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different   maintained   temperatures   were   employed,   and   light   was   excluded
from   the   experiment   chambers.   The   nutrient   solutions   used   were   the   126
3-salt   solutions   described   by   the   committee   on   salt   requirements,^   and
each   solution   was   tested   for   every   one   of   the   seven   different   temperatures.
These  3-salt   solutions   are   of   6   types,^   according  to   the   salts   employed,   and
21  different  solutions  were  tested  for  each  type,  each  of  these  having  its  own
peculiar   set   of   salt   proportions.   The   familiar   triangular   diagram   was   used
to   represent   the   difference   in   salt   proportions.   The   salts   employed   were
the   nine   possible   combinations   of   the   following   six   chemical   units;   K,   Ca,
Mg,  NO3,  H2PO4,  and  SO4.  No  iron  was  added  to  any  of  these  solutions.  As
to   total   concentration,   the   solutions   were   all   about   alike   and   very   weak,
being   only   one   tenth   as   concentrated   as   the   corresponding   i  -atmosphere
solutions   described   in   the   plan   above   referred   to.

The  present  paper  will   be  confined  to  certain  points   brought  out   for   the
two  temperatures  28°  C.   and  17°  C.   (one  about  optimum  and  the  other  dis-

tinctly below  the  optimum  temperature  for  the  early  growth  phases  of
wheat).   Only   those   solutions   of   each   of   the   six   types   tested   will   be   con-

sidered that  gave  the  best  growth  values,  determined  by  the  criteria  of
total  shoot  elongation  per  culture  and  average  elongation  per  seedling  of  the
cultures,   for   a   period   of   no   hours,   beginning   with   the   placing   of   the   seeds
on   the   net.   The   best   values   obtained   for   the   set   of   21   solutions   for   each
of  the  six  types  for  each  of  the  different  temperatures  tested  were  considered
the   "good"   solutions,   if   their   growth   values   obtained   lay   within   the   upper
one   fourth   of   the   total   range   of   values   for   the   same   temperature   and   the
same   solution   type.   For   example,   if   the   21   solutions   of   the   type   con-

taining the  salts  KH2PO4,  Ca(N03)2,   and  MgS04,  gave  a  growth  value
ranging  from  i.oo  to  i .80  for  the  average  of  both  the  criteria  used,  tested  at  a
temperature   of   28°   C,   then   those   solutions   whose   value   lay   between   1.60
and   1.80   would   be   classed   as   the   "good"   solutions   for   the   type   at   that
given   temperature.   The   total-shoot-elongation   value   simply   represented
the   total   growth   obtained   from   a   solution.   The   average   elongation   value
per   seedling   per   culture   was   obtained  by   dividing  the   total   shoot   elongation
in   centimeters   by   the   number   of   seedlings   the   culture   contained.   The
reason  these  two  criteria   were  employed  was  to   offset   any  appreciable   error
that  may  accrue  in  the  growth  value  from  a  failure  of  some  of  the  seeds  to
germinate.   The   following   table   shows   what   solutions   belong   to   the   "good"
class   for   each   type   and   for   each   of   the   two   temperatures   here   dealt   with.
In   the   solution   designations,   which   refer   to   the   triangular   diagrams,   the

3  Committee  on  salt  requirements  of  representative  agricultural  plants,  Division  of
Biology  and  Agriculture,  National  Research  Council.  A  plan  for  cooperative  research
on  the  salt  requirements  of  representative  agricultural  plants.  Edited  by  Burton  E.
Livingston.    2d  ed.    Baltimore,  19 19.

4  For  an  outline  of  the  chemical  scheme  of  these  six  types,  on  which  the  committee's
plan  was  based,  see:  Livingston,  B.  E.,  and  Tottingham,  W.  E.  A  new  three-salt  nutrient-
solution  for  plant  cultures.    Amer.  Jour.  B3t.  5:  337-346.  1918.
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number   following   the   letter   "R"   indicates   the   number   of   eighths   (of   the
total   molecular   concentration)   that   are   due   to   the   potassium   salt,   the
number   following   the   letter   "S"   indicates   the   number   of   eighths   due   to
the   calcium   salt,   and   the   difference   between   8   and   the   sum   of   these   two
numbers  is  the  number  of  eighths  due  to  the  magnesium  salt.

Table  i  .    Good  nutrient  solutions  of  the  six  different  salt  types  tested  at  two  different  maintained
temperatures

It   is   seen  at   once   that   the   "good"   group  of   each   type   of   solution   com-
prises  from   two   to   seven   different   solutions.   It   appears   that   there   is

generally   a   marked   difference   between   the   sets   of   salt   proportions   that
proved   good   with   the   higher   temperature,   on   the   one   hand,   and   those   that
proved  good  with   the   lower   ones,   on   the   other.   For   types   II,   III,   IV,   and  V,
low   partial   concentrations   (i   or   2   eighths)   of   the   potassium   salt   characterize
the   group   for   28°,   while   high   partial   concentrations   (2-5   eighths)   of   this
salt   characterize   the   group   for   17°.   There   is   a   suggestion   of   this   same
generalization   for   types   I   and   VI   also.   For   type   I   the   potassium   salt   has
partial   concentrations   of   from   i   to   4   units   for   the   higher   temperature,
while  the  corresponding  values  for  the  lower  temperature  lie  between  3  and  5.
Similarly,   for   type   VI,   the   potassium-salt   values   lie   between   i   and   5   for
the   higher   temperature   and   between   4   and   5   for   the   lower.   It   is   thus
indicated   that   the   proportion   of   the   potassium   salt   should   be   high   for   the
low  temperature,   and  low  for  the  high  temperature,   if   the  solution  is   to  give
good   growth   values.   Since   three   different   potassium   salts   are   involved,   it
appears   that   this   suggested   generalization   really   applies   to   the   partial
concentration  of   potassium  itself   rather  than  to  that   of   the  salt   that   supplies
this  element.

