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Synopsis.
Crossing  of  wheat  and  rye  that  has  been  in  progress  for  many  years  has  shown  that

whilst  some  vulgare  wheats  set  a  little  grain  when  pollinated  with  rye,  "Geeralying"  when
used  as  the  ovule  parent  gives  as  much  as  85%  grain-setting.  Certain  14-chromosome  wheats
were also used.

The  Fl  plants  were  tested  with  stem  and  leaf  rusts  of  wheat,  stem  and  leaf  rusts  of  rye,
bunt,  flag  smut  of  wheat,  stalk  smut  of  rye,  and  with  ergot.  The  disease  reactions  show  that
the  Fls  have  a  closer  relationship  to  wheat  than  to  rye.  Despite  sterility  in  the  PI  plants,
inoculations  with  bunt  led  to  the  formation  of  bunt  balls,  and  with  ergot  to  the  formation  of
large  sclerotia.  The  nature  of  the  stimulus  given  has  not  been  determined.

Abnormalities  in  the  Fls  took  the  form  of  durum-like  heads,  of  twinned  heads,  and  of
double and triple embryos.

Introduction.
It  has  long  been  known  that  wheat  and  rye  cross,  but  usually  with  very  low  setting

of  grain.  A  few  notable  exceptions  have  been  recorded.  Earlier  work  (Waterhouse,
1930)  gave  the  usual  result,  but  in  a  later  communication  (Waterhouse,  1939)  work
was  reported  in  which  the  wheat  variety  known  as  "Geeralying"  gave  as  much  as  70%
of  grain-setting  when  pollinated  with  rye.

Crosses  have  produced  wheat  varieties  of  agronomic  value  in  other  countries,  largely
because  of  the  hardiness  contributed  by  the  I'ye  parent.  Here  the  work  has  been  carried
forward  primarily  with  the  aim  of  transferring  the  disease-resistant  qualities  of  rye
to  wheat,  and  particularly  its  resistance  to  stem  rust.  Clearly  large  numbers  of  plants
are  required  for  success  in  the  operation,  and  hence  a  good  deal  of  further  work  has
been done on the problem.

Vulgare  x  Rye  Crosses.
Before  the  compatibility  of  "Geeralying"  with  rye  was  found,  a  number  of  other

vulgare  wheats  were  used  as  ovule  parents.  The  results  are  set  out  in  Table  1.
The  .overall  result  of  1%  grain-setting  is  in  accord  with  most  recorded  work  for

vulgare  crosses,  although  some  exceptional  cases  have  been  described  (Lein,  1943).  He
also  gives  an  excellent  review  of  the  subject.

A  strict  comparison  between  the  compatibilities  shown  by  these  varieties  cannot  be
made,  since  six  different  rye  varieties  were  used  in  the  crossing.  However,  in  twelve
of  the  crosses  which  were  made  in  the  same  season,  "Rosen"  rye  was  the  pollen  parent:
no  significant  differences  in  compatibility  were  shown:  three  yielded  2%  grain-setting,
whilst  others  gave  none.

A  further  complication  was  due  to  the  fact  that  20%  of  the  grains  set  failed  to
germinate  and  were  presumably  parthenocarpically  formed.

It  is  to  be  noted  that  "Steinwedel",  "Improved  Steinwedel",  and  "Garra",  which
show  striking  compatibility  in  crosses  with  the  refractory  "Khapli"  emmer  (Waterhouse,
1952),  are  incompatible  with  rye.

Again,  a  Russian  vulgare,  "(Wheat  x  Rye)  1579",  obtained  in  Moscow  by  Professor
E.  Ashby  in  1946,  shows  no  compatibility,
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"Geeralying"  Crosses.
This  variety,  which  was  derived  from  crossing  "Bunyip"  with  "Huguenot"

(McMillan,  1933),  was  first  used  in  rye  crosses  in  1932,  when  it  gave  the  unexpected
result  of  a  50%  grain-setting.  In  subsequent  years  the  cross  has  been  made  many  times.
Forty-two  named  varieties  of  rye  have  been  used,  and  in  addition  nine  inbred  lines.
In  the  former,  grain-setting  reached  85%  in  three  cases,  and  in  more  than  a  dozen  of
the  crosses  75%  was  found.  The  overall  figure  of  36%  is  rather  lower  than  that
obtained  from  intra-specific  wheat  crosses  made  during  the  period,  and  includes  figures
from  a  number  of  bad  seasons  for  crossing  work.

