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problems   which   we   propose   first   to   consider.   We   shall   also   compare   the
normal   and   abnormal   seedlings   as   to   the   correlations   which   they   exhibit,
and   shall   touch   briefly   on   the   problem   of   the   correlation   between   bundle
number  in  seedlings  from  the  same  parent  plant.

The   frequency   distributions   of   bundle   number   are   in   many   cases   of
very   narrow   range   and   very   skew.   There   has,   therefore,   been   consider-

able  question  as   to   the   formulae   to   be   employed.   It   has   seemed  best,
for   various   reasons   which   need   not   be   detailed   here,   to   employ   the   usual
method   of   product-moment   correlation.

Presentation   and   Analysis   of   Data

The  series   of   data   considered  here   are   in   large  part   the   same  as   those
discussed   in   our   earlier   paper,   but   have   in   some   cases   been   supplemented
by   the   examination   of   additional   sections.   These   have   been   included   when
the   dimerous   and   trimerous   seedlings   were   not   true   siblings.   In   lines   75,
93,   and   98,   the   series   compared   were   obtained   from   the   same   mothers.   In
so  far  as  the  data  are  the  same  as  those  used  earlier,  the  variation  constants
for   the   different   characters   have   already   been   presented   and   discussed   and
require   no   further   comment   here.   The   data   from   which   measures   of   in-

terrelationship may  be  computed  are  given  in  our  fundamental  tables  A  to  L.
We  have,   therefore,   merely  to  deduce  and  discuss  the  correlation  coefficients.

Correlation   between   Bundle   Number   at   Different   Levels
in   the   Same  Internode

We  first   turn  to   the  problem  of   the  relationship   between  the  number  of
bundles  —  primary   double   bundles,   intercalary   bundles,   and   total   bundles  —
at   the   base   of   the   hypocotyl   and   the   number   in   the   central   region   of   the
hypocotyl.   The   reader   who   cares   to   do   so   may   reconstruct   the   24   correla-

tion tables   necessary   for   a   consideration  of   these  relationships   from  our
fundamental   tables   A-L.

Table  i.    Coefficients  of  correlation  between  number  of  primary  double  bundles,  number  of
intercalary  bundles,  and  total  bundles  at  base  of  hypocotyl,  and  number

of  bundles  in  central  region  of  hypocotyl
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Diagram  2.  Regression  of  number  of  bundles  in  central  region  of  hypocotyl  and  in
central  region  of  epicotyl  on  number  of  primary  double  bundles  at  base  of  hypocotyl  in  di-

merous seedlings.  Empirical  means  represented  by  solid  dots  for  hypocotyl  and  by  circles
for  epicotyl.

The   correlation   coefficients   between   the   two   classes   of   bundles   which
have  been  recognized  at  the  base  of  the  hypocotyl   and  the  total   number  of
basal   bundles   (i.e.,   the   sum   of   the   number   of   primary   double   bundles   and
the   number   of   intercalary   bundles   in   the   base   of   the   hypocotyl)   and   the
number  in  the  central  region  of  the  hypocotyl,   appear  in  table  i.
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The   correlations   are   without   exception   positive   in   sign   and   of   a   material
order   of   magnitude.   They   have   been   expressed   in   terms   of   regression   on
diagram   I   for   trimerous   seedlings   and   on   diagram   2   for   dimerous   seedlings
of  the  five  lines.^

Primary   Double   Bundles   and   Mid-region   of   Hypocotyl

The   constants   showing   the   relationship   between   number   of   primary
double   bundles   and   number   of   bundles   in   the   central   region   of   the   hypo-

cotyl, rph,  are  shown  in  the  first  section  of  table  i.  They  are  positive  and
statistically   significant   in   all   cases   in   both   dimerous   and   trimerous   seedlings.
The   average   value   of   the   coefficient   for   the   five   lines   investigated   is   +.3810
for   trimerous   seedlings   and   -I-.5086   for   dimerous   seedlings.

Diagram   2   shows   that   in   the   case   of   the   normal   plants   of   lines   75,   93,
and  143  a  straight  line  represents  very  well   indeed  the  changes  in  the  mean
number   of   bundles   in   the   hypocotyl   with   variations   in   the   number   of   pri-

mary double  bundles  at  the  base  of  the  hypocotyl.  In  line  98  the  agree-
ment  is   apparently   not   so   good.   This   is,   however,   attributable   to   the

fact   that   of   the   183   plants   only   two   have   more   than   5   primary   bundles.
Of   these   two,   one   plant   is   recorded  as   having   8,   which   is   twice   the   normal
number.   In   line   139   only   plants   with   two   classes   of   seedlings,   those   with
4   or   5   primary   bundles,   are   available,   and   since   the   regression   line   must
connect   the   two  means   it   is   idle   to   discuss   linearity   of   regression.

