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Introduction.

It has long been known that the roots of
Rhododendrons, in common with those of the rest of
the Ericaceae, contain an endophytic fungus, but the
genus hag received very much less attention from this
point of view than several others, notably Calluna
and Vaceinium. Yet it is a genus of rather peculiar
importance in any consideration of the significance
of mycotrophy in this family, for it includes a

group of species, mainly from the Yunnan area, which |
grow naturally on limestone, a very exceptional
habitat for Ericaceous plants. HSome of these species
have been experimentally cultivated on calcareous
soils in this country, as on the chalk hills of East
Berkshire (Grove, 1916), and have been found to
survive and flourish under conditions which would be
entirely unsuitable for the majJority of Ericaceae. ;
attempts have been made to explain these facts on

the basgis of the mycotrophic habit, including the
speculative suggestion that, when the plants are
growing on lime, the fungus migratesg from the roots
to the under surface of the leaves, where it
ocecupies a highly favourable place for the fixation

of atmospheric nitrogen. This is but one expression




of an idea that has gained some currency, namely that

those Rhododendrons owe their tolerance of lime in

some way to their mycotrophnic hebit.

But the type of mycorrhiza found in these

|
|
llime—tolerating Rhododendrons, at least when

cultivated in the usual way on non-calcareous solls

in thies country, is quite similar to that of the other|
| |

3 A : o |
|species of the genus, and of the majority of the other

'genera in the family. It is of the same type which
has been described, in particular, for Calluna and

Vaccinium. Some time ago Rayner (1913 and later |

napers) suggested that there might possibly be a

|

Iconnection between mycobtrophy and the calcifuge habit
in the Ericaceae. The fact that lime-tolerating and
lime-sghy members of the family, at least when growing
|under similar conditions, Torm the same type of
mycorriiza, emphasizes the need for great caution in
relating the opposing peculiarities of either groun

to a factor which is common to both. Information as

to the presence or absence of the endophyte, and its
|
|state of development if present, in the roots of

| lime-tolerating Ruododendrons when actually growing

|on their native limestone, is greatly to be desired.
| |

Rayner (1915), in her original paper on

"Obligate Symbiosis in Calluna vulgaris," included




Rhododendron species amongst those in which she had

observed hyphae in the ovary, and to which it was
inferred that the distribution of the fungus
throughout thie shoot, then described for LCalluna,

would &lso apply. More recently Freisleben (1535)

included four species of RBhododendron amongst a large

number of Ericaceae which he investigated, and though
his results were by no means in agreement with thoge

of Rayner, he also found that Rhododendron conformed |

to the general type. That has likewise been the
experience of the pregent writer, so that the normal

|
mycorrhiza of Rhododendron may be quite briefly |

described.

There is no dense, external sheath of
hynhae, as in mosgt examples of tree mycorrhiza, nor

do the roots asgume & stunted "coralloid" apnearznce.

i

Rat
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1er are they long and thread-like, and the surface,
witich is devoid of root-hairs, presents a glistening
white appearance to the naked eye. While this
surface is freely exposed to view, microscopic
examination shows that fairly abundant hyphse do

| nevertheless ramify over it. They are sglender,

sparsely septate, and give off branches which
nenetrate the root. These branches may enter the
large epidermal cells directly, through their outer

walls, or may force a way between these cells and




enter through their lateral walls. Within each cell
they form a more or less closely interwoven coil of
very slender hypvhae, generally almost filling the

cell. Hyphae may be observed to paes from one such

cell to another,but the fungus does not seem to spread

very far in this way from a point of entry; the

ma jority of the epldermal cells show direct
connections between the internal and external hyphae,
and have probably been independently infected from
the superficial mycelium. While these hyphal
complexes in the eplidermis are by far the most
conspicuous evidence of the presence of the fungus,
hyphae may also be found, to a lesd degree, in the
underlying cells of the cortex, which is a very much
reduced tisggue in the roots of the Ericaceae. The
typical, naturally developed mycorrhiza desgcribed
above ig very uniform throughout the major part of

the family, and previous descriptions are in agree-

ment on its main features.

Review of Previous Work.

In 1215 Rayner, as a result of her work on
Calluna, subsequently extended to Vaccinium, put

forward a conception of the mycotrophic relations of

the Ericaceae which has been a subject of controversy
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‘ ever since. In particular the following three
opiniong expresced by Rayner have been contradicted

and re-affirmed:-

1. The endophytic fungus is not confined to the
roots, but penetrates to all parts of the

plant.

25 which c'iepends 011 1) The fungus enters the
- P

ovary and infects the seeds, at least as far

ags the testa, so that it ie dispersed with

them and infects the seedlings on germination;
. in this way infection is assured, and may be

degscribed as 'cyclic,"

3. Infection by the fungus is necegsary for the
development of the seedlings. In its absence
‘ they cease growth after expanding their
cotyledons, and in varticular are totelly

unable to form roots.

‘ The first two may be considered together.
he presence of hyphae in the sub-aerial parts of
the plant and their dispersal with the seed have

been denied by Christoph (1921) and Freisleben (1934).

ir

The latter carried out very extensive investigations |
on many genera and gpecies, especially on Vaccinium,i

the genus for which Rayner (192¢ a) had recorded the
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most deep-seated seed infection. It is clear,
therefore, that there has heen a marked divergence of
opinion as to the facts of the case; it is not simply
a question of discrepancy in the results reported for
different genera. &g agalinst these denials, a single
apparent confirmation is afforded by the papers of
Addoms and Mounce (1931,2) working in smerica on

Vaceinium macrocarpon. The present writer must agree

with Preisleben (1934) that it 1s doubtful whether

the structures figured do, in fact, represgent hyphae.
In any case, they are certainly quite different from
the incouspicuous shoot infection described by Rayner,
and cannot therefore be regarded as a confirmation of

her work.

The third controversial tenet, that of
“obligate symbiosgis", or the inability of the seedlings
to form roots in the absence of’ the fungus, has been
contradicted narticularly by Knudson (1929), who grew
pure-culture seedlings of Calluna on various agar
media, and nublished photographs of such seedlings
with well-developed root-systems. The burden of

Rayner's reply (1929 b) was that such seedlings |

probably contained the endophyte which, being very
scanty and attenuated under such conditions, had bee@
overlooked. Knudson (1933) met the various
criticisms of his previous work, and considerably.

strengthened his claim that Calluna seedlings can




develon and form roots under sterile conditions.

an interesting series of exreriments
carried out by Freisleben (1934-5) led him to the
conclusion that Ericaceous seedlingg fail to fornm

roots in pure culture on ordinary agar media, and

also on a medium of peat and sand used by him, so that

up to this point he was in agreement with Rayner, but

| that their further develonment .and the formation of

| roots can be promoted by any fungus that does unot

behave ag a parasite, so-that this favourable

influence is not a specific atiribute of the ;

| endophyte. For example, contamination of the

subgtrate with Penicillium and other common

saprophytes was sufficient to ensure the successful

| develonment of the geedlings, although the hyphae of

these fungi did not nenetrate the roots. This is
quite a different result from that of Kanudsoun, whose
seedlings formed roots in the absence of any

micro-organisms whatever,

Further light is shed on these questions by |

the experiments of lMolliard (1934), who devisged an
ingenious mediunm consisting of cotton wool soaked
with an aqueous extract of peaty soil, the whole
being sterilized. 1In this way the seedlings were
supplied with a soil solution suitable for their

growth, while the cotion wool was easily penetrated
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by their roots, thus avoiding a very probable

2

peat, which

2

disadvantage of agar or of sterilize
forms & densely coagulated mass. On this substratum
development and root-formation were successful, so
long as moisture was adedquate, thus confirming the
opinion of Knudson, but in the higher and drier parts
of the same tubes the seedlings failed to form roots,|
gnd displayed similar symptomg of arrested developnent
to those recorded in Rayner's pure cultures. This
strongly suggests that such cages of inhibition are

to be attributed to cultural conditions unfavourabhle
for growth, and not te the absence of the endophyte

or even of fungil generally. It is worthy of mention,
in passing, that NcLennan (1935) reached similar

conclusiong in the case of Epacrisg impressa, a

repregentative of the Epacridaceae, which take the
place of Ericaceae in Australia, and normally possess|

a mycorrhiza of the same type.

The object of the wresent work has been to

apply similar enquiries to Rhododendron, and to offer

answers, in the case of this genus, to these
controversial questions in the mycotrophy of the

Ericacese. |




Materials and Methods.

Some of the methods used are necessarily
incorporated in the accounts of the particular
experiments to which they apply. It will be
convenient, however, to group here a few routine
methods which were used repneatedly, and to which
reference will then be made briefly ia the later

descriptions,

ageptic extraction of seeds. In investigating the

quesgtion of seed infection within the parent ovary,
it is of prime importance to obtain seeds from guch
ovaries without exposing them to any subsedquent
contamination, and without disinfection or other
treatment wnich might destroy any fungus already
present. This is done by superficially disinfecting
the capsules, dissecting them, and removing the seeds
with aseptic precautions to a sterile culture vessel
of some kind. The capsules must be carefully
examined under a lens to ensure that no slight

dehiscence hasg occurred, which might have afforded

entry to micro-organisms.

