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ROPY  SMUT  OF  LIVERPOOL  PLAINS  GRASS.
By  Dorothy  E.  Shaw,

Faculty  of  Agriculture,  University  of  Sydney.
(Plate  viii;  one  Text-figure.)

[Read  30th  July,  1952.]

Synopsis.
A  smut  attacking  Liverpool  Plains  Grass  (Stii)a  aristicjlumis  F.  Muell.)  is  described  from

the  north-western  slopes  of  New  South  Wales.  Another  grass  {Stipa  sp.  (?))  was  also  found
attacked.  The  spore  balls  of  the  fungus  develop  in,  and  ultimately  replace,  the  parenchyma  of
the  stem,  so  that  when the  balls  are  released at  maturity,  the  separated vascular  bundles  give
the stem a ropy appearance.

Germination of  the smut  was obtained in  water,  sporidia  were produced on dextrose agar
medium, and the fungus was obtained in pure culture. The nuclear condition of the promycelium
and sporidia was determined. The name Tolyposporium restifaciens is proposed for the fungus.

In  1950  diseased  specimens  of  Liverpool  Plains  Grass  (Stijja  aristiglumis
F.  Muell.)  were  collected  in  the  Piallaway  area  of  the  north-western  slopes  of  New
South  Wales.  The  causal  organism  did  not  appear  to  conform  to  any  previously
described  on  species  of  Strpa  or  on  any  other  grass.  The  disease  was  tentatively
described  as  "Ropy  Smut".  Further  collections  of  diseased  material  have  since  been
made  throughout  the  area,  as  follows:

Stipa  aristiglumis  is  a  native  perennial  grass,  and  on  the  north-western  slopes
forms  large  tussocks  usually  about  six  feet  in  height.  The  grass  collected  as
S.U.  Accession  No.  535  consisted  of  diseased  stems  and  some  unaffected  heads,  with,
however,  only  the  glumes  remaining.  The  clumps  of  this  grass  were  about  1-li  feet
high,  in  an  area  where  S.  aristiglumis  was  about  five  feet  high.  The  specimen  was
thought  to  be  a  small  species  of  Stipa,  but  after  examination  Miss  Vickery  of  the
Botanic  Gardens  stated  that  even  the  generic  identification  was  uncertain.  It  was  not,
however,  ,Sf.  aristiglumis.

Symptoms.
Macroscopically,  the  disease  is  not  obvious  as  a  smut.  Diseased  stems  resemble

lengths  of  teased-out,  twisted  rope.  In  the  specimens  of  S.  aristiglumis  only  the
upper  internode  had  the  ropy  appearance  (Plate  viii,  A).  Several  internodes  of
the  grass  stems  of  S.U.  Accession  535,  however,  were  diseased,  with  the  vascular
bundles  held  together  at  the  nodes.

The  disease  could  not  at  first  be  easily  defected  in  the  green  stems  as  no  "teasing-
out"  appeared  at  this  stage,
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The'  Causal  Organism  and  Location  in  the  Host.
The  spore  balls  of  the  fungus  are  dusty  at  maturity  and  brown  (Sandford's

Brown;  Ridgway,  1912)  to  the  naked  eye.  In  most  cases  the  balls  are  slightly  longer
than  broad,  and  from  8.  aristiglumis  measure  18-28  x  20-38  fji,  being  composed  of
5-15  spores  permanently  united.  Balls  from  S.U.  Ace.  535  measure  18-40  x  26-40  fi,
composed  of  7-26  spores  permanently  united.  The  spores  are  yellowish  (Raw  Sienna;
Ridgway,  1912)  in  reflected  light,  and  8-10  /j.  in  diameter.  They  are  subglobose  to
slightly  angular,  with  adjacent  and  free  sides  smooth.

Transverse  sections  were  made  through  diseased  stems  ^of  8.  aristiglumis  of  the
current  season's  growth,  in  order  to  trace  the  extent  of  the  fungus  and  its  location
in  the  host  tissues.  At  a  position  one  inch  from  the  tip  most  of  the  spore  balls  were
pigmented,  and  some  remained  unstained  with  cotton-blue  lacto-phenol.  The  average

Text-fig. 1.
A-D,  Germination  of  T.  restifaciens  in  water,  showing  strongly  septate  promycelia  with

thin  lateral  and  terminal  branches.  E,  Surface  view  of  small  spore  ball  with  one  germ  pore
per spore.  F,  Germination on P.D.A.  after presoaking in water,  showing production of abundant
promycelia  and  sporidia  (slightly  displaced  during  staining).  G,  Budding  sporidia  on  P.D.A.
H,  Budding  sporidia  from  culture  with  one  nucleus  per  cell.  Stained  with  Giemsa.  I,  Pro-
mycelium  with  one  nucleus  per  cell.  Stained  with  Giemsa.  Camera  lucida  drawings,  x  700.

width  of  the  spore  balls  was  19  fx.  Nearly  all  the  parenchymatous  tissue  between
the  bundles  was  replaced  by  the  spore  balls,  but  the  epidermis  was  still  intact.  A
section  through  this  region  is  shown  in  Plate  viii,  B.

