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lot.   Lot   I   was   used   as   a   check.   Lot   II   was   inoculated   with   a   pure
culture   of   Lasiodiplodia   tubericola   E.   &   E.   The   method   of   the   inocula-

tions here  recorded  was  to  insert  bits  of  mycelium  of  pure  culture
into   slits   in   the   epidermis   and   cambium   made   with   a   flamed   and
cooled   scalpel.   Lot   III   was   inoculated   with   a   pure   culture   of   Diplodia
gossypii   Zim.   obtained   from   Dr.   Edgerton;   Lot   IV   was   inoculated
with   a   pure   culture   of   Diplodia   natalensis   Pole   Evans  ;   and   Lot   V   was
inoculated   with   a   pure   culture   of   Lasiodiplodia   theohromae   (Patt.)
Griff,   and   Maubl.   {Lasiodiplodia   nigra   Appel   &   Laub.).   Attempts
to   secure   cultures   of   Diplodiella,   Chaetodiplodia   and   Botryodiplodia
failed.   The   results   of   the   above   inoculations   were   all   positive.
Inoculations   with   Lasiodiplodia   tubericola   on   the   sweet   potato   repro-

duced the  typical  Java  black  rot  (figs.  7  and  8)  within  ten  to  twenty
days.   The   period   of   incubation   was   from   eight   to   nine   days.   The
same   was   true   for   all   the   other   fungi   tried   out.   The   gross   symptoms
produced   differed   so   little   from   the   typical   Java   black   rot   that   it   was
impossible   to   tell   them   apart   (figs,   i   and   2).   Specimens   of   sweet
potatoes   inoculated   with   Diplodia   gossypii   and   Lasiodiplodia   theo-

hromae were  submitted  to  some  of  our  leading  mycologists  without
having   been   told   of   these   inoculations,   and   they   pronounced   them
similar   to   Lasiodiplodia   tubericola.   Sweet   potatoes   inoculated   with
Diplodia   natalensis   produced   symptoms   of   Java   black   rot,   but   the
fungus   failed   to   form   fertile   pycnidia.   While   the   gross   symptoms
were   practically   alike,   a   closer   examination   showed   some   differ-

ences. When  the  fungus  Lasiodiplodia  tubericola  is  inoculated  into
the   sweet   potato,   the   parasite   emits   from   its   pycnidia   long   strings
of   hyalin,   one-celled   Macrophoma   spores,   followed   by   the   emission
of   black   powdery   heaps   of   dark   one-septate   spores   of   the   Diplodia
type   (fig.   4)  .   The   fungus   Diplodia   gossypii   on   sweet   potatoes   did   not
emit   the   whitish   strings   of   Macrophoma   spores,   but   only   produced
black   powdery   heaps   of   spores   of   the   Diplodia   type.   The   same   was
true  when  Lasiodiplodia   theobromae  was  used.

In   shape,   color,   and   measurements   the   pycnospores   from   Lasio-
diplodia tubericola  on  sweet  potato  could  hardly  be  distinguished  from

the   pycnospores   of   Diplodia   gossypii,   and   L.   theobromae   on   the   same
host.   It   is   evident   that   the   hyalin   one-celled   Macrophoma   spores   of
Lasiodiplodia   tubericola   are   immature   Diplodia   spores.   These   turn
brown  with   age   and   become  one-septate,   although  they   are   capable   of
germination   while   young.
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Dilution   cultures   carefully   made   of   the   Macrophoma   spores   pro-
duce a  growth  typical  of  Lasiodiplodia  tubericola,  and  when  inoculated

on   the   sweet   potato   produces   the   typical   Java   black   rot.   Similar
conclusions   have   been   reached   by   Emerson   (7)   and   several   others.
According   to   Jonge   and   Dorst   (13),   Lasiodiplodia   theobromae   on   cocoa
emits   from   its   pycnidia   white,   strongly   curled   tendrils   made   up   of
hyaline   one-celled   spores   of   the   Macrophoma   type.   As   alreadys   een,
this   same   fungus   on   the   sweet   potato   produces   only   the   Diplodia   type
of   spores.   This   clearly   indicates   the   influence   of   the   host   as   a   factor
in   promoting   or   suppressing   the   Macrophoma   stage.

