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CYTOLOGY  OF  SEPTORIA  AND  SELENOPHOMA  SPORES.
By  Dorothy  E.  Shaw,  Faculty  of  Agriculture,  University  of  Sydney.

(Plate  vii;  three  Text-figures.)
[Read  29th  July,  1953.]

Synopsis.
The Giem.sa stain was u.sed to demonstrate the nuclear condition in macrospores of species

■of  Septoria  and  Selenophoma,  and  in  species  of  Ascochyta,  Colletotrichum,  Fusarium,
Gloeosporium,  Neurospora  and  Phyllosticta.  One  nucleus  per  cell  was  recorded  for  all  species
except  Neurospora.  The  nuclei  in  the  immature,  one-celled  spores  of  Septoria  nodorum
consisted  of  5-7  fragments.  One  nucleus,  linear  in  form,  was  demonstrated  in  the  micro-
pycnidiospores  of  Septoria  tritici.  The  nuclei  in  the  germ  tubes  and  hyphae  of  some  of  the
species  were  also  studied,  and  in  many  cases  were  found  to  be  elongated.  The  small  nuclei
in hyphae and eonidia of Neurospora tetraspernia were rounded.

Several  other  methods,  involving  different  fixatives  and  stains,  were  used,  and  the  results
obtained  with  Giemsa  were  confirmed.  No  nuclei  could  be  detected  in  living  spores  of
Septoria and Selenophoma species with the phase contrast microscope.

Spores  of  species  of  Septoria,  Selenophoma and  Ascochyta  from the  field  and  from culture
were  stained  to  demonstrate  the  amount  of  fat  present  and  its  distribution  in  the  spores.

1.  The  Nuclear  Condition.
The  nuclear  condition  of  species  of  Septoria  and  Selenophoma  (particularly  of  those

occurring  on  Gramineae  in  Australia)  was  investigated.
There  is  very  little  information  in  the  literature  concerning  the  nuclear  condition

of  either  the  spores  or  the  mycelium  of  these  genera.  Sprague  (1934),  when  describing
the  spores  of  Septoria  tritici  f.  avenae,  stated  "the  contents  are  homogeneous,  with
nuclei  and  nucleoli  clearly  evident".  Moore  (1940)  cited  the  description  of  Ellis  and
Martin  of  S.  consimilis  on  lettuce'  (held  to  be  similar  to  /S.  lactucae)  as  "spores  filiform,
multinucleate".  In  their  detailed  study  of  the  structure  and  germination  of  Septoria
spores,  McMillan  and  Plunkett  (1942)  noted,  however,  that  "in  no  protoplast,  stained
or  unstained,  has  there  been  any  structure  that  could  be  construed  as  a  nucleus".
MacNeill  (1950)  published  a  preliminary  note  on  a  study  of  S.  lycopersici,  stating  that
"the  Feulgen  stain,  modified  to  suit  the  type  of  material  at  hand,  indicates  a  uninucleate
condition  of  both  spore  and  mycelial  cells".  Shaw  (1951)  found  that  nuclei  were
clearly  visible  in  spores  and  sporophores  of  S.  pepli  in  sectioned  diseased  leaves  stained
with  gentian  violet-orange  G.  In  this  case,  however,  the  septations  were  not  clear,  so
that  the  number  of  nuclei  per  cell  could  not  be  determined.

The  nuclear  condition  of  the  micropycnidiospores  in  some  species  of  Septoria  has
not  previously  been  determined.

There  appear  to  be  only  two  references  to  the  nuclear  condition  of  species  of
Selenophoma.  Allison  (1945)  reported  that  the  spores  of  S.  dromigena  were  slightly
guttulate,  non-septate  and  multinucleate.  Vanterpool  (1947)  recorded  that  the  spores
of  S.  linicola  on  flax  may  be  either  uninucleate  or  multinucleate.

Methods.
A  method  was  sought  whereby  spores  and  mycelium  could  be  stained  without

embedding  and  sectioning.  The  aceto-orcein  and  aceto-carmine  methods  of  McClintock
(1945)  and  the  aceto-carmine  method  of  Cherewick  (1944)  were  not  successful.  The
Method  2  of  Robinow  (1944),  of  dipping  unfixed,  air-dried  impression  preparations  for
five  seconds  into  boiling  N/5  HCl,  rinsing  and  mounting  in  0-1%  crystal  violet  in
water,  was  also  unsuccessful.