Several methods of sterilizing the surface

of the capsule were tried. The easiest and most

rapid consigted of immersing the capsule for a moment
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in methylated spirit, which was then set alight; with
the relatively large and thick-walled capsules of
many Rhododendrons this can be done without injury to
the seeds, but it was found less satisfactory in
eliminating contamination than those methods in which

mercuric chloride is the sterilizing agent.

One such method is that described by Norton
and Chen (1920) for the superficial sterilization of
gseeds. The seeds, or in this case capsules, are
first thoroughly soaked in water (10 - 12 hours). |
The object of this is to protect the internal tissues!
by preventing excessive penetration by the sterilizer?
which might occur if the seeds or capsules were dry.
They are then shaken for 35-5 minutes in a sterilized
test-tube with alcoholic corrosive sublimate (2gns.
to 1000 ¢.c. of 50% alcohol). This is followed by
rinsing in 93% alcohol, and in three changes of
sterile water. This method was found to be

gatisfactory, but not necessary, for the present

purpose, .

In most cases the capsules were simply

immersed in mercuric chloride solution, in which they|
|
were vigorously shaken to remove air bubbles and

ensure thorough wetting, and then rinsed in three
changes of sterile water. Concentrations from 0.1k

to 1.0% of mercuric chloride were used, and it was

|
;
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found that in the case of Rhododendron cansules there

is a large degree.of latitude, and sterilization may
be made amply adequate without danger to the seceds,
as the interior of thie capsule is well protected by

the hard inner pericarp. :

After any such treatment the capsule was
quickly digsected with flamed ingtrumentg, and the
seeds removed with a flamed inoculating loop to the |
sterilized medium on which they were to germinate.
In most cases this was 2.5% malt ager, which readily
revealed the occasional contaminations which, not
| unnaturally, occurred. In some cases, seeds extracted
in this manner were sown on other media, to which
reference will be made in the appropriate parts of

the text.

Diginfection of geeds. To study the growth of

“pure culture' seedlings, i.e. seedlings grown in the

|

| absence of the endophyte as well ag of other ficro-
organisms, without prejudging the question of seed
infection within the parent ovary, it is necessary to

| subject seeds to a disinfecting or sterilizing

process to kill any fungus that may be present on or

in them. Such treatment was also necessary in all

cages where the seeds had not been aseptically

extracted from the ovary - for instance, where they

had been collected on dehiscence of the capsules and

stored in seed-packetbs.
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Immersion of seeds in 1% mercuric chloride
for three minutes, the treatment used by Rayner
(1915, 1922) for Calluna, was sufficient to kill the

Rhododendron seeds; Rayner states that the margin of

gafety with thig method is & very narrow one. llore
satisfactory results were obtalned in the present
work by using a ©.1% solution of mercuric chloride;
immersion in this solution for 3-6 minutes, followed
by rinsing in three changes of sterile water, was
sufficient to sterilize the seeds without preventing

gernmination.

It has been found, however, in common with
the experience of most other workers in this field,
that calcium hypochlorite is a more suitable
sterilizing agent for regular use than mercuric
chloride. It is completely effective, but free fronm
the danger of killing the seeds, snd the absence of
any necessity of rinsing reduces the risk of
contamination after sterilization. In some of the
earlier experiments controlled concentrations of
hypochlorite solution were used, but this was found
to be unnecessary as a saturated solution was
perfectly safe. The solution was always prepared

1

fresh as reduired by shaking distilled water in &
test-tube with an excess of calcium hypochlorite for

at least five minutes, and filtering.



| permeated with it. This greatly assists in the

preservation of gterility, the chlorine being

As Rhododendron seeds tend to floalt on the

sterilizing solution, and so remain dry on their upper
surface, they were first of all gsonked in water, in
which their buoyancy was overcoume Dby sheking,
centrifuging or alr-pumning, or by & combination of
these methods. This is most essential where it 1s
required that the sterilizer should act for a stated
short time, as when using mercuric chloride, but even
with the greater latitude permitted by calcium |
hypochlorite it is desirable, as ensuring that no

nart of the seed is protected by alr bubbles from the

action of the sterilizern,

Seeds soaked in this way were then covered

with a saturated golution of calcium hynochlorite,

prepared as described above, for widely varying
periods of time, and transferred directly, without
any rinsing, to the medium on which they were to
germinate, generally malt agar, the transference
being carried out with a flamed inoculating loop.

A little of the hypochlorite solution is, of course,

transeferred with the seeds, and indeed they are

gradually dissipated afterwards., It follows that the|
exact duration of immersgion in the steriliziung

solution before transference can have but litile
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eignificance, as the seed is still subject to the
action of the sterilizer after transference, and this
influence ceases graduzally, not at a precise instant.
It is not therefore surprising to find that immersion
for so short a time as 4 minutes before transference
was sufficient to ensure sterility, while periods up
to 80 minutes were used without any sign of harm to
the seeds or the resulting seedlings. After these
preliminary trials the immersion was generally kepnt
between half-an-hour and one hour. Within half-an- |
hour the seeds had been thoroughly permeated by the
sterilizing solution; they had been bleached almost
pure white and were semi-transparent. Thus any
internal fungue was certainly fully exposed to the
action of a sterilizing solution which proved most
effective in preventing any fungal growth on the malt
agar slopes to which the majority of such seeds were

firgst transferred.

Thig method proved quite as effective as
mercuric chloride treatment in the production of
|
pure culture seedlings; it was much more effective thén
the latter agent in preserving the purity of the
cultures, several hundreds of seeds being germinated
on dozens of malt agar slopes without any

contaminations occurring; it was much less liable

than mercuric chloride to damage the embryo. But
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gtill another advanbage of czleium hypochlorite falls
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o be recorded; it had z most marked beneficiec

5 1~

on the germination of the seéds, resulting both in
acceleration and in an increased percentage of
germination, The latter effect is illustrated by the
results of an experiment in which a large number of

seeds of Ehododendron decorum treated with calcium

hypochlorite for about half-an-hour, and a compvarable
bateh which had simply beeu soaked and washed in
sterile water were germinated on filter paper
moistened with sterile water. The cultures
containing unsterilized seeds became contaminated,
but the development of the contaminant fungi on the
filter paper wes sufficilently slight to permit of the

following count being made after 1iweeks. A8 no new

seedlings had appeared for sgeveral weeks prior to
this date 1t seems improbable that the remaining

seeds would have germinated at any later date.

Numbew of
seeds sowmn on
Sepl. 20, 1933 derminated | Mol germinated ﬁ"—”""‘""*f'.’"

Results ow Dec. g, 1935 'Per.:enf'u:e

_Unsl-crifi:.ed ceeds 71 Lr 6 9 ‘5- LS %

qeeds skerilized

with CaGlOC 3 4 78 2 a3




Freisleben (1954) recorded a sinilar effect

of caleium hypochlorite on the germination of

| Vaceinium seeds, though he did not observe it in the

case of other genera of the Ericaceae.

Media. The majority of the seeds used for oure
culture experiments after diginfection, as well =28 of
those aseptically extracted from the capsules, were |

germinated on 2.5% malt extract agar, which is & very|
favourable medium for the growth of most fungi, and a
useful one for checking sterility. It was used also

Tor verifying the sterility of those media, such asg |

sand, in which fungi might readily grow without

becoming apparent. 4 little of the sand, or other

friable subgtratum, was transferred with a flamed
inoculating loop to melt agar slopes, oun which, if a

fungus were present, it developed freely.

For continued growth of some seedlings the
standard malt extract egar was diluted with
approximately its own volume of sterile water, and
agein sterilized. This medium, in which the
concentraﬁion of malt extract was approximately 1.25ﬁ;
was allowed to set with the tubes vertical, so that a

deep column of agar with the minimum surface was
i

obtained. Such cultures did not readily dry out, and
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the seedlings grew nuch more successfully in this

diluted agar than in the original 2.5p medium.

Several agar media were used in a few cases
each, but the only other which was used in
considerable quantity was Knudson's Solution B. The

formula is as follows (Knudson 1933, p 118) :-

Ca(NO3)p 6H20 1.0 gram.
(NHy ) 9504 0.5 i
KH, PO, C.25 e
ugS0y THLO C.25 5
FePO, C.C02 i
Agar 1750 u
Digtilled water 1 libre:

A medium such as this aims at sunplying &
full nutrient golution of salts suitable for the
growth of green plants, instead of the organic
nutriment required in media intended for the culture

of micro-organisms.

