycle of Botrytis cinerea. It succeeds the Polyactis type of
fructification and other conditions being normal, does not usually
occur until the fungus is about one month old.

The importance of this process in the life-history of the fungus
is that it provides a means whereby the organism, when under
conditions unfavourable for dissemination and growth, may pro-
duce immense numbers of a type of spore so delicate and light

* See Ward, H. M.: Phil. Trans. Roy. Soc. Lond. B. 191, 1899, and
Brierley, W. B.: Ann. Bot. xxxi. 1917.
B
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that its rapid spread is certain, and in consequence the continuity
of existence of the fungus is ensured.

I have received much assistance in the preparation of cultures
and slides from Miss M. N. Owen, Temporary Technical Assistant.

in the laboratory, and I am glad of this opportunity to record
my indebtedness to her.

ExprANATION OF PLATE V.

The figures were drawn with the aid of a Zeiss camera lucida.
A Swift 1 objective N.A. 0-62 and a III eyepiece were used for
figures 1—4 and 9; a Swift 1 objective N.A. 0-85 and a III eye-
piece for figures b, 6, 7, 8, and 10, and a Leitz oil immersion
object;ve N.A. 1-30 with compensating ocular 12 for figures 11
and 12.

Figs. 1—6.—Normal conidia of a strain of Botrytis from
Primula leaves germinating directly to form microconidia.
The simplest form is shown in 2 a where the sterigma is not cut
off from the spore. In 1 this septation has occurred, whilst in
2 b the sterigma is formed on a basal cell. In 3 is shown the
actual development of the spore as noted at the stated times. The
spore contents become progressively more vacuolate. In 4 is
seen a more complicated type of germination and in 5 and 6
two extreme types.

Fig. T.—A cell from the lower portion of a normal conidio-
phore which has increased its cell contents, pierced the cell mem-
brane, and formed on the outside a ‘“ bunching *’ growth of the
type noted in 6.

Fig. 8.—The extreme tip of one of the filaments arisin
by the proliferation of the sporogenous branches of a norma
conidiophore. The terminal cell is swollen and gives rise to
sterigmata. Within the filament is a sterigma which is produc-
ing microconidia forming a single chain along the lumen. Below
these are seen two cells with irregularly thickened walls, which
function as chlamydospores.

Fig. 9.—A rejuvenated cell which has protruded through the
pore in the transverse wall and formed a single sterigma produc-
ing spores, within the filament. a and b show the development
in a period of eleven hours.

Fig. 10.—A more complicated and usual case of the formation
seen in 9.

Fig. 11.—Various stages in the formation of microconidia. a
to e and f to h form two separate series which were followed
under the microscope and the figures drawn at the stated times.
a to e were very clearly marked by reason of the unusual thicken-
ing in the neck-membrane but f to h is the more normal appear-
ance, the wall tapering evenly and ending abruptly.

Fig. 12.—Stages in the germination of the microconidia, a to
e representing a single series drawn at the stated times. The
enlargement of the spore and the disintegration of the volutin
granule are clearly seen. f, g, h, k, are stages in the develop-
ment of other spores.
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