Table 1.
Results of Crossing Different Vulgare Wheats with Varieties of Rye.

Details  of  the  crossing  are  set  out  in  Table  2.
There  are  variations  in  the  compatibilities  shown  by  certain  of  the  rye  varieties.

Strict  comparison  cannot  be  made  from  the  figures  given;  side-by  -side  crossing  under
controlled  conditions  becomes  necessary  if  this  is  to  be  done.

Chromosome  counts  of  some  of  the  varieties  showed  that  x  =  7.  One  tetraploid  of
"Rosen"  rye  obtained  from  U.S.A.  was  also  used,  and  from  170  pollinations  no  grain
was  set.  This  is  in  accord  with  other  workers'  findings.

In  addition  to  the  stated  varieties  of  rye,  inbred  types  were  also  used.  This  is
material  originally  selected  and  since  maintained  for  either  rust  resistance  or
susceptibility.

The  crossing  results  are  given  in  Table  3.
Taking  the  grand  totals,  4,154  grains  were  set  in  "Geeralying"  from  11,864  pollina-

tions,  or  35%.  The  setting  In  the  inbreds  is  significantly  lower  than  in  the  varieties.
Defective  anthers  commonly  occur  in  the  former  and  account  for  some  of  the  failures.
An  unusual  happening  was  found  in  one  head  where  twinned  anthers  were  present.  It
is  important  to  note  that  a  rye  which  has  been  inbred  for  20  generations  for  stem  rust
resistance  will  still  give  as  much  as  30%  grain-setting  in  crosses  with  "Geeralying".
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Crosses  Involving  Other  Wheat  Species.
Apart  from  the  21-chromosome  wheats,  others  were  used  and  gave  the  result  shown

in  Table  4.
Of  the  21  grains  obtained  from  the  "Timopheevi"  cross,  only  11  germinated.  Eight

yellowed  and  died  in  the  early  rosette  stage.  The  three  that  came  to  maturity  showed
the  dense  hairy  character  of  the  wheat  parent  and  were  sterile.

The  two  grains  from  the  "Timococcum"  cross  failed  to  germinate.

Table 2.
Results of Crossing " Oeeralying " Wheat with Certain Varieties of Rye.

Fl  Tests.
As  already  stated,  some  gi^ains  failed  to  germinate.  No  detailed  information  on

the  cause  was  obtained.  On  a  few  rare  occasions  it  was  found  that  the  "Fl"  was
actually  a  wheat  plant  resulting  from  accidental  pollination;  suitable  corrections  have
been  made  for  these.  The  practice  has  been  to  test  the  seedlings  in  pots  and  then  to
transplant  to  outdoor  plots  and  to  bring  the  plants  to  maturity.
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Puccinia  graminis  tritici.
Seedling  tests  were  made  with  races  34,  43,  45,  126,  and  222.  "Geeralying"  is

resistant  to  r.45,  but  susceptible  to  the  other  races.  The  rye  varieties  typically  show
about  5%  susceptible  and  the  remainder  resistant  seedling  reactions,  but  the  inbred  ryes
are  homozygous  for  either  resistance  or  susceptibility.

With  rare  exceptions  in  which  a  "3"  reaction  was  shown,  the  Fl  reaction  was  a
"fleck"  where  the  rye  varieties  had  been  used.  Susceptible  inbred  ryes  gave  Fls  which
were  susceptible,  and  resistant  inbreds  gave  resistant  Fls.

Table 3.
Results of Using Certain Inbred Ryes to Pollinate " Geeralying " Wheat.

lubred Rye.

P.  graminis  secalis.
A  culture  of  race  3  derived  from  aecidia  on  a  barberry  infected  from  teleutospores

•on  Agropyron  repens  sent  from  England  was  used  in  a  limited  series  of  inoculations.
With  the  wheat  varieties  giving  resistant  and  the  rye  varieties  susceptible  reactions,
the  Fls  gave  a  clear-cut  resistant  reaction.