All these media are gubject to the
disadvantage that the slender roots of Ericaceous
seedlings do not readily penetrate golidified agar.
They proved capable of growing through the diluted
but still solid malt agar mentioned above, but the

rather unfavourable physical character of such
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substrata was emphasized by the frequency with which
roots remained above tlie surface of the medium,
gsometimes becoming arched in their growth as though
prevented by the smooth, unbroken surface fron
extending apically in the normal manner. To ohviate
this difficulty a number of geedlings were grown in
clean sand irrigated with Knudson's Solution B,
without agar. The sand wasg distributed in conical
flasks, and after the solution had been added they
were plugged with cotton wool and autoclaved. Such a
medium offered good physical conditions for rooting,
combined with the suitable chemical composition of
the culture solution.

Somewhat similar in principle ig the cotton
wool medium devised by Molliard (1934), briefly |
referred to in the survey of previous work. 4 pad of
absorbent cotton wool wes arranged on one side of a !
large test-tube. The 1liquid phase in this case was
an agueous extract of a peaty notting soil suitable
for the growth of Rhododendrons. Equal volumes of

1 znd distilled water were mixed and zllowed to

ol

50
stand for three days; then the liquid was decanted,
filtered and distributed in the tubes so that the

cotton wool was saturated, and a reservoir of free [
ligquid temained in the bottom of the tube. The

tubes were then plugged and autoclaved.
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Finally, use was made of the peat-sand
mixture described by Freisleben (1933-4-5). A
mixture of powdered peat and clean gand was
distributed to a depth of about 2 cm. in small
Erlenmeyer flasks, mostly of 125 c.e. capacity, and
rather oversaturated with distilled water., The
flasks were then plugged and sterilized by steaming
at 100°C for 45 minutes on each of three
consecutive days. The peat swelled up and absorbed
the excess water, once experience had shown the
correct propnortions to use, so that a thoroughly

moigt but porous medium resulted.

Staining. The hyphase of the endopnyte are most
readily observed by the use of some form of the
Cotton Blue staining method; this hses been the
experience also of previous workers in this field.
The hyphae in infected roots could mostly be
identified without staining, but in all cases where

their presence wasg in doubt the roots or other

members were stained with Cotton Blue. Thusg it is tq

be understood that whenever a plant or member ig

recorded as free from infection this result is based
on careful examination after staining in Cotton Blue
as well as, in most cases, a preliminary examination

in the unstained condition. Best results were

|
?
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obtained by immersing the member in lactic acid or
lactophenol until thoroughly cleared, then over-
staining in a concentrated solution of Cotton RBlue
in lactic acid and differentiating to the required
degree in lactophenol, in which examination was
carried oubt. Preparations permanently mounted in
Canada Balsam were ne%er so gatisfactory as those

mounted in lactic acid or lactoplienol. '

The Question of Shoot and Seed Infection. I

In all normally grown Rhododendrouns examined,
both adult nlants and seedlinge which have been f
cultivated in potting soil during these experiments,
the hyphal complexes in the root cells were easily

recognized without staining, but staining in Cotton

Blue made the details of infection still more e*\ricient.I
small seedlings were frequently stained and mounted
entire in lactic acid or lactophenol; examined in

this way the hyphae in the root were extremely obvioué,
yet none could at any time be recognized in the

| hypocotyl or higher varts of the young shoot. In the

cage of adult nlants too, sections were cut from

stems, leaves, pedicels, ovaries and ripening

cansules, while ripe and unripe seeds were sectioned

and also stained zund mounted entire. But though the
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hyphae in the roots could always be seen with ease,
consistently negative results were ebtained by

detailed examination of the other parts.

An attempt was made to isolate in culture |
any fungus thet might be present in the tissues of
the shoot, desnite the above negative resulte. The

- o

material was obtained from a pot of Rhododendron

ambiguum seedlings which had bheen grown in ordinary
potting soil to study the course of normal infection.
This isolation experiment was carried out in aApril,
1936, when the seedlings were almost two years old.

The roots showed copious and tynical mycorrhiza, and

thig wag verified in the case of the geedlings raised!

Lo

for use. pmall pieces of the various shoot members

were tihnoroughly washed in waber and then
superficially sterilized, some in 1% mercuric
chloride for 1% - 25 minutes, others in caleciunm
hypochlorite for 15 minutes. 1In both cases the
pleces were then thoroughly rinsed in sterile water
and quickly cut un with flamed ingtruments. In the
cage of cylindrical narts - stem, petioles and leaf
midrib - both ends were cut off, and a thin layer of
tissue removed from the surface, while pieces of
leaf lamina were trimmed all round, the object being
te expose fresh surfaces where living hyonhae might be

present. The pieces were then transferred to malt
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and oat agar media, but no fungus grew from auny of

them. Such an experiment is not in itself
sufficient proof of the absence of living hynhae from!
these narts of the plant, for it is notorious thet
attempts to isolate Ericaceous endophytes even from
roots known to be heavily infected have only

succeeded in a very few cases. It is also nossgible

that any internal hyphae had been killed by the

gterilizers, but it seems improbable that these had
penetrated throughout the tiséues before they were
removed with sterile water. It would be inadmissible
to draw a conclusion from this experiment alone, but
it is in accord with that obtained by microscopic
examination, namely, that the endophyte of

to the roots.

£

Rhododendron is confine

Evidence on the duestion of seed infection
must be sought by germinating cgeeds aseptically
removed from the capsules by the method already !
described. Hpplying this method to Czlluna and
Vaceinium, Rayner (1915, 1929 a) renorted that fine

hyphae grew out from the testa and infected the

primary root. No such hyphae have been observed in

the nresent work on Rhododeundron. Aseptically
extracted seeds were germinated on filter paper

molstened with sterile water, and examined both




| atained and unstained at various stages of growth, |
' without revealing any sign of the presence of hyphae, |

nor did any anpear when such seeds were germinated on}

| malt agar. It seems, therefore, that the endovhyte ig
not seed-borne, but must infect seedlings afresh from!
| |
|

the soil under normal conditions. ,
|
|
|
i
|
|

The Course of Normal Infection in Soll.

If infection normally takes place from the |

soil after germination, it becomes a matter of some

interest to follow the course of this infection, and |
to find what relation, if any, it bears to-root

development. Accordingly, in the early cummer of

1934, a pot of ordinary potting soil was sown with

seeds of Rhododendron ambiguum (1933 crop) from a ;

seed-packet. Neither soil nor seed was subjected to

any process of sterilization; the pot was left in the

Ll

seed-pit and its treatment was similar in all resnect

to that of other pots of Rhododendron seedlings being

grown in the course of regular horticultural practice.
At intervals from germination onwards typical
seedlings were removed and examined for the

beginnings of infection. The seedlings were washed

thoroughly and mounted entire in water, then stained

with Cotton Blue and the examination countinued, still
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| keeping the seedlings entire. The results of

examination at various dates sre shown in tabular

form below.

Infection of R. ambiguum in potting soil, 1934.

MA}_‘I 3| |June 21| June 29| July 1o | Aug. 15 | Sept. 28 | Ok 26

seed sown — e —_ ~- e

Ag in all such pot cultures the seedlings
showed congiderable differences inter ge in their
respective growth rates. On September 28, more than
a month after mycorrhiza had first been recognlzed,
4 seedlings were selected, ranging from one of the
largest 1a the pot to one of the smallest, The
root-gystems of the two largest were copiously
brauched, and normal mycorrhiza wes observed., The
root-system of the third seedling was elongated, but

rather sparingly branched, and no infection was

present. The smallest seedling had a proportionately|

small root-system, though growth and branching had
taken place; here again the cells were quite uninfect
Infection, then, had not been by any means
simultaneous throughout the pot; large seedlings

seemed to be infected first and, if there is a causal
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connection between the two, then the size, or stage
of development, must have conditioned infection, not
vice versa, for the individual differences in
development amoungst the seedlings were present vefore|
infection could be recognized in any of them. On
October 26, 5 seedlings were similarly selected,
ranging from one of the largest to one of the smalles?,
but in this case mycorrhizs had been formed even by

the smaliest seedling examined, though infected cells

were still much fewer than in the larger seedlings.

The most interegting, and rather unexpected
result of this investigation is the complete absence |
of infection for more than gix weeks after sowing.

By June 21 root growth was visible; by July 16
geveral of the deedlings examined had well-developed,
branched systems of slender wnite roots, and had
produced theilr first epicotylar leaf, but neither in
root nor gshoot were any internal hyphae to be seen.

The seedlings examined on august 15 and later dates

revealed the early stages of mycorrhiza development;

Infected cells appeared sporadically in the roots,

sometimes gingly, sometimes in 1little groups.

Several such infected regions might occur along a
single root,; separated by regious where the cells
were still uninfected, showing that infection was

taking place from the soll more or legs simultaneously




at many polinte and was not spreading from a single

centre, nor from main root to laterals as these ;

emerged. It was noted here, as in the roots of older
plants, and as mentioned in the earlier description,
that almost every infected epidermal cell showed an

independent connection with the superficial mycelium.

