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INTRODU CTION.

The fungus which forms the aubject of the present
thesis belongs to the gsnus Gonatorrhodiells of the
Fungi Imperfecti. The genus is rare in nature,snd is
composad of two vslid species. In addition to the
unigue morphological characteristics displayed by both
species,they are further distinctive in that they are
found in association with other fungi,psrticularly with
menmbers of the Ascomycsatous Hypocreazles.

Records so far available have indicated that the
gonus occurs both in North Americs and Europe,snd it
wag from the former continent that the original type

species wzs collected, Thaxter®l) crsested the genus

Gonatorrhodiells in order to sccommodate = fungus

which he discovered in Connecticut,and of which he
stated in 1891:-

“Thig gpecies has been met with in several localities
about New Haven slways growing directly upon,or running
a short distance from certsin species of Hypocrea and
promyces on which it appears to be parasitic.”
Accordingly he nsmed the fungus Gonstorrhodiella pars-
gitica,and Ayers(lv) considers the s=zme speciss to have

been collected by von Hoehnmel(l6),who observed the fungpa

crowing on Tremella lutescens in Wiener Wald, and record-

2 A A B

ed it in 1907 as G, eximis., Davidson(g) also mentioned

the occurrmee of G, psrssitica in agsocistion with

Trichodexrms lignorum on s sporoyhora' of Polyvporus gp.

and on Betula niers decayed by = species of Iomes,
Petech/




2.

Poteh®3) recorded  the fungus growing on Hypomyces
surantius at Totnes during the forsy of the British
Mycological Society in 1935.

The originazl description of the structure and
occurrance of the other species Gonatorrhodisllia
Highlei(Brown Mould),is the only one in which no othex
fungus is mentioned as an associate. The specises wag
found growing on onion bulbs at Kew by Smith and Rea
(29) in 1907, All subsequent recordings of the fungus
have been made in North America., The collections on
which the ﬁajor proportion of the reports are based aTe

described by Ayers(lb) in a paper which dezls with the

‘persistent association of @, Highlei with Nectris coccines
(Pers.). The latter fungus,together with the scale

insect Cryptococcus fzgi Bser. is responsible for the

bark disease of the beech Fogus grandifolis Everhardt,
in North Amefica,and'so congtant is the occurrence of

G, Highleil with the Nectris species that it is possible

td detect beech bark disease by the conspicuous clay
coloured patches to which the Gonstorrhodiells gives
rige when in 3 freely sporing condition on the surface
of the bark., It may therefore be regsrded as =2n

‘indicator plant'.

General accounts of the besch bark diseage have
been given by Ehrlich(ld and Spaulding(3n)., The
fatal offects of the disease are conai&ered to be the
outcoms of the joint setivity of the sczle insect snd

the Nectris species,a full account of which is given
by/
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by Lohmsn and Watson(®0) under the name Nectria coccin

var. faginsta Lohmsn,Watson and Ayers.

Coccidae, commences the disease by infesting the aurfa?e

T e T

The beech scale, Cryptococcus fagi,a menmber of t.

of apparently smooth,healthy beech bark in the form of
colonies. The insects feed by stylets through which ‘1

food materisls are sucked from the plant tissues,sand i|

which aré ingerted as far aaa the phlcem, The aress o%
Slo birk whioh Glo a5 & repult of feeding motivities)
become sunken,and cracks form at the edges of the

killed sreas. Irequently slime-flux appears during

the killing of the bark |
Infection by the Neciris species is brought abou%

by its entry through bark érackn and the gtylet trackg
made by the scale insects. Ehrlich({d) rsgsrds the
infection by the Nectiris as follawing-within thres
yezsrs of the presence of the scale insects,and the
subsequent death of the trees so infected as occurring
one oi two yéars later in gome cases. Death is the
outcoms of the invasion of the cortex,phloem, cambium
and sap-wood by Nectris hyphas. Infections usually
occur at closely situated points on the tres, the
functional activity of the vascular tissues is reduced
or destroyed,and zones of infected bark peel away,the
upper branches of the tree showing defoliation aznd
general symptoms of die-back,

Spaulding®0) mentions the prevalence of G, Highlei

in =ssociation with the Nectris sveciss since 1929

in/




lin Nove Scotia snd New Brunswick,and also includes
references to verious towns in the United States
from which the fungus hag been recorded. He stales
that: -"observetions show it to be widely distributed
in the coloniea of the Nectris o0ld enough to have
devéloped sbundsnt fruiting which seems to be necessaly
for this dependent fungus succeésfulxy to establish

itgself. It has been found only on Tectrliz coccinesz

var. faginsts snd is believed to be parssitic on it."

The successional nature of the beech bark disease is |

i
also emphasised in his paper,and he remexrks that:- '

"The mssocistion of an ingect and two fungi in a
gorious disease of forest trees is believed to be wnique

in forest pgtholOgical literature. "

Attempts have been made to grow both G, paragitics
and G, Highlel on artificial substrates under 1aboratdry
conditions., Davidson(9) found it impoamsivle to culture
G, parsgitics in the absence of Trichodexrms lignorum
with which it occurred in its naturasl habitat, and
concluded that a type of parssitism was involved., Ayezs(lb)

succeeded in growing G, Highlei in pure culture on sn

oatmeal mush,and in the presence of Necitris coccinesa,

N, galligens and N, cucurbituls, Negative results ﬁerE
erree |
&

gained with N, cinnsbarina end N, coryli,

i

Although both species of ggggiggggggggggg& have
been regarded and frequently referrsed to as paragites,
no direct evidsnce of the relationshipe which they bear

to their fungai sgsociates has been pwt forward.
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The present wo.rk deals with a Gonatorrhodiells

which was found at the Royal Botanie Garden, Bdinburgh,

1
i
1

growing on the bark surfa,caa of a beech and s poplar
log which had been stored in a wood pile for soms
months., An investigation of this fungus,identified as
\Gonatorrhodiella Highlei was made with special referenc
to its general structure,its relationships to fungal

aggoclintes and its behaviour in culturs,




THE NATURAL O CCURRENCE OF GONATORRHODIELLA HIGHLETL

In its natural surroundings,the fungus is
conspicuous. The globular sporiferous heads of the
conidiophores,which are given off from = basal nycelium
in great profusion are cinnamon bx_sz to xanthine orsngs
ox clay(R"idgway, 26) in colour in.tha mass,end patches
of them form at the surface of the bark of the trees
on which they occur.(Fig, 1.)

The distribution of the fungus on thﬁ_ two logs
which were examined in Edinburgh,differed apprecizably.
On the beech log,the fungus was found to be growing ‘
directly upon,and conforming in extent with,the peri-
theciel stromata of a colony of Neoctria cinnabering

(Tode) Fries. ,a species of Nectris with which it has

not besn previously known to associste, The conidio=-

phoreé of the Gons,to&:rhodi,an& formed patches of dist-

inctive colour some six inches square. The surrounding

2TCAR -oi‘ the bark which were freé of Nectria stromata

and 'were. not coionised by the Gons,torrh_o__gisllsa.,supportgd
fructifications of Didymiws nigrinpes, - ?
- |

On the poplar log,the conidiophores of the i

Gonatorrhodislla occurred exclusively in the cracks of

!
the bark surfsce,forming an irregulsy pattei‘n, and no |
i
cther fungal fructifications were observable macroscopn:

de ail;yo




OBSERVATIONS ON THE MORPHOLOGY. A_D CYTOLOGY OF THE
FUNGUS I

The vegetative nwceliﬁm of Gonatorrhodiells
Highlei is composed of hysline,septate,branched hyphee
ﬁ—ap in width. The protoplassmic content of the hyphaé
is varisble., Those cells nesrest the growing tips
contain sbundant granulsr protoplasm whilst those in
the older paxts of the mycelium become progressively
more vacuolate in sppearance,and finally lose all

fundtional'contants. In material obtained both from

ation was also observed. Groups of two to five septa
may be lsid down at various points in the hyphse,so th
cells 16-2§P in length are frequently separated by
short cells which msy be 3-6n long. (Fig. 6a.)

steadily in length,becomes ovbtusely pointed,end is
eventually cut off Ifrom the parent cell by & transvers
soptun, In most instances, the width of the conidiOnho

initial varies from.ap to 10p,but occasionally conidio

phora initiels 5- -6n wide have been observed. In con-

’idiOphores derived from the latter,dilation takes plesce

2 short distence Irom the parent cell,so that when
maturity is reached,the base of the conidiophore appes]

to be constricted.

cell gives rise to a simple,cylindrical conidiophore,

Which/

natural sources snd Ifrom culture, irreguiarity in sept-

By continued growth snd development, the ini'bi.ali

RV

Each conidiophore arises as a lateral protuberaﬁce

Trom s cell of the mycelium The protubsrance increases
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which is 10-15p in dismeter,and possesses a variable

numbar oi cells(3-7) before the production of conidia

of 200-250).1, the terminsl cell undergoes swelling at
its distsl end,becomngclub-shaped. Terminal bulbs
which are produced in this way mesy e eliipsoidal ox
subspherical in shape when ma,ture(és- X 42).1),&‘(16. Trom
their surf&csat , primsxry conidia or nodsl cells are givel
off in a rea‘uler pattern,
The primary conidia sre obconical in shaope,and
may produce two to five secondsry conidis from their
distal ends. The primexry conidis vary in leng‘bh I rom
14-20).1, end at their widest peints axe 15-16}.. 2CT068e (
I'he second&ry conidia agree in aha,pe with the tartia::y
end quaternary conidis,which are later produced,in beil
elliptical. General messurements of the last three
Beries of conidis are 13-15 x7-10p.
The a.::r?mgameﬁt of conidia given off from the
Borz.idiophdrel is thémfcre in 611ains of foux,where the
first branching of each chain is initiated £ rom "che-
Iﬁrimary coriidie-. Subgequent brsnching ma.:f,r. also occur
from the distsl ends of the secondaryand tertiaxry
eonidiz,each of which may produce two coenidisz. The
mature sporiferous hezd of the conidiox.-hor'e as-sumes +h
form of g ball cnny;:dsed of clogely approximated conidi
(Fige. 2,5 and4) . |
Conidiophores display proliferstion by which
continued sporing is faciliteted., The method involve

incorporstes/

occurs, When the conidiophore has attained the heigh

3

Fig, 6b)

<)

el chsins,




incorporates further spicsl growth from the sporing

terminel bulb., - In most csses a single apicsl protub-

of the conidlophore is produced which gives rise to
a furtkey sporiferous bulb,which in turn is e@apable of

proliferation, In the material emﬂned,prolifara,tions

of proliferstion in which the originsl outerowih from

the first formed sporiferous head has introduced

brenohing in the conidiophore. _ [
Branching is most commonly brought sbout in thi!ia
way,but in rare instences has been obsewed to occur in
the young conidiophore (le.52. )

. . Owing to prﬂ.ifération and branching,conidicy
mey attain the height of 550-400}1, end when fully meture

Je yellowish brown in colour by trensmitted lighte

to the protoplasm,

In order to examine the processes: attendsnt on

structure of the fungus,conidiophores and mycelium

transferred to slide rlates of plain agex,to which it

adhered sufficiently to allow it to be passed through

fi}:ing eand staining fluids, Mxstion was caxried out
in Alcchol-Formplin-Acetic(Wesk) for two hours and |

Buccessful staining wes then accomplished by immersion

in/

rarely exceeded Iour in number, Fighph shows an exauple

the formsticn of conidis and the genersl detalls of tie

Were stmined by the following msthod. The material was

bersnce commsnces this growth, although two may be formed.

By continued development of the outgrowth,s shoxrt extension

Dhores

‘Coloration is due inpart to the thick cell Ws,._ls,mftd in part
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in Iron Alum Heemstoxylin or Bassic Tuchsin, The latter
stain wae used @8 & 2% soiution in distilled water. |
Prior to examination,slides were mounted in Lec tophenol.

The cells of the mycelium end conidiopliores of

o

the fungus are multinucleste,the nuclei being disperse
in the cyt-oylakm,within which giobular inclusions,
presumably of a fatty nature,sre zlso present. The
conidla are also miltinucleste,and all four sérieﬁ of
conidis are produced from their psxent structures in
a sinmilax weay,

_ Bach primsxyy conidium srises zg8 g ssc-lilke
outerowth of the cell well of the #derminsl bulb of the|
conidiophore. As 1t incresses in size,it receives an
inciusion of cytoﬁl&ém and nuelei from the conidiophore.
( Fig. 6o. ),aricl by the growth of the cell wall inwards |
et tﬁe point of origin of the young donidium, a trans-
VeI8e 'septum with a distinct central pore is 1&5;1 dowil,
(Fig. 64.) The pore closes when the conidium is nesring
ma'r-suz-':li.ty,ao‘ thet the conidium is borne on a short
etexrigma, Secondary conidils arise from the primaxry,
ta:;fiexy from the secondaxry,end quaternary from the
tertizxry by a similer process of development. In all
types of conidis,which are relessed by the av;en‘tue:.i frpeture

of sterigmets, the point of theilr attachment to the

Etructures from which they were derived is shown by the
resence of a hysline pa,pilia. |
~ Both in the mycelium of the fungue snd in the

conidiophores, the transverse septa commonly show &
distinct/ |
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distinct septal pore. The pore is set in the centre
of the septum in a thin zone of the cell wgll,and may be
essily seen in those hyphse which are ﬁartiéily plesmol-
jsad. A fine thresd of protoplsam passes through the

pbfe to connect the proteplasts of sdjescent cells.(iié-SG.)

NOT ES ON_TAXONOQMY

The general morphology of the fungus is in
segreement with‘that descrived Toxr other representatives
of the species by Smith(29) and Ayers(1b). In his
techniczl zccount of the fungus in which he amends the
originsl description.of the.speciea,ﬂyerstlb) states that: -
"The conidie,...are elliptical and borne iﬁ comlex
trigeminous chaine on obovstie,nodal cells.

 The number of secondary conidia.produﬁed by the
primeries(or nodsl cells) varied in the specimen examined
in Edinburgh from two to five, The most ususl number
recorded was four,and it is interesting to mnote that
Smith(29),in her original illustrations of the fungus,
shows = primpxry conidium bearing four secondsries,presiumsbly
= condition representative of the fungus she exsmined.
: The Buropeszn members of the species mpy therefore
dif fer from the Americsn with regard to this character,
end it is suggested that the description put fexward by
hwers(lb) should be amended.

The distinction betwseen the two species of

Tl

Gonstorrhodiells is based upon the naturs of the primery
conidia and the numbsr of spore chains produced from

them, /
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them, In G, perasitica the primsxy conidia sxe elliptical,

)

land esch gives rise to a single row of conidis,whilst in'
G, Highlel the primsry conidie are obovate bearing a
variable number of conidial chains., From a study of
the psper by Petch(22 ), in which he desceribes and illus-

trates the entomogenous fungus; Gonatorrhodiells coccorwn

the writer is in sgreement with Ayém(l‘o) in excluding
tﬁis fungug from the genus Gonatdrr_?g;odialla.,w th which
it shows little morphological affinity.

In his original description of the genus,Thaxter(31)
considered it to be Mucedinous,snd commented on the ,

regemblance which it bors to Gonatorrhodum: Coxda., regarded

by Saccardo a8 & member of ths Dematieze.  The gonus
is grouped by Engler and Prontl( 14) in the Gonatobotrytideas
of the Mucedinacesme-Hyalosporse, The three genera, =
Gonatobotrys mrda,'ﬂemm@niu*m_ Degm, and Gonatorrhodislls Thaxt.
which are plasced in the Gonatobotrytidese,agree in

pOssasairig a conidiophore showing intercalsry,fertils,
swollen cells bearing conidis. In the first two named
génera,, however, conidias are produced singly, the presencs
of 60111&:‘.3,1 chains serving to distinguish Gona,torr_}_-l_o_@_?_]_.g.g,.
- It is sugeested that features in the momj;hology"

of Gonatorrhodiellp Highlei are analagous to those found

iﬁ g specles of the gonus Botrytis,which is placed in
the nearly related Mucedinous Botrytideame. Boixrytis
angulsris A L, Sm ,s funpus described and illustrated bs.f
3mith(28),ahows the develoﬁm:-:nt of terminal,angulax,
bladder-like cells of the conidiophore which baax

pbovate,/




obovate ,swollen cells similsr in appearance to the

primary conidia of G,Highlsil, These swollen cells
produce groups of ellinticsl conidia(l0 x Qp) borne on
sterigmata. The resemblance is further substantiated
may continue its growth and form othexr sporiferous hes
af a higher level.  The tendency to produce & conidiop

in which the inflated fertile cells assume an intercal

The following series shows a posasible connect

between the Botrytidese and the Gonatobotrytideze with

g - 13,

by the Iact that the conildiophors of Botryiis asngularis

position,auggasts affinity with the Gonatobotrytideae;“

as

hors,

LY

ion

increased

conidiasl chsin.

development of the

Botrytis sngulsris as the morphologicsl inteimediate foim,
Botrytide Gonatobotrytidess
. Botrytis cinerea Gonztobotrys
Conidiophere merkedly : =
branched, bearing
Conidiz groups of conidia. conildisa
produced l produced
singly. singly.
Botyytis Preusgii
Conidiophore branching  Nemsitogoniwm
sugressed, conidis, |
borne on slightly 1 ;
swollen terminal §2&&§Q§§%&§%%f%?
L wav—v—-————
foniopians 00”8 As G.Highlei but confdial
-1 chein & aingle all comidia elliptical
Botrytis sngulsris Gongtorrhodislls
Conidiophore branching - Highiei -
suppressed, mature Conidiophors branching
conidiophore showing suppressed, mature
. .+ intercalary fertile conidiophore show- | i
Conidis, cells. in'g; interc .L'-l-\..\-y Conidis
PrOAUCed ppoiay fortile cells fertile cells. pzodaged
in giving swollen celis Fertile cedls on
ehaing. (srimery conidis?) glving primaxy 1“5
bearing groups of conidia, beaalng
elliptical conidia. branched chains
= of elliptical
conidiz.
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THE RELATIONSHIP BEITWEEN GONATORRHODI FLLA HIGHLEI

ATD OTHER. FUNGI IN NATURE.

In order to investigate the relationship betwaen

Gonatorrhodiells Highlei and other fungi in na,‘aurs,a,_

general investigation of the areas of the besch and
poplar bark which showed freely sporing colonies of
the fungué was undertaken,

' A study of the fungus on the beech bark was made

by cutting hand sections through the perithecial strom

ata of the colony of Nectria cinnsbarina above which
& rioh growth of conidiophores was to bse founds The
éectiom showad that the basal mycelium of the Gonalt-

orrhodiells occurred principally in pockets, variably

situated between the stroma proper and the erumpent
Neetris perithecia,zand also at the base of the stroma,
sometimes encroachimg into the peseuvdoparencliyme, ( Figs, |7 end 8)
From these localised areas of concentration of the |
mycelium ramifying hyph@e entered partly into the
outer tissues of the bark,and also passed upwards to
form loose patches of aerial mycelium lying between
the Nectris perithecis. From the hyaline to cinnamon-
buf £ patches of mycelium, stolon-like hyphae bsaring
conidiophores at intervsls along their lengths were

freely given off,.

The predse relationship between the pseudoparen
chyms of the Nectria stromsts and the bassl mycslium
an examination of the sections. The closs connsection

betwaen/
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between the two fungi in a mechsnical sense was, however

implied by the observation of the ramificstion of the

hyphas of the Gomatorrhodiells mycelium within the ‘
|
. | psevdoparenchyms of the Nectris stromata in & number
of cages., The hyphae could easily be distinguished in

unstained preparations owing to their light coloration

1

which contrasted with the deeper biownish.pigmentation
of the cells of the stroms tissue.

An examination of the Gonatorrhodiells colony
on the poplar log showed thet the conidiophores,which

grose from & basal mycelium gituated in the crascks of |

The latter pursued = longitudinal growth.Arising
from the substratum where they freely intermingled with
the hyphae of the basal mycelium of the Gopptorrhodielis,

they ran in close contact with the conidioPhorss,thﬂ
terminal bulbs of which were frequently encased by

nyphal brsnches. The presence of such hyphae did not
appeaxr to have ény detrimental effect on the sporing
capacity of the conidiophores, the cells of which were
normzl in their developmant, ‘
In preparstions mounted in water,slight pressure
on the cover glasss served to dislodge investing hyphss)
showing that the connection betﬁaan them and the coaidio-

phores was limited to = surface attachment.

the bark,were loogely invested by other fungsl hyphee.|(TFigg,9 and 10)




STUDIES ON THE FUNGUS IN CULTURE.--I.SIUDIES IN MIXED CULTURE

l |
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|

|

An invesoigation of the fungus flora of the
areas of poplar snd beech bark which supported colonies
of Gonatorrhodiella Highlei wass carried out with part-
icular refersnce to the poplar sample.

It h=s already been stated that the basal loose
plecﬁanchyma from which the coridlophoras zZroge on
poplar bark contained s variety of hyphzse which belonged
to other fungil,and that in many instences,the conidio-
phores were invested in such hyphal growths. The fungi
were therefors brought into culture by two methods.
By the first of these it was hoped to establish the
identity of the hyphse which invested the conidiophores.
'Matura conidiophores were removed aaeptiOally from -
. |their situation at the gsurface of the bark by messnas of
sharp-pointed forceps,sterilised by flaming, The :
conidiophores were then either transferred dixectly to
agar plates,or first shaken in sterile water and the
resulting suspension of conidis and hyphal fragments
plated out. The plates were poured in Petri dishes ox
on slides(Noble,21l ). The medis uged at this stage of
the investigation were potato-doxtrose, mplt and plain '

2 59 agars,end cultures were incubated at 18-20G

The colonies which resulted from tﬂase iaolmtions

proved to be of a fungus provisionally identified as ag

species of Nectrigz,and, in rare eases,Trichoderms ligno%um

(Tode )Harz, wes also obtained.
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EBy the second method of isolation,the bessal mycelium
?of the fungus was subjected to the technique described
zbove in oxrder to obtain a genersl pioturé of the total
f‘ungus flora at the sezt of origin of the conidioxjhoreé.
From the rlates which were obtained, the dominant fungus .

‘was found to be the Neciyiz sp. ,with Trichothecium

rogoum Link, sub-dominant. A smsll number of Trichoderma
g;iigp_omm colonies were also recorded. _ | '
Similar investigations carried out with the
besch bark which supported a2 colony of Gongtorrhodislls,
showsd thet the dominant fungsl species was Nectris '
cinnabarina(Tode) Fries. ,anG that Irichoderms lignorum

and E;iohothec ium roseunm were also present.,

Seversal plstes,sach inoculpted with a nwnb.ar of
conidioxshores zgeptically removed from poplar bark,
and which yielded colonies of the Nectris species were
kopt for four menths in the hope of 'racove_ring the

Gona,tori'hog;iellg, No serial growth of 'b_hé myeeliuvm
of the latter fungus could be discerned. From the many
plates examined mici'oscolaically,however,four in which
|the medium employsd was potato-doxtrose azgar showed

the presence of the large hyphse of the Gonstorrhodiells
interwoven with the finer Wectrig hyphas at the surface
of the agar., In several ceses there was evidence of

the degeneration of the Gonatorrhodiells hyphas. Many

No growth of the CGonstorrhodiells was ever observed in
|
malt/

'breallagés were ovserved at the trensverse sépta,aocomfmiad

by extrems vacuolisation of the cell contents, indicsting parssitism iy
the Nectris sp.
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malt or plain ager culitures,end similar results wers
obtained when the fungus was plated in the presence of

lectrig cinnzbaring,

The transferénce of mature conidiophores from
poplar bark to oatmeal mush,s medium reported by Ayers(1b)
a8 suitable for promoting the growth of Gonatorfhodg_q_;}ﬁ

E.ig;ﬂ;lai,ga,ve freely sporing colonises of the Nectrias su,
hich filled Petri dish plates within fourteen days of

inoculation. The sppearance of the Gounptorrhodislls
in such eoldnies derived from mixed inoculum was retarded,
and under the conditions of incubation used tiﬁroughout _
the investigation, the production of serial hyphsze by the

fungus rarely occurred befors one month,

On oatmeal mush, the Nectrig sp. gives rise to a

I
colony which is loose and cottony in sppesrance and white

.:I.n colour during the esrly stages of growth, The whit?
“coloration gives way eventually to shades df yellow :
jﬂi’id then brown. As the Gonatorrhodiells develons, the
hysaline serial hyphse to which it gives riss form a |
sparsa,'looaa network within the surface layei's of the

Wectria colony. The conidiophores sre produced from

these =28r1ial hyphae @nd appear in scattersd groups,whiqh
pre at first cinnamon-buf f to xenthine orange in coiou:é‘.
The groupa eventually cdalesce,a.nd the colony sgsumes -311
conspicucus clay or rufous pigmentation owing to the :

=
mgesed conidiophores. During this development,the Nectris

{ |
colony continues té¢ spore without detriment. Microconidisl
| |
T‘ructif ications which develop within two to five days® |
Lis‘g;rcmrth/ ; i

|

|

|
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growth zre eventually mingled with white to cream
mzcroconidial sporodochia,which are clearly visible
at various points amongst the conidiophores of the

Goggto;rhodialln,

e e

Mycelium at first white, soon turning to shades of
buff yeliow,znd felting down to becoms sayal vrown end

f*nal*y chestnut with sge.
lon simple oxr branched conidiophores,mestly unicellular

4.2 8.7 x 2.1 - 5. 6
Macroconidia,bornauon white to cream sporodocihiia, and i
older cultures in coliums 1-5mm. inlhaith,which hecou
eplit snd recurved with age,hyaline,f3-5 septate,elongs
svbcylindric,unequsl sided with obtuéaly roundéd ends. |
3-geptate: -30 - 46 x 5,9 = 6.%p. 4 -geptate: -b0=-66 x 6
5-aepta$e(rare) 62 « T4 X 6,6 = 7.%p.
Perithscis not produced in culture.

| Owing to. the absence of a,ﬁerithﬁcial stege in
culture,the Tungus cannot be fully identified. In the
poseaséioa of & Cylindrocsmrpon mscroconidisl ptage W
is of a colummar form, in the general type of growth of
mycelium, and in the coloration described zbove Ior cul
grown on potato da£troes ager, the Iungus regenbles var

of gﬁﬁiﬁiﬁs,ﬁQﬁiﬂﬁ@.PerS. described by Lolmsn snd Wets

|occasionally l-septate,hyaline,elongate-ovate. O-septate

Microconidia borne on ths serisl mycelium in false heads

2]

te

» 3"79 0}.“. -

hich
the
tures
loties

on(20).