The  following  methods.  were  found  to  give  good  results  with  the  organisms  tested.
In  all  cases  spores  were  allowed  to  exude  from  pycnidia  into  a  drop  of  tap  water  on
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grease-free  slides,  or  secondary  conidia  or  mycelium  were  added  to  the  water,  direct
from  cultures.  In  most  tests  the  water  was  allowed  to  evaporate  at  room  temperature.
When  germinating  spores  were  required,  the  slides  were  placed  in  petri  dishes  with
moist  cotton  wool,  taken  out  after  the  required  length  of  time,  and  allowed  to  air-dry.
The  spores  or  mycelium  adhered  to  the  slides  throughout  all  the  subsequent  treatments.

Method 1.
This  method  is  a  modification  of  one  used  by  Knaysi,  Hillier  and  Fabricant  (1950),

whose  technique  has  been  used  successfully  with  bacteria  by  Mr.  A.  D.  Rovira,  of  the
Microbiology  Department,  Faculty  of  Agriculture,  University  of  Sydney.  The  method  as
adapted  for  the  fungal  material  is  as  follows:  (1)  fix  air-dried  spores  in  95%  alcohol
for  12-15  minutes;  (ii)  hydrolyse  in  N  HCl  at  60°C.  for  6-15  minutes;  (iii)  wash  in
tap  water  for  one  minute;  (iv)  stain  with  10%  Giemsa  for  approximately  one  hour;
(v)  wash  in  tap  water  for  one  minute,  and  either  allow  to  dry  and  examine  under
oil  immersion  or  dehydrate  in  the  acetone/xylol  mixtures  of  Robinow  (1944),  mount  in
euparal  and  examine  under  oil:  or  allow  to  dry,  mount  in  euparal  and  examine  under  oil.

This  method  is  quick  and  has  given  consistently  good  results.  The  nuclei  stain
vivid  red-purple,  and  the  cytoplasm  stains  very  faint  mauve.

Air-drying  alone  has  been  used  for  fixation,  e.g.,  for  the  study  of  mitoses  in
peripheral  embryonic  blood  and  for  yeast  cells,  followed  by  hardening  in  95%  alcohol
(Darlington  and  La  Cour,  1947,  p.  67  and  p.  61  respectively).  Knaysi  et  al.  (1950)
considered  that  fixation  with  alcohol  dissolved  lipids  and  so  increased  the  penetration
of  the  dye  into  the  cellular  structures  of  Mycobacterium  tuberculosis.

Air-drying  was  done  at  room  temperature,  or  at  higher  temperatures  over  a
microscope  lamp.  Alcohol  was  added  to  the  slides  while  a  thin  film  of  moisture  remained
around  the  spores,  and  was  then  allowed  to  evaporate.  There  appeared  to  be  no
difference  in  the  results.

The  time  of  fixation  by  95%  alcohol  was  varied  from  1  to  15  minutes  without
appreciably  altering  the  results.  The  time  of  hydrolysis  varied  from  1  to  15  minutes:
best  results  were  obtained  with  hydrolysis  of  6-15  minutes,  depending  on  the  species.
Best  results  were  obtained  when  tap  water  (pH  just  over  7)  rather  than  distilled  water
was  used  for  washing.

Shaw  (1952)  used  the  above  method  to  show  the  nuclear  condition  of  sporidia  of
Tolyj)osporium  restifaciens,  and  it  has  been  the  main  method  used  throughout  this  study.
Barratt  and  Garnjobst  (1949)  also  used  an  acid  Giemsa  stain  to  determine  the  number
of  nuclei  in  macro-  and  microspores  of  Neurospora  crassa.

The  other  methods  were  used  to  determine  whether  the  same  picture  of  the
nuclear  condition  was  obtained  (a)  by  using  a  different  fixative  and  (6)  by  using
another  stain.  No  major  differences  were  detected  in  the  nuclear  condition  with  the
other methods.

Method 2.
(i)  Treat  the  air-dried  spores  according  to  Robinow  (1944)  by  fixing  in  the  vapour

of  5  ml.  of  2%  osmium  tetroxide  for  three  minutes  and  allow  to  dry;  (ii)  immerse  in
70%  alcohol  for  five  minutes;  (iii)  hydrolyse  in  N  HCl  at  60°C.  for  ten  minutes;
(iv)  stain  with  10%  Giemsa  for  one  hour;  (v)  subsequent  treatment  as  Method  1.

The  nuclei  stain  red  and  the  cytoplasm  stains  faintly  mauve.

Method 3.
(i)  Immerse  the  air-dried  spores  in  water  at  80  °C.  for  10-20  minutes.  This

procedure  was  used  by  Knaysi  et  al.  (1950)  in  tests  with  desoxyribonuclease  on
M.  tuberculosis;  (ii)  wash  several  times  in  water;  (iii)  stain  with  10%  Giemsa  for
one  hour;  (iv)  subsequent  treatment  as  Method  1.

