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A b s tra c t

The grow th, development and l i f e  h i s t o r y  o f 

M ycosphaerella  rm u lc is  (Desm. ) Cooke, on i t s  ixumex h o s t  

and i n  c u l t u r e ,  were i n v e s t i g a t e d  and d e s c r ib e d :  in o c u la t io n  

experim ents  were c a r r i e d  out to  fo l lo w  th e  course  o f th e  

i n f e c t i o n  o f  th e  h o s t  by th e  fungus. The s t r u c t u r e  o f th e  

ascus and ascospore  of the  fungus was i n v e s t i g a t e d  and 

d e s c r ib e d ,  and compared w ith  o th e r  d e s c r ip t i o n s  of 

b i t u n i c a t e  a s c i .

Centrum development i n  P leo sp o ra  herbarum ( P a r s . )  R b h ., 

V en tu r ia  in e e q u a i l s  (Cooke) W ln t . , Ve n t u r i a  p i r i n a  Aderh. 

end M ycospbaerella  m acu lifo rm is  ( P e r s . )  A in t .  %as d e sc r ib e d  

end compared ?/ith  t h a t  i n  I t f c o s p h a e re l la  r u m ic i s .

The c l a s s i f i c a t i o n  o f  th e  a sc o s tro m a tic  aBComycetes was 

c o n s id e re d ,  and i n  the  l i g h t  o f  t h i s ,  th e  taxonomic 

p o s i t i o n  o f M ycosphaerella  ru m ic is  was d is c u s s e d .  I t  was 

concluded t h a t  th e  c o r r e c t  name o f th e  fungus i s  

V en tu r ia  ru m ic is  (Desm*) W int.
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i . . .  ( '

I .  INTRODUCTION.

In t r o d u c t io n  ,

C l a s s i f i c a t i o n  o f iy renoinycetes 

Nomenclature

j - 1



I n t r o d u c t io n »

This work was undertaken  i n  an a ttem p t to  c l e a r  up 

th e  co n fu sio n  i n  th e  nom enclature of th e  pyrenomycete fungus 

M ycosphaerella ru m ic is . The fungus i s  known under two names, 

iViycosphaerella ru m ic is  (Desm. ) Cooke (-^8 6 6 ) ,  and V en tu r is  

ru m ic is  (Desm,) W inter (1887). I t  i s  l i s t e d  as 

i /y co sp h aere lla  ru m ic is  (Desm.) Cke. i n  th e  c o m p ila t io n  of 

B r i t i s h  lÿ renom ycetes by Mason and ^ isb y  (1940), snd i s  c a l l e d  

by t h i s  name th roughout th e  p re s e n t  jo rk .

The taxonomy of th e  lyrenom ycetes has changed s in ce  

M ycosphaerella  ru m ic is  was d e sc r ib e d  by Cooke (1866) and 

V in te r  (1887). Primary emphasis i n  most c l a s s i f i c a t i o n s  

i s  now on developm ental c r i t e r i a ,  and p a r t i c u l a r l y  on 

centrum development, w hile  form and s t r u c t u r e  of th e  ascus 

a re  a ls o  regard ed  as im p o rtan t taxonomic c h a r a c te r s .  I t  

fo llo w s  t h a t  an im p o rtan t p r e r e q u i s i t e  to  th e  c o r r e c t  naming 

of a pyrenoraycete fungus i s  a knowledge o f  i t s  developm ent.

A b r i e f  r e v i e w  of pyrenomycete c l a s s i f i c a t i o n  s in ce  

the  time o f Cooke (1866) and . i n t e r  (1887), and a s h o r t  account 

of the  nom enclature o f M ycosphaerella  ru m ic is  w i l l  show 

the  im portance of th e  developm ental approach to  th e  c o r r e c t  

i d e n t i f i c a t i o n  of M ycosphaerella  ru m ic is .



C l a s s i f i c a t i o n  o f ly renom ycetes»

In  th e  ea i 'ly  c l a s s i f i c a t i o n s  o f  th e  fu n g i ,  f o r  example 

hy Lindau (1897) and W inter (1887), th e  îyrenoiaycetes 

were reco g n ised  as a d i s t i n c t  group o f th e  Euascoraycetes.

In  Lindau* s system the  îyrenoraycetes were ch ax 'ac te r ised  

hy a s c i  a r i s i n g  from th e  base o f  a s p h e r ic a l  to  f l a s k  shaped 

f r u i t  body which opens, e i t h e r  by an a p ic a l  p o re ,  o r l e s s  

f r e q u e n t ly  by d i s i n t e g r a t i o n  of th e  f r u i t  body w a l l .  The 

system of W inter was b a s i c a l l y  s im i la r  b u t  th e  arrangem ent 

o f th e  a s c i  was n o t taken  i n to  c o n s id e r a t io n  and th e  

pyrenomycetes i n  t h i s  c l a s s i f i c a t i o n  in c lu d ed  th e  P le c ta s c in e a e  

sensu  Lindau. The s u b d iv is io n s  o f  th e  Tyrenonycet e s  were 

based  on such c h a ra c te r s  as form and co lo u r  o f th e  f r u i t  

body, p o s i t io n  of th e  f r u i t  body in  r e l a t i o n  to  i t s  s u b s t r a t e ,  

and form and c o lo u r  o f th e  asco spo re . The g e n e ra l  framework 

of th e se  e a r ly  c l a s s i f i c a t i o n s  has been r e t a in e d  w ith  a few 

m o d if ic a t io n s  mainly th e  r e c o g n i t io n  o f  a group o f  

s tro m a tic  forms -  u n t i l  r e l a t i v e l y  r e c e n t ly ;  i t  was no t 

u n t i l  N an n fe ld t* 8 work ( 1 9 5 2 ) t h a t  a fundam ental change 

of approach was made to  th e  whole system of ascomycete 

c l a s s i f i c a t i o n .

N a n n fe ld t’s c l a s s i f i c a t i o n  a ttem p ts  a com ple te ly  new 

arrang'ement of th e  Ascomycetes, based  on th e  development
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of the  hyménium and on th e  form of th e  a sc u s .  He d iv id e s  

th e  Euascomycetes i n to  th e  P l e c t a s c a le s ,  Ascohymeniales 

and A sco lo cu la res i  and members of th e  lyrenom ycetes sensu  

Lindau and W inter, are  d i s t r i b u t e d  among a l l  thi*ee o rd e r s .

The P le c ta s c a le s  comprise those  Ascomycetes which po ssess  

s p h e r ic a l  to  globose a s c i  developed i n  a s p h e r i c a l ,  c lo se d  

f r u i t  body. The rem ain ing  Euascomycetes, which have 

c y l i n d r i c a l  to  c la v a te  a s c i ,  a re  co n ta in ed  i n  the  A sco lo cu la res  

and i n  th e  Ascohymeniales. The A sco locu la res  comprise a l l  

those  forms i n  which th e  a s c i  develop  i n  a atroma and are  

no t i n  a w e ll  d e f in e d  hymen!urn, and i n  which th e re  a re  no 

f r e e  paraphyses i n  th e  f r u i t  body c a v i ty .  The Ascohymeniales 

comprise the  rem ain ing  Euascom ycetes5 th e  ly renom ycetes 

in c lu d ed  in  t h i s  o rd e r  are  th ose  which p o sse ss  a w a lled  f r u i t -  

body i n  which th e  a s c i  a r i s e  i n  a w e ll  d e f in e d  hymenial l a y e r .

M il le r  (1949) review s N a n n fe ld t 's  p ro p o sa ls  and p u ts  

forv/ard h i s  own scheme which i s  b a s i c a l l y  s im i l a r .  M i l le r  

r e t a i n s  th e  lyrenom ycetes as a s u b - c la s s ,  b u t  in c lu d e s  i n  

i t  only  -  ' a l l  fu n g i i n  which th e  a s c i  a re  borne i n  a 

p a r a l l e l  s e r i e s  i n  a c lo se d  f r u i t  body which u l t im a te ly  

opens by a d e f i n i t e  pore o r s l i t * .  In  t h i s  s u b -c la s s  he 

re c o g n ise s  two d i s t i n c t  groups : -  I )  fun g i w ith  s in g le  w a lled  

a s c i  which open by an a p ic a l  pore and develop  i n  a p e r i th e c iu m ,



and 2 ) fu ng i w ith  two w a lled  a s c i  which open hy th e  s p l i t t i n g  

of th e  o u te r  w a ll  and e x t ru s io n  of th e  in n e r  one, and which 

develop i n  a s trom a; th e r e  i s  no p e r i th e c iu m . A p e r ith ec iu m  

i s  d e f in e d  hy M il le r  as a w alled  f r u i t  body i n  which a s c i  

develop i n  a w e ll  d e f in e d  hymenium and wMch opens by a 

p e r ip h y sa te  o s t i o l e .  In  th e  second group, which i s  e q u iv a le n t  

to  E a n n fe ld t*8 A sco lo c u la re s ,  M il le r  re c o g n ise s  two develop

m ental ty p e s .  In  one the  a s c i  a r i s e  i n  a b a s a l  l a y e r  i n  

the  lo c a le  and grow up among pseudoparaphyses^which are  

v e r t i c a l l y  o r i e n ta t e d  hyphal f i la m e n ts  a t ta c h e d  a t  b o th  to p  

and bottom of th e  f r u i t  body c a v i ty ;  t h i s  developm ental 

type i s  used to  c h a r a c t e r i s e  the  o rd e r  P se u d o sp h a e r ia le s .

In  th e  second type o f  developm ent, found i n  th e  o rd e r  

D o th id ea le s ,  th e re  are  no pseudoparaphyses and th e  a s c i  

grow up i n  a f a s c i c l e  from th e  base  o f th e  lo c a le .

Probably  the  b e s t  and c l e a r e s t  arrangem ent of th e  

pyrenomycetes ( sensu  Lindau) proposed so f a r  i s  t h a t  p u t 

forw ard  by L u t t r e l l  (1951» 1955). L u t t r e l l  u ses  th e  same 

c r i t e r i a  as N annfeld t and M i l le r ,  namely f r u i t  body 

developm ent, o r more p a r t i c u l a r l y  centrum developm ent, and 

ascus s t r u c t u r e .  He uses  th e  term  centrum  f o r  th e  ascogenous 

hyphae and a s c i  to g e th e r  w ith  th e  lo c a le  i n  which th ey  

develop . L u t t r e l l  (1951) d iv id e s  th e  Euascomycetes i n to
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two s e r i e s  on th e  b a s i s  o f  ascus s t r u c t u r e  th e  U n itu n ic a te a e ,  

i n  which th e  ascus w all i s  one la y e re d ,  and th e  B i tu n ic a te a e ,  

where the  ascus w all i s  two la y e re d .  L a te r  ( L u t t r e l l  1955) he 

ex tends end r e v is e s  th ese  p ro p o s a ls .  The main f e a tu r e  o f 

t h i s  l a t e r  work i s  th e  removal o f th e  B i tu n ic a te a e  from 

th e  Euascomycetes and th e  d e s ig n a t io n  of a new s u b -c la s s  

of Ascomycetes -  th e  Loculoascomycetes -  to  in c lu d e  a l l  

a sc o s tro m a tic  Ascomycetes which p o ssess  b i t u n i c a t e  a s c i .

This s u b -c la s s  i s  synonomous w ith  th e  B i tu n ic a te a e  and th e  

U n itu n ica teae  becomes e q u iv a le n t  to  th e  Euascomycetes.
i

L u t t r e l l  b ase s  th e  s u b d iv is io n s  o f  th e  Loculoascomycetes 

on c h a ra c te r s  o f centrum developm ent. He re c o g n ise s  th e  

two developm ental ty p es  p re v io u s ly  d e sc r ib e d  by M il le r  (1949)# 

One d e f in e s  th e  o rd e r  P le o sp o ra le s  and th e  o th e r  th e  o rd e r  

D o th id ea le s . In  th e  fo rm er, v e r t i c a l l y  o r i e n t a t e d  

pseudoparaphyses, a t ta c h e d  a t  to p  and bottom  o f th e  f r u i t  body 

c a v i ty ,  a r i s e  b e fo re  th e  a s c i  and rem ain between them a t  

m a tu r i ty .  In  th e  centrum o f th e  D o th !dea les  th e r e  a re  no 

pseudoparaphyses; th e  s t e r i l e  t i s s u e  i n  th e  lo c u le  i s  

pseudoparenchymatous and d i s i n t e g r a t e s  as th e  a s c i  grow 

up in to  i t .  The r e s u l t  i s  an unw alled  c a v i ty  f i l l e d  w ith  

th e  mature a s c i .

Much more evidence i s  r e q u i r e d  b e fo re  an adequate
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a p p r a i s a l  o f  th e s e  r e c e n t  p ro p o sa ls  o f pyrenomycete 

c l a s s i f i c a t i o n  can he made. New in fo rm a tio n  on th e  develop

ment o f in d iv id u a l  îÿ-renomycetes i s  needed , f o r  i t  i s  on ly  

by s tu d y in g  th e  development o f  a  la rg e  number o f d i f f e r e n t  

fu n g i t h a t  ty p es  o f development can be r e c o g n is e d ,  and 

t h e i r  va lue  i n  c l a s s i f i c a t i o n  assessed*
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Nom enclature.

Hi^ycosphaerella was proposed by Johanson (1884) to  

re p la c e  S p h a e re l la  because th e  l a t t e r  name was f i r s t  used 

by Sommerfeldt (1824) to  d e s c r ib e  an a lg a .  While th e r e  

was some o p p o s i t io n  to  t h i s  change (W akefield  1959)» 

M ycosphaerella  Johanson has now been adopted . (A insw orth and 

Bisby 1954).

There has a ls o  been some c o n tro v e rsy  about th e  v a l i d i t y

o f  th e  name V en tu r ia  f o r  th e  apple  scab fungus and i t s

a l l i e s ,  M üller and Arx (1 950 ), Munk (1955)» Korf (1956).

Korf (1956) rev iew s th e  l i t e r a t u r e  on th e se  fu n g i and

shows t h a t  w hile  good a u th o r i t y  can be found f o r  p la c in g

them in  fo u r  genera -  V e n tu r ia , S p i l o s t i c t a , Endostigme and

P haeosphaere l1a , a s t r i c t  a p p l i c a t io n  o f  the  Code o f

B o tan ica l  Nomenclature makes ?haeoapheor e l i a  K a rs t ,  th e

v a l i d  name. However V en tu r ia  i s  th e  name alm ost u n i v e r s a l l y

used and Korf p roposes t h a t  to  avoid  -  ' l a s t i n g  co n fu s io n

and chaos* -  V en tu r ia  Sacc. 1892 shou ld  be co n se rved , w ith

V enturi a i n a e q u a l i s  as l e c to ty p e .  Thi-S proposed c o n s e rv a t io n
a ls o

of th e  name V en tu r ia  i s / s u p p o r t e d  by M üller and Menon (1955).

For th e  purposes o f  th e  p re s e n t  work th e  c o n s e rv a t io n  

o f  V en tu r ia  as proposed by Korf w i l l  be adopted .
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In  th e  n in e te e n th  c e n tu ry  th e  p resen ce  o r  absence of 

appendages on th e  f r u i t  body was re g a rd ed  as an im p o rtan t  

c h a r a c te r  i n  th e  c l a s s i f i c a t i o n  o f  th e  sim ple sp h a e r ia c io u s  

fu n g i w ith  tw o -c e l le d  a sc o sp o re s .  I f  th e  f r u i t  body p o ssessed  

appendages th e  fungus was p lace d  i n  th e  genus V e n tu r ia , 

and i f  no appendages were p r e s e n t ,  i n  S p h a e re l la  (Mycos

p h a e r e l l a )# Another c h a r a c te r  used a t  t h i s  tim e to  s e p a ra te  

th e  two genera  was p resence  o r absence o f  pa raph yses . 

Paraphyses a re  g iven  as c h a r a c t e r i s t i c  o f  V e n tu r is  (W inter 

1887; Lindau 1897)» and t h e i r  absence as c h a r a c t e r i s t i c  o f  

M ycosphaerella  (Lindau 1897).

In  r e c e n t  schemes o f  c l a s s i f i c a t i o n ,  th e  sy s te m a tic  

p o s i t io n s  of th e  two genera  V e n tu r is  and wycosphaere11a 

a re  g e n e ra l ly  c l e a r l y  separa ted#

In  the  c l a s s i f i c a t i o n s  proposed by M i l le r  (1949) and 

L u t t r e l l  (I95I»  1955) V e n tu r is  i s  in c lu d e d  i n  an o rd e r  

c h a r a c te r i s e d  by a centrum  i n  which th e  s t e r i l e  t i s s u e  i s  

composed o f  pseudoparaphyses which a r i s e  b e fo re  th e  a s c i  

and rem ain between them a t  m a tu r i ty .  M ycosphaerella  on 

th e  o th e r  hand i s  in c lu d e d  i n  an o rd e r  c h a r a c t e r i s e d  by 

a centrum i n  which th e re  a re  no pseudoparaphyses and i n  

which th e  s t e r i l e  t i s s u e  i s  pseudoparenchymatous and i s  

non p e r s i s t e n t#



M üller and Arx (1950) use somewhat d i f f e r e n t  c r i t e r i a  

i n  t h e i r  scheme o f c l a s s i f i c a t i o n .  They in c lu d e  V e n tu r is  

and M ycosphaerella  i n  th e  same order# I t  i s  only  a t  fam ily  

l e v e l  t h a t  th e  two genera  a re  separa ted#  V en tu r is  i s  

in c lu d e d  i n  th e  V en tu riaceae  and M ycosphaerella  i n  th e  

M ycosphaere llaceae . Centrum c h a r a c te r s  a re  n o t used  to  

s e p a ra te  th e s e  two f a m i l i e s ,  and th e  d iv i s io n  between them

i s  no t v e ry  c l e a r l y  defined# The d ia g n o s t ic  c h a r a c te r  f o r
■ ' :

th e  V en tu riaceae  i s  g iven  as th e  p o s s e s s io n  o f h y a l in e ,  

co lo u red  tw o -c e l le d  a sc o sp o re s ,  i n i t i a l l y  p a le  g re en , b u t  

becoming o l iv e  g reen  o r o l iv e  brown when mature# The two- 

c e l l e d  asco sp o res  of th e  M ycosphaerellaceae rem ain c o lo u r le s s#  

M üller and Arx them selves p o in t  ou t t h a t  spore  c o lo u r  

i s  no t a p a r t i c u l a r l y  good taxonomic c h a r a c t e r ,  b u t  

c o n s id e r  t h a t  i n  t h i s  in s ta n c e  i t s  use i s  j u s t i f i a b l e #
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The fungus M ycosphaerella  ru m ic is  i s  f i r s t  re co rd ed  

and d e sc r ib e d  by D esm azieries (184)) as S p h aer ia  ru m ic is , 

and th en  l a t e r  by Cooke (1866) as  S p h a e re l la  ru m ic is .

The two d e s c r ip t io n s  a re  alm ost i d e n t i c a l ;  n e i th e r  in c lu d e s  

sp in e s  o r appendages on the  f r u i t  body nor mention paraphyses 

i n  th e  f r u i t  body cav ity*  The only  d i f f e r e n c e  i n  th e  two 

d e s c r ip t io n s  i s  t h a t  D esm azieries re c o rd s  th e  f a c t  t h a t  th e  

ascus w a ll  i s  tw o-layered#

V en tu r is  ru m ic is  i s  th e  name used  by W inter (1887) i n  

h i s  d e s c r ip t io n  o f th e  fungus i n  R a b e n h o rs t 's  'Kryptogamen- 

f lo r a * .  He re c o rd s  sp in e s  on the  f r u i t  body and a ls o  th e  

p resence  of p a iap h y ses , and i t  i s  f o r  th e se  reaso n s  t h a t  

he p la c e s  th e  fungus i n  V e n tu r is #

Lindau (1900) and Laibach ( I9 2 I )  b o th  use the  com bination  

{/lycosphaerella ru m ic is  i n  d is c u s s in g  th e  r e l a t i o n s h i p  of th e  

fungus w ith  th e  hyphoraycete O vu la r ia  o b l iq u a ; Grove (1953) 

u ses  th e  same com bination i n  d e s c r ib in g  a form o f th e  fungus 

which he found on th e  stem of Rumex p u lc h e r# I t  i s  no t c l e a r  

from G rove 's  account how t h i s  new form d i f f e r s  from th e  spec ie s .

On th e  c o n t in e n t  th e  name V en tu r ia  ru m ic is  (Desm#) Wint# 

has g e n e ra l ly  been adopted , e .g .  Munk (1950), M üller and 

Arx (1950), w hile  i n  B r i t i s h  m ycological l i t e r a t u r e
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M ycosphaerella  ru m ic is  (Desm*) Cooke has ten d ed  to  he 

u sed , e .g .  Grove (1933)» Mason and B isby (1 940 ), and t h i s  

name i s  s t i l l  used i n  th e  o f f i c i a l  fo ra y  l i s t s  ( T rans. B r i t * 

mycol* Soc. 39 1956 )

Laibach ( I9 2 I )  re c o rd s  a f u r t h e r  c o m p lic a t io n  i n  th e  

nom enclature o f  M ycosphaerella  r u m ic i s ; he r e p o r t s  t h a t  

S c h rd te r  (1908) and Migula ( I9 I 5 )  c a l l  th e  fungus S t ig m a tea 

r u m ic i s , and he h im se lf  fav o u rs  t h i s  name. T h e ir  re a so n s  f o r  

adop ting  th e  name S tig m atea ru m ic is  a re  based  on th e  h a b i t  

o f th e  fungus and th e  f a c t  t h a t  th ey  d id  n o t f i n d  sp in e s  

on th e  f r u i t  body. The fungus i s  found only  on th e  l i v i n g  

le a v e s  o f i t s  h o s t  and t h i s  i s  a f e a tu r e  th e y  c o n s id e r  to  

be more u su a l  i n  S tig m atea th a n  i n  Mycosphaere11a and V e n tu r ia , 

In  many s p e c ie s  o f Venturda and iviycosphaere 11a th e  c o n id i a l  

s ta g e  i s  found on th e  l i v i n g  h o s t  and th e  p e r f e c t  s t a t e  i s  

no t formed u n t i l  th e  h o s t  t i s s u e  i s  dead.

However S tig m ates  ru m ic is  has never been  accep ted . The 

d im id ia te  f r u i t  b o d ie s  o f  S tig m a te s  a re  so c h a r a c t e r i s t i c ,  

t h a t  even i n  th e  more r e c e n t  schemes o f c l a s s i f i c a t i o n  

(e .g*  L u t t r e l l  1955)» t h i s  c h a r a c te r  s e p a r a te s  th e  genus 

S tigm atea  from genera  w ith  th e  s p h e r i c a l  type  o f  f r u i t  body.
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Another c o n tro v e rsy  which has a r i s e n  w ith  r e s p e c t  to  

M ycosphaerella  r u m ic i s , i s  th e  a s s o c i a t i o n  w ith  i t  o f  th e  

hyphomycete O vu la r ia  o b l iq u a  (C ke.) Oud.

The fungus O v u la r ia  o b l iq u a  i s  i n i t i a l l y  d e sc r ib e d

as O vu la r ia  o b l iq u a  by Oudmans (1883) and f i r s t  r e p o r te d

to  be th e  c o n id ia l  s ta g e  o f I^TCosphaere 11 a ru m ic is  by

Fùckel (1869). Lindau (1900) and Lang^eron (1945) r e p e a t

t h i s  a s s e r t i o n .  However i n  a d e t a i l e d  account o f  O v u la r ia

o b l iq u a , L aibach ( I9 2 I )  r e p o r t s  t h a t  th e  p e r f e c t  s ta g e

of th e  fungus i s  a Mycosphaere11a- t y p e . b u t  i s  q u i te  u n l ik e

r^iycosphaere 11a ru m ic is  ; he c a l l s  i t  O vosph ae re lla  l a p a t h i .

He found t h i s  p e r f e c t  s ta g e  on th e  under s u r fa c e  of

O v u la r ia  o b l iq u a  l e s io n s  on ov erw in te red  le a v e s  o f th e  h o s t .

Laibach confirm ed t h a t  he had found th e  p e r f e c t  s ta g e  o f

O vu la r ia  o b l iq u a , by o b ta in in g  a c u l tu r e  o f  th e  fungus from

a s in g le  ascospore  i s o l a t e d  from th e  p e r f e c t  s ta g e .  He a l s o

in o c u la te d  le a v e s  of th e  h o s t  w ith  a su sp en s io n  o f a s c i  and
and

asco sp o res  o f O vosphaere lla  l a p a t h i , /o b ta in e d  O v u la r ia  o b l iq u a  

l e s io n s  w i th in  tw elve days. The method used to  o b ta in  th e  

ascospore  su sp en s io n  would seem to  make i t  v e ry  d i f f i c u l t  

to  ensure  t h a t  no c o n id ia  of O v u la r ia  o b l iq u a  were p r e s e n t .

However w hile  th e  work o f  Laibach was n o t r e p e a te d ,  i t  

i s  shown l a t e r  (p . 3 S  ) t h a t  s i m i l a r i t y  o f h o s t  i s  alm ost
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c e r t a i n l y  th e  only  co n n ec tio n  between O v u la r ia  o b l iq u a  

and M ycosphaerella  ru m ic is #

1 ' % - -
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The fo re g o in g  account o f  pyrenomycete c l a s s i f i c a t i o n ,  

and o f  th e  nom enclature o f  M ycosphaere lla  ru m ic is  show, t h a t  

a d e t a i l e d  i n v e s t i g a t i o n  o f  lüycosphaere  11a ru m ic i s , paying 

p a r t i c u l a r  a t t e n t i o n  to  centrum  developm ent, i s  n e c e ssa ry  

b e fo re  th e  taxonomic p o s i t io n  and nom enclature  o f  th e  

fungus can he c l a r i f i e d #

A comprehensive s tud y  of M ycosphaerella  ru m ic is  has 

been c a r r i e d  ou t i n  t h i s  p re s e n t  work and i s  d e s c r ib e d  i n  

s e c t io n  I I I .  I n  a d d i t io n  th e  centrum  of fo u r  fu n g i r e l a t e d  

to  M ycosphaerella  ru m ic is  has been i n v e s t i g a t e d ,  and 

d e s c r ip t io n s  o f  th e  centrum  of th e se  f o u r  fu n g i ( P leo sp o ra  

herbarum , V e n tu r is  i n a e q u a l i s , V. p i r i n a  and M ycosphaere lla  

m acu lifo rm is ) a re  g iven  i n  s e c t i o n  IV.

In  s e c t io n  V th e  r e s u l t s  o f  th e s e  i n v e s t i g a t i o n s  a re  

d is c u s se d  and a re  used to  e s t a b l i s h  what th e  au th o r  c o n s id e r s  

to  be th e  c o r r e c t  nom enclature  and taxonomic p o s i t i o n  o f  

iviycosphaerella ru m ic is #
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A. Sources of M a te r ia l .

All th e  fung i s tu d ied  in  t h i s  work were o b ta in ed  from 

th e  grounds of The Royal Holloway C o lle g e , S u rrey .

Table I  l i s t s  the  fung i and t h e i r  r e s p e c t iv e  h o s t s .

Table I .  fu ng i and t h e i r  H osts .

Fungus 

y c o s p h a e re l la  rum ic is

Host 

Kuraex c r is p u s

, . m aculiform is

K.o b t u s i îo l i u s
R .sanguineus

Fagus s y lv a t i c u s

V e n tu r is  in a e q u a l i s

Ouercus robur 
C astanea  e s t i v a  
Aesculus h ippo - 

castanum

Malus communis

V. p i r in a Pyrus communis

. d eo sp o ra  herbarum Rumex o b t u s i f o l iu s

L ep to sp h ae ria  acu ta U r t ic a  d io ic a

O v u la r ia  o b liq u a Rumex c r is p u s
. o b t u s i f o i iu s

F ta te  of Host

On l i v in g  stems and 
le a v e s ;  th roughou t 
the  y e a r .

On dead, ovei^/.inter. 
ed le a v e s ;  A p r i l ,  
i/^ay, June.

On dead, o v e rw in te r
ed le a v e s ;  A p r i l .

On dead l e a f .

On dead stem s; June,

On l i v in g  le a v e s ;  
th roughou t th e  year,

. y cosphaere11a r u m ic i s , O vu la r ia  o b l iq u a  and P leospo ra  

hexbax'um r a r e  grown i n  c u l t u r e ,  and s to ck  c u l tu r e s  f o r  

experim ent v e re  kep t on 2% m alt e x t r a c t  ag a r .



7h

B. Methods*

I .  Media.

Growth o f M ycosphaerella  ru m ic is  took p lace  on a l l  th e  

media l i s t e d  i n  Table 2#

Table 2. Media.

(1) ’Natural*  aga r media.

iK.alt e x t r a c t  0 .5  -  5t̂ '
{ediomalt e x t r a c t  0 .5  -  5%

Malt e x t r a c t  0 .5 ^  + d o ck lea f  e x t r a c t
Malt e x t r a c t  0.5!^ + p o r t io n s  o f d o ck lea f
Malt e x t r a c t  2% + sucro se  2%
P o ta to  e x t r a c t  
P o ta to  d ex tro se
P la in  w ate r  agar + p o r t io n s  o f d o ck lea f

(2 ) S y n th e t ic  ag a r  media.