In   order   to   study   further   the   relationship   of   the   genera   here   under
discussion,   sweet   potato   material   infected   with   the   above   fungi   was
fixed   in   a   chrom-acetic   solution   of   medium   strength,   then   sectioned
and   stained   with   safranin   and   gentian   violet.   It   is   only   through   a
pathological   study   of   the   host   infected   with   these   fungi   that   the
relationship   of   the   supposed   established   genera   is   brought   to   light.
As   already   stated,   when   sweet   potatoes   are   inoculated   with   the   fungus
Lasiodiplodia   tubericola,   pycnidia   are   produced   with   or   without   para-
physes   (figs.   14   and   15).   The   same   also   holds   true   for   Diplodia
gossypii   on   the   sweet   potato,   i.   e.,   there   are   many   pycnidia   with   and
without   paraphyses.

A  study  of   the  sectioned  material   further   reveals   the  fact   that   some
of   the   pycnidia   of   Lasiodiplodia   tubericola   on   the   sweet   potato   are
either  borne  singly  or  in  groups  (fig.  15),   and  seem  to  be  embedded  in
a   stroma   (figs.   14   and   19).   This   also   holds   true   for   Diplodia   gossypii
on   sweet   potato.   It   will   be   remembered   that   Diplodia   and   Lasio-

diplodia differ  in  that  the  latter  possess  paraphyses  and  the  pycnidia
are   embedded   in   groups   in   a   stroma;   Diplodia   has   no   paraphyses   and
the   pycnidia   are   borne   singly.   This   at   once   shows   how   artificial
is   the   separation   of   these   two   genera.   Diplodia   gossypii   in   the   sweet
potato   produces   paraphyses   (fig.   21)   and   the   pycnidia   are   either   borne
singly   or   in   groups   (figs.   22   and   26),   as   is   the   case   with   Lasiodiplodia
tubericola.   Because   of   these   facts   we   are   justified   in   dispensing   with
the   genus   Lasiodiplodia.   Jonge   and   Dorst   (13)   reached   a   similar
conclusion   in   their   work   on   the   fungus   Lasiodiplodia   theobromae   as
did   also   Griffon   and   Maublanc   (10).

It   has   already   been   stated   that   Chaetodiplodia   is   distinguished
from   Diplodia   in   that   the   neck   of   the   pycnidium   is   hirsute,   whereas   in
the   latter   it   is   without   hair,   a   distinction   which   is   very   artificial.
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Further   microscopical   study   of   our   sectioned   sweet   potato   material
shows   that   the   necks   of   nearly   all   the   pycnidia   of   Lasiodiplodia   theo-
bromae   have   hairs   (fig.   23).   The   same   is   true   for   Lasiodiplodia
tuhericola   (figs.   18)   and   Diplodia   natalensis   (fig.   25).   In   the   latter
two,  however,  the  hairiness  is  not  so  pronounced  and  sometimes  it  may
be   absent   altogether.   Similar   observations   were   made   by   Griffon
and   Maublanc   (10)   and   by   others.   From   this   it   is   evident   that   the
genus   Chaetodiplodia   cannot   stand   and   that   Diplodia   alone   should
be  retained.

According   to   Jonge   and   Dorst   (13)   and   others,   the   hairiness   of
the   neck   of   the   pycnidia   is   largely   dependent   upon   cultural   conditions.
They   state   that   lack   of   moisture   tends   to   produce   glabrous   necks   and
much   moisture   has   the   opposite   effect.   My   studies   do   not   support
these   conclusions,   since   the   inoculated   sweet   potatoes   were   kept   in
moist   chambers.   Under   similar   conditions   Lasiodiplodia   theobromae
produced   hirsute   pycnidia   and   L.   tubericola   produced   either   glabrous
or   sparingly   hirsute   pycnidia.   The   determining   factor   in   the   produc-

tion of  hirsute  or  glabrous  pycnidia  is  yet  to  be  worked  out.
Botryodiplodia   was   distinguished   from   Lasiodiplodia   in   the   ar-

rangement of  the  pycnidia.  In  the  former  they  are  caespitose,  in  the
latter   they   are   borne   in   a   stroma.   It   has   been   shown   that   the   genus
Lasiodiplodia   is   untenable.   In   further   study   of   the   sectioned   material
it   is   seen  that   the   pycnidia   in   L.   tubericola   may   be   borne  singly,   in   a
stroma,   or   cespitose   (fig.   14).   The   same   also   holds   true   for   Diplodia
gossypii   (fig.   22).   This   therefore   clearly   indicates   that   the   genus
Botryodiplodia,   too,   should   be   dropped,   its   characteristics   being
included   in   the   genus   Diplodia.