The  result  obtained  is  not  as  clear  as  with  Method  1,  but  proved  particularly
good  for  spores  of  Selenophoma  donacis  produced  in  culture.  The  nuclei  stain  red  and
the  cytoplasm  mauve.
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Method .'/.
As  a  further  check  on  the  nuclear  picture,  spores  were  stained  by  the  Feulgen

technique.  The  leuco-basic  fuchsin  was  prepared  according  to  the  modified  formula
after  de  Tomasi  (1936)  and  Coleman  (1938),  as  given  by  Darlington  and  La  Cour
(1947).  Subsequent  treatment  was  mainly  as  recommended  by  the  Botany  Department,
University  of  Sydney:  (i)  Fix  in  acetic  alcohol  (3:1)  for  ten  minutes;  (ii)  take  through
the  alcohols  from  absolute  to  water;  (iii)  hydrolyse  in  N  HCl  at  60  °C.  for  six  minutes;
(iv)  stain  in  leuco-basic  fuchsin  for  15-24  hours;  (v)  wash  in  sulphite  water  four
times  (ten  minutes  each);  (vi)  rinse  in  distilled  'water;  (vil)  take  through  20%,
60%,  80%  and  absolute  alcohol;  (viii)  mount  in  euparal.

This  method  is  longer  than  the  preceding  ones,  and  great  care  has  to  be  taken  in
preparing  the  leuco-basic  fuchsin.  The  nuclei  stain  reddish-purple  and  the  cytoplasm
faint  pink.

Method 5.
For  an  approximate  picture  of  the  nuclear  condition,  very  dilute  cotton-blue  lacto-

phenol  can  be  used.  The  nuclei  stain  deep  blue,  the  cytoplasm  blue,  and  the  guttulae
remain  unstained.

Live  spores  of  species  of  Selenophoma  and  Septoria  were  also  examined  under  the
phase  contrast  microscope,  both  in  phase  and  with  dark  field,  but  no  nuclei  could  be
detected.

Examination  of  stained  material  was  made  with  a  Zeiss  microscope  using  a  com-
bination  of  90X  apochromatic  objective  (N.A.  =  1-3)  and  20X  and  15X  oculars.  Photo-
graphs  were  taken  using  the  same  microscope  and  objective,  and  a  12X  ocular  with
trichrome  green  filter  and  Process  Pan  film.  A  few  photographs  were  taken  by  Mr.
Woodward-Smith  and  these  are  so  specified.

Results.
Examination  was  made  of  spores  of  the  following  species  of  Septoria  and

SelenojJhoma,  from  the  field  (F)  and  from  culture  (C).  Spores  of  species  of  Ascochyta,
CoUetotrichuvi,  Fusarium,  Neurospora  and  Phyllosticta  were  also  included  in  the  tests.
Germinating  spores  and  mycelium  were  studied  in  the  species  marked  t-

Fungus.
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All  the  species  of  Septoria  examined  had  one  nucleus  per  cell,  so  that  the  number
of  nuclei  per  spore  equalled  the  number  of  cells  per  spore  (Plate  vii,  1  and  4).

The  scolecosporous  or  fillform-spored  species  of  Septoria  are  generally  recognized  as
typical  of  the  genus.  These  species  usually  produce  slow-growing  yeasty  colonies  on
P.D.A.,  with  or  without  the  production  of  secondary  conidia,  the  cultures  later  becoming
carbonaceous.  The  nuclei  did  not  stain  as  easily  or  as  vividly  as  the  nuclei  of  that
other  type  still  designated  by  many  workers  as  belonging  to  the  genus  Septoria,  and
typified  by  8.  avenae  and  8.  nodorum.  This  latter  type  has  cylindrical  spores  which
produce  quickly-growing  cottony  cultures  on  P.D.A.  The  nuclei  of  the  spores  stained
easily  and  vividly,  and  in  conformity  with  the  wider  spore  the  nuclei  were  wider  than
the  nuclei  in  the  filiform  spores.

In  many  preparations,  under  the  most  critical  illumination,  the  nuclei  of  mature
spores  of  8.  nodorum  could  be  resolved  into  5-7  fairly  circular  fragments  arranged  in
a  circle.  In  immature  one-celled  spores  pressed  out  of  pycnidia  these  rounded  fragments
were  distributed  over  a  larger  but  still  circular  area  in  the  centre  of  the  spore,  as  in
Text-figure  3.  It  is  to  be  noted  that  in  these  one-celled  spores  there  is  only  one  area
containing  the  nuclear  fragments,  so  that  the  four  nuclei  in  mature  spores  are  probably
all  derived  from  a  single  nucleus.