20.
|

The ocatmeal mush was used throughout the invas‘ﬂig-
ation for the msintenance of sufficient quantities of |
Gonatorrhodiells Highlei but the disadvantage of such
substrates lies in their Opaci'by,whch constitutes a
barrisr to diract microscopic vision of the fungi in
situ. :

In oxder to study the reiationship between the
Gongtorrhodiells and the Nectria specises in culture,
exporiments ware conducted with a view to finding a
imedium which -combined. the propexrty of transparsency wi’s_h
the ability to supply the substances nescessary fox thdl
germination of the conidia of the Gonatorrhodiella :.a;ld

the subsequent full development of mycelium and conidio
phores. The medium which fulfilled these roquiremnts
Was I)ro duced by boiling a one month old culfure of the
Nectriz species with ten pgrammes of beech bark for ten
minutes in 100cc. distilled water. The filtrate from
the decoction wss then made up to 250cc. with distilled
water and sgar incomporated to mske a 2.5% madium,

' Culture media of this type were 2ls0 made up
Trom one month old cultures of Trichothscium rogoum
end Trichodsrms liecnoxum These msdia were 2lso found
to be effective in promoting conidial germination and
further development of the fungus. All fungl grown o1l
extract agsrs weres Iound to msintain a reguler g:t'o'w'bhj

zé.t the surfzsce of the med.ium,whioh did not encourage

ebundsnt zerial development of mycelium,
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CONIDIAL GERMINATION IN GONATORRHODIFLLA HIGHLEL

Conidisl suspensions were msde up by shaking
conidiophores of the fungus,obtained from mixed stock

cultures growsn on oatmeal mush,in sterile water.

The suspensicns were plated on Nectris Trichothecium
and Trichoder% extract mgars on slides which were

incubated in darlness b 16-206. The method used wes
gimilar to that used by Noble(21i). Slides were remove
from the incubstor st dasily intervals during z period

of & I ortnight,and after a preliminsry examinstion,
in Iron Alum Hsematoxylin oy Basic Fuchsin,
occurred within four to five days of the inoculation

greatest on the Nectris extrsct agar. Young colonies

at this tims,
Primery, secondaxy, tertisry and quaternary conidi
of the Constorrhodislls were =11 observed to germinste,
The primsry conidiz were essily distinguished owing tol

their cherscteristic obeconiczi sheape,but the other coni

which zre hyaline or tinged with a faint yellowish

o

coloration in uwnsteined preparstions,are uéually produ
s8ingly from_aadh conidium The place of their origin
mey be proximsl,distal or latersl, In cases where two

geruw/

wore fixed in Alcohol-Formslin-Acetic prior to staining

of the slide plates,the proportion of germinations being

of the Nectrim species,which had developed from conidis

-

a

Germination of the conidis of the Gonatorrhodiells

&2

introducsd with the spore suspensions,were zlso observeble

&

dia

wWere determined on the basis of messurement, Germ tubes,



Eg-ea:rm tubes occur, they are dismstrically opposite.

The germ tube makes its first appesrance 28 &
rounded sac,which becomes swollen st the uprer end. (Fig..lla)
Growth then proceeds from the spex of the sac to giwe '
rise to & hyphe which is filled with densely .gmanuleir ,
cytoplasm containing several nuclei. Ths hypha varies
in width from 1,5-2, Sp. :

~ The shape of -bhe original ssc is retained in most
ceses, as a slightly dilated zone a short distence from
the point of origin of the germ tube.(Figs.1llb,c,d =nd e.)
An zbnoymel case of gerinination in g tertisxry conidium '
is shown in Fig, 31f. Prior to the transfer to agarx,
the conidium had ziready given rise to the initials of
two quaternary conidiz at its distsl end. Apart from the
production of a germ tube at the proximel end of the
.tertia,ry conidium, g germ tube hses slso been formsd
from & quaternary conidgium initisl.
. Aé' growth of the germ tube proceeds,ths protoplpsm-
ic content becomes vacuolate,and septé,,which are Aifficult
_ to distingﬁiésh'during their early 6eve10pmnt,axa laid

dowri.

Several examples of regeneration of the myceliwm
of the i_‘ungus by a process of self penetration were

also observed in ocecssionazl mycelisl fragments which had

entered the slide cultures. An example is shown in Figa3a .
The subject of intrshyphal growth is dealt with latex(m, 41).
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\THE RELATIONSHIP BETWEEN GONATORRHODIELLA HIGHLET

ATD THE NECTRIA SPECIES IN CULTURE

| Plaotes of Nectrig,Trichothecium and Trichodexms-

iextr;;.ct egars were flooded with mixed conidisl suspens
of Gonatorrhodiells Highlei and the Necirig species.

- The conidie of both fungl germinated readily,
hose of the Nectris species within two deys,znd thos

‘of the_Gonztorrhodiells within four deys of incubation
ab 18-20C, The rapid growth of the Nectrig species,
iwhich follows germination of the conidia, causes the
: |
fructifications of the Cephalogporium type, before the
germ tubes of the Constorrhodiells are much greaterx

than :500}1. in length, The germ tubes of the lattexr

fungus grow much more quickly in the presence of the

by a corresponding incresse in dizmeter, germ tubes

rarely exceeding 2. 5}.1 in width,

| The subsequent development of the fungus in the
_ | prssande of colonies 6f the Nectris species may be
considerad to fal1ll into three; principal stages. -
Of these,the firet is the formstion of an sppressoriwm
by the germ-tube when direct contsct is mede with the%
hypha. of & developing Nectris colony,and the l;tar |
growth of the tip of the germ tube to form s hook

which encircles the Nectriz hyphs. A further series

of hooks mey then arise from the appressoriuvin

The increszse in rate of growth is not, however, accompaniled

iong

@

sppearance of smell fungzl colonies bearing microconidiia,l

young Nectrizs hyphae timn when incubated in pure culture.
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The second stage,which follows dimctly upon the firat,
;involvas the formation of & prolific branch system of
-édistended hyphae,which has its origin in the zppressozium
and lioolie.

The third stege comprises the growth and development |

of the brench system, This gives rise to .a sparse,

{

lramii‘ying mycelium , the hyphee of which form saoondam;
éa;‘oprsasori-a and hooks on other hyphse of the parasitised
Hectriz species. |

Conidiophores of the Gonatorrhodiellas are dsveloped
pither dirvectly from the first-formed branch system,
or later from the hyphse of the mycelium,

Ag oonaiderable' variation occurs in the three stages

| of develcpment of the fungus,each stage will be

|described in detail.

I.The Formestion of Appressoris agg_d____l_{_g_o_;c Colls

At the point of contact with s Neotris hypha, the
germ tube of the Goanstorrhodiells becomss dilated
izrﬁnedia,tely behind the growing tip,and the dilation

adheres clomely to the host hypha in the foxm of =n

1
i

sppressorium The hyphal tip then continues its growt?z,
fina,lly agsuming the form of = hook which rings the ;
Nectrig hyphs. (Figslzandl3)
The onaet of the process a,ppears likely to be cond_itiozl;:ted
by the zmount of food reserve which the conidium relemés
to the develcping germ tube. As is shown in Figl2,

the formation of an appressorium and hooks is not

necesgarily/




necessarily undertaken at the first Nectria hyphs
which occurs in the path of growth,even though 2 near

contact is operative. In this instance the second

|

|
|
|

| An early stage in the development of multiple hook

develops is vsrisble, In meny cases,no spprecizble

25,

hyphs of the Nectria colony is parasitised. The width
of the germ tube has been observed to become increased
e short time after the formation of sppressoris and

hooks, the enlargement procesding backwards towards the

Sp0Y8.
In the earliest stages of development,ths a.ppres#;orium
and hook are both producta of the terminal call of th%e
germ tube. Even'bually the hook becomss cut off from ':I:he
appressorium by the formation of a transverse septum
gituated at its base. Subsidiary hook cells may thené
arise from the dilation 80 that the host hypha is

encircled at seversl clossly gpproximated points. (Fi_.g.‘!,?,ﬁ)

formation is shown in Figld4 whers two hook cells olasp
i
the parasitised Nectria hyphsa. =

The degree to which the original aprressoriun

dilation of the germ tube at the point of contact with

-a Vectriz hypha msy be observed. The tip of the germ

tube normelly gives rise to a hook csll which cesases

|
' to grow further when the Wectria hypha with which it is

in contact is only half sncircled. A similar hook calél
then arises from the zone of the germ tube at the b"‘-’%"‘:’e
of the original hook ,so that the hoast hypha Dbecomes |

clasped between s pair of pincer=-liks hooks.(Figm 15 @nd 16)
Paired/ ;
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Pasired hnok cells have alse besen ohserved To asrise

laterally from a cell of the germ tube. ( Fig.dl?7)

Irrespective of the origin of hook cells, it is

clear +that they are to be regarded as epécial atriuchures to

offoct the removal of substances from the hoét. Théy

show no further growth in length,and in many cases
underge no further development of any kind. The

protoplasm which they contain is granular and £ills the

cell cavity. The repeated examination of stained

preparations has failed to demonstrate the occurrence
of direct penetrations of Nectria hyphae,either by %
gppressoris or hook cells. That the connaction ;
between the two fungi is a cléaa one is nevertheless
borme out by thﬁ.fact thet it has not been possible
to separate them,even by the use of needles. There
is also some ovidence to show that the fres ends of |the
hook cells msy becoms oﬁnnacted'with-the appressorium

from which they are given of £, by fusion at a later

date,and may thus form closed rings about the Nectrig

Over a period of some six weeks,no change is visibla

in the parasitised Nectrip hyphse ,which coatinue to |

|
give rise to microconidia in great profusion. In i

cultures eight to ten weeks old, however,several para-
i sitised hyphae have been observed to show constriction

| at the zome to which the gorm tube hook cells are attached.

Mo vacuolisation or other menifestations of deganerac&

' were involved.
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iI. Thes Formation of the Branch System

A weak form of branching of the germ tube hss
already been described from studies mede on pure culture,
_but the stimulus for prolific branching, which praeedes_
-' thé development of the mycelium of the fungus,appears

to be provided only by parasitism of glNsctris hypha.

| The sppressorium produced by the germ tube st the

|
imin'b of contact with s Nectris hypha undergoes

increase in size within twelve hours of its first
l
development of & single hook cell oxr series of hook cells.

ét_Seap“l:aa.t-ion is abgent,and the sppressorium is filled with :
.:5!. granular mass of protoplasm which is richly providsd
%ri"ah vacuoles. IFrom sn examination of stained preparations,
%ﬂt hes been found to be multinucleate, the nuclei bveing
!ciisparsed within the eytoplasm, Aftsr a further twelve
to twenty four hours® incubation at 18-300 the iﬂitials
cf branch hyphae arise from the periphery of the
%zp pressorium. (TFigs.17,18,19,20,21 and 25)
|

| Branch hyphae mzy be two to five in number and

from their first development are 5- -Sp in dismster., As

'Lhe growth of the hyphae procesds,they become septate
f-:.xrld highly vscuelate. (Fig.20)

| In those instances whers no dilation of the
hook cells, the branch system arises =as hyph.ﬁl i11:.'tiv,ls

f""Om the lateral cell walls of the heooke( Fig.15)




28. |

TII.The Development of the Mycelium,

The branch hyphae entexr a.phasa of razpid %

'growth. 8ide branching is rare for several dwya,and’

| further hook cells ars formed when contact is made F

with othexr hyphse of the Nectria colony. Hook callé

| arise,either as lateral outgrowths from hyphal cellsi
which mey or may not becoms péeviously distanded,ér
may develop,as did the first hook cells of the germ
tubes earlier described,from the growing hyphal tip.

Exammles of secondary hook cells sre shown in 31@5.20,21,22 and 29,

and an early-stsge of development of a latersl

| appressorium is shown in Figlé These secondary hook
cells also give rise to latexal branches, although thalr
own growth in length is curtailled after the host hygha
| has been encircled.

| In culturaa which have been incubated for about
g month,some hyphse of the Gonatorrhodislls colony |
becoms free gt the surface of the agar to form & loose

network within the uppér zones of the surrounding

Nectris mycelium, Hook cells are rarely developed

vy these serial hyphae when the fungus is grown on |
fungal extract agars,but have been observed on rare
| ocoasions in cultures grown on oatmeal mush, ( Fig.24.)
It appears, therefore, that the occurrence of !
sppressoria in culture is prinecipally confined to thé
surfzce or sub-surfazce areas of the substratum,and théx
the serial hyphae derive sufficient food productis fro#
these contacts to remain independent of the hyphae whﬁch

conatitute the aerial mycelium of the Nectris colony. |
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Iﬁ.&lﬂﬁ",D&_{@_lO'omnt of Conidiophores and Varisztions in

particulsarly af febts the degrese to which the terminal '

=
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their Mornhology

Conidiophores may arise from the branch hyphal
system which follows the formstion of the first
sppressorium by the germ tube., Each conidiophore is the
product of the latersl extension of & hyphal cell,
From its first appesrsnce,it is sreater in width than |
tiqa hypha. fxom which it is derived,being some 8-10p in
-dismeter during the earlier atzges of its growth.
The terminzl sporiferous ’ou;b frequantly develops whe:i
the conidiophore is only two or three cells in length:
n fungal extract agars,the total height of the
conidiophores may be 50-.150); , before the production of
conidias ococurs. (Figs.25 and 26) |
The development of the fungus from the germination of
the conidium to the production of a yow';gaonidio:phora:
is shown in Fig.25. In this case, the Neciris hyphsa |
shows encirclement by three hook cells,and the conidiophore
ariges directly from an immediate hypha,l branch of the
prolific growth system which has been the outcoms of

perasltism,

Variation in the development of the conidiophone

bulb is denreloped, and the number and arrangement of the

primery conidia. In the most extreme cuses,the terminal
bulb is scarcely delimited from the remainder of the |
conidiophore,and bears a single spical primary conid;iu%m.
ifﬂg.Zfi-) In more normel conidiophores,the primaxy |

conidis/ . i
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conidie sre grouped sround the buldb in & symmetricsl

that the obconical shape of the primary conidls, an
%impor‘tant specific charucter of the fungus, remains
Iconstant,and they are zlways larger than the mecondary
and 'bertia,ry conidia which follew,

An example is shown in FigR7gwhere a latersl hyphs of

the remifying sub-surface mycelium has become swollen

arrengement. (Fig.os ). It ig worthy of mention |

Extrems variation, concomitant with the :p::rcrdv.crt;:i.i

of submerged conidis has been observed twice in culture.

0n

into a bulbous structure bearing small, hysline ovate
conidia 2x3}1:1n size, irregularly at the upper end, 2
Theme structures are considexed emoma.l_ous a3 they
appeared in four month old cultures. Observations
sugeest that they play no significant part in the
normgl life-history of the fungus eithex in culture or

in nsture.




withthat slready described Ifrom observations msde on
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|
!STUDIE‘S ON THE FUNGUS IN CULTURE, -II STUDIES IN PURE CULTURE.

- The funegus was brought into pure culture by

had been poured,to fresh plates. Removal was efiected

by maéns of a dumny objective,end transferences were

1
1

plain a.g‘a.i's.l

1

mixed cultures, The growth of the germ tube,which

remeined l,5-2, 51 in dismeter,was extremsly slow,and
cezsed after a period of two months, Durin@‘ growth,
brznches derived from latersl extensions of a few cellsg

of the 'origina,i germ tube were observed to occur aftex

produced at an obtuse sngle to the axis of the gexm tub

of lsteral hyphee is well shown,  Limited growth of

Neither conidial germination nor mycelial regene

conidis pregerminated on fungel extract agers showed no

further growth.,. Ostmeal mush gave a certain growih of

pfter o monthpefore the production of cenidiophores.

The conidis of the fungus were found to germinate

lremoving conidia and hyphal fragments f£rom slide cultures

on which mixed suspensions of Nectris and Gonatoryhodiells

mzde to oatmeal mush, snd to potéto-daxtmose,ma.l‘t;’fmggl exXtract and

readily on fungal extract agers, germination being identicsl

some three weeks in culture. These hyphal branches werse

e

and e;:peaxed'reflexed. An example of s colony of the :E‘vhgus

oftor two monthe’ growth is given in Fg.27b ,where reflexing

hyphal fregments was zlso achieved on fungal extract agayrs.

rotion

Wes recorded om mazlt,potato-dextrose snd plain agers ,ax?,d

myceliwm

ef ter plenting with pregerminsted conidis. Hyphal growth wes

FP&rse,the colony assuming a white colour,and growth ceased
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DIS CUSSION

That Gonatorrhodiells Highlei is definitely

éparasitic has been shown by'obsarvations made on its

E:be}Lf:x,v.'i.cu.tr in culture and under natural conditions. ='
';Whan in pure cultura,{:he growth of the fungus which |
follows germination of the conidis is poox,and the

curious reflexed nature of the latersl branches of the
hyphae has been described. The behaviour of the fungus
iin the presence of the Neciris species presents a mark-

ed contrast. The fungzl extract agers used during the

investige.tion provide the stimilus necessary for sonidinl

;g,emﬁination,and foster a ﬁubaequeﬁt slow growth of the
lmrm tube. It is not until the germ tube has contadteg
Ia. living Nectrig hypha that a prolific growth of the fungus
;.ia initiated.
| The comparatively few papers which have dealt
with the parssitism of one fungus on a.nothér deseribe

'Eypes of parasitism which vaiy,both in the mechsnism

in
adopted by the parasite, andi(tha af fect which is produced

- I
in the host. It is, therefore,proposed to describe exa.zi@lea

of these types of psrasitism,and to discuss the parasitism
- i
of G, Highlei in the light of the generalisations which
i

msy be drawn from them,

Parssites which effect a complete and relastively

rapid degeneration of their hosts frequently adopt an |
| |
eventusl penetration of their host cells,and may actively
produce toxic substances vy which degeneration is ins-b-:;-

i
igeted and accelerated. A fungel association incorpo:es;_:hing
: |
these/ - |
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| |
éthase principlas was reported by Weindling(35 ),who gave
ian account of the parssitism of Rhizoctonia;golgp;,
§g;§rot;um.rQ;£§;; and species of gxgbgygLPhxtOthhnzal.

‘and Rhizopus by Trichoderms ligggmgg In these aseocﬁations,

r;ﬁaxasitic activity is developed by the lateral .h.')’phﬂeé
of the Trichoderms which coill tightly round the host
hypheae, the profoIJlasm of which uindergoes coagulation
end loss of vescuolar structure, The host hyphee 2ls0
;suffer breakagss st the transverse cell septa and bursgting
in those instances where the b;;iphae of the p&;-egite and

host a.pziroach undexr 'au’omerged conditions in culture,

The sctive toxic principle slzborated by the hyphae of

gTrichQ_@_g_x;m@ was later made the subject -for researches.
!(Weindling,sé,ﬁ'?, 38.) . Warren(34) records s similer
form of parésitiam of Rhizoctonis f q_g}._g-_:gi by J_?_ﬂ_gyg.ggggﬁa
stoveri the lsteral hyphse of which form coids about
the 'h:,-phae of the host. The protoplasm of the host

hyphse becomss ss'paratsd into two paxts at the point

where 2 lateral branch of Papulospors developsy and &

geﬁefai dagénera.tion sets in, Dirac‘b penetration of the

ihdaf is & festure of Trichoderms and Papulo aﬁora,mmdizﬁad
!ihypha.e entering moribund parts of the host. The exte:c%lal-
method of attack is,however,more prevalent than the in!tema,l.
Reinhardt(z2s ) has provided instances of host i
Jdegenera,tion'which is brought about by the parasitic |

activity of Peziza(Selsrotinis) species,in which no

internal penefrmtion is operstive. The Peziza species‘

described showed active parasitism towsrds lucor micedo,

|

Mvucor rscemogus, Rhizopus nigricsns, Phycomyces nitens,




| The ps,raaiteé concerned are =all orgznisms which attain

| the destruction of their hosts by mesans of latersl

,_ Jr;y*celiﬁm.

In this fwmus,the garm tube which is produced on

gorminztion of the conidium becomes septate snd branc}ﬁed,
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Demstium(Pullularis) pullulsns, Acrostalagmus cinnsbarinug,

Trichothecium rogeum and Fumago sslicina. on Phyconyees,

Rhizopus and the Mucox spaciea,thé lateral hyphee of the

Pozizs either form coils about the host hyphse,finally
forming a dense felt,or are more limited in growth,
developing a tuft of short pes-like branches when

contset is -estab'lishad with the. hyphal wall of the host.

The v*egetative h:yphaé of the host are eventuslly dés'bxoyed.
2 : . ;
and ascending fertile hyphse suffer z similarx degeneration.
In the sbove exemples,no complete differentiation

of spe cialised hypha,i organs has been dn evidence,
z !
|

hyphal branches,which show little evidence of modification.
When penetration doss occur, ths panetmnt hyphae are

mrphoiogic'ally gimilar to the remsining hyphae of the

=

Parsgitism which is effscted through the agenc:
of specialised haustorial orgens is seen in Dispire

cornutes when -pa.rmsi'bic on Sporodinis grendis, (Ayers, 1la)

and some of the branches paragitise the vegetative

lﬁsf“zshae of the }.iost. The sppressoria which arxe developed

asswm & knob-like appear:mce and give risse %o slendex
;éenetration tﬁbes which enter the host hyphae, and then
dévelop finger-liks hauvstoriasl bfanche:s.

Haustorial development hag also been shown to exist in

Syncephsliay/
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Symeephalig(van Tieghem3?2) and Piptocephalis(Brefeldd4a),
and morphologically and functionally anmla_.fes that in
Digpirs, Under aquatic conditions,Rhizidiomvces
@onMSatus(Zopf,Sé) demonsg trates s similar type of
;_éa"'aaitism The fungus,which is parssitic on the
oogonis of various members of the Ssprolemise, gives
rige to0 & sac-like giructure within the oogonium from

which rhizoidsl hyphse sre developed. Chaetoclsdium

éhd Parasitells(Burgeff,6) show z curious form of ass-
ccistion with members of the Mucorsles,in which the
fusion of the host hyphae with those of the p&raﬁite,
é;nd nuclear exchange,are the outstending festurss.
It is clesr, therefore,that as far os fmgsi 2880C-

istione are concerned,the morphological specialisstion
of the parssite,except in the unusuel exemples, Chastocladium
arid Perzsi tgllg,,ﬁhers gexuelity mey at one time have been

the dominsnt factor in the development of parssitism,

ie confined to the formation of sppressoris and haus toris.
In those parts of the fungus initisting parasitism,

there is az genersl trend from systems of unmodified
latersl hyphse such as sre seen in Trichoderme and

Papulospors, through the stunted peg-like branches of
Pezizs which msy be regarded as wéakly diffarentiata-d _.
agppreasdria.l developments, to the more strongly avinced

heustorisl orgsns of Dispirs,Syncephslis,Pinptocephsiis

end Rhizidiomyces,

e e
The parssitism shown by Gonatorrhodiells Highled,

described in the present work,presents features which |

diver ge/ : i
|
1
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diverge from those generally observable in the parasitism

‘of ene fungus on another. The development of am
Eappxessorium,which is undertaken by the terminzl cell
éiéf the germ tube when contact is made w-i'bh s Nectris
ilnrpha,parallels the condition described in Peziza and
in Qi_gﬁ_:’i_.gg The development of hook cells is, hewever,
unique. Their speciplised nature is emphasised by their

cessation of splcal growth,end by the prolific sympoedialk

growth of the mycelium of the fungus which follows from

or undilated hyphae at their beses. A further point in

corroboration is provided by the fusion which mey occur

between the tip of the hook cell end the appressorium,
hyphe. G, Highlei therefore,sppesrs to develop an
unusual degree of Specia;liseatiorl external to the host

in zddition to the development of an sppressorium a

The development of speciazlised oxgans of penet

vation by fungsl parasites sppesrs to be correlated with
the lessened effoct of pe.rasitism in the host. Where

morphologicsl specialisation is absent, the host is

are more repid and complete in theixr effects on theiwr
hosts than is Peziza,in which & certain though weak |
grecislisation is developed. In Digppirs, Syncephalis,

|
Pivtocerphslis and Rhizidionmces,the host does not

underge rapid degeneration,but a much coentrolled

reletionship/

the latersl wslls of the hook cells end from the eppressorisa

80 that the hook forme = c¢lesed collay about the pasrssitissd

condition which hes not so far been encountered elsewhere.

frequently destroyed quickiy. Ixrichoderme. and Pgpulosuors



‘rolationship between host snd parssite exists. The

lcorrelation between specislisation of the parasite and

diminighing effect on the host is slso of general
gpplicetion to the fungal paragitism ef higher plents,
where effects brought sbout by non-specizligsed hyphse
of Rhizoctoniz, Botrytis and Bythium mey be contrasted
with those produced by the hausﬁbri&eproducing,obiigai
paresites Included in the Erysiphales =znd Uredinsales.
(Brown,Brooks and Bawden, 5 )

The controlled host/parasite relstionship which

‘accompanies specialisstion ig reflected in Gonatorrhod
Highlei,but is not sppsvently correlated with the
;davelOPHmnt of heustoria. In effect,the external
%morphologic&l specizalisstion shown by the fuﬁgus seens
gto have replaced the intemmal form,whilst bringing
with it a type of resction in the host which is usuvall
the outcome of penetration by haustoriel hyphase in
other cases of fungal parasitism. Parssitised Nectris
'hyphae mintain growth snd reproductive activity when
encumbered with a series of arpressoria and hook cells

Under natural conditions in the field, the parasitised

|of the Nectria species is not z prerequigite of the

;déVBlOPHBnt of the parasite,as is sugeeeted by Spauldi

1

gqﬁotad in the introductory section of the present work,

%Eut that parﬁaitism may be estzblished both in the
;laboratory and in the field on mycelis possessing at

\most/

|
|
1
1

Nectria species develop sbundsnt perithecial stromats.

diells

¥y

.

