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down,   as   if   the   openings   had   been   enlarged   through   the   disintegration   of
adjoining   cells.   In   corn   roots   with   well   developed   openings,   fragments   of
cell   walls  are  often  seen  projecting  into  the  openings,   as  shown  in  figure  3.
In   a   wheat   root   that   has   been  growing  fairly   rapidly   for   a   period   of   eight
days,  the  openings  are  i  or  2  cortical  cells  in  diameter  and  are  nearly  spheri-

cal. At  a  later  stage  about  nine  openings  are  seen  in  a  cross  section  of  the
root,  separated  by  septa  composed  of  one  or  two  layers  of  unmodified  cortical
cells.

It   was   thought   that   this   occurrence   might   be   due   to   lack   of   proper
physiological   balance   in   the   nutrient   medium.   The   single-salt   solutions
each   contained   only   two   of   the   six   essential   elements,   and   there   was   no
evidence   that   the   3-salt   solutions   employed   were   well   balanced;   moreover
they   had   not   been   renewed   as   frequently   as   is   customar}^   in   water-culture
work.   This   suggestion   was   tested   by   employing   Shive's   solutions   R1C2
and   R2C5   (optimal   series),   which   are   to   be   regarded   as   at   least   fairly
well   balanced  for  wheat.   The  solutions  were  renewed  on  the  fourth  day  and
the   cultures   were   continued   for   10   days,   beginning   March   i.   Openings
appeared   just   as   before,   being   visible   on   the   fifth   day   and   well   developed
on  the  seventh.

Beginning  about   the   middle   of   June  a   few  experiments   were   carried  out
for   the   sake   of   further   observations   on   the   openings   in   question.   Cultures
were   grown   in   Shive's   solution   R5C2   (sub-optimal   series),   in   a   good   garden
soil   and  in   sand.   Marquis   wheat,   from  the   lot   of   seed  used  in   the   cooper-

ative project   of   the  Division  of   Biology  and  Agriculture,   of   the  National
Research   Council   was   used,   and   the   water-culture   seedlings   were   supported
by   perforated   cork   stoppers   in   pint   "Mason"   jars.

The   solution   cultures   were   in   the   greenhouse   at   temperatures   varying
between   25°-45°   C.   Some   of   the   solutions   were   renewed   daily   for   the
first   three   days,   but   this   treatment   seemed   to   exert   no   influence   on   the
formation   of   the   openings,   which   appeared   at   about   the   same  time   and   in
the  same  way  in  all  cultures.

Rather   large   intercellular   spaces   were   observed   on   the   fifth   day.   Two
days  later  a  cross  section  of  the  region  4-6  cm.  below  the  seed  appeared  as
is   shown   in   figure   i.   On   the   ninth   day   the   openings   were   larger   and   pre-

sented the  appearance  shown  in  figure  2.  The  roots  were  then  18  cm.  long
and   openings   were   present   2   to   14   cm.   below   the   seed,   those   toward   the
tip   of   the   root   being   smaller.   The   smaller   openings   certainly   contained   gas.
All  the  plants  of  these  solution  cultures  appeared  to  be  healthy  and  vigorous
throughout   the   experiment;   on   the   thirteenth   day,   when   the   cultures   were
discontinued,   the   shoots   were   about   19   cm.   high.

The   sand   and   soil   cultures   mentioned   above   were   continued   for   13
days  in  the  greenhouse,   at   temperatures  between  25°  and  45°  C,   the  media

1  Livingston,  B.  E.  A  plan  for  cooperative  research  on  the  salt  requirements  of
representative  agricultural  plants.    Baltimore,  1919.
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being   kept   as   moist   as   in   ordinary   greenhouse   cultures.   At   the   end   of   this
time  the  shoots  were  about  15  cm.  high,  while  the  roots  were  about  15  cm.
long.   There   was   no   indication   in   any   of   these   roots   of   openings   in   the
cortex.     The  plants  grew  somewhat  less  rapidly  in  the  soil   and  sand  cultures

Fig.  I.    Transverse  section  of  wheat  root,  4  cm.  below  seed.    Plant  grown  7  days  in
3-saIt  solution.

Fig.  2.    Transverse  section  of  wheat  root,  4  cm.  below  seed.    Plant  grown  9  days  in
3-salt  solution.

Fig.  3.    Transverse  section  33^2  cm.  below  seed  of  corn  root  26  cm.  in  length.  Plant
grown  8  days  in  garden  soil.

Fig.  4.    Transverse  section  3  cm.  below  seed  of  corn  root  18  cm.  in  length.    Plant  grown
8  da^^s  in  garden  soil.

En,  endodermis;  Ep.  epidermis.

than   in   the   solution   cultures,   but   the   roots   in   the   sand   and   soil   cultures
were  as  long  at  the  end  of  the  experiment  as  were  those  in  the  solutions  when
pronounced   openings   were   noticeable.