It   is   to  be  noted  that  the  two  types  (I   and  VI)   for  which  this   statement
concerning   potassium   is   least   definitely   applicable,   are   both   characterized
by   the   fact   that   the   potassium   salt   is   the   phosphate.     But,   for   three   other
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types   (II,   IV,   and   V),   high   partial   concentrations   of   H2PO4   characterize
the   good   solutions   for   the   higher   temperature,   while   lower   concentrations
of   H2PO4   mark   the   good   ones   for   the   lower   temperature.   It   is   thus   sug-

gested that  the  H2P04-relation  (to  growth  and  to  temperature)  may  be
the   reverse   of   the   K-relation.   Potassium   phosphate   being   employed   in
types  I  and  VI  as  the  only  source  of  K  as  well  as  of  H2PO4,  a  sort  of  antagon-

istic effect  might  be  expected  in  these  cases,  and  this  expectation  seems  to
have   been   realized.   A   study   of   the   two   groups   of   good   solutions   for   each
of   these   two   types   suggests   an   inversion   of   the   H2P04-relation   {low   partial
concentrations   for   the   higher   temperature,   etc.)   and   a   masking   of   the
K-relation,   as   has   been   mentioned.   Type   III   furnishes   no   evidence   in   this
regard.

It   appears   from   these   results   that   temperature   is   of   prime   moment   in
determining   the   mineral   requirements   for   good   germination   and   initial
•growth  in  this  wheat,  at  least  within  the  general  limits  of  these  experimental
tests,   and   it   seems   safe   to   suppose   that   other   climatic   conditions   may   not
be   without   influence.   It   is   suggested   that   some   of   the   unexplained   dis-

crepancies that  are  commonly  encountered  in  comparative  studies  on  plant
salt   requirements   and   on   the   application   of   fertilizers   to   agricultural   soils,
may   be   related   to   climatic   influences.   It   seems   clear   that   all   influential
conditions   should   be   quantitatively   considered   in   such   studies.
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Introductory

The   great   majority   of   investigations   dealing   with   the   anatomy   of
plants   have   been   purely   descriptive   in   character.   As   a   result   of   observation,
the   typical   or   average   condition   of   plant   structures   has   been   recorded   in
terms   which   are   general   and   often   indefinite.   Comparatively   few   morpho-

logical papers  deal  with  the  problem  of  the  variation  of  the  structures  under
consideration,   treat   of   their   correlations   with   one   another,   or   even   present
the  detailed  measurements   which  might   serve  for   the  solution  of   such  funda-

mental morphological  problems.
The   older   comparative   morphology   is   indispensable.   It   provides   a

general   knowledge   of   plant   structures   and   serves   as   a   basis   for   the   classi-
fication of  the  vegetable  kingdom.  The  recognition  that  description  must

be   supplemented   by   the   results   of   experimentation   has,   however,   led   to   the
establishment   of   the   newer   special   science   of   experimental   morphology.
The  time  has  come  to  extend  still   further  our  study  of   plant   form  by  calling
to   the   service   of   vegetable   morphology   the   methods   of   measurement   and
mathematical   analysis.   These   methods   are   particularly   useful   in   an   attack
upon   the   fundamental   problems   of   morphogenesis.   It   is   by   measuring
exactly   the   various   plant   structures   during   their   successive   stages   of   develop-

ment, in  terms  of  size  or  number;  by  determining  their  relative  variability
in   different   organs   or   regions   of   the   plant,   or   under   varying   external   con-

ditions, and  by  discovering  such  correlations  as  exist,   both  among  the
structures   themselves   and   between   them   and   their   progenitors   and   their
environment,   that   we   shall   be   able   to   build   up   a   body   of   fact   on   which
morphogenetic   theory   may   rest.

The   present   paper   gives   a   portion   of   the   results   of   a   biometric   analysis
of   a   comparatively   simple   morphological   problem,   that   of   the   gross   vascular
anatomy   of   certain   normal   and   abnormal   bean   seedlings.   Our   purpose
has  been:

1.   A   study  of   the  vascular   anatomy  of   normal   and  of   abnormal   seedlings
from   the   point   of   view   of   descriptive   morphology  —  a   preliminary   which   we
believe   to   be   essential   to   a   sound   interpretation   of   any   statistical   results.

2.   A   statistical   study   of   the   number   and   variation   of   the   vascular
elements   in   different   regions   of   the   seedling.
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