The  nuclear  condition  of  micropycnidiospores  of  species  of  Septoria  lias  not
previously  been  determined.  Microspores  of  8.  tritici  were  stained  by  Method  1,  prepara-
tions  being  chosen  for  study  where  macropycnidiospores  were  also  present  for  comparison.
One  nuclear  region  occurred  per  microspore  and  was  linear  in  shape,  conforming  to  the
morphology  of  the  spore,  measuring  4-5|a  long  x  0-8a<.  wide,  the  spores  themselves  being
usually  8-10^  long  x  0-8^  wide.  The  nuclear  region  was  not  homogeneous,  as  about
five  deeply-staining  areas  occurred  close  together  in  sequence  (Plate  vii,  3;  Text-fig.  2).

In  most  cases  the  nuclei  of  spores  allowed  to  remain  in  water  for  several  hours
lost  some  of  their  vividness  as  compared  with  the  nuclei  of  freshly-exuded  spores.  In
spores  where  germination  had  commenced  from  only  one  or  two  cells,  the  nuclei  in
these  cells  appeared  more  diffuse  and  less  deeply  stained  than  in  the  cells  without
germ  tubes.  In  preparations  showing  spores  after  five  hours  in  water,  where  more  than
907r  of  the  spores  had  germinated,  the  ungerminated  spores  were  outstanding  because
of  the  vividness  of  the  nuclei.  In  some  germinating  cells,  however,  the  nuclei  still
stained  sharply.

Nuclei  appeared  in  the  germ  tubes  after  approximately  four  hours  (Plate  vii,  5).
At  that  time  germ  tubes  of  -S.  nodorum  and  8.  avenae  were  about  30/.t  long,  and  there
was  usually  one  arising  from  each  end  of  the  spore.  The  nuclei  in  the  germ  tubes
in  preparations  obtained  by  the  methods  outlined  were  always  longer  than  wide,  and
parallel  to  the  direction  of  the  hyphae.  The  only  more  or  less  circular  nucleus  detected
in  preparations  of  young  germinating  material  was  at  the  junction  of  two  branches.
In  spores  after  5-6  hours  in  water,  two  regions  of  chromatinic  reaction,  or  two  linear
nuclei,  were  detected  in  the  germ  tubes.  Under  critical  illumination  many  of  these
linear  nuclei  could  be  resolved  into  rounded  fragments,  usually  about  5-7  in  number,
but  sometimes  more.  In  older  material  the  nuclei  were  spaced  rather  regularly  along
the  hyphae,  and  all  had  the  linear  form.

Spores  were  allowed  to  remain  in  water  for  24  hours,  by  which  time  a  weft  of
hyphae  had  been  produced  on  the  slide.  This  was  allowed  to  air-dry  and  was  treated
as  were  the  spores.  The  chromatinic  areas  were  easily  detected  in  the  hyphae,  were
rather  regularly  spaced,  and  again  had  the  linear  form.  Mycelium  from  one-week-old
cultures  of  the  cottony  Se^itoria  species  {8.  nodorum,  8.  avenae,  and  S.  avenae  f.  triticea)
was  teased  out  in  water  on  slides  and  treated  as  in  Method  1.  Linear  nuclei  were  again
observed,  with  others  slightly  more  rounded  in  outline  (Plate  vii,  6).
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Selenophoma Species.
Mature  spores  examined  of  /Sf.  clonacis  and  S.  donacis  var.  stomaticola  had  one  nucleus

per  spore  (Plate  vii,  8).
•  Conidla  of  the  variety  are  produced  abundantly  in  culture,  and  more  or  less  I'etaln

the  falcate  shape.  In  some  spores  a  septum  is  laid  down  at  the  centre,  and  in  these
two  nuclei-  —  or  one  per  cell  —  occurred.  Conidia  of  the  species  are  also  produced
abundantly  in  culture,  but  vary  from  falcate  to  linear  to  sausage-shaped,  together  with
many  other  abnormal  forms.  In  the  falcate-shaped  spores  the  nuclei  stained  vividly
and  were  regularly  rounded  in  outline,  with  the  cytoplasm  only  faintly  stained.  In
the  abnormally-shaped  spores  the  nuclei  were  more  difficult  to  differentiate.  In  dividing
spores  two  nuclei  occurred,  or  one  per  cell  (Text-fig.  1).

Text-figures 1-3.
1. Conidia of Selenophoma donacis from culture, stained with Giemsa, showing one nucleus

per  spore  and  two  nuclei  in  dividing  spores.  Spore  "s"  is  similar  to  pycnidiospores  from  the
field. xlOOO.

2.  Micropycnidiospores  of  Septoria  tritici.  stained  with  Giemsa,  showing  one  linear,  slightly
"beaded" nucleus per spore, x 2000.