The  genus  Diplodiella   differs   supposedly   from  the  other   genera  here
mentioned   in   that   the   pycnidia   are   superficial.   This   distinction   does
not   hold.   In   further   studying   sectioned   material,   it   is   seen   that
Diplodia   gossypii   often   produces   a   number   of   pycnidia   which   are
distinctly   superficial   (fig.   22).   Because   of   these   facts   the   genus
Diplodiella   is   not   tenable.   It   is   evident   that   the   genus   Diplodia
under   different   hosts   and   climate   may   take   on   some   or   all   of   the
characteristics   of   the   more   recent   genera   Chaetodiplodia,   Lasio-

diplodia,  Botryodiplodia,   and   Diplodiella.   The   common   fungus
Lasiodiplodia   theobromae   has   actually   been   placed   by   different   workers
in   all   of   these   genera   except   Diplodiella.

Griffon   and   Maublanc   (10)   suggest   that   Diplodia   tubericola   (E.   &
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E.)   Taub.   may   possibly   be   the   same   as   L.   theobromae.   From   the
above   studies,   Diplodia   tuhericola   is   seen   to   differ   from   L.   theobromae
in   the   following   manner:   Diplodia   tubericola   as   already   stated,   pro-

duces  pycnidia   throughout   all   parts   of   the   infected   sweet   potato
(fig.   16).   Moreover,   the   pycnidia   while   hirsute   are   often   sparingly
so.   In   L.   theobromae   there   are   few   or   no   pycnidia   in   the   interior
of   the   host,   and   the   pycnidial   necks   are   strongly   hirsute   (fig.   23).
Diplodia  gassy pii   is   also  distinct   from  the  above  two  species,   as  will   be
seen  by   comparing  figures   20,   21,   22   with   figures   14,   17,   and  19.   Sup-

ported by  the  above  studies  the  genus  Diplodia  includes  the  char-
acteristics upon  which  these  other  genera,  viz. ;  Chaetodiplodia,  Lasio-

diplodia,   Botryodiplodia,   and   Diplodiella   are   based,   hence,   following
the   rule   of   priority,   they   are   not   tenable,   and   all   the   species   in   these
genera   become   species   of   Diplodia.   Further   work   will   probably   show
that   the   genera   Rhynchodiplodia   and   Pellionellia   may   likewise   be
referred   to   the   genus   Diplodia.   The   following   is   a   somewhat   broad-

ened description  of  the  genus  Diplodia:
Diplodia   Fries.  —  Pycnidia   black,   subcutaneous   to   erumpent   or

superficial,   scattered  or   in   groups,   csespitose  or   in   a   stroma;'   hirsute  or
glabrous,   paraphyses   present   or   absent,   spores   hyaline,   one-celled
when   young   but   one-septate,   brown   to   dark   when   mature.

Summary

Inoculations   with   two   species   of   Lasiodiplodia   and   two   species   of
Diplodia   have   brought   out   the   following   facts:   The   genus   Diplodia   is
very   variable.   The   fungus   Diplodia   gossypii   for   instance,   when   in-

oculated on  the  sweet  potato,  will  show  all  the  characteristics  of  the
supposed   genera   Lasiodiplodia,   Chaetodiplodia,   Botryodiplodia,   and
Diplodiella.   The   same   is   also   true   when   the   Lasiodiplodias   are
inoculated   on   the   sweet   potato.   From   this   it   is   therefore   concluded
that  because  of  its  priority  the  genus  Diplodia  alone  should  be  retained,
while   the   genera   Lasiodiplodia,   Chaetodiplodia,   Botryodiplodia,   and
Diplodiella   are   not   tenable   and   their   species   should   be   placed   in   the
genus   Diplodia.   It   is   very   probable   that   further   work   will   show^   the
necessity   of   abolishing   the   genera   Rhyncodiplodia   and   Pellioniella.
It   seems   probable   also   that   more   work   will   further   reduce   the   large
number   of   species   of   Diplodia.

Slides   of   sectioned   and   stained   material   illustrating   the   above
studies   will   be   deposited   at   the   Delaware   Agricultural   Experiment
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Station;   the   Department   of   Botany,   University   of   Pennsylvania;   and
the   National   Museum   at   Washington,   D.   C.