Czapek-Dox
sodium n i t r a t e  (NaNO,) 0.2%
potassium  phosphate ) 0 . 1%
potassium  g h lo r id e  (KCf) 0 . 05%
magnesium su lp h a te  (MgSOn7HpO) 0 . 05%
fe r ro u s  su lp h a te  (FeSO.\ 0.001%
sucrose   ̂ 3%

W este rg aard -M itche ll
po tassium  n i t r a t e  (KNO^) 0.1%
potassium  phosphate  (KSgPO.) 0 . 1%
sodium c h lo r id e  (NaCl) ^ ^ 0.01%
magnesium su lp h a te  ('agS0^ 7Ĥ .O) 0#05%
calcium  c h lo r id e  (CaClp) 0.01%
y e a s t  e x t r a c t  0 . 01%
sucro se  2%

(3 ) L iqu id  m edia.

Malt e x t r a c t  2%

Czapek-Dox as above.
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2. C o l le c t io n  of Ascoepores»

Ascospores o f mycosphaere11a ru m ic is  a re  a c t i v e l y  

d isch a rg ed  from th e  f r u i t  body and can be c o l l e c t e d  by 

suspending a • c o l le c t in g *  s l i d e  over r i p e  f r u i t  b o d ie s .

D iseased h o s t  m a te r ia l  o r  c u l tu r e s  o f th e  fungus ? d th  

r ip e  f r u i t  b o d ie s ,  were p lace d  i n  a s t e r i l e  m oist chamber 

and a 'c o l le c t in g *  s l i d e  h e ld  over them. The s l i d e  was 

h e ld  i n  p o s i t io n  by a p erspex  r in g .  The m oist chamber was 

a p e t r i e - d i s h ,  l in e d  w ith  a s t r i p  o f a sb e s to s  which was 

s a tu r a te d  w ith  water#

v.hen sp o res  were c o l l e c t e d  f o r  th e  purpose o f c u l tu r in g  

th e  fu n ru s ,  th e  c o l l e c t i n g  s l i d e  was s t e r i l i s e d  and a t h i n  

l a y e r  of 3% p l a i n  w ate r agar p laced  on i t  b e fo re  i t  was 

in v e r te d  over th e  f r u i t  b o d ies  o f th e  fungus# The s l i d e  was 

l e f t  i n  p o s i t io n  f o r  tw elve hours and th e n ,  w ith  th e  a id  

o f  a b in o c u la r  m icroscope, th e  sp o res  were removed w ith  a 

s t e r i l e  needle*

When th e  spo res  were r e q u ir e d  f o r  p l a n t  i n o c u la t i o n ,  

th e  s l i d e  was c lean ed  and s t e r i l i s e d  v b e fo re  suspending  

i t  over th e  source  o f a sc o sp o re s .  I t  was l e f t  i n  p o s i t io n  

f o r  tw en ty fou r hours and th e n  examined under a b in o c u la r  

m icroscope, to  v e r i f y  t h a t  sp o res  were p r e s e n t .  The sp o res  

were th en  t r a n s f e r r e d  to  th e  s u r fa c e  of th e  p la n t  to  be

ino cu la ted #
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When d is ta n c e  to  which sp o res  were d isc h a rg e d  was be ing  

in v e s t i g a t e d ,  th e  su r fa c e  o f th e  c o l l e c t i n g  s l i d e  was v a s e l in e d  

to  in s u re  t h a t  spo res  re a c h in g  th e  s l i d e  were caught* Tha 

s l i d e  was no t supported  on a r in g  as b e f o r e ,  b u t  a t ta c h e d  

w ith  v a s e l in e  to  th e  l i d  o f th e  m oist chamber. H eight o f  th e  

s l i d e  was v a r ie d  by s t i c k in g  two o r  more s l i d e s  t o g e th e r ,  

( th ic k n e s s  o f  s l i d e s  » 0 #5mm#).
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3# C u l tu r e s .

Ascospores o f  M ycoaphaere lla  ru m lc ls  were used  to  make 

c u l t u r e s  o f  th e  fungus. A monospore c u l tu r e  was made "by 

p ic k in g  up a s in g le  spore  from th e  agar c o l l e c t i n g  s l i d e  

and t r a n s f e r r i n g  i t  to  n u t r i e n t  medium. I t  was p o s s ib le  

to  i s o l a t e  th e  e ig h t  sp o res  from one ascus  by r a i s i n g  th e  

c o l l e c t i n g  s l i d e  to  such a h e ig h t  t h a t  on examining i t ,  groups 

o f  e ig h t  a sco sp o res  were found. In  some o f  th e s e  groups 

each spore was s u f f i c i e n t l y  i s o l a t e d  from each  o th e r  to  

en ab le  th e  spo res  to  be p ick ed  up s ing ly#  When e q u iv a le n t  

monospore c u l tu r e s  were r e q u i r e d ,  a mature monospore c u l t u r e  

V as used as th e  source  o f  a sco sp o res  f o r  th e  inoculum , and 

th e  c o l l e c t i n g  s l i d e  was suspended f o r  n o t  more th a n  tw elve  

h o u rs ,  which in s u re d  t h a t  th e  a sco sp o res  were ap p ro x im ate ly  

th e  same age#

In  mature c u l t u r e s  o f  M ycosphaerella  r u n i ic i s , th e  

a sco sp o res  a re  f o r c i b l y  d isc h a rg e d  and lan d  on th e  l i d  and 

s id e s  o f  th e  c u l tu r e  v esse l#  R egular ex am in a tion  o f  th e  

s id e s  o f th e  tu b e ,  i n  a tube  c u l t u r e ,  o r  th e  l i d  o f  a p l a t e  

c u l t u r e ,  enab led  one to  de term ine  th e  tim e a t  which mature 

a s c i  were developed i n  a c u l tu re #  Another u s e f u l  c r i t e r i o n  

for ascus m a tu r i ty  was th e  appearance o f  secondary  spo re  

c o lo n ie s  i n  a c u l tu re #



21

When making l i q u id  c u l t u r e s  o f  th e  fu ngu s , I00ml. f l a s k s ,  

each c o n ta in in g  I 0ml. o f medium, were in o c u la te d  e i t h e r  

by ascosp o res  from agar c o l l e c t i n g  s l i d e s ,  o r  by a 

su sp en s io n  of ascospo res  and mycelium. The su sp en s io n  was 

p rep a red  by shaking  up a mature c u l tu r e  o f  th e  fungus 

v i t h  s t e r i l e  w a te r ,  and c e n t r i f u g in g  to  remove th e  l a r g e r  

f rag m en ts ;  0 . 5 Ĵil* of suspension ' were added to  each  f l a s k .
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4\ P la n t  I n o c u la t i o n s #

For ex p e r im e n ta l  i n f e c t i o n s  o f  h o s t  p l a n t s  w ith  

y c o s p h a e r e l l a  r u m ic i s , a sc o sp o re s  were used  as  inoculum .

The a sc o sp o re s  were u s u a l ly  c o l l e c t e d  on a s l i d e  and t r a n s 

f e r r e d  from i t  to  th e  h o s t ,  e i t h e r  w ith  a b r u s h , o r  by 

ru b b in g  th e  s l i d e  over th e  s u r f a c e  o f  th e  h o s t .

; hen d e tach ed  stem s o r  le a v e s  were in o c u la te d ^ th e y  were 

f i r s t  o f  a l l  washed th o ro u g h ly  i n  ru n n in g  t a p  w a te r ,  th e n  i n  

s t e r i l e  d i s t i l l e d  w a te r  and p la c e d  i n  a m o is t  chamber, w i th  

th e  s u r f a c e  to  be i n o c u la t e d  f a c in g  upwards. I f  i t  were 

n e c e s s a ry  to  keep th e  i n o c u la t e d  s u r f a c e  f a c in g  downwards, 

th e n  th e  stem  o r  l e a f  was suspended on g l a s s  ro d s  p la c e d  on 

th e  bottom  o f  th e  chamber.

When a t t a c h e d  le a v e s  were i n o c u l a t e d ,  th e  le a v e s  were
e i t h e r

in o c u la t e d  as b e f o r e ,  and th e n / t h e  whole p l a n t  was co v e red  

w ith  a b e l l  j a r ,  o r  th e  i n o c u la te d  l e a f  was e n c lo se d  i n  a 

p o ly th e n e  bag. I f  th e  p l a n t  were p la c e d  u n der a b e l l  j a r ,  i t  

was sp ray ed  w ith  s t e r i l e  w a t e r , a t  a p p ro x im a te ly  two and 

fo u r  hours  a f t e r  i n o c u l a t i o n , s o  t h a t  th e  le a v e s  were k e p t  

m o is t .

O c c a s io n a l ly  a t t a c h e d  le a v e s  were i n o c u la t e d  by u s in g  

d is e a s e d  le a v e s  d i r e c t l y  as  th e  so u rce  o f  inoculum . P o r t io n s
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of d is e a s e d  le a v e s  c o n ta in in g  r i p e  f r u i t  b o d ie s ,  were p la c e d  

on th e  s u r f a c e  o f  th e  p l a n t  to  be i n f e c t e d ;  th e y  were p la c e d  

so t h a t  th e  f r u i t  b o d ie s  opened on to  th e  s u r f a c e  o f  th e  

p l a n t ,  and i t  was assumed t h a t  i n f e c t i o n  was accom plished  

by a sc o sp o re s  d is c h a rg e d  from th e s e  f r u i t  b o d ie s .  The p l a n t  

was th e n  sp ray ed  w ith  w a te r  and covered  e i t h e r  w ith  p o ly th e n e  

o r  a b e l l  j a r .  The p o r t io n s  o f  d i s e a s e d  l e a f  were removed 

a f t e r  tw en ty fo u r  h o u rs .
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5. I n v e s t i g a t i o n s  o f  S t r u c tu r e  and Development.

S e v e ra l  methods were u sed  to  i n v e s t i g a t e  th e  developm ent 

of f^y co sp h aere lla  ru m ic is  i n  i t s  Iiumex h o s t .  The i n i t i a l  

s ta g e s  o f  i n f e c t i o n  were s tu d i e d ,  e i t h e r  by ta k in g  ep iderm a l 

s t r i p s  o f i n o c u la t e d  l e a v e s ,  o r  by c l e a r i n g  such le a v e s  i n  

c h l o r a l  h y d ra te .  The low er ep id e rm is  was more e a s i l y  s t r i p p e d  

th a n  th e  upper one, and t h e r e f o r e  when i n f e c t i o n s  were 

b e in g  i n v e s t i g a t e d  by th e  ep iderm a l s t r i p  method i t  was 

th e  low er s u r f a c e  which was in o c u la te d *  When c l e a r i n g  a l e a f  

i n  c h l o r a l  h y d r a te ,  McBryde's (1936) te c h n iq u e  was u sed .

The h o s t - p a r a s i t e  r e l a t i o n s h i p  i n  th e  l a t e r  s t a g e s  o f  

i n f e c t i o n  was s tu d ie d  by s e c t io n in g  d is e a s e d  t i s s u e ;  hand o r  

f r e e z in g  microtome s e c t io n s  o f  f r e s h  m a te r i a l  were u sed  

f o r  th i s #

Development and s t r u c t u r e  o f  th e  f r u i t  b o d ie s  o f 

M ycosphaere lla  r u m i c i s , and o f  th e  fo u r  o th e r  fu n g i  s tu d i e d  

i n  the p i e s e n t  work, were i n v e s t i g a t e d  by malting s e c t i o n s  

o f  th e  f r u i t  b o d ie s .  S e c t io n in g  was c a r r i e d  ou t on f r e s h  

and f i x e d  m a t e r i a l ,  e i t h e r  by hand o r  w i th  a f r e e z in g  microtome 

Microtome s e c t i o n s  were a l s o  made of wax-embedded m a t e r i a l .

C o tto n  b lu e  i n  la c to p h e n o l  proved to  be th e  most s a t i s 

f a c t o r y  s t a i n  to  u s e ,  b o th  f o r  th e  s tu d y  o f  h o s t - p a r a s i t e  

r e l a t i o s h i p s ,  and f o r  th e  i n v e s t i g a t i o n s  o f  th e  developm ent 

o f  th e  f u n g i .
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I n t r o d u c t i o n .

M y co s rb a e re lla  ru m ic is  cau ses  a l e a f - s p o t t i n g  d is e a s e  

o f  Kumex sp ec ie s#  I t  a l s o  a t t a c k s  th e  stem s and p e t i o l e s  

o f  i t s  h o s t ,  where e lo n g a te d  l e s i o n s  a re  formed# Very 

f r e q u e n t ly  th e  s p o ts  have a r e d  b o r d e r ,  which makes them 

v e ry  d i s t i n c t i v e  and e a s i l y  n o t ic e d .  Red b o rd e re d  s p o ts  a re  

n o t  unique to  M ycosphaere lla  r u m i c i s ; th e y  a re  o f t e n  formed 

by o th e r  Rumex l e a f  p a th o g e n s ,  and can sometimes be ind uced  

by wounding a le a f#  These r e d  a re a s  o f  th e  h o s t  a re  cau sed  

by th e  sap  o f  i t s  c e l l s  t u r n in g  r e d .  E xam ination  o f  a 

sp o t  show^a brown a re a  o f  dead l e a f  t i s s u e  c o n ta in in g  a 

number o f  b la c k  f r u i t  b o d ie s  o f  th e  fu n g u s . The o l d e s t  

and l a r g e s t  f r u i t  b o d ie s  a re  i n  th e  c e n t r e  o f  th e  sp o t  and 

th e  o th e r s  a re  a r ra n g e d  more o r  l e s s  c o n c e n t r i c a l l y  i n  th e  

dead h o s t  t i s s u e ,  f i g u r e  8 . At th e  edge o f  a  s p o t ,  young 

f r u i t  b o d ie s  may be seen  d ev e lo p in g  i n  l e a f  t i s s u e  which 

i s  s t i l l  g re e n ;  i n  f a c t  when th e  d i s e a s e d  l e a f  i s  b e g in n in g  

to  t u r n  y e l lo w , th e  a r e a  a t  th e  edge o f  i n f e c t e d  s p o t s  o f t e n  

rem ains  much g re e n e r  th a n  th e  r e s t  o f  th e  l e a f .  Sometimes 

th e r e  a re  no f r u i t  b o d ie s  i n  th e  c e n t r e  o f  a s p o t  and 

th en  th e  f r u i t  b o d ie s  a re  a r ra n g e d  around a c e n t r a l  a r e a  

o f  dead t i s s u e .  A ' s h o t  h o l e ’ ty p e  o f  s p o t  i s  sometimes 

found when th e  c e n t r a l  dead t i s s u e  has  d i s i n t e g r a t e d .
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D iseased  le a v e s  a re  found  a l l  th e  y e a r  ro u n d , th e  fungus 

seems to  t h r i v e  e s p e c i a l l y  i n  c o o l  wet c o n d i t io n s ,a n d  th e  

d i s e a s e  i s  l e a s t  p r e v a le n t  i n  h o t  d ry  weather#

The fungus has  been  re c o rd e d  on most s p e c ie s  o f  Kumex, 

b u t  n o t  on Rumex a c e to e a  o r  R. a c e t o s e l l a . I t  i s  r e p o r t e d  

to  be w id esp read  i n  Europe (L indau  1697), and has  been 

w ide ly  re c o rd e d  i n  G rea t B r i ta in #

M ycosph aere lla  ru m ic is  i s  r e a d i l y  o b ta in a b le  i n

c u l t u r e  and has  c o n t in u e d  to  produce a p e r f e c t  s ta g e  th ro u g h

c o n t in u e d  sub c u l t u r i n g .  D esp ite  a l l  a t te m p ts  t o  in duce

a se x u a l  r e p ro d u c t io n ,  no c o n i d i a l  s ta g e  o f  th e  fungus  has 
e i t h e r

e v e r  been  fo u n d /o n  th e  h o s t  o r  i n  c u l t u r e .
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A# The r e l a t i o n s h i p  o f  O v u la r ia  o b l iq u a  and M yco sp hae re lla  

r u m ic i s .

B efo re  p ro c eed in g  to  th e  d e t a i l e d  acco u n t o f  Mycosphae

r e l l a  ru m ic is  i t  w i l l  be c o n v e n ie n t  t o  c o n s id e r  and e s t a b l i s h  

th e  p o s i t i o n  o f  O v u la r ia  o b l iq u a .

O v u la r ia  o b l iq u a  has a t  t im e s  been  c o n s id e re d  t o  be 

th e  p e r f e c t  s ta g e  o f  lu lvcosphaerella  ru m ic is  (s e e  p . >7 )♦ i t  

c a u se s  a l e a f - s p o t t i n g  d i s e a s e  o f  Rumex s p e c i e s ,  and l i k e  

M ycosphaere lla  ru m ic is  has n o t  been  found on Rumex a c e to s a  

and R. a c e t o s e l l a . The s p o t s ,  which may o r  may n o t  be 

re d  b o rd e re d ,  a re  a t  f i r s t  l i k e  th o se  cau sed  by M ycosph ae re lla  

r u m i c i s , b u t  g r a d u a l ly  th e  d i s e a s e d  a r e a  w id en s , and o f t e n ,  

e s p e c i a l l y  i n  m o is t  c o n d i t i o n s , t h e  s p o t  may co v e r  a  l a r g e  

a r e a  o f  l e a f .  The dead l e a f  t i s s u e  i n  th e  c e n t r e  o f a 

la r g e  s p o t  o f t e n  d i s i n t e g r a t e s .  An e x a m in a tio n  o f  th e  u nder 

s u r f a c e  o f  a sp o t  shows th e  c o n id io p h o re s  and c o n id ia  

ap p e a r in g  as a w h ite  powder over th e  decayed  l e a f  t i s s u e .

The c o n id io p h o re s  a r i s e  from  a g g re g a t io n s  o f  hyphae, which 

deve lop  i n  th e  sub s to m a ta l  chambers o f  th e  h o s t ,  grow up 

th ro u g h  th e  s tom ata  and p r o j e c t  from th e  l e a f  s u r f a c e  as  

b r u s h - l i k e  clumps ( f i g u r e  lA ) .  The young c o n id io p h o re  

i s  a t h i c k  s t r a i g h t  hypha, which t a p e r s  s l i g h t l y  a t  i t s  t i p .  

The c o n id ia  a re  bo rne  s i n g l y ,  though  o c c a s io n a l ly  i n  m o is t
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c o n d i t io n s  a s h o r t  c h a in  o f  sp o re s  may he o b se rv ed . They 

d eve lop  a t  th e  t i p  o f  th e  c o n id io p h o re ,b u t  soon become 

l a t e r a l  due to  th e  c o n t in u e d  grow th o f  th e  c o n id io p h o re ,  

which i t s e l f  becomes b e n t .  F ig u re  IC shows developm ent o f  

a conidiurn# The conidiurn i s  u n i c e l l u l a r ,  e lo n g a te - o v a l  

i n  shape and w h ite  to  p in k  i n  c o lo u r .  I t  g e rm in a te s  v e ry  

r a p i d l y  on a m o is t s l i d e ;  more th a n  one germ tub e  may a r i s e  

from one s p o re ,  th e  f i r s t  formed germ tu b e  f r e q u e n t ly  

d ev e lo p in g  from th e  p o in te d  end o f  th e  s p o re .  As L aibach  

( I 9 2 I )  o b se rv e d , a germ tu b e  may dev e lop  d i r e c t l y  i n t o  a 

c o n id io p h o re ,  f i g u r e  IB#

A ll  a t te m p ts  to  o b ta in  a p e r f e c t  s ta g e  o f  O v u la r ia

o b l iq u a  were u n s u c c e s s fu l .  I t  p roved  v e ry  d i f f i c u l t  t o

c o l l e c t  o v e rw in te re d  Rumex le a v e s  i n  t h e i r  n a t u r a l

s u r ro u n d in g s ,  f o r  th e  f a l l e n  le a v e s  d i s i n t e g r a t e  v e ry

r a p id l y .  Some o v e rw in te re d  le a v e s  were c o l l e c t e d  and examined
s ta g e

i n  th e  S p r in g ,  b u t  no p e r f e c t /w a s  found  i n  any o f  th e  

O v u la r ia  l e s i o n s .  S i m i l a i l y  when O v u la r ia  o b l iq u a  i n f e c t e d  

le a v e s  were c o l l e c t e d  i n  th e  Autumn and o v e rw in te re d ,  

e i t h e r  i n  th e  l a b o r a t o i y ,  o r  o u t  o f  d o o rs ,  o r  i n  a 

r e f r i g e r a t o r  f o r  th r e e  months and th e n  i n  th e  l a b o r a to r y ,  

no p e r f e c t  s ta g e  o f  th e  fungus was formed i n  th e  O v u la r ia  

o b l iq u a  i n f e c t e d  l e s i o n s .
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I n  f u r t h e r  a t te m p ts  to  o b t a in  a p e r f e c t  s t a g e ,  th e  

fungus was grown i n  ag a r  c u l t u r e  m edia, and th e  c u l t u r e s  

were s u b je c te d  to  v a r io u s  c o n d i t io n s .  The co m p o s it io n , concen

t r a t i o n  and pH o f  th e  medium were v a r ie d  and so a l s o  was th e  

c i r c u ï ïu am bient te m p e ra tu re .  O v u la r ia  o b l iq u a  grew and 

rep ro d u ced  i t s  c o n i d i a l  s ta g e  on a l l  th e  media u se d . S m a ll ,  

s p h e r i c a l , d a r k  brown s c l e r o t i a  were s u b s e q u e n t ly  deve loped  

on most m edia, b u t  no p e r f e c t  s ta g e  was see n  i n  any o f  th e  

c u l t u r e s .

A p e r f e c t  s ta g e  o f  O v u la r ia  o b l iq u a  was n o t  o b ta in e d  

d u r in g  th e  p r e s e n t  i n v e s t i g a t i o n ;  th e  o n ly  c o n n e c t io n  which 

has been  d em o n s tra ted  betw een  th e  fungus and M y co sp h ae re lla  

ru m ic is  i s  i d e n t i t y  o f  h o s t .  The two fu n g i  p a r a s i t i s e  

s p e c ie s  o f  Rumex, b u t  w h ile  Ovulaxda o b l iq u a  e x i s t s  and 

r e p ro d u c e s ,o n  th e  h o s t  and i n  c u l t u r e , i n  i t s  c o n i d i a l  s t a g e ,  

M yco sphaere lla  r w a ic i s  i s  known on ly  i n  i t s  p e r f e c t  s t a g e ,  

which deve lo ps  on th e  h o s t  and i n  c u l t u r e .  No ev idence  

w hatever was found f o r  a s s o c i a t i n g  th e  c o n i d i a l  s ta g e  o f  

O v u la r ia  o b l iq u a  and th e  p e r f e c t  s ta g e  o f  S]C os£îî2££Êli£  

r u m ic i s .

O v u la r ia  o b l iq u a  i s  t h e r e f o r e  ex c lu d ed  from  th e  p r e s e n t  

i n v e s t i g a t i o n  o f  M y co sp h ae re lla  r u m ic i s .
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B. I n f e c t i o n  and grow th o f  M yco sp h ae re lla  ru m ic is  i n  h o s t .

I n f e c t i o n  ta k e s  p la c e  i f  d e ta c h e d  Rumex le a v e s  a re  

p la c e d  i n  m o is t  chambers and i n o c u l a t e d ,  e i t h e r  on th e  upper 

o r  on th e  low er s u r f a c e ,  w i th  an a sco sp o re  s u s p e n s io n  o f  

M y cosphaere lla  r u m ic i s »

Table 3 shows th e  r e s u l t s  o f  an experim en t c a r r i e d  o u t  

a t  room tem p e ra tu re  (av e rag e  d a i l y  r e  •'ding I4^C ). The asco 

sp o re s  used  f o r  i n o c u l a t i o n  were o b ta in e d  from  i n f e c t e d  

le a v e s  o f  tw enty  d i f f e r e n t  ) umex p l a n t s .  The le a v e s  which 

V e re  i n o c u la t e d  were from tw en ty  o th e r  ÿ l a n t s .

Table 3» i n f e c t i o n  o f  Rumex le a v e s  by M y co sp h ae re lla  r u m ic i s .

P o s i t i o n  o f Ho. o f  It^aves No. o f  le a v e s Tim e, i n
inoculum in o c u la t e d i n f e c t e d d a y s , f o r  

i n f e c t i o n  
to  ap p ea r

Upper e p i 
derm is 10 9 Minimum 12 

Maximum 15
Lo.ver e p i 
derm is 10 9 [jLnimum 12 

?laximum 15

These r e s u l t s  show t h a t  th e  a sc o sp o re s  can  accom plish  

i n f e c t i o n ,  and t h a t  i n f e c t i o n  ta k e s  p la c e  e q u a l ly  r e a d i l y
/
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v i a  th e  upper or low er e p id e rm is .  They a l s o  show t h a t  a t  

l e a s t  i n  th e  c o n d i t io n s  o f  t h i s  e x p e r im e n t,  d i f f e r e n t  

s o u rc e s  o f  h o s t  and pa thog en  have no n o t i c e a b l e  e f f e c t  

on speed o f  i n f e c t i o n .

\iVhen p ie c e s  o f  Rumex stem  were i n o c u la t e d  w ith  

a sc o sp o re s  o f  M y cosph aere lla  r u m i c i s , o b ta in e d  from  i n f e c t e d  

l e a v e s ,  i n f e c t i o n  o f  th e  stem s to o k  p la c e .  This r e s u l t  

shows t h a t  th e  same fungus can  i n f e c t  b o th  stem  and l e a f ,  

and c a s t s  doubt on th e  v a l i d i t y  o f  G ro v e 's  stem  form  o f 

th e  s p e c ie s  ( c . f . p .  (5 ) .

The a sco sp o re  i s  th e  s o le  agen t by which m y co sp h ae re lla  

ru m ic is  sp re a d s  from h o s t  to  h o s t .  The a sc o sp o re  g e rm in a te s  

v e ry  r a p i d l y ;  on a m o is t  s l i d e  one may g e rm in a te  w i th in  

e ig h t  hou rs  o f  i t s  l i b e r a t i o n  from th e  a s c u s .  Such r a p id  

g e rm in a t io n  i s  a c h a r a c t e r  o f t e n  a s s o c i a t e d  w i th  a s e x u a l  

sp o re s  r a t h e r  th a n  w ith  a s c o s p o re s .

As th e  r e s u l t s  g iv e n  i n  t a b l e  5 show, i n f e c t i o n  o f  

iiumex le a v e s  by iü y co sp h ae re lla  ru m ic is  i s  a  f a i r l y  r a p id  

p ro c e s s ,  and t h i s  t o g e th e r  w ith  th e  f a c t  t h a t  a  l a r g e  

number o f  a sc o sp o re s  a re  p roduced  th ro u g h o u t  th e  y e a r ,  

e n a b le s  th e  fungus to  s u rv iv e  v e ry  s u c c e s s f u l l y ,  and t h a t  

w ith o u t  th e  p ro d u c t io n  o f  a c c e s so ry  s p o re s .
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Growth o f  fungus i n  h o s t .

The a sc o sp o re ,  which c o n s i s t s  o f  two c e l l s  o f  unequa l 

s i z e ,  see page 5^4 » g e rm in a te s  on th e  s u r f a c e  o f  th e  host#  

U su a lly  on ly  th e  l a r g e r  c e l l  p roduces  a germ tu b e ,  b u t  

two germ tu b e s ,  one from each  c e l l ,  may d e v e lo p ,  and p e n e t r a 

t i o n  o f  th e  h o s t  by two such  germ tu b e s  has  been  observed#

The germ tu b e  i s  s h o r t ,  seldom e x te n d in g  f a r  beyond th e  

sp o re  b e fo re  p e n e t r a t in g  th e  s u r f a c e  o f  th e  h o s t  ( s e e  f i g u r e s  

4 and 5 ) ;  long  germ tu b e s  have n ev e r  been  seon t o  p e n e t r a t e  

th e  h o s t .