3. Single-celled immature spores of Septoria nodorurn pressed out of pycnidia, .showing one
region  of  nuclear  activity  per  cell  :  three  cells  with  5-7  fragments  and  one  cell  with  a  nucleus
of  two  parts.  Some  nuclei  in  the  more  mature  2-  and  4  -celled  spores  also  showing  fragments.
Stained with Giemsa. x 2000.

Other Genera.
Spores  of  Colletotrichum  sp.,  Gloeosporium  sp.  and  Phyllosticta  sp.  showed  one

nucleus  per  cell,  i.e.,  one  nucleus  per  spore,  when  stained  with  Giemsa.  Spores  of
Ascochyta  sp.  also  had  one  nucleus  per  cell,  or  two  per  spore,  and  spores  of  Fusarium  sp.
had  one  nucleus  per  cell,  so  that  the  microspores  had  one  per  spore,  and  the  macrospores
had  the  same  number  of  nuclei  as  the  number  of  cells  in  the  spores.  Conidia  of
Neurospora  tetrasperma  had  from  several  to  many  (exact  number  not  determined)  nuclei
per  cell,  and  the  mycelium  had  many  approximately  round  nuclei  scattered  throughout
the  cells  (Plate  vii,  7).

Discussion.
The  Feulgen  reaction  is  specific  for  desoxyribonucleic  acid,  and  Murray  et  al.  (1950)

and  Tulasne  and  Vendreley  (1947)  stated  that  the  Giemsa  stain  may  also  be  considered
to  demonstrate  the  distribution  of  DNA  (desoxyribonucleic  acid).  DNA  is  concentrated
in  the  nucleus  and  there  is  little  doubt,  therefore,  that  the  areas  stained  in  these
preparations  with  Giemsa  do  represent  the  nuclei.

Some  workers  have  recorded  that  certain  macroconldia  contain  more  than  one
nucleus  per  cell,  e.g.,  the  conidia  of  Neurospora  crassa,  where  1-20  are  common  (Barratt
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and  Garnjobst,  1949),  and  in  Helminthos])orium  carhonum,  where  each  cell  of  the
1-  to  9-celled  mature  conidia  contains  from  1-8  nuclei  (Roane,  1952).

The  present  study  has  shown,  however,  that  the  macro-  and  micropycnidiospores
and  conidia  of  the  species  of  Septorla  and  Selenophoina  examined  have  one  nucleus  per
cell.  From  the  evidence  obtained  from  the  one-celled  immature  spores  of  Sejotoria
nodorum,  where  only  one  area  of  nuclear  reaction  was  detected,  it  would  seem  that  the
nuclei  in  the  mature  spores  are  all  derived  from  one  nucleus.

The  nuclei  of  the  spores  of  S.  nodorum  can  be  resolved  into  5-7  fragments.  This
might  be  an  artefact  produced  by  the  methods  used,  or  might  truly  represent  5-7
chromatinic  areas  carrying  a  heavier  charge  of  desoxyribonucleic  acid.

Darlington  and  La  Cour  (1940)  pointed  out  that  with  Trillium  the  over-nucleated
chromocentres  of  the  resting  stage  are  in  fact  the  under-nucleated  differential  segments
of  metaphase  —  they  are  the  heterochromatic  parts  of  the  chromosomes.  Hillary  (1939),
in  tests  with  the  Feulgen  reaction,  using  tissue  of  animals,  plants,  bacteria  and  fungi,
recorded  that  with  fungi  (species  oi  Mucor,  Geopyxis  and  Aleurodiscus)  there  was  in
most  cases  a  large  nucleus  with  small  chromocentres  distributed  around  the  nucleolus
and  the  periphery  of  the  nucleus.

As  the  actual  division  of  the  nucleus  into  two  was  not  observed  in  S.  nodorum,  it  is
impossible  to  say  whether  the  5-7  fragments  retain  their  identity  in  the  actively  dividing
state,  or  whether  they  are  of  a  heterochromatinic  nature  and  are  undercharged  with
DNA  when  the  nucleus  divides.

Elongated  nuclei  were  usual  in  these  preparations  of  germ  tubes  and  hyphae.
Smith  (1923)  noted  "long  torpedo-like"  nuclei  in  some  parts  of  the  thallus  of  Saprolegnia,
and  Wilson  (1937)  stated  that  in  the  spongy  framework  of  the  sporophore  of  Peziza
rutilans  were  "hyphae  taking  an  unusual  straight  course  with  septa  at  infrequent
intervals  and  long  spindle-shaped  nuclei  pressed  in  single  file  against  their  walls.  So
peculiar  did  these  nuclei  appear  that  some  doubt  was  felt  as  to  their  nature  until  the
Feulgen  reaction  was  carried  out,  when  the  chromatin  threads  were  brightly  coloured.
The  elongation  of  the  nuclei  does  not  appear  to  be  caused  by  the  narrowness  of  the
hyphae  as  is  the  case  in  the  paraphyses."