In &ll cases, in this experiment with

R. ambiguum and in pot cultures of several other

et

species including R. decorum and R. ferrugineun,

i3
-

infection was confined to mature, vacuolated cells.
Rayner (1915) has described hvphae from the testa of
Calluna as infecting the tip of the root, as well as
other parts. In all the roots examined in the present
investigation, whether of geedlings or adult plants,
the meristematic cells were conspicuously free from
the fungus; this fact was also observed for Vaccinium
by Freisleben (1934), and may be partly responsible
for the delay in infection of geedlings in untreated
80il. First the hypocotyl elongates and the
cotyledons expand. Then there is a slight psuse in
development - the critical stage at which it has been
claimed that uninfected seedlings are permanently
arrested. Then root growth begins, and only after 1t
has progressed far enough to leave a zone of mature
vacuolated cellg behind the meristem can infection

teke place. So far from infection being a

-
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pre-requisgite condition of root-format

(=1

on, it is
actually the other way about; the formation and
growth of the roots are pre-reguigite conditions for

infection.

The Effects of Soil and Seed Sterilization.

The endophytic fungus anpears to be of

| universal occurrence in potting soil, but it seemed

worth while to try the effect of its removal by

initial sterilization of the soil. Accordingly two

small pots of peaty potting soil were autoclaved,
and on September 17, 1935, one was sown with seeds of

Rhododendron decorum which had been disinfected with

calcium hypochlorite, while the other was sown with
seeds that had been soaked in water only. On the

following day a pot of unsterilized votting soil was
sown with seeds of the same gpecieg disinfected with

caleium hypochlorite. & preliminary trial had shown

| that, without sterilization of soil or seed,

infection followed a similar course in R. decorum to

that already described for R. ambiguum, and infected

cells had been clearly seen some two months after
sowing - in a pot sown on July 5, 1935, mycorrhiza-
formation was found to have commenced in seedlings

examined on September 12.
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The three pots sown on September 17 andil8,

ag Just described, afforded the three possible

combinations

of soll and

geed

sterilization, the

object being to ascertain whether the occurrence of

infeetion showed any correlation with the treatment |

of soll or

seed.

The pots were left in the seed-pit

and the experiment continued for a period of 7 months|

the photogravh (fig. 1) being taken on Anril 17, 1936

at which date examination yielded the following

resultas-

Result of examination on April 17, 193

Oz

7 months after sowing.

Rhiododendron decorum in peaty soil.

6

3

Rook Endophytic | Progress
S oil Seed fovmaktion| infechion |,¢ seelehgs‘
glerilized glFevilized - — goad
gtevilized |unsteriliz ed ..I.. i good
gFevilized -+ -+ qood

unsterilized

the roots

had developed

in normal pot culture.

infected from the soil,

&

had made no difference.

typical mycorrhiza, Just as

The

and.

In the unsterilized soil (centre, fig.

the seed sterilization

1)

seedlings had been |
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In the other two pots moulds grew very free
at first, as always happens when autoclaved soil is
expoged to the air; a number of geedlings were
overgrown at an early stazge, and died. This fact,
together with sampling operations, accounts for the
relatively smaller numbers of seedlinge in these two
pots than in the other, as shown in the vhotograph;
such differences in numbers are not significant in

the result of the experiment.,

When the initial exuberant growth of moulds
died down the seedlings in these two pots grew very
gimilarly to those in the third, i.e. in untreated
soil. Yet up to 7 months from sowing, as recorded in
the table, the roots were gtill free from endonhytic
infection, though by this time tney were filling the
pots and the seedlings had reached the stage of
development shown in the photograph. Saprophytic
hyphee were, of course, abundant in the soil, but it
may be that the endophyte is not readily spread by
ain being present in soil only as a vegetative
mycelium; at any rate, it had not jet appeared and

entered the roots.’

In all pdts the seedlings are recorded as
having made good progress. The left-hand pot in the

photograph has a much less dense mags of follage than

Ly
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the other two, mainly because of the difference in
numnbers already mentioned, but comparison of the
seedlings themselves gave no valid grounds for
discrimination., There were much greater variations
iq&ize amongst the seedlings in any one pot than
between comparable seedlings in different pots; in
all three pots the leaves had a good green colour,
and the seedlings appeared extremely vigorous. On
the average, the geedlings in the centre pot
(untreated soil) were glightly taller than those in
the other two; this is not surprising, as autoclaved
801l, especially during the early phase of
uncontrolled mould growth, ls a much less favourable
nvirounent than untreated potting soil. The
seedlings in the latter had established a lead before
a state of relative biological equilibrium was
re-established in the autoclaved soil. But this
difference was small, and it was apparent that the
seedlings in the autoclaved pots had not suffered any
gignificant hindrance to their growth, as compared

with those in the other pot.

The results of this pot culture experiment
are in agreement with those obtained by Christoph

(1921) in a similar experiment with Calluna, which

was criticised by Rayner (1922) in view of the




| the absence of the endophyte imposes no significant

| handicap on the growth of the geedlings.

incomplete control of sterility. It is recognized
that this experiment has not the same value ag those
in which sterility is maintained (and which will also
be reported), but taken in conjunction with them it
does point strongly to two conclusions. Firstly, i

since the endophyte develops equally well in

untreated goil whether the geed has been disinfected

or not, and since it failed to appear - over & period

of 7 months - in sterilized soil, also irrespective
of geed disinfection, it is appareant that infection

proceeds from the soil, not from the seed. Secondly,

Pure Culture on Agar lMedia.

The next step (though it had, in fact, been
talken before that just revorted) is to exclude soil
infection by growing seedlings under aseptic
conditions. Seeds were aseptically extracted, by the
method already described, from the capsules of &

considerable number of species, including Rhododendron

pholidotum, R. Noblesnum, R. disquamatum, R. ambiguunm,

R. decorum, R. ferrugineum, and several unnamed garde@

hybrids. The non-appearance of hyphae in the early

stages has already been recorded in the section
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dealing with shoot and seed infection. A4s the
| standard laboratory ager media did not seem to be

very favourable to their continued growth, s number
|

of seedlings were transferred singly to deep tubes of

diluted (1.25%) malt agar. Figs. 2-4 zre successive

dated photographs of one seedling of an unnamed

1

hybrid. The seed was extracted and sown on oat agar

on February 16, 1834, and the seedling transferred to
1.25% malt agar on March 19. Several others in this
experiment were germinated on the more usual 2.5%
malt agar, and transferred to the diluted medium on
the seme date; their subsequent development was
similar to that of the example shown. Fig. 2, taken
| on llay 20, shows this seedling avproximately 3 monthsl
after sowing and 2 months after its transference. '

Ag compared with soil culture, growth had been very

slow; the seedling had reached the critical stage of

idevelopment, and the curled cotyledong and practical

|absence of roots might suggest that it was incapable
|
|

!of further growth in pure culture. However, this
| .
seedling, and others of which it is typical,

;successfully pagsed that critical stage, and fig. 3 1s
ia photograph of the same seedling some six weeks later)
;It had now formed roots and new shoot growth, and had
Eentered on a more vigorous phase of development. On

;SeDtember 21, about 6 months after its transference to

thie tube, the same seedling had reached the condition




\not very favourable to the growth of the seedlings,

endophyte, or of any other micro-organisms, Just as

gshown in fig. 4, with & good green shoot, and a
well-developed, branched root-gystem. These roots

were embedded in malt agar, & medium on which

Ericaceous root fungl have been isolated (Freisleben,
1933~-34), but during these six months of growth no

hyphae had appeared in ©

g
3

ne medium, and when the
seedling was subsequently removed and its roots
stained and examined, no fungus was found in them;

the same applies to & number of similar seedlings.

Since these plants were raised from geeds
which had not been disinfected,but simply aseptically

FhE

removed from the capsules, they confirm the opinion
that the seeds are not infected within the parent
ovary, and their subsequeunt development sghows that

Rhododendron can form r ts in the absence of the

Xnudson claimed in the case of Calluna.

It has been stated that 2.5% malt agar is

and this is illustreted in fig. 5. The photograph

shows two tubes containing seedlings of Rhododendron

eritimum, grown from seed whichhad been disinfected
with calcium hypochlorite; no micro-organisns appeared
These two tubes, and a number of othere which yielded

similar results, were sown on July 20, 1934, and the
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photograph was taken on December 19, when the

geedlings were 5 months old. The tube on the left

contained 2.5% malt agar, that on the right Knudson's

Solution B agar, and the better development of roots
[ on the latter is very obvious. In the malt agar

i culture small roots can be geen, particularly on the
| highest and lowest seedlings in the tube, but though
! root growth hag not been entirely. prevented it has

| evidently been greatly depressed. This result
isupports the idea that such inhibition of growth is

| due to unfavourable substrata, and at any rate not to
the absence of the endophyte or of any other

| miero-organisms.

Again, fig. 6 shows root formation by

‘Rhododendrﬂn decorunm on potato agar. The seeds Were
isterilized with calcium hypochlorite and.planted on
ithe agar slopes on September 12, 1835; the photograph
]was taken on December 16, so that the seedlings were
‘3 months old. They were still at an early stage in
ithe rather slow development usual in such cultures,
iand only one root had so far appeared, but it shows

i
‘.

| the healthy, glistening white appearance of roots

produced in pure culture on suitable media.
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Pure Culture on Other Nedia.