Delaware   College   Agricultural   Experiment   Station,
Newark,   Delaware.
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EXPLANATION   OF   PLATES   XII-XIV

Fig.  I.    Sweet  potato  inoculated  with  Diplodia  gossypii.
Fig.  2.    Sweet  potato  inoculated  with  Lasiodiplodia  theobromae.
Fig.  3.    Cross  section  of  sweet  potato  inoculated  with  D.  tubericola.
Fig.  4.    Surface  view  of  same  potato  as  in  fig.  3.
Fig.  6.    Check,  healthy  sweet  potato.
Figs.  7  and  8.    Sweet  potatoes  inoculated  with  L.  tubericola.
Fig.  9.    Pure  culture  of  D.  tubericola,  showing  formation  of  pycnidia  in  plate.
Fig.  10.    Young  culture  of  D.  tubericola  3  days  old.
Fig.  II.    Young  culture  of  D.  theobromae,  same  age  as  in  fig.  10.
Fig.  12.    Young  culture  of  D.  natalensis,  same  age.
Fig.  13.    Young  culture  of  D.  gossypii,  same  age.
Fig.  14.2  Photomicrograph  of  a  sweet  potato  section  inoculated  with  D.  tuberi-
cola showing  a  group  of  pycnidia, — with  and  without  paraphyses.
Fig.  15.  Photomicrograph  of  a  sweet  potato  section  inoculated  with  D.  tuberi-
cola showing  a  single  pycnidium  with  paraphyses  and  hair  at  its  neck.
Fig.  16.    Same  material  as  fig.  14,  showing  pycnidia  within  the  host.
Fig.  17.    Same  material  as  fig.  14,  showing  scattered  pycnidia  without  hair.
Fig.  19.    Same  material  as  fig.  14,  showing  pycnidia  single  and  in  groups.
Fig.  18.    Same  material  as  fig.  14,  showing  hairy  necked  pycnidia.
Figs.  20  and  21.  •  Photomicrograph  of  a  section  of  sweet  potato  inoculated  with

Diplodia  gossypii,  showing  pycnidia  embedded  in  a  stroma,  with  paraphyses  in  the
pycnidia.

Figs.  22  and  24.  Photomicrograph  of  a  section  of  sweet  potato  inoculated
with  Diplodia  gossypii,  showing  cespitose  pycnidia  borne  upon  the  epidermis  of  the
host  as  is  the  case  with  Diplodiella.  In  fig.  22,  paraphyses  are  also  seen  in  one
pycnidium.

Fig.  26.    Same  material  as  fig.  22,  showing  sparingly  hirsute  pycnidia.
Fig.  27.    Same  material  as  fig.  22,  showing  paraphyses  in  the  pycnidia.
Fig.  23.  Photomicrograph  of  a  section  of  sweet  potato  inoculated  with  L,  the-

obromae, showing  hirsute  pycnidia.
Fig.  25.  Photomicrograph  of  a  section  of  sweet  potato  inoculated  with  Di-

plodia natalensis,  showing  hirsute  sterile  pycnidia.
Figs.  14,  15,  16,  20,  21,  22,  23,  25,  26  and  27  were  retouched  with  pen  and  ink

in  order  better  to  show  paraphyses,  or  hair,  which  the  camera  has  failed  to  reproduce.
2  Thanks  are  due  to  Dr.  T.  F.  Manns  for  help  rendered  in  making  figs.  14  to  27.



FACTORS   INFLUENCING   FLOWER   SIZE   IN   NICOTIANA
WITH   SPECIAL   REFERENCE   TO   QUESTIONS   OF

INHERITANCE!

T.  H.  GooDSPEED  AND  R.  E.  Clausen

L   Introduction

During   the   past   five   years   the   inheritance   of   flower   size   has   been
of   interest   in   connection   with   the   study   of   hybrids   made   in   the   Uni-

versity of  CaHfornia  Botanical  Garden  between  various  pure  Hues
of   Nicotiana   species   and   varieties.   Three   flower   size   varieties   of   N.
acuminata   (Graham)   Hook.   (Setchell,   191  2,   p.   23)   were   crossed   back
and   forth   and   the   hybrids   examined   up   to   and   including   F3   (cf.
Goodspeed,   191  2   and   191  3,   (i));   species   hybrids   between   N.   sylvestris
Speg.   &   Comes  (Setchell,   loc.   cit.,   p.   29)   and  a   number   of   N.   Tahacum
L.   varieties   (ibid.,   pp.   3-1  1)   have   also   been   under   observation   and
their   Fi   flower   size   and   the   size   of   the   flowers   in   the   case   of   crosses
of   the   parents   back   onto   the   hybrids   have   been   studied   in   detail.   At
the  present  time  a  study  is  being  made  of  the  flower  size  of  a  self-fertile
hybrid   between   N.   Langsdorfii   Weinm.   and   N.   Langsdorfii   var.
grandiflora   Comes   (Setchell,   1912,   p.   15)   which   should   be   of   interest
because   of   the   marked   difference   in   flower   size   of   the   parental   types.