The investigation has served to show that fruiﬁing

ng(30),
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mogt, only asexual reproductive stages. The sssociation
between Gonatorrhodiells Highlei and Nectriz cinnabsying
|is one which has not been previously recorded. The
|parasitism in culture of Nectrisz cinnsbarins by the

Gonatorrhodiells which wag found in sssocistion with the

other Nectria species on poplsx bark,could not be
brought sbout on any media,but the natural associstion
is fto be upheld by viritue of the close connsction between
the pseﬁd{aparenchym of the N, cimnabarxins stroms snd

the GOKi&-'tOI‘I‘hOdiSllga mycelium, and by the absence of

sny other Nectris species within the bark of the beech

leg which could have represented an associste. ;
E In his experimental work with G, Highlei Ayers (I 1b)
‘| succeededin bringing the fungus into pure culture on
synthetic malt,potato,potato-dextrose and malt agars,
a scanty nycelizl growth occurring on all media,and
development of conidiophores only on synthetic malt.
On oatmeal mush,he obitained freely sporing, vigorous
cultures, With thiles range of ?:fsdia;,he algso succeeded
in growing the fungus in the pregence of Neciris gg]__'l._ii_g_m,

N, coccines and N, cucurbituls,but failed with IL__M_Z-..'—!-.

and N, cinnabasring. In the present work, oatmeal msh

and fungel extrsct agers were the only media which gzave

|any mycelial development in pure culture,and conid:i.o;uh_:oras

Were never observed. In mixed culture,parasitism was '
found to be reversible on potato-dextrose agar,and could
not be obtazined on melt snd plain agars,although it was

- » - |
eeslly establighed on oatmeal mush,




parsllel cases of fungi parazsitic on insects and on

_ It seems, therefove, that the czpacities of
gGonatox;bodigllgLisolates for the development of paxrs-
%sitiam on agar medis mey vary,ss8 it is apparent that
the Gonstorrhodiells cultured in Edinburgh more nearly
approaches the obligate state than the Noxth Amsricesn
isolates of the fungus described by Ayers( 1b). The

relationship between G.Highlei end species of Nectris

mey either inhibit or reverse parasitic setivity. The
dif ficulgy of growing G, Highlei on agar substrates Wéﬂ
particularly stressed by Ayers(lb ),who cited several

the inclusion of agar in the medium or is due to the

absence df verious biochemical substances.

' -Reg&rding the gemniﬁaticin‘ of conidia,, Ayers( 1b)

stated: -"To secure puré cultures of Gonatorrhodiells
Hig@lei,aingle-spora isolations wsre used at first.
However, these conidia failed to germinate on the

different media used end even to date the conditiona

It hes been éhown in the present work that extracts

prepared from Nectris cinngbarinzs,a second Nectriz sp.

Izigbgﬁhggigm;zgﬂggm and Trichodermg lignoxrum isolstes

is suggested as one which is dependent on the substratum,

of culture is to be congidered purely as the outcome of

which were growing in close proximity to the Gonatoxrrhodi

provide/'

in naturslwould,when incorporated singly inte ager medis,

in thst ohangés in the nutrient component of the substratum

other fungi, It is not clear, however,whether the difficulty

necessaxry for their cermination have not been discovered,"
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provide substances which.wera,ﬁﬂpable of gtimlating
both conidisl germination and a limited hyphal growth
of ths_Gonatorrhodiell&, Although it hass not been

within the gcope of the investigstion to define the
nature of the substances prometing conidisl germinatia
it is of interest that they are heat stableyand it

seems likely that they are essily diffusible growth

produota.' The results obtained with Trichothecium

n

rogseum and Trichoderms lignoyum extrscts sre in one sense

paradoxical in view of the entifungal properties of
their extracts reported by Freemsn and Morrisen(l5) an

Weindling( 36, 3'?, 38 respectively.

The behaviour of‘Gonaxo;rhodigllg Highlei undex

natural conditions may well be governed by the diffuéi

of substances from surrounding fungi, the point of gres

interest being that the substances do not appeaxr to be

necessarily produced only by the fungal hoat of the

Gonatoxrhodiéllg,

a

on

test
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THE FORMATION OF INTRAHYPHAT 1Y CELI UL

Evidence of the fermation of intrahyphal

mycelium in Gonstorrhodiells Hichlei was gainsd in

cultures where the medis used were fungal extract =2gs1s

and in nature from the colony of the fungue which occu
on poplar bark,

| Endog\ahously developed hyphae were obgerved in
both old end young cultures. In cultures six to ten
weeks oid,they were confined to the ﬁpper three ceila
of young actively growing conidiophores which were sti
producing conidia from their terminsl bulbs., In the
vegetative mycelium of the fungus,intrshyphal growths

were observed in cultures which had been incubsted Tox

three months at 18°—20°C,and glso occurred during regen=

ervation of the fungus within hyphal fragments sown on

extract agars. Under natural conditions,limited intra-

hyphal growth took plece during the prolifsration of %
conidiophores. :

All intrshyphal growth forme have their origin
in the upper transverse septum of z cell which may
become entirsly evaginated,or only partly evaginated,

during the course of development,to produce & sac whic

rred

Lk

-

he

2

feet

enters the cell above. They obey the polarity of growth

shown by the hyphs in which they are produced.
Fig,28gaghows an example of locelised geptal ’

evagination at an early stage of development,in which

the grbwth has originated from the central arez of the

transverse septum, the ares which most commonly gives
rise/ -



irige to intrehyphal myeeliz. The occurrence of a
distinct septal pore -in most septa of conidiophores
‘hes been mentioned sarliewx(p.do ). Tntrahyphzl growths,
which heve their origin in the area of the septal pore,
a@paar to-develOP oy the assumption of meristematic
aetivity by the zons of the cell wsll which defines
the limits of the pora. A disgrammatic representation
of a transverse septum showing this zone is given in Iig280b.
In that intrahyphsl growths are clossd at the upper end
from their first appearance,closure of the pore mst
be presumed to occur before or during the edrliest
stages of septzl evagination. It hss not been possible
to observe pors closure,but in thslvsry early stages
of the process of evagination,ths continuity of the
septunm hes Dbeen clearly defined in msny cases.

In the mest simple examples, the continued growih
of the spex of the first formed sac causes the
appaa&ance of & thin-walled, septate hypha which gr&ws

longitudinally within the enclosing cell, graduslly

increasing in width to fill the cell, Increase in

@
ct

width occurs = short distance from the bese in the fim

instance( Fiz29 ),and moves progressively upwards.

Intrahyphal growths have been observed to pass
through conidiophors septa and invade cells_higher in
the conidiophors. (FigB30 @) During the passage of an
intrahyphal growth thréugh the upper transverse septum
of an enclosing cell, the septum suffers no immediate

disintegration. It sppesrs that the tip of the growth
effects/ '




|of the subterminal cell,and the final union of the twq
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effects o fusion with the septum and that the circular

fusion zone continues active growth,whilst the remsini

cell wall of the hyphe,forme & collar round the intra<
hyphal growth(Fig 309.

developed hyphae produced within the same enclbain.gr ce
Several prostrate brsnches were observed to grow from
the hyphse of s Gonatorrhodiells colony which lay at
the surface of Nectriz/extract zgar. They srose laters
from hyphal cells, and simulated the eppearence of '
young conidiophores during the earlier stages of theix
growth,. In one of these structures,an intrahyphal
growth occurred in the spicsl cell. (Fige 31 and 32)
The intrshyphal growth wass joined to the sﬁ‘otermiha,l
cell of the parent hyphs at two separate points,but
formed g continuous loop at the upper end of the
enclosiﬁg cell. This suggests the growth,in the Tirst

ingtance,of o separate hyphsze from the upper septum

by Tusion er.f a higher level in the enclosing cell,
The intrahyphal growths, which are Terxmed w i'bhin
cells in contact with sgar finally becoms free from
the cells by the formation of latexral branches. This
is alsc shown in Fig. 32  where easch outgrowih is givel
off ffom 2 short,slightly distended cell,and emerges
from the enclosing cell wall to become free to the

surrounding agar mwedium,

ng

ares of the septum,which is connected to the longitudinal

Fusion has been seen to occur between endogenously

1,

11y

™
s
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During the regenerstion of the nycelium of tle
wigus from hyphal fragments sown on fungsl extrszct
agare, intrahyphal growth formeg which have oxiginated
in lecaliged septal evaginations sre comparatively
commen. An example is shown in Fg.333. The invest-
igetion has made it cleaxr that localiseo septal evagin
etions,whether centrally ox more peripherally placed,
are the most ususl means by which the formstion of

intrehyphal mycelium is: attzined.

In conidiophores cobtained from extract zger cultures

and Trom the natural habitst of the fungus on ypoplar
bark, however, intrahyphal growth forms originating in

t}"-.e total evagination of a transverse geptum have

been T ouﬁd to bring a.boﬁt 2 type of conidiophore

pzﬁdlifaration. In the earliest stages of development,
& transverse septum foxms at 8 varisble distance from
the apex of the terminal bulb of a conidiophore which
is 8till in » sporing condition.(Fg, 33b,0) By the
upward growth of this septum,the originsl upper wall
oi‘ the bulb immedistely =sbove it is ruptured and forms
a collar to the new outgrowth.(TFigs34,35,36)
It cannot be clearly rscertamed whother intra-

hyphal growth by meazns of total septal evagination

is the only method involved in some proiiferations,whi
at a final stage of their development,show only shoxt
collars at the point of union with the former spical

bulb,such a8 are shown in Figs. 34,55. Examiration of

conidiophores showing early stages in proliferstion

hag/
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hag sugrested that some proliferations mey have their
origin in a tangentizl splitting of the wall at the ap
of the bulbyso that the collsr represents the outer of

the inner wsll has taken place.
The proportion of conidiophores in which
intrehyphsl growth of tangentisl wall splitting has

been instrumentel in effecting proiiferation,is smsll,

processes,and proliferation is sppsrently brought shou
by direct growth from a localised area of the wall of
the terminal bulb. Scme conidiophores,in which severa
proliferations have occurred ,1ave been observed to
show b'oth segments besring 'colla:cs and those devoid of
them, '
Cells,within which intrshyphal growth Torms
davelop,zﬁay or may not posgess cell contents. In Tig<
the encloging cell contains z considerable quantity of
protoplasm which appesrs to be in a stsate of dissoluti
wheress the evaginating cell is slmost empty and has
;;asésed gome of its content to the tintrahyphal growth,
]Tha enclosing cell in Fig.32 a&;:(pgevoiﬁ of protoplssm,

and very little cell content remasins in the cell from

the two walls which are so formed, af terthe outgrowth of

The msjority of conidiophores show no evidence of these

&

9

DI

6f irztrahyphal growth hes never been recorded prior to

ptill in the process of sporing. This point,taken

together/

which the intrahyphal growth originated. The occurrence

the elmboration of conidis, but is usually observable |

|

|
in conidiophores which have alrezdy shed conidiz,or srelL

1
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together with the fact that the lower cells of conidio

phores hsve frequently been obsexrved to lose their
conidia,seems to imply that drain on the protoplasm

for the development of intrahyphal mycelium,

In the vegetative mycelium of the fungus growin

from hyphal fragments,however, intrehyphal growths
invarisbly sppear in cells which are empty. Whether
the protoplesm wes =zbsent before septal evagination,
or whether it wes lost in padicipation in the developun
of the intrshyphsl growth,is not clesx.

protoplagmic content during 3p6ring end shedding of the

in old cultures,snd during regenerstion of the mycelium

occzgioned by sexiw.l rsproduc tion mey provide the stimulus

st
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DIS CUSSION

From the various observations which have been
mzge of self-penetration,or formstion of intrahyphal
mycélia,in Gonatorrhodiells Highlei it has been estab-
lished that two distinct methods of development are
involved. The two differ in the extent to which the

trensverse septum of the cell which gives rise to the

intrahyphal growth,participates during the eaxrly stzpees

of evagination.

In the prostrate basal hyphae of the fungal

celony,and in the lower cells of the conidiophores,only

& limited,central or periphersl zone of a transverse

gseptum is evaginaieé.ﬁo initiste an intrahyphal growili,

and the position of the septun csn be eagily disting-

cells of freely sporing conidiophores,however,the entire

luighed after development is complete. In the subterminsl

upper transverse septum may be evaginated to form a hypha

by'ﬁhich'the eventual proliferation of the conidiophore

is atteined. Where this occurs, the transverse sepitum

is wholly incorporated in the new growth, snd thns losep

its-identity.'

The distinction between locslised and total

evagination was mentioned by Lindner(19) in a valusble
review of s number of plents which demonstrate the i
phenomenon of self-penetration. Although the number oI
fungi which show the phenomsnon is-small,Various

exsuples of intrahyphsl growth from localised evaginaed

have appeared in the literature from tims to tims,

lon

3



Frem these references,the following fungl may be ment-

ioned: -Selerotiwm hydrophilum(27),Alternsxia(lo ),

Botxrytis cinerez( 2),Rhizoctonia solani(iz),Pullulaxrig

pullulens(1l7),Ascobolus maenifious(1l),Gymesporangium spp. (10),
égcoiaea'rgbascengisa),Chaatomiug Kunzeanum(40 ), and

Seprolegnia ferax var. hypogyna(24).

In their method of deﬁelopnent and sppesrance,
intrahyphel growths which have origin=ted Irom locsl-
iged septal evaginations in the above fungl sre similax
to thoge which have been described for Gonstorrhodiells
during the present investigstion, In cextzin cases,
notably,Pulluleris pullulens(1l7),Botrytis cinexres( 2)
and Agchides gg@emcané(&ﬁ),intrahyphal growths have
been observed to abstrict conidiz within ths.calls

containing them, The formstion of endoconidie hzs not,

however, been seen in Gonatorrhodiells, The repenerstion

of hyphal fragments by self penetrstion which has beon

described in the latter fungus,was mentioned by Duggar and
Stéwert:(12) in their resesrcles on Rhizoctoniz soleni,

Ag & result of his work on Beotrytis cineres,
Epicoccum.pg;puiqgcens and Alterngris sp.,LindﬁerGB}
commented on the frequency of the occurrence of intra—i
hyphal nmyeelis in old cultures,and their rarity in
young fungal colonies. Dodge(ll) added = similer
observation for Ascobolus magnificus, end Walker (33 )

forx Escoidgg rubegcens, The degensration or demth of

hyphal cells in fungal colonies,which have been growing
on media for some time, is commuon,and mey be attributed

in part/
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in part to the derletion of nutrients and moimture from
| the substrate. In those fungl which displey the phen=
cmenon of gelf-penetration,intrahyphal developments
hove often been directly associsted with dezd or
degenerate cells. Both Lindner(l9) and Dodge(ll) have
viewed many of thesé growth ﬁormé.aa‘Bridging hyphas!,
which by their paésage throuéh senescent of dead aress
of the hyvhs, connect successive healthy eemments.
Bridging' involves the formation of a cell outgrowth
which effects fugsion with a Turther cell_at gome distance
from its place of origin,intervening cells thus losing
their significence ss Iuwnctional units. Many instances
of the phenomenon have been Iigured for Ascobolus
msenificus(11l) and Alterneris sp.(19). DLewis(ls) has
also recorded 'brideging' in the Red Alga, Griffithsgis
ngggiigggain which he describes =nd illustratises the
continuity of the slgsl filament which is braught about
by the formation of intrafilsmental outegrowths,which
enter a dead cell from th® cells on either side and
Tinally fuse with esach otherm. Fugions bvetween intra-
hyphal mydelia which have separste points of origin axe
also known to cccur in the fungi., TLindner(19) ha

recorded several fusions in Alternsris sp.which have

occurred both within encloging cells,and outside the

'varent' hyphs. An example of fugion within a single
enclosing cell has been described in Gonzstorrhodiells
but no instsnces of fusion between brenches of intra- |

hyphsal mycelia,which have subsequently become free by
ocutgrowth/
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atgrowth from the enclosing hypha, have beem forthcomin
The degeneration of cells,prior to their penet-
ration by intrshyphal growthe is Tfurther illustrated

by Dodge (10 in his work on Gynmosgora.ngimn clavarielo

g‘

rme.,

85 _nidug;axis,ﬁ%, mseropus, and G, giobogsum In these

fungi, K the teleutospoxres origina,ta from the subterminal
cells of the tissue which com;goaee the teleutospore so
Bsfors the evasgination of the upper transverse sepium
of =z subterminal cell, the terminzl cell undsrgoes -
miclea:r and cytoplssmic degenersztion,so that in meny
cases the outgrowth enters sn empty cell,within which
it differentiates to give a teleutospore.

This freQuant occurrence of the penstration of
degenerate or &éad cells by intrahyphsal growths prongpt
Lindner(19) to forward the gugcestion that the form-
ation of septal aﬁginatioﬁs may be facilitated by the
reduetion in osmotic pregsure attand&nf upon degenerat
Ki¥oker and Schidnning(17),in their sccount of self-
penetratioh in Pullularizs pullulans ,prefe‘r:r:ed to
consider the pheriomenon ss one incorporating & form of
parasitism where *strong’ cells could be regarded as

parsgitising adjacent 'weak' cells.

During the present work on Gonatorrhodiglls
Highlei, the variation in the content of enclosing cell
has been mentioned,and doubt expressed as to the quant
of protoplasm present within them prior te the develop

mnt of intrahyphal growth forms, It may be the casge

rus.

(6]
Lo 1

107,

B

ity

that where a certain amount of protoplasm exists,it

acts/
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acts a8 a source of nutrients for the developing growtis
o evidence has been forthcoming b_f the contraction of
the protoplasm of an enclosing cell,and the subsequent
development of @ wall sround it,as was shown in Botrytis
cineres by Beauverie and Guilliermond( 2).

Whether oxr not osmotic pressure rels tz.onshiya
are involved in the process of intrshyphal development
it sppears that the occurrance of the latter is always
correlated with a physiological drain,which is cccas-
ioned either by sporing in the case of coﬂi&io;)hoxes,
or by depletion of nutrients and moisture from the
subatraﬁé in the cage of the vegetative mycelium of the
fungus in old cultures. The rather limited type of
g‘rowth which the fungus gshows on fungal oxtract :a.gé,rs
is indicative of the fsect that these subsirates do not
provide the full nutrient .;r:equiremant of the fungua,
2 condition which may add to t,'ne pnysiological drain
set up in the conidiophorss by sporing. |

Irrespectiva of the method by which intrshyphsl

cr

growth forms are developad, they all tend te bring zbou
an increasse in the total surface area of the ftme:t_ts.
This might be viewed 28 & plant response to adverse

conditions,by which a greater asbsorptive surface is

dovelopad in the substrate in those instances where
intrahyphel growths becoms free from their enclosing |
celis, In young,actively sporing conidiophores,partially
empty cells frequently develop intrshyphal growths '=

which enter cells in which a creater protoplssmic

content/.
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content is present. This msy also be regarded =3 35
cell response,bringing zbout an incresse in absorntive
aurfzce at a remaininé source of food materials,

The power to develop melf-penstration is‘bnly
lnown to be possessed by a limited anunmber of plants.

The majority of fungl do not show the phenomenon even

when growing uﬁdar extremely disadvantageous conditions

in culture. It is likely, therefore, that the expressig
of Belfﬁpénetraxion is dependent on a genetic basis,

'Eungi which displsy self-penetration in which

1

total septal évaginaxion is involved are rare. Lindnex( 19)

discovered an example during his work on BEpicoccum
purpurssceng. In this fungus,shoxrt lateral hyphal

branches sre cut off by septa from the cells in which

they have their origin, Backwardly directed evaginati

ons

of ﬁhasa'septa have been shown to give intrahyphal growihs

within the perent hypha. A curious foxm of total evagz-

ination is also to be found in Inzengsea, Boxrzi( 3 )
records the formation of bladder-like cells in the hyp
which arise from the outer layers of the perithecial
wall,and to which he ascribes a protective'funotion;
By the total'e?agination of the upper trana?arse gep tu
of the subterminal cell of such a hyyha,a ghort intra-
cellulsyr growth appears in the bladder cell,

' -Although ingtances of the kind mentioned zbove

have rarély been recorded,total septal evagination is

hase

known to operate under somewhat different circumstances,

@nd ig characteristic of the penus Saprelesniz( 8 ).

It/




attained by a method similsr to that dascribed in

' It results in the process of sporangial prolifera,t‘ian;

| glomerate, Normel sporsngisl proliferation occurs

93.

The sporangium sheds its contents,and by the total

evagination of the upper transverse septum of the

a0 outgrowth from which a further sporangium is latex
riveds The process may be repeated many times in
the sams sporangiophore, It is of interest thst
localised septal eva.gin:ition from the subsporamgial
coll may replace the total form Cokex( 8) fisures
both types of dévelopmsnt- in Ssprolegnis g_:in_gndicg‘ var.

tbgathar with abnormal proliférations in which local-

iaed séntal evaginations bear terminal oogonils and

Ssor o_mhas also been recordsd by Butlser( 7) in
P}f‘thiuglg_ preliiferum,

A somswhat more complex form of proliferstion is
shown b;y the '"hemisscus' of Ascoides rubegeceng, The

I.-n:ad'ise nature of the 'hemiascus! of this fungus is

subsporangial cell,the cavity of the gporsngium receives

e.:nﬂwridia. The phemomenon of sporangial proliferstion,

in Ssprolesnin follows upon the svacuation of the =zscy
The new outgrowth which arises by the total évaginatic

of the upper traznsverse se:ptuﬁn of the subascal cell,

|enters an almost empty asscus. A certain amount of
i : :
| variation does,however,occur in the process,

iBrafala/'

not entirely cleay,but it hss been stated by Wa,llaar(%)

proliferstion which is identics -1 in mechanism to that

I'

to be sn spogzmously developed ascus. In general, 1|

15

¥l

|
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Brefeld( 4p) recorded ingtances in which the
ovagination of the septum proceeded whilst the major
ﬁmportion of the ascus contents still remained., He
therefore considérad thet proliferation assisted the
fmictio_n of ascospors d.ispérsa.l by the pressure to
which it gave rise. From her researches,Walksx(33)
concluded that such examples were sbnormal, and claimsd
that osmot:.c pressure relationships were mors clesyly

Linvolved in bringing sbout spoxrs disp'ersal.

iﬁ Gonztorrhodiella Highlei the new hyphal growih may
slso arise from the upper transverse septum of the
subterminal cell, and penstrate a terminal cell which
étill contzains protoplasmic contents, Sg@roléﬂiﬁ,, 80D/,
Ascoide_& rubesceng and Gonatorrhodiells Highlel msy
therefore be considersd to present a series in which the
zdoption of true i.utré.hyphal growth by & form of total '
septal ev'agina‘tion is developad, In the sporangia
of Ssprolesnia spp. ,and in the norma,l agci of Agcoides
rubescaps,the growth which srises from the septum of
the avaginating--;cell enters a cell cavity usually
devoid of contents ami open at the upper ends In the
strictest sense, true intrshyphal de’bélo?msnt .is not

present,although the msthod of growth adopted is mech=

anioé.lly the sams., In the sbnormal cases of ascus dis
charge in Ascoidea, the hyphal growth enters fthe ascus

¥

whilst sscospores and epiplasm are present,but the ‘31:6-

of the ascus is still dpsn. In Gong.torrhogiellﬁ, intra-

hyphal growth of a true type is shown by the entry of |

In soms of the proliferstions of 'bhe conidionhores
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8 septal evagination into = closed znd sctive cell,

|
|
|
=
Ag fa

28 the suthor is =ware,the type of proliferation

X

which results from the development ef intrahyphal grow?h

lin Gonatoxrhodiells is unknown elisewhere in the

EHyphonycetes. The phenomenon of tangentisl splitting |
of the cell wall which is 2lsc concerned in some of the
conidiophore proliferations of the lstter fungus is

reminigscent of the mechanism adopted in Thielaviz pggﬁ ols,

during the production of conidisz. (41)
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SUMMARY

Gonptorrhodiells Highlej A.L.Sm.,a rare member
of the Fungi Imperfecti,only once rscordsd in Great Bri
before,was found on the bark surfaces of stored besch
and poplar logs at the Royal Botanic Garden, Edinbuxrgh.
On the beech berk, the fungus wa,s_fmmd to be assoclated
with the perithecial stromets of Nectxria cinnsbarina
(Tode ) Fries.,a fungus on which it has not been previously
recorded, end on the poplsr bark with = fungﬁs préviaion-
ally identifisd 28 a species of Nectriz,possessing a
Cylindrocarpon macroconidial stage.