Smith  (1923)  considered  that  the  constant  upward  streaming  seemed  to  cause  a
tension  or  strain  within  the  semi-liquid  cytoplasm,  and  the  nuclei  responded  to  the  strain
by  becoming  elongated.

It  is  considered  that  the  linearity  of  the  nuclei  of  the  microspores  of  8.  tritici  is  due
to  the  conformation  of  the  microspore.  The  elongated  nuclei  in  the  hyphae  and  germ
tubes  might  also  be  caused  by  the  narrowness  in  relation  to  the  size  of  the  nuclei.

When  the  linear  nuclei  were  first  observed,  it  was  thought  that  the  linearity  might
have  been  caused  by  the  methods  of  drying  and  fixing  used,  but  the  condition  persisted
when  the  speed  of  drying  was  altered  by  varying  the  temperature  and  when  fixations
were  carried  out  without  previous  drying.  It  is  also  to  be  noted  that  rounded  nuclei  in
spores  occurred  in  the  same  preparations  as  linear  nuclei  in  hyphae  and  microspores.
Also,  in'  the  conidia  and  hyphae  of  Neurospora  tetrasperma,  the  nuclei,  which  are  small
in  relation  to  the  cells  containing  them,  are  revealed  by  using  Method  1  to  be  nearly
circular,  and  are  similar  in  appearance  to  those  figured  by  Cutter  (1946)  using  a
completely  different  technique.

The  linear  nuclei  in  the  microspores  and  in  many  of  the  hyphae  have  a  "beaded"
appearance.  These  "beads"  might  represent  the  fragments  seen  in  some  of  the  nuclei
of the spores.

The  difference  in  the  intensity  of  stain  in  the  nuclei  in  germinated  and  ungerminated
spores  probably  indicates  a  change  in  the  distribution  of  the  desoxyribonucleic  acid
as  the  cell  begins  to  germinate.

Stained  spores  were  examined  in  every  stage  of  germination,  and  it  was  noteworthy
that  no  nucleus  in  the  many  germinating  Septoria  spores  examined  was  detected  in  the
act  of  dividing  —  the  nuclei  in  young  germ  tubes  all  appeared  at  some  little  distance
from  the  spore  nuclei.  The  closest  observed  was  in  the  spore  shown  in  Plate  vii,  5,
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Details  of  mitosis  in  dividing  spores  of  Selenophoma  could  not  be  determined.  The
nuclei  had  an  amitotic  appearance  (Text-fig.  1),  but  as  pointed  out  by  Cutter  (1946)
lor  other  fungal  nuclei,  this  might  be  an  artefact.

In  an  endeavour  to  observe  the  mitotic  division,  living  spores  of  both  8eptoria  spp.
and  Selenoplioma  sp.  were  kept  under  continuous  observation  under  phase  contrast,  but,
as  already  noted,  no  nucleus  could  be  detected,  either  in  phase  or  with  dark  field.  This
confirms  the  finding  of  McMillan  and  Plunkett  (1942),  who,  using  bright  and  dark
field  microscope,  could  find  no  structure  that  could  be  construed  as  a  nucleus.  Apparently
the  R.I.  of  the  nucleus  in  these  spores  is  so  similar  to  the  R.I.  of  the  cytoplasm  that
it  cannot  be  detected  even  with  phase  contrast,  or  else  the  cytoplasm  is  so  dense  that
the  nucleus  is  obscured.

2.  Fat  Reaction.
Spores  of  Sevtoria,  Selenoplioma  and  Ascochyta  from  the  field  and  from  culture  were

stained  to  demonstrate  the  amount  of  fat  present  and  its  distribution.
Spores  were  allowed  to  exude  from  pycnidia  into  water  on  clean  slides,  or  secondary

spores  were  added  to  the  water  from  culture  and  allowed  to  air-dry.  Spores  adhered  to
the  slides  during  all  the  subsequent  treatments.  Fat  was  stained  according  to  the
methods  outlined  below.

Methods.
Method  J.  Suclan  III.

A  saturated  solution  of  Sudan  III  in  70%  alcohol  and  pure  acetone  (1:1)  was
prepared,  and  the  spores  on  the  slides  treated  as  follows  (after  Conn,  1936)  :  (i)  Fix
in  the  vapour  of  formaldehyde  for  10  minutes;  (ii)  stain  in  Sudan  III  for  10  minutes
(in  a  sealed  dish);  (iii)  dip  for  an  instant  in  65%  alcohol;  (iv)  wash  in  water;
(v)  mount  in  glycerine.