Table 4.
Results of Grossing "Geeralying " with Certain Wheats and Related Plants.

.  p.  triticina.
Seedling  tests  with  races  26,  95,  and  138  show  "Geeralying"  susceptibility  and  rye

reactions  which  in  the  main  vary  between  "fleck"  and  "X"  (resistance).  The  Fl
reacti-on  was  usually  "4c",  a  near  approach  to  the  susceptibility  of  the  wheat  parent,
and  sometimes  a  clear  "4"  reaction. I
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P. dispersa.
Fl  seedlings  from  the  same  crosses  as  those  used  in  the  tests  with  P.  triticina,

and  in  some  instances  the  very  same  plants  after  removal  of  the  rusted  first  leaves,
were  tested  with  the  stock  culture  of  rye  leaf  rust.  Attention  has  been  called  elsewhere
(Waterhouse,  1952)  to  the  absence  of  clear  definition  of  the  physiologic  races  present,
and  hence  the  stock  culture  was  used.  Whereas  "4"  reactions  (susceptibility)  were
shown  by  the  rye  variety  and  "flecks"  and  "1"  reactions  by  the  wheat,  the  Fl  gave
"fleck"  and  "1"  reactions.

Uroeystis  spp.
Grain  was  inoculated,  some  with  U.  tritici  Kcke.  and  some  with  U.  occulta  (Wallr.)

Rab.,  and  sown  under  favourable  conditions  for  infection.  "Geeralying"  is  resistant
to  both  smuts,  and  the  ryes  to  U.  tritici.  From  these  crosses  no  infection  was  found.
In  one  case  where  "Federation"  was  the  vulgare  parent,  infection  by  U.  tritici  occurred
in  the  Fl.  In  all  the  tests  made  no  infection  by  U.  occulta  was  found.

Tilletia  spp.
The  two  common  species,  T.  caries  (D.C.)  Tul.,  and  T.  foetida  (Wallr.)  Liro,  were

used  in  mixed  inoculum  dusted  on  the  grain.  "Geeralying"  is  susceptible  to  bunt,  and
in  the  case  of  rye  very  occasional  susceptibility  is  found.  In  each  sowing  that  was
made,  bunted  grain  of  "Federation"  was  sown  as  a  check  because  of  its  extreme
susceptibility.  In  some  seasons,  when  conditions  were  unfavourable  for  bunt  develop-
ment,  none  developed  in  "Federation",  but  in  general  good  infections  were  found.  On
numefous  occasions  bunt  (both  species)  developed  in  the  Fl  heads  (Plate  ii,  fig.  7).
The  bunt  "balls"  were  almost  as  large  as  rye  grains.  This  is  very  striking  because  of
the  sterility  shown  by  the  Fls.  The  nature  of  the  stimulus  given  to  "grain"  production
by  the  bunt  fungus  is  worthy  of  full  attention.  Chlamydospores  from  the  bunted  Fl
plants  were  used  in  the  following  season  to  inoculate  "Federation"  and  produced
normal  infections.

Glaviceps  purpurea.
A  culture  derived  from  ergots  on  wheat  collected  at  Glen  Innes,  N.S.W.,  was

used  to  give  a  conidial  suspension  that  was  sprayed  on  the  plants  at  flowering  time
in  the  Sydney  University  plot.  There  were  marked  seasonal  variations  in  the  amount
of  infection,  but  this  occurred  also  in  both  wheat  and  rye  parents.  An  unexpected
happening  was  the  abundant  production  of  ergots  in  the  sterile  Fl  plants  (Plate  ii,
fig.  5).  As  in  the  case  of  bunt,  some  remarkable  stimulus  is  given  by  the  fungus
to  the  ovarian  tissues  of  these  sterile  spikes  which  leads  to  the  formation  of  ergots.
These  are  quite  as  large  as  those  formed  in  wheat  and  rye.  A  weighing  of  100  ergots
shaken  from  the  Fl  plants  and  100  shaken  from  the  rye  ears  showed  no  significant
difference  between  them.  Lightly  buried  in  garden  soil  and  frozen  for  four  months  in
the  ice  box  of  a  refrigerator,  ergots  "germinated"  in  four  weeks  and  produced  normal
stromatic  heads  and  perithecia.