Sections  taken  at  various  intervals  down  the  stem  revealed  that,  as  the  distance
from  the  tip  increased  the  spore  balls  became  less  pigmented,  smaller  in  size,
contained  fewer  spores,  and  were  not  nearly  so  numerous  as  at  the  tip.  In  sections
12  inches  from  the  tip  and  four  inches  above  the  uppermost  node,  the  average
width  of  the  spore  balls  was  14  fi,  and  many  of  the  balls  consisted  of  a  few  spores
only.  Many  parenchyma  cells  were  still  identifiable  as  such,  with  distorted  cells
surrounding  developing  spore  balls.  The  balls  were  more  widely  scattered  throughout
the  parenchyma,  with  the  concentration  heaviest  at  the  centre.  No  spore  balls  at  all
could  be  detected  in  the  area  1-2  Inches  above  the  uppermost  node  or  in  the  lower
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internodes.  In  S.U.  Ace.  535,  however,  development  of  the  organism  had  proceeded
beyond  the  first  internode  from  the  tip,  and  spore  balls  had  replaced  most  of  the
parenchyma  of  the  lower  internode.  Longitudinal  sections  through  the  diseased
internodes  revealed  that  spore  balls  were  placed  with  the  long  axes  parallel  to
the stem.

At  maturity,  when  the  spore  balls  have  replaced  all  the  parenchyma,  they  are
released  as  a  brown  dust,  and  the  vascular  bundles,  without  any  connecting  tissue,
remain  to  give  the  stem  the  ropy  appearance.

Germination.
One  germ  pore  is  located  in  the  centre  of  the  free  side  of  each  spore,  and  is

most  easily  seen  after  the  spore  balls  have  been  soaking  for  several  days.  Germination
was  obtained  in  water  after  three-six  days.  Up  to  five  promycelia  were  noted  from
individual  spore  balls,  each  promycelium  arising  from  a  separate  spore.  Usually,
however,  one  or  two  promycelia  only  were  recorded  from  each  spore  ball.  The
promycelia  were  short  (10-22  /x.  long  and  2-4  /j.  wide),  straight  and  three-septate.
Young  promycelia  stained  deeply  with  cotton-blue  lacto-phenol.  Thin  branches  were
produced  at  the  sides  of  the  promycelia,  either  at  or  near  the  septa,  and  more
rarely  from  the  tip.  Some  branches  arose  at  an  acute  angle,  and  as  these  hyphae
elongated  the  promycelia  became  vacuolated.  No  development  past  this  occurred
in  water,  and  no  sporidia  were  detected.  Spore  balls  dusted  dry  on  to  agar  medium
failed  to  germinate.

Sporidial  production  was  induced,  however,  by  presoaking  spore  balls  in  water
until  some  spores  had  produced  promycelia  (about  three  days).  The  spore  balls
(both  germinated  and  ungerminated)  were  then  transferred  to  potato  dextrose  agar
plates.  Within  twenty-four  hours  many  promycelia  were  produced  with  abundant
sporidia  (Plate  viii,  D  and  E).  No  thin  hyphal  branches  were  produced  at  all.
A  colony  developed  around  each  spore  ball  by  the  production  of  chains  of  budding
sporidia,  in  size  4-6  x  1-2  fi.  Germination  on  P.D.A.  was  fairly  similar  to  that  recorded
by  Kamat  (1933)  for  Tolyposporium  fiUferum  in  sterile  distilled  water  (his  illus-
trations  A,  B,  D  in  fig.  2).

Colonies  were  isolated  and  obtained  in  pure  culture,  being  maintained  on  P.D.A.
On  this  medium  the  colonies  were  dirty-white  in  colour,  waxy  and  opaque.  The
edge  was  smooth  and  sliglitly  lobed,  with  the  centre  of  the  colony  becoming  evenly
convoluted  by  the  masses  of  cells  produced.

The  Nuclear  Condition.
The  promycelia  and  sporidia  were  stained  with  Giemsa  after  the  method  used

by  Knaysi  et  al.  (1950)  for  bacteria,  and  which  has  been  adapted  for  fungi  (Shaw,
unpublished).