Reference has been made in the section on
media to the use of sterile sand irrigated with
Knudson's Solution B. ageptically extracted seeds of

Rhododendron ambiguum were sown on this medium on

December 6, 1935, and the flask left in an unheated

| greenhouse.  Fig. 7 is a photograph of 4 of these

seedlings raised on august 6, 1936, 8 months after
sowing. They seem surprisingly small, but this is in

part explained by the fact that the seeds lay dormant

| all winter; with rising temperature in early summer

they germinated, and the photograph really shows the
result of a few months' growth in the summer of 1936.
At this stage the seedlings were small bubt healthy,
witin leaves of & good green colour. They had

developed roots in which careful examination revealed

| no fungus. The sterility of the medium was

simultaneously verified by transferring samples to

2.5p malt agar, on which no growth occurred.

These seedlings, being grown from

ageptically extracted seed, without sterilization,

Q

onfirm the opinion that infection is not seed-borne,
as well ags the ability of the seedlings to form roots

and egtablish themselves in pure culture.
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A similar experiment was carried out with

Rhododendron decorum, except that the seeds in this

case were obtained from & seed-packet, and were
therefore disinfected with calcium hypochlorite and
gown, in tﬁe first instance, on 2.5k mglt agar. This
was done on November 27, 1935, and the seedes were
left for a week on the agar plate at room temperature
to confirm the absence of any contaminants. On
December 5 the seedg, which had remained quite clean,
were transferred to a flagk of sand and Knudson's
Solution B, which was left in the unheated greenhouse
till sugust 6, 1936, when the four seedlings shown in
'fig. 8 were raised from it for examination. Thege

seedlingg were larger than those of R. ambiguum

s is in part a

Jmde

raised from send at the same time. Th
| specifiec difference, R. decorum being & more free-

growing species than R. ambhiguum; in addition the

geeds of R. decorum did not remain dormant throughout
the winter, though their growth during this period
was slow. Their earlier germination may have been due

to the accelerating effect of calecium hypochlorite.

Here again no fungus could be found in the
roots, nor in the sand by transferring samples %0
malt agar. Since the seed had been disinfected this

|experiment has no bearing on the question of seed
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infection within the ovary, but it confirms apain

o

he ability of fungus-free seedlings to establish

L=

P

themaelves andfform roots.

Rhododendron decorum was also used for an

experiment with Molliard's cotton wool medium. The
geeds, from 2 geed-packet, were disinfected with
calecium hyvochlorite and sown directly on the cotton
wool on January 10, 1836. FPFig. O is a photograph of
thiis tube taken en June 17, some 5 months after
sowing, during which time the tube, and similar -

cultures of R. eritimum, R. ferrugineum and

R. Davidsonianum, had been kept at room temperature.

% Access of light was provided by keeping the tubes

| near a window, but their position was chosen and

varied to prevent much direct sunlight reaching them.
Under these conditions the seedlings had fomed
vigorous shoots of a good green colour, while their
roots had freely penetrated the cotton wool. The
well-developed roots of one seedling lay mainly
between the cotton and the wall of the tube, and
could therefore be photographed, as seen in fig. 10,
which was taken on august 11, 1936. Two days later
(Aug. 13)and thus some seven months after sowing,
sanple seedlings were removed and their roots,

including those seen in fig. 10, were stained and




examined. No ianfection could
the cotton wool were transferred to malt agar, and

remained sterile.

This, then, 1s a further example of the

successful growth of pure culture seedlings.

When previous workersg have recorded similar
results, mainly for Calluna and Vaccinium, it has
been suggested by Rayner (1922-25-29 b) that under
artificial cultural conditions the fungus is present
in an extremely attenuated condition, permitting the
development of the seedlings, which could not succeed

in its total absence, but not forming typical

mycorrhiza, and that it has been overlooked. It is
extremely unlikely that this can explain all the negal
results that have been recorded, but in any case there
ig now available a controllable medium in which it is
known that typical mycorrhiza does form. This 1s the
peat and sand mixture already referred to in the sect]
on media. Freisleben (1933-4-5) used this medium for
experimental gynthesis of mycorrhize, by transplanting
to it pure culture seedlings of various Ericaceae,

ineluding Rhododendron species, and simultaneously

inoculating the substratum with the endophytic fungi
whichh he had isolated from Vaccinium roots. He

records the fact, borne out by photographs, that

ive

o1l



infection by the endophytes in this medium took the
form of a copious mycorrhiza-formation,

indistinguishable from that occurring in nature. It
may tanerefore be maintained that negative results
obtained with this medium are not subject to the
criticism that the fungus might be so attenuated as

to escape the most careful search.

It may be recorded at once that the results
obtained in the present investigation by the use of
this peat and sand medium have been iu complete
agreemeant with those already digcussed. Seedlinge
can, and do, form roots and grow successfully in the
absence of the endophyte, verified by careful
examination of the roots, and in the absence of any
other fungi, verified by transferring samples of thne
substratum to malt agar. This is of interest,
because Freisleben, using this medium, was disposed tag
agree with Rayner as to the failure of nure culture
seedlings to form roots, though he found that this
condition was relieved by aany non-parasitic fungi,
and not only by Ericaceous root fungi. In the present
investigation roots have been formed quite

successfully when no fungi were pregent at all.

It is quite true that under some conditions

fungi appear to be beneficial to the seedlings, even
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though they are not indispensable, and in this mediun

they certainly do no harm. The largest seedling

| produced in any of these cultures was one of

Rhododendron decorum which was grown alone in a 250

c.c. flask, in which the peat-sand substratum had

1

been contaminated with Penicillium. The seed was

sterilized with calcium hynochlorite and planted on

| potato agar on September 12, 1835, On January 17,

1936, 4 nonths after gowing, this particular seedling
wag transferred to the flask culture, which becane
contaminated, &g oceasionally happened while

introducing seedlings, with Penicillium. Such flasks

| were not discarded, but kept for observation of any

effect which the fungus might produce on the growth of

the geedlings, Penicillium being one of the fungil

recorded by Freislebeun (1934) asg relieving the

| i

nhibition of growth which he found in pure culture

-

eedlinga.

m

At the time of 1ts transference this
geedling had but one short lateral root, and no
visible epicotylar growth. Pig. 11 i¢ a photograph of
the same seedling, still in its flask, some 7T months
later, namely on august 5, 1936. On August 11 1t was
removed from the flasgk znd found to have an extremely
well-developed root-system (fig. 12); the leaves were

of a fine dark green. Penicillium was known to be




b

present, and was recovered in apparently pure culture
on transference of samples of the medium to malt a
On microscopic examination of roots the hyphuae and
sporeg of the saprophyte were found on the surfzce,

but the root cells were clean and empty, without any

sign of mycorrhiza-formation.

This seedling, then, had been conspicuously
successful in the abgence of the éndophylte, but in

thie presgence of Penieilli

But in tials medium it does not appear that
geedlings grown in the presence of fungi heve any
real advantage over pure culture seedlings. On
January 17, 1936, when the seedling described above
was transferred from potato agar, two other cultures

. 1

were sel un in which seeds of Raododendron decorun

were sown directly on peat-sand mixture in two 250 c.
flasks. In one were sown about & dozen seeds which
had been soaked in water, sterilized by immersion in
calecium hypochlorite for about 40 minutes, and
transferred directly without rinsing; in the other
were sown & similar number of seeds which had been
soaked in water, and then rinsed in several changes o
sterile water, without sterilization. These geeds

were taken from a seed-packet, and the washing of the

L)




| were masked by the Penicillium.

| were raised and photographed (fi

from thaet in the contaminsated flask. After
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second set proved insufficient to nrevent

contamination. Penicillium developed in the

substratum, and was recovered in apparently pure
culture when the flasks were opened on June 24, 1936,

i.e. 5 monthe after sowing. It is, however, possible

that other saprophytic organisms were present, but

On the same date (June 24) sample seedlings
154, The central
geedling is an aversge representative of the flask

containing Penicillium; the other two are a large and [

a small seedling from the pure eculture flask, in

which the average size did not differ appreciably
1

photogranhing, thesge seedlings were stained and

carefully examined. The roots of that from the

infected flagk bore hyphae guperficially, but not

[internally; no fungus could be found on or in the

|

|roots from the other flagk, nor was any revealed by
|

| trangferring samples of the pubstrate to malt agar.

Now the seeds sown in the infected flask
had not been sterilized, so that nycorrhiza should
have developed if the endophyte were seed-borne.
also comparison of the seedlings shown ia fig. 13,

and the recorded similarity in the average development




t and is therefore not liable to be overlooked.

o
(O

of these two sets of seedlings of equal age, show

that

=
)
=

n this medium the pregsence of fungi of any kind
is not only unnecegsary; it does not even confer any
anparent advantage. 4and this experinment wasg carried
out with a medium in which the presence of the

endophyte results in typical mycorrhiza- formation,

Conclusions.