The taxonomic relstionships of ths Tungus =avre
discussed,and smendments to the technieasl description
are proposed,

In culture,conidial germination of G, Highnled
end its development of parasitism on contact with the
Nectris sp. wers observed on sgars incozyorating
extracts obtained from Trishoderme lisnoyum(Tode)Herz.
Trichothacium roseum Link and the Nectrin sp. The |
Gongtorrhodiells also grew well in the presence of the

lloc tris sp.on oatmeal mush,but noe development of the

fungus was observed on potato-dextrose,malt =nd plain |

i

2858,

The parasitism shown by the fungus involves thegi
| i
production of appressoris snd an elaborstion of hook- |
| i
cells of limited growth which encircle the hyphae of -l:ane

Nectris sp. The effect of parasitism on the Nectris sp.

points/

is slight,and results in a thinning of the hyphee at



5?(

voints where hook cells of the Gonstorrhodislla are
present. From observations made on mixed cultures
on peotato-dextrose agar,certain evidence Ioxr the

roverszibility of parasitism was obtaineds, Parasitism

in culturs. :
A'lindtad growth of G, Highlei occurred in purs
culture on oatmeal mush and on fungsl extract agaers.
No growth was recorded on potato-dextrose,mz=lt and ﬁla
Agars. =
The type snd development of parasitism shown
by the fungus,énd the nature of its éssoqiation with

other fungal species are discussed,

in the cOﬁidiOphores-and mycelium of G, Highlei, Two

methods of development are distinguished, In the firs
intrahyphal growth forms arise by the locslised evagin
of 2 cell septum, =nd in the second by total evaginatio

Localised evagination is the mae-usual,and has heen

of Nectria cinnsbarins by G,Highlei was never observed

The occurrence of intrahyphal mycelium wag noted

t,

ation

—

recorded in both conidiophores and mycelium whilst total

this means is belisved to be unknown elsewhere in the
Fungi Imperfecti.

| The conditions under which self -penetration occ
énd the mechanism involved in the process are discusse

concerned is put forward.

lin the conidiophores., Proliferation brought zbout by

evagination brings szbout a specizlised form of prolifqration

urs

of

and the wview that physiological drain is the dominent ?aﬂtor
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Fig 1,

Conidiophores of Gonstorrhodiells Highlei on pdpla,r
bark,seen in surface view. x 60.

Fig, 2.

The sporiferous hezad of a young conidiophore of

G, Highlei showing the terminal dbulb with primery
conidia(p),each of which besrs & group of secondaxry
conidia(s). x 320.

Figad. ,and 4.

Mature conidiophores of G,Highled showing complex,
branchked chsins of conidia,
:Eig. 3e X 320. _ Figu 4. X 5800







_ f’ig. 5
Branched conidiophores of Gonatorrhodiells

Highlsi

) Conidic:phore showing 'br'anc 1ing from the
base. x 220.

b) Conidiophore showing proliferation of
the first-formed sporiierous bulb,and
aubgequent branching., x 220

Fig, 6.

a) Apa,rt of the basal mycelium of G, Highlei
. Obtained from culiture, il.t.ustrating
1rreaulﬂ.rity of septatloﬂ. X 680.

b) A primary conidium bearing a torminal
group of secondary conidis. X 1000.

¢) The terminal bulb of a young conidiophors
- phowing early stages in the development
of primsry conidia, X 1600.

d) Part of the terminsl bulb of s young
conidiophore showing a later stage in
the developmsht of two primary conidisa,
one of which shows & bssal septum with

, distinct central pors. X 750. :

e) Part of a maturs conidiophore illustrating
the presence of g central pore in the
transverse septum. X 1500.






Fige Te

A Jongitudinal section through the
perithecial stroma of Nectria einnabarina
on beech,showing the mycelium of G,Highled
undercutt ing the pseudoparenchyms oI the
stroma at (a),and lying between the
perithecia at (b). Ceonidiophores are seen

at (c). x 150.
ﬁg._B-. :

Ag zbove, x-1505

Figa. 9 & 10,

Conidiophores of G,Highlei obtained from
poplar bark showing investment by the

hyphae of the Neciris sp. X 680.

e - A B

a,b and d) Stages in the development of

gorm tubes produced by tertiary conidi

c) The seme in 3 secondary conidium

e)A primary conidium showing two germ

- ‘tubes,

f) Abnormsl germination of g tertiary
conidium showing the development of 2 distal
gorm tubse Ifrom the initial of a quaternary

~conidium,

e il O






F g, 120

Pa,ra,sz.tlam of the Nectria s p.(n) by
GeHighledi, ;

An early stage in the aevempmnt of
an appressorium(a) and hook(c) by the

germ tube when contact is made with

8 Nectria hyphs. x 700.

Fig. 13.

The parasitism of the hyphse of a
Nectria colony by the germ tubes .
produced by two conidia of G,Highilei,
On- the left,the germ tube has produced
s hook cell at (c) and has developed an
sppressorium and hook at (al.

On the right,inorease in size is seen
in the appressorium at (d). —x 600.

Fig, 14,

The parasitism of 2 Nectris hypha dn) by
a germ tuve ol G, Highlei,showing the
develorment of two hook ceils(c).

Branckh hyphse(b) hsve originsted Irom
the zone of 'the primary appra sorium,

X 1660,






" Fig, 15.

The developrment of ypaired hook cells (p)
by the germ tube of Gonatorrhodiells,
The origins of twe hyphal initisls are
shown at (h). x 1600.

. n- Nectris hypha.

¥ig, 16

- The development of peired hook cells (p)
by the germ tube of Gonstorrhodiells.

A latersl sppressorium is shown at (a).

x 1600, n=Nectriz hypha



Fig, 15,
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Fig, 1%,

Poired hook cells(p) zrising leaterally
Irom the germ tube of G, Highlei, A
young branch hyphal system cderived Irom
an sppressorium (a) is slso shown,

X 600,

Fig, 18,

An eoxly stege in the development of =z
.brench hyphal system derived from zn
gppressorium (a) of G, Highlei,

X 1600, 75!













Iﬁ.{fn 20.

ate stage in the development of a
bzmwcn hyphal s :yqtam of GyHigh
The hyphsze produced frem the zone of
the primery sppressorium(a) have
produced secondary hook cells(c)at
vaxfious points on the surrounding

Nectrie hyphse(n)s. x 1650.







Fig. 21,

A lzte stage in the development of g
branch hyphsal system of G, Highied
The hyphase produced Irom the zone of
the primery sppressorium(z) have given
rise t0 msecondary hook cells(c) at
various .points on the surrounding
Wectrig hyphee(n). x 1600.

Fig, 22.

A secondaxry sprressorium of G,Highled
is shown at (=). Hook cells(c) have
given rise to laterzl hyphae(h).

x 1600, :

Hig. 23,

A gimiler stage to that shiown In Fig 22,
showing secondary hook cells(c),and =
gecondary sprressorium(e) giving rise to
three hyphase, %1600,







Fig, 24,

The parasitism of = Nectrias hyrka(n) by
& hypha of the aerial mycelium of
GoHizhlei, &)dilated zone of the sprress-
oxium,c)hook cell, d)the base of &
coni o:.o;;hore. x 550,

.'.g =D

£m exsmple of the perssitism of a3
Nectris hypha(n) by G.Highled,showing
~the development of & conidiophore Izrom
g hyphz of the branch system
a)extended ares of the sppressorium,

¢ )hook cells, d)oonidiophore be-a.rim
primery conidis h)hypra,e of the branch
system, o)eonidium of G, Héghlei i, t)gexm
tube. x  420.

Tz, 26,

Varietiong in the morpholeogy of the
conidiophore of G, Hipchiei, The two
conicdiophcres show limited development
of the ferminal bulb,snd the production
of & gingle pnmary conidium (p).

X 420,







L W oy A

2) The production of conidia Irom a -
gwelling set st the base of 2 latersl
hypha of the submerged mycelium of
G Highlei. X 660.

b) Ths extent of the development of the
gexm tube of G, Higkhlei in pure culture
on Nectris extract agexr after two
monthe’ crowth. X 800.

Fig, 28.

2) An ezrly steage irn the development of an
intrahyphal growth in the cell of =z
conildiophoxre of G, Highlei showing
loczlised evagination of the transverse
sep tum. X 1600.

b) The digesrammstic representation of a
trangverse septum ghowing & central
pore,and the ares(a) from which
intrahyphal growth proceeds.







Fig, 29.

.& aant@rn::.ml cell of » conidiophore
G, Highleil showing the development
OJ. intrahyphal growth, x 580.

Fig‘- 50- ]

_a.xPax't of = comdwphore of G,Highlei -
‘Septal evagination hss given rise to
en intrabhyphel growith passing through
z ~trensverse septum higher in the
conidiophore, X 560. -

b)A diagrammstic representation of
the passage ol an intrshyphal growth
through & transverse septum
The zone of fusion(d) between the
Antrehyphal egrowth(i) end the

- trengverse septum(s) continues

- growth(g) into the next cell of the
~conidiophore.

A latersl pros'bra'te hyphs of the mycelium
of G, Highlei snowing the pregence of an
intrahyphel growth in the terminzl cell.
-_Thﬁ_- growth becomesg Iree Irom the 'parent!
o Eig 31, x 500, Hig 52, x 750,







Fig, 33.

a) The regeneration of & fragment of the
myceiium of G,Highlei by mesns of
in‘trsmyphal growth. x 600.

b) The Tormstion of s transverse septum'
at the zpex of the terminal bulb-of
s conidiophore of G,Highlei., x 600,

c¢) Total evagination of the upper
trangverse septum of the subterminal
cell of & conidiophore of G,Highlei,
X 600,

Figs 34,35 & 36.

Proliferstion of conidiophores of @ Highlei
- brovgint sbout by total sepisl evagination,
showing the presence of collsrs at ‘bbe
beses of the outgrowths.

Fig, 34 x800. JFig, 35 x600. Fig,36 x580.
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INTRODUCTION |

. |

The discovery of & fungus parssitic upon thse

flowers of Rubus dumstorum Weihs(syn. R.caesiugL.)

was first intimated in 1907 by H.and P.Sydow(12),who
described material which hesd been observed by Diedicke
and Reinecke in Thufingia,Garmany. From sn sxamination
of infecﬁed flowerg,H.and P.Sydow noted the occurrence
of white,powdery masses of globosa,hyélime conidia at
the surfsces of the aﬁthsrs,within which the nycelium
of the fungus was scarcely visible. No indication of
the method_by which the conidia were produced from the
mycalium couid be obtained, and the fungus wes provisionally
placed in ths genus Paepzlopsis,as s new apecies,ggggggoﬁgia
ggigggﬁgg_Syd. In the account of the fungus,a2 quotation
\from a commmnication by Diedicks, which gave a repoxrt of
the latter's observations on the disease, was included.
The report was later enlarged and published ?y Disdicks
and Sydow( 2) in 190s.

: : This paper deals principally with a detailed
account of the work of Diedicke,wheo stated that the

disense was first noticed by him in a bush of R, dumstorum

Weoihe near Horba in 1900,and later in s bugh of the
8amS spécies near Erfurt in 1907. He recognised = series
of symptoms which he associztsd with the presence of the
fungus. Diseazsed plants showed the presence of Witchep!
Brooms in the inflorescences,which were found to be

excessively branched,and gave rigse to flower buds showing

abnormally rapid development conbined with deformation.

The,/
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The déformatiOﬂ wags brought zbout by continued apical
growth of the sepsls,one or mors of which curved over
the bud in the earliest stages of development,and latex
gave rise to elongated zpical ssegments.

: From sections whioh he msade from fresh and alcohol
presexrved material,Diadicke undertook an examination of
the tissuss of the diseaged inflorescences, but could
find no trsce of the fungus in the axis of the inflorepcencs,
in the pedicéla of thé flowars,or'in any of the flower
parts\wifh fbe axneptioﬁ of the anthers. The mycelium
did, however,occur between the anthers and within their
intercellulsr 3pﬂss§. In the wall of the anther,pycnidia
cpnﬁaiﬁing gioboae;hyaline pycnospores were obaserved,
and the fungus waa;therefdrs,piaced in a new genus of-

the Sphaerogsidaies,ﬂgggggsﬁhgsrig Syd. , =8 HLdaformanBSyd.

Wi%h-reg%rd to thé otﬁer flowei parts,Disdicke siated
thet the'patals were often of a greatar numbex than ususl,
and were 1argér,ﬁhiist the fruit was normally developed.
Althdﬁgh no evidence of the presence 0f the funsgus in the

tisaues of the nxes of the inflorescence could be obtsined

i-1a

3
the view was'exprassed that infectlion probably took
place in the ﬁxillaxy bud, giving rige to the inflorescence
during late winter. Diedicke remarled that he intendel

to mske a further study of the disease in order to determine

the tims and method of infection,but no further publichtion

eppeared,
 The ocourrence of the fungus in Great Britain-wés

first racoznised by Borthwick who collected infected materisl

of/
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somewhat misleading in thet it did not refer to = direct

of Rubug fruticogus L.unesr Aberlady, Haddingtonshirs,

Scotland, in.1904. The msterial was described by Wilson(l3)
in 1922 He regarded it a8 showiné; festures generslly
:éimil;a,r to those possessed by diseased specimens described
in Germeny. Sepal deformation snd anther blight Wwore
present,but no evidence of Witches'Brooms wag T orthcc;mizﬂ.g.

The first recording of Hapalosphaeriz deformens Syds
outside Burope was made by Desarness and Foster( 1),who,
in 1933, desoribed the snther snd stisms blight of the
Loganberry in British Columbia. The inolusion of stigma

blight in the title of their commmication was, howaver)

infection of the gynoecium but to the incidental effect
of fungal attack on the development of the fruit, The

latber showed asbnormality owing to the lsck of volliiation

cenning,were mentioned in a further two communicatioas

w{:hich followad the emssculation of the anthers by the 1
fimgus. The sams effect and its consequences upon

ruit produc tion,by reﬁdering berries unsui_tabls for

from North America. The first of these wes intimated

by Zsllar(lzl-),an abstract of whose raper, given at the

Annual Meeting of the Pacific Division of tme American
Phytopathological Society,was published in 1939. The

substence of the paper,together with an account of fur%{;her

rrmrk,formd the basis of the second publieation, which =
wos made by Zeller and Braun(l5 ) in 1943

In descrzbn.ng the disease gttributable to H, defor;amﬂ

|
whic‘l is stated to be widespread throughvmut the P:a,c:.fip
Iorth/
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North West, in perticular,west of the Cascade Mountaing,
Zeller and Braun included the following plants as hosts
of the fungus;-the Wild Trailing Blackberry(Rubus macropehalus)
the Evergreen Blackberry(Rubusg lacinistus Willd. ), mad the
Young and Boysen Dewberries.

The emasculation of the anthers is put forward
a8 the major charscteristic of the dissase,and the laock
of pollination is stated to result in abnormsl fruilt
déVGIOpHBnt,‘ ‘' Deformed berries result from bee
pollinated flowers., Apart from R, mescropstalus, the infected
plants did not show the pregence of Witches'Brooms,and
1o mention is made of deformation of the calyx.
Histological work showed no trace of the fungus in any
floral organs-othsr than the anthars,psnetraﬁion of the
walls of which was observed to taks placé from apgressbria
daveloped'by thé-hyphae of the fungus. The invarisbly
total infection of the flowers of the fruiting lateral
Was teken to indicate the infection of the unfolded

exilisxry bud,snd this wss borne out by infection expsriments
on commercinsl plantings of Young Dewbarries. It was
shown that a great incrsese in the incidence of the disease
took place whén the axillsry buds of the canes were dusted
with pycnoapofes obtained from infected flowers. Sections

ahpwed the mycelium to bs vpresent both beitwsen and within

the flower buds in the exillary bud,snd it was assumed
thet the infectlon of the sxillzry buds by pycnosporesl
was the normrl method of infection under natural conditions,
A considerable control of the dismease was schieved by |

the /




the zpplication of lime sulphur to the axililaxy buds,
and outstanding proof that the axillary buds of the
cznes of the current segson were directly infacted £rom
flowers in their immediate vicinity was obtained by
excigsing all the csnes at the height of the flowering
period. The new canes which were produced lste in the
same geason,when no source of fungal inoculum existad,
gave rise to T rui‘bing laterals,which were entirely healthy,
the following yeax. .
Fluctuations in the =erial environmsnt were cited
28 the principal :f‘awtors in influencing the occurrence of
the disease,which could cause seasonal epidemics varying.
in intensity from 15%4 to 70% infection in commsrcisl
plentings of Young Dewberry in Oregon. '
Attempts to germinate the pycnospores of the fun
wewe made by Disdicke( 2),but nroved to be unsuccessful.
Cultures were,hbwaver,obta,izzed by Zeller and Braun(15)
from snthers dissmscted aseptically from closed buds,
The f\mgué grew slowiy on 'a.gar, to which it impesrited
shades varying from yellow to deep Burgundy, the colorgtion
of an'.y singia isolate remsining constant. A whiter strain

was also isolatedybut no spores or sclerotisz were ever

produced by =ny isolate in culture. |
I
From a2 review of the literature,it is evident |

that the disease caused by Hapsalosphaeris as a1 ss it iis

known, iwvolvies the infection of the anthers of the flower.
and the szppearance of Witches'Brooms in those cases whaere

the hosts of the fungus are wild species of Rubus.
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The vpresent work was undertsken in order to make =ni
\

investigation of the disease of Rubus fruticosus L

caused by H, deformansg with a view to obtaining infomna;tion
concerning the full affec.t of fungal attack on the pla;“’lt,
the 1ife history of the fungus,and the behaviour of *!:he
fungus in culture. It wag also thought desirable to |
investigate the possibility of the transference of |
'éi-nfaction from the Brambié te cultivated Raspberries,

| | The oﬁ;ortunity to study the disesse was a:f‘fo:x:d:;ed
in the first plsce by the receipt of diseased material
from DrJl.Noble,who discoversd the fungus in East Lothisn,

Iid Lothian,Perthshire and the suburbs of Edinburgh

in 1947 (7). The investigation,which is still incomplete,

w28 made from this material and from diseased plants collect-

od by the author in the Bdinbursh district. Slide |
preparations made by Dr.Malcolm Wilson from the ma.teriéa.l

originally collected by Borthwick(1l3) have z2lso been

loxaminad.

P —
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EVICPTOMS OF THE DISEASE,

i, BIFECTS PRODUCED IN THE INILORESCENCE.

The inflorescence of the heszlthy Bramble is in
the form of & panicle,which arises by the growth =nd
development of an axillary bud of & straggling csne
produced Iroem the rcoistock of the plant during the

previous sesson,or earlier. The majority of inflorascbncss’

which besr flowers showing the characteristic 'blight!'
symptoms of the anthers, axre ﬁorm&l in sppesrance.

The penicle veries in length Irom eighteem to twenty-
Touxr inches,and'ia terminated by = single flower,below
which axillaiy cymes of twe or three Ilowers zre produced

i&terally.(f&g; )

The dispesition of the lstersl cymes in relation

toe the terminal flower may, however,be considerably

zltered in disessed épecimens,an& result in the appesr
ence of Witches'Brooms. In certain czses,which masy be

taken as raprégentative of only a small propertion of

diseased infldrascences,the developmsnt of the axillgmf
cymes proceeds beyond normel limits, and the inflorasceﬁca
more mearly approsches a corymbose form, in which the i
flowers of the lateral cymes lie on = level with the
terminal flower. An exsuple of this type of growth ;
form ie shown in Fg 3 ,in which the 'vpushy' naturse i
of the whole infloresdence is evident. The compact
grouping of the flowers at the zpex of the inflorescences
reduces the straggling habit of the plant in thoge cages

in which Witches' Brooms arige in groups.




During early stages in development, Witches'Broo
inflorescences show unusual feaztures. The gppearance
of the terminal flower cluster mey take place when the
y-mmg flower exig is less thasn two inches in length.
The normal, healthy axis,however,may be as much as =z
foot long before buds becoms evident. An 'exzunple of
& short sxis bearing a terminal flower bud cluster is
acen in Fig 4. Gro'wth- and developmwent in this
structure are at £irst confined to the terminsl bud,
uﬁdergﬂ sbnormel elongation. This é,pparent trensferen
of growth brings sbout the condition which is meen in
meture Witches'Broom, Such dizeased inflorescences
are alsc characterised by a general shruvby appesrance
dufiﬁg early ata,ges of g‘roﬁth, aﬁd their sxes =re Trequl

of graa:r;er glrth than those produced by healthy panicl

e

In some cases,externsl fluting of the axis is clearly)

/
B

marked, end is well shown in Tz 3.
 In the early spring of 1948,a mild season in So

Scotland, abnormsl growth forms were observed to occur

of the previous season.

f rom material whidh wag collectead in early March,and

An exemple is shown in Fig, &

which showed 'L-he mogt extreme form of Witches!Broom

encountersd. In this specimen,the lower of the two

shows reduced leaf development which ig confined %o th

production/

but later become trensferred to the latersl oymes,which

Lrom basal axillery buds of panicles bearing withered :

leal development émd thin axis. The upper growth,howa'!ver

m

1

the

o+

prtly

e,

wth

flowers

2

outgrowths produced is normal in appearance,with ra.r_zul;am

i3




'in the case of other inflorescences,latsral cymes of

9.

production of & single leaf of limited size. The rest
of the outgrowth gives rise to a panicle of the same

general plan as that seen in a healthy plant, but

confined to the space of some thres inches. The bract

cymes are in some cases at a higher level than the
terminal bud.

The occurrence of all Witecheg'!'Broome is essenti
sporadic. 'Thsy may be. dispersed singly within = bush
or msy occur in scattered groups,and sprear to meiture
earlier than the heszlthy or less severely affected |

inflorescences. A single straggling cane mey bear one

with infected though more normel inflorescsnces.

The infection of flowers in Witches'Brooms is total, bu

healthy flowers have been obgerved amongst the disesse
ones in the same renicle, and on seversl occasions,s si
hﬁé&thy flower was obseTved in an otherwise dimensed
lateral cyme.

There is zlso a gseemingly rendom distribution

mors Witches'Broome in the axils of its leaves,intersp

8

are of 2 reduced type,snd the flower buds of the lateral

a2lly

ox

ersed

éa

ngle

of disessed panicles,whilst others produce a few,most
frequently located at scattered points towards the

periphery of the busk,which iz otherwise free of infec

of infection s8 regards the nstural occurrence of ths

digesse in the field, Msny bushes show a high.percanﬁ%ge

Eion.
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II. BEFFECTS PRODUCED IN THE FLOWER,

The occurrence of disease sttribultabls to

Hapalosrheseris deformens is correlated with the introd-

ennd gymoscium of the flower, Change is greatest in the
calyx, endroecium and gynoecium all of which ghow some
degree of abnormglity,but only rarsly ap;-eaxs to ocour
in the corollis.

(2) Calyx. _
: Although infection of the flower msy not be

ig frequently indicsted during the early development

- ; |
in the panicles,by the appesrance of deformestion in the
ca,lj*x.- Where the inflorescence is gpparently normsl in
its general pattern, the amount of deformation is sumell

cr 115@1131’016 but where Witches! Brooms sre devéloned '

of in‘eansity.