The germ tu b e  p i e r c e s  th e  c u t i c l e  and a  sub c u t i c u l a r  

mycelium i s  d eve lop ed . T h is  mycelium r a d i a t e s  o u t  from  th e  

p o in t  o f  e n t r y ,  th e  hyphae fo rm ing  an a lm ost c o n t in u o u s  

s h e e t ,  f i g u r e s  4 and Although th e  i n d i v id u a l  ep id e rm a l 

c e l l s  a re  n o t  p e n e t r a t e d  by th e  fu n g u s ,  th e  e p id e rm is  does 

n o t  p rove an e f f e c t i v e  b a r r i e r ,  f o r  hyphae from  th e  sub 

c u t i c u l a r  mycelium grow down betw een th e  c e l l s  and form  

a sub ep id e rm a l mycelium from  which hyphae grow o u t  and 

inv ade  th e  o th e r  t i s s u e s  o f  th e  host#

While th e  germ tu b e  o f  th e  fungus does n o t  ap p e a r  t o  

p e n e t r a t e  th e  ep id e rm a l c e l l  w a l l s ,  i t  seems to  a l t e r  

them i n  some way. When ep id e rm a l s t r i p ,  o r  c l e a r e d  l e a f  

p r e p a r a t io n s  were s t a i n e d  w i th  c o t to n  b l u e ,  sm a ll  g r e e n i s h -



41

b lu e  a r e a s  were seen  i n  th e  ep id e rm a l w a l l ,  j u s t  below 

where th e  c u t i c l e  was p ie r c e d  by th e  germ tu b e  o f  th e  

fungus* F ig u re  2 B, a draw ing o f  c l e a r e d  l e a f  p r e p a r a t i o n s ,  

shows some such  s t a i n e d  a r e a s  i n  th e  ep id e rm a l w a l l s ,a n d  i n  

th e  ep id e rm a l s t r i p  p r e p a r a t i o n s ,  drawn i n  f i g u r e  3 , s i m i l a r  

s t a i n e d  a re a s  a re  shown# These b lu e  s t a i n e d  a re a s  a re  somewhat 

s i m i l a r  to  th e  ones found by C orner (1 9 5 5 )> when he was 

i n v e s t i g a t i n g  p e n e t r a t i o n  o f ep id e rm a l c e l l s  by h a u s t o r i a  

o f  powdery mildews. C orner fo u n d , even i n  some r e s i s t a n t  

hosts^w here  th e  c u t i c l e  b u t  n o t  th e  w a l l  o f  th e  ep id e rm a l 

c e l l  was p ie r c e d  by th e  h a u s to r iu m , t h a t  an a l t e r a t i o n  i n  

th e  ep id e rm a l c e l l  w a l l  c o u ld  be d e te c te d  by s t a i n i n g  w ith  

c o t to n  b lu e .  By c a r r y in g  o u t  m ic -ro ch em ica l  t e s t s ,  C o rn er 

was ab le  to  d em o n s tra te  t h a t  th e  c e l l u l o s e  o f  th e  c e l l  

w a l l  was a l t e r e d  i n  th e  a r e a s  which s t a i n e d  b lu e  w i th  

c o t to n  blue# The n a tu r e  o f th e  change cau sed  by th e  germ 

tu b e s  o f  M ycosph ae re lla  ru m ic is  has  n o t  been  dem onstra ted#

In  many o f  th e  ep id e rm a l s t r i p  p r e p a r a t i o n s  i t  was 

found t h a t  th e  a n t i c l i n a l  w a l l s  o f  some ep id e rm a l c e l l s  

a l s o  s t a i n e d  b lu e  w i th  c o t to n  b lu e .  As shown i n  f i g u r e s  5 

and 4 ,  th e  sub c u t i c u l a r  hyphae grow above th e  j u n c t i o n  

o f  th e  ep id e rm a l c e l l s  and i t  i s  h e re  t h a t  th e  s t a i n i n g  o f  

th e  a n t i c l i n a l  w a l l s  i s  n o t i c e d .  The a l t e r a t i o n s  i n  t h e s e
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w a l ls  p o s s ib ly  r e s u l t s  from th e  grow th  o f  th e  fungus betw een 

th e  ep iderm al c e l l s .  F ig u re  2 Ag shows th e  grow th  o f  th e  

pa thogen  betw een two ep id e rm a l c e l l s , a  th ic k e n in g  o f  th e  

c e l l  w a l l s  has  occux‘r e d ;  a s i m i l a r  th ic k e n in g  o f  a p e r i c l i n a l  

w a l l  i s  shown i n  f i g u r e  2 A^#

Yi/hen th e  hyphae have p a ssed  th ro u g h  th e  ep id e rm a l 

l a y e r ,  th e y  grow e x te n s iv e ly  im m ed ia te ly  below th e  ep iderm is#  

F ig u re  6 A shows an ep id e rm is  in v ad ed  by th e  fu n g u s ,  sub 

c u t i c u l a r ,  sub ep id e rm a l and i n t e r c e l l u l a r  hyphae a re  shown#

I n  f i g u r e  5 a s ta g e  o f  i n f e c t i o n  i s  shown where t h e r e  i s  

c o n s id e r a b le  developm ent o f  sub ep id e rm a l m ycelium ,w hich 

has  ex tended  over a w id er  f i e l d  th a n  has  th e  sub c u t i c u l a r  

mycelium# When th e  ep id e rm a l c e l l s  become su rro u n d ed  by hyphae, 

th e y  o f t e n  become f i l l e d  w i th  t a n n in  b e f o re  th e y  b re a k  down#

The sub c u t i c u l a r  and sub ep iderm a l hyphae th e n  come to g e t h e r  

and form a s t ro m a t ic  l a y e r  below th e  c u t i c l e #

The o th e r  t i s s u e s  o f  th e  h o s t  a re  s i m i l a r l y  invaded#

At f i r s t  th e  hyphae grow betw een  th e  h o s t  c e l l s ,  c a u s in g  l i t t l e  

d i s o r g a n i s a t i o n ;  f i g u r e s  6  and 7  i l l u s t r a t e  th e  i n t e r c e l l u l a r  

grow th  o f  th e  pathogen# In  6  B in v a s io n  o f  m esophyll by 

hyphae which have grown o u t from th e  sub ep id e rm a l mycelium, 

i s  shown, and i n  f i g u r e  6  C, where p a l i s a d e  t i s s u e  o f
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a l e a f  i s  viewed from above, th e  i n t e r c e l l u l a r  g row th  o f  th e  

hyphae i s  c l e a r l y  seen# F ig u re s  6 D and 7 e re  o f  t r a n s v e r s e  

s e c t io n s  o f  i n f e c t e d  Rumex s tem s , and th e y  show th e  i n t e r c e l 

l u l a r  in v a s io n  by th e  pa thog en  o f  parenchyma and co llenchym a 

t i s s u e s  o f  th e  co rtex#

The h o s t  c e l l s  e v e n tu a l ly  become d i s o r g a n i s e d ,  and th e  

hyphae te n d  to  come to g e th e r  and form  a lo o s e  s tro m a , which 

i s  most a p p a re n t  i n  r e g io n s  where f r u i t  b o d ie s  a re  develop ing#

The mycelium i n  th e  h o s t  i s  composed o f  r e l a t i v e l y  

b ro ad  hyphae which b ra n ch  f re q u e n t ly #  I t  does n o t  ap p ea r  

to  be r e s t r i c t e d  i n  any way a t  th e  edge o f  a  l e a f  s p o t ,  f o r  

th e  h,7phae a re  always i n  advance o f  th e  dead l e a f  t i s s u e .

I t  i s  i n  t h i s  r e g io n  o f  advancing  hyphae t h a t  th e  l e a f  t i s s u e  

i s  o f t e n  g re e n e r  th a n  i n  th e  r e s t  o f  th e  le a f#  The r e d  a r e a s  

round some s p o ts  do n o t  app ear to  impede th e  advance o f  th e  

fungus# hen grown on dead s t e r i l i s e d  le a v e s  and stem s o f  

Rumex, th e  fungus was a b le  t o  co v e r  th e  whole t i s s u e ,  

p ro v id ed  th e  s u b s t r a t e  was n o t  a llow ed  to  d ry  up#

The f r u i t  b o d ie s  o f  th e  fungus  a re  a lw a y s ,a t  l e a s t  i n  

p a r t ,  and o f t e n  w ho lly ,subm erged  i n  h o s t  t i s s u e  u n t i l  mature# 

They b e g in  to  d eve lop  betw een  th e  c e l l s  o f  th e  h o s t ,  f i g u r e s  

6  D and 7» b u t  as  th e y  e n la r g e  th e  h o s t  t i s s u e  round  abou t 

them becomes b ro ken  down and d i s i n t e g r a t e s #
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When young, th e  f r u i t  b o d ie s  a re  s p h e r i c a l  and c lo s e d ,  

b u t  as  m a tu r i ty  i s  approached  th e  u pper p a r t  grows ou t as  a 

p a p i l l a - l i k e  s t r u c t u r e ,  w h i c h , i f  th e  f r u i t  body i s  s t i l l  

immersed i n  h o s t  t i s s u e ,  p e n e t r a t e s  and p r o j e c t s  th ro u g h  th e  

s u r f a c e  o f  th e  host#  The p a p i l l a  ap p e a rs  l i g h t e r  c o lo u re d  

th a n  th e  r e s t  o f  th e  f r u i t  body, which i s  d a rk  brown to  

b la c k  i n  co lour#  When th e  f r u i t  body i s  matux’e th e  t i s s u e  

a t  i t s  apex b re a k s  down and i t  becomes open to  th e  e x t e r i o r  

by a pore  o f  i r r e g u l a r  sh ap e , th ro u g h  which th e  a sc o sp o re s  

a re  a c t i v e l y  dischax'ged#

The f r u i t  b o d ie s  g e n e r a l ly  open on to  th e  upper s u r f a c e  

o f  th e  l e a f .  I t  was fo und , by i n o c u la t i n g  upper and low er 

s u r f a c e s  o f  l e a v e s ,  t h a t  th e  p o s i t i o n  o f  th e  f r u i t  body i n  

th e  l e a f  i s  p a r t l y  an e f f e c t  o f  g r a v i t y .

The f r u i t  b o d ie s  a re  o f t e n  s e p a r a t e ,  b u t  f r e q u e n t l y  two 

o r  more c o a le s c e  to  g iv e  a compound s t r u c t u r e .  These l a r g e  

compound f r u i t  b o d ie s  may have one l a r g e  , or two to  t h r e e  

s m a l le r  o s t i o l e s  when m atu re . I n  th e  d iagram  o f  a l e a f  sp o t  

i n  f i g u r e  8 A, a compound f r u i t  body open ing  by one l a r g e  

p o re ,  and a n o th e r  one opening  by two s m a l le r  p o re s  a r e  shown# 

A s e c t i o n  o f  a compound f r u i t  body which has  t h r e e  a p i c a l  

p a p i l l a e  i s  shown i n  f i g u r e  14#
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S p in e - l i k e  appendages may occu r on th e  upper p a r t  o f  th e  

f r u i t  body, b u t  a re  n o t  always p re se n t*  They a re  most 

f r e q u e n t ly  found on f r u i t  b o d ie s  which a re  n o t  d eep ly  

immersed i n  h o s t  t i s s u e *  I n  c o m p le te ly  immersed f r u i t  b o d ie s ,  

i t  i s  on ly  as  m a tu r i ty  i s  r e a c h e d , t h a t  th e  upper p a r t  becomes 

f r e e  from h o s t  t i s s u e ,  and t h i s  p ro b a b ly  acco u n ts  f o r  th e  

f r e q u e n t  absence o f  s p in e s  on such f r u i t  b o d ie s .  A sp in e  

i s  composed o f  a s h o r t  n o n - s e p ta te  hypha, which grows o u t  

from th e  s u r f a c e  o f  th e  f r u i t  body, becomes t h i c k  w a l le d ,  

p o in te d  and dark  brown i n  c o lo u r ,  f i g u r e  9# O c c a s io n a l ly  

s p in e s  w ith  one c r o s s  w a ll  have been  see n .
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C. Growth and developm ent o f  M y co sp h ae re lla  ru m ic is  i n  

c u l t u r e *

The extrem e r a p i d i t y  w ith  which th e  a e c o sp o re s  g e rm in a te ,  

and th e  f a c t  t h a t  th e y  e re  a c t i v e l y  d is c h a rg e d  from th e  

f r u i t  "body, make a sc o sp o re s  th e  o"bviouB s t a r t i n g  p o in t  f o r  

o b ta in in g  th e  fungus i n  c u l t u r e .

t y c o s p h a e r e l l a  r u m ic is i s  h o m o th a l l ie .  From a s in g l e  

a sco sp o re  sown on a s u i t a b l e  ag a r  medium, m ature f r u i t  b o d ie s  

p roduc in g  v i a b l e  a sc o sp o re s  a re  ob ta ined*

The fungus w i l l  grow on a l l  th e  common, a g a r  c u l t u r e  

m edia, th e  r i c h e r  media s t im u la t i n g  a e r i a l  g row th , b u t  

a e r i a l  growth i s  n o t  e x te n s iv e  on any medium*

Viewed m a c ro s c o p ic a l ly , a monospore co lony  on m alt  

e x t r a c t  ag a r  a t  room te m p e r a tu r e , becomes v i s i b l e  abou t 

f i v e  days a f t e r  i n o c u l a t i o n  o f  th e  a g a r .  At f i r s t  i t  i s  

a p a le  o l iv e  g re en  c o lo u r ,  b u t  soon becomes dark  o l iv e  g re e n ,  

and e v e n tu a l ly ,  as f r u i t  b o d ie s  b e g in  to  be form ed, t u r n s  

a lm ost b lack* On media where a e r i a l  grow th i s  more e v id e n t ,  

th e  co lony  rem ains  th e  dark  o l iv e  g re e n  co lour*  The fungus 

grows s low ly  on ag a r  media* The sp re a d  o f  th e  fungus over
i

th e  medium i s  h a s te n e d  by th e  fo rm a tio n  o f  new c o l o n i e s ,  

which have deve loped  from s p o re s  d is c h a rg e d  from f r u i t  

b o d ie s  formed i n  th e  i n i t i a l  co lo n y .
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The a sco sp o re  g e rm in a te s  on a g a r ,  as  on a m o is t  s l i d e ,  

by p ro duc in g  a germ tu b e  from  each  c e l l  o f  th e  sp o re  ( f i g u r e  

lOE)* The l a r g e s t  c e l l  i s  u s u a l ly  th e  f i r s t  o f  th e  two 

to  em it a germ tu b e .  The germ tu b e s  soon p e n e t r a t e  th e  

s u r f a c e  o f  th e  ag a r  tmd g iv e  r i s e  to  m ycelium ,which r a m i f i e s  

th ro u g h  th e  medium. The hyphae b ran ch  f r e q u e n t l y ,  and o f t e n  

s e v e r a l  b ran ch es  a r i s e  from th e  same p o in t#  F ig u re s  10 B, C 

and D show t h i s  t y p i c a l  ty p e  o f  b ra n c h in g .  At f i r s t  th e  

hyphae a re  t h i n  w a lle d  and c o l o u r l e s s  o r  v /ith  a s l i g h t l y  

g r e e n i s h  t i n t ;  t h e i r  segm ents may be o f  f a i r l y  even w id th ,  

b u t  a re  o f t e n  c o n s t r i c t e d  from each  o th e r  to  g iv e  an a lm ost 

m on ilifo rm  appearance  to  th e  hyphae# L a te r ,  when f r u i t  

body fo rm a tio n  b e g in s ,  th e  v e g e ta t iv e  hyphae anastom ose 

and compact t o g e th e r  to  form a s tro m a , and th e y  become 

dark  coloui*ed and t h i c k  w a l le d .  The segm ents o f  th e s e  hyphae 

a re  o f t e n  a lm ost s p h e r i c a l .  The strom a i s  l o o s e ly  com pacted 

a t  f i r s t ,  b u t  as th e  f r u i t  b o d ie s  m ature i t  becomes h a rd  

and th e  f r u i t  b o d ie s  become embedded i n  t h i s  h a rd  stroma# 

F r u i t  body fo rm a tio n  t a k e s  p la c e  f i r s t  i n  th e  c e n t r e  o f  th e  

co lo n y , hence i t  i s  here  t h a t  th e  h a rd  s tro m a  i s  i n i t i a l l y  

d eve lop ed , b u t  th e  s t i 'o m a tic  r e g io n  g r a d u a l ly  becomes 

ex tended  as f r u i t  b o d ie s  c o n t in u e  to  be form ed when th e  

fungus sp re a d s  th ro u g h  th e  medium. Hew f r u i t  b o d ie s  can
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d eve lop  on th e  s trom a so t h a t  th e  c e n t r e  o f  th e  co lon y  

becomes r a i s e d .

With a hand l e n s ,  f r u i t  b o d ie s  can  be d i s t i n g u i s h e d  

as sm all b la c k  b o d ie s  i n  th e  s tro m a. They a re  most e a s i l y  

seen  a t  th e  edge o f a co lo n y , where th e  s trom a i s  l e s s  

developed# The m ature f r u i t  b o d ie s  formed i n  ag a r  c u l t u r e  

a re  v e ry  s i m i l a r  to  th o se  formed on th e  h o s t .  The o n ly  

d i f f e r e n c e  i s ,  t h a t  w h ile  f r u i t  b o d ie s  or th e  h o s t  f r e q u e n t l y  

la c k  s p i n e - l i k e  appendages, such  appendages a re  i n v a r i a b l y  

p i 'e se n t  on f r u i t  b o d ie s  i n  c u l t u r e .  For exam ple, s p in e s  

were deve loped  on th e  f r u i t  b o d ie s  formed i n  t h i r t y  monospore 

c u l t u r e s ,  each  d e r iv e d  from  d i f f e r e n t  s o u rc e s ,  t e n  o f  

which were f r u i t  b o d ie s  which la c k e d  s p in e s .  P resen ce  o r  

absence o f  s p in e s  on th e  f r u i t  body can  t h e r e f o r e  have 

l i t t l e  v a lu e  as a taxonom ic c h a ra c te r*

When th e  fungus i s  grown on l i q u i d  m alt  e x t r a c t ,  o r  

l i q u i d  Czapek-Dox medium, i t  form s c o l o n i e s ,  and l a t e r  a 

mat o f  mycelium f i r m ly  a t t a c h e d  t o  th e  bo ttom  o f  th e  

c u l t u r e  v e s s e l .  The fungus rem ains  immersed i n  th e  l i q u i d  

and becomes exposed o n ly  when th e  c u l t u r e  b e g in s  t o  d ry  

o u t .  Ho f r u i t  b o d ie s  were form ed i n  th e s e  l i q u i d  c u l tu r e s #

The slow growth o f  M y co sp h ae re lla  ru m ic is  makes d i f f i c u l t
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any measurement o f  r a t e  o f  grow th  i n  c u l t u r e ,  b u t  a 

measurement o f  speed  o f f r u i t  body developm ent can  be made 

r e l a t i v e l y  e a s i l y ,  by r e c o rd in g  th e  tim e ta k e n  from 

i n o c u l a t i o n  o f  c u l t u r e s  to  th e  p ro d u c t io n  o f  a sco sp o rea  

i n  th e  c u l t u r e s .

Experim ents  on th e  grow th  and developm ent o f  

M yco sp haere lla  ru m ic is  i n  c u l t u r e  a re  d e s c r ib e d  i n  an 

append ix , page lorj . They show t h a t  th e  fungus i s  a non

e x a c t in g  one; i t  can grow and rep ro d u ce  on a s y n th e t i c  

medium which la c k s  a l l  grow th f a c t o r s .  I t  can  u t i l i s e  

su c ro se  and g lu co se  as so u rc e s  o f  c a rb o n . I t  can  use  n i t r a t e  

n i t r o g e n  and can a l s o  grow on a medium where th e  s o le  

so u rce  o f  n i t r o g e n  i s  a s p a ra g in .  The fungus  can  t o l e r a t e  a 

wide range o f  pH, b u t  th e  optimum f o r  b o th  grow th  and 

r e p ro d u c t io n  i s  on th e  a c id  s i d e ,  abou t pH 4 .  The optimum
o

te m p e ra tu re  f o r  grow th and r e p r o d u c t io n  i s  betw een 14 C and
o

20 C. R ep ro d u c tio n  i s  fav o u red  by a low c o n c e n t r a t i o n  

o f  phosphate  i n  th e  medium.
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D# Development and s t r u c t u r e  o f  th e  f r u i t  body o f  

liflycosphaerella r u m ic i s ,  i n c lu d in g  developm ent 

and s t r u c t u r e  o f th e  f r u i t  body cen tru m .

The i n i t i a l  s t a g e s  o f  f r u i t  body fo rm a tio n  a re  more 

e a s i l y  s tu d ie d  i n  c u l t u r e  th a n  i n  th e  h o s t ,  and f i g u r e s  

I I  A -  F i l l u s t r a t e  th e  e a r l y  s ta g e s  o f  f r u i t  body 

developm ent i n  c u l t u r e .  The f r u i t  body i n i t i a l  i s  f i r s t  

r e c o g n is e d  as a sm a ll  hyphal k n o t ,  f i g u r e s  I I  A, C; hyphae 

grow o u t from and round t h i s  k n o t and th e  i n i t i a l  soon 

becomes a dense and s p h e r i c a l  a g g re g a t io n  o f  hyphae, f i g u r e s  

I I  D, B, F. The i n i t i a l  shown i n  f i g u r e  I I D  i s  more o r  l e s s  

s p h e r i c a l  and th e  w a l ls  o f  th e  o u te r  hyphae have become 

s l i g h t l y  th ic k e n e d .  I n  f i g u r e s  I I  B, F , l a t e r  s t a g e s  i n  

developm ent a re  shown, th e  o u t e r  hyphae a re  t h i c k  w a l le d  

and a re  a l s o  dark  c o lo u re d .  Hyphal anastom oses ( f i g u r e  10 A) 

a re  f r e q u e n t  i n  r e g io n s  o f  f r u i t  body fo rm a tio n .

To s tu d y  f u r t h e r  s ta g e s  i n  th e  developm ent o f  th e  

f r u i t  body, s e c t i o n s  have t o  be made, and f i g u r e s  12 -  14 

show a s e r i e s  o f  s e c t i o n s  o f  f r u i t  b o d ie s  o f  M y co sp h ae re lla  

ru m ic is  a t  d i f f e r e n t  s t a g e s  o f  developm ent.

At f i r s t ,  when th e  f r u i t  body i s  a t  th e  sm a ll  s p h e r i c a l  

s t a g e ,  shown i n  f i g u r e  I I  F, a  s e c t i o n  o f  i t  r e v e a l s  l i t t l e



i n t e r n a l  d i f f e r e n t i a t i o n #  F ig u re  12 A l e  o f  such  a s e c t i o n  

and shows an o u t e r  l a y e r  o f  t h i c k  w a l le d  hyphae and a mass 

o f  d ee p ly  s t a i n i n g  hyphae i n  th e  c e n tre #

S e c t io n s  o f  o ld e r  f r u i t  b o d ie s  (s e e  f i g u r e s  12 B -  14) 

show d i f f e r e n t i a t i o n  o f  t h i s  c e n t r a l  t i s s u e ,  and i t  can  

be seen  t h a t  i n  th e  developm ent o f  th e  cen trum , a s c i  

grow up i n  a l a y e r  i n t o  s t e r i l e  t i s s u e  which i s  composed 

o f  v e r t i c a l l y  o r i e n t a t e d  pseudoparaphyses#  F ig u re s  12 B -  D 

show th e  i n i t i a l  s ta g e s  i n  th e  d i f f e r e n t i a t i o n  o f  th e  centrum# 

In  th e  f r u i t  body shown i n  f i g u r e  12 B a s c i  a re  n o t  y e t  

deve loped  i n  th e  centrum  b u t  p seu doparaphyses  a re  d i f f e r e n t i a t 

ed and a re  v e r t i c a l l y  o r i e n t a t e d ,  th u s  showing t h a t  th e  

v e r t i c a l  o r i e n t a t i o n  o f  th e  p seudo paraph yses  i s  n o t  dependen t 

on th e  upgrowth o f  th e  asc i#  F ig u re  12 C shows a f r u i t  body 

a t  a l a t e r  s ta g e  o f  developm ent; h e re  a l a y e r  o f  young 

a s c i  a re  growing up among th e  p seu d o p a rap h y ses . The f r u i t  

b o d ie s  shown i n  f i g u r e s  12 D and 15 A a re  r a t h e r  more deve

lo p ed  th a n  th e  one shown i n  f i g u r e  12 C, b u t  th e  a s c i  

a re  s t i l l  n o t  r i p e  and th e  f r u i t  body c a v i t y  rem a in s  enc losed#  

In  th e s e  two f r u i t  b o d ie s  th e  p seudo parap hyses  a re  v e ry  e v i 

d e n t ,  e s p e c i a l l y  a t  th e  apex o f  th e  l o c u l e ,  where t h e i r  

a p i c a l  a t ta ch m en t can  c l e a r l y  be see n . The b a s a l  ends o f  

th e  p seudoparaphyses  a re  somewhat o b scu re d  by th e  d e v e lo p in g
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a s c i  so t h a t  a t ta ch m en t a t  t h e i r  b a s a l  end i s  n o t  so easy  

to  d e m o n s tra te .  However, i n  b o th  f i g u r e s  12 D and 13 A, a 

few pseudoparaphyses w ith  a t t a c h e d  b a s a l  ends can  be seen# 

F ig u re  12 B i s  o f  a t r a n s v e r s e  s e c t i o n  o f  a f r u i t  body which 

i s  a t  about th e  same s ta g e  o f  developm ent as  th e  one drawn 

i n  f i g u r e  15 A, and i t  g iv e s  a good p i c t u r e  o f  th e  arrangem ent 

o f  th e  pseudoparaphyses  betw een th e  a s c i ,  and a l s o  shows 

t h e i r  v e r t i c a l  o r i e n ta t io n #

While i n  th e  v e r t i c a l  s e c t io n s  o f  d ev e lo p in g  f r u i t  

b o d ie s ,  th e  pseudoparaphyses  a re  u s u a l l y  most p rom inen t a t  

th e  apex o f  th e  l o c u l e ,  no ev idence  was found to  show 

t h a t  th e  pseudoparaphyses  a r i s e  a p i c a l l y  and grow downwards, 

as  su g g es ted  by M i l le r  (1949) and L u t t r e l l  ( I9 5 I )#  The 

l i r s t  formed p seudoparaphyses  appear t o  be p e rm an en tly  

a t t a c h e d  a t  b o th  en d s , f i g u r e  12 B, b u t  i t  i s  d i f f i c u l t  

to  v i s u a l i s e  how f o r  exam ple, a cen trum  as  i n  f i g u r e  12 B, 

cou ld  deve lop  to  g iv e  a cen trum  as  i n  f i g u r e  12 D, w i th o u t  

f u r t h e r  developm ent o f  p seudoparaphyses  from apex o r  

base  o f  th e  lo cu le#  I f  such  developm ent ta k e s  p l a c e ,  n a t u r a l l y  

o c c u r r in g  f r e e  ends t o  th e  pseudo paraph yses  ought to  be 

found i n  v e r t i c a l  s e c t i o n s  o f  th e  f r u i t  b o d ie s .  F ree  ends 

to  pseudoparaphyses  a re  however d i f f i c u l t  t o  s e e ,  and when 

s e e n ^ d i f f i c u l t ,  i f  n o t  im p o ss ib le  to  i n t e r p r e t #  From th e  many



53

p r e p a r a t io n s  o f  M ycosphaere lla  ru m ic is  which were examined 

i n  th e  p r e s e n t  work, i t  was found im p o s s ib le  to  de te rm in e  

th e  e x a c t  way i n  which th e  p seudo pa rap hyses  a r i s e  and d ev e lo p . 

I t  seems u n l i k e l y  t h a t  ex am in a tio n  o f  more f r u i t  body s e c t io n s  

w i l l  so lv e  th e  problem ; th e  d i f f i c u l t y  o f  i n t e r p r e t a t i o n  

ap p e a rs  to  be in su rm o u n ta b le .

As th e  f r u i t  body m atu res  i t  d ev e lo p s  a p a p i l l a - l i k e  

p r o j e c t i o n  a t  i t s  apex, th e  t i s s u e  i n  th e  c e n t r e  o f  which 

b re a k s  down to  form an i r r e g u l a r  o s t i o l e  which exposes  th e  

f r u i t  body c a v i t y  to  th e  a tm osphere . F ig u re  15 B shows a 

s e c t i o n  o f  a m ature f r u i t  body; th e  t i s s u e  a t  th e  to p  o f  th e  

c a v i ty  has b roken  dovrn and th e  cen trum  i s  open to  th e  

e x t e r i o r .  Asci a re  r i p e  and some e lo n g a te d  'e x t e n s i o n  t u b e s '  

(s e e  p. 5̂ 6 ) a re  e v id e n t .  'Ihe p seudoparaphyses  a re  r a t h e r  

obscured  by th e  a s c i ;  some a re  f r e e  a t  t h e i r  a p i c a l  end , 

a c o n d i t io n  which cou ld  be th e  r e s u l t  o f ,  e i t h e r  th e  fo rm a tio n  

of th e  f r u i t  body o s t i o l e , o r  m ere ly  because  th e  p seu d o p a ra 

physes were c u t  i n  making th e  s e c t i o n .  I t  i s  i n  s e c t i o n s  l i k e  

t h i s  t h a t  p seudoparaphyses  can  e a s i l y  be co n fu sed  w i th  

t r u e  p a ra p h y se s .  F ig u re  14 i s  a l s o  o f  a v e r t i c a l  s e c t i o n  o f  

a m ature f r u i t  body; th e  f r u i t  body i s  a compound one w ith  

th r e e  a p i c a l  p a p i l l a e , a n d  i s  a  good i l l u s t r a t i o n  o f  th e  

s t ro m a t ic  n a tu r e  o f  th e  f r u i t  body o f  M y co sp h ae re lla  r u m ic i s .
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The a s c i  i n  a f r u i t  body do n o t  a l l  r i p e n  a t  th e  same 

t im e ,  see  f o r  example f i g u r e s  12 -  14; when th e  a scu s  i s  

m a tu re , and under s u i t a b l e  c o n d i t i o n s ,  i t  ex ten d s  th ro u g h  

th e  o s t i o l e  o f  th e  f r u i t  body and th e  a sc o sp o rea  a re  f o r c i b l y  

d ischarged*  The s t r u c t u r e  o f  th e  ascu s  and a sco sp o re  

l i b e r a t i o n  a re  f u l l y  d e s c r ib e d  l a t e r  (p* 5 5  )•

There a re  e ig h t  a sc o sp o re s  i n  an a sc u s .  The a sc o sp o re s
■ I

a re  two c e l l e d ,  th e  l a r g e r  c e l l  always p o in t s  tow ards  th e  

apex o f  th e  a sc u s .  The b ro a d e s t  pa i‘t  o f  th e  spo re  i s  i n  th e  

m iddle o f  t h i s  l a r g e r  c e l l  which i s  rounded  a t  i t s  apex; th e  

s m a l le r  c e l l  t a p e r s  to  a p o in t .  The sp o re  i s  s l i g h t l y  c o n s t 

r i c t e d  a t  th e  septum. I n i t i a l l y  i t  i s  c o l o u r l e s s ,  b u t  when 

m ature h as  a s l i g h t  o l iv e  g re e n  t i n t .  I f ,  b ecau se  o f  u n s u i t a b l e  

c o n d i t i o n s ,  th e  sp o re s  a re  n o t  l i b e r a t e d  when f i r s t  m a tu re , 

th e y  become d a rk e r  c o lo u re d ,  o f t e n  b ro w n ish , b u t  th e y  s t i l l  

rem ain  h y a l in e .