Method  2.  Sudan  IV.
A  saturated  solution  was  prepared  in  70%  alcohol  and  the  material  treated  as

in  Method  1.
Both  Sudan  III  and  Sudan  IV  stained  fat  a  vivid  orange.  Cotton-blue  was  sometimes

used  as  a  counter  stain.
Spores  were  also  treated  with  benzol  or  ether,  either  (a)  before  the  above  staining

treatments,  to  remove  the  fat  (no  fat  was  detected  after  the  subsequent  staining
treatments)  ;  or  (6)  after  staining.  In  this  case  the  stained  fat  disappeared  very  slowly.

Fat  can  also  be  demonstrated  in  spores  by  treating  with  cotton-blue  without  previous
air-drying  or  staining.  Fat  globules  remain  unstained.

Results.
Filiform  Septoria  Spores,  as  Septoria  tritici.

Usually  no  large  guttulae  are  visible  in  unstained  spores  from  the  field,  and,  when
viewed  at  high  magnifications,  only  small  guttulae  in  spores  stained  with  cotton-blue.

After  staining  with  Sudan,  a  fat  reaction  can  be  detected  by  a  faint  orange  "speckled"
condition  over  the  spore,  and  very  occasionally  in  very  small  globules,  often  near
the septa.

In  culture  many  of  the  species  produce  conidia  directly  on  the  mycelium.  The
conidia  vary  in  shape  from  symmetrically  filiform  to  asymmetrically  bacillar,  with  a
varying  number  of  septa.  When  grown  on  P.D.A.  an  abundance  of  fatty  material  can
be  detected  in  most  conidia,  especially  from  old  cultures.  It  occurs  first  as  fatty
globules  strung  along  the  spore,  later  forming  patches  or  blocks,  sometimes  nearly
occupying  the  whole  spore,  which  loses  its  identity.  It  stains  a  vivid  orange  colour
with  Sudan.

When  counterstained  with  cotton-blue  lacto-phenol,  the  orange  colour  remains
undisturbed,  as  if  the  whole  interior  of  that  portion  of  the  cell  were  a  block  of  fat.
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Cylindrical  Septoria  Spores,  as  in  S.  nodorum,  S.  avenae.
In  the  unstained  spores  from  the  field,  and  in  spores  stained  with  cotton-blue

lacto-phenol,  large  and  small  guttulae,  sometimes  nearly  the  width  of  the  spore,  can
easily  be  detected.  They  are  usually  situated  at  both  ends  of  the  cells,  i.e.,  clustered
around  the  septa  and  at  the  ends  of  the  spores.

Staining  with  Sudan  colours  the  guttulae  a  deep  red-orange.  The  rest  of  the  cell
remains  unstained  —  no  "speckling"  occurs  as  in  the  filiform  spores  (Plate  vii,  10).

These  species  do  not,  as  far  as  is  known,  produce  conidia  in  culture,  but  occasionally
pycnidiospores  are  produced.  When  stained  with  Sudan  the  spores  show  fat  accumula-
tion  in  all  stages,  from  those  with  guttulae  of  various  sizes  clustered  at  each  end
of  the  cells  around  the  septa,  to  those  where  the  numbers  of  guttulae  have  increased
and  spread  from  the  ends  towards  the  centre  of  the  cells.  At  a  later  stage  practically
the  whole  spore,  except  for  the  septa  and  an  area  about  the  centre  of  each  cell,  is
coloured  a  deep  orange.  At  a  high  magnification  this  fat  is  revealed  as  masses  of
rather  evenly-sized  globules.  The  free  area  in  the  centre  is  probably  that  occupied  by
the nucleus.

Ascochyta  sp.  from  Bromus  unioloides.
Fat  distribution  in  these  spores  is  similar  to  that  in  the  cylindrical  type  of  Septoria

spore,  where  guttulae  are  clearly  visible  in  the  unstained  and  cotton-blue  stained  spores
from  the  field.  After  treatment  with  Sudan,  the  guttulae  stain  a  deep  orange,  with  the
rest  of  the  spore  unstained  (Plate  vii,  9).

Selenophoma sp.
No  guttulae  were  visible  in  the  spores  of  most  field  collections  of  Selenoplioma,

either  unstained  or  stained  with  cotton-blue.  With  these  spores,  either  no  fat,  or  a
faint  "speckling"  towards  the  ends  of  the  spore,  was  detected  with  Sudan.