The globular shepe of the normal bud gives way
to zn irregulsr pouching which is brought a,‘oéu‘b by the
gppoarance of longitudinal folds cx distended zones 7
pt the surfsces of individual sepals,the tips of which

pre often swollen and blunt., Buds of this type can be

Feen ir1 the panicle shown in Fig, 1 ,and in the more

ria:?fly meemified zpex of the same inflorescence wose‘nted

the/ ' |

uvetion of radicel changes in the calyx,corolls, androecium

ovident until the tims of opening,the 'presence of digepse

deformation is a,lways clear 1y present in Va.ryinsz' degrees

in i et o As the extent of geval deformation isg s ight

ond tha zspect of the inflorescence as a whole is rto:cnﬁzl

of fiower buds,pé.rticularly of those which ocour 'termié'xally



the specimens showing this form of the disease may
eesily remzin undetected in the field before flower
dpening; Apart from the limited pouching of flower
buds shown by exsmples of this kind, and which may be
attributed to the irregulsr incresse in width of one
or more sepals,deformed buds mey show further aﬁnormality.
This is confined principaily to the unusual elongation
of the bud =8 & whole,and to the differential growth
and development of the individuval sepsals.

| Eériy-stagss in the production of thease effects
are shown in Mg 5 ,where pouching is sccompanied by
én‘eiong&tion and consequent fl@ttening'of the buds, the
apidea of which are irregulax-in appesarsnce oﬁing to
the separation and partial twisting of the tips of the
sepsls. (Flg 6) In the spical cluster of flower buds
in ths.panicle,tha terminzl bud is norﬁally_fdund to
be the more obviously affected,and in Fg %,a series |of
térmiﬂal bﬁﬁe femovad ai varioué steges of their '
| development illustrates the method by which abnorimal
erowth is brought sbout. In the young bud shown at (&),
pbu¢hing is slight;but spical growth of the tips of the

sepals is well under way,and they sre separated one faom

the other, Ths bud at'(b),which shows & slightly later

atéga in dﬁ?@iOpant,poasesémlongar sepal tips,and |
abnormal grawth of the sepal on the right is beginning.
Similar development of = single sepal is shown in the
bud at (¢). From this point,the sbnormel spical growth
of the individuzl sepals is accompanied by an incresse
in '




1=,

in their lateral growith, As this incresse ls réstricted
to one oxr more of the sepzls in each flower and varies
in speed,the pwched effect produced in the bud is
graatiy emphagised, The remeinder of the series of
terminai buds, (d-j),show varying degrees of sepazl
dévelopnwnt,in‘which_the sepals of the more obviously
maiformed examples display a striking tendency to the
formstion of leaf-like axteﬁsions. In many czses,
sepals showmthé develdpﬁant of gpical,strap-shaped
Ségmants,wﬁioh'may number Lrom two to five,and 1t is from
these structures that leaf-1ike form is produced.
Leaf-1ike segments are variable in size aﬁd ghape,
but show ﬁarkmd'reticulate venation and marginzl serration.
A good éxﬂﬁpié is shown in Fig. 84 in which the terminal
flowsr is ag&in the most clearly dafofMBd. Although
fhﬁ'flower'bﬁda borne in the 1&tar$1 cyﬁes never appeal
to show such marked abnormalities ss those which
terminate'the'éibﬁth'of the inflorescence, thay show
similar features. In the oxample shown in Fiam. Q,tﬁs
differential lateral and apical development of the
calyi éegménta'héﬁ brought sbout the elffect of po&ching,
very stfongxy in evidence in this cage,and has resulted
in the axrching of -cma,o'r at most, two sepal tips over
sach bud apex in the form of z thin spine-like projection.
A cortain incresse in the length of the lateral cymes |
in this particular inflorescence gives it 2 semblance of
2 Weakly develOped Witches'Broom - =l
 In move definite Witches'Brooms,however,ths

deformation/
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deformation of buds borme in lateral cymes is mch
greater,as can be Seen in Fig 3 . The overall
ef fect of abnormal ewrowth of thé calyx in flowers
infected by Hapalosphereriaz deformang leads, therefors,
to considersble incyesge in both the length and width
of the sapals,ahd it ig net unusual to find that they
ere up to2.%msin length,as compsred with the sepals
of wnaffected £lowers which'ramely oxcecd 1.4 cms,

: In the healthy plant,the sepals becoms reflexsd
when the flower is open,but this character is frequently
absent in infected flowers. Severely deformed gepals

remain upright,whilst theose free of zbnormsl growilh

become reflexedyand it is ususl to find flowers in whigch
sépals sre ast-in both positions. Examples mey be saﬁ%
in Figs.3 & 8.
A further effect of fungal attack is shown in the
variation which occurs in the number of'aapals which
makshup the calyx, The normal nunber of five may be
reﬁiéced by nunbers rsnging from four to nine. 1In éoma
ca&es,ﬁcwaver,the disturbance to meristic preciaidn is
migleading owing to diffsrential growth,and sepal.
sogments ,which sre free to the bases of the sepals in
which they had their origin can be erroneously regarded

as separste elements of the calyx.

(b) Corxoila |
The majority of infected flowsrs deviate littl%

from ths normal with regard to the gize and shape of

the petals. A few of the flowers examined did, however

show/
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show & considarable increase in the width and length
of the petals,znd this wos agompanisd by a prolonged

retention of the crumpled appesraznce due originally

The crumpled petals of infected flowers mey be a8 long
28 2,3 cm.,'and may numbey z8 many =8 eight. They slso
Show & tendenoy to \rromular doubling,which is brought
intd beirig ‘by the development of small outgrowths from
the base of the petal, Seversl mey occur on 3z gingle
pa'L"M,- and when the petal is removed from ths flowar,

are removed with it. Some are tubular and open at the

uplier 'énd,'whilst cthers are strap-shsped.

ig to produce é. lareer flower,which is given a ragged |

appearsnce owing %o the retention of crumpling. An

retals is seen in Figl0 .

(¢) Androecium
At the opening of the normal flower, the gmooth

as they reach maturity and release pollen by introrse
they

pollen which is released. In the older flowex,dehisced|
enthers eventuzlly turn brownish prior to their loss.

Flowers which are attacked by Hapalosvhoerig

deformang show anther development which differs consids

from/

ususlly smooth and unfurrowed when ma,t-urity ig resched.

éxa:@la is shown in Figs. ] & 2 ,and a series of doubled

walled anthers are at first = lightish green colour,and

deh'izacence,kbecom cream coloured. The colour changs ig

dus in part to the wall of the enther,and in part to the

to package in the bud. In the normal flower,petals axe

Tha ef fect of increase in the léng'th of the petels

arably
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from the normal., The terminal buds obtained from the
more deformed inflorescences,and which ghow pouching

and s tendency to leaf-like forym in the sepals,are

bulges where the pycnidias occur below the surface,and

when the_flower opens, the anthers,which avantuaily
of pycnogpores zt their surfaces. Examples of the
which show the typical enther-blight symptom, and also

emphasise the absence of anther dehiscence,a function

which is entirely inhibited by fungal attack

is indicated at the opening of the flowexr,when spore

NsNNe X,

(a) Gxgoécium

the normal course of events, the young carpels remain

by/

completely brown inside when cut longitudinglly,and the

the pycaidia of the fungus which sre formed within them.

The surface of the anther is irregularly swollen,ahowing

genaral sppearance of such anthers are seen in Figs.2 &

- In flower buds which are borne in inflorescences

of an almost normsl sppesrance,the early browning of the

such enthers sre brown,and fail to dehisce in the normal

During early development, the csypels of severely

and softish in consistency,but this symptom isfraré. In

anthexrs are covered with white spore mssges derived fyom

becoms plmest bleck in colour,show numerous white tendrils

8,

anthers may not occur,although thse presence of the fungus

mz88es are seen in great profusion on the anther surfaces.

pffocted terminal flower buds mey 2lso be brownish in cologr,

oo B L 8 =

gréen . and in no way deviate from those which are produced
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always develop normally,and in meny cases, individual

drupleta remain rermanently small snd green,whilst

The final ef fect is often that in which the etzsrio sh
sn unbalanced appearance owizﬁ;z: to the disproportionate
developmant of'thé'dmlat,a_‘nd in more extrems ceses

is 2 small stunted structure which is green throughout

by healthy flowsrs, The compound fruit does 11(i't,hovm'irer,

oweE

others show various stages of enlsrygement snd pigﬁmntc,ticm »

e

%ﬁﬁ |
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I CROTECHNIQUE.

An exemination of the Witches'Brcoms,of less

severely infected inflorescences and of the strasgzling

canes which bore them was made from hand sections of

fresk materisl and microtome sections of preserved mai

=fter freezing or embedding in paraffin wax.

Hand sections made from fresh msterisl were stained wi

either cotton blue in 15,01501;1%3110.1,01- picro-nigrosin iy

ie,ctophen_ol,both sté;ins veing suitsble for picking out

the free mycelium of the fungus sssocizted with the pl:

parts.

Material for sectioning by mezns of the microtc
wes fixed in either Karpechenko's solution,oxr Aicohol
-foermalin-azcetic solution No,1l,beth fixatives being ms
up_a.ccording to Rewline( 9 ). The fixatives caused 11
or no distertion of the tissues. After Tfixation,s nul
of plant parts were cut by means of'a freszing mi crote
and were embadded in blocks of plzin ‘agar prior to sed
The use of the frsezing microtome proved successful ey
in the case of thé'flowers,and wzs found to bs partict
ysiusble for studﬁiﬁg the mycelium of the fungus in Tl
tigssues of the snthers., Eech flower section cut was
rémovéé,by mesns of 2 paint brﬁah;to a drop of water g

g{

on .élide,aﬁc‘- individual anthers were fransferred to
further slides by the use of az fine pipette,before

staining.

Tor the embedding of Tixed material in paraffin

wax,a Cadax 0il schedule was found %o ve the most suif

agy

terial,

ke
l.

) I3

,de

ittle
hexr _

me,
tioning.
7en
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i
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as it caused less harderiug of the tissuss than one

to zbsolute alcohwl,and was placed in a 50% avsolute
alcohol/507 Osdar oil mixture for three hours,from whi

it was removed to pure Cedar oil for = furthser thres

Sections wers cut from 4p. to op in'thickness.

- Staining to'différentiate between the hyphae of
the fungus and the tissues of the host was found o be
dif fioult to achieve,as the funeus exists in all forms
ranging from fhinQﬁalled;nérrow hyphze to thick-wslled
pseudoparenchyma, and at dif ferent stages in its 1ife

history may vary in its reaction to any single stain o

were tried:e-

Carbol-thionin and Orznge G. (Stoughton 11.)

Basic Fuchsin as a 27 aqueous solution,followed by &

satirated solutioﬁ of Light green in clove oil. .

Triple stain(Rawlins 9 ). '

Tron Alun-Haemstoxylin(Rewlins 9 ).

Picro-nigroéin as a 27 squeous solution,followed by s
57 solution of Orange G in Absolute alsohol,

Hagdal& red followed by Light green (Rawlins 9 ).

Al%hough some success was gained in the case of

réprasenﬁing any one plaht part into three groups, and

incerporating xylolQ The mataxial was gradually brought

hours before embedding in paraffin wax in the usual way.

flower with the Picro-nierosin/Orangs G combinatioan,ths

ch

x

combination of stains. The following staining techniques

the

best results were obtained by dividing each bateh of spctlons

staining

oach group with a different stain combination, This

allowad/
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alliowed foxr the va,riabi'lity ghown by the fungus in
éccap'fing s*_ba.iria at the various stages in its dewelopument.
The .'bhree étaini’ng techniques most féequan'tly used were: -
|Iron Alum-Haemetoxylin,Basic Fuchsin/Light green,and

Triple.
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MICROS OPIC EXAMINATION OF INFZCTED FLOWERS OF RUBUS

FRUTI OSUS L.

The great variation noted in the case of diseazsed
inflorescences was zlso found to 2prly in the flowar
with regard to the amount of fungus present and its ofifect
on the plant tissues. The following account is largely
_devotéd to the more extreme form of the disesse, in which
daformation of the-calyx is taken zs the index of severe
infection. The effect of the fungus on infected flowems,

elmost normsl in gprearance, is zlso described.

I, INFECTED HLOWERS FROM WIT CHES!BROOMS

In the earliest stzges of its development,the
flower srises in the axil of a bract as-a cushionfahapad
mess of undif ferentiated tissﬁa,Which,as'it develops,
assumes the form of s cup,the rim being represented by
the primordia of the'sapalﬁ. The growth of the calyx,
as is normel in most flowers,procéeds rapidly,sc that fthe
éepals enclose snd protect the primordia'of the other '
flower parts. The stamens which are lzid down fxom the °
ti sues of the recsytecle are carried outwsxrds with thg
primordia of the sepals and petala by the 1ateral gmowﬁh
of the recaptasie;which,iﬂ ‘the centre,badonms raiged ap
a conicel ﬁrojaction,giving rise'pariphﬂraliy to spiraflly
arrenred carpel primordiz. The flowertherefore,assumes
a nernpynous form in which the race ntacle is made up of
a contral swollen area surrounded by a circulax flange,

with the stamans,patals and sepals borne at the rim

Befora/




21,

Befors the inclusion of the remsining flower
parts by the sepals,the fungus is present ss =z sparse
network of fine hyphae,which ramify over the suiface of
the young flower primordium and lie between it and thel
subtending bract. The hyphase of the fungus are hyaline

septate,2pn to 4p in width,and have a uniform, densely
young primordium has been obtained. The tissves gprean

them entirely heslthy.

The furthsr development of the fungus is spparen

lcauses part of the myeelium to becoms included within
the bud,fhe remainder lying on its outside surface.
Whereas the outer mycelium remains comparstively sparse

that within the bud incresses greatly in amount end

a8 # response to the ineresse in humidity which may be
rogarded as following upon the overgrowth of the sepal

: The hyphae become numsrous at the flange'of the
receptacle,surround the primordis of the stamens and '
petals, and show s longitudinal distribution on the inng
surfzces of the sepsls. They seem to be comparatively
gcarce on the raised part of the receptacle which bears

the carpel primordiz. The hyphse undergo modification

becoming ageregated into cell complexes,which may have|
- |

.o in the lateral branching of a gingle hypha.The cells

of/

granmlar content. No evidence of the penetrastion of the

to be normal in their development,and the cells oompoéing

largely influenced by the overgrowth of the sepeals, which

tly

eventuslly shows considerabls differentiationypresuvmsbly

x

their origin in the elose approximstion of several hypﬁae



78

the Tungal cells are squarish to globujar in shape,bed

22,

of the complexes undergo increszse in size,and the comg
either a2ssume the form of flat plates,one cell in
thickness, or sppear as irregularly shsped knot-liks
mzases of pseudoparenchyma. In the latter structures,

which are more commen in occurrence than thse flat plat

gsoms 4p to 8 p in widtlﬁ, and are thick walled, the walls
adopting a brownish piementation, The content of the
cells becomes progressively more vacuolate,so that in
older ccmplexes,the brown walled cells sppear to be

entirely empty. Both plate-like and lmot-like cell

complexes of the fungus which are satta ched to the hos

5-g0f X900 1, and give rise to fine, hyaline hyphas {rom t
peripheries., Such hyphae mey alsc develop cell comple
izt some distance from the original, so that = certsin
continuity is ma?;intained between otherwise igolated
zones of fungal pseudOparenc}iynm. ‘

. ¢ell complexes hsve been observed in the young
bud on the flenge(Fle 11) and,more ra,rely?%he raised
central part of the receptacle,on the inner surfaces o
In older buds, they may - occur on both outer znd immer

surfzces of the petsls(Fie 15 ). The development of

the sepals nesr the bese.(Fg.16 ). The - ralatlonship

vetween the fungsl cell complexes and the tissues of

the /

tissues mey be extensive in thelr development,measurin

the sepals(Fie 12 ),and on the stamen primordie. (Figs

cell complexes outside the bud slso takss place to soms

extent, snd they hsve been seen on the outer surfzces of

lexesn

es,

ng
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gppearance,and a certzin, though limited amount of
intercellular penetration occurs from their beses. The
hyphee which effect penetration are thin walled and
hyeline,and the host cells in their immedizte vicinity

of dismtesration. (Fig. 14 ).

The extent to whickh the cell complexes are

the dilsted,parenchyms-like fungal cells are observeble
between the cells of the epldermis,and only on rare
occasions occur in the intercellular spaces of the
hypodermel layer,although thin walled penetrant hyphae
msy be seen in the intercellulsr spaces below., Awert
from this localiséd penetration,no other evidence of
the presence of the fungus within the tissues of the
yvoung flower bud has been obtained.

As the effect which ig produced by the fungus

sbly,the calyx, corollsz,androedwn and gynoeciuvm will be
dealt with individually.

1) Calyx

In young flower buds,one millimetrs or sc in

length,the cell complexes of the funegus mey be seen ot

verious points on the inner end outer surfaces of the

|

calyx/

the host is not entirely clesr. As may be seen from the

figures mentioned above, they invarisbly present a2 sunksn

frequently show the presence of deeply staining products

embedded in the host tissues veries little, Most freguently

on the separaste whorls of floral orgens differs consid§re

sepals. At this early stsee in the development of the |

bud,siens of irregular growth are already present in the

Al
W
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calyx a8 a whole, some sepals being longer then others

The structure of the elongate sepsls is,for the most
part,normel but in some cases,the growth incresse and
irregularity may be directly due to the formstion of

zones or bands of undifferentiated tissue,which is

Which bear cell complexes of the fungus, the complex.
lying opposite to the wndif ferentisted tiscus.
Renewad sctivity of the sepal is not,howaﬁer,amwa&s
undertaken when fungalxcall corplexes are present,and
the lstter are sporadically distributed towards the
sepal apicas. It is likely that the cell commlexes of
the fungus which ocrur at these points owe their
vogition to passive carriage during the growth of the

host tissguves.

ctrophies. is due to the esrly attack of the sepal

primofdia by the fungus.

prior to opening, the sepals show unusual increage in

épicéL(

In deformed buds at 2 stage of develepment just

ususlly developed laterally near the sepzl spex. (Fig i7 )

Such tissues are clesrly produced at parts of the sepsls

The abnormel sepsls,which show an irregular package

of the cell wall, . The cells sre situated principally
in the epidermis,but may alsc occur in the lower parenr

chyﬁmu In rarer instances they have been chserved around

thiclmess at the bese,although no mycelium of the fungus

: |
appesrs to be present within their tissues. The sbnormsl

|

|

in the bud,frequently possess a large number of cells containing hyper

~trovhiss

the vagcular tracés,and it is possible that the foxmetion of hyper-
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gpliceal outgrowths which occur in the most severely
deformed sepals are provided with & richly branched
vascular system

il)Coxolls
The ovexzll effect of the fungus on the petals

in generazl structure and gpprearance f rom theose which

sre formed in normsl -unaffected flower buds. Doubling

the petal Iprimordium. (Fig.d8 ). The primordium givaé
rige t0 & normally developed petal,which besrs one or
more smell ot growths produced on its inner surface near

the base. In the bud, these outgrowths are surrounded

insertion contain z great number.of cells vhich are in
e stzte of disorgenisation =nd show the development of
cell well hypertrophies.

iii)Androecium

The cell complexes of the fungus which occur on

the young anther primordis bring zbout local infection

the 'intercellulszr spaces,the cells around which becouwe
irresular in shepe and contsin deeply staining products
of gisintegration. (T .14) - . The infection does
not, however,produce s marked disorgenisstion,end the
:primordi& sppesr to be capable of further growth and

development/

of the flowexr is smell, Only in rare cases do they deviete

mey however,arise by the irrég'ular growth =nd development of

by cell complemxes and hyphase off the fungus, and penetrations of
the tissues are numerous. Where doubled petals arise,

the tissues of the torus immedistely at the point of their

by giving rise to thin walled, hyaline hyphas which enter
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development, The proportion of stamen primordis which
are directly attecked seems to be small snd the -ma,jority-
remzin free from infection.
Although it is difficult to trace the final effect
of the early penetration of the stamen primordium it is
likely that it results in the formation of the intercellular
mycelivm which has been observed in =2 smsll number of
enthers in the early ﬁta,ges of their defelopment.

Such anthers are charscterised by inequality in the

devélopm:nt of sporogenous tiesue,wiﬂi which the inter
cellulsr mycelium becomss directly associated and may
be seen to rs.mify-"oetween the cells of the tzpetal

leyers. In the transverse sections of soms anthers, t1e
sporogenous tissue of one oxr both lobes msy be destroyed,
end this lezds t0 the unequal development of the anther
&8 2 whole. In extreme casas,bne lobe may suffer complete
latrophy.
Ag o rule, however, the development of the anther
proceeds more normplly. The sporogwandus tissue isg wéll
defined,end the fungus is situated round the periphery
of the enther in the form of & fine mycelisl felt,in
which cell complexes sre numerous. The latter are often

a.gg':cege.fed in the cleft between the anther lobes a8 kot

-like mssses of brown wolled pseudoparen chyms ,7hich are
Blso distributed on the antler surface. IFlat plates o:!E'
f‘mg&l célls are also conmmenly developed at the anther
Burfa.ce. ( Mg 19.) On rare occzsions,cell complexes

have been observed on the filaments of the stamens, but

these structures remain remarkably free of fungal mycelium




2,

The hyphae of the fungus give rise to sprrressonis
at the surface of the anther cuticle. The appressoria
may arige terminally or laterally from s single hyrha,

and the intercellulsr penetration of the epidermis is

It seems likely that cell complexes are developed from
guch a@preésoria.,Or from groups of spproximsted sppressoris.
As mzy be seen in Mg 21 . ,eaily stages in the development
of cell clompiexes are closely linked with the formstion
of zppressoriz., It seems that at lesst a number of
complexes mé.y result after sn initisl penetration of the
host tiésues,and well developed cell complexes with
penetrating hyphae issuing from their bases are seen at the
epidsrmis- of the enther.(Figs, 22 & 23 ) If this is
‘the corrsct 'inté:r—preta.tion of the foxrmstion of cell
complexes, it would explain their sunken position with
regerd to the host tissuas,prdvided that some of the
penetrating hyphae eventuslly essumed the form of
;pseﬁdoyarenclrgrm&; -

In the early stages of fungal attack, the hyphse

-

within the intercellulsr spaces of the anther ave 2p=3}.
in width, and do not exert any merked effect on thse |

surrounding cells. They mey run for soms . time . below

the epidermis,but finally become generslly distributed:
in the intercellular spaces of the parenchyma of the
onther. (Fig2D ) Ag development proceeds, the hyphae.
]§rese11t a beﬁded sppesrance,owing to the incresse in

size of individual cells.

brought about by hyphse developed from their bhases. (F:!.E:‘ 20 ).
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The influence of the fungus on the further
development of the sporogenous tissue is fairly constant.
The hyphee of the fungus,which enter by passing between
the cells of the topetum, remify between the spore mother
cells, which produce pollen tetrads spparently unimpedad.
The pollen grains,however,become completely emased in
fungal hyphae,the cells of which undergo incresse -
in gize. This general incresse in size,whareby the
funegal cells becoms dilated and rounded,brings about
the formstion of pseudoyafenlchyma,which occurs generally
throughout the intercellular sraces of the parenchyma
of the znther and fills the pollen sacs. (e 24)
During its development, the fibrous layer of the anthex
is produced no:{.‘ma_.lly.

The rounded cellg cof the fungal pseudoparenchyns
sre multinnclezte and the cytoplasm is granulexr, The cell
welle are thick and hyaline. The pyonidis of the fungus g
are prddﬁced from the periprheral zone of the pgsudo=
?&renchyma, '.‘Lying- immediztely below the fibrous layex,
and arise as rounded groups of cells,which gradually
increase in size,pushing intercellulsrly towards the
suzface of the anther. The upper part of each young
pyenidium gives rise to 2 short neck which is blunt a.tj.
the apex. As development procesds, the pyonidium becomes
hollow,and the wsll is made up of three to five rows of
cellg, the cells .o.f‘ the outer row being thick walled,
The cell layer nearest the cavity of the pyenidium
ve comes modified to consist of s series of club-shaped

colls/
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cells projecting into the cavity of the Py enidium and
fyom the apices of these cells, the pycnospores are budded
off,

The lengitudinal growth of the pyenidium leads
to the stretching and eventual  rupture of the epidermsl
cells of the anther,sc that the tissue which forms the
gpical part of the neck of the pyenidium pro jects bayénd.
the anther surface prior to the liberation of the sﬁorea.
The mechenism of liberation sppears to be dependent on
the breakage of the cells at the tip of the neck,so that
the pycnidium becomes ostioclate end releases the pycnospores
in the form of a tendril at the anther surface. Iature
pycnidia are globoge to ovate in shape,measuring 1156-75 x 116=-70p
On rare occasions, mltiloculate pyenidia have azlso been -
observéd, in which j.ngrowths of the wall of the pycnidium
enter the centrsl cavity. Typical pycnidis are shown [in
Figs. 24,26 snd 27.

The pycnospores are varizble in shape and size,
whilst still in the pyeridium or free,and mey be omté,
subglobeee or globose,with the subglobose fo;mn the mosit
usuval, They are hyzline,messuring 7.5-3,6 x 5.5-3 s Yhon
1}-‘11’1,@ free vetween the flower paxrts. |

Before the opening of the bud, spore digcharge may
be well advanced, and masses of pycnosroreg %.re to be
found @s = white powder on the expsnded flsnge of the
receptacle between the filsments of the stemens., In }
severely diseased buds, the infection of the androecium

is to tal,snd great numbers of pycnidia are produced in

(S8 Cfrl/
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each anther lobe. (Fig, 28. )
; The pseudoparenchyms of the fungus in the intexn-
icellular spaces of the anther becomes progressively more
vacuolate with zge,and in old anthers is devoid of
contents, the cell walls becoming golden brown in colour.
The cells of the anther slso undergo degeneie.tion.
Lhe presence of the fungus within the snther inhibits
deliiscence,and pollen ig never liberzted. The effect
is to be fegardsd 26 @ mechanical one,as the fungus
cauges no interference to the differentiation of the
fibrous la&er,which plzys the major part in ths‘ﬁhe'
normal procéss'of dehigcence, Bands of pseudorarenchyms
which occasionally pass between the cells of the £ibrons
layer, tend to bind it to the mass of pseudoparenchyms
which occupies the pollen sac below,and th® retraction
df"tha fibrous layer which would automaticzlly follow
dehydration is prevented. In a similer way, the development
of pycnidi&,ﬁhich.cauaé intercellulsr penetration @zs they
paes towards the anther surface, tends to inhibit the
functiondng of the fibrous lsyer. Partizl
dehiscence may apparently take plsce on soms occaﬁiqna,
and the pseudoparen chyms of the fungus has been observed

to0 become fres to ithe exterior of the snther at the

thin glit forﬁsd betwesn the pollen sacs. o pollen.isi

- i
phed, howsver. :|
i
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iv)Gyrnoscium
Although it is usuzsl to find thzt the hyphae of
the fungus are less numerous on the rzised part of the

receptacle from which the primordia of the csipels are

in the development of the bud,ths carpels e#antually
become attacked and g complete destruction of the seed
frequently results.