The three controversial agpects of
ZIricaceous mycotrophy mentioned at the beginning can

now he answered in the case of Rhododendron: -

1. The endophyte is confined to the roots, and
does not penetrate the sub-serisl parts of
plant. This hag been determined maiunly by
microscopic examination, supported by the

failure of attempted isolations, and by the

absence of seed infection (see bhelow).

2. Ag implied by 1, the endophyte is not seed-
borne. This has been shown by the fact that
the endopnhyte did not appezsr in any of the
cultures from aseptically extracted seed, uor

in any culture where the substratum itself had
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been eterilized whilst the geed had not, and
this remained true even when the substratum
wag oune in which the endophyte is lnown to

form typical mycorrhiza if pregent,

5. Infectlon by the endophyte is not an ohligate
condition of development of the higher plant,
which in fact can form rools and establish
itself in the total absence of any micro-
organisms. This 1g demonstrated by the
success recorded for purelculture geedlings

on a4 considerable variety of substrata.

Discussion.

mycotrophie habit in these and related plsnts? In

Rhiododendron, if the sbove conclusions are sound, it

is plainly aot of the vital character envisaged by
Rayner for the Ericaceae in general, and for Calluna

in particular.

A recent paper by Burges (1936) supports
the belief that mycorrhizal fungl are esseubially

paragites, and that no mutualistic relation is
3

|involved. In the same paper it is suggested that
|




soll fungl geunerally, including perhans the
mycorrhizal fungl, break down organic matter to a
level at which gsome of it is water-soluble, and can
be absorbed directly by the roots of some of the

5

higher plants.

The conclusiou that mycorrilzal fungl are

essentially parasites lias been reached by other

J
workersg in this field,; and it is the one which geems
to accord with the results now presented. This is
not inconsistent with the accepted fact that the
presence of fungl is sgometimes beneficial to the
higher plant. It is known that plants do not
generally grow well in completely sterilized goil,
and that applies to all the higher plants, not only
to those whieh form mycorrniza. The metabolism of
micro-organismeg plays an important part in soil
fertility. If this role, in the case of solil fuagl,
cousists of breaking down organic malbbter to a level
at which some of it can be absorbed, in accordance
with the suggestion Jjust guoted, then it could be
understood how, on some substrata, if the svailable
nutriment is scanty, tlie presence of an endopuytic or
other fungus might permit the -development of the
green plant by making available food materials which
could not otherwise be used, and this might apply to

some of the substrats that have been used in




myeorrhiza research, especially agar media. On the

other hand, if the substratumn already contains
adequate nutriment in =n available form, as where
s0il water or a suitable gsolution of salts has bheen
incorporated in the medium, then it would be expected
that the presence of a fungus would be quite

unnecessary, and would even confer no advantage, as

found in the present investigation.

Poor growth in some media must be due to a

o

ositively inimical factor, and not merely to lack of

avallable food material; this applies, for example,

o

o 2.5% malt agar, where the inhiﬁitory effect was
considerably relieved by dilution of the medium, but
the availebility of nutriment may be the key to
understanding of the otherwise anomaloug records
(especially by Rayner, 1815 and other paners) of
improved growth on one and the same medium on the

introduction of a fungus.

It appears, then, that the root fungi have
no specific importance to the higher plant. The
feature which distinguishes them from otherlsoil fungl
is gimply a certain mild degree of parasitic activity
towards these plants, whereby they are able to invade
mature root cells and, though held in check by the

host plant from further spread or damage, bto survive
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the colled masses of hyphae which are the most

Sumnary,

In nature the roots of Rhododendron species

regularly contain an endophytic fungus; the

‘mycorrhi

| Vaccinium and the nmajority of the Ericaceae.

lie mycotrophy of the Ericaceae on which opinion hasg
been divided. These questions are investigated by
microscopic and cultural methods, and evidence ig
presented to justify the following answers in the casd

of Rhododendron:-

za is of the same type as in Calluna,

There are three quegtions in particular in

{5

Infection by the endophyte is not an obligate

The endophyte is confined to the roots, and
does not penetrate the sub-aerial parts of

the plant.

As implied by 1, the endophyte is not

seed-bornae.

condition of development of the higher plant,

]
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which in fact can form roots and establish
iteelf in the total absence of any

micro-organisms.

The gignifTicance of the mycotroohic habit
is briefly considered in the light of these results,
which lead the writer Lo support the wview that the
endophyte 1s a relatively feeble parasite, and is of

no specific importance to the higher plant.
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hododendron

1

Explanalion of Figures.

left:
centre:

right:

decorun, T months old.

sterilized geed; sterilized

sterilized seed; unsterilized
unsterilized seed; gterilized

2. Rhododendron hybrid No 1,growing in 1.25%

gown, February 16, 1934; transferred to
shown, March 19, 1934.

Photograph taken, May 2C, 1954.
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dling; July 3, 1934,

The same seedling; September 21, 1934.
R. eritimum, 5 months old.

left: on 2.5k malt agar.

right: on Knudgon's Solution B agar.
R. decorum, 3 months old.

Root-formation on notato agar.

Knudson's

R. decorun,
Seedlings

Knudson's

(r=root).

8 months after sowing.
ageptic sand culture

Solution B

8 months after sowing.
rooted in aseptic sand culture

Solution B.
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9. R. decorum, 5 moaths old.

Agentic eulture on ¥olliard's cotton wool mediuml

(10, Closer view of same tube 2 monthe later, showing

: )

' roots.

11. R. decorunm, 11 months old, in peat and sand

infected with Penicillium.

. Sane 1iing rem i from flagk ghiow

12. Same geedling removed from flask to ghow
root-sgystemn. i

|

| 13.R. decorum, 5 months old, grown in peat and sanud.

|

centre: from culture infected with Penicillium.

left and right: from aseptic culture,
















II.
TREMELLA TRANSLUGENS
|
1
| A NEW SPECIES ON DEsD PINE NEEDLES.

| The fungus Torming the subject of this note occurs in

comparastive abundance along with a number of othier

fungi on dead leaves of Pinus sylvestris in a wood

near Peebles, in southern Scotland. It is most
| readily recognized by soaking the needles in water,
wheun the fructifications appear as hyaline, greyish-

white globules, Cv4 -~ 3 mm. in diameter, the majority

meaguring 1 -~ 2 mm. (fig. 1).

: On drying, the fruec 1ficmtion contracta to

| such a degree that it is recognized only by careful
| .
| 4

exanination under & lens. Tt also agsunes a dark

| colour, generally very dark brown or almost black.

By reason of its incounspicuous appearance whea dry it

[

|is probable that the fungus freduently escapes totlce,
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| layer; outside this again is a layer of Jelly through

| congequence of their greater diasmet

| farther out, butb there is no suggestion of the firm,

|whole superficial area of the fructification; there is

(52

Ul

and it may well prove to be comparatively widespread.

A transverse section of the leaf reveals
abundant hyphae throughout the mesophyll, becoming
densely ageregated under the surface where the
fructification breaks through. There ig a short and

relatively thick gtalk-like porbtion, at first fairly

atteached. The leaf is bBlackened over a small srea

o i

surroundiag the insertion of each Ffructification.

The hyphae ia the bagal region of the
- Sy o = . = = = =
ification are closely arranged and more or less
parallel, with comparatively 1little gelatinous matrix.
As they diverge the amount of jelly increases until

the hymenium is reached, winere the basgidia, in

@D

r, Porm & denge

wiieh the epibasidia eventually grow. Thus, ag would
be expected, the texture of the fructification is

denser towards the centre, softer and more gelatinous

hard nucleus characteristic of the old genus
Noemnatelia of Fries. (fig. 2). The basidia are

embedded near the surface of the jelly, and occupy the
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no differentiation into fertile and steprile surfaces.

The hyphae in the fructification have a
| dlanmeter of 2.6 - 4,0 u, while individual cells may he

further eunlarged, forming irregularly dispersed,

vesicular swellings. Clamp connections are frequent.

| 5 = :
- The basidia are spherical or slightly oval,

within the 1imite of 10 - 14‘p in

length and 2.5 =~ 153.5 n in breadth. The length does

not usually exceed the breadth by more than 4 u; &

| eimilar excess of breadth over length is lesgs frequent
but by no means rare. Ia igolated cases a marked
increase in one or nére dimensiong @y oecur, oue
example measuring 23.9 x 14.6 u. The basidia are of
| the usual Tremellaceous type, and the four cells

{ frequently separate right to the hase at & late stage
| of development, & feature which has been recorded for
othrer members of this groun of fungi. This separation
was most noticeable in fructificationg that had been

kept very moist.

Waoen dry fructifications are brought into
the laboratory and soalked in water they are generally
found to bear an abundant cron of mature basidia,
cruciately divided into four cells, but without
epibasidia or spores. If such fruetifications are

then transferred to damp filter-paper and kept under




cover, further development tak
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hours. The epibagidia vary in diasmebsr from 1.25 o

tlie normal hyphae, though the maximum is the same for

both., & number of sgtill thicker
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observed, bearing two sterigmata and
The length of the mature epibasidia is so variable
btliat no average figure can usefully be given;
measuremnents as short as 12 u and ag long as 100 u
have been obtalned, the latlter under very moist
conditions. The epibasidium somebimes projects
freely and to a variable distance above the surfzce of
the Jelly; at other times it just reaches this
surface, immediately above which the spore is
consequently borne. The glender, tapering sterigna
ie usually @ = 3 n long, but its basal 1imit is not

sharply defined from the epibasgidium.