Ascospore m easurements b a se d  on 100 s p o re s  were as  

fo l lo w s

Length . . . r a n g e  1 6 .6  -  2 2 .5  ave rage  1 9 * 5 /T

B read th  . • range 6 .6  -  9 * 9  /J  ave rage  8 .1  /J  
( a t  w id e s t  p a r t )
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E. Structux^e o f  th e  ascus  and asco sp o re  d i s c h a r g e .

M l  a c c o u n t6 o f  spo re  d is c h a rg e  from  th e  h i t u n i c a t e  a scu s  

ag ree  on th e  main p o in t s  o f th e  p ro c e s s .  The f i r s t  s t e p  i s  

th e  s p l i t t i n g  o f  th e  o u te r  l a y e r  o f  th e  ascu s  w a l l ,  and 

t h i s  i s  fo l lo w ed  im m ed ia te ly  by th e  r a p id  e x te n s io n  o f  th e  

in n e r  l a y e r .  When th e  i n n e r  l a y e r  has f u l l y  e x te n d e d , th e  

a sc o sp o re s  a re  f o r c i b l y  d is c h a rg e d  from th e  apex o f th e  

a sc u s .  In g o ld  (1955) g iv e s  a g e n e ra l  acco u n t o f  sp o re  

d is c h a rg e  from th e  b i t u n i c a t e  a sc u s .  He d e s c r ib e s  th e  p ro c e s s  

i n  Spororm ia in te rm e d ia  and r e f e r s  to  good acco u n ts  o f  th e  

p ro c e s s  i n  P le o sp o ra  s c i r p i c o l a , by Px'ingsheim (1858) and 

i n  L e p to sp h a e r ia  a c u t a , by H odgetts  (1917)* lu  Spororm ia 

in te rm e d ia  th e  in n e r  w a l l  ex ten d s  u n t i l  i t  b u r s t s  and th e  

e i g h t  a sc o sp o re s  a re  d is c h a rg e d  s im u lta n e o u s ly .  In  P le o s p o ra  

s c i r p i c o l a  and i n  L e p to s h a e r ia  a c u ta  th e  e ig h t  a sc o sp o re s  

a re  d ish a rg e d  s u c c e s s iv e ly  from th e  t i p  o f  th e  ex tended  

a s c u s ;  i n  th e  fo rm e r , th e  p ro c e s s  t a k e s  p la c e  i n  w a te r ,  b u t  

i n  L e p to sp h a e r ia  a c u ta  no a c t iv e  r e l e a s e  o f  sp o re s  from 

th e  a scu s  o ccu rs  when th e  f r u i t  b o d ie s  a re  immersed i n  w a te r ,  

th e  p ro c e s s  o c c u r r in g  on ly  i n  humid c o n d i t io n s .

The s t r u c t u r e  o f  th e  b i t u n i c a t e  a scu s  can  be a p p r e c ia te d  

f u l l y  on ly  a f t e r  s tu d y in g  spo re  d is c h a rg e  from  th e  a s c u s ,  

hence th e  accoun t o f  a sco sp o re  d is c h a rg e  i n  M y co sp h ae re lla  

ru m ic is  i s  g iv e n  b e fo re  th e  s t r u c t u r e  o f  th e  ascu s  i s  d e s c r ib e d .
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I .  D ischarge  o f  a s c o s p o re s .

Humid c o n d i t io n s  a re  e s s e n t i a l  f o r  th e  p ro c e s s  o f  

a sco sp o re  d is c h a rg e  i n  M y cosph aere lla  r u m i c i s , t o  ta k e  p la c e .  

D ischarge  o ccu rs  and can  be watched i n  c o m p a ra t iv e ly  

norm al c o n d i t i o n s ,  when f r u i t  b o d ie s  o f  th e  fungus ( e i t h e r  

on th e  h o s t  o r  i n  c u l t u r e ) ,  a re  p la c e d  i n  a g l a s s  r i n g  

m o is t chamber and viewed u nder a m icroscope . A more d r a s t i c  

way o f  o b ta in in g  asco sp o re  d is c h a rg e  i s  to  mount squashed  

f r u i t  b o d ie s  i n  w a te r  on a  s l i d e .  T h is  second method 

e n a b le s  more d e t a i l  o f  th e  d is c h a rg e  p ro c e s s  to  be s e e n ,  and 

th e  p ro c e s s  as seen  i n  a w a te r  mount i s  now d e s c r ib e d .

The f i r s t  i n d i c a t i o n  t h a t  spo re  d is c h a rg e  i s  abou t 

to  o ccu r  i s  a s l i g h t  o v e r a l l  en la rg em en t o f  th e  a s c u s ,  w i th  

th e  a sc o sp o re s  seeming to  become suspended  i n  th e  m iddle 

o f  th e  ascus  and n o t  to u c h in g  th e  w a l l ,  f i g u r e  15 A.

Suddenly  th e  o u te r  l a y e r  o f  th e  ascus  w a l l  s p l i t s  a t  th e  

apex and th e  in n e r  l a y e r ,  su rro u n d in g  th e  s p o re s ,  e x te n d s  

sm oothly  b u t  r a p id l y  to  form  a long  'e x t e n s io n  t u b e ' ,  abou t 

tw ice  th e  o r i g i n a l  l e n g th  o f  th e  a s c u s ,  f i g u r e  15 B; th e  

s p o re s  now l i e  i n  a row i n  th e  e x te n s io n  tu b e .  The o u t e r  

l a y e r  o f  th e  ascus  w a ll  rem ains  as  a r a t h e r  w r in k le d  s le e v e  

a t  th e  base  o f  th e  ex tended  i n n e r  l a y e r ,  f i g u r e  15 B. The 

a scu s  may rem ain  i n  t h i s  e lo n g a te d  c o n d i t i o n  f o r  two o r
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t h r e e  m inu tes  b e fo re  i t s  sp o re s  a re  l i b e r a t e d ,  b u t  more 

f r e q u e n t l y  spo re  l i b e r a t i o n  b e g in s  as  soon as th e  a scu s  i s  

f u l l y  ex ten d ed . At th e  t i p  o f  th e  e x te n s io n  tu b e  th e r e  i s  

a t h i n  a re a  which p ro t ru d e s  s l i g h t l y  as  a sm all  p a p i l l a  

when th e  ascus  i s  f u l l y  ex ten d ed . When sp o re  r e l e a s e  i s  

i m inent th e  a p i c a l  sp o re  moves up so t h a t  i t s  b l u n t  end 

f i t s  i n t o  th e  p a p i l l a ,  f i g u r e  15 C. P re s s u re  w i th in  th e  

ascus  g r a d u a l ly  f o r c e s  t h i s  spo re  th ro u g h  th e  p a p i l l a  which 

opens to  form  a p o re .  The spo re  i s  f o r c e d  th ro u g h  u n t i l  

i t s  b ro a d e s t  p a r t  i s  th ro u g h  and th e n  i t  i s  v i o l e n t l y  

e j e c t e d .  The n e x t  spo re  im m ed ia te ly  f i l l s  th e  apex o f  th e  

ascu s  and s in c e  i t  f a i l s  to  p a ss  th ro u g h  a t  once , i t  can  be 

assumed t h a t  th e  w a l l  a t  th e  t i p  o f  th e  ascu s  i s  e l a s t i c  

and th e  a p ic a l  pore  c lo s e s  o r  i s  a t  l e a s t  p a r t l y  re d u ced  i n  

s i z e  im m ed ia te ly  a spo re  i s  r e l e a s e d .  The n e x t  and fo l lo w in g  

s p o re s  a re  r e l e a s e d  s u c c e s s iv e ly  i n  a s i m i l a r  manner: th e  

p ro c e s s  c o n t in u in g  u n t i l  a l l  th e  e ig h t  sp o re s  a re  l i b e r a t e d .  

E je c t io n  o f  one spo re  and th e  re p la cem en t o f  i t  i n  th e  t i p  

o f  th e  ascus  by th e  n e x t  spo re  fo l lo w s  so r a p i d l y  t h a t  i t  

i s  p o s s ib le  o n ly  t o  see  th e  r e s u l t .  When a sp o re  i s  e j e c t e d  

th e  ascu s  c o n t r a c t s  s l i g h t l y ,  b u t  e lo n g a te s  a g a in  b e fo re  

th e  n e x t  spo re  i s  r e l e a s e d :  t h i s  r e t r a c t i o n  and e lo n g a t io n  

make th e  p ro c e s s  appeal’ j e r k y .  The a sc o sp o re s  a re  always
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e j e c t e d  s in g ly ;  a l l  e ig h t  may d is c h a rg e d  one im m ed ia te ly  

a f t e r  th e  o t h e r ,  o r  t h e r e  may he a tim e la g  betw een  th e  

r e l e a s e  o f each  s p o re ;  aga in ,som e may be r e l e a s e d  i n  qu ick  

s u c c e s s io n  fo l lo w ed  by a d e la y  b e fo re  th e  r e s t  a re  d is c h a rg e d .  

Im m edia te ly  th e  e ig h th  spo re  i s  r e l e a s e d , t h e  e x te n s io n  

tube  o f  th e  ascu s  c o l l a p s e s  and a c o n s id e ra b le  s w e l l in g  o f  

th e  in n e r  l a y e r  o f  th e  ascus w a l l  i s  now o b se rv e d , f i g u r e

15 D. The a p i c a l  po re  i s  now c l e a r l y  v i s i b l e .  O c c a s io n a l ly  

a s c i  a re  seen  i n  which th e  o u te r  l a y e r  o f  th e  w a l l  has  

s p l i t ,  o th e r  th a n  a t  th e  apex , b u t  no r e l e a s e  o f  sp o re s  

from such a s c i  has  been  w i tn e s s e d .  T h is  abnormal s p l i t t i n g  

i s  p ro b a b ly  caused  by th e  rough  t r e a tm e n t  t o  which th e  

a s c i  a re  s u b je c te d  when sq u ash in g  th e  f r u i t  body. F ig u re  

18 J  shows such  an a s c u s ,  th e  o u te r  l a y e r  o f  th e  w a l l  has 

s p l i t  i r r e g u l a r l y  and p a r t  o f  i t  rem ain s  a s  an a p i c a l  cap .

When v iew ing  asco sp o re  d is c h a rg e  from an u n m u t i la te d  

f r u i t  body mounted i n  a m o is t  chamber, th e  o n ly  p a r t  

o f th e  ascu s  which can  be seen  i s  th e  e x te n s io n  tu b e .  F ig u re s

16 A -  D show view s o f  e x te n s io n  tu b e s  o b ta in e d  by t h i s  

method. The e x te n s io n  tu b e  s l i d e s  o u t r a p i d l y  and e i t h e r  d i s 

ch a rg es  i t s  sp o re s  s t r a i g h t  away, o r  may rem a in  p r o j e c t i n g  

f o r  some m inutes  b e fo re  do ing  so . The sp o re s  may sometimes

be seen  i n  th e  ex tend ed  a s c u s ,  f i g u r e  16 A^* À'hen sp o re
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l i b e r a t i o n  ta k e s  p la c e  th e  a p i c a l  spo re  i s  fo r c e d  p a r t  way 

th ro u g h  th e  t i p  o f  th e  a s c u s ,  f i g u r e  16 B, and th e n  i s  l i b e r 

a te d  w ith  a j e r k ;  th e  ascu s  c o n t r a c t s  as  a sp o re  i s  l i b e r a t e d  

and e lo n g a te s  a g a in  b e fo re  th e  d is c h a rg e  o f th e  n e x t  s p o re .

The r e t r a c t i o n  and su bsequen t e lo n g a t io n  o f  th e  ascu s  a re  

n o t  q u i te  com plem entary, w i th  th e  r e s u l t  t h a t  th e  e x te n s io n  

tube  becomes s l i g h t l y  s h o r t e r  as  th e  e i g h t  s p o re s  a re  r e l e a s e d .  

This i s  i n d i c a t e d  i n  f i g u r e  I ?  which sum m arises th e  s u c c e s s iv e  

r e l e a s e  o f two a sc o sp o re s  from an e x te n s io n  tu b e .  The d is c h a rg e  

o f th e  e ig h t  a sc o sp o re s  from one ascus  may be c o n t in u o u s ,  o r  

i t  may be spasm odic: im m ed ia te ly  th e  e ig h th  sp o re  i s  r e l e a s e d  

th e  e x te n s io n  tu b e  c o l l a p s e s  c o m p le te ly ,  f r e q u e n t l y  f a l l i n g  

back i n t o  th e  f r u i t  body c a v i t y ;  i t  may c o l l a p s e  sidew ays 

and l i e  on th e  edge o f  th e  mouth o f  th e  f r u i t  body. Some 

a s c i  were o bserved  to  c o l l a p s e  b e fo re  a l l  t h e i r  e i g h t  asco 

sp o re s  were d is c h a rg e d ;  t h i s  p rem atu re  c o l l a p s e  o f t e n  

o c c u r re d  when th e  h u m id ity  o f  th e  m o is t  chamber had been  

allov/ed to  f a l l .  The ascu s  j u s t  s in k s  s lo w ly  sidew ays -  t h e r e  

i s  n o t  a  r a p id  and com plete  c o l l a p s e  such as  o ccu rs  a t  th e  

t e r m in a t io n  o f  th e  nox’mal d is c h a rg e  p ro c e s s .  I f  m o is t  

c o n d i t io n s  a re  r e s t o r e d  th e s e  p re m a tu re ly  c o l l a p s e d  a s c i  

a re  ab le  to  ex ten d  a g a in ,  b u t  no sp o re  r e l e a s e  from  such  

r e -e x te n d e d  a s c i  has been  seen . F ig u re  16 C shows a s e r i e s
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of draw ings o f  one ascus as i t  s lo w ly  c o l l a p s e d  when th e  

c o v e r s l i p  was removed from th e  m ois t chamber, which su rrounded  

th e  f r u i t  body. F ig u re  16 D shows a p re m a tu ie ly  c o l l a p s e d  

ascus and i t s  su b seq u en t r e - e x te n d e d  p o s i t i o n .

More th a n  one ascu s  can  d is c h a rg e  a sc o sp o re s  fiom  a 

f r u i t  body a t  th e  same t im e ;  f i g u r e  16 B shows two such  a s c i .  

As many as f i v e  e x te n s io n  tu b e s  have been  seen  p ro t ru d in g  

from one f r u i t  body s im u lta n e o u s ly .

The a sc o sp o re s  a re  sh o t  a c o n s id e r a b le  d i s t a n c e  from 

th e  f r u i t  body, and h e ig h t  t o  which th e  sp o re s  were 

d is c h a rg e d  was d e te rm in ed  by su spend in g  v a s e l in e d  s l i d e s  

a t  v a l io n s  d i s t a n c e s  from i n f e c t e d  l e a v e s .  (See p . Z5 ) .

The s l i d e s  were examined a f t e r  b e in g  suspended  f o r  tw e n ty -  

fo u r  h o u rs .  Tw entyfive le a v e s  were u sed  and a com plete  range  

o f d i s t a n c e s  were u sed  f o r  each  l e a f .  The r e s u l t s  a re  g iv e n  

i n  t a b l e  4 , which i s  on th e  n e x t  page. I t  can  be seen  

from th e  r e s u l t s  t h a t  th e  a sc o sp o re s  a re  d is c h a rg e d  a 

s u f f i c i e n t  d i s t a n c e  from th e  l e a f  to  en a b le  them, e i t h e r  

to  la n d  d i r e c t l y  on a n o th e r  l e a f ,  o r  to  g e t  c a r r i e d  o f f  

and d i s p e r s e d  i n  a i r  c u r r e n t s .
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Table 4 .  H e ig h ts  to  which, escospox^es o f  xHyCQsphaerella 

ru m ic is  are  d i s c h a r g e d .

D istan ce o f s l id e  from 
l e a f ,  in  cms.

No. o f s l id e s  on which  
spores landed, out o f 25«

1 .2 25

1 .3 22

1 .4 I I

1 .5 2

1 .6 0

Ascospore d is c h a rg e  e x h i b i t s  no p e r i o d i c i t y  to  

l i g h t ,  i t  can  ta k e  p la c e  u n d e r  c o n d i t io n s  o f  c o n t in u o u s  d a rk  

o r  o f  c o n tin u o u s  l i g h t .
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The accoun t o f  sp o re  d isch a i 'g e  in  M ycosphaereIfa  

ru m ic is  a g re e s  i n  most d e t a i l s  w ith  th e  ac co u n ts  o f  

d is c h a rg e  i n  L e p to s p h a e r ia  a c u ta  and P le o s p o ra  s c i r p i c o l a , 

by H o d g e t t s ( I9 I7 )  snd I’r in g sh e im  (1858)# In b o th  

M ycosphaere lla  ru m ic is  and P le o sp o ra  s c i r p i c o l a  sp o re  d is c h a rg e  

occu rs  when a s c i  a re  mounted i n  w a te r ;  H od ge tts  found 

t h a t  w ith  L e p to s p h a e r ia  a c u t a , e x te n s io n  o f th e  i n n e r  l a y e r  

took  p la c e  in  w a te r  m ounts, b u t  th e  sp o re s  were n o t  re le a s e d #

He c o n s id e re d  t h a t  under th e s e  c o n d i t io n s  th e  i n n e r  l a y e r  

became over e x ten d e d , and as a r e s u l t  a sco sp o re  d is c h a rg e  

co u ld  n o t  o ccu r . Water mounts o f  a s c i  o f  L e p to s p h a e r ia  

a c u ta  were examined f o r  com parison  w i th  M y cosph aere lla  

r u m i c i s , and i t  was found t h a t  th e  i n n e r  l a y e r  o f  th e  w a l l  

o f  th e  ascus  ex tended  v e ry  r a p i d l y  and rem ained  i n  t h a t  

ex ten d ed  c o n d i t io n ;  i n  many o f  th e s e  ex ten d e d  a s c i ,  a f t e r  

a few m in u te s ,  th e  a sc o sp o re s  sudden ly  s h o t  down to  th e  b ase  

of th e  a s c u s ,  i n d i c a t i n g  a r e l e a s e  o f  p r e s s u r e  a t  th e  base#

This phenomenon was n ev e r  found i n  M y co sp h ae re lla  r u m ic i s #

The s im u ltan e o u s  d is c h a rg e  o f  a s c o sp o re s  from  s e v e r a l  

a s c i  i n  one f r u i t  body, which was seen  i n  M y co sp h ae re lla  r u 

m ic is  was n o t  re c o rd e d  by H o d g e tts  (1917) and P rin g sh e im  (1858) 

] t  seems l i k e l y  t h a t  i n  M ycosphaere lla  ru m ic is  t h i s  

s im u ltan e o u s  d is c h a rg e  i s  p o s s ib le  because  th e  f r u i t  body
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has no a p p re c ia b le  neck and opens by a r a t h e r  wide 

i r r e g u l a r  o s t i o l e .  As In g o ld  (1953) p o in t s  o u t ,  i n  f r u i t  

b o d ie s  w ith  w e l l  deve loped  n e c k s ,  th e  neck o f t e n  has  a 

narrow  c a n a l ,  which p e rm its  th e  emergence o f  o n ly  one ascus  

a t  a t im e .

. A t ' - : "  1-A



2. C t ru c tu re  o f  th e  a s c u s »

Many ac co u n ts  o f  th e  b i t u n i c a t e  a scu s  i n d i c a t e  t h a t  

the  w a ll  a t  th e  apex o f  th e  ascu s  i s  th ic k e n e d .  For example, 

H igg in  ( 1 9 2 0 , 1 9 2 9 ) d e s c r ib e s  th e  ascu s  w a l l  o f 

/>lyco3phaerella b o l l e a n a  and o f  a itycosphaerolla  p e r s o n a te  to  

be ' a p i c a l l y  t h i c k e n e d ' ;  Wehrneyer (1946) c o n s id e r s  an ascu s  

w i th  a 'much th ic k e n e d  w a l l  a t  i t s  t i p '  to  be v e ry  

c h a r a c t e r i s t i c  o f  th e  genus M y c o sp h a e re l la ; M ülle r  and Arx 

( 1 9 5 0 ) and Menon (1956) s t a t e  t h a t  i n  th e  V e n tu r ia c e a e ,  th e  

ascu s  w a l l  may b e 'a p i c a l l y  s l i g h t l y  th i c k e n e d ’ .

The ascu s  o f  M yco sp haere lla  ru m ic is  has  th e  fo l lo w in g  

s t r u c t u i ‘e# The w a l l  i s  two la y e r e d  and o f  even th i c k n e s s ,  

e x c ep t  a t  th e  apex, where th e r e  i s  a sm a ll  t h i n n e r  a r e a

which i s  n o t  always c l e a r l y  v i s i b l e .  I t  i s  o n ly  th e  i n n e r

l a y e r  o f  th e  w a l l  Y/hich t h i n s  o u t  a t  th e  apex , b u t  s in c e  

th e  o u te r  l a y e r  d ev e lo p s  an a p ic a l  s p l i t  a t  sp o re  d is c h a rg e ,  

i t  presum ably  has a p o in t  o f  weakness a t  th e  a scu s  t i p .  The

o u te r  l a y e r  ap p ears  t o  be f a i r l y  r i g i d  and more o r  l e s s  i n 

e x t e n s i b l e ,  w h ile  th e  i n n e r  l a y e r  i s  c a p a b le  o f  c o n s id e r a b le  

e x te n s io n  and a l s o  o f sw e lling#

When a s c i  o f B^iycosphaerella ru m ic is  a re  mounted i n  

w a te r ,  o r o th e r  l i q u i d s  such as l a c to p h e n o l ,  g ly c e r in e  

and s a t u r a t e d  su c ro se  s o l u t i o n ,  th e  i n n e r  w a l l  may s w e l l .
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This does not occur in  a l l  a s c i ,  and has n ever been observed  

in  very  young on es. I t  i s  thought th a t  a s c i  which show 

t h i s  s w e llin g  have been damaged in  some way in  rem oving them 

from th e f r u i t  body and mounting them. F igure 18 shows 

drawings o f s e v e r a l a s c i  which were mounted in  w ater. I t  can  

be seen  th a t a s c i  o f  ap p aren tly  s im ila r  age may behave 

d i f f e r e n t ly ,  fo r  example f ig u r e s  18 B, E. The s w e llin g  

o f th e  in n er  la y e r  o f  th e w a ll i s  shown c le a r ly  in  f ig u r e s  

18 D, B; i t  i s  not co n fin ed  to  th e upper p art o f  th e  a sc u s , 

though i t  i s  perhaps most n o t ic e a b le  in  t h i s  r e g io n . 

Prem aturely e lo n g a ted  a s c i  are o f te n  seen  in  l iq u id  mounts 

and th ey  may a ls o  e x h ib it  a s im ila r  sw e ll in g  in  th e  in n er  

la y e r  o f  th e ir  w a l l ,  f ig u r e s  18 H, I .  I t  was seen  in  

th e in v e s t ig a t io n  o f  th e p ro cess  o f  spore d isch arge  in  

M ycosphaerella ru m icis th a t  th e  in n er  la y e r  o f  th e ascu s  

w a ll i s  capable o f  s w e l l in g , but does so under normal 

c o n d it io n s  on ly  a t th e  l ib e r a t io n  o f  th e e ig h th  sp o re , when 

th e p ressu re in  th e ascus i s  r e le a s e d , f ig u r e  15 D. I t  

seems p o s s ib le  th a t  th e  s w e llin g  in  th e  unelongated  and 

prem aturely e lo n g a ted  a s c i ,  found in  l iq u id  mounts, i s  th e  

r e s u l t  o f  a s im ila r  r e le a s e  o f  te n s io n  in  th e  a sc u s , but 

in  t h i s  in sta n c e  brought about abnorm ally. F actors which  

might co n tr ib u te  to  such a r e le a s e  o f  te n s io n  cou ld  in c lu d e ,  

plasmolysefe^ th e  e x te r n a l p ressu re  su p p lied  by th e  c o v e r s l ip
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and damage to  th e ascu s as a r e s u l t  o f  i t s  abnormal t r e a t 

ment. F igure 18 K shows th a t  s tr u c tu r a l damage to  th e  ascus  

a llo w s th e  in n er  la y e r  o f  th e w a ll to  s w e l l ,  and t h i s  i s  

a lso  dem onstrated by f ig u r e  12 B, which i s  o f  a tr a n sv er se  

s e c t io n  o f  a f r u i t  body in  which a l l  th e  a s c i  have been  

c u t .

In  a l l  th e  a s c i  o f  M ycosphaerella  r u m ic is . i n  which  

a th ick en in g  was o b serv ed ,th e  phenomenon cou ld  be 

accounted fo r  by a sw e llin g  o f  o f  th e in n er  la y e r  o f  

th e w a ll;  th u s th e ascus w a ll can n ot be d escr ib ed  as 

a p ic a l ly  th ick en ed  -  i t  has a th in  r e g io n  a t th e apex o f  

the a scu s , but i s  o th erw ise  e q u a lly  th ick en ed .

I t  i s  p o s s ib le  th a t  o th er  b itu n ic a te  a s c i ,  which have 

been d escr ib ed  as a p ic a l ly  th ick en ed , may p o s s ib ly  have th e  

same s tru c tu r e  as the ascus o f  M ycosphaerella  r u m ic is , -  th e  

th ick en ed  apex b ein g  th e r e s u l t  o f  a sw e ll in g  o f  th e  

in n er  la y e r  o f th e w a ll .  However, even i f  th e b itu n ic a te  

ascus can n ot s t r i c t l y  be c a l le d  a p ic a l ly  th ick en ed , th e  

sw e ll in g  o f  th e in n er  la y e r  o f  th e w a ll i s  so c h a r a c t e r i s t i c ,  

th a t  in  the absence o f  mature and d isc h a r g in g  a s c i ,  i t  

may be used as a d ia g n o s t ic  ch a ra c ter  fo r  th e  b itu n ic a te  

a scu s . See fo r  example f ig u r e s  15$ 2 0 , 3 0 , 31 .
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IV. DEVELOPMENT AND 6TRUCTÜRB OF THE CENTRUM OF 

FOUR BELATED LOGUI>OAPCOMYCETES.

I n t r o d u c t i o n  

A. P le o s p o ra  herbarum .

Be V e n tu r ia  i n a e q u a l i s , V* p i r i n a .

C. M y co sp h ae re lla  m a c u l l fo rm ls .
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In tro d u c tio n .

L u t t r e l l  (1951$ 1955) r e c o g n ise s  and d e sc r ib e s  d i f f e r e n t  

developm ental ty p es  o f  centrum in  th e a sco stro m a tic  

ascom ycetes* He g iv e s  exam ples o f  fu n g i p o s se s s in g  th e  d i f f e 

r e n t ty p es  o f  centrum , and fo r  th e se  exam ples u ses  fu n g i 

he h im se lf  has s tu d ie d  and a lso  th o se  d escr ib ed  by o th er  

workers# Some o f  th e l a t t e r  accounts do n ot provide  

com plete in form ation  o f  the nature o f  th e centrum , a t  

l e a s t  p a r t ly  no doubt, because th e  fu n g i were d escr ib ed  b efo re  

th e p o s s ib le  s i g n i f i e  since o f  centrum str u c tu r e  and 

developm ent was appreciated#

To i l l u s t r a t e  th e P leo sp o ra -type o f  centrum , L u t t r e l l  

u ses as h is  p r in c ip a l exam ples, Melanomma p u lv is - p y r iu s . 

d escr ib ed  by C h esters (1 9 5 8 ) , P seu d otrich a  v ir id ic o m a # 

d escr ib ed  by Wehmeyer ( I 9 4 I ) ,  and th re e  fu n g i d escr ib ed  

by h im s e lf , Miocopron sm ila c u s , E l l i s o d o th id ia  in qu inan s  

and Glomium s te lla tu m  (L u t t r e l l  1944, 1948, 1955)#

A ll th e se  papers c i t e d ,  in c lu d e  good d e s c r ip t io n s  o f  th e  

developm ent o f  the centrum. L u t tr e l l  c o n s id e r s  th a t  

th e d e s c r ip t io n s  o f  P leosp ora  herbarum by Cavara and M o llica  

( 1 9 0 7 ) and Arnaud (1925) fu r n ish  good c ir c u m sta n tia l  

ev id en ce th a t  t h i s  fungus a ls o  p o s s e s se s  a P leo sp o ra -typ e  

o f centrum.
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Some r e c e n t  a c c o u n ts  o f  developm ent i n  P le o s p o ra  

(Wehmeyer 1954, 1955) (Moreau and Moreau 1956) a r e  somewhat 

c o n f l i c t i n g ,  b u t  th e s e  w i l l  be c o n s id e r e d  l a t e r ,  (p .  ) .