Summarizing   all   the   results   so   far   available   for   wheat,   the   openings
here   considered   were   regularly   obtained   in   roots   grown   in   solution,   whether
the   latter   were   fairly   well   balanced   or   decidedly   unbalanced   and   whether
the   plants   were   grown   under   winter   or   summer   greenhouse   conditions.
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The  openings  do  not  appear  to  have  been  related  to  the  presence  or  absence
of   any   chemical   element   or   salt   in   the   solution.   But   wheat   roots   failed   to
exhibit   these   cortical   openings   when   grown   in   sand   or   soil   for   13   days   at
summer   greenhouse   temperature.   Whether   wheat   may   be   expected   to
show   these   openings   always   when   grown   in   liquid   media,   and   whether   it
may  sometimes  show  them  when  grown  in  soil   or   sand,   remain  open  ques-
tions.

Turning   to   the   observations   on   Indian   corn,   during   the   months   of
January,   February,   and   March   the   white   dent   variety   was   grown   in   many
different   solutions   (with   from   one   to   five   salts),   and   cortical   openings   were
regularly   developed   in   roots   that   had   reached   a   length   of   10   or   12   cm.
Plants  of  the  same  variety  grown  in  moist,   rich  garden  soil   within  the  same
period  uniformly  failed  to  show  openings  in  roots  10  to  18  cm.  in  length.

In   June,   Shive's   solution   R4C5   (sub-optimal   series)   produced   openings
like   those  shown  in   figure   3.   The  seeds  had  been  germinated  in   sphagnum
(i5°~35°   C.),   and   the   seedlings   had   been   in   the   solution   (20°-35°   C.)   for
only   70   hours.   The   openings   were   present   to   within   about   3   cm.   of   the
tip   of   the   root.   At   about   the   same  time   similar   results   were   obtained   with
distilled   water   and   with   single   salt   solutions   (0.00048   normal)   of   Ca(N03)2
and   Mg(N03)2.   Apparently   the   liquid   media   produced   the   same   growth
response  in  these  roots  in  summer  as  in  winter.

With   soil   and   sand   cultures,   however,   the   results   obtained   in   June   were
somewhat  different  from  those  recorded  for  the  winter  and  early  spring.  Corn
plants   that   had   grown   12   days   in   moist,   rich   garden   soil   (greenhouse,   20°-
40°   C.)   showed  many   cortical   openings,   even   to   within   3   cm.   of   the   tip   of
the   root   (fig.   3).   The   openings   in   the   older   portion   of   the   root   appeared
very   large   in   cross   section   and   were   about   8   cells   in   length.   Perfectly
parallel   results   were   obtained  with   moist   sand  cultures   at   the   same  time.

White   dent   corn   seedlings   that   had   been   grown   in   sphagnum   (in   the
greenhouse)   until   the   roots   were   10   cm.   long   showed  pronounced   openings
in  the  older   portions  of   the  root   (to   4   cm.   below  the  seed)   when  the  test
was  made  in  June,  but  showed  no  openings  in  the  case  of  similar  tests  made
in  the  winter  months.

It   appears   that   cortical   openings   were   regularly   formed   in   white   dent
roots  more  than  10  or  12  cm.  in  length,   grown  in  liquid  media,   whether  in
winter  or  in  summer,   and  they  also  appeared  in  roots  12,   14,   or   16  cm.  in
length,   grown  in   soil,   sand,   or   sphagnum  during  a   period  of   high  tempera-

tures in  the  summer.  The  rate  of  growth  of  the  root  rather  than  the  age  of
the  seedling  seems  to   be   the  factor   determining  the  time  of   appearance  of
these   openings.   It   is   at   once   suggested   that   temperature   and   oxygen
supply   may   be   among  the   environmental   conditions   influencing   the   phenom-

enon in  question.  It  seems  safe  to  suppose  that  roots  grown  in  sand,  soil,  or
sphagnum   generally   have   better   opportunity   for   absorbing   oxygen   than
those   grown   in   liquid   media,   and   this   consideration   may   possibly   furnish
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an   explanation   of   the   difference   observed   in   winter,   when   the   temperature
was   relatively   low   and   when   growth,   respiration,   etc.,   were   not   as   rapid
as   in   summer.   It   appears   as   if   the   higher   temperatures   of   summer,   with
higher   respiratory   activity,   etc.,   may   have   rendered   the   better   aerated,
solid-medium   cultures   more   like   those   in   liquid   media.

Several   other   experiments,   not   here   described,   seemed   to   support   the
idea   that   temperatures   that   gave   slow   growth   in   soil   cultures   retarded   or
prevented   the   development   of   the   cortical   openings,   while   temperatures
that   gave   rapid   growth   resulted   in   numerous   well   developed   openings.
This  suggestion  seems  to  be  along  somewhat  the  same  line  as  that  expressed
by   Laetitia   M.   Snow^   regarding   the   formation   of   gas   cavities   in   the   stems
of  Scirpus.

It   is   to   be   noted,   however,   that   the   development   of   cortical   openings   in
corn   roots   frequently   occurs   after   the   root   tissue   has   ceased   to   elongate.
These   openings   may   form,   apparently,   either   in   the   elongating   region   or   in
the  older  part  of  the  root  where  elongation  has  stopped.