The basidiospores are oval, 7.1 = 11.8 n x

Sl = 5-2}1, with an average about 9 x 5 n.

'According to the direetion of view both sides of the

Spore may a&ppear convex, or one may be almost straigint,
but scarcely ever does one side present a concave
appearance, which would result in the curved spore
shape characteristic of Exidia and certain other
pgenera of the Tremellaceae. The spnore bears a small

oblique apiculus at its base, immediately adjacent to




the point of attachment to the sterigma (figs. 3 & 4),
The spores germinate readily in the

presence of moisture. Three types of germination may
be distinguished, though they grade into oune another
to some extent; all three types were recorded for

Tremella sprecies hy Brefeld (1888).,
iremella J

(1) By repetition; the germ-tube rather

i regsembles the sterigma, and hears a

I : gsecondary spore more or less similar to the
original basidiospore in size aund shape.

| This is generally regarded as the norumal

mnode of germination ia Tremella. (fig. 6a) .

(ii) By budding; a number of small yeast-1like
conidia or sporidicla are produced directly

from the basidiospore. (fig. 6b).

(1i1) The germ-tube grows out as a simple or
branched mycelium from which, sooner or
! later, yeast-like conidia are irregularly

abstricted. (figs. 6c and T).

In cases (1) and (iii) the germ-tube may
arise from any vart of the spore, laterally,
sub-terminally or terminally fron either end

(fig. 5).

=
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The first method, by repetition, was found

to be the most frequent among snores germinating on the
moist surface of the fructification, and is probably
the commonest in nature. The gecond method, by

budding, was also fairly freguent in this situation.

3

rermlnation iu hanging drops of water
generally Tollowed Lhe second methiod, large numbers

Y

of yeast-like conidia being formed; the first and

third methods also ocecurred, but were legg fredquent.

Gerniination in a nutrient solution, such as
dilute malt extract, resulted in greater luxuriance
of growth, and germination by repetition was not
observed (fig. 7). MlMany spores Tollowed the second
metliod, while many others produced a germ-tube, or
more than one, which sometimes formed a freely budding
sprout mycelium ilmmediately, and in obther cases
attained a considerable length and complexity of

brenching before bearing conidia. The ultimate result

o

was & luxuriant eprout mycelium, from which yeast-like

conidia were irregularly abstricted.

This fungus does not seem to conform to any
published desgcription. Perhaps the nearest

regemblance is offered by Tremella glacialis Bourd. et

Galz., in spite of the different type of substratum on




which that gpecies hag been recorded. and &
difference in habit which might be connected

ewhat

therewith. The present species, however, is sgom
larger, both in macroscopic and microsconic
measurements, and particularly in the length of the

spores, whicli have a more elongated oval form that

those of T. placialig. Neuhoff (1931) regards

T
T. glacialis and the very similar or identical

-

8 species of Exidia, on scecount
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| of their spore shape. Whelden (1934) disagrees with

;this, and figures spores of T. Grilletii which

| certainly suggest that it should be retained in the
igeuus Tremella. Howevef that may be, the present
Ispeciés would appear to be correctly referred to
Tremella: the nymenium covers the ealire exposged

gurface of the fructification, leaving no sterile

gurface, and is nerfectly smooth, without the ridges
or papillae common in Exidia; the thick-walled,

| superficial hyphae recorded by Whelden (1934=5; tn
|dry fructifieations of Exidia, but not of Tremells,
‘have not heen observed in this case; the spores are
oval, nol curved, and their germination is
characteristic of Tremella; the septétion of the
spore, and the curved gporidiola characteri;tic of

EXidia, 4o not oeeur.




Within the genus Tremellz, thie speécies
finds itg place in the section Tuberculiformes
(Nanotremella), which have small smooth
fructificetione without lobes or furrows. Only three
guch snecles are listed as REuropean by Neuhoff (1931)
two of which are distinguished by their colour, as

well as other charscterg. The third, T. fuslspora

Bourd. et Gelz., is hyaline to nilk-white, but is
gmaller then the presenl specles, and is
distinguisiied particularly by its spores, which are

long and fusiform. Tremella translucens ig therefore
&

Tremella translucens &p. nov.

Erumpent, @4 - 3 mm. when moist, hyaline,
preyish white, spherical or slightly flattened, of
soft gelatinous counsistency; when dry minute, hard,
darl brown or black, with a central depression;
bagidia spherical or slightly oval, 10 = 14 x 9.5 =
13.5 p; spores hyaline, oval, with an oblique basal

apiculus, Tl = 118 w500 = 6.2 2 average 9 % 5}.1

On dead leaves of Pinus sylvestris.

Peebles, in southern Scotland.

el




Tremells translucens en. nov.

Brumpens, uda hyalina, albo cinereaz,
atinoga, subglobosa, O.4 - 3 nm. lata; sicca
minuta, dura, fusca vel atra, centro depresss;

El

bagidlis globosis vel late ellingoideis, 10 = 14 x

Hab. in foliis emortuis Pini gylvestris,

Peebleg, PScotiae sugtralis.

g deposgited in the

(=)

The tyne material
herbarium st the Roval Botanie Garden, Ldinburgh,
has also been sent to the herbaria of
the British lluseum (Natural History) and the Royal

“o tanlc Goardens, Kew.

e fungus described in this note was. first

LT

observed by Dr lalcolm Wilson, to whom the writer is
indebted for making material available, and for his
help end criticigm in the prevaration of this

description.
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Brefeld, 0. (1888) ‘Untersuchungen sus den

Neuhoff, W. (1931) Kritische Gallertplize II. Die
europdischen Arten der Gattung Tremella.

Zeitschrift fdr Pilzkunde, 15, TC-T5.

1
I

Whelden, R. M. Cytological Studies 1n the Tremellace
(1834) I Tremells.
Mycologla %xvi, 5, #15=435.

(1935) IT Exidia.

Mycologia xxvii, 1, @1=57.

Explanation of Figures.

Tremells traunslucens s8p. Nov.

1. Eructifications on lesves of Pinug sylivestris,

Slightly magnified.

2. Thick hend section through a leaf of Pinus
sylvestris bearing & fructification, to show the
general structure of the latter, x 50. at cither
aide of the fructification some of the small,

gphierical hasidia have been displaced by pressure.
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%, Eplbasidia with spores. The

wiere clearly defined, is ind

horizontal line.

5. Basidiospores germinating in

6. BRasidiognores germinating in
{a) by repetition,
{(b) by budding,

(¢) by & simple hypha.

7. Bagidiospores germinating in
golubion,
(2) after 24 nours,

(b) after 45 hours.

gurface of the jelly

icated b

water; early stage.

wa.ter,

dilute malt extbract
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Note on a Rare Beetle, Cartodere filum Aubéd,

eating fungus epores,

For a number of years it has bheen noticed thet the

spores of certalin Tungl kept in a dry condition in

4

the laboratory of the Royal Botanic Garden, BEdiaburgh,

become compacted, after a time, into little

cylindrical masses, which strongly suggest that the

gpores hiave Deen ingesgted by some small sanimal, and.

egeated in the form of faecal pellets. The fungi
attaclked in-this way are tiose having dry, powdery

spores, e.g. species of Lycoperdon, Ustilago and

Tii1etia,

The faecal pellets (fig.l) are roughly
cylindrical in form, straight or slightly curved,

getierally appearing under the microscope as oblong
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iagees tvae ends of which may be clesn-cut, or
|

less iIrregular. The diameter varies from 23
but mue variations occur in the length

-1

1a88es, megaurements from 40
obtalined; this ig
diameter muet he condlbioned
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compacted spores,
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njicroscone. The number of

:'i.l-ij_ (_:I_J_ l"et-?,i 1

amnprac
3 _“-‘; LT

to

readily understandable, as th

= 1.1 LTI e o
F Lile Glmens ol
1 depositing th

Ividual fragment

thielir normal

¥

Presumably they bear a thin coating of

ir cohesion ig

+

cernable under

R
VAL L CLL

nay b

cgue ;.

LA

(¢4]

(o)
(e}

L

but

e

G—'

| counted in the transvergse diameter of a pellet, e.g.
at ove end, depends on the spore slze of the species |
|
concerned, as illustrated in the following btabulated '
observations on the three speclies moat nobticeahly

he lahoratory.