L u t t r e l l  (1951) i n c lu d e s  V e n tu r ia  i n a e q u a l l s  as an 

example o f  a fungus  p o s s e s s in g  th e  P le o s p o ra - ty p e  o f  

centrum# H is ev id en c e  f o r  t h i s  i s  b a se d  on th e  work o f  

K i l l i a n  (191?) and F rey  (1 9 2 4 ) ,  which though  n o t  c o n c lu s iv e  

g iv e s  a s t r o n g  i n d i c a t i o n  t h a t  V e n tu r ia  i n a e q u a l i s  h as  

a  P le o s p o ra - ty p e  o f  cen trum . T h is  v iew  i s  su p p o r te d  by 

th e  r e c e n t  work o f  M ü lle r  and Arx (1 9 5 0 ) ,  Arx (1952) and 

Menon (1 9 5 6 ) ,  which a l th o u g h  n o t  p a r t i c u l a r l y  c o n c e rn ed  w i th  

cen trum  s t r u c t u r e ,  d e s c r ib e s  p seu d o p a rap h y ses  i n  th e  f r u i t  

body o f  V e n tu r ia  i n a e q u a l i s  and o f  o th e r  s p e c ie s  o f  th e  genus#

In  h i s  a cco u n t o f  th e  D o th id e a - ty p e  o f  cen trum  d e v e lo p 

ment , L u t t r e l l  ( I 9 5 I )  u s e s  D o th ld ea  c o l l e c t a , w hich he 

h im s e l f  has  s t u d i e d ,  ( L u t t r e l l  I 9 5 I a )  as  h i s  p r i n c i p a l  

example# The d e s c r i p t i o n s  o f  M y c o sp h ae re l la  p e r s o n a te  and 

M y co sp h ae re lla  t u l i p i f e r a  by H igg in  (1929 , 1936) and 

th o se  o f  M y co sp h ae re lla  c e r a s e l l a  and M y co sp h ae re lla  

a r a c h i d i c o l a  by J e n k in s  (1930 , 1938) a re  among s e v e r a l  

c i t e d  by L u t t r e l l  t o  show t h a t  t h e  D o th ide 

o f  cen trum  i s  found  i n  th e  genus M y c o sp h a e re l la # A lthough  

th e s e  a c c o u n ts  a r e  n o t  p r i m a r i l y  co n c e rn ed  w i th  cen trum
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deve lopm en t, th e  d e B c r ip t io n s  and d raw ings  a r e  v e ry  

c l e a r  and g iv e  ample ev id en c e  t h a t  th e  cen trum  i s  o f  

th e  Do t h i dea - ty p e  i n  M y c o sp h a e re l la ; a s c i  a r e  shown t o  grow 

up i n t o  pseudoparenchym atoue t i s s u e ,w h i c h  d i s i n t e g r a t e s  a lm o s t  

b e f o re  th e y  r e a c h  i t ,  l e a v in g  th e  m ature  cen tru m  as  a l o c u le  

c o n ta in in g  a f a s c i c l e  o f  a s c i .

The i n v e s t i g a t i o n s  d e s c r ib e d  i n  s e c t i o n  I I I  o f  

th e  p r e s e n t  work have shown t h a t  i n  th e  developm ent o f  

th e  cen trum  o f  M y co sp h ae re lla  r u m i c i s , b i t u n i c a t e  a s c i  

d ev e lo p  i n  a lo c u le  i n  a s tro m a  and grow up i n  a l a y e r  from  

th e  base  o f  t h i s  l o c u l e .  The s t e r i l e  t i s s u e  i n  th e  l o c u l e  

i s  composed o f  p seu d o p a rap h y ses  which re m a in  be tw een  th e  

a s c i  a t  m a tu r i ty .  T h is  ty p e  o f  developm ent s u g g e s t s  t h a t  

i tv c o s p h a e re l la  ru m ic is  i s  n o t  a t y p i c a l  M y c o s p h a e re l la , b u t  

i s  more c l o s e l y  a l l i e d  to  V e n tu r i  a . I t  was c o n s id e r e d  

d e s i r a b l e  t h e r e f o r e  t o  r e - i n v e s t i g a t e  th e  developm ent 

o f  th e  f r u i t  body o f  an e s t a b l i s h e d  s p e c ie s  o f  V e n t u r i a , w i th  

s p e c i a l  r e f e r e n c e  to  i t s  cen trum  dev e lo p m en t, and 

s i m i l a r l y  t o  s tu d y  a n o th e r  s p e c ie s  o f  M j c o s p h a e re 11a #

A cco rd in g ly  th e  f o l lo w in g  t h r e e  fu n g i  were i n v e s t i g a t e d : -  

^  V ^ u tu r ia  i n a e q u a l i s , V. p i r i n a  and M y co s p h a e re 11a 

m a c u l l fo rm ls .
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P le o s p o ra  herbai^um was a l s o  s tu d i e d  b ecau se  v a r i a t i o n s  

i n  cen trum  developm ent i n  th e  genus P le o s p o ra  have 

been  d e s c r ib e d .  (Wehmeyer $ 1955: Moreau and Moreau 

1956)
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A. P leospora hgrbarua (P a r s .)  Rbh.

when grown on m alt e x tr a c t  agar th e  f r u i t  body o f  

P leosp ora  herbarum d evelop s as a b la c k , more or l e s s  sp h e r ic a l  

strom a, p a r t ia l ly  immersed in  th e medium: as th e f r u i t  body 

e n la r g e s  i t  becomes somewhat e lo n g a ted  and d evelop s a sh o r t  

neck a t the apex. When m atu rity  i s  reach ed , th e t i s s u e  a t  

th e  ce n tre  o f  th e  neck breaks down, th u s opening the f r u i t  

body c a v ity  to  th e e x t e r io r .  Compound f r u i t  b o d ie s  may 

be form ed, e i t h e r  by two or more o f  th e sim p le f r u i t  b o d ie s  

becoming c o n f lu e n t , or by more than one lo c u le  d ev e lo p in g  

in  a s in g le  ascostrom a. In th e  l a t t e r  in s ta n c e , as Wehmeyer 

( 1 9 5 4 ) shows f o r  P leosp ora  tr ic h o sto m a , th e  o r ie n ta t io n  o f  

sep a ra te  lo c u le s  i s  not n e c e s s a r i ly  s im ila r .

Centrum developm ent and s tr u c tu r e  o f  P leosp ora  herbarum 

were in v e s t ig a te d  by exam ining s e c t io n s  o f  f r u i t  b o d ie s  

o f  v a r io u s a g e s , f ig u r e s  20 -  26 . As th e se  f ig u r e s  show, 

P leosp ora herbarum was found to  e x h ib it  L u t t r e l l ' s  

P le o sp o r a -type o f  centrum developm ent. The a s c i ,  which  

a ie  b itu n ic a te  ( f ig u r e  1 9 ) , d evelop  in  a b a sa l la y e r  and 

grow up between v e r t i c a l ly  o r ie n ta te d  pseudoparaphyses. The 

pseudoparaphyses are a tta ch ed  a t the apex and th e  base  

o f  th e f r u i t  body c a v ity ;  th ey  a r is e  b e fo re  the a s c i  d ev e lo p .
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and rem ain  betw een  tn e  a s c i  a t  m a tu r i t y .  F ig u re  20 i s  a 

d raw ing  o f  a v e r t i c a l  s e c t i o n  o f  an a lm o s t r i p e  f r u i t  body 

and shows th e  s t r u c t u r e  o f  th e  m ature  cen tru m , which 

a t  t h i s  s ta g e  c o n s i s t s  o f  a l o c u l e  c o n ta in in g  a b a s a l  l a y e r  

o f  a s c i  i n t e r s p e r s e d  w ith  p seu d o p a ra p h y se s ;  th e  l o c u le  

i s  su rro u n d e d  by a s tro m a , th e  o u te r  l a y e r s  o f  which a re  com

p a c te d  and have become h a rd  and d a rk  c o lo u re d .  F ig u re  21 

i s  o f  a t r a n s v e r s e  s e c t i o n  o f  a  f r u i t  body a t  a s i m i l a r  

's ta g e  o f developm ent to  th e  one i n  th e  p re v io u s  f i g u r e ,  and 

h e re  th e  p aeudoparaphyses  and a s c i  a re  see n  i n  c r o s s  s e c t i o n .  

F ig u re  2 2  shows a v e r t i c a l  s e c t i o n  o f  a young f r u i t  body 

i n  which th e  a s c i  have n o t  y e t  d ev e lo p e d , and i n  f i g u r e  

25 th e  f r u i t  body i s  s l i g h t l y  o ld e r ,a n d  a s c i  a re  shown grow ing 

up among th e  mass o f  p seu d o p a rap h y se s .  These l a s t  two f i g u r e s  

show t h a t  th e  p seu d o p arap h y ses  a r i s e  b e f o r e  th e  a s c i ,  and 

t h a t  t h e i r  v e r t i c a l  o r i e n t a t i o n  i s  n o t  dependen t on th e  up

grow th  o f  th e  a s c i .  I n  th e s e  f i g u r e s  th e  p seu d o p a rap h y ses  

a re  shown to  be a t t a c h e d  a t  b o th  e n d s ,  and i n  a l l  p r e p a r a t i o n s  

exam ined, th e  p seu d o p a rap h y ses  ap p ea red  t o  be a t t a c h e d  i n  

t h i s  way. No p seu d o p a rap h y ses  w hich  u n e q u iv o c a l ly  showed 

n a t u r a l l y  o c c u r r in g  f r e e  ends were observed* There was no 

ev id en ce  o f  r a d i a l l y  in g ro w in g  s t e r i l e  f i l a m e n t s , ( a s  d e s c r ib e d
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by Wehmeyer, 1954, 1955); in  th e  cen trum  o f  any o f  th e  f r u i t  

b o d ie s  examined. While i n  some o f  th e  t h i c k e r  s e c t i o n s  th e  

appearance  o f  t a d i a l  in g ro w th  was som etim es g iv e n ,  t h i s  e f f e c t  

i s  r e g a rd e d  as an a r t e f a c t  a t t r i b u t a b l e  t o  th e  c u t t i n g  and , o r  

th e  d is p la c e m e n t  o f  th e  p seu d o p a rap h y ses  i n  p r e p a r in g  th e  

s e c t i o n s .  The derangem ent o f  th e  p seu d o p a rap h y ses  te n d s  

to  be most marked i n  t h i c k  s e c t i o n s ,  where c l e a r l y  t h e r e  a re  

more p seu d o p a rap h y ses  t o  become m u t i l a t e d  th a n  t h e r e  a r e  i n  

t h i n n e r  s e c t i o n s .  F ig u re s  24 , 25$ and 26 show t h r e e  s e c t i o n s  

o f  f r u i t  b o d ie s  o f  P le o sp o ra  herbarum  i n  which th e  ap p ea ran ce  

o f  r a d i a l l y  ing ro w ing  hyphae , and hyphae w i th  f r e e  ends i s  

g iv e n .

D e sp i te  th e  d i f i i c u l t i e s  o f  i n t e r p r e t a t i o n ,  th e  

i n v e s t i g a t i o n  o f  P le o s p o ra  herbaruia  shows t h a t  i n  th e  

developm ent of i t s  cen trum  a b a s a l  l a y e r  o f  a s c i  grows up 

i n t o  s t e r i l e  t i s s u e ,  w hich i s  composed o f  p e r s i s t e n t  

p seu d o p a rap h y ses . Thus P le o s p o ra  herbarum  e x h i b i t s  L u t t r e l l ' s  

P le o s p o ra - ty p e  o f  cen trum  developm ent#
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B. V e n tu r i& i n a e q u a i l s  CCke») W in t . , V. p l r i n a  Aderh.

These two fungj form  t h e i r  f r u i t  b o d ie s  on th e  dead , 

o v e rw in te r in g  le a v e s  o f  t h e i r  r e s p e c t i v e  h o s t s ,  ap p le  and 

peaz'. The f r u i t  b o d ie s  d ev e lo p  immersed i n  th e  dead l e a f  

t i s s u e  end as th e y  m a tu re ,  grow tow ards  end f i n a l l y  

p r o j e c t  th ro u g h  th e  l e a f  s u r f a c e .  The p r o j e c t i n g  p a r t  

o f th e  f r u i t  body may d eve lop  s r l n e - l i k e  appendages. F ig u re  

28 shows s p in e s  on a f r u i t  body o f  V e n tu r ia  i n a e q u e l i s , and 

s im ila i '  appendages were found  on some f r u i t  b o d ie s  o f  

V. p i r i a a . When th e  a s c i  a re  r i p e  th e  f r u i t  body c a v i t y  

becomes open to  th e  e x t e r i o r  by t i s s u e  i n  th e  c e n t r e  o f  

th e  p r o j e c t i n g  apex b re a k in g  down t o  form an i r r e g u l a r  

p o re ,  th ro u g h  w hich th e  a s c i  p r o j e c t  when sp o re  l i b e r a t i o n  

ta k e s  p la c e .  The a s c o sp o re s  a re  f o r c i b l y  e j e c t e d  from  th e  

a s c u s ;  th e y  a re  two c e l l e d ,  and h y a l in e  w i th  an o l i v e  

g re e n  t i n t ;  th e y  become d a rk  o l i v e  brown i n  o ld  f r u i t  b o d ie s  

i n  which a sc o sp o re  l i b e r a t i o n  has been  delayed#

The developm ent and s t r u c t u r e  o f  th e  cen trum  were 

i n v e s t i g a t e d  by means o f  l o n g i t u d i n a l  s e c t i o n s  o f  f r u i t  

b o d ie s  o f  d i f f e r e n t  a g e s ,  f i g u r e s  28 -  31 show some o f  

th e s e  s e c t io n s #  I t  was found  t h a t  V e n tu r i  a inajg q u a i l s  

and V. p i r i n a  p o s s e s s  a P le o s p o r a - ty p e  o f  cen tru m , -  a s c i  

grow up among p e r s i s t e n t  s t e r i l e  t i s s u e  w hich  i s  composed
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o f  v e r t i c a l l y  o r i e n t a t o d  pseudoparaphyses#  S e c t io n s  o f  

m ature f r u i t  b o d ie s ,  f i g u r e s  28 , 29» show a s c i  i n  a b a s a l  

l a y e r  w i th  p seu d o p a rap h y ses  be tw een  them. I n  th e  s e c t i o n s  

shown i n  th e s e  f i g u r e s ,  as i n  most s e c t i o n s  o f  r i p e  

f r u i t  b o d ie s ,  th e  p seu d o p a rap h y ses  a r e  somewhat o b scu re d  

by th e  a s c i  and a s c o s p o re s ;  some o f  th e  p seu d o p a rap h y ses  

a re  f r e e  a t  t h e i r  a p i c a l  end , a phenomenon, w hich  i s  

p o s s ib ly  th e  r e s u l t  o f  th e  b re a k  down o f  th e  a p i c a l  t i s s u e  

o f  th e  f r u i t  body i n  th e  fo rm a t io n  o f  th e  a p i c a l  o s t i o l e ,  

b u t  may a l s o  be cau sed  by th e  c u t t i n g  o f  th e  p seu d o p a rap h y ses  

i n  p r e p a r in g  th e  s e c t i o n s .  I n  s e c t i o n s  o f  you nger f r u i t  

b o d ie s ,  f i g u r e s  50 , 51 , th e  p seu d o p a rap h y ses  a re  more 

c l e a r l y  s e e n ,  i n  f i g u r e  50 , f o r  exam ple, th e  p seu d o p a rap h y se s  

a re  shown a t t a c h e d  a t  b o th  ends and w i th  a l a y e r  o f  a s c i  

grow ing up among them#

T his  i n v e s t i g a t i o n  o f  cen trum  developm ent i n  

V e n tu r i s  i n a e q u a l i s  and V. p i r i n a  f u l l y  s u p p o r t s  L u t t r e l l *  s 

v iew  t h a t  th e  genus V e n tu r is  p o s s e s s e s  a P le o s p o r a - ty p e  

o f  cen trum , and t h a t  i t  i s  c o r r e c t l y  p la c e d  i n  th e  

P le o sp o ra le s#
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C. Ltycoaphaerella m acullform ia (F e r e ,)  W lnt»

There are two s p e c ie s  o f  Mycosphaere11a which are 

recorded  as common on th e  overw intered  le a v e s  o f broad  

lea v ed  t r e e s ;  th ey  are M ycosphaerella  m acu liform is and 

M ycosphaere3 la  p u n ctiform is (P e rs . ) Wint* ( s e e  W inter 1887» 

Mimk 1957)# The arrangement o f  the f r u i t  b o d ie s  and th e  

s iz e  o f  th e a scosp ores are the ch a ra c ter s  used  to  sep a ra te  

the two s p e c ie s .  The f r u i t  b o d ie s  o f  M ycosphaerella  m aculi

form is are aggregated , th e a g g reg a tio n s  appearing as sm all 

b la cM sh  p atch es on the l e a f :  th e  a sco sp o res measure 9 - 1 4 ^  

by 2 -  4 The f r u i t  b o d ie s  o f  M ycosphaerella p u n ctifo rm is  

are s c a tte r e d  and th e a sco sp o res  are sm a ller  than th o se  

o f M ycosphaerella m a cu lifo rm is , th ey  measure 7 -  8 ytJ by 

2 - 4 ^ .  These d if fe r e n c e s  are not very  g r e a t , and as 

W inter (1887) su g g e s ts  a thorough in v e s t ig a t io n  o f  th e  

two s p e c ie s  i s  required#

The s p e c ie s  o f  tftycosphaerella which i s  d e scr ib ed  in  

t h i s  s e c t io n ,  was found on overw in tered  le a v e s  o f  b eech , 

oak and c h e s tn u t. The f r u i t  b o d ie s  were in  groups and 

th e  a scosp ores measured I I  -  13 ^  by 2 -  3 /J; hence t h i s  

fungus was t e n t a t iv e ly  accep ted  as My c o sp h a e r e lla  

m aculiform is*
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The f r u i t  b o d ies  o f  M ycosphaerella  m acu liform is  

d evelop  immersed in  dead l e a f  t i s s u e ,  b ut p r o je c t  from th e  

l e a f  su rfa ce  when mature* When th e a s c i  are r ip e  th e  t i s s u e  

a t th e apex o f  th e  f r u i t  body breaks down and th e f r u i t  

body i s  opened to  th e e x te r io r  by an ir r e g u la r  roundish  

p ore. The f r u i t  b o d ies  are g e n e r a lly  se p a r a te , but two 

or more may be jo in e d  to g e th e r  a t t h e ir  ed ges.

The developm ent and s tr u c tu r e  o f  th e  centrum were 

in v e s t ig a te d  by means o f  lo n g itu d in a l s e c t io n s  o f  f r u i t  

b o d ies  o f  d i f f e r e n t  a g es . I t  was found th a t  th e  centrum  

o f  M ycosphaerella m aculiform is p o s s e s s e s  a l l  th e  fe a tu r e s  

o f th e D oth id ea-typ e o f  developm ent.

F igure 52 shows s e c t io n s  o f  two f r u i t  b o d ie s  which  

dem onstrate th e s tr u c tu r e  o f  th e mature centrum . In  th e se  

f r u i t  b ô d ie s , th e centrum c o n s is t s  o f  a c a v i ty  f i l l e d  

w ith  a f a s c i c l e  o f  b itu n ic a te  a s c i  and th ere  i s  no 

s t e r i l e  t i s s u e  between th e a s c i .  The c a v ity  i s  surrounded  

by stro m a tic  t i s s u e  th e  o u ter  la y e r s  o f  which are hard and 

dark co lo u red . The b i tu n ic a te  nature o f  th e  a s c i  i s  demon

s tr a te d  in  f ig u r e  52 A, where some extended  a s c i  are shown. 

The f a s c ic u la t e  arrangement o f  th e  a s c i  shown in  f ig u r e  

3 2 , was found in  a l l  s e c t io n s  o f  mature f r u i t  b o d ie s .
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Centrum developm ent i s  i l l u s t r a t e d  by f ig u r e s  33 

and 3 4 , which show s e c t io n s  o f  young f r u i t  b o d ie s . In  f ig u r e  

3 3 1 which in c id e n t ly ,  in d ic a t e s  th e  p o s it io n  o f  th e  f r u i t  

body in  th e l e a f ,  i t  i s  seen  th a t  th e  s t e r i l e  t i s s u e  o f  th e  

centrum i s  composed o f  th in  w a lled  parenchym a-like t i s s u e ;  

th ere  are no pseudoparaphyses. The d eep ly  s ta in e d  area  in  

t h i s  s e c t io n  i s  th e re g io n  o f  th e  d evelop in g  a s c i .  As th e  

a s c i  grow upwards in to  th e th in  w a lled  t i s s u e  o f  th e  centrum , 

th e l a t t e r  d is in t e g r a t e s .  F igure 35 shows young a s c i  j u s t  

b eg in n in g  to  grow up and th e  s t e r i l e  t i s s u e  above them i s  

in  th e  p ro cess  o f  d is in te g r a t io n .

The ascospores of Mycosphaerella maculiformis are 
two celled, figure 2?d, and are hyaline with a very slight 
greenish tint. The colour of the ascospores is very similar 
to that of newly matured ascospores of Nürcosphaerella 
rumicis, Venturis inaequalis and V. pirina. In Mycosphae
rella maculiformis however, no subsequent darkening of the 
ascospores,such as is found in these other three fungi, has 
been obsei’ved.

The study of centrum development in Mycosphaerella 
has

m a c u lifo rm is /shown th a t  a f a s c i c l e  o f  a s c i  grows up in to  

non p e r s is t e n t  s t e r i l e  t i s s u e ,  so th a t  th e  mature centrum  

c o n s is t s  o f  a bundle o f  a s c i  in  a lo c u le  in  a strom a.
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Thus M ycosphaerella  m acu liform is a ffo r d s  an oth er , and 

p r e v io u s ly  undescribed ,exam ple o f  th e  D oth id ea -typ e o f  

o f  centrum in  M ycosp h aerella , and i t  a ls o  p ro v id es  a d d it io n a l
, '  ' f  ■ •

support fo r  L u t tr e ll* s  v iew  (1951$ 1955) th a t  th e  D othidea-  

type o f  centrum i s  c h a r a c te r is t ic  o f  M ycosphaerella .
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The f iv e  fu n g i,  P leosp ora  herharum, V enturia  in a e q u a l is , 

V en tu ris  p ir in a . M ycosphaerella  m acu liform is and 

M ycosphaerella  r u m ic is , a l l  have h itu n ic a te  a sc i#  A d e ta i le d  

in v e s t ig a t io n  o f  th e s tr u c tu r e  o f  th e  ascu s and o f  th e  

p ro cess  o f  ascospore d isch arge  was made on ly  in  M ycosphaerella  

ru m icis  (p . 55 )» hut in  th e o th er  fo u r  fu n g i th e a sco sp o res

are a ls o  a c t iv e ly  d isch arged  from th e f r u i t  body, and in  

w ater mounts o f  t h e ir  a s c i ,  extended a s c i ,  such as found  

in  M ycosphaerella  ru m icis  ( f ig u r e  I?)»  were see n . The la r g e  

a s c i  o f  P leosp ora  herbarum, f ig u r e  19» show very  c le a r ly  

th e two la y ered  w a ll ,  e s p e c ia l ly  when th e  ascu s i s  

exten ded , f ig u r e  19 B# No l ib e r a t io n  from such extended  a s c i  

was ever se e n , and i t  seemed th a t in  w ater mounts o f  a s c i ,  

ascospore l ib e r a t io n  in  P leosp ora  herbarum was unable to  

proceed further#

The f i v e  fu n g i, under p resen t c o n s id e r a tio n  d i f f e r  

from one another in  th e adze and s e p ta t io n  o f  t h e ir  

a sco sp o res . F igure 2? shows th e range o f  s i z e ,  from th e  

sm a ll, one se p ta te  spore o f  M ycosphaerella  m a cu lifo rm is ,

(27d) to  th e la r g e  and m uriform ly s e p ta te  spore o f  

P leosp ora  herbarum,(2 7 a )#  I t  i s  in t e r e s t in g  to  f in d  

however th a t t h e ir  a scosp ores have a l l  th e  same shape; th ey  

have a b lu n ted  a p ic a l end w ith  th e o th er  end somewhat p o in ted
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and have th e  b road est p art o f  th e spore toward th e  a p ic a l  

end. The two s p e c ie s  o f  V enturi a ( f ig u r e  27 b , c ) ,  c l e a r ly  

show t h i s :  in  b o th , th e  a scosp ores are composed o f  two 

unequal c e l l s ,  in  V en tu ris in a e q u a lis  (2 7 c ) ,  th e sm a ller  

o f  th e  two c e l l s  i s  upperm ost, w h ile  in  V en tu ris  p ir in a  

th e  sm a ller  o f  th e  two c e l l s  i s  d i s t a l ,  but th e b road est  

p art o f  both  sp ores i s  in  th e  same p o s it io n #  In go ld  (1954)  

d is c u s s e s  th e advantage o f  t h i s  somewhat oviform  shape, 

in  ascospore l ib e r a t io n ; .h e  c o n s id e r s  th a t

i t  i s  the most e f f i c i e n t  shape o f  sp o re , fo r  spore d isch a rg e  

from an in o p e rcu la te  ascus#
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A n a t u r a l  c l a s s i f i c a t i o n  can  be b u i l t  up o n ly  from  a 

d e t a i l e d  knowledge o f  th e  s t r u c t u r e ,  on togeny  and b e h a v io u r  

o f  th e  o rgan ism s c o n c e rn e d . Inhere knowledge i s  meagre o n ly  

a few c h a r a c t e r s  may be a v a i l a b l e  f o r  p u rp o se s  o f  c l a s s i f i c a t i o n  

and th e  sy s tem , as  i n  th e  Fungi I m p e r f e c t i ,  i s  i n  th e  main 

a r t i f i c i a l  and n o t  tax ono m ic . I n  th e  words o f  N a n n fe ld t  (1958)$  

* The n a t u r a l  sy s tem  i s  an i d e a l  t h a t  can  o n ly  be a p p ro a c h e d ,  

n e v e r  re a c h e d  *, and th e  p r a c t i c a l  aim o f  a l l  ta x o n o m is ts  i s  

t o  c o n s t r u c t  a w orkab le  c l a s s i f i c a t i o n  w hich  a p p e a rs  b e s t  

t o  s e t  f o r t h  th e  r e l a t i o n s h i p s  o f  t h e  o rg an ism s b e in g  

c l a s s i f i e d .

I n  th e  c l a s s i f i c a t i o n  o f  th e  ly re n o m y c e te s  an a p p a r e n t ly  

n a t u r a l ,  as  opposed t o  an a r t i f i c i a l ,  sy s tem  has  b een  

e v o lv ed  d u r in g  th e  l a s t  tw e n ty  y e a r s  as  more in f o r m a t io n  

ab o u t members o f  th e  g roup  has  accu m u la ted . The e r e c t i o n  

o f  th e  s u b - c l a s s  L ocu loascom yce tes  by L u t t r e l l  (1955) seems 

a good a t te m p t  a t  a n a t u r a l  g ro u p in g .  I t  i s  t h e  l o g i c a l  

consequence  o f  th e  e a r l i e r  work o f  N a n n fe ld t  (1 9 3 2 ) ,  M i l l e r  

( 1 9 4 9 ) and L u t t r e l l  (195% )» and th e  d e l i m i t a t i o n  o f  t h e s e  

a s c o s t r o m a t ic  Ascom ycetes w i th  b i t u n i c a t e  a s c i  i s  now 

g e n e r a l l y  a c c e p te d .

N atu i‘a l  g ro u p in g s  w i t h i n  th e  L ocu lo ascom yce tes  a r e  much 

more d i f f i c u l t  t o  d e f in e  and t h e r e  i s  as  y e t  no g e n e r a l
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agreem ent as to  how t h i s  group o f  fu n g i  sh o u ld  be s p l i t  up. 

L u t t r e l l  (1955) u se s  c h a r a c t e r s  o f  centrum  developm ent 

to  make th e  p rim ary  d i v i s i o n s ,  w h ile  M ülle r  and Arx (1950 , 1954) 

p la c e  more em phasis on c h a r a c t e r s  o f  e x t e r n a l  morphology.

In the L oculoascom ycetes L u t tr e ll  (I95I»  1955) r e c o g n ise s  

two developm ental typ es o f  centrum, the P leo sp o ra -type  

and the D oth idea-typ e . In the former the a s c i grow up in  

a la y er  from the base o f  the lo c u le  in to  p e r s is t e n t  s t e r i l e  

t i s s u e  which i s  composed o f  v e r t i c a l ly  o r ie n ta te d  

pseudoparaphysesj and in  th e Dothidea-ty p e  th e a s c i  a r is e  

from a more lo c a l i s e d  reg io n  in  the base o f  the lo c u le  and 

grow up in  a bunch in to  s t e r i l e  t i s s u e  which i s  pseudoparen- 

cbymatous and n o n -p e r s is te n t;  th ere  are no pseudoparaphyses.