As  with  the  filiform  type  of  Septoria  species,  secondary  spores  are  produced  directly
on  the  mycelium  in  culture.  When  treated  with  Sudan,  well-formed  symmetrical  young
spores  gave  no  fat  reaction.  Other  spores,  older  and  more  asymmetrical,  had  faint
pale  orange  "speckling",  and  some  had  a  few  circular  globules  which  gave  a  deep
orange  colour.  Old  and  knobbly  mycelium  from  culture  was  packed  with  large  globules
and  stained  vividly  with  Sudan.

Discussion.
These  tests  show  that  the  amount  of  fat,  judged  qualitatively,  and  its  distribution,

is  different  in  the  two  types  of  Septoria  spores  as  they  occur  in  the  field.  Spores  of
Ascochyta  sp.  from  Bromus  unioloides  gave  a  reaction  for  fat  similar  to  the  cylindrical
type  of  Septoria  spores,  and  spores  of  Selenophoma  gave  a  reaction  similar  to  the  filiform
type  of  Septoria  spores.  Under  cultural  conditions  favouring  high  fat  synthesis,  additional
fatty  material  is  stored  in  the  cells  to  such  an  extent  that  very  large  globules  or  whole
blocks  of  fat  occur,  particularly  in  the  filiform  spores.

Foster  (1949)  has  pointed  out  that  with  fungi,  while  the  major  deposits  of  fat
obviously  are  in  vacuole  globules,  some  lipide  material  undoubtedly  does  exist  in  the  cyto-
plasm  proper,  and  some  fatty  materials  are  laid  down  in  the  cell  wall  of  fungi.  In
this  latter  case  the  fatty  material  is  sometimes  protected.

Slight  differences  were  detected  in  the  intensity  of  the  stain  in  some  of  the  spores,
particularly  in  those  of  Ascochyta  sp.  The  colour  varied  from  bright  orange  to  deep
orange.  Sudan  is  reputed  to  colour  "true  fats"  intensely,  and  cholesterin  esters  and
cholesterin-fatty  acid  mixtures  less  intensely.  The  slight  differences  in  the  intensity
of  the  above  preparations  could  be  due  to  differences  in  the  type  of  fat  present,  or  to
differences  in  the  concentration  of  the  fat  in  the  globules.
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EXPLANATION  OF  PLATE  VII.

1.  Spores  of  Septoria  nocLorum  stained  with  Giemsa.  The  nuclei  (one  per  cell)  are  vividly
stained,  the  septations  clear,  and  guttulae  are  visible  in  the  cells  as  unstained  circular  areas.
xlOOO.

2.  Micropycnidiospores  and  portion  of  a  macropycnidiospore  of  Septoria  tritici  stained  with
cotton-blue lacto-phenol. x 1000.

3.  Micropycnidiospores  and  portions  of  small  macropycnidiospores  of  Septoria  tritici  from
summer  material  from  the  field,  stained  with  Giemsa.  Note  the  linear  nucleus  in  each  micro-
spore,  conforming  to  the  shape  of  the  spore,  and  the  rounded  nuclei  in  the  macrospores.  The
cytoplasm  in  the  ends  of  the  microspores  is  only  faintly  stained,  x  1000.

4.  Filiform  spores  of  Septoria  lactucae  stained  with  Giemsa,  showing  one  nucleus  per  cell
and faint septations. x 1000.

5.  Germinating  spore  of  Septoria  avenae  stained  with  Giemsa,  showing  germ  tubes  from
three  cells.  The  four  nuclei  in  the  spore  are  vividly  stained,  the  linear  nuclei  in  the  germ  tubes
less  intensely  stained.  Photograph  by  Woodward-Smith,  x  900.

6. Hyphae of Septoria sp. from Anthoxanthum odoratum from culture, stained with Giemsa,
showing  linear  nuclei.  Photograph  by  Woodward-Smith,  x  900.

7.  Conidia  of  Neurospora  tetrasperma  stained  with  Giemsa,  showing  many  small  rounded
nuclei  per  spore,  the  spore  walls  being  out  of  focus.  Photograph  by  Woodward-Smith.
X 900.

8.  Spores  of  Selenophonia  donacis  var.  stomaticola  from  culture,  stained  with  Giemsa,
showing one nucleus per spore, x 1000.

9.  Spores  of  Ascochyta  sp.  from  the  field,  stained  with  Sudan,  showing  heavily  stained  fat
globules  clustered  at  each  end  of  the  cells.  Photographed  with  a  blue  filter,  x  1000.

10.  Spore  of  Septoria  nodorum from the field,  stained with  Sudan,  showing heavily  stained
fat  globules  distributed  as  in  the  Ascochyta  spores.  Photographed  with  a  blue  filter,  x  1000.
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