In   the   collection   of   some   25,000   measurements   on   the   length   of
corolla   tube   and   the   spread   of   corolla   limb   of   flowers   on   the   various
hybrids   above   noted   certain   very   definite   difficulties   have   been   en-

countered. These  difficulties  have  had  their  influence  as  well  in
determining   the   technique   of   taking   the   measurements   as   in   directly
influencing   the   value   and   interpretation   of   the   general   results   obtained.
East   (1913,   pp.   177   and   178)   finds   reason   to   believe   that   corolla   size,
which   he   recognizes   as   a   ''character   complex,"   is   "comparatively
•constant   under   all   conditions   attending   development."   In   this   con-

nection he  refers  to  the  well-known  fact  that  other  size  characters,  in
contrast   to   this   comparative   stability   of   corolla   size,   are   subject   to   a

 ̂ The  experiments  herein  reported  upon  were  assisted  by  that  portion  of  the
grants  to  the  University  of  California,  College  of  Agriculture,  under  the  Adams  Fund,
which  was  put  at  the  disposal  of  Prof.  W.  A.  Setchell.
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rather   greater   degree   of   fluctuating   variability   under   similar   conditions
attending   development.   Thus   we   read   that,   ''During   the   past   four
years   I   have   grown   about   20   species   of   Nicotiana   in   considerable
numbers.   They   have   been   grown   under   very   diverse   conditions.
Some  have  been  starved  in   four-inch  pots,   others   have  had  the  best   of
greenhouse   treatment;   some   have   had   poor   field   conditions,   others
have   had   all   field   conditions   practically   at   their   best.   The   height   of
the   plants,   the   size   of   the   leaves,   and   similar   size   complexes   have
varied   enormously,   but   the   size   of   the   corollas   has   varied   scarcely   at
all.   For   example,   plants   of   N.   sylvestris   Speg.   &   Comes   grown   to
maturity   in   four-inch   pots   produced   no   leaves   longer   than   7   inches.
On  the  other   hand  sister   plants   of   the  same  pure  line   produced  leaves
30   inches   long   in   the   field.   Both   series,   however,   produced   flowers
with   the   same   length   and   spread   of   corolla.   Furthermore,   cuttings
from  20  of  the  field  plants  reported  in  this  study  were  rooted  and  grown
in   small   pots   in   the   greenhouse.   Their   blossoms   were   the   same   size
as   those   of   the   field   plants   from   which   they   came."   The   data   herein
to   be   listed   seem,   in   our   opinion,   to   demonstrate   that   in   the   Nicotiana
cultures   grown   in   the   University   of   California   Botanical   Garden   a
rather   different   condition   of   affairs   prevails   so   far   as   the   ''character
complex,"   corolla   size,   is   concerned.   East   also   finds   (ibid.,   p.   181)
that   in   general   "  corolla   spread   is   .   .   .   correlated   with   corolla   length."
As   a   broad   generalization   this   statement   is   undoubtedly   correct.   On
the  other  hand,  the  fact  that  in  our  experience  corolla  length  and  corolla
spread   behave   in   a   different   manner   with   reference   to   their   stability
under   "the   conditions   attending   development,"   suggests   that   the
assumption   of   a   too   definite   correlation   when   attempting   to   interpret
the   results   of   studies   of   flower   size   inheritance   in   Nicotiana   must   be
very   guardedly   indulged   in.   The   fact   that   in   our   experience   corolla
size   does   vary   distinctly   under   some   of   the   most   normal   and   inherent
conditions   attending   development   and   that   corolla   spread   and   corolla
length   do   not   respond   alike   in   this   respect   has   in   a   great   measure
been   the   cause   of   the   difficulties   in   technique   and   interpretation
above   mentioned.

The   data   presented   in   this   report   were   collected   in   connection   with
a   number   of   separate   and   distinct   experiments,   and   pertinent   data
upon   an   almost   equal   number   of   plants   were   also   available.   It   is   the
purpose   of   the   present   report   -to   illustrate   by   the   presentation   of   the
results,   actually   accumulated   in   the   field,   the   effects   of   various   en-
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