L u t t r e l l  u se s  th e s e  two ty p e s  o f  cen trum  developm ent 

as th e  main c r i t e r i a  f o r  s e p a r a t i n g  th e  o rd e r s  P le o s p o ra le s  

and D o th id e a le s .  The P le o s p o ra le s  have a s p h e r i c a l  centrum  

i n  which developm ent i s  o f  th e  P le o sp o ra - ty p e .  The f a m i l i e s  

D oth ideaceae  and Capnodiaceae o f  th e  D o th id e a le s  have th e  

D o th idea- ty p e  o f  cen trum , b u t  i n  th e  o th e r  two f a m i l i e s  

(P seu d o sp h ae r iace ae  and D o th io rac eae )  i n  th e  o r d e r ,  th e  

D o th id e a - type  o f  cen trum  i s  somewhat m o d if ied .  I n  th e s e  

two f a m i l i e s  th e  s t e r i l e  t i s s u e  i n  th e  cen trum  i s  

pseudoparenchym atous, as i t  i s  i n  th e  D o th id ea- ty p e  s . s . , b u t
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d i f f e r s  i n  t h a t  t h i s  pseudoparenchym atous t i s s u e  does n o t  

e n t i r e l y  d is a p p e a r  a t  m a tu r i ty  and th e  a s c i  do n o t  grow up 

i n  a f a s c i c l e .  I n  th e  P seu d o sp h ae r iacea e  th e  a s c i  a r i s e  

s in g ly  o r  i n  sm all  g ro u p s , w h ile  i n  th e  D o th io raceae  th e y  

a r i s e  i n  a» co n tin u o u s  l a y e r .  In  th e  two f a m i l i e s  on ly  a 

few deve lopm enta l s t u d i e s  have so f a r  been  made, b u t  th e  

in fo rm a t io n  o b ta in e d  seems to  i n d i c a t e  a c lo s e  a f f i n i t y  

betw een th e  f a m i l i e s  and th e  o th e r  D o th id e a le s .  For th e  

p r e s e n t  t h e r e f o r e  i t  seems b e s t  to  fo l lo w  L u t t r e l l  and in c lu d e  

them i n  th e  o rd e r .

The use  o f  th e  f a s c i c u l a t e  a rrangem ent o f  th e  a s c i  

as a c h a r a c t e r  i n  taxonomy i s  q u e s t io n e d  by Munk (1 9 5 4 ) . He 

c o n s id e r s  th e  f a s c i c l e  to  be a •n e g a t iv e  c h a r a c t e r * ,  a pheno

menon r e s u l t i n g  from th e  methods o f  exam ining th e  cen trum  

coup led  w ith  th e  ru d im en ta ry  n a tu re  o f  th e  s t e r i l e  t i s s u e ;  

s in c e  t h e r e  i s  no i n t e r a s c i c u l a r  t i s s u e  to  su p p o r t  th e  a s c i ,  

th e y  assume a bunched arrangem ent when th e  f r u i t  b o d ie s  

a re  mounted. In  a s e r i e s  o f  s e c t io n s  o f  M ycosph aere lla  

m acu lifo rm is  (s e e  s e c t i o n  IV) th e  f a s c i c l e  o f  a s c i  was 

v e ry  e v id e n t  and when s e c t io n s  o f  wax-embedded f r u i t  b o d ie s  

o f  t h i s  fungus were examined b e fo re  th e  wax was removed, th e  

f a s c i c u l a t e  arrangem ent o f  th e  a s c i  was s t i l l  d i s t i n c t .  I n  

t h i s  fungus a t  any r a t e ,  th e  f a s c i c l e  ap p e a rs  to  be r e a l
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enough and i t  seems l i k e l y  t h a t  t h i s  i s  a l s o  t r u e  i n  th e  

examples r e f e r r e d  to  by L u t t r e l l  ( I9 5 I»  1955)*

The examples used  by L u t t r e l l  (1951» 1955) to  i l l u s t r a t e  

th e  P le o s p o ra - ty p e  o f  centrum  developm ent a l l  show t h a t  

th e  centrum  c o n s i s t s  o f  a lo c u le  f i l l e d  w ith  v e r t i c a l l y  

o r i e n t a t e d  p seu d o p a rap h y ses , w ith  th e  a s c i  among them* There 

i s  no g e n e ra l  agreem ent on how th e  p seu doparaphy ses  a r i s e  

^ d  v a r i a t i o n s  i n  pseudoparaphyses  developm ent have been  

recorded*  S ince  p o s s e s s io n  o f  p seudoparaphyses  i s  th e  main 

d i f f e r e n c e  betw een th e  P le o s p o ra - ty p e  o f centzum  and th e  

D oth idea- t y p e , th e s e  v a r i a t i o n s  sho u ld  p e rh ap s  be i n v e s t i g a t e d ,  

f o r  i t  may be t h a t  th e  P le o sp o ra - ty p e  o f  c e n tru m ,a s  d e f in e d  

by L u t t r e l l ,  m ight a r i s e  i n  more th a n  one way, and i f  t h i s  

i s  so i t  m ight be n e c e s s a ry  to  d e f in e  th e  P le o s p o ra - ty p e  

o f  centrum  more e x a c t ly  b e fo re  i t  i s  u sed  as  a c r i t e r i o n  i n  

c l a s s i f i c a t i o n *

L u t t r e l l  (1951) and M i l le r  (1949) c o n s id e r  t h a t  

p seudoparaphyses  a r i s e  from th e  apex o f  th e  young ascoe trom a 

as e lo n g a t in g  hyphae w ith  f r e e  en d s , which grow downwards.

These hyphae soon push to  th e  base  o f  th e  lo c u le  where th e y  

become a t ta c h e d  a t  t h e i r  f r e e  ends* F u r th e r  grow th i s  by 

i n t e r c a l a r y  e lo n g a t io n .  A ccording t o  C h e s te r s  (1 9 3 8 ) ,  i n  

Melanomma p u lv i s - p y r iu s  th e  p seudoparaphyses  a re  form ed by
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i n  th e  c e n t r e  o f  th e  young asco s tro m a . T h e ir  f u r t h e r  grow th 

i s  a l s o  by i n t e r c a l a r y  e lo n g a tio n #  Thus i n  th e  cen trum  

developm ent o f  Melanomma p u l v i s - p y r i u s  p seud opa raph yses  n e v e r  

have f r e e  ends#

The d iv e rg e n t  acco u n ts  o f  f r u i t  body developm ent i n  

P le o sp o ra  em phasise th e  d i f f i c u l t y  o f  i n t e r p r e t i n g  th e  c o u rse  

o f  centrum  developm ent, p a r t i c u l a r l y  th e  developm ent and 

grow th o f  th e  pseudoparaphyses#  L u t t r e l l  ( I9 5 I»  1955) u se s  

th e  e x c e l l e n t  d raw ings and d e s c r i p t i o n s  by C avara  and M o ll ic a  

C1 9 0 7 ) and Arnaud (1925) as ev idence  t h a t  P leo sp o ra  herbarum  

p o s s e s s e s  th e  P le o sp o ra - ty p e  o f  cen trum , b u t  i n  t h e s e  a c c o u n ts  

th e  e x a c t  o r i g i n  o f  th e  p seudoparaphyses  i s  n o t  c l e a r l y  

e x p la in e d ,  l^ehmeyer (1955) d e s c r ib e s  th e  developm ent o f  

p seudoparaphyses i n  P le o sp o ra  a r m e r ia e # a fungus he i n c lu d e s  

i n  a P le o sp o ra  herbarum  com plex, and which i s  s e p a r a te d  from 

P le o sp o ra  herbarum  s o l e l y  on a sco sp o re  s ize#  In  P le o s p o ra  

arm eri a e .Wehmeyer f i n d s  t h a t  th e  p seudoparaphyses  a r i s e  as  

a somewhat i r r e g u l a r  r a d i a l  in g ro w th  o f  e lo n g a t in g  hyphae, 

which soon become p a r a l l e l  to  each  o th e r  i n  a v e r t i c a l  

d i r e c t i o n  to  form a p a l i s a d e  o f  p seudoparaphyses  i n t o  which 

th e  a s c i  grow up# The pseudoparaphyses  in c r e a s e  i n  le n g th  

by i n t e r c a l a r y  e lo n g a tio n #  Wehmeyer c o n s id e r s  t h a t  some, i f  

n o t  a l l  th e  p seudoparaphyses  rem ain  f r e e  a t  one end.
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In  th e  centrum  o f  P le o sp o ra  t r i c h o s to m a ,, Wehmeyer (1954) 

d e s c r ib e s  r a d i a l l y  ing row ing  hyphae which b ra n ch  and tw ine  

about each o th e r  and which a re  n o t  a t t a c h e d  a t  b o th  ends .

Only as th e  a s c i  grow up do th e s e  hyphae become v e r t i c a l l y  

o r i e n t a t e d  and th e y  become -  ’com pressed i n t o  a lm ost non

e x i s t e n t  f i l a m e n ts  by th e  e n la r g in g  a s c i ,  o r  even com pacted 

i n t o  t h i c k  w a lle d  pseudoparenchym a*. I n  th e  l a t t e r  c a se  th e  

m ature centrum  would be l i k e  t h a t  found i n  th e  Pseudosphaeria^ 

ceae  o f  th e  D o th id e a le s ,  a s i m i l a r i t y  which s u g g e s ts  t h a t  

com parisons o f  m ature f r u i t  b o d ie s  may be m is le a d in g .

Moreau and Moreau (1956) i n  an accoun t o f  P le o sp o ra  herbarum  

conclude t h a t  centrum  developm ent i n  th e  fungus i s  s i m i l a r

to  t h a t  d e s c r ib e d  by Wehmeyer f o r  P le o sp o ra  t r i c h o s to m a ; 

however th e y  d e s c r ib e  th e  developm ent o f  th e  p seudop araph yses  

as hyphal f i l a m e n t s  which grow down from th e  apex

o f th e  f r u i t  body c a v i t y ,  a developm ent s i m i l a r  to  t h a t  

d e s c r ib e d  by M i l le r  (1949) and L u t t r e l l  ( I 9 5 I ) .  I f  th e  

f i g u r e s  and d e s c r i p t i o n s  g iv e n  by Wehmeyer (1954, 1955) and 

by Moreau and Moreau (1956) a re  compared, th e  d i f f i c u l t y  o f  

i n t e r p r e 1 51 io n  i s  a p p a re n t .  For exam ple, th e  f i g u r e s  

f o r  P leo sp o ra  herbarum  (Moreau and Moreau, 1956) and th o se  

o f  P le o sp o ra  t r ic h o s to m a  (Wehmeyer, 1954) co u ld  e q u a l ly  

w e l l  be used  to  i l l u s t r a t e  ehm eyer*s d e s c r i p t i o n  and
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i n t e r p r e t a t i o n  o f centrum  developm ent i n  P le o sp o ra  

a rm eriae  (Wehmeyer, 1955)*

I t  seems p ro b a b le  t h a t  a number o f  th e  v a r i a t i o n s  re c o rd e d  

i n  th e  developm ent o f th e  P le o s p o ra - ty p e  o f  cen trum  a re  

l a r g e ly  due to  d i f f e r e n c e s  i n  i n t e r p r e t a t i o n  o f  s e c t i o n s .

A s o l u t i o n  to  t h i s  problem  m ight be re a c h e d  i f  th e  same 

worker i n v e s t i g a t e d  s e v e r a l  fu n g i  i n  which d i f f e r e n c e s  had 

been  re c o rd e d .  In  t h i s  way re c o rd e d  d i f fe re n c e s ^ w h ic h  were 

s o l e l y  th e  r e s u l t  o f  th e  d i f f i c u l t y  o f  i n t e r p r e t a t i o n , m i g h t  

be avo ided , and a c tu a l  d i f f e r e n c e s  and s i m i l a r i t i e s  i n  

developm ent might be more e a s i l y  re c o g n is e d .

The i n v e s t i g a t i o n s  o f  developm ent i n  Mycosphaere11a 

r u m ic i s , V en tu r ia  i n a e q u a l i s , V e n tu r is  p i r i n a  and P le o s p o ra  

h e rb a ru m jd e sc r ib e d  i n  s e c t i o n s  I I I  and IV o f  th e  p r e s e n t  work, 

i l l u s t r a t e  t h i s  p o in t .  While no su c c e ss  was met i n  d e te rm in in g  

th e  e x a c t  o r i g i n  o f  th e  p seudoparaphyses  i n  any o f  th e s e  f o u r  

f u n g i ,  t h e i r  centrum  developm ent was e s s e n t i a l l y  s i m i l a r .

In  none o f  them was th e r e  an i n d i c a t i o n  t h a t  th e  p se u d o p a ra -  

physes  a ro se  a p i c a l l y  and grew downwards, as d e s c r ib e d  by 

M i l le r  (1949) QUd L u t t r e l l  ( I 9 5 I ) ;  th e  pseu dop araphy ses  appea

r e d  more prom inen t a t  th e  apex o f  th e  l o c u l e ,  f o r  a t  th e  

b ase  th e y  v/ere soon obscu red  by th e  d e v e lo p in g  a s c i .  There 

was a l s o  no ev idence  t h a t  th e  p seudoparaphyses  o r i g i n a t e d  

as r a d i a l l y  ingrow ing  hyphae w i th  p erm anen tly  f r e e  en d s ,  as
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d e s c r ib e d  by Wehmeyer (1954, 1955)* The p seud opa raph yses  

appeared  to  be always a t t a c h e d  a t  b o th  en ds . However th e  

number o f  p seudoparaphyses  i n  th e  cen trum  seems to  i n c r e a s e  

as th e  f r u i t  body dev e lops  ( e . g .  f i g u r e s  12 B -  E ) ,  and 

s in c e  i t  seems u n l i k e ly  t h a t  an in c r e a s e  c o u ld  be th e  r e s u l t  

o f  th e  l o n g i tu d in a l  s p l i t t i n g  o f  th e  o r i g i n a l  p seu d o p a rap h y ses ,  

i t  i s  d i f f i c u l t  to  v i s u a l i s e  how i t  c o u ld  a r i s e  w i th o u t  

th e  developm ent o f  some hyphae w ith  f r e e  ends . The developm ent 

o f p seudoparaphyses  was s tu d ie d  most e x t e n s iv e ly  i n  P le o s p o ra  

herbarum , s in c e  i t s  l a r g e  f r u i t  body made i t  th e  e a s i e s t  one 

o f  th e  fo u r  to  work w i th ,  b u t  even i n  t h i c k  l o n g i t u d i n a l  

s e c t io n s  o f th e  f r u i t  b o d ie s ,  f r e e  ends to  th e  p seud opa raph yses  

were n o t  seen . The appearance  o f  f r e e  ends may be s im u la te d :  

th e  pseudoparaphyses a re  o f t e n  c u t  when th e  f r u i t  body i s  

s e c t io n e d ,  which i s  a lm ost e n e v i t a b le  w ith  a s p h e r i c a l  

cen trum , w hile  i n  o th e r  p r e p a r a t io n s  th e  p seud oparap hyses  

may become fo ld e d  o r  o th e rw ise  d i s p la c e d  when th e  s e c t i o n s  

a re  mounted. Such p o s s i b i l i t i e s  have to  be c o n s id e re d  when 

i n t e r p r e t i n g  th e  v a r io u s  p r e p a r a t i o n s .

Centrum developm ent i n  a l l  f o u r  fu n g i  f u r n i s h e s  

a d d i t i o n a l  su p p o r t  f o r  th e  P le o sp o ra - ty p e  o f  cen trum  as d e s 

c r ib e d  by L u t t r e l l  (1951$ 1955)* In  th e  c e n t r a  o f  th e s e  

fu n g i  t h e r e  was no i n d i c a t i o n  t h a t  th e  P le o s p o ra - ty p e
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may deve lop  i n  more th a n  one way; i n  f a c t  more s u p p o r t  

i s  g iv e n  to  th e  view t h a t  th e  v a id a t i o n s  d e s c r ib e d  i n  th e  

P le o s p o ra - ty p e  o f  developm ent co u ld  be th e  r e s u l t  o f  

d i f f e r e n c e s  i n  i n t e r p r e t a t i o n .  The d i f f i c u l t y  o f  i n t e r p r e t a 

t i o n  makes i t  p r a c t i c a l l y  im p o ss ib le  to  d i s t i n g u i s h  any o th e r  

th a n  c l e a r  cut^ and t h e r e f o r e  p ro b a b ly  fundam enta l, d i f f e r e n c e s  

i n  centrum  development# Even though th e  e x a c t  o r i g i n  o f  th e  

pseudoparaphyses  has  n o t  been a s c e r t a i n e d ,  th e  p r e s e n t  

i n v e s t i g a t i o n s  have c e r t a i n l y  shown t h a t  c e n t r a  w i th  pseudo

p arap h y ses  can  be re c o g n is e d  as a d i s t i n c t  ty p e ,  and th e  

ev id ence  a l l  s u g g e s ts  t h a t  L u t t r e l l * s  P le o s p o ra - ty p e  o f  

centrum  i s  a sound taxonom ic c r i t e r i o n .  U n t i l  more ev id en ce  

i s  fo r th c o m in g , p a r t i c u l a r l y  from co m p ara tiv e  d ev e lo p m en ta l 

s t u d i e s  o f  fu n g i  a t  p r e s e n t  in c lu d e d  i n  th e  P l e o s p o r a l e s ,  th e  

P le o sp o ra - ty p e  o f  cen trum  ap p ea rs  to  be a good b a s i s  on 

which to  e r e c t  th e  order#

In  th e  P le o s p o r a le s ,  L u t t r e l l  (1955) a d o p ts ,  w i th  c e r t a i n  

r e s e r v a t i o n s ,  th e  V e n tu r ia ceae  as d e s ig n a te d  by M ü lle r  and 

Arx ( 1950). M üller and Arx, u n l ik e  L u t t r e l l ,  do n o t  use  

c h a r a c t e r s  o f  centrum  developm ent to  d e f in e  th e  o rd e r s  o f  

th e  a sc o s t ro m a tic  Ascom ycetes; i n s t e a d  th e y  use  c h a r a c t e r s  

o f  e x t e r n a l  morphology o f  th e  f r u i t  body , and i n  t h e i r  

c l a s s i f i c a t i o n ,  th e  V en tu r ia c e a e  i s  i n  an o r d e r ,  th e  Pseudo-



95

s p h a e r i a l e s ,  c h a r a c t e r i s e d  by th e  p o s s e s s io n  o f  a s p h e r i c a l  

f r u i t  body which opens by a ro u n d is h  p o re .  C h a ra c te r s  

o f  th e  a sc o sp o re s  a re  u sed  i n  th e  s u b d iv i s io n  o f  th e  

P s e u d o s p h a e r ia le s ;  i n  th e  f a m ily  V e n tu r ia c e a e  th e  a sc o sp o re s  

a re  two c e l l e d  and o l iv e  brown o r  g r e y is h  g re e n  when m a tu re , 

w h ile  i n  th e  M ycosph ae re llaceae  th e  two c e l l e d  a sc o sp o re s  

a re  c o l o u r l e s s ,  even a t  m a tu r i ty .  Both th e s e  f a m i l i e s  

in c lu d e  fu n g i  w i th  a p seu d o p a rap h y sa te  cen trum  and fu n g i  i n  

which th e  cen trum  has no pseudoparaphyses#  I n  th e  d e s ig n a t io n  

o f  th e  V e n tu r ia c e a e ,  M ü lle r  and Arx d e s c r ib e  th e  s t e r i l e  t i s s u e  

of th e  f r u i t  body lo c u le  as  composed o f :  ’h y a l in e  parenchym atous 

c e l l s ,  o r  v e r t i c a l l y  o r i e n t a t e d  p se u d o p a ra p h y se s ’ . While 

L u t t r e l l  a d o p ts  V e n tu r ia c e a e ,  b a se d  as  i t  i s  on spo re  c h a ra 

c t e r s ,  he i n c lu d e s  i n  i t  on ly  members o f  th e  P le o s p o r a le s .

The V e n tu r ia c e a e  as  emended by L u t t r e l l  in c lu d e s  t h e r e f o r e  

on ly  th o s e  fu n g i  which p o s s e s s  b o th  o l iv e  t i n t e d  a s c o sp o re s  

and th e  P le o s p o ra - ty p e  o f  centrum# The d i f f e r e n c e  betw een  

th e  V e n tu r ia c e a e  o f  M ü lle r  and Arx and th e  V e n tu r ia c e a e  i n  

L u t t r e l l *8 c l a s s i f i c a t i o n  fo l lo w s  from  th e  u se  o f  d i f f e r e n t  

c h a r a c t e r s  f o r  th e  p r im ary  d i v i s i o n s  o f  th e  L ocu loascom ycetes . 

The P s e u d o s p h a e r ia le s  o f  M ü lle r  and Arx, b ased  on e x t e r n a l  

m orphology o f  th e  f r u i t  body, i s  a  much l a r g e r  group o f  

fu n g i  th a n  i s  th e  P le o s p o r a le s  o f  L u t t r e l l ,  which i s  b a se d
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on a type  o f  developm ent. With th e  p o s s e s s io n  o f  a s i m i l a r  

type  o f  developm ent, members o f th e  P le o s p o ra le s  may be 

assumed to  have some n a tu i ‘a l  a f f i n i t y ,  b u t  such an assum ption  

i s  l e s s  a d m iss ib le  f o r  th e  P s e u d o s p h a e r ia le s ,  s in c e  s i m i l a r  

e x t e r n a l  form o f th e  f r u i t  body may n o t n e c e s s a r i l y  i n d i c a t e  

homology. There i s  more re a so n  th e r e f o r e  f o r  r e g a rd in g  th e  

P le o s p o ra le s  as m onophyletic  th a n  f o r  making th e  same 

assum ption  w ith  th e  P s e u d o sp h a e r ia le s .

Spore c o lo u r  i s  one o f  th e  c h a r a c t e r s  used  to  make th e  

s u b d iv is io n s  o f  b o th  th e s e  o rd e r s .  I t  seems p o s s ib le  t h a t  

such  a c h a r a c t e r ,  which may r e s u l t  from a s in g le  gene m u ta t io n  

and may be ex p ec ted  to  evo lve more th a n  once , i s  l i k e l y  to  

be a more s u i t a b l e  c h a r a c t e r  when a p p l ie d  to  th e  P le o s p o r a le s ,  

th an  when used  to  su b d iv id e  th e  p o s s ib ly  more h e te ro g en o u s  

P s e u d o s p h a e r ia le s .

The p o s i t i o n  o f  V e n tu r is  and M ycosphaere lla  i n  th e  

schemes of c l a s s i f i c a t i o n  i s  i n t e r e s t i n g :  th e  two g en e ra  

have c e r t a i n  f e a t u r e s  i n  common b e s id e s  th e  b i t u n i c a t e  ascu s  

and a s c o s t ro m a tic  f r u i t  body; th e s e  in c lu d e  a s im ple  u n i 

lo c u l a r  f r u i t  body and two c e l l e d  a sc o sp o re s .  In  L u t t r e l l * s  

(1955) c l a s s i f i c a t i o n  th e  two g en e ra  f a l l  i n t o  s e p a ra te  o r d e r s ,  

V e n tu r is  i n  th e  P le o s p o ra le s  and M ycosphaere lla  i n  th e  

D o th id e a le s ,  w hereas i n  th e  system  of M ü lle r  and Arx (1950) 

th ey  a re  b o th  in c lu d e d  i n  one o rd e r ,  th e  P s e u d o s p h a e r ia le s .
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I t  i s  on ly  i n  L u t t r e l l * s  system  t h a t  th e  d i s t i n c t  and 

a p p a re n t ly  fundam enta l d i f f e r e n c e  i n  th e  developm ent o f  th e  

centrum  i n  V en tu ri a and iviycosphaerella i s  r e c o g n is e d ;  a 

d i f f e r e n c e  which i s  c l e a r l y  shown by th e  p r e s e n t  i n v e s t i g a t i o n s  

o f  th e  two genera#

For i d e n t i f i c a t i o n  th e  use  o f  deve lopm enta l c r i t e r i a  

has obvious d is a d v a n ta g e s ;  i t  i s  tim e consuming and, c e r t a i n l y  

w ith  herbarium  m a t e r i a l ,  n o t  always p o s s ib le .  However, th e  

m ature s t a t e  f r e q u e n t ly  r e f l e c t s  developm ent, and a com plete  

developm enta l s tu d y  i s  n o t  always n e c e s s a ry .  For exam ple, 

s e c t io n s  o f  th e  m ature f r u i t  b o d ie s  of V e n tu r is  i n a e q u a l i s  

and V e n tu r is  p i r i n a  ( f i g u r e s  28 -  29) g iv e  s u f f i c i e n t  

in fo rm a t io n  to  show t h a t  th e  centrum  developm ent i n  th e s e  

fu n g i  i s  o f  th e  P leo sp o ra - t y p e , w h ile  th o se  o f M ycosphaere lla  

m acu lifo rm is  ( f i g u r e  32) show t h a t  i t s  centrum  developm ent 

i s  o f  th e  D o th id ea - ty p e .

I t  may be argued t h a t  spo re  c h a r a c t e r s  a re  much e a s i e r  

to  use  as c r i t e r i a  f o r  i d e n t i f i c a t i o n  th a n  a re  deve lopm en ta l 

ones . This i s  o f t e n  t r u e ,  and f o r  i d e n t i f i c a t i o n  th e  use  o f  

any r e l i a b l e  c h a r a c t e r  i s  d é fe n d a b le .  The spo re  c o lo u r  

c h a r a c t e r ,u s e d  by M tiller and Arx to  c h a r a c t e r i s e  V e n tu r ia c e a e ,  

was found to  be a p o s i t i v e  c h a r a c t e r  f o r  th e  two s p e c ie s  o f  

V e n tu r ia  which were s tu d ie d  i n  th e  p r e s e n t  work. However, i n
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some newly r ip e n e d  f r u i t  b o d ie s  th e  c o lo u r  o f  a p p a re n t ly  

m ature a sco sp o res  was found to  be n o t  s i g n i f i c a n t l y  d i f f e r e n t  

from t h a t  o f a sco sp o res  o f M ycosphaere lla  m a c u l i fo rm is , and 

i t  would be d i f f i c u l t  w ith  such specim ens to  s e p a ra te  

V e n tu r is  from M ycosphaere lla  on t h i s  c h a r a c t e r  a lo n e .

However i n  herbarium  m a te r i a l  spore  c o lo u r  i s  a r e l i a b l e  

c h a r a c t e r ;  i t  was found i n  th e  s p e c ie s  of V e n tu r ia , under 

p re s e n t  c o n s id e r a t io n ,  t h a t  a darken ing  o f  u n re le a s e d  

a sco sp o res  always took p la c e  a f t e r  a f r u i t  body was m atu re , 

w h ile  i n  M ycosphae ie lla  m acu lifo rm is  th e  a sc o sp o re s  never 

became s i m i l a r ly  darkened .

While th e  two system s o f c l a s s i f i c a t i o n  under 

c o n s id e r a t io n  a re  g e n e r a l ly  adequate  f o r  th e  i d e n t i f i c a t i o n  

of V e n tu r is  and Mycosphae r e l l a , th e  a f f i n i t i e s  o f  th e  

g en e ra  appear to  be shown much more c l e a r l y  by th e  system  

of L u t t r e l l  th a n  by t h a t  o f  M üller and Arx. I t  seems 

l i k e l y  t h a t  a system  of c la s s i f i c a t io n ^ M h ic h  ig n o re s  such 

an a p p a re n t ly  fundam enta l d i f f e r e n c e  i n  d eve lop m en t,as  has 

been shown to  e x i s t  i n  th e  centrum  of th e  L ocu loascom ycetes , 

w i l l  have l i t t l e  v a lu e  i n  i n d i c a t i n g  n a t u r a l  r e l a t i o n s h i p s ;  

th e  ev idence  o f th e  p re s e n t  work a l l  s u g g e s ts  t h a t  i n  t h i s  

r e s p e c t  L u t t r e l l ' s  system  i s  b e t t e r  th a n  t h a t  o f M üller and 

Arx, n o t  on ly  f o r  V e n tu r is  and M y co sp h ae re lla , b u t  a l s o
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f o r  th e  Loculoascom ycetes as a whole. The system  o f  

J/iüller and Arx seems to  la c k  th e  c l a i ’i t y  o f  L u t t r e l l ’ s system ; 

one f e e l s  t h a t  t h e i r  system  may he a good one f o r  i d e n t i f i 

c a t i o n ,  when i n  th e  hands o f  e x p e r t s  l i k e  th e m se lv e s ,  who 

a p p r e c ia te  th e  sometimes r a t h e r  s u b t l e  d i f f e r e n c e s  th e y  

use to  s e p a ra te  f a m i l i e s  and g en e ra .  I t  may he,*when more 

deve lopm enta l s t u d i e s  o f  fu n g i  have been  made, t h a t  some o f  

th e  c l a r i t y  o f  L u t t r e l l * s  system  w i l l  be l o s t .  L u t t r e l l ’s 

scheme i s  b ased  on p u b l ish e d  d a ta  and i n  some i n s t a n c e s ,  as 

he h im se lf  i s  th e  f i r s t  to  adm it, th e  examples a re  few and 

th e  in fo rm a t io n  r a t h e r  m eagre, f o r  i t  i s  o n ly  r e l a t i v e l y  

r e c e n t l y  t h a t  em phasis has been  p la c e d  on deve lopm en ta l 

c r i t e r i a  f o r  th e  c l a s s i f i c a t i o n  of th e  î^rrenom ycetes.

The i n v e s t i g a t i o n s  i n  th e  p r e s e n t  work f u r n i s h  a d d i t i o n a l  

ev idence  i n  su p p o r t  o f L u t t r e l l ^ s  system  o f  c l a s s i f i c a t i o n ,  

a system ,w hich  though s t i l l  t e n t a t i v e ,  form s an e x c e l l e n t  

b a s i s  f o r  th e  f u r t h e r  work wîiich must be done b e fo re  i t  can  

be s a id  w ith  any a s s u ra n c e ,  t h i s  i s  o r  t h i s  i s  n o t  a b e t t e r  

c l a s s i f i c a t i o n .
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The main purpose o f  t h i s  p r e s e n t  work was th e  d e te rm i

n a t io n  o f th e  taxonomic p o s i t i o n  o f M ycosphaere lla  r u m ic i s .