In  the  process  of  spraying  the  flowering  ears  with  the  conidial  suspensions,  adjacent
rows  of  Triticum  aegilopoides  Bal.  and  T.  monococcuni  L.  were  inoculated  by  chance
and  produced  numerous  infected  heads  (Plate  ii,  fig.  6).  It  is  usually  reported  that
these  species  are  resistant  to  ergot  attack.

Structuee  of  Fl  Plants.
In  general  there  was  close  similarity  between  the  Fl  plants  derived  from  the

"Geeralying"  crosses.  All  were  very  tall  with  foliage  resembling  that  of  rye,  and
produced  many  heads  (Plate  i,  fig.  1).  Beard  production  was  greater  from  some  rye
varieties  than  from  others.  One  unusual  head  type  resembling  a  durum  wheat  occurred
in  one  plant  of  "Geeralying"  crossed  with  "Segales"  rye,  whereas  in  all  other  cases
the  result  was  the  typical  long  lax  ear  (Plate  i,  fig.  2).  No  grain  was  formed  in  it,
so  further  studies  could  not  be  made.

In  all  cases  complete  sterility  was  found  in  bagged  heads.  Only  very  rarely  was
any  grain  formed  in  open-pollinated  heads.  This  makes  it  more  striking  that  bunt  and
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ergot  should  have  developed  in  these  ears.  Grain  that  was  produced  was  used  in
later  generation  work,  the  resultant  plants  showing  the  widest  segregation  for  morpho-
logical  and  rust  resistant  characters.  Vulgare  types  producing  the  sharp  "flecks"
characteristic  of  rye  have  been  selected.

Back-crosses  with  wheat  have  been  made  widely,  and  further  promising  material
produced,  with,  of  course,  much  sterility  in  numerous  crosses.

Polyembryony  has  shown  up  in  the  rye  varieties  several  times  in  the  form  of
twinned  embryos  (Plate  ii,  fig.  1).  One  such  occurrence  was  also  found  in  the  Fl
of  "Geeralyiug"  x  "Cowra  22"  (Plate  ii,  fig.  2).  No  differences  were  evident  between
the  two  primary  shoots.  Each  gave  the  same  seedling  reaction  for  rust  resistance.  At
maturity  all  the  heads  were  of  the  same  nature.  Twinning  may  well  have  occurred
following  upon  fertilization  of  a  single  ovule.

An  even  more  striking  abnormality  was  a  triple  embryo  in  the  Fl  of  "Geeralying"
X  "Petkus  Rug".  From  the  grains  sown  in  a  pot  for  inoculation  purposes,  one  weak  and
two  strong  shoots  were  noted  close  together.  Investigation  showed  that  all  three
emerged  from  the  one  grain  (Plate  ii,  fig.  3).  The  seedling  reactions  for  rust  resistance
were  the  same  on  all  three  primary  leaves.  As  growth  proceeded,  secondary  tillers
developed,  being  weaker  from  the  shoot  already  mentioned  (Plate  ii,  fig.  4).  At
maturity  no  differences  between  the  heads  were  apparent,  and  again  there  is  no  evidence
that  more  than  one  ovule  was  actually  concerned  in  the  happening.

Chlorophyll  deficiencies  have  shown  up  frequently  in  the  form  of  albiuotic  and
variegated  seedlings  of  the  rye  parents;  the  former  have  soon  died,  and  in  no  case
.has  it  been  possible  to  establish  a  variegated  strain  from  them,  although  this  has
been  done  in  certain  inbred  ryes.  No  chlorophyll  deficiency  has  been  found  in  the  Fls.