S{oore size

Nember of spores acyoss pefiel

ﬂvemje size

S‘beci es

R“""ﬁ e Average

Hsuul Tange |Approv.average

K

Average nuwm ber

| Lycoperdon jagrifg;fme 3.(?/1

B —J0 A

327-5/*I

Ustilago Avenae

Jo-74mu| I TA

285 o |

Tillekia Tritici | fo-p 2074 /186 4

8-+




TC

The figures for number of spores across the|

' |

. |

pellet must be taken as apvroximate only, for the |
spores are not found arranged in definite rows;

being roughly spherical bodies they naturally teand to

£l

alternate with each-other. The relatively.large

e

spores of Tilletia Trit

¢l are never arrangeﬁ more

nd actually they are usually

—
{%h)

than two deep (fig. 2
& 1little out of direct alignment with one-another,
except in the case of gpores under average size, €0
that the dizmebter of the pellets is somewhat less than
the product shown in the final column of the table.
Malking allowance for this, it will be noticed that
the filgures in this column fall within the range
already duoted for the diameter of the pellebts. It
is evident that this somewhat elastic limit is
independent of the gpore size, and is imposed by the

agent resgpongible for the formation of the pellets,

as we should expect if this is the alimentary canal of
& small animal, i
|
Por some time no insect or other animal

which might be responsible for this transformation of
the spores was noticed, and ibts presence wasg merely

inferred from the observed effects. Recently the
appearance of faecal pellets in thie spores of gome

gmutted oate which had been in store only a few

monthe afforded the ooportunity for a systematlc

—
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gearcll, and a small Brown bee

present in counsiderable num
proved that this was recpons

will be shown below.

Dr a. H. Cameron, of the

Department of Entomology, who ident

as Car odere filum AUDG of

(Clavicornia), and kindly su

tle was found Lo be

bers. TFurther examination

ible for the damage, as

Specimens of the beetle were submiited to

sdinburgh University

ied Llie beetle

|_r.
iy

thie family Latliridiidae

pplied some further

information about it. Towler (1889) comments on this

"Very rare; it appears to be chiefly confined to

herbaria, although it occasionally oaccurs in

fungli in other countries. Burton-on-Trent (lir

Magon's herbarium, in

Scotland

Loa \

tlie nerbarium of thie Royal Fotanie

gome small numbers) ;

Ediaburgh (found by Professor lcNab in

Gardens) . "

The heetle h&as evidently found, amongst the

dried specimens of wvarious fungl, conditions of life

and food material which suit it admirably, with the

result that it hag survived for man ears, and uow
2

appears to be plentiful and flourishing.

Specimene of Ustilago svenae and U. Hordeil

collected in Wales in august,

1935 and stored in the
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affected cupboards showed no sign of damage in

October of the same year, bub whén tliece specimens
were again belng uged in February, 1936, faecal
nellets were found to be abundant in the smubtted ears
It was amongst these speciriens that the systematic
search referred to above wag carried out, and many
living mature beetles were found, as well 28 a falr
nunber of larvae and a lew pupae. Under ohservation,
the Dbeetbtle was seen to deposit the pellets quite

ranidly.

A few beetles were killed, dehydrated in
absgolute alcohol, cleared in clove 0il, and mounted
in Canads Balsam. This treatment made the animals
transparent, and the contents of the alimentary canal
could be clearly seeu, apparently consisting entirely
of smut spores which, in the hinder gut, were
comnacted together into a solid mass (fig. Xy e
the gut this eylindrical column of spores is
continuous, breaking up on emergence into the varying

lengths which form the characteristic pellets.

The larvae were observed to deposit similar,
but generally somewhat more glender pellets, and when
a few larvae were similarly cleared and mounted the
spores could be seen in the gut just as in the mature

beetle (fig. 4). They were also present in the gut
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of the pupae, though these, being quiescent, did not
deposit pellets. Fowler (1889) gays that “the larvae
(of Lathridiidae generally) probably feed on
cryptoganic substances, the excrement and sgkin of
various insects, ete." In the present case lsrvae '
and adults alike were apparently gubsisting on the
same pure diet of one cryptogamic substance, namely

smut sporesg.

The unaffected gpores of Ustilago Avenae

and U. Hordei (collected August, 1935) were still

le in February, 1936, germination beginning after
8 few hourg in water. As the spores constituting the
faecal pellets were not vigibly altered except as to
thelr arrangement, these were tested for viability.
To ensure that the spores usgsed had actually pasged .
through the alimentary canal, a living beetle was
Zept under obgervation in & clesn hollow-ground slide
where it was seen to deposit pellets of snores.
These were then transferred to a hanging drop of

water.

The majority of the sporeg failed to
germinate, but & few produced their promycelia and
sporidis within 18 hours, when the vhotograph (fig. 5)
was taken; by this time the bacteria present in the
faeces had mulbtiplied very counsiderably, &s seen in
the photogranh. The relatively long period of 18

hours should not be stressed too heavily; tihe spores
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had germinated overnight within this Lime, and even
iquperiments withh unaffected spores some always took
a good deal longer than others to germinate. Fut one
evident difference was the very small number of
snores whieh had germinated even after 18 hours. In
drops where hoth unaffected spores and mellets wer
present the promycelia of the former were generully 8o
abundant as to hamper observation of the latter, and

o
e

frequently when a promycelium appesred to procesd fron
one of the pellets the possibility remained that it
might belong to an unaffected gpore adhering to the
mase. But in the dresent casge, where fresl pellets

nly were introduced into the drop, it waé very .

noticeable that the msjority of the spores showed no

gigne of germination.

i)

hat, while spores may

survive and geraminate after passage through the

alimentery canal of the beetle, bhey are nevertlieles

Az

Lo some adverse influence to which, ia the
pregent case, most of them succumbed, Thieg lethal

effect was probably ecaused by thae digestive jalces of

ES

tiie heetle.

The exact composition of the gpore wall of

Ustilago appears to be unkuown, but it may be taken




cousists mainly or eatirely of sone forﬁ of
cellulose. It can be shown by microchemical meang
ig not nure cellulosge =g found in the cell
walls of the higher plants generally and of & few

fuagl, sucli as Peronospora., For exanple, soores of

Ustilamo and Peronosnora were mounted together and

tested with sulphuric acid and iodine, when the spore

wall of Peronospors gave the blue colour reachion

characberigtic of eellulose, while that of Ugtilago
pimply asgumed a yellowish brown tint, It has been
customary to refer to the substance of such wnllsg as
"fungus cellulose”, ag it is believed to congist

tially of eellulose, though in a slightly

esset

o]

different form from that ocecurring in the na jority

of Blarnbs.

If this pbe so0, it would appear from the

3

reduced germination capaclity of the egested spores

that these must have been acted upon by an enzyme

g

capahle of diggsolving, &t Laast In part, Gheir

protective covering, that 1s to say, by a cellulase.

According to Mansour and Mansour-Bek (1934)
no evidence of the nresence of cellulase in insects
had been obtained prior to 1219, and any digestion of
celluloge which might take place was believed to be

due to the presence of micro-organisms in the
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intestinal tract. Subsequently to 1919 ; AoWever,
the presence of cellulase has been recordsd in a
number of inmsects, including wood-eating beetles.

It is therefore quite posaible that Cartodere Filum

may seerete cellulase, especially as the herbarium
materlal on which it generally lives muet contain a
high percentage of cellulose, but no experimental

information on this point is known to the writer.

-

Reference may be made here to the guestion

of the digestion of sporeg of Tilletia Triticl by

el

animals. These spores have been found in the faece

of several vertebrates (man, dog, rabbit, guines pig,

lete,) and appear to be affected but little if atbt all

by their passage Lhrough the digestive tract (Dobson,
1926). Conflicting results have been reported as to
thelr capacity for germination when obtained from the
feeces. In,vertebrates the breakdown of cellulose is
generally admitted not to be the work of a cytase,

.

o1 of intestinal bacteria.

41

tinie acti

|J.

but due mainly to
It is possible that the conflicting results just
referred to may be related to variations in the

comnogition of the bacterial flora.

It wag not possible to test the viability of

-

egested Tilletia snores in the pregent case, ag this

aterial was o0ld, and even the unaffected spores were
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|not capable of germination. Even the snores of
Ustilago on which the observations of gerunlnation
were made were already gix months old; with fresher

spores it is wnoseible that the decrease in

germination cavacity would have been less marked.

No attenpt has been maée here to deal in
detail with the entomological aspect of the problem.
The purpose of thig note is rather to record the
agent responsible in the present case for the appearan
| of these cliaracteristic pellets amongst dry fungus
spores, the persistence in the laboratory of this rare
beetle, and the faclt that snores are canable 6°f
germinating after vassage through the alimentary
canal of the beetle, bul do suffer a reducticn if

their capacity for germination.

ce
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Bxplanation of Figures.

Basidiosnores of Lycoperdon pyriforme, egested by

Cartodere filum, &g geen under a low nower.

by ‘
|

T
[&7]
=]

Chlamydospores of Tilletia Tritici, egeste

Cartodere filum.

! +1

Cartodere filum Aube; the mature heetle cleared to

shiow the dark mass of spores of Ustilago Avense .

in the guk.

b2

Chlamydospores of Ustilago Avenae, egested Dby

Cartodere filum: photographed after 18 hours in

water; a few spores in the smaller mass have

germinated.