The c o n fu s io n  a ro se  because th e  f i r s t  d e s c r i p t i o n s  o f  th e  

fungus by D esm azieries  ( 1 8 4 3 )  and Cooke (1866) o m itte d  

p re sen ce  o f  s p in e s  on th e  f r u i t  body, and a t  t h i s  tim e p re se n c e  

o f  spineB was a c h a r a c t e r  used  to  s e p a ra te  V e n tu r is  from  

M ycosphaere lla  ( S p h a e r e l l a ) * W in ter (1887) was th e  f i r s t  

to  r e c o rd  th e  p re sen ce  o f  s p in e s  on th e  f r u i t  body o f  

th e  fungus and th u s  to  show t h a t  th e  fungus was to  be r e f e r r e d  

to  V en tu r ia  r a t h e r  th a n  M y co sp h ae re lla .

The p r e s e n t  work on th e  fungus has shov-n t h a t  th e  

p re sen ce  of sp in e s  on th e  f r u i t  body i s  an u n r e l i a b l e  

taxonomic c h a r a c t e r ;  f o r  w h ile  sp in e s  were always p r e s e n t  

on f r u i t  b o d ie s  produced i n  c u l t u r e ,  th e y  were la c k in g  on 

many o f th e  f r u i t  b o d ie s  developed  on th e  h o s t .  Tliis f r e q u e n t  

absence o f sp in e s  on th e  f r u i t  b o d ie s  o f  M ycosphaere lla  

r u m ic i s , when growing on i t s  h o s t ,  i s  p o s s ib ly  one o f  th e  

main re a so n s  why ’’in te r te  naming o f  th e  fungus was n o t 

u n i v e r s a l l y  adop ted .

The centrum  of ^ y c o s p h a e re l la  ru m ic is  has been showm 

to  be o f  th e  P Ieo sp o ra - ty p e  and n o t  o f  th e  b o th id a a - ty p e  and 

th e  fungus i s  t h e r e f o r e  c o r r e c t l y  p la c e d  i n  th e  P le o s p o ra le s  

sensu  L u t t r e l l ;  i t s  o l iv e  t i n t e d  two c e l l e d  a sc o sp o re s  r e f e r
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i t  to  th e  V en tu r ia c e se  and i t s  s im ple  s p h e r i c a l  f r u i t  body 

to  V entui'ia . itfiycosphaerella ru m ic is  i s  a ls o  c o r r e c t l y  

p la c e d  i n  th e  I seudospbaeri a l e s  o f  M üller and ,^rx, by v i r t u e  

o f  i t s  s p h e r i c a l  a s c o s t ro m a tic  f r ? i i t  body. In  th e  Pseudo- 

s p h s e r i a l e s ,  th e  colour' o f i t s  two c e l l e d  a sc o sp o re s  i s  th e  

f a c t o r  which d e te rm in es  w hether th e  fungus shou ld  be a s s ig n e d  

to  iviyc o a phaere  11a of th e  M y co sp h ae re llaceae , o r  to  V en tu r i  a 

i n  th e  V e n tu r ia c e a e .  In  M ycosphaere lla  r u m i c i s , as i n  th e  

o th e r  s p e c ie s  of Kyc o s phaere  11 a and V en tu r i  a which v/ere s tu d i e d  

i n  th e  p re s e n t  work, spore  c o lo u r  may prove m is le a d in g .  The 

m ature a sc o sp o re s  of ^ ly co sp h ae re lla  ru m ic is  a re  i n i t i a l l y  

v e ry  p a le  g re en  i n  c o lo u r ,  th e y  may be dischax-ged and g e rm in a te  

i n  t h i s  c o n d i t io n ,  b u t  i f  t h e i r  d is c h a rg e  i s  d e lay e d  th e y  

assume a dark  o l iv e  c o lo u r ,  which i s  c h a r a c t e r i s t i c  o f 

V e n tu r ia . Dark co lo u re d  a sc o sp o re s  were n o t  found so 

f r e q u e n t ly  i n  th e  f r u i t  b o d ie s  o f  My c o s p h a e r e l l a  r u m c i s  as 

i n  th o se  o f  V e n tu r ia  i n a e q u a l i s  and V e n tu r ia  p i r i n a , b u t  

t h i s  may p o s s ib ly  be e x p la in e d  by th e  d i f f e r e n t  h a b i t a t  and 

l i f e  c y c le  of th e  fu n g i .  F r u i t  body p ro d u c t io n  i n  

M ycosphaere lla  ru m ic is  o ccu rs  on th e  l i v i n g  host^ and i t  i s  

a f a i r l y  r a p id  p ro c e s s ;  i n  s u i t a b l e  c o n d i t io n s  th e  a sc o sp o re s  

may be d is c h a rg e d  w i th in  tw en ty  days o f  i n f e c t i o n ,  and th e y  

a re  ca p ab le  of g e rm in a t in g  v e ry  q u ic k ly  a f t e r  d i s c h a r g e .
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On the other hand, the f r u i t  bodies o f  the two sp e c ie s  

of Venturi a develop in  the dead overwintering.; lea v e s  o f  

the host which are in fe c t e d  in  the Bummer or Autumn; they  

reach m aturity in  the Spring*, when r e le a s e  o f  ascospores  

may o fte n  be delayed by u n su itab le  co n d it io n s  fo r  th e ir  

d ischarge. No attempt was made to germinate the ascospores  

of th ese  two sp e c ie s  o f  V en tu ris .

As the mature ascospores oi xViyc os phaere l i e  rum icis  

become dark coloured w ith  age, the fungus may be c o r r e c t ly  

assigned  to  the Venturiaceae of Müller and Arx, and to  Venturia*

Thus in  the d i f f e r e n t  c l a s s i f i c a t i o n s ,  w ith  th e ir  

d if f e r e n t  c r i t e r i a  fo r  sep aratin g  Venturia and M ycosphaerella , 

Mycosphaerella rum icis i s  shown to  be a sp e c ie s  o f  V enturia .

The fungus should th erefore  be c a l le d  Venturi.a rum icis  

(Desm.) Winter.



(05



104

Y , , _ T  y ; . .  i ; : 0 . ' -

VI. SUMMARY %
V'/ ' T V/%1

: )W vT. / : .  .....

;  : f?- :'

/ 1  • - • ■



105

1. M ycosphaere lla  ru m ic is  was shown to  i n f e c t  i t s  Rumex h o s t  

by a sc o sp o re s ,  th e  germ tu b e s  o f  which p ie r c e  th e  h o s t  

c u tu c le :  th e  in v ad in g  mycelium grows i n t e r c e l l u l a r l y .

2 . The fungus i s  h o m o th a l l ic ;  i t  w i l l  grow and rep roduce  

i t s  p e r f e c t  s ta g e  on th e  l i v i n g  h o s t  and i n  c u l t u r e ;  i t  

i s  n o n -e x a c t in g  i n  i t s  grow th f a c t o r  r e q u ire m e n ts .  The 

p e r f e c t  s ta g e  i s  an ascostrom a: no a se x u a l  r e p ro d u c t iv e  

s te g e  has been found; th e r e  was no ev idence  t h a t  th e  

a sex u a l  re p ro d u c t iv e  s ta g e  i s  O v u la r ia  o b l iq u a .

3. A developm enta l s tu d y  showed t h a t  cen trum  developm ent 

i n  M ycosphaere lla  ru m ic is  i s  o f th e  P ie o s p o ra - ty p e .

4 . The P le o s p o ra - type  o f  centrum  was found a l s o  i n  P le o sp o ra  

herbarum , V e n tu r ia  i n a e q u a l i s  and V e n tu r ia  p i r i n a #

5* M ycosphaere lla  m acu lifo rm is  was found to  have a 

D oth idea - type  o f  centrum .

6# I t  was concluded  t h a t  M ycosphaere lla  ru m ic is  i s  a s p e c ie s  

o f  V e n tu r ia , and shou ld  be c a l l e d  V e n tu r ia  ru m ic is  (Desm. ) 

Wint.
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V II. ap,'t;ndix "

Some f a c t o r s  a f f e c t i n g  th e  growth and developm ent of 
M ycosphaerella  ru ro ic is  i n  c u l tu re *

I* Inoculum

2. Temperature 

3* Medium
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I .  Inoculum.

When i n v e s t i g a t i n g  th e  growth and development o f  

M ycosphaerella  ru m ic is  i n  c u l t u r e ,  f r e s h l y  d isc h a rg e d  asco 

sp o res  were used  as th e  inoculum . I n i t i a l l y ,  monospore 

in o c u la  were always u sed , b u t  i t  was found l a t e r  ( s e e  t a b l e  5) 

t h a t  w ith in  l i m i t s  s iz e  o f  inoculum  d id  n o t  a f f e c t  deve lop 

ment, and so 20 -  50 spore  in o c u la  were used i n  th e  subsequen t 

work.

Table 5 shows th e  r e s u l t s  o f an experim ent i n  which 

th e  number o f sp o res  i n  th e  inoculum  was v a r ie d .  There were 

t e n  c u l tu r e s  of each inoculum s i z e  and th e  c u l t u r e s  were 

k ep t  a t  room tem pera tu re  (average  d a i ly  re a d in g  » 12*8°C)

Table 5 E f f e c t  o f s i z e  o f inoculum  on th e  developm ent 
o f  M ycosphaerella  r u m ic i s .

No. o f sp o res  i n  
inoculum

Time between i n o c u la t i o n  and d isc h a rg e  
o f a s c o sp o re s ;  re c o rd e d  i n  days.

range average

I 41 -  45 43
2 41 -  42 4 1 .5  1
4 42 42 1
6 I  4 1 - 4 2 4 1 .5  1

lo 40 40 j

20 -  50 1 35 33 j
i. - i
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In  c u l t u r e  work a l a r g e  inoculum  has two main ad v an tag es  

over a monospore one, i t  i s  mare easy  to  o b ta in  and w ith  

i t  grow th i s  more c e r t a i n .  The l a t t e r  p o in t  was i l l u s t r a t e d  

by comparing th e  grow th o f  th e  fungus i n  40 monospore 

a g a r  s lo p e  c u l t u r e s ,  w ith  grow th  i n  4 0 ^ 1 0  sp o re  c u l t u r e s .

The sp o re s  o f  th e  in o c u la  were a l l  from th e  same so u rce  and 

th e  c u l t u r e s  were k e p t  i n  s i m i l a r  c o n d i t io n s .  Growth 

o cc u rred  i n  a l l  th e  ^ 10 spo re  c u l t u r e s ,  b u t  on ly  h a l f  o f 

th e  monoepore c u l t u r e s  grew.
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2. T em perature.

No c r i t i c a l  work was c a r r i e d  ou t on th e  e f f e c t  o f  

tem p era tu re  on th e  growth and development o f  M ycosphaere lla  

r u m ie i s , b u t  by growing th e  fungus a t  v a r io u s  te m p e ra tu re s  

i t  was found t h a t  M ycosphaerella  ru m ic is  i s  a r e l a t i v e l y  

•low tem p era tu re  fungus*. Table 6 summarises th e  r e s u l t s  o f  

th r e e  experim en ts  i n  which s im i l a r  c u l t u r e s  o f  th e  fungus on 

m alt e x t r a c t  aga r  were p la c e d  i n  d i f f e r e n t  tem p era tu re  

c o n d i t io n s .  The tem p era tu re  was c o n s ta n t  on ly  a t  th e  two 

h ig h e r  te m p e ra tu re s ,  end a t  th e  o th e r  th r e e  v a r ie d  as 

in d ic a te d .

Table 6 E f f e c t  o f  tem p era tu re  on development of M ycosphaere lla  
r u m ic is .

i

Temperature No. o f  c u l tu r e s No. o f  c u l tu r e s  
which grew

lim e betw een 
i n o c u la t i o n  
and d ischarg i 
o f ascosporej

( i n  "C)
average  

( i n  days)

4 - 6 36 36 77
8 -  I I 31 51 51

14 -  17 31 31 34
22 16 16 no sp o re s  

formed
25 20 0

i
______ ___________ 1
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I t  i s  seen  t h a t  th e  tem p era tu re  range a t  which m ature 

f r u i t  b o d ies  develop  i s  s m a l le r  th a n  th e  range  p e r m i t t in g  

growth o f th e  fungus* I t  i s  t h e r e f o r e  most im p o r ta n t  when 

i n v e s t i g a t in g  th e  development o f  th e  fungus to  in s u r e  

t h a t  th e  tem p era tu re  c o n d i t io n s  a re  n o t above th e  maximum 

f o r  re p ro d u c t io n .

At 22°C,where growth of M ycosphaere lla  ru m ic is  t a k e s  

p la c e  b u t  i s  somewhat r e s t r i c t e d ,  matui*e f r u i t  b o d ie s  a re  

n o t form ed, and i f  monospore in o c u la  a re  used to  i n i t i a t e  

th e  c u l tu r e  no growth o cc u rs .  In  l i q u i d  c u l t u r e s ,  s u b je c te d  

to  a s im i l a r  range o f  tem p era tu re  c o n d i t io n s ,  growth o f
o

the  fungus does no t tak e  p la c e  a t  22 C o r  te m p e ra tu re s
o

above. I t  would seem th e r e f o r e  t h a t  22 C i s  a t ,  o r  i s  n e a r ,  

th e  upper l im i t i n g  tem p e ra tu re  f o r  th e  growth o f 

M ycosrhae re lla  ru m ic is .
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3* Medium.

M ycosphaere lla  ru m ic is  grows and produces f e r t i l e  f r u i t  

b o d ie s  on a l l  th e  common n a t u r a l  ag a r media. I t  a l s o  

grows on s y n th e t i c  Czapsk-Dox medium, b u t  even w ith  a d d i t i o n  

of y e a s t  e x t r a c t ,  no f e r t i l e  f r u i t  b o d ie s  a re  produced .

To i n v e s t i g a t e  t l i i s  la c k  o f r e p ro d u c t io n  o f  th e  

fu n g u s jv a r io u s  o th e r  changes were made i n  th e  co m p o s itio n  

o f  th e  s y n th e t i c  medium. Table ? ,  on th e  n e x t  page , l i s t s  

th e  v a r io u s  m o d if ic a t io n s  made to  th e  medium, and 

summarises th e  r e s u l t s  o b ta in e d  when Mycosphaere11a 

ru m ic is  was c u l tu r e d  on th e  m odified  medium.
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Table 7* E f f e c t  o f a l t e r a t i o n s  i n  th e  com p o sit io n  o f  
Czapek-Dox medium, on M ycosphaere lla  ru m ic is

N ature o f  change Growth
o ccurred

+

Ascosporefi
formed

4

Carbon
!• Sucrose reduced  from 3% -  0.2% 4
2. Sucrose re p la c e d  by g lu co se  

a; Glucose 3% +
b )  Glucose 0.2% + —

N itro g en
3# Sodium ni.t r a t e  r e p la c e d  by a s p a ra g in  2% 

a) w ith  g lu co se  3% -f
b) w ith  g lu co se  0.2%
c )  w ith  su c ro se  3% + mm

d) w ith  su c ro se  0.2% + -
Potassium
4 . Potassium  c h lo r id e  reduced from 0.05% 

to  0% 4-
5* Potassium  phosphate  re p la c e d  by sodium 

phosphate(Na^HPO^) 0.1% + .

Phosphate
6 . Potassium  phosphate  reduced  from 0.1% 

to  0% 4 4
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I t  was found t h a t  when th e  phosphate  c o n c e n t r a t io n  

o f  th e  medium was reduced  re p ro d u c t io n  o f  th e  fungus 

took  p la c e .

Table 8 shows th e  r e s u l t  o f  an experim en t i n  which 

th e  fungus was grown on Czapek-box medium o f  v a r io u s  

phosphate  c o n c e n t r a t io n s .  S ix  t u b e - c u l t u r e s  were made a t  each  

c o n c e n t r a t io n  o f  p h o sp h a te ,  a sc o sp o re s  were used  as  inoculum . 

Growth o ccu rred  i n  a l l  c u l t u r e s ,  and i t  ap p eared , from  

v i s u a l  ex am in a tion  o f  th e  c u l t u r e s ,  t h a t  th e  amount o f  

growth in c r e a s e d  w ith  in c r e a s e d  c o n c e n t r a t io n  o f  p h o sp h a te . 

S ince  a l l  c u l t u r e s  i n  which m ature a s c i  were developed  

reach ed  m a tu r i ty  a t  ap p ro x im ate ly  th e  same t im e , th e  conce

n t r a t i o n  o f phosphate  a p p a re n t ly  d id  n o t  a f f e c t  th e  

speed o f  developm ent o f  th e  fungus . In  t a b l e  8 th e  number 

o f  secondary  c o lo n ie s  developed  from d is c h a rg e d  a s c o s p o re s ,  

i n  each c u l tu r e  i s  re c o rd e d .
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Table 8. E f f e c t  o f  d i f f e r e n t  c o n c e n t r a t io n s  o f  phosphate  
i n  Czapek-box medium, on th e  r e p ro d u c t io n  o f 
M ycosphaere lla  r u m ic i s .

% KEpPO,^ No.
i n
I .

o f  spore  c o lo n ie s  
each c u l tu r e

2. 3. 4 .

developed 

5. 6 .

T o ta l  no. o f 
spore  c o lo n ie s

0 19 7 14 10 0 0 50

0.001 >100 >100 >100 >100 >100 >100 >600

0. 00$ 28 2o 6 20 5 20 99

0.015 0 0 2 0 0 0 2

0.025 0 0 0 0 0 0 0

0.035 0 0 0 0 0 0 0

0.045 0 0 I 0 0 0 I

0 .053 0 0 0 0 0 0 0

0 .053 0 0 0 0 0 0 0

0.065 0 0 0 0 0 0 0

O.IIO 0 0 0 0 0 0 0
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The experim ent shows t h a t  i n  c u l t u r e  th e  r e p ro d u c t io n

o f  M ycosphaere lla  ru m ic is  i s  g r e a t l y  in f lu e n c e d  by th e

c o n c e n t r a t io n  o f  phosphate  i n  th e  medium. I t  i s  seen  t h a t

th e  fungus can grow and rep rodu ce  on a medium w ith  a v e ry
i t s

low c o n c e n t r a t io n  o f  p h o sp h a te , fo r /g ro w th  and r e p ro d u c t io n  

o cc u rred  on a medium to  which no phosphate  had been  added.

In  t h i s  medium th e  phophate re q u irem en ts  o f  th e  fungus must 

be p ro v ided  f o r , e i t h e r  by im p u r i t i e s  from th e  glassware^ and 

o r  from th e  c o n s t i t u e n t s  o f  th e  medium. As th e  r e s u l t s  i n  

t a b l e  8 show, r e p ro d u c t io n  o f  th e  fungus i s  s t im u la te d  by a 

v e ry  sm all a d d i t io n  o f  phosphate  to  th e  b a s ic  medium. A f u r 

t h e r  sm all in c r e a s e  i n  th e  phosphate  c o n c e n t r a t io n  d e p re s s e s  

r e p ro d u c t io n ,  and r e p ro d u c t io n  i s  i n h i b i t e d  by a phosphate  

c o n c e n t r a t io n  which i s  c o n s id e ra b ly  low er th a n  i s  th e  phosphate  

c o n c e n t r a t io n  i n  normal Gzapek-jDox medium*

B im ila r  r e s u l t s  were o b ta in e d  when th e  fungus was 

grown on th e  fo l lo w in g  ag a r  media

P o ta to  e x t r a c t  4 sodium phosphate  (Na^HPO^)

Malt e x t r a c t  4 sodium phosphate  ( " )

Malt e x t r a c t  as above, b u t  b u f f e r e d ,w i th  c i t r i c  a c id ,  a t  

pH 5 .

The r e s u l t s  o f  th e s e  experim en ts  a re  shown i n  t a b l e  9*
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Table 9* E f f e c t  o f  a d d i t io n  o f  phosphate  to  n a t u r a l  m edia , 
on th e  r e p ro d u c t io n  o f  M ycosuhaere lla  r u m ic i s .

% phosphate Growth Ascospores
formed

4 4

P o ta to  e x t r a c t

0 .005 4 4
0.015 4 4
0.025 4 4
0.035 4 4
0.045 4 4
0 .055 4
0.065 4
0.075 4

Malt e x t r a c t
a ) b u f fe re d  a t  pH 5
b) u n b u ffe red a b a b

0.005 4 4 4 4
0.012 4 4 4 4
0.023 4 4 4 4
0.046 4 4 4 4
0.092 4 4 4 4
0 .184 4 4
0.369 4 -
0.738 4 —
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On th e  u n b u ffe re d  m alt e x t r a c t  medium, growth o f th e  

fungus a t  0.18% phosphate  was r a t h e r  r e s t r i c t e d ,  and th e r e  

was no growth a t  a l l  a t  th e  h ig h e r  c o n c e n t r a t io n s  o f p h o sp h a te ;  

b u t  i n  th e  b u f fe re d  medium,growth was good i n  a l l  th e  c u l t u r e s .  

The i n h i b i t i o n  o f growth i n  th e  u n b u ffe re d  medium i s  p ro b ab ly  

th e  r e s u l t  o f  a h ig h  pH o f th e  medium,caused by th e  h ig h  

c o n c e n t ra t io n s  o f  p hosphate .

On a n a t u r a l  medium^ ii/lycosphaerella ru m ic is  ap p ears  

to  be ab le  to  t o l e r a t e  a h ig h e r  c o n c e n t r a t io n  of phosphate  

i n  th e  medium, f o r  r e p ro d u c t io n ,  th an  when th e  fungus i s  on 

s y n th e t i c  Czapek-JDox medium. The complex n a tu re  o f  th e  

n a t u r a l  media makes i t  d i f f i c u l t  to  de te rm ine  any d i r e c t  

re a s o n  f o r  t h i s  d i f f e r e n c e .  I t  was found however, t h a t  

f r u i t i n g  o f M ycosphaere lla  ru m ic is  took  p la c e  when th e  

fungus was grown on s y n th e t i c  ^ e s te r g a a r d - M i tc h e l l  medium, 

and th e  phosphate  c o n c e n t r a t io n  o f  t h i s  medium i s  0.01%, which 

i s  th e  same as i n  Czapek-Dox medium.

To i n v e s t i g a t e  th e  d i f f e r e n t  b eh a v io u r  o f  Mycosphaere11a 

ru m ic is  on th e  two s y n th e t i c  media, th e  fungus was grown 

on com binations o f  th e  media. I t  was grown on 

W e s te rg aa rd -M itc h e l l  medium,minus ca lc ium  c h l o r i d e ,  and on 

Czapek-Dox medium,plus ca lc ium  c h lo r id e  O.OI -  0.04%.

The r e s u l t s  o b ta in e d  were in c o n c lu s iv e ,  th e  fungus grew
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on a l l  th e  m edia, b u t  m ature f r u i t  b o d ie s  were developed  i n  

only  fo u r  c u l t u r e s .  The c u l t u r e s  i n  wbi cb r e p ro d u c t io n  took  

p lace  were fo u r  ou t o f t e n  c u l t u r e s  on Czapek-Dox medium, p lu s  

ca lc ium  c h lo r id e  0.04%. In  W e s te rg a a rd -M itc h e l l  medium th e  

concentr^^ tion  o f ca lc ium  c h lo r id e  i s  0.01%.

The p reced in g  ex p e r im en ts ,  w h ile  d i f f e r i n g  i n  d e t a i l s ,

a l l  show t h a t  r e p ro d u c t io n  o f M ycosphaerella  ru m ic is

i s  in f lu e n c e d  by th e  phosphate  c o n c e n t r a t io n  of th e  medium

on which th e  fungus i s  growing. As shown i n  t a b l e  8 ,  th e

d i f f e r e n c e  i n  th e  phosphate  c o n c e n t r a t io n  which s t im u la te s

and which i n h i b i t s  r e p ro d u c t io n  i s  v e ry  s m a l l ,  and i t  ap p ears

u n l ik e ly  t h a t  th e  e f f e c t  i s  one o f  pH. The r e s u l t s  o f th e

experim en ts  which are  summarised i n  t a b l e  9 a ls o  seem to

in d i c a t e  t h i s ;  i t  i s  shown t h a t  r e p ro d u c t io n  o f  ivlycosphaere 11a

ru m ic is  was i n h i b i t e d  by th e  seme c o n c e n t r a t io n  o f  p h o sp h a te ,

i n  a b u f fe re d  and i n  an u n b u ffe re d  mediium. I t  was found , i n

a n o th e r  ex p e rim en t,  t h a t  grow th b u t  n o t  r e p ro d u c t io n  o f

M ycosphaere lla  ru m ic is  o c c u rred  on Czapek-Dox medium b u f f e r e d

a t  a range o f  pH, pH 3 .5  to  pH 7 .0 .  However th e  b u f f e r

used was Me I lv a in e * s  phosphate  -  c i t r a t e  b u f f e r  ( s e e  C la rk

1927)1 b u t  i f  th e  e f f e c t  o f  phosphate  on r e p ro d u c t io n  i s
even

p u re ly  one o f  pH, th e n  th e  use o f / a  phosphate  b u f f e r  might 

be ex pec ted  to  c a n c e l  th e  e f f e c t  o f  th e  phosphate  i n  th e  

medium.
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When i n v e s t i g a t i n g  th e  e f f e c t  o f pH o f  th e  medium, on 

the  re p ro d u c t io n  o f  M ycosphaero lla  ru m ic is  i n  c u l t u r e ,  i t  

i s  c l e a r  t h a t  a phosphate  b u f f e r  shou ld  n o t be used to  a d ju s t  

th e  pH o f  th e  medium; th e  use o f  such a b u f f e r  can  g iv e  a 

m is le ad in g  r e s u l t .  For example, when u s in g  p o ta to  e x t r a c t  

as a b a s ic  medium and Me I l v a i n e ’ s b u f f e r  s o lu t io n s  to  

a d ju s t  pH, i t  was found t h a t  r e p ro d u c t io n  o f  M ycosphaere lla  

ru m ic is  would n o t take  p la c e  above pH 3 .4 ,  b u t  r e p ro d u c t io n  

o f  th e  fungus took  p la c e  on th e  u n b u ffe re d  p o ta to  e x t r a c t  

medium, th e  pH o f  which was between pH 5 and pH 6.

I t  i s  perhaps p o s s ib le  t h a t  i n  some i n s t a n c e s ,  e f f e c t s  o f  

pH on re p ro d u c t io n  which have been re c o rd e d  f o r  o th e r  f u n g i ,  

may bo tho  e f f e c t s  o f changes i n  phosphate  c o n c e n t r a t io n ,  

r a t h e r  th a n  a d i r e c t  e f f e c t  o f  pH.

I t  was shown t h a t  M ycosphaere lla  ru m ic is  w i l l  grow  ̂ on 

media o f w idely  d i f f e r i n g  pH. T ù b e -c u l tu re s  o f  th e  fungus 

were made on media o f  pH range -  pH 2 .4  to  pH 8«4, w ith  m alt 

e x t r a c t  agar as th e  b a s ic  medium and Me I lv a in e * s  b u f f e r  

s o lu t io n s  to  a d ju s t  pH. Growth o f  the  fungus o cc u rred  a t  

pH 2 .8  to  pH 8 .0 .  In  l i q u i d  c u l t u r e s ,  u s in g  Czapek-Dox 

medium as base  and th e  same b u f f e r  s o lu t io n s  to  a d ju s t  pH, a 

pH range of pH 3 .4  to  pH 7*0 was u sed , growth o f  th e  fungus 

took  p la c e  a t  pH 5 .4  to  pH 6 .2 .  No measurement o f grow th
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was made in  th ese  experim ents, and as phosphate b u ffer  s o lu t io a  

were used i t  was not p o ss ib le  to  c o r r e la te  pH and reproduction .

An attempt was made to  r e la te  reproduction  and pH o f the 

medium, by growing M ycosphaerella rum icis on media b u ffered  

w ith  a non phosphate b u ffer  so lu t io n . Sorenson’s sodium c i t 

r a te , sodium hydroxide or hydrochloric a c id , b u ffer  so lu t io n s  

(se e  Hale 1958) were used , w ith  malt e x tr a c t as the b a s ic  

medium. The pH range in v e s t ig a te d  was pH 2 .9 7  to  pH 6.97#

The cu ltu res  were made in  m edicine f l a t s  in stea d  o f tu b es , 

which enabled colony diam eter to  be measured a t the end o f  

the experim ent. The r e s u lt s  o f t h is  experim ent are shown 

in  ta b le  10. There were four c u ltu r e s  a t each pH; the c u ltu r e s  

were kept at room temperature which varied  and was not 

recorded.
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Table 10. E f f e c t  o f  pH o f  th e  medium, on th e  developm ent 
o f M ycosphaere lla  r u m ic i s .

pH Colony d iam e te r  
a f t e r  40 days
(a v e ra g e ,  i n  cms)

Time betw een in o c u l a t i o n  
and asco sp o re  d is c h a rg e

(a v e ra g e ,  i n  days)

2 .9 7 1 .9 40
3 .9 5 2 .4 26
5 .02 2 .4 no sp o re s  formed
5 .9 5 2 .2 no sp o re s  formed
6 .9 7 1 .2 no sp o re s  formed

I t  can  be seen  from t a b l e  10, t h a t  i n  th e  c o n d i t io n s  

o f  t i l l s  ex p e rim en t,  m ature f r u i t  b o d ie s  o f  M ycosphaere lla  

iu m ic is  ware formed on ly  on th e  two most a c id  m edia, a t  

pH 2 .9 7  and pH 3.95# The fungus grew a t  a l l  p o in t s  on th e  

pH ra n g e ,  b u t  growth was l im i t e d  a t  th e  two ex trem es o f  th e  

ra n g e .