The infection of the cerpel may occur in two

penetration msy be effected,cell complexes being in

avidence at ths points from which entry is made.

cellular spaces,ususlly become magsed into strands and

within the tissues of thaCarpel,finally entering the

roceptacle,and occasionally becoms associated with the
vascular traces to the carpels,where they have been
observed to separate the elemenits of the xylem 1In

traﬁsférse sectiona of flowér buds which zre affected

mey be seen 0 pass from the cerpels to the peripheral
tissue of the receptscle,which may also be infected by

direct penetration, ( Mes.29 & 30)

Taken as a whole,the cells of the carpels and |

receptzcle show little sign of degeneration. Sonme

2rushing does,however, take place,especially in the cell

',djacent to the fungal strands,end disintegration produ

may,/

distinct ways. In rarer instances;direct intercellulapr

The hyphae,which brench freely within the invaded inter-

Dther hyphai strands pass into the outer tissues of the

in this Wéy,ﬁunarous intercellular cheannels of infection

developed, than on the other flower parts at an eariy étage

ramify

loculus.

|

<]

ke
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may be seen in the epidermal cellsg which are nearest

the points of original penetration at the surface of the

In mest flower buds infected by the funsgus,however
the infection of the carpel is brought about withous
iercellular penstration,aﬁd ig dependent for its
achievement upon the normsl stages of growth snd devel-
opment which result in the formation of the mature carpel,
In the esrliest stages of a@v910pnmnt,£he cazrpel arises |
from the receptacle as & horse-shoe shaped projection [of
ﬁndifferentiafed_ﬁissue,which,by furither growth,forms é
tubular structure open on the ventral side, the opening
passing in most examples well into the style developed
at the apex, The csipel becemes cloged by the progressive
u}_:-wz;’-rr& fusion of the two free edeges of the tube, giving
rise to a ventral suture,
In the e=rliest stapes of the development of th®
carpel, the hyphas of the fungus enter the vemtral épening(ﬂig
and a8 the formation of the ventral sutuxe proceeds,come
to lie within the loculus of the carpel. The progressive
qywafd closure éf the ventral opening tends to separate
the mycelium on the outer auffaée of the carpel from
that within the loculus,and the hyphee become aggregsted
in the space which remzings. In meny examples, the normal
closure of the ventral opendng is retarded owing to the
forms.tion of =2 wedsge of fungzl hyphae.

The final effect of this parsllel growth and
development of fungus and carpel is one in which the

fngus bécon@s included within the style and loculus of

the /

31)



33,
iths carpel. (Fig. 34 ). Witkin the sﬁyle,the hyphae
increage stezdily in width and form 2 cylinder of pseu
@arenchyma which is situzted centrally in the host tis
The base of the cylinder occupies the zone of the vent
aperture situatelbetween the two placentse,from each o
which a pendulous ovule is developed. (Fig, 34.).

At an early stage,the paeudoyarenchynm.is hyaline and
cbnwoséd of thick walled celis posgessing egranular,
multinﬁc;eate contents. Later, the walls of the cells g
at the pé:&iplix—zry become dark in colour,so that the
fungué mé&-ba-readily distinguished from the tissues o
ﬁoat by the presence of s marginaivbrown line,which is
;clearly perceptivle. in unstsined preparations. ( Fig
The darkening of the cell walls proceeds inwards,and i
sectiong of czrpels made from older flowers, ihs pseudo
perenchyms is uniformly empty snd brown walled, (Fig 35
. The mycelium in the loculus of the carpsl is
contin-uous with the pseudoparenchyms,and is comﬁosed
which ramify over the surfaces of the devaloping ovuls
and form n loose network oa the ianer surface of the
locuius of the dar@el.(ﬁi@;56 ) Aas davelopmnt proce
the netwofk bacomas org&nisad to form knot; and plate-l
cell donglexas,&ssuming a brownish ‘coloration with ag
The complemes are of ten comnected together by hyaline

thin walled hyphae,which show irregularly swollen inte:

C ONINON..
The primordia of the ovules zprear as rounded

5 tructures/

calary cells,and between which snastiomoses azprear to be
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cues. ( Mias. 32
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structures which srise before closure of the ventrsl
opening from the margins of the ventrsl lips of the
carpel: near the spex of the loculus. By the growih of
the primerdiz, two pendulous, snatropous ovules are formsd
in each carpel. ¢ According to Pechoutre( 87),the ovule is
provided with two fused integuments,which are difficult
to disﬁinguish from each other when the ovule approaches
maturity,but cen be recognised in the earliest stages
of the development of the ovule,and later in the tests
of the séed. bﬁring the present investigation,no clear
distiﬁction could be drawn at any of the stages in the
development of the ovule,and it is proposed to refer 0
g single iﬂtsgumaﬁt throughout the following =zccount,
Owing to the sssumption of snatropy,the micropyle
Tormed by the apical'rim of the integument freguently

lies inmﬁdiaﬁely below the pseudoparenchyms, of the fungus

which.oecugias the caﬁtral tissve =t the base of the sgityle.

Hyphae,continuous with the pseudoparenchyms, entexr the
micrdpyls,forming a 10036Iplug-which.eurrouﬂda the zpex
of the nucellus.(Fg 37 ). The direct intercellular
penetration of the letter tissue,which is frequently
comxosed of a'single layexr of cells above ths_ambryosac,
has been observed to take pléce. The hyphae finally
occupy-a position at the side of the émbryosﬁc.(ﬁig;ﬁ&).
Intercelliular penetration appesrs to ve comparatively
rare at this stage,hnwever,and in most osses the hyphae

of thé funecus lie between the integument and the nucellar

tiesue.

The/
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The development of the embryo rarely takes plag

Sectiong msde at lster ste=mes show that most czrpels

contain = single ovule, the intesument being lsreely L

-of fungal hyphae, Within the inte gument,K howe ver, the
tisgue of the nucellus is destroyéd by hyphee,which ax
both inter- and intrsz-cellular. Céxpels which are sul
to this form of fungal attack do not undergo further
developm@nt;and the imternal.ﬂiffbrantiation of the ws
of the cazxpel which.would-normally take place during
the formstion of the-druplat‘oannot be observed.

. In other diséased.speoiﬁﬁns,ths drﬁplats may
be well dev@loPed,shdwing & clear diffafsntizfioﬂ of
epicarp,mesocarp and endocarp.
2 considerable size. It is clesr from a study of suel
éxan“g,-les,'t}mt the ovule hag undergone changes which wg
normally be the outcoms of fertilization. The teste g
the seed ié wedl developed,conteining groups of interc
hyphae,ana ths-endoéﬁerm is represénted.by three of fo
layeré of céiis;(ﬁig.SQ) Hyphse which lie between 1
cells of the endosperm ramify inwards,completaly rerms
the remmants of the nucellar tissue,and £ill the centa
of the seed. At this point,the hyphee msy become swol
ﬁéasufiné about GF in width,and asmongst them disorgs
cells of the embryo mpy be observed. '

Erom-the fungal hyphae which occupy the zons of

enbryo,pycnidis are commonly developed. Three ox four

pyenidia may be found in any one £60C. They are simils

in shepe and size to those which occur in the anthers,

and/

The seed may zlso atta
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and are fully functional, (Fig, 39 ).

~ The cell complexes formed at the inner surface
of the lodulug of the carpel have been observed to show
penetrant hyphee bringing sbout a localised infection
of the host Itissues. The infection occcurs at an e=zrly
staee -:i.n the development of the carpel,and remsins localised
28 the fruit is formed,end hyphse mey be seen within the
stony endocarp of the druplet. Pyenidia sre also formed

et the surface of the endocarp,and project into the
loculus of the druplét. (Fig40 .) The mesoccarp aprpesrs
to be deveid of fungal hyphae.

' P}rczw_idia. occur on the styles of the carpels in
older T iowam. They occur lateraily and are rartly
ermbedded in the tissues,frequenily those sdjoining the
centrally plsced fungal pseﬁddparenc‘mrma. (Fig. 41 )
Occasionally,pyenidis are to be found on the expanded
lobes of the stiema(Wig 42.),and are agsin closely
associsted with .pséudox;eurenchj—zna, It is not always
ﬁdsaibie to determine whether the latter is merely a
continuation of the fungal tisaue plzaced lower in the
style,or is derived from z separate infection of the
gtigma Gurine the e-ai'ly development of the flower,

In meny of the infected flowers which lmd suf fared
complete emzsculation,peollen was observed on the stigmetic
lobes of disessed carpels, The poilen had,presumsbly,|

been brought from s'urrounding, heslthy flowers by insecits,




v)The flower =zt =z late stace in its history.

The anthers and carpels show thorough infecition
by the time the flower has reached a late stage in its
history. In these oldsr'flowérs,the mycelium of the
fTungus mey becoms generzlly systemic in the tissues of
the floral whorls. The hyphse zre principally inter-

cellular, and are evenly diatributéd in the receptacle,

the con@ound fruit appears fo remain Sunprisingxy frae
from o geﬁeral attaok,ﬁhe mesocarp of the druplais beil
devoid of hyphae.

In soms parts of the flower,particularly the
[£lange and raised central portion of the receptacle,th
'hyphaa becoms ageregsted together,and by increzse in t
size of their cells, give rise to pseudoparenchyms in
the intercsellular spa.cstj.'% 'I%S%ms intracellular penatrat
occurs in the meceptacle,but the cells of all floral
parts sre usually - fres from direct invesion by the
hyphae of the fungus. = '
Brown‘wélled vesudoparenchyma,which is made up
of empty cells,my be frequently obsaivad ambedded in
inner surfaces of tke sepals, These pockets of the
fungus are probably deriﬁad from the call-GON§lexes,wh
}n the éarly étages of the daveloynsht'of the Llowex,
ore lpid down at the surface of the host. Indications
the sjstemic invesion of the timsues is effscted from

such sourceshave been suggested by = study of younger

flowers.

ﬁépals,petals'aﬁd'the filements of the stamsns;although

i
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The tiszues of the pedicsel slso contain fungal
hyphae,which for ths most part pursue a longitudinal
course in the intercellulasr spaces of the pith and
coxtex,cccasionally running between ths xyl'em vesssls,
Thia widespread infection of the tissues of the
flower which occurs at a late stzge,is charac terisad by
the garoduction of pyenidia on both surfaceos of the seppls
|end petals,on the flange and raised peart of the receptpels,
end, in rare cases,at the bases of the filaments of #he
Btomens, Eb:z—mmles are shown in Tlgs. 44 & 45, '
The gycﬁidia; arise from pseudoparenchyms situsted in
tho intercellular spsces of the host tissue,and finelly
break through the epidermis befors the pycnospores are
ahed. The pycnildis are usually much 1a.rgjei° than +those
which ocoﬁr in the anthers snd within the druplats,bsing
1'50}1""5'0“-200# in width,and are sub-glcbosse 'to globoge in
shepe. The necks of the pyenidia may be well daveiOped,
pnd are compoéed of short cones of cells iz p to l"?}.t :

in len azth.
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II. INFECTED FLOWERS FROM ORMAL INH.ORES CHETCES.

In young flower buds,which show no abnormal grow
of the calyx, the myceliwn of the funsus is sparsaly '
distributed around the primowdis of the flower parts in
the form of thin-walled,fine hyphas. No penetration
of the primordia has been observed to taks plsce,and

call c'onqalexes appesr to be entirely absent, although

enthors.
When the flower hae reaci'?.ed mtm:it:{f, ths sepals
which remain short snd possess undivided tips,rahow
fewer cell complexes than may be observed on abnormally
8longated sepals from flowers mers seversly affected by
disesse. The infection of the anthers and ca,rpels,'

howévei, occurs with grest frequency. The infsction of

shown exsmples in which spproximstely a half of the
anthers "'waaf' ciccupied by fungal hyphse, the other half
dahiscing} normally +to shed pollen. The extent of i_;ha
fmgal attack on the anther may also va ;one lobe _
becoming pal‘a.sitised, the other undergoing dahiscence an

ahowing no sien of infactic;n. In the anthers diseased

the lateral wall of the carpel has been observed. ;

at a later stage they mey be sesn on the surfaces of the

th

t}we zmdi'oaciwn is usuelly complete,but flowsr sections| have

a
in this

way, the mycelium rarely forms extensive mssses of pseudoparenchyus
within the pollen sacs,but remains as fine,branched }maha,é'
althoush small areas of pseudoparenchyme besring pycni?ﬁia
pre formed at widely separsted points towards the parifzhery
0F the saca, The infection of the carpel is apparently
alweys undertaken by the entry of hyphse into the ventral

opening during early development,and no direct penatration of
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THE FUNGUS

In 2 number of the thoroughly infscted, msture
flowers which were examined,the hyphae of the mycelium,
which was sbundant betwesn the flcoral whorls z2nd on the
expanded flange of the receptacle,showed the development
of conidia.

The hyphae which bear conidia sre about 5p in
width, and show the occurrence of dilated intercaslary cpils
situated sporsdically. The conidia arise laterslly from

both the dilated and undilated cells,or terminally from
the ends of hyphal branches,but no differentiation into
morpholc»gid:a.lly'racogaisabla conidiophores apreaxrs to

take place. The conidia may be developed from any
point on the latersl surfsce of the hyphal csll (Fig 59.),

near to s transverse gseptum, and are produced from s f.-:tli ghtly
swollen zres of the cell. The part of the hyphail cell

fyom which the conidia arise msy also become dilated o
form = slobose, lateral extension, about 4y across,att shed
to the remsinder of the cell by a short stalk-like base.

The conidiz are borne on gstorigmata from the dilated spex

of the capitate strﬁcture.(ﬁ‘ia. 59 ). ;

The conidium is at first globose,about 1p in diameter,

the protoplasmic contents being in direct commmication

=t

rith the hyphal cedl throusgh the centre of the sterigmfr.
As development proceeds,the conidium becomss elongate gvats,

end when mzture, measurad, A - 41 X5 R -2 P It is

Teleased by the fracture of the sterigms.

elthough they are also to be found in clusters of threo to five
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MICROS OPIC EXAIINATION OF THE STRAGGLING CANES AND

INFECTED INH.ORES CENCES OF RUBUS IRUTI (OSUS L.

_ In the young Witches‘Bioom type of infloremcence
such a8 that shown in Flg, 5 ,no trace of the fungus

could be found within the pith, vascular system or inne:
cortex of the main axis and jthe peduncles and pediceis
of the lateral cymes. An examination of the lower leal
(or foliose bracts) and fhe entire upper bracts of gucl
inflorescences also yielded a negative result,and no

snatomical abnormslity could be recognised in any of t}

plant tissves.

the peduncles and pedicels of the leteral cymes in the

flower. The complexes,which are distributed sparsely

some.SOp'wide. They becoms progressively smaller in
size towards the base of the main axis of the inflores

and mzy be composed of three or four cells,

Layers/

pnd aprearance to thoss which have been described in the

over the whole of the axizl system of the inflorescence,

apﬁear 0 be most numerous on the pedicels of the f;pwers,

The larger complexes which occur on the pedicels

ere cushion-shaped and closely appressed to the surfaco

by mesns of an intercellulsr plue of peeudopsrenchyms |

Ve

1=

The fungus is present, however,on the mein axis,znd on

form of cell complexes,essentially similsr in congtruction

where thev msy attein & considerable development,becoming

CENCE,

0f the epidermis,and each complex is embedded in the evidermis

- |
from which thin hysline hyphae penetrate the intercellular

spaces of the outer cortex to = depth of two or three cell
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leyers. JFrom the upper cells of the fungsl complexes,
over the surface of the. host,snd become intermingled

there.

well and ersnulsr protoplssmic contents. The cells of
the host, .« in the immediste vicinity of the fungal

rseuvdoparenchyms and fine intercellular hypheae ,show no

of the fungus &;péax to be generally distributed over

the various exes of the inflorescence,they do not seem

chserved on these structhures on rare occasions.
In the msture Witches'Broom,cell complexes are

easily distinenishsble in longitudinsl and trsnsverse

the wells of which are deep brown in colour, Fungsl

0f severely infected specimens(Fig, 46),snd are partict
pssocisted with the multicellular hairs and prickles.
They msy occur towards the base of the multigell

hair where union is effected with the subtending axis

ox/

thin hyphae are aiven'off to ramify for = shoxt distarice

symptoms of degeneration.  Although the cell complexes

the panioie t0 2 point some ten inches from the terminal

with the simple and multicellular hairs which are situyated

The cells of the fungal complexss whiech occurjon

young Witclhes'Brooms are rounded,possessing a thick, hyaline

to develor to any extent on the bractes,and have only been

sections owing to their highly vacuclated or empty cells,

oom;iaxns have been found on the peduncles and pedicels of

the lateral cyn@s,and have been traced on the main axis of

flower. The complexes are frequently seen on the ridees o

flutings which occasionslly becoms exsgeerated on the axes

:
ilarly

lulay

[(Fig, 47),




43,

or mey lie slong the dilsted szpex of the hsir. On the
prickles, the development of the pseudoparenchymstous
complexes is frequently great,and they msy form messes.
of cells some 90 p across at the surfsce of the epidemis. (Fig. 48)
The smount of penatrétion,which cccurg from the bases
of the cell complexes sitﬁated on the multicellular hairs
and prickles,is slight. The effect of intercellular
penetration is seen in a‘thickaning of the cell walls
of the host,but the cell conteﬁts a8 & whole remain
haalthy,and ohiy rareiy have pfoducta of-disintégmation
been xecérdeﬁ. ‘

‘To evidence of the pregence of intemmsl hyphae
has been obtzined in the case of the main axis and
peduncles of the mature Witches'Broom. Towerds the end
of the flowering period,howevér,hyphaa are present in the
the pedicels of severely diseased flowers,in soms of the
entire biacfa vorne on the main axis of the inflorescence,
land in the Bud scales which sye situsted at the base of
the axis.

In the infected bracts and scales, ths hyphse of| the
Tungus are largely intercellulsx,and owing to swelling
of intercalsry cells,present = beaded appearsnce similexr
to thaf which has been described in the case of the anthers.
Agcregates of swollen cells give rise to pseudoparenchyms
from which,pycnidia are frequently developed. Pycnidis
have been observed on the bracts,bud scales and the
prickles of the main axis of the inflorescence,lzte in

the flowering season,snd in every case wers found to arise

from/
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from pseudoparenchyms, Exsmples of pyenidiaz sxre showr
in Figs.49 & 50,

The pyenidia =2gree in shape and size with those
which occur on the sepels and petals of older flowers,
and are provided with short conicsl or rounded necks.
At maturity,each pycnidium is partizlly embedded in the
tissues of the host which are partly c;ushsd during its
de veldpment. - : -

The development of cell complexes on infected
inflorsscénces,which,show no abnormsl growth,is mch less
than in Witches'Brooms., In most speciméns étudiad,no
fuﬁgal pseudopareﬁchyma could be found,snd where it did
occui,waa‘confined to the pedicels of the flowers. The
bradis,bud scales and axes of the inflorescences Wwere
entirely fyee of internsl fungal hyphae. |

A stﬁdy of the stragsling csnes,which gave risd
to infected inflorescences,produced no svidence of the
presence of the fungus,either within the tigsues, ox
at the surface of the epidermis. The canes were compgrzble
: in.atfucture and aypearance to those obtzined £rom

ﬁninfected buéhes.
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MICROSCOPIC EXAUINATION OF THE AXILLARY INILORESCENCE

BUDS
The inflorescences of the Bramble arise by the

growth and developmﬁﬂt of axillery buds of straggling

caneg,which were producad from the rootatock of the

plant during the previous year. The cane may often gilve

rize to infloreécenééa over a numbef of aubsequent yes
fhe.inflerescéﬁeaé.of following seaéons being derived

from accessory bﬁds,whichfaia situsted on the cane at

basaé-of'old inflorsscences. In some cases,as many as
three inflorescéﬁcas arise From clossly situated acces
buds in ﬁhﬁ_samé season, . I

New strageling csnes zre desveloped from the roo

of tha plént in Fabruary $ndiméxch,althéugh the time of

“thair-appearancs is 1érqely influenced by the situation

of the plént in the fiald,and the weather conditions
which prevail. The canes continue growth throughout *
sumner when older éanas are bearing inflorsscences, and
the buds in the: = axils of their leaves are well devel
by'Septembar. The whole growth and development of the
new stfaggiing czns th@refofé tekes place when an adbun
of'fungal epores'is baing prdduced in the inflorescenc

nd 2 general examination of infscted bushes has sulfi

to show that tﬁe'spmns,prasumably dispeminated by wind

snd insects,sre present on most of the asrial parts of

the plaﬁt by‘tha end of summer, The buds of the new
canes usually'bradk‘ sbout the middle of April,and by
May;ths bushes ghow the presencs of young infloresceng

Thﬂ buds,boths of cznes dus *o produce infloresg

in/

ra
’

the

30Ty

tatock

he

oped

dance

085 4

ced

22 e

ances




46,

in the following swmexr,snd of older canes which had
already borne infloresceﬂces’wera examined in Jsnusyy
and‘ﬁbbruaxy-of the present year(1949),by msans of

disaadtion ané microtome gsctioning., The typical bud

is set on 2 short sialk and is sheathed by a number of

leaves(or foliose bracts),and the lower ones retaining
apex of the bud.

the presende of inter-znd intra-csllular hyphae. That
of thege hyphsze could ve regardad.as belonging to

Havaldsphﬁaria d@fOIMﬁﬁﬁ wzs suggested firstly by theil

shape,ss they assumed a pseudoparsnchyms.~like form in

eeils Wﬁsn'thay Becamﬁ'infracellular,and secondly by
the fact that the pycnidia of the fungus sre lknown to

loceur in the basal scales late in the seeson. (p. 43 ).

downwards into the intercellular spaces of the lower,

2. 5p wide. (Fie.51) In all the buds exsmined,no evide
of the gresance of hyphze othar thantlose found in the|
scaleé was obtained. ' _ | .

Th@ axis of the inflorescence bud gives rise to

the primordia of the various plant parts from its peri

In/

acalés,thﬂ upper onss eventually developing into folialge

scale form throughout the subsequent development of the

infldrascenda. The bud scales are loesely folded at the

The spical paris of the lower scales wers usually

the intarcellular gpaces,and showed swollen intercalary

healthy tissues. The hyphae are thin walled, being some

phery.,

founa to be boménsed of dead dells,aﬁd the tissues showed

Soms

ir ]

From ths upper, dead areas of the scales, hyphae often ppss

1ca
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In sections made from buds collected in February, thin-
walled septate hyphse were found =t vaerious points at it
surfzces of the primordia. Positive proof that these

hyphae wers of Hapslosphaeris deformsnsg was gained by

the observation of the germinazti-ng pycnosvorss of the
funcus enclosed within the young developing leaves. (Fig
Under natural conditions, the pycnospores becoms globose
é,nd about 6p In dismeter befors germination occurs.

Esch pycnospore gives rise to s sing:la,thin-wailed,

h:yaliné garm—tubs,;aomé 2}.). wide, Dirsct intercellulsasr
penetration of the tissues of ths host has been observe

to occur in the cage of the damloping leaf base,and is

A hypha runnin

kg

probzbly undertaken at severazl voints.
clozely =zppressed to the ymmé tissuves showed the devel
of a tevminal dilated sppressorium, from the base of whi
a thin-wzlled panetrant hyphs passed batween two cells
of the epidermis, (Fig53.)
0911 complexes are also present within the bud
by late Februsiy,K and ha.ﬁ been observed to adont the
3haracteriatid aunkan 'pos'ition with regsrd to the host,
Although it is often dif ficult to identify tiﬂ.a primordi
Which arise from the short sxis of the ‘oud,thé cell co:
shown in the sbove figure is on a bud primordium placed
in the axil .;'."f a foliose bract. The primordiwn is 1iti
sffected by the pregence of the fungus,and the only sisy
pf degenerstion are seen in the oells adjoini.n-g the axi
of the axillary bud.