One  chromatinic  body  was  observed  in  each  cell  of  the  promycelium  (Text-fig  1,  I)
and  in  the  sporidia.  The  nuclear  condition  of  old  and  young  cells  produced  on
P.D.A.  is  shown  in  Plate  viii,  F,  and  Text-fig.  1,  H.

Name  of  the  Causal  Organism.
The  production  of  a  strongly  septate  promycelium  with  lateral  and  terminal

sporidia,  places  the  organism  in  the  Ustilaginaceae,  and  as  the  spores  are  firmly
united  into  balls,  with  the  sori  dusty  and  not  agglutinated?  ThecapJiora  and
Tolyposxiorium  appear  to  be  the  closest  genera.

Germination  in  Thecaphora,  however,  is  difficult  to  obtain  (Barrus,  1944),  and
when  it  does  occur  is  usually  by  a  promycelium  with  a  simple  terminal  sporidium
(Clinton,  1902),  although  Woronin  in  1882  (as  cited  by  Ainsworth  and  Sampson,  1950)
recorded  the  production  of  thin  branches  from  a  septate  promycelium  for  T.  seminis-
convolvuli.  The  sori  of  Tolyposporium  are  usually  located  in  the  inflorescence,  and
are  usually  darker  than  the  sori  of  ThecapJiora.  The  organism  does  not  conform
entirely  to  either  genus,  but  the  production  of  abundant  lateral  sporidia  seems
to  indicate  a  closer  affinity  to  Tolyposporium  than  to  ThecapJiora.  Dr.  Ellis,  of  the
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Commonwealth  Mycological  Institute,  Kew,  who  very  kindly  examined  specimens,
also  agreed  that  this  type  of  germination  is  in  favour  of  the  fungus  being  placed
in  Tolyposponuvi  rather  than  in  Tliecaphora.

Because  of  the  rope-like  appearance  of  the  diseased  host,  the  name  Tolyposporium
restifaciens  is  proposed  for  the  causal  organism.

TOLYPOSPORIUM KESTIFACIENS, U. Sp.
Sori  between  the  lignified  tissue  of  the  interned  es;  spore  balls  dusty  at  maturity,

brown  (Sandford's  Brown)  to  the  naked  eye,  18-40  x  20-40  (i,  composed  of  5-26  spores
permanently  united;  spores  yellowish  (Cadmium  yellow)  In  reflected  light,  8-10  ii  in
diameter,  subglobose  to  slightly  angular,  with  adjacent  and  free  sides  smooth;
promycelia  with  thin  lateral  and  terminal  branches  in  water,  or  with  lateral  and
terminal  sporidia  on  potato  dextrose  agar  after  presoaking  in  water.

Habitat.  —  In  stems  of  Stipa  aristiglumis  F.  Muell.  and  another  unidentified  gi'ass.
Type.  —  S.U.  Accession  No.  693  collected  at  Breeza  Plains,  N.S.W.,  and  held  at

University  of  Sydney.  (Material  also  lodged  at  the  C.M.I,  as  Herb.  I.M.I.  No.  47686.)
Distribution.  —  North-western  slopes  of  New  South  Wales.

Tolyposporium  restifaciens.  sp.  n.
Sporae  in  glomerulos  arete  coacervate  pulverulentos  cum  maturi,  badios,  18-40  x

20-40  M,  conflatos  e  5-26  sporis  perpetuo  conjunctis;  sporae  fulvae,  8-10  ii,  nunc
subglobosae  nunc  subangulatae,  adhaerenti  et  libero  latere  leves;  promycelis  in  aqua
ramis  tenuibus  a  latere  et  a  termino,  in  solido  quodam  lateralibus  et  terminalibus
sporidiis  praeditae.

Habitat.  —  In  caulibus  Stipae  aristiglumis  F.  Muell.
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EXPLANATION  OF  PLATE  VIII.
A.  Ropy  Smut  (Tolyposporium  restifaciens)  on  Liverpool  Plains  Grass  (Stipa  aristi-

glumis).  X  I.
B.  Transverse  section  through  green  stem  one  inch  from  the  tip,  showing  spore  halls

replacing  the  parenchyma.  Stained  with  cotton-blue  lacto-phenol.  >.  100.
C.  Spore  balls  of  T.  restifaciens.  x  200.
D. Germination of s])ore ball on P.D.A., with septate promycelia and budding sporidia, which

are  slightly  displaced  owing  to  staining  with  cotton-blue  lacto-phenol.  x  500.
E.  Colony  of  budding  sporidia  developing  around  germination  spore  ball  on  P.D.A.  Stained

with  cotton-blue lacto-phenol.  x  250.
F. Budding sporidia from culture stained with Giemsa showing one nucleus per cell, x 1000.
G.  Pure  culture  of  T.  i-estifaciens  on  P.D.A.  x  1.
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