Branching  of  the  rye  ears  has  occurred.  Sometimes  this  has  started  about  half-way
along  the  length  of  the  spike,  at  other  times  there  has  been  a  double  spike  from  the
base  of  the  rachis  (Plate  i,  fig.  4).  From  many  branched  ears  in  rye  varieties  progeny
have  been  obtained,  but  in  no  case  have  they  shown  branching.  The  branched  Fl  ears
were  sterile.

In  two  of  the  seasons  Fl  plants  were  treated  with  colchicine,  using  the  agar  method.
No  grain  was  set  in  the  selfed  ears.

Conclusion.
The  relationship  between  wheat  and  rye  which  makes  it  possible  to  cross  them  can

be  a  matter  of  great  importance.  In  the  past  the  cross  has  been  used  in  the  incorporation
of  hardiness  in  wheat  varieties,  but  its  potentialities  for  the  transference  of  disease-
resistant  characteristics  of  rye  to  wheat  are  very  promising.  This  has  a  particular
application  where  a  highly  specialized  pathogen  like  the  rust  fungus  is  involved.

As  a  rule  the  cross  is  difficult  to  make,  and  the  finding  of  the  marked  compatibility
of  "Geeralying"  wheat  with  rye  makes  the  work  much  easier.  As  much  as  85%  grain-
setting  has  been  obtained  when  rye  pollen  is  used,  as  compared  with  only  1%  when  rye
was  the  ovule  parent.  Sterility  in  the  Fl  still  poses  a  serious  problem.

Studies  of  the  inheritance  of  resistance  to  a  number  of  diseases  that  attack  the
parents  show  that  there  is  a  closer  relationship  of  the  Fl  to  the  wheat  than  to  the
rye parent.

There  has  been  little  opportunity  of  carrying  out  cytological  investigation  of  the
happenings,  or  of  examining  the  effects  of  colchicine  on  the  Fl,  but  preliminary  work
with  the  latter  gave  negative  results.  There  is  a  real  need  for  detailed  studies  along
these  lines,  as  well  as  for  investigation  of  the  stimulus  imparted  to  the  gynoecia  of
sterile  Fl  plants  which  leads  to  the  formation  of  bunt  balls  when  the  grain  is  inoculated
with  Tilletia  sp.,  and  of  ergots  when  a  suspension  of  conidia  of  Claviceps  imrpurea  is
sprayed  upon  the  stigmas  at  flowering  time.
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EXPLANATION  OF  PLATES.
Plate 1.

1.  General  view  of  "Geeralying"  x  rye  Fl  plants  at  flowering  time,  showing  abundant  ear
production.  Many  of  them  are  bagged  to  ensure  self-pollination.

2.  Typical  spikes  of  "Geeralying"  x  rye  Fl  plants  showing  the  long  lax  structure,  x  J.
3.  Unusual  spike  of  "Geeralying"  x  "Segales"  rye,  showing  compact  structure  resembling

a  durum  wheat,  x  *.
4.  Branched  spike  of  "Geeralying"  x  "Slav"  rye  Fl  plant,  x  |.

Plate ii.
1.  Double  embryo  in  "Star  No.  2",  showing  two  plumules  arising  from  the  one  grain.

Natural size.
2.  Double  embryo  in  PI  of  "Geeralying"  x  "Cowra  22",  showing  emergence  of  two

plumules  from  the  one  coleoptile.  Natural  size.
3.  Triple  embryo  in  Fl  of  "Geeralying"  x  "Petkus  Rug"  rye,  showing  one  weak  and  two

strong  plumules  arising  from  the  one  grain.  Natural  size.
4.  View  of  the  same  triple  embryo  Fl  at  a  later  stage  of  growth,  still  showing  one  shoot

weaker  than  the  others,  x  i.
5.  Pour  spikes  of  "Geeralying"  x  rye  Fl  (to  the  left)  and  one  of  rye  (to  the  right),

showing  ergot  formation,  x  |.
6.  Spikes  of  Triticum  aegilopoides,  showing  formation  of  ergots,  x  J.
7.  Top  group,  grains  of  "Geeralying"  wheat  ;  bottom  group,  grains  of  open-pollinated  rye  ;

and  middle  group,  bunt  balls  produced  in  bunted  grain  of  "Geeralying"  x  rye  Fl  spikes.
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