A gmedl proportion of the buds examined showed

that/

he
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that a different form of fungal attack may occur, The
inflorsscence buds were found to Dbe canplatély.parmaat
by fungsl hyphas. The latter were most numercus in th
‘bud scales,where they occurred both inter- and intra-

cellulsrly. They showed the usual characteristics of
hyphae of Hapalosphserias deformang ,intarc%iary cells
being swollen,and localised pocksts of brown walled

-
i

Cell complexes were zlso obgserved on the innex(adsxial
surfaces of the bud scales,where thin-wallsd, septate

hyphae, zbout 3p in width,were abundsnt, The main axis

pérenchynm.baing numerous in the intercellulsr spsces,
In general azppearance,such buds are brownish in coloul
and in section the tissuss 21e muéﬂ disorgznised. The

calls are often warped and devoid of contengs.

- In order to atudy the dewelopment of new stragy
cznes and meke sn investigation of their tisgues,sever
plaﬁts were removed from a bﬁsh known to have shown a
grown undsr grsanhouse condiﬁions. The plants were Ye
from the bush in January,and at the tims of their tran
possesgsed a number of buds arising from the rootstock
near tﬁe bages of cznes which hall produced inflorescen
during the previcus summer., It was not known at what
the rocotstock buds first made their zppearance,

Under greenhouse conditions,the buds underwent ropid g

and/

2

were destroyed by hyphese,vockets of brown walled pseudo-

thorough infsction during the previous summer,and were

ed

the

pseudoparenchyma occurrel within the intercellular spzcps.

:

and meristematic zspex of the buds surrounded by such sce=les

ling
a1

moved

Gplanting,
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and development, and young canes were evident in Iebruary.
Longitudinal znd transverse sections of the canes wore
made at various stages in development, end showed that
fungal hyphze werse pfesent betweon the bud scales, and
were carried upwards by the slongation of the internodes
of the cane. In one particular cane growth,remofad Trom
the plant when about one inch in length,ths scales were
fbund to enclose tracits d% fungsl pseudoparenchyms. At
this early stags in developmsnt, the scales,which later
becoms foliage leaves by progressive aplecal medification,
pozsess buds in their zxils. The pseuvdoparenchyma 3zlspo
lay between the scales of the axillary buds,and could pe
geen to invest the bud axis, (Fig. 55.)
Ag czn be seen from the above figuxe,the pesudoparsnchymsa
bears a considerable resempliance to that whidh hag been
earlier described as ljing within the étyles of infected
darpeis. The fﬂngal cells are provided with hyaline wells,
and their sh@pe varies from squarish fo globular. In size,
fh@ glébul&r oﬁas are sdms gp in diameter,and the proteplasmic
content ig granular. The disorgenisation of the tiesuaé of
the gpices of & number of the bud scales in coﬁtact with
the fungél pseudoParéhchyma was observed to have taken place,
but the details of peneﬁratioh could not be clearly 588N,
Apart from.tha presence of well.dsve10ped finegal pgeudo=-
parenchyms, thin walled narrow hyphse were prasent at

seversl pdints heatween the scales of the axillary buds.




of

50,

CULTURE TECHIIQUE

The fungus wss rezdily brought into cultire from

the pycnospoeres which occurraed on the surfaces of diseased

anthers. Stemens were removed from the infected flowers

by meens of heat-sterilised,fine-pointed forceps,and

shaken in sterils water. The rasultiﬂé auspeﬁsion of

pycnospores was transferred to Petri dish plates, or slide jplz*-,teaa(l\Tob.;.e,

malt extract'agar,and these were incubated in darlness

|at 23-25C. On this modiwnm, germination took place within

tweht& four hours,and agar discs containing singie
géfx&nati/nq pyenogpores were cut out by msans-of'a
gtorilised duvnmy objecfiva and removed 1o agar slopes.
The nmno;pycnOSpora cultui@s Wwe e grbwn on malt extract
pofato-dextross,oat and Bramble leaf extract agars.
The leaf extract medium Wss prepared by filtering a
decoction of boiled leaves,and adding suffiéisnt agax
to the filtrate to make 2 2,57 medium, |
The pjcnoapoiéé also germinated sasily in watex
within ven Tieghem cells. Groups of'gsfminating spoIas
were removed Trom the cells by means of a pipette,and
fixéd in Karpachenkn's golution befors iﬁcorporating
in egg-albﬁméﬂ smears on glasss slides. The smears wexe

alldwed'fo dry and were stained with Kleinenberg's

IHaemafoxylin or'Tripis atain, Stained slides were passed

thfough 2 graded series of sloohols and mounted in
Canada balsam.

| Ringi were isolated from the remzining parts df
of the flower and young unopsned flower buds,the exes

and/

i
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and bracts of the inflorescence,and the straggliing canes
by the following method, The part of the plant to be
examined in culturs was firstly aurfacs—stefilised in
either a 1/1000 agueous golution of Mercuric Chloxrids,
or in & 1/14 suspénaion of bleaching powder, and then

washed in two changss of sterile water. Thin slices of
the surfesce-sterilised materizl were cut by measns of 3
scalpel,sterilised by_flaming{and transferred to agar |
mpdium in Petri dishes. The fﬁngi‘which resulted fronm

plant meterial incubated in darlmess at 23-25C,were

brought into pure culturs on agexr slopas,

THE GERMINATION OF THE PYCIOSPORES IN WATER.

Prior to germination, the pycnospore becomes swollen
and assumes a broadly ovate ahgpa,ﬁ@ing about VIP in -
length,and 6 P in widthe Two o0il globules may -
occur within the gpore at this tims,end are polar in
pOBitidn. In some cases g single globule develops in
the centre of the spdra,and very rarsly a central tranpe-
vorse sepfum is 1szid ddwn.- '
 The germ tube arises as 2 short, roundsd pspilia
from one gola,or,raraly,from both poles of the spore,
The pepilla is soon eut off by & basal transverse séﬁﬁmn
and inoreases in size,finally assuming an ovate shape.
At this stage it reséMbles 2 sacondary conidium !

produced by Budding of the firgt. The spex of the

secondary/
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secondary cell also gives rise to a papills and the

cells first produced in early germination are seen at
i'ﬁs base. The germ tube grows for a considerable time
before branching occurs,and in the early stages of its
dévelolcment ig about 2}1 wide.

Ansstomoses have baen observed to bccur between

garm _tubeé growing in close contact in the same drop
cr terminally from the germ tube. The protoplssm of

the cell from which a conjugztion tube arises becomes

a;rs;ragatad at the tip of the tube. The +ip of the tube

of germ tubes are shown in Fig, 56,

THE GROWTH AND DEVELOPMENT OF THE FUNGUS IN CULTURE.

1)0n melt extract votato dextrome and ozt sgsrs.

e e

| The growth of the :fmgus on these medis is 8low

dariness at 22:':-25“0.-

which becomes mouse grey or deep mouss grey with =ge,

The /

process of enlargement is repested. Evéntually,however

of water. Narrow conjugstion tubes may arise laterally

union is established. Spore germinstion and ansstomoses

the colony forming sn sppressed mat sbout three quarters

of an inch in diameter after eighteen days’ incubation in

( Coloug nomenclature is that outlined by Ridaway 10 ).

The centre of the colony then assumes a pale grey colors

: |
a thin-wglled,septate germ-tube is developed,and the dilated

fuses with s cell of an adjoining gerni tubs, and protoplasmic

In young cultures,the colony is at first white,but

soon changes towards the centre to shades of pinkigh buff,
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The advencing hyphae at the ci.rcwm‘.-‘e-renca of the colony
remein white,or are tinged with buff and the development
of zerial mycelium is sparse. Increase in the amoumt of
asrial mycelium takes plece after soms eighteen dayd’
incubation,when localised white patches aprear st the
surface of the colony.

Af ter a period of three weeks or a month, dwops of
& straw-colowred exudate eﬂénr at the surface of the myecelium,
znd the ager on which the fungal colony is growing becomes
pigmented morocco red to garnet brown. The reverse of
the colony is black The colorastion of the agar 1s more
rapidly and completely effec;hed when the fungus is grown
on potato dextrose snd oat agars,than when it is grown
onn melt extract agars.

In three month old cultures,the assrial mycelium
is in the form of an appressed mst of a sez shell pink
or pinkish buff colour,and patches of light buff mars
brown snd meouse grey are observable at various points.
The reverse of the colony is black,and the agzar support-

ing the colony is garnet brown in colour.
The hyvhae of the serial mycelium sre thin-walled,

hyaline and septate,measuring about 2}.1 in width, Thse
bagal and submergsed mycelis é.:re composed of ‘vzypha,e which
become thick-walled snd brown, SR wide, and which contain
swollen intercalary and terminal cells. The latter,which
froquently become globoss,sre about 9 P in dismeter,
The ageregation of the hypheae Qf the basal and isubmarﬁéz:ed
mycelia brings about the formation ofalsyer of pseudoparenchyma

sbout/
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aboutlqu iﬁ thickness. This layer of fungsl cslls
“|accounts for the mouse grey colorstion : of the colony
The production of pycnidis in culture iz varisble,
The pyecnidizs are more profusely devsloped on oat and |
potato dextrose agers,than on malt extract agar,and on the
latter medium, grors production is often smell, No free.
conidial form has been observed in culturs,and no perithecial
development took plsce in éultures subjected to periods

of freezing during the winter months.

'ThéaDevelonmEntwof-Pyénidia—in*Cultuxg,

Pyenidia most frequently arise directly from, or
within the layexr of fungsl pseudoparenchyms which forms
at the surface and subswrface of the agi?xiﬁgle raraly,
they azppear in the serial mycelium, Just below the surface.
In the earliest stages of developmsnt, the pyenidium is '

in the form of a globular msss of dilated brown -walled

cells,ﬁhich originate directly fromthe layser of pseudo
parencﬁyma;or from one or more hyphae of the lower zone
of the aerial mycelium., As develoﬁment proceeds, the cpll
mess becomes dif ferentiated into an outer 1ayér,00ﬁ@oand
of two or three rows of emoty, brovm-walled cells,and ain
innexr, central group of smsller cells. The latter are
squ&riaﬁ in outline snd pogsess hyaline walls. The cell
,ontanf is gra nul%r and fills the cavity of the cel]
The central cell group eventuzlly shows tracts of disintegration,

the cell walls becoming almogt indistinguishable, and

leﬂlﬂ these tracbs which finally. coalesce,the pycnospores

Iirat moke their appearance. The pycnospores apppar 1o

-
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be derived,by budding,from thin-wslled,ovate or club-

cavity of the pycnidiwn is completely filled with
pycnosporss, the wall is from three to five cells in |

thickness.

rise on its outer surface to short hyphase,so that the
contour of the pyenidium is rough in sppesrance. The
cells of the imner layers of the wall aré sma,lier,md
the cell wall is =2lmost colourless, ‘I‘he gporophores
gre slmost indistinguishsble when the pycnidium rssches
Jnaturity.

Young pycnidia which are filled with spoxes may
possessing a rounded spex beset with short, browa-walled

digsintegrate well befors the pycnospores are shed, In

older cultures,it is usual to £ind that the neck is of

In surface view,such pyenidia show a distinct ostiole
fig. 60 In a number of cases,pycnidia with two or

more necks have besn obmerved.

’.fl‘ha mature pyeni: dium is globose,or globose depressed in
i

éha.pe,msasuring soms 200pn in dismeter. Where several

in shzpe usuzlly occurs. Pycenidia are light,or golden

e

browvn in colour by transmitted light,and the wall is ¢

in o omsigtency.

of ten show the development of o neck, about 45 p in length

hyphae. (Fiz.58.) Most of the neck tissue sppears to

pyenidia sre developad in close proximity to one anothar

sheped sporophores,soms 1,5uin length, When the central

The outer lsyer of cells is brown in colour, giving

three or four cells in length,and may show a ragged apéxX.

from the layer of psaudoparenchyma, however, great irregularity

oft
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The dimchargs of pycnospores in z tendril only
|rarely occurs in oculture,and has been observed from
pyenidiz formed by mycelis grown from spore suspensions
plated on potato dextrose sger. The tendril is five
to ten spores in width,and contains mucilaginous matenial
in which oil globules are numerous. The pycnoapores,
when shed from the pycnidium are elliptical,or,less
commenly, rod-ghaped, the ends being obitugely roundsd.

_ They measure 81 =5.51 X 4p - 3N

In older cultures,spores which have been shed,
and lie bémaenﬂ the hyphae of the =zerisl mycelium of the
fungus,are sub-globoss or gzlobose in shape, averaging
4, 61 in diameter. It zppesrs that the shape of the
pyenospore,wheth.ar derived from pycenidia produced undexr
natural conditions,or produced in culture,is dependent
on the state of maturity reached.

1i)On lesf extract segar.

Cultures grown on leaf extract agar differ
considerably from those described zbove on nutrient sagprs.
The amount of mycelium produced is small, but growth is
more rzpid. Pseudoparenchyms is not produced in quantity,
and the colony is white in colour,imparting s}w,deé of :
morocco red and garnet brown to the medium, Pyenidia
arise at seattered points after = months growth in

darlmess at 23-25C,but zre few in number,
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PARTS OF THE PLANT FROM WHICH TYPICAL CULTURES OF

HKPALOSPHAERIA_ HAVE BEEN OBTATNED,

The fungus has been isoclated from the sepals,peitals,stamens,
carpels and pedicels of infacted flowers,and from the

main sxig of the inflorsscese to a distance of z .foot
from the terminal flower. It slso culturedlreadily from
the young,unopahed f;ower buds obtained from{ﬁitchss'Broonm.
The fungus was obtained in january from axillary buds
due to give rise to inflorasscences in the coming season,
but heg not been imolated from the young axillsxry buds
of stragsgling canes in process of growth znd development
fyom the rootstock
The isolation of the fungus from the axes of infected
Sinflorescences is not always succsssful,aﬁ%igz probably due
to the use of chemical surface sterilisation before plating
on agar. The extarnal nature of the fuﬁg&l coll complexes

renders them liable to destruction by the sterilising

.a@ent amyloyed,anﬁ successful igolation is presumably

achieved because of the incomplete action of the agent
bn the cells of the complsxas,or on the fungal hyphas

gituated in the intercellulsr spaces of ths outer cortex,
of +the host.

OTHER FUNGI ASSOCIATED WITH DISEASED INILORES CEN CES.

The older, infected inflorescemces are normelly
colenised by = number of other fungi towards the end
of the year. The msin coloniste are species of Eusarﬁum.

The axes of young inflorsscences bearing unopened

flower buds,showing the symptoms of deformstion attendant

on/
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on the presence of Hapalosphseris deformans, occasionally

yielded snother fungus when plated on apger after surfazce
sterilising. The same ':E‘ngus was obiained from the zxes

of mature inflorescences bearing thoroughly infacted I
flowers,but haes never been cultured directly from the
the flower itself, I
On potato dextrose end malt agars,the serial mycelium

of the young colony is white,spyressed to the substratum,

end yemsing white to cartridee buff in colour wntil th{a

f;colony becomes gome three monthe old,when patches of

rpinkish buff or cream buff sppesr. In two month old

cul tures, the hyphze of the =zerizl mycelium are 'us'lm.f‘.:!.yE
grouped into strands,snd measure sbout 3}1 in width,being
hyaline and serptate. The basal mycaliﬁm is é,'t firet
of & chastnut, or bumt sienna colour,but in cultures six
lweeks oid,‘necomes blzock. The mycelium at the surface and

sub-surface of the ager is made wp of hyphae,which are

brevn-walled, septate,containing swollen intexcelary and

étarminai cells,which by a.ggrégaﬁion give rise 1o a me,ti
of 'pseﬁdops,-reﬁchyma. | |
In cultures two menths old,cushion-ghzped scler%:tia.,
measuring as much as g centimetre scross ,arise from thia
pseudoperenchyms., Esch sclerctium is at first black in
coiour,and is bon;possd of hyaline,septate hyphae compacted

to give & white medulle, around which two or more 13&92‘# of
lbrovm-we-,iled hyphse are laid down to form a coxrtex. Tfé'le hyphae
msy become -irra.gule,rly warted on the upper swcfﬁba,frozfn which

p. white, or cartridee buff mycelium is produced in cultures

_,thxee months old, The production of spores hszs not heen

| recorded. |
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INFECTION EXPFRIMENTS |

A gserles of infection experimentswas msde in the
sunrer of 1948 ,with s view to inﬁestigating the possibility
of directly infecting the flower.of the Bramble, The |

experiments were conGucited under field condlthﬂs usinf

oushes which were kaown to have shown no irfecfiov the

ﬁrev;oua summer,

! : Fangal inoculum was uaed either in the form of

l :
suspensions of pycnospores, derived from the snthers of;

ﬁaturally infected flowers =nd freely sporing cultures of the

fuaqus,or in the form of agar disca containing fungsl
ﬁwceliwm

EDrdpz‘. of the spors suspensions were added to the youné buds
iwhich would'giva rise to sxillary cymes,and to the tafminal
flower cluster during sn early stage of its davelopmeqt.

In dthsx-exparimsnts,tha suspensions were -intwtiuced into
flower buds which were two millimetres in lenath and o%er,
!ﬁy mezns of hypodermic syringe. By using the eyrinée,

it was found that 2 considerable gquantity of inoculum{

could be introduced directly'into the cavity of the yoﬁng_

;bud,by pieroing the gepals with the needle at a point
énapr the gpex of the bud. |
An autitlonal get of experiments was se¥ up uging ag@r
{aiscs instead of the susyensions of pycnosporss, Tne:aiaos
wera cut ffom cultures of the fungus grown on potato
dextrose mgar,and theyekses were placed within the buds

throufh'siifs out in the gepals by means of z scaglpel.|

The results of sll the sbove experiments proved te be

ne gative/
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| |
‘negative,no symptoms of snther blight being observed |

|
either macroscopical¢y or from sections of inoculrted'

flowers cut by meang of the freezing microtome,

| In order to study the effect of the fungus on |
!the strageling canes of the plakt,agar discs containiﬁg
‘the mycelium of the fungus were placed at the surface
éof the cenes,and the inoculation points were bound with

cotton wool which wes kept moist with sterile water.

No penetration was observed even after periods of two |
months. Infection did,however,cccur if the discs weré

partly intrdduced into cute made in the surface of thd

_c gnes by meansg of g scalpel, and the fUFgus Was sucessqfu‘ly
re-soletad from the plant tissues after surfane ster;lisation.
| Where the incision is shallow simply breslking ths
feyldarnﬁs and the outer cells of the cortex, lateral spread

iof the hyrhee of the fungus msy be seen fo taks plac
batwsen the coxrtical cells,and also within them for s ;
?hoff distanca_on either side of the place inoculated 5

';,fter two months, Where the incision is deeperx, in;mr:mez

|tha vascular system hyphse will penetrate g8 Tor o8 tbe first
%wo oy three layers of cells in the pith after = slmilax
%sriod of time., The hyphze are both inter-and intre- f
éellular,and remain about 3p In width, They pass fromg

coll to cell in the pith,through the pits set in the cell
%&lla,&nd no disintegration of the cell walls teles place.
#ypertroyhy of the cell wall does,however,occur in soms cases,
%uf'is thought %o be due to the mechanical injury sustained
by the pant through wounding, 28 the cell cavitises in wh“ch

thﬂ/
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1 the hypertrophies lie are frejuently empty of hyphsae, a:aid
gno hyphae can be seen in the surrounding inte,rcellulmﬁ
ispﬁ-das. |

| To zmcertain the efiect of inoculating the ﬂx:.lJ_.«f,r“
inflorescance bud, & nimber of inoculations was made irz;
iDscambe:r,lgtie,on plants which were kept undexr grem-w_houise
Eccmd..’:.'bionfa. Suapeﬁsions' of pyondspores in sterile Waﬂ?ter

were dropped from s hypodermic syrings into the spex of

the bud sfter the bud scsles had been parted with = difBSEBG ting

needie. 'Agﬁr disc inoculum wgs also used in a series fbf
§‘ov;c‘as. - The results of these experiments are not yet |
a,vza,ila,ble,'a.s it has not been found posgible to induce .

early flowering undexr gresnhouse conditions.

| Etxperimenta of the gbove kind have been made wiﬂ!
tha follewing varieties of Rssyoerry which sre grown

comnercwlly in this countryes = Mitchell Lloyd Geoxge,

and Sir Walfred.

f In the Ramber vy,it ie possible to obtain flcwearing*
twice in the same year when the plants are grown in 'bhs
greenhouse, An early flowering oecurs in March from caimes

produced by the rootstock in the previous sesson,and a.

lzte flowering occurs towards the end of the year I"romi new
iBfinE‘B. Direct inoculation of the flowers and mlin.jureﬁ.
Canes '0'?"3'? negetive results. In florescence bud inocuiation,
although it did not bring about anther blisrh‘b,p oducedl
com;glats wit’herinp* of the bud in several cases. The outex

bud scales and the deweloping axis of the irflormce:nce

Wera permezted by fungal hyphee which could be brough 1t into

cul";ura. The result msy be due to adverse cultursl cOndltiO“'lS

!impoaad in ensuring flowering,
|
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DIS CUSSION

From the evidence which has been presented, it i

vossible to proposs a description of the 1life cycle of

Hapazlospheeris deformensg, in so far as the fungus is

g

concerned in bringing about a dime=zse of Rubus fruticosus .

mder naturasl conditions in the fisld.

It has been shown that the pycnospores of the

penatration of the tissues af the host occcurs from

complexas of the fungus are alsc observeble within the
e development from the division of an sppressorium,ox

tissues of the host,at s much later stage in developme!
be seen to penetrate deener thsn the epidermal layex,al
penetration. From the bases of the complexes,the inte

which pass to a depth of thres or four layers of cells

Tha /

fungus zre included between the young primordial tissups

which is characteristic of the fungue,can be regsrded &8
_peries of spproximated sppressoria ,once penetrastion of

by the Tact that the cell complex is embedded within the

is presumebly the outcome of the growth and division o:

the cells of the hypha or hyphse bringing sboulb origin&l

spaces of the host tissues receive thin walled hyphse,

of the inflorsscence whilst the latter is still encloshd
by the scales of the bud. During the early spring menths,
germination of the pycnospores takes place,and intercellular

appressoria doveloped by the hyphae of the fungus. Cell

inflorescence bud by February. The cell complex,a strhcture

the host has been effected. This conclusion is supportsd

1%,

by mesns of a plug of pseudoparenchyma which usually cannot

d
il

reaellular
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The young tissuas of the inflorsscsnce have bvesn
obgerved to suffer direct penetration soms considerazbla
time before further growth snd development takéa rlace.
A certain smount of variation in the severity of the

infection is operative at this stage. A proporiion of
the tissues both intra- and inter-celiularly.

the points at which the fungus entsrs the tissues bscams
inereasingly widely separated by the slongation of the

internodes of the axis of the inflorescence,and at 2

The distribution of the cell complexes on the maturs
inflorescence is thersefore = ganarsl one, The complexes
2prear to be most dense on the pedicels of the flowers

3

snéd become progxessively fewer a8 the base of the main

of the host must have been greatexr in the upper paris [of
the ydung inflorescence. This might be expected,as

pycenospores which emter the inflorsscencs bud through

buds becomes completeiy destroyed by hyphae which permeate

During further grdwth and development of the pgnicle,

much later stege,can be seen to bear embedded cell complexes.

axis of the panicle is reached. The distribution mey |have

s certain significance,as it indicates thet early pengtration

the developing bracts of the szxis.

the comparatively loosely folded epices of the bud scales,
would &géregate around the spex of the inflorescence axis,

and would rarely find their wey to a lower levsl owing to

This restriction of the pyonespores,and the mycelium of

the fungus produced by their germinstion,te the spex of
the inflorescence ensures that s considersble quantity

of fungal inoculum ie present-arownd the primordiz of
the /
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the flowersg. In the first instance,the inocculum apregrs

to be in the form of fine hyphse,which show grest inciease
in spmount 28 they come to bé included within the aevalo_'g_-i:riigg
bud by the overgrow:th of the sepzls, Although the eanly
paneti‘ation of the flower bud primordium has not besn
observed, the lengitudinael distribution of the cell complexes
of the fumus on both the sdexial snd sbexizl surface of
the sepsals in older dbuds ilnpliea that the sepal primoxdia
pro‘babiy suf fered -direct renatration during their esrly _
déveioypmant. The petals may zlsc show a congsiderable
mimber of cell cbr@lax@s,and the latter are particulanly
-wéll 'davalc:aped sround the 'yom.-zg anthers. Thaﬁ interceiiular
B'pa.ces of the snthers become invaded by fungel hyphae,|
Whiclh assume the form of pseudopsrenchyme. The pycnidia
of the funpue are producsd in grest numbers within the
azitl"-_ez:s:-e,e.nd the'pycmapores zre shed even before the flower
buds opeﬁ. ' :
The infaection of the gynoecium of the flowey prpsents
seversl unusual festures. Direct panetratién .t-:af the wpll

of the czrpel is rare,end the fungus appears to ef fect|no

pénetfation of the sﬁyle within which it becomss inclugfed

during the formstion of the carpelyalthough a certaln
priount of penetration of the epidermal tissue whickh lines

the loculus of the czrpel tekes place. Active ps,rasit?.sm'

apz:amntly occurs at o late éta,;ze,and ig laregely confined tfo
the ovule. The fact that infected carpels mey contain
seeds in which sn obvious development of embryoﬁie tir;&sue
has token rlzce,raiges the question of the origin of this

tissve/
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tissue. It hss besn shown_that pollen, undoubtedly
cexried by insects from surrounding uninfected flowers
mzy be found on the stiematic lobes of thoroukhly disgased
carpels. The extensively developed fungsl pssudoparen-
chyme, which lies within the style would presumsbly
constitute = mechaniczl bsrrier to the passsse of =2 pollen
tube. It may,therefore ,be the case that the formetion .
of embryonic tissue is the outcome of the penetration
of the embryosec by nucellar tissue,the process of zpomixis
being'knowm t0 occur in some species of Brambls.( 5 ).
Pycnidi& of the fungus occur within the t;saues of inflected
seeds, and may be produced at the inner surface of the
stony sndocérp of the druplet. The infection of the
gynoecium results in 1lts z2bnormal develcopment 28 g whols
megocarp tissves rsrely forming in severely disezsed
carpels.