I t  appears  th e r e f o r e  t h a t  growth and r e p ro d u c t io n  

o f &tTC08p h a e r e l l a  ru m ic is  a re  b o th  fa v o u red  by a low pH, 

b u t  t h a t  th e  pH i s  more c r i t i c a l  f o r  r e p ro d u c t io n  th a n  i t  

i s  f o r  grow th .

When th e  n a t u r a l  s u b s t r a t »  o f  th e  fungus i s  c o n s id e re d ,  

i t  i s  n o t  s u r p r i s i n g  t h a t  i n  c u l t u r e ,  g row th  and r e p ro d u c t io n  

a re  fa v o u red  by an a c id  medium; th e  pH o f  Rumex l e a f  t i s s u e  

ground up w ith  w a te r  i s  i n  th e  range  pH 4 .5  to  pH 4 .8 .
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The expe rim en ts  which have j u s t  been  d e s c r ib e d  show

th.©t H y co sT h aere lla  ru m ic is  w i l l  grow and rep rod uce  on a 

s y n th e t i c  medium, and t h a t  i t  i s  n o n -e x a c t in g  i n  i t s  

growth f a c t o r  re q u ire m e n ts .  They a l s o  show t h a t  l i k e  

a g r e a t  many f u n g i ,  th e  c o n d i t io n s  which in f lu e n c e  i t s  

r e p ro d u c t io n  a re  more c r i t i c a l  th a n  are  th o se  which in f lu e n c e  

g row th.

Both grow th and r e p ro d u c t io n  a re  fa v o u red  by low tempe

r a t u r e  c o n d i t io n s ,  b u t  as  can  be seen  from t a b l e  6 , grow th  

o ccu rs  a t  a h ig h e r  tem p e ra tu re  th a n  th e  h ig h e s t  l i m i t i n g  

te m p e ra tu re  f o r  r e p ro d u c t io n .

The medium has a d e f i n i t e  In f lu e n c e  on r e p r o d u c t io n ,  

b u t  as  no measurement o f  grow th was made i n  most e x p e r im e n ts ,  

no c l e a r  e f f e c t  o f  th e  medium on growth has  been d em o n s tra te d . 

Two f a c t o r s  o f  th e  medium which have been  shown to  have 

c o n s id e r a b le  In f lu e n c e  on r e p ro d u c t io n ,  a re  th e  pH o f  th e  

medium and i t s  phosphate  c o n c e n t r a t io n .  T h e ir  e f f e c t  may

be l in k e d ,  b u t  th e  r e s u l t s  i n d i c a t e  t h a t  th e  i n h i b i t o r y  

e f f e c t  o f  phosphate  i s  a t  l e a s t  n o t  a d i r e c t  pH e f f e c t .

I t  was a ls o  found t h a t  th e  a c tu a l  amount o f  p hospha te  i n  

th e  medium i s  n o t  d i r e c t l y  r e l a t e d  t o  i t s  i n h i b i t o r y  

e f f e c t  on r e p ro d u c t io n .  For example, i n  n a t u r a l  m edia, r e p ro 

d u c t io n  o f  M ycospahere lla  ru m ic is  o c c u rre d  where t h e r e  was
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a l a r g e r  c o n c e n t r a t io n  o f  phosphate  th a n  t h a t  which 

i n h i h i t e d  r e p ro d u c t io n  in  s y n th e t i c  Czapek-Dox medium.

The r e l a t i v e  p ro p o r t io n s  o f  th e  i n d iv id u a l  c o n s t i t u e n t s  o f  

th e  medium a re  probably v e ry  im p o r ta n t .  The experim en t i n  

which ca lc ium  c h lo r id e  was added to  Czapek-box medium was 

in c o n c lu s iv e ,  b u t  would appeaij|fco be w orth  expanding ; w ith  

c r i t i c a l  ex pe rim en ts  i t  m ight be p o s s ib le  to  o b ta in  more 

e x a c t  in fo rm a t io n  on th e  r o l e  o f  phosphate  i n  th e  s t i m u l a t i o n  

and i n h i b i t i o n  o f  r e p ro d u c t io n  i n  Ig ycosphaere lla  r u m ic i s .

The experim en t s u g g e s ts  t h a t  b o th  th e  phosphate  and 

ca lc iu m  c o n c e n t r a t io n  o f  th e  medium may in f lu e n c e  re p ro d u c t io n .  

I t  may be t h a t  th e  s t im u la to r y  e f f e c t  o f  ca lc ium  on re p ro d u c 

t i o n ,  shown by th e  f o u r  c u l t u r e s  i n  which r e p ro d u c t io n  

o c c u r re d ,  i s  th e  i n d i r e c t  r e s u l t  o f  th e  i n t e r  r e l a t i o n s h i p  

o f th e  phosphate  and ca lc iu m  i n  th e  medium. However a g r e a t  

d e a l  o f trork w i l l  have to  be done b e fo re  th e  e f f e c t s  o f  th e  

v a r io u s  c o n s t i t u e n t s  o f  th e  medium can  be u n d e rs to o d .

Growth and re p ro d u c t io n  o f  M ycosphaere lla  ru m ic is  have 

been  shown to  be fav o u red  by a medium o f low pH. The 

ex p e rim en ts  w ith  pH, show t h a t  i t  i s  u n d e s i r a b le  to  use  a 

phosphate  b u f f e r  when i n v e s t i g a t i n g  th e  e f f e c t  o f  pH on 

grow th and re p ro d u c t io n .  I f  p o s s i b l e ,  f o r  such i n v e s t i g a t i o n s  

a non phosphate  b u f f e r  sh o u ld  always be u sed .
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F ig u re  I .

O v u la r la  o b l iq u a .

A. C onid iopiiores p r o j e c t in g  from a stoma o f  Humex l e a f ,  
shown i n  o u t l in e  o n ly .

B. Conidiurn which has germ ina ted  to  g ive  a co n id io p h o re  
w h ile  s t i l l  a t t a c h e d  to  i t s  p a r e n t  co n id io p h o re .

C. T ips o f  c o n id io p h o re s  t o  show s ta g e s  i n  th e  d eve lop 
ment o f a conidium .

D. Mature conidium  d e tach ed  from c o n id io p h o re .
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F ig u re  ? .

M ycosphaerella  r u m ic i s . P re p a ra t io n s  o f i n f e c te d  Rumex h o s t  

to  show s ta g e s  i n  i n f e c t i o n .
A
1 - 2  T ransverse  s e c t io n s  o f  ep id erm is  o f l e a f .

1. P e n e t r a t io n  of h o s t  has o cc u rred  between two ep iderm al 
c e l l s ,  ’ a l t e r a t i o n *  of th e  a d ja c e n t  a n t i c l i n a l  w a l ls  
i s  shov/n.

2. Shows ’ a l t e r a t i o n *  i n  p e r i c l i n a l  w a l l ,  caused  by 
germ tube of an ascospore  which i s  no lo n g e r  i n  
p o s i t i o n .

B1 - 5  C lea red  l e a f  p r e p a ra t io n s  showing ’ a l te re d *  a re a s
i n  p e r i c l i n a l  w a l l s ,  caused  by ascospo re  germ tu b e s .

1. Small * a l te re d *  a r e a  on e i t h e r  s id e  o f  germ tu b e ,  a t  
p o in t  o f e n t ry  to  h o s t .

2 . Two * a l t e r e d  * a r e a s ,  one e i t h e r  s id e  o f  a j u n c t i o n  
o f two ep iderm al c e l l s .

3. One ’ a l t e r e d ’ a re a  a t  p o in t  of p e n e t r a t io n .

4 .  One ’ a l te re d *  a r e a ,  w i th  a l i g h t e r  b lu e  ’halo* (do tted ). 

5# S im ila r  to  2 , b u t  ascospore  n o t  i n  p o s i t i o n .
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F ig u re

M ycosphaere lla  r u m ic is  ̂ Epiderm al s t r i p s  o f  i n f e c te d  Rumex

le a v e s  to  show s ta g e s  i n  i n f e c t i o n .

A. Ascospore on s u r fa c e  of l e a f ;  germ tube  has p e n e t r a te d
and ’ a l t e r a t i o n *  o f  p e r i c l i n a l  w a ll  of ep iderm al c e l l  
i s  shown,

B. Ascospore germ tube has extended beyond spore  b e fo re  
p e n e t r a t in g  h o s t ,  ’a l t e r e d ’ a re a  i n  p e r i c l i n a l  w a l l  of 
ep iderm al c e l l  i s  shown a t  p o in t  o f e n t ry ,

C. Ascospore has germ inated  over th e  j u n c t io n  o f two 
ep iderm al c e l l s ,  inv ad in g  hyphae growing above th e  j u n c t i o n  
o f th e  c e l l s ,  ’A l t e r e d ’ a re a s  i n  a n t i c l i n a l  w a l ls  a re  
shown.

D.E. As i n  C, b u t  growth of in v ad in g  hyphae more e x te n s iv e ,  
and becoming l a t e r a l .

F. A wide sub c u t i c u l a r  hypha deve loped , th e  germ tube  d id  
n o t e n te r  over th e  j u n c t io n  o f two ep iderm al c e l l s ,  b u t
the  in v ad in g  mycelium fo l lo w s  th e  c o n to u rs  of th e  ep iderm al 
c e l l s .

( ’A l te r e d ’ a re a s  i n  th e  p e r i c l i n a l  w a l ls  o f  th e  ep iderm al c e l l s  
a re  shown i n  b la c k ;  i n  th e  a n t i c l i n a l  w a l l s  th ey  a re  i n d i 
c a te d  by drawing th e  m iddle la m e l la  as a t h i c k  b la c k  l i n e .  
Where th e  fungus i s  sub c u t i c u l a r  and growing above th e  
j u n c t io n  o f th e  ep iderm al c e l l s ,  th e  ep iderm al w a l ls  a re  
shown as a s in g le  c o n t in u o u s (* a l t e r e d ’ ) o r  d o t t e d ( ’u n a l te re d *  
l l f ië  in s te a d  o f  th e  u su a l  th r e e  l i n e s . )
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F igure  4 .

lit^cQsphaerella ru m ic i s » Fpiderinal s t r i p s  o f  i n f e c t e d  Rumex

le a v e s  to  show s ta g e s  i n  in f e c t io n *

A* Shows e x te n s iv e  developm ent o f  sub c u t i c u l a r  hyphae, 
r a d i a t i n g  ou t from th e  p o in t  o f  e n t r y  i n  a s h e e t  l i k e  
l a y e r ,  and fo l lo w in g  th e  c o n to u rs  o f  th e  ep id e rm a l 
C ells#

B. S im i la r  t o  A, b u t  shows a l s o  th e  b e g in n in g  o f  sub ep id e rm a l 
hyphae (shaded)*  These sub ep id e rm a l hyphae a r i s e  below 
th e  j u n c t i o n  o f  two ep iderm a l c 1 1s , where th e  a n t i c l i n a l  
w a l l s  appear ' a l te r e d *  *

(The s t r i p s  were s t a in e d  i n  c o t to n  b lu e ,  an d * a lte red *  a r e a s  
a re  i n d i c a t e d  as i n  f i g u r e  3*)
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F ig u re  5*

M ycosphaere lla  ru m ic is # E piderm al s t r i p  o f  in f e c te d  Rumex 

l e a f .  Shows e x te n s iv e  developm ent o f b o th  sub c u t i c u l a r  

(d o t te d )  and sub ep id erm al hyphae (sh a d e d ) . The sub ep id e rm a l 

mycelium ex ten d s  f u r t h e r  th a n  does th e  sub c u t i c u l a r  

m ycelium , b u t i t s  hyphae te n d  to  rem ain  s e p a ra te  and do n o t 

form  th e  s h e e t  l i k e  mass o f th e  sub c u t i c u l a r  hyphae#
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F ig u re  6 .

M ycosphaere lla  ru m ic is . P re p a ra t io n s  o f in f e c te d  Humex h o s t

to  show h o s t  p a r a s i t e  r e l a t i o n s h i p .

A* P a r t  o f a t r a n s v e r s e  s e c t io n  o f l e a f ,  shows w e ll deve loped  
suh c u t i c u l a r  m ycelium , and strom a fo rm a tio n  i n  th e  
m esophy ll.

B. P a r t  o f a t r a n s v e r s e  s e c t io n  o f l e a f ,  a t  edge o f an 
in f e c te d  s p o t ,  th e r e  i s  no sub c u t i c u l a r  m ycelium , b u t  
sub ep id e rm a l mycelium and i n t e r c e l l u l a r  hyphae i n  th e  
m esophyll a re  shown*

C. P a lis a d e  t i s s u e  view ed from  above, shows i n t e r c e l l u l a r  
g row th o f hyphae*

D. P a r t  o f a t r a n s v e r s e  s e c t io n  o f  a stem , showing i n t e r c e l l u 
l a r  hyphae i n  th e  c o r te x ;  th e  i n t e r c e l l u l a r  p o s i t io n  o f
a young f r u i t  body i s  a ls o  shown*
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P lR ure 7*

Uforcosphaerella r i m l c i s * P a r t  o f a t r a n s v e r s e  s e c t io n  o f 

in f e c te d  Humex stem , to  show h o s t  p a r a s i t e  r e la t io n s h ip *  

Shows th e  i n t e r c e l l u l a r  grow th o f th e  pathogen  in  th e  

e p id e rm is  and i n  co llenchym a t i s s u e ;  i n t e r c e l l u l a r  f r u i t  

body developm ent i s  a ls o  shown.
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F ig u re  8 .

M yco sp b aere lla  ru m ic is . Two in f e c t io n  s p o ts  on Rumex le a v e s  

to  show d i s t r i b u t i o n  o f f r u i t  b o d ie s .

A. A re d -b o rd e re d  s p o t ,  c e n tr e  f r u i t  b o d ie s  a re  m ature and 
have o s t io le s *

B. A younger sp o t th a n  i n  A, c e n t r a l  f r u i t  b o d ie s  a re  n o t
y e t  m atu re , th e y  have a w e ll developed  a p ic a l  beak  ( s h a d e d ) , 
b u t o s t i o l e  n o t y e t  formed* Young f r u i t  b o d ie s  a re  
d ev e lo p in g  a t  th e  edge o f th e  s p o t ,  i n  l e a f  t i s s u e  w hich 
i s  s t i l l  g re e n .
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F ig u re  9*

M y co sp h aere lla  ru m ic is . Apex o f  th r e e  f r u i t  b o d ie s  from  

an ag a r c u l tu r e  $ showing th e  p o s i t io n  and s t r u c t u r e  o f 

th e  s p in e - l ik e  appendages. The s p in e s  a re  shown i n  b la c k ;  

a l l  a re  non s e p t a t e ,  some have a s l i g h t l y  sw o llen  b a s e .
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F ig u re  I I .

M y co sp h ae re lla  ru m ic io . Showing s ta g e s  i n  th e  developm ent 

o f th e  f r u i t  body, as seen  i n  ag a r c u l tu r e :

A,B,C. The f i r s t  i n d i c a t io n  o f  f r u i t  body developm ent.

D. F r u i t  body i n i t i a l  now a s p h e r ic a l  a g g re g a tio n
o f  hyphae , o u te r-m o s t hyphae becom ing th ic k  w a lled ,

E. F r u i t  body i n i t i a l  l a r g e r  th a n  i n  D, and w a lls  o f  
o u te r  hyphae a re  t h i c k e r .

F. O uter hyphae have become d a rk  c o lo u re d , i t  i s  no 
lo n g e r  p o s s ib le  to  d i s t in g u i s h  a l l  segm ents o f  
th e  hyphae.
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F ig u re  12#

M y co sp h ae re lla  ru m ic is e S e c t io n s  o f young f r u i t  b o d ie s

to  show s ta g e s  i n  developm ent.

A. L o n g itu d in a l s e c t io n ,  shows l i t t l e  i n t e r n a l  d i f f e r e n t i a t i o n #

B. L o n g itu d in a l s e c t io n ,  shows v e r t i c a l l y  o r i e n ta t e d  
p seu d o p arap h y ses  w hich a re  a t ta c h e d  a t  b o th  t h e i r  apex 
and b a s e ;  a s c i  a re  n o t y e t  d ev e lo p ed .

C. L o n g itu d in a l s e c t io n ,  shows a s c i  b e g in n in g  to  grow up 
among th e  p seu d o p arap h y ses .

D. L o n g itu d in a l  s e c t io n ,  shows a s l i g h t l y  l a t e r  s ta g e  th a n  
C; th e  p seu d o p arap h y ses  a re  p rom inen t a t  th e  apex , t h e i r  
a p ic a l  a tta c h m e n t i s  c l e a r l y  shown.

E. T ra n sv e rse  s e c t io n  o f  f r u i t  body w hich i s  a t  abou t th e  
same s ta g e  o f  developm ent as i s  th e  one shown i n  
f ig u r e  15 A. Shows th e  arrangem en t o f th e  a s c i  and 
p seu d o p a rap h y ses . Few c o n te n ts  a re  l e f t  i n  th e  a s c i ,  and 
th e  in n e r  l a y e r  o f th e  w a ll  o f  th e  a scu s  shows c o n s id e ra b le  
s w e l l in g .
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F ig u re  15.

M y co sp h ae re lla  ru m ic is . L o n g itu d in a l s e c t io n s  o f f r u i t

b o d ie s  to  show s ta g e s  i n  developm ent.

A. Young f r u i t  body w hich i s  a t  a s l i g h t l y  l a t e r  s ta g e  o f  
developm ent th a n  i s  th e  one shown i n  f ig u r e  12 D; th e  
a s c i  a re  s t i l l  n o t m atu re . The c h a r a c t e r i s t i c  s w e ll in g  
o f  th e  in n e r  la y e r  o f th e  ascu s w a ll i s  c l e a r l y  se e n .

B. M ature f r u i t  body; some o f  th e  a s c i  a re  ex ten d e d ; th e  
p seudoparaphyses  a re  somewhat o b scu red  by th e  a s c i  and 
some appear f r e e  a t  t h e i r  a p ic a l  end.
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Figure 14,

N i^fcosphaarella ru m lo la . L o n g itu d in a l s e c t io n  o f m ature 

f r u i t  "body i n  w hich th e  p o s i t io n  o f th r e e  o s t i o l e s  may 

be seen*
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F ig u re  10.

m y co sp h ae re lla  ru m ic is . Showing some c h a r a c t e r i s t i c s  o f  

th e  v e g e ta t iv e  hyphae i n  ag a r c u l t u r e .

A. Hyphal a n a s to m o s is .

B. C h a r a c t e r i s t i c  b ra n c h in g  o f  th e  v e g e ta t iv e  mycelium#

C. Hyphae a r i s i n g  from  a g e rm in a ted  a sc o sp o re .
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F ig u re  15*

M y co sp h ae re lla  ru m ic is .  A sci m ounted i n  w a te r  showing 

s u c c e s s iv e  s ta g e s  i n  th e  r e l e a s e  o f  th e  a sco sp o res*

A. M ature a sc u s  p r i o r  to  e x te n s io n *

B. E xtended  a s c u s ;  o u te r  l a y e r  o f  w a ll  se e n  a s  a  w r in k le d
s le e v e  a t  th e  b a se  o f  ex ten d e d  in n e r  l a y e r  o f  w a l l ;
a s c o sp o re s  i n  a row .

C* C o n se c u tiv e  d raw ings o f  t i p  o f  ex ten d e d  ascus*

I  -  3 . T h in  a p ic a l  r e g io n  p ro t ru d in g  a s  a  p a p i l l a .
4 . A scospore i n  a p ic a l  p a p i l l a .
5* I n d i c a te s  s u c c e s s iv e  p o s i t io n s  o f  th e  a sc o sp o re

as  i t  i s  fo rc e d  th ro u g h  th e  p a p i l la *

D. Ascus from  w hich  a l l  s p o re s  have b ee n  r e le a s e d .
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Flgriire 1 6 ,

iifiycoepLaerella ru m j.c is* F r u i t  b o d ie s  as se e n  i n  th e  r in g  

m o is t chambers*

A1 - 2  A sci p r o j e c t in g  from  f r u i t  b o d ie s ,  i n  2 th e  p o s i t i o n  
o f  th e  a sc o sp o re s  i s  in d ic a te d .

B1 - 5  C o n se c u tiv e  d raw ings o f  one f r u i t  body,
I ,  One a sc u s  p r o j e c t i n g ,  and l i b e r a t i n g  s p o re s .
2» Two a s c i  p r o j e c t i n g ,  one o f  them  l i b e r a t i n g  s p o re s .  
3 . As 2 ,  b u t  b o th  a s c i  l i b e r a t i n g  s p o re s .

1 - 8  C o n se c u tiv e  d raw ings o f  an  ex ten d e d  a sc u s  show ing
th e  g ra d u a l  c o l la p s e  w hich  o c c u rre d  when th e  l i d
was rem oved from  th e  m o is t chamber*

^ 1 - 5  C o n se c u tiv e  d raw ings o f  an e x te n d e d  a sc u s  show ing
a s i m i l a r  g ra d u a l  c o l la p s e  as i n  C, b u t  a l s o  a 
su b se q u e n t r e - e x te n s io n  when th e  l i d  o f th e  cham ber 
was r e p la c e d .
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P lgure 1 7 .

M ycosphaerella  r u m ic is . Diagram i l l u s t r a t i n g  th e  

s u c c e s s iv e  r e le a s e  o f  two a scosp ores from th e  t i p  o f  

an exten ded  a sc u s .
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Figure IQ,

M ycosphaerella  r u m ic is , A sci mounted in  w ater,

A ,B ,C ,F , Young a s c i  e x h ib it in g  no s w e llin g  o f  t h e ir  w a l ls ,

D,B, Young a s c i  e x h ib it in g  s w e ll in g  o f  t h e ir  w a l l s .

G,H,I ,  Young a s c i  prem aturely exten ded; H , I ,  show
s w e ll in g  o f  th e  in n e r  la y e r  o f  t h e ir  w a l l ,

J , Part o f  an extended ascu s which has an 'a p ic a l
cap' formed by th e  ou ter  la y e r  o f  th e  w a l l .

K. Damaged ascu s e x h ib it in g  s w e ll in g  o f  i t s  w a l l .
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Figure 19»

P leosp ora  herbarum. A sci mounted in  w ater,

A. Mature a sc u s , sp ores shown on ly  in  o u t l in e .

B. Extended a sc u s , shows ou ter  la y e r  o f  w a ll  as a w rin k led  
s le e v e  a t  th e  base o f  th e  extended  in n e r  la y e r .  
S e p ta t io n  o f  th e  a sco sp o res shown.

C. Tip o f  exten ded  a sc u s , showing th e  a p ic a l p a p i l la .
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Figure 20.

P leosp ora  herbarum. L on g itu d in a l s e c t io n  o f  alm ost mature 

f r u i t  body to  show s tr u c tu r e  o f  the centrum .

Shows a layer of hitunicate asci with pseudoparaphyses 
between them.
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Figure 21.

P leosp ora  herbarum. T ransverse s e c t io n  o f  alm ost mature 

f r u i t  b o d y  to  show str u c tu r e  o f  th e centrum.

Shows th e pseudoparaphyses and a s c i  in  c r o ss  s e c t io n ;  many 

o f the a s c i  e x h ib it  a s w e ll in g  o f  t h e ir  w a ll .
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F igure 22 .

P leosp ora  herbarum# L on g itu d in a l s e c t io n  o f  young f r p i t  

body to  show s tr u c tu r e  o f  th e  centrum.

V e r t ic a l ly  o r ie n ta te d  pseudoparaphyses a tta ch ed  a t b oth  

ends are seen : a s c i  have n ot y e t  d evelop ed .
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Figure 23.

P leosp ora  herbarum. lo n g itu d in a l  s e c t io n  o f  young 

f r u i t  body to  show th e  s tr u c tu r e  o f  th e  centrum . Edge o f  

s e c t io n  o n ly , i s  drawn; young a s c i  and v e r t i c a l l y  

o r ie n ta te d  pseudoparaphyses are shown.
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F igure 24.

P leosp ora  herbarum. L on g itu d in a l s e c t io n  o f  young f r u i t

body in  which no a s c i  are y e t  d evelop ed . The pseudoparaphyses

have become fo ld e d  in  p reparing  th e  s e c t io n ,  and some

g iv e  th e appearance o f  hyphae w ith  f r e e  en d s.

(The low power diagram i s  o f  th e  com plete s e c t io n ,  o f  which  
o n ly  p art i s  drawn in  d e t a i l )
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F igure 25»

P leosp ora  herbarum. T ransverse s e c t io n  o f  young f r u i t  

body in  which a s c i  are n o t y e t  d evelop ed . Pseudoparaphyses 

are shown in  c r o s s  s e c t io n ,  b ut a t  th e  low er s id e  o f  th e  

s e c t io n  th ey  have become d is p la c e d , and t h e ir  cu t le n g th  

can be see n ; th ey  g iv e  th e  appearance o f  r a d ia l  in grow th .
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Piprare 26.

P leosp ora  herbarum. L o n g itu d in a l s e c t io n  o f  young f r u i t  

body in  which no a s c i  are y e t  d evelop ed . The pseudoparaphyses 

a t th e  top  o f  th e  s e c t io n  g iv e  th e  appearance o f  r a d ia l ly  

in grow in g , or downwardly d ir e c te d  hyphae, w ith  fr e e  ends; 

t h i s  may he a t tr ib u te d  to  th e  o b liq u e  natu re o f  th e  

s e c t io n  and th e  s p h e r ic a l  shape o f  th e  centrum .



1 9 7

f i g . 2 6



199

P isu rs  2 7 .

A scosp ores mcLinred in  w a ter .

a . P leosp ora  herbarum

b . T en tu ria  p ir ln a

c .  V en tu ris  in a e q u a lis

d . M ycosphaerella  m a c u llfo ra ia

e .  ly c o s p h a e x e lla  ru ia ic is
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Figure 28.

V ertu :i g in a e q u a l is . L o n g itu d in a l s e c t io n  o f  mature f r u i t  

body to  shew th e  s tr u c tu r e  o f  th e centrum .
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P igT iry  2 9 .

V en tu ria  p ir ln a . L ongitud inR l s e c t io n  o f  f r u i t  body to  

show s tr u c tu r e  o f  th e  centrum . Some o f  th e pseudoparaphyses  

appear fr e e  a t t h e ir  apex; th e  t y p ic a l  s w e ll in g  o f th e  

w a ll o f  th e b itu n ic a te  a scu s i s  e x h ib ite d  by some 

o f  th e younger a s c i .
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gjp-ure 5C.

V e n tu r la  I n a e q u e l i a . L o n g itu d in a l  s e c t i o n  o f  young 

f r u i t  body to  show th e  s t r u c t u r e  o f  th e  ce n tru m .

The a p ic a l  a t ta c h m e n t o f  th e  pseudo  p a ra p h y se  s  i s  c l e a r l y

shows.



195

fig.3 0



1%

F ig u re  91.

V e n tu r la  p i r l n a . L o n g i tu d in a l  s e c t i o n  o f  young f r u i t  

body to  show s t r u c t u r e  o f  th e  ce n tru m .

S im i la r  to  f i g u r e  9 0 , shows a  l a y e r  o f  young a s c i  g ro w iz^  

up among p se u d o p a ra p h y se s  w hich  have no f r e e  en d s .
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glKlITQ 32»

t ty c o s p h a e r e l la  m a c u llfo rm is » L o n g i tu d in a l  s e c t io n s  o f  

m atu re  f r u i t  b o d ie s  t o  show s t r u c t u r e  o f  th e  centrum »

A. Shows c l e a r l y  th e  f a s c i c u l a t e  a rran g em en t o f  th e  
a s c i  and th e  ab sen ce  o f  s t e r i l e  t i s s u e  be tw een  them . 
Some o f  th e  a s c i  a r e  e x te n d e d , (Fungus on o a k ) .

B. C entrum  s t r u c t u r e  s i m i l a r  t o  A. The p o s i t i o n  o f
th e  f r u i t  body i n  th e  h o s t  i s  shown -  th e  f r u i t  body 
h as  an a p i c a l  p a p i l l a  w h ich  h a s  n o t  y e t  r u p tu r e d  th e  
h o s t  c u t i c l e .  A s m a ll  p o r t i o n  o f  an a d ja c e n t  f r u i t  
body i s  a l s o  shown. (Fungus on h o rse  c h e s tn u t ) .



199

f ig .32



200

F igu re 33*

t«!ycoaphaertflla a a c u l i f o r m ia . L o n g i tu d in a l  s e c t io n  o f  

young f r u i t  body to  show s t r u c t u r e  o f  th e  cen tru m .

T h in  w a lle d  pseudoparencljym atouB  t i s s u e  p r e s e n t ,  and a s c i  

j u s t  b e g in n in g  to  d e v e lo p  (d e e p ly  s t a in e d  i n  th e  c e n t r e ) .
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PiRure $4 ,

tftycoB phaere lla  m a c u lifo rm ls » L o n g itu d in a l  s e c t io n  o f  

young f r u i t  body to  show s t r u c t u r e  n f  cen tru m .

T h is  f r u i t  body i s  a t  a  s l i g h t l y  l a t e r  s ta g e  i n  d e v e lo p 

ment th a n  th e  one shown i n  f i g u r e  55* The young a s c i  

a re  i n  a b u n ch , and some o f  th e  s t e r i l e  t i s s u e  h a s  

d i s i n t e g r a t e d .
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