One   other   experiment   is   worthy   of   mention   here.   On   June   12   two   soil
cultures   of   white   dent   corn   were   prepared,   one   being   placed   in   the   green-

house (higher  temperatures)  and  the  other  in  the  open  (lower  temperatures).
At   the   end  of   8   days   the   greenhouse  culture   had  roots   about   26   cm.   long,
with   large   cortical   openings   (as   in   fig.   3)   throughout   the   older   portion,   to
within   about   5   cm.   from   the   tip.   The   openings   in   the   upper   part   of   the
root   were   larger   than   those   nearer   the   tip.   At   the   same   time   the   out-door
culture   had  roots   only   about   18   cm.   long,   with   all   the   pronounced  openings
(as   in   fig.   3)   confined   to   the   3   cm.   just   below  the   seed.   In   the   remainder
of   the   root   occurred   only   very   small   openings,   merely   intercellular   spaces
such  as  those  shown  in  figure  4.

General   Conclusion.   It   appears   that   the   cortical   openings   considered
in   this   note   generally   appear   in   solution   cultures   of   both   Marquis   wheat
and   white   dent   corn,   under   greenhouse   conditions   of   both   winter   and   sum-

mer. They  were  not  observed  in  the  sand  or  in  the  soil  cultures  of  wheat
in   either   winter   or   summer,   but   none   of   these   cultures   were   continued   for
more   than   thirteen   days.   The   time   of   appearance   of   the   cortical   openings
in  sand  or  soil   cultures  of   the  white  dent  corn  seems  to  vary  with  the  rate
of  growth  of  the  roots.

Washington,  D.  C.
2  Snow,  Laetitia  M.  Diaphragms  of  water  plants.  II.  Effect  of  certain  factors  upon

development  of  air  chambers  and  diaphragms.    Bot.  Gaz.  69:  297-317.  1920.



NORTH     AMERICAN     PIPERS     OF    THE    SECTION   OTTONIA^

William   Trelease

(Received  for  publication  December  9,  1920)

The   woody   Piperaceae,   with   2-5   unfimbriate   stigmas,   comprise   the
better   part   of   1,000   species,   the   extremes   of   which   differ   greatly   while   the
segregation   of   those   that   are   closely   related   is   very   difficult.   The   structure
and  numerical   plan  of  the  minute  flowers  run  over  so  large  a  range  of  dif-

ferences that  it  seems  quite  unreasonable  to  include  them  all  in  a  single
genus;   but   however   the   lines   be   drawn,   the   segregates   remain   too   hetero-

geneous and  laxly  characterized  to  give  satisfaction.  Even  as  subgenera  or
sections  of  the  single  genus  Piper,  this  is  true  of  them..

When   Casimir   de   Candolle   monographed   the   family,   half   a   century
ago,   he   admitted   several   such   subdivisions   of   Piper   (i),   and   with   various
emendations   these   are   kept   up   in   most   of   his   publications   during   the   two
generations   through   which   he   has   been   accorded   by   common   consent   the
title   of   master   in   this   field.   Shortly   before   his   death,   however,   in   a   manu-

script (2)  on  the  Central  American  representatives  of  the  genus,  his  ex-
pressed views  on  this  point  underwent  modification  to  the  extent  of  assigning

to   a   distinct   section,   Ottonia,   the   species   with   pedicellate   flowers   which   he
had   placed   formerly   partly   in   the   section   Enckea   and   partly   in   the   section
Steffensia.   This   section   corresponds   to   Sprengel's   genus   Ottonia,   of   1820;
the   type   of   which   is   the   South   American   Piper   Jahorandi.

Though   M.   de   Candolle   monographed   the   West   Indian   Piperaceae   (3)
eighteen   years   ago   and   subsequently   added   descriptions   of   occasional
novelties,   and   made   a   reexamination   of   the   Isthmian   and   Central   American
species   of   Piper   when   preparing   the   manuscript   of   which   parts   have   been
published  within  the  past  year  (4) ,  no  effort  has  been  made  to  consider  the
Mexican   species   collectively   since   Hemsley   included   them   in   his   tabulation
of   the   Central   American   flora   nearly   forty   years   ago.   Indeed,   in   the   whole
large   genus,   only   two   Mexican   species   (5)   have   been   described   during   the
past  generation.

Among   a   considerable   number   of   undetermined   Pipers   at   the   New
York   Botanical   Garden   and   in   the   United   States   National   Herbarium,   which
Dr.   Britton   and   Mr.   Maxon   have   permitted   me   to   study   preliminary   to   a
general   revision   of   the   North   American   representatives   of   the   family,
several   interesting   Mexican   novelties   in   the   pedicellate   section   Ottonia
occur.     The   analysis   of   these   which   follows   may   serve   to   illustrate   the

 ̂ Read  before  the  Taxonomic  Section  of  the  Botanical  Society  of  America,  at  Chicago,
December  29,  1920.
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