‘In the future couise of the disease,s mejor fegture

is thse evantﬁal“permaation of the tiscues of the flowe

=

by the fungal hyphae,which occur principally in the
interceliular spaces. This adoption of = systemic vogition
is zlso found to ocour in the pedicels of the flowers,
the upper entire bracts and the bmeal scales of the inflor-
escence,and to s more limited extent in the prickiaﬁ,Tiﬁh

which the sxis of the panicle is clothed. The hyphze
beceome irregularly swollen,and aggregate to Torm mosseas
of pseuvdoparenchyms from which pycnidiz are developed.
The cccurrence of & genersl infection of the tiscues a4t

2 late stage in their history indicates azn added powsx

of/
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of cclonisation which is possessed by the fungus when
the host tissues show incipient senescence. The colon
develoPment of the intercellular hyphse connected with

the cell complexes of the fungus.

situsted in the'flowars znd in the other paxrts of infe
inflorescences must be easily dlown by wind or weshed
by ﬁater to the youneg axillary inflorescence buds of

the newly dsveloPGé strageling canes,which arise from

the rootstock of the plant,

between the open tips of the gcales of the young inflo

2

buds. There is.no resson to believe that
ocours in the 1ife history of the fungus.

A general survey of the effects of the digesss
hag shown that it is possible to arrange infected infl
ences in = series, ranging from extremely deformed syec
on the one hand to almost normel ones on the other.
Where disesse of the inflorescence brings zbout g stru

g8

which, owing to its early development in time and exce |

deformation, may be conveniently referred to =g a Witeh
Breom,it is found that cell complexes are numerous,whe
1in the infected inflorescences which apnroximste most

nearly to normelity,the cell complexes are few or mey
]

absent. The same condition ig seen in the flower,when
deformed flower buds are richly provided with cell con
whilst flower buds showing no abnormel gepal develorme

are almost devoid of them
positive/

There is,therefore, a stro

is thought to be brought zbout by the further growth =nd

therefore becomes completed by the entxy of pyenospores

isstion

Great quantities of spoxes produced by the pycnidis

ctad

The life cycle of the Iungus
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positive correlstion between the amount of deformation
produced in the host,snd the amount of development of
cell complexes by the fungus.

From infection experiments,it is clesr that the
direct infection of the-flawér bud casnnot be attained
sither 5y introduwing pymospores or by introducing fu
mycelium, This sugrests that the important factor in
fungus in 2 parasitic role. Accepting this hypothesis
it follows that the sprearsnce of sbnommal inflorescen
is dependent on the early establishment of the fungus
in quantity,whilst the inflerescences are within the b
Thié mey probably depend on the time st which the pyeng
germinate,and the number that sre present.

]

Ag the nyer
have been shown to germinate resdily in water, thers is

b

no remson to suvppose that a resting phase is necessaxry

This implies a’pcssibla early infection of the inflore
buds. The infection may occur lete in sumer, and woul
account for the preosence of cell complexes within the
bud by Februsry of the following year.
oxplanation can be foxwarded for the occuzxrence of the
tracts of pseudoparenchyma known to occur between the

of the sxillary buds borne by strageling canes newly

produced from the rootstock of the plent. The sssumt

infection of the host is the early establishment of the

™
o

before perminaztion takes place under naturzl conditions.

To satisfactor;

that pseudeparenchyms of this kind is of Hepalosphseri

gal

]
&

the

e

ad,

grores
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doformeng can only be bazsed upon morphologicasl similar

between it and the pseuvdopazrenchyms which occurs in th
Btyles/
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‘atyles of infected carpels,and the bude in which it !
occurs have not yielded cultures of H, deforxmens.

_ Ne evidence has been gained which would imﬂicpte
:{1ﬁf the hyphae of the fumzus are generszlly systemic |
'iwithin the plent. No internally placed ﬂwcslium,aparﬁ
from thet which definitely has its origin in a2 cell |
iconplax,has been cbsexrved,and from exgeriménts in culfure,
lend observations in the field, the impression that it ioas
not exigt has been confirmed., Infectsd infloraﬁcenoeé

are sporadic in occurrence on any one stxazsling cane,|

end the fungus cannot be cultured from canes which have
been surface sterilised, I%,therefore,sppesxrs that the
anuse of zbnermsl growth of the host must be due entir%ly
jto a mltiple infection of its tissues when the latter
gare a2t an early staege in developmentywithin the axill&?y
Bud. i
It is proposed,that where the infectioh-ocﬂurs
esxly, end where penetrations are numerous, the aIIeoted

a@icsl parts of the 1nfloreacence,which give rise to tpa

terminal flower cluster,undergo unduly early dav310pm9Ft,

and this development continues irregularly,resulting i%
gfhe formation of s Witches!Broom, Where the penetratigﬁ
éof the inflorescence is not severe in the bud stage,du%
@srhaps to the late geymination of the pycnoapores,conmined
%ith their comparative scarcity,then the inflorescence
gdeve10ps almost noxmally,although flower infection tzkes
?1&09 from mycelium which is included within the buds.5

!T%P deformztion of the calyces =2nd corollas of infacteﬁ

flowerﬁ/
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!flowera nﬁy ve expliained on the azssumption that the
EQuantity of penetrations,snd the time =zt which they
§6ccurrad,followed s random distribution in any one fléwer.
The sepéls and petals showing sbnormsl growth were thérefora
‘the earlisst and most severely attacked, whilst of theé

the remainder,some escaped infection entirely and developed
normslly in consequence. This propoesed behaviour of t%ﬂ
gfungus would zccount for the extreme variastion which i?
known to be a featurs of infected inflorescences and |

individual flowers. |

It is probable that inflorescences,which are

originally attacked in the bud,suffer a number of additional
?enatrationa as their growth and development procesds.

?E'Jx;oerimantal infections indicate that older, mature tissues

cannot be sttacked unless they are firat wounded,and this

| ;
can be taken to mean that the cuticle withstands penetration

-%hen fvlly mature. The cell complexes of the fungus

%hich occuy oﬁ the upper parts of the infloxascénce giﬁe
Tise to thin-walled hyphss,which ramify over the suifabs
of the host. Many of these hyphse szre in direct oonta%t

With tissves which are still meristematic,and over Whiéh

the cuticle is thin., Penetrations of the hest may, therefore,
be brought sbout over the greater pesrt of the growth =
?eriod.

é The irresgular growth and development of tissuesé
%hich are invaded by fungal hyphase which maintain a
?ocaliaed distribution, are known to occur in other plent

diseases,particularly those czused by species of Tarhrins

?nd species of Exobsgidium,  The original infection of|
the/
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the host by Hapalosphaerus deformsns is similar in jta

'oPSration to thst which has been described in the OPEB
'of the pesch,when attacked by Taphrina deformens{( 3).
The ascospores of the Taphring become enclesed within [the

open leaf bude,and germinzte in spring,eventuslly effecting

2z locslised intercellular penetration of the leaf, Tha
cells of the latter undergo an enlargement, to which the
symptom of leaf curl may ba attributed,. Ths mmlforwut*on
in the csse off the peach,as in the case of the Braﬁble,

is confined to the growth of the ourrent year,and the

pereﬂnating nmycelium of the fungus cannot be found in ;
tha twigs. The dlsezses cauvsed by Hapzlosphaerie defOHm@QQ
ard _aphrihv deformzng are zlso similar in that they i

are subject to sessonal fluctuatione in intensity.

‘ The formstion of Witches'Brooms is- also lmown fo

joccur in the hosts of werious species of Exobasidium.

?Thg hyphae of Exobasidium are largely intercellulsr,

Ibux axre perrsnial in many casee. A good exam:le im

provided by B. parvifolii, the 1life history of which is

Gesoribed by Holston( 4 ),but spart from the development
of Witches'Brooms by the host, Veccinium parvifolium |
little comparison cen be drewn with the disease caused

by Hspgloschaeris, | ;

The present investigstion has shown that the symmtoms

of the disease of Rubus fruticosus sre similax %o those

rhich have been dscribed in the cage of Rubus_c csesivg |
py Diedicke and Sydow(2 ). Although no detaziled informetiov
ig availeble concerning the Witches'Brooms produced in

ﬁubus/
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?Rubug mzerope talug (15 ) it is likely that they are si%dlax
%to thoge which occur in the other fwo species., |

QIn their paper on the disease of R.cmegiug Diedicke a@d
iSydow( 2) recognised the presencs of cell conmlexes wi#hin
;the flower,but did not sppreciate their significance.aé
%marking 1solzted penetrations of the host tissues. |
mbntion wog mzde of the deformations which occur in ths
ﬂet?lsard vetals, but the development of the gynoeclum

was regsrdsd a8 nommal. i
f The investigation hss confirmed that infection
%takﬁs plade in the axillary inflorescence buds ss sugg?sﬁed
%by'Diadiclﬂs and SydowW 2 ) and Zeller end Braun( ). |
éEvidence has been presented to show that the dissasa of the
ilower in Rubug fruticogus is much more severe than h&$
hitherto been reported in the case of otherx Eg_yg,spec&es
and that the mycelium and pycnidia of the fungus sre not
ponfined to the tissues of the anthers,but occur on oﬁper
?loxal'organs and on the prickles,brscts and bud sc&le%
of the inflorescence.

The formation of sprpressoris by the mycelium of;
the Tungus at the surface of the anther in the Bi'ambleE

also occurs in the Dewberry (15 ),but the subsequent infection

Df the snther differs in detail. In the qntnevs of tnﬁ
Dawo@rry the pseudoparenchyms w}ich forms in the loculi

is reported as being two to five cells in thickness,whsraaﬂ
in the Bramble, the loculi of the snthers in severely |
anected flowers sre completely filled with fungsl pEe -
%parenchyma. The disease of ths Loganberry( 1), and of

the Dewberry is reminiscent-of that which has been found

|to/
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' to occur in the almost normal, infected infloresoencesi
éof the Bramble, No mention has been made of the pres%nce_
éOf Witches'Brooms or fungal cell complexes in the Logﬁnberr&
éand Dewverry., It spresrs, therefore,that the cultiVatéd
hoste of the fungus show & form of disease,which in tﬁe
czse of the Bramble,would be considered mild. !

The fsct that no infections have been obtained
'in the czse of cultivated Respberries,using yycnOSpores
I

and iscliztes of the funaus obtzined from the Bramble,

upwests thet free transference of infection from the:

Bramble to the Raspberry would not occur in the fiela.

| The isolates of Haspslogpheeriz deformens msde by
Zeller and Braun(15)did not spore in culiuregas did those
?obtained during the present work end the above authors
gmemtion thet s whiter strain of the fungus msy be obtaﬁned
éfﬁom the flower, It is not known whether the whiter |
éstrain bears sny resemblance to the fungus found to be
sseocisted with the sxes of disessed inflorescences in%

the Bramble. The investisstion of the lstter fungus
is still in progress,and it cannot be stated whether i%

48 concerned in the digesse.




SUMIIARY.

The disesse of Rubus fruticosus L. csused by

‘Hopalosphaeriz deformans Syd. has bsen investigated, u51nﬁ
a nfected material obtsined from s variety of sources qn
'Scotland, |

’ The disease affects the inflorescences,which ma&

;be normal in pﬁitsrn,or show varying degress of abnornhlity
giving rige to struclires which can be reqarééd ag Wito%ﬁs'
Broome, The flowers borne in Witches'Brooms are subject

to deformation which af fects 2ll the floral whorls, Th@

sepals and petazls show irregular development, the anthers

fail to dehisce,and the compound fruit does not davelop
= |

ino rpaliy.

Both sbnormsl and normel infected inflorescences have |

l'baf*ﬂ examined at various stages of thsir development,
@EB fungus has been shown to effsct a local panstra&ion

of the tissues of the flower,and the tissues of the

axes of the inflorescences. The pointas of penatratioﬁ

are marked by knots of pseudoparenchyms(or cell cowple%as),

fidm,tha bases of which, thin-walled hyphae penetrate the
|

intarcellular gpzces of the underlying tissues.

No internal nycelium,otﬂer than that derived from cell
pomplexas has been discovered in any of the tissuss of|
the plant at sn early stage. '
Cell cdmplaxas axe numerous where deformation o%
the hOBtIiB extreme,and may be entirely absent where n6
sbnormel growth of the host occurs.

The effect of the fungus on the various florali
structures is described in detail,and it has been founé

that/
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|

+ha$ the tissues of the floral whorls and the pedioalm
baconB invaded by fungal hyphse a2t & late stage in
developmont., Pycnidis of the fungus have been observed
in all parts of the flower,in the seed,and in the upper,
entire bracts,basal bud scales and prickles of msture,
éavarely infected inflorescences,

 The mycelium of the funsus situated betwesn tho|
flower wafta hzs Dbeen observéd to give rise,tarminallji
or laterally,to conidia. ' =
GerminatiynP‘Pynnoqpores and cell complexes of tna fungus

have been found in the inflorescence buds of the plant;

: in b rumry and penetraztion of the tisszues of the inflorsacence
ﬁaa beon obsaxrved, |

The results of the experimental inoculation of ths
inflorescsnce buds of the Bramble zzs not yet available,

ﬁuﬁ no infection occurred from the inoculation of the
i

inflorescence buds of Lloyd Georgs,Mitchell and Sir Walfred

| . i |
Raspberries., Direct inoculation of the flower budg and
= , : ' |
Etraggling canes of the Bramble gave negative results,but
|

he'fungus becéma established in the tissues of woundeé
| . : : . :

" {
Caned,. |

The fungus has been grown in culture,and hes préduoed

rycnidia;  Another fungﬁs,char&ctsrised by the prodnction_
?f sclerotia in cultuve, has been obtained from diseased
;nflorascencea. !
| The results of the investigation are discussed,

and s life cycls of the fungus is proposed,
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. buds are borne in lateral cymes, X 5

. Witches'Broom owing to the extensive development of

development of the terminal flower olustor.

T

EXPLANATION OF FIGURES.

Fig, 1,

An infected inflorescence of Rubug fruticosus. The |
| panicle is almost normsl in apyearance,but shows an |

enlarged terminal flower., Slightly deformed flower
1

Fig. 2

The spical psxrt of the panicle shown in Fio l.. The
yetals of the terminsl flower are grestly increazsed
in size,and retain the crumpled appearsnce due origin-

ally to package in the bud. Pycnospores sre shown a;t;
the surfsces of the diseased anthers. Approx. X2, |

Fig. 3.
A diseaged panicle which hag adopted the foxrm of g |
the lateral cymes., The individual flowers show extrszﬁe
sepal deforma.tion. X ko

g, 4.

A young, infected inflorescence showing abnormally ep,;t‘ly

Tiged

An example of an extreme form of Witches'Broom st an |
sarly stage in development. The panicle sghows early |
mzturation of flower buds,snd suppression of leaf ;
developmnt. . = i

Hig. 6

- An enlargement of the apex of the panicle shown imn

Fie, 5. ,demonstrating the elongation and pouching which

EOOCUI‘B in the flower buds.






Fig, 7.

A geries of terminal flower bﬁds removad Lrom
Witches'!Brooms, illustrating the differential
growth of the sepsa.la and the effect of pouchina.

Slightly enlarged.

Fig.a.

The gpex of 2 Wztcﬂes‘Broom showinp: a severely
deformed terminsl flower, in'which the sepala
have sdopted = lesf- 1ike form,

Slightly enlarged. :

Fig. 9.

A panicle which can be clessified ss = weakly
developed Witchea!Broom, The tips of the pouched
flower buds are overarched by spine-liks ;
projections of the deformed sepals. A

= 300

A m:oup of retals, Wh:.ca show incresse in size and
irregular basal doubling, Apr remnmtely natural .






Eig.ll

Part of 'a longmtudlnal gection of an infectad :
flower,showing 3 fungal cell complex set in the
tisguaa of the flange of the rscentacle neaxr

the base of the filament of 2 siamen., X 475,

ey

Part of a longitudinal section of a sepal,with
8 cedl complex of the fungus smbeddisd batween
the epidermsl cells at the azdaxial surface.

- Intexceliular hyphze are also sh0w1 ‘below the
= 001@1@- x 1000

_-Eig.ls.

Port of = langlfudinal section of a young flowsr'
bud, showing a cell complex of the fungus which
has formed at the surface of z stamen primordium
The tissue of the vprimordium can be seen below

: the cell complex ; ==t a3 300

Fe 14,

Part of 2 longitudinal section of a young flower
bud, showing = fungal cell comolex(c),embedded in
_the epldermel layer of g gtamen prlmordlunL The
cellg of the primordium are distorted,and stain
deeply. Fine hyphse of the fungua axre shogn at(h).

e :E‘i g' ‘e g
'.Part of 2 1ongitudinal sect*on of z petal,which

shows the presence of = cell complnx of the fun gus

embedded between: the epidermal cells at the sbaxial
:surfzce. x 475,

ﬁmlé? |
L Part Of B 10ﬂgitudina1 sactlon of the base of:a sengl

_A fungal call complex is anbeddad batween fthe apidermal'

~cellas at the sbaxizl surface. Intercelliular hyphse ocyur- i:
e _bglmg the. _GP‘T dermis. : 3 1000, e
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Fi 2 1%

A Jongitudinal sectioq of a young flower bud,
in which deformation has besn initiated by the
abnormsl lateral growth of the sepal which is
shown on the left of the mection. x 70,

Fig 1s.

Part of s longitudinel section of an infected
,flower bud, 3nowina: irregulaxr dou'bliﬂg of =&

Fi.g.':lg. _ : |

The sui‘fac'e of an ?ﬁther Wh’ich ba_,r,a' 8 'ftmszej; ce’ii_{.
complex. The con@l&x is in tna form of 2 flat

; Pla—te. 2 ot ; = 2600

Fia'. 200 =

-'Pwrt of 2, 105@&&.1:1.1&1?1&1 goction of sn anther:
" the fungus hes given rise to =n zpv ressorium
at the surface of the epidermis. = X 1300,

! Part of 2 1ongitudmal section of & youzw: :
_anther, showing the development of sprressoris
- by the hypha;s of the fungus,and young staees

“in the formation of fumral ce"l complexes.
5 . : XiDble

o P&rt of 5 trsnaverse section of a young enther,

- showing part of s fungal cell oomplex gt the

- surface of the epidermis,and intercellular
hypha,e lyin.«:-v: 'betwe@n the cedls of the parenchyms,

' x 800.
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Fig, 25,

An oblicue section of an anther,showing deeply
gstainad mtemellula:c hyph=ae of’ the fungus.
X 220,

Fig. 26. & F‘igo 2'?0

Pycm.da.a ‘0f the funrms grigsing from the -
pseudoparenchyms which occupies the pollen sacs
of the anthers. x 450.

X 300, y

Fi e 28,

A glightly oblique longitudinal section of an
infected anther. Products of disintegration
occur in the cells of the host tissues,and the
pyenidis of the fungus zrise in great numbers
from the pseudoparsnchyms. b g dope

- Part of s transverse section of an infected flower bud.

The section shows the raised central part of the
receptacle beasring carpels. Deeply stained hyphae
of the fungus occur in the interceliular spaces
of the tissues of ths racaptaole and carpels.

x 150,
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Fig, 30,

A gingle carpel from the section shown in
Fig.29. lizssed hyphae of the fungus are
geen in the intercellulaxr spaces. x 300,

Fig 51

An obligque section of s young carpel,showing ths
hyphee of the fungus lying within the ventral
opening and loculus of the carpel. The primordia
of the ovules are shown at (o). x 260 '






Tig 32, & Fig, 33.

" Perts of the styles of infected carpels,
showing the presence of funsml pseudoparsn-

chyma within the- tissues. x 600.

: E.g. 54

" A Jongitudinal section of 2 young carpel,
showing the pseudoparenchyms of the fungus(s),
lying between the develepineg ovules, Irse

hyphae(h) occur in the loculus ofsgge carpels

Flg, 35,

A Jongitudinal sec tion of g carpel at a latex
stage of development,showing brown-wslled
fungal pseudOtﬁraﬁcﬂyma.(S-)- Fungzl hyphae(h)

car.t be seen in the loculus of the carpel.
x100.
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E'j.g' 360

Part of s longitudinal section of a carpal
showine fungal pssudoparenchyma(s) angohyph-me(h)

within the locujua of the car'rsl. X

s - AR A _

At longitudinal seo'b:l.on of 2oz rpal s}mwing fu:sgal
: ﬁseuc"ol.a.;fe'mnyma(s) and hyphae(h) entering the
micropyle of the ovula._ X300

:Eig. 58-
A longitudinsl sact:.on of an ovule,showing hyphze

of the fungus penetrating beiween the cells of the
nucellus and lying beside the embryosac, X 300.

1 [ 39.

'Pa,r'b cf 2 .Longz.tudma.l section of & drw let, showing

fungsl hyphss(h) on the inner surface of the endocsrp.
The sead contains fungal psaudoyarancnyma.(s)gfrom :
OO.

“which 2 pycnidium (p) hes been develonad. x

_31@:.40

= A lon.c.vz.tudma,l section of a druplet, 3howi1g tua
hyohae of the fungus at (h) and' o pycnidmm(p)
at the inner surface of the endocarp. X 300.






Fig. 41,

A Jongitudinal section of sn infectsd carpel,
showing fungal pseudoparenchyma(s),which has
given rise to a pycnidium(p) situated towards
the base of the sityle. X 60,

Fig, 42,

A loﬂmtudina.l sectio‘a of the stigmatic lobae. :
and part of the style of an infected carpel,
Rmgal pseudoparenchyms occurs centrally in. :
.~ the upper styler tissue, 6 and s pycnidium has
‘developed on a lobe of the stigma. x 120,

Fig, 43,

+ A longitudinal section through part of the
pith of the raiged central part of the
 receptacle,showing intorcelluler fungal

. hyphae msssing to form pseudopsrenchyms.

x 700.’
Jﬁsz. 44, _ |
Pam'b of g transvarse section of a 8epal,

showing pycnidia situated belew the Pnid@rmis-
of the adsaxisl surfsce. “65;

Fig, 45,

A pycnidium of the fungug within the tissues

. of a petal,which is cut in longitudinal section.

X200

Fig, 46,

Pa.z"t of 2, "on,g:l.tudima.l section of the fluted
mein axis of an infected panicle,showing a
cell complex- of +the fungus. x 275,






Fie, 4%,

Part of g longitudinal section of the main
gxis of = diseased panicle,showing = fungal
cell cemplfax situated at the base of a
multicellular hair, X 275,

Fig- 48,

Part of @ section of 2 prickle borme by the
‘main axis of s diseased panicle, A fungzsl cell
complex is embsdded beiween the epidermsl cells,
and intercellular hyphse can be geen at (k).

: . x 275,

ﬁg. 49. 3 .- ; T s ;

Part of s longitudingl section of the mein axis
of = diseased panicle,showing part of = prlc‘cle
cut in obligque section. A rvc.*.m..,wn(p) hzs beern
developed directiy fxem funepl pseudo parenchymp
gitvated at (8). x 275,

Fig. 50,

Part of an upper,entire bract of = diseased
inTlorescence,showing pyenidia of the fungus
- embedded within the tissues. x g0,

Fig. 51,

Part of 2 loﬁglitudinal section of the base
of g gegle of gn inflorescence bud. An intercelilulsx
hyphe is shown zt (h). x 1000. :

Fig, 52,

Part of = : , longitudinel section of ah irflbrescemca
'buo_ showmg gez‘minatwg pyenospores of the fungus.
X 700. :






I Fig. 55-

Part of & longitudinal section of sn inflorescence
‘bud, showing =z leaf bage attacked by the h,,_)"ﬁh.&ﬁ )
cu. the fun a‘wa. An sppressorium is ofa:caon at(a).

ﬁga 54-

A Jongitudinal section of part of an inflorescence
bud,showing & fungal cell complex embedded within
the e;:.aermi.; of the bud przmordlnm. x 400.

Fige 55,

Pe:zt of =z longitudinal section of a young inflorescence
bud,showing the development of fungal pSBudeaﬂ:’ﬂnCh"}'ﬂlﬁ{S), -

petieen the bud sczles. ; A 200,
Fig, 56,
_ Germinating pycnospores of the fumgus. Ansstomoses .
occur between the germ tubes. x 1000.
Fig.5%

A section through part of a culture of twiungus,
showing pyenidis zrising from the basal loyer of
rseudoparenchyng. x 95 )

Figs.58 & 60,

Pyenidia of the fungus obtained I.com culture.
x170,x100.

| F:Lg. 59.

Tha m’ce.u.um cf the fungus. situa.tea between the

_flOWer par te, snow:l.::g the production of conidiz.
x 600,
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