Turning   to   the   trimerous   plants   represented   in   diagram   i  ,   we   note   that
because  of  the  small  number  of  plants  with  other  than  5  or  6  primary  double
bundles   the   distribution   of   the   empirical   means   is   very   irregular   indeed.
There   is   some   suggestion   of   non-linearity,   but   the   number   of   seedlings   in
the  more  extreme  classes  is   so  small   for  every  line  that  little  stress  is   to  be
laid  upon  them.

In   both   normal   and   abnormal   plants   the   slope   of   the   regression   line   is
rather   steep,   showing   a   material   change   in   the   number   of   bundles   in   the
central   region   of   the   hypocotyl   with   variations   in   the   number   of   primary
double   bundles   at   the   base   of   the   hypocotyl.

Intercalary   Bundles   and   Mid-region   of   Hypocotyl

The   correlation   between   the   number   of   intercalary   bundles   and   the
total   number   of   bundles   in   the   hypocotyl,   rih,   are   shown   in   the   second

2  The  equations  on  the  diagrams  show  the  regression  of  the  number  of  bundles  in
the  central  region  of  the  hypocotyl,  iJ,  and  in  the  central  region  of  the  epicotyl,  E,  on  the
number  of  primary  double  bundles,  P,  at  the  base  of  the  hypocotyl.  The  empirical  means
for  the  hypocotyl  are  represented  by  solid  dots,  while  those  of  the  epicotyl  are  represented
by  circles.  In  both  cases  the  empirical  mean  number  of  bundles  for  the  same  organ  are
connected  by  solid  lines  when  the  number  of  sections  averaged  was  five  or  more,  but  by
broken  lines  when  the  number  available  was  four  or  less.  Fortunately  for  purposes  of
graphical  representation,  the  mean  number  of  bundles  in  both  hypocotyl  and  epicotyl

•  can  be  drawn  on  the  same  diagram.  Only  the  lower  lines  in  each  of  the  five  panels  of  the
two  diagrams  require  consideration  for  the  moment.
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section   of   table   i.   The   straight-line   equations   showing   the   regression   of
the   number   of   bundles   in   the   central   region   of   the   hypocotyl   are   recorded
and   represented   graphically   on   diagram   3   for   trimerous   seedlings   and   on
diagram   4   for   dimerous   seedlings.   These   diagrams,   like   the   two   preceding,
also   give   the   regression   equations   and   their   graphic   representation   for   the
epicotyl   which   will   be   discussed   in   a   subsequent   section.

The   correlation   coefficients   are   positive   in   all   cases,   and   with   one   ex-
ception may  be  considered  statistically  significant.  They  show,  however,

a   considerable   irregularity   from   line   to   line,   presumably   because   of   the
varying   range   and   distribution   of   number   of   intercalary   bundles.   The
average   value   of   the   coefficient   is   +.2376   for   trimerous   seedlings   and
+  .6290  for  dimerous  seedlings.

Turning   to   the   graphs,   we   may   note   that   for   the   dimerous   plants   the
agreements   between   the   empirical   and   the   theoretical   means   are   very   good
indeed.     The  slope  of   the  lines  for   the  hypocotyl   is   very  steep.

The   graphs   for   the   trimerous   plants   show   far   greater   irregularities   be-
cause of  the  generally  small  number  of  the  strands  but  the  occasional  oc-

currence of  plants  with  a  larger  number.  Reference  to  the  tables  will
show  that  in  line  75  there  is  one  seedling  with  6  intercalary  bundles  whereas
the   remaining   141   seedlings   have   only   o,   i,   or   2   intercalary   bundles.   In
line  93  there  is   only  one  seedling  with  more  than  2  intercalary  bundles  and
it   has   4.   In   line   98   all   the   frequencies   with   two   exceptions   fall   on   o   or   I
intercalary   bundle.

The   correlations   and   equations   have   been   recalculated,   leaving   these
extreme   cases   out   of   account.   The   regression   straight   lines   based   on   all
the   material   are   represented   by   solid   lines.   Those   in   which   the   extreme
class   were   omitted   are   represented   by   broken   lines.^   The   removal   of   these
aberrant   cases   has   increased   the   agreement   between   the   observed   and   the
theoretical   means   but   the   fit   is   still   far   from   satisfactory.   The   only   con-

clusion which  can  be  drawn  from  these  diagrams  is  that  there  is  a  con-
siderable degree  of  positive  correlation  between  the  number  of  the  inter-

calary bundles  and  the  number  of  bundles  in  the  hypocotyl.

Total   Basal   Bundles   and   Mid-region   of   Hypocotyl

The   correlations   between   total   bundles   (primary   double   bundles   +   in-
tercalary bundles)  at  the  base  of  the  hypocotyl  and  the  number  of  bundles

in  the  central  region  of  the  hypocotyl,  Yhh,  are  shown  in  the  third  section  of
table   I.   The   straight-line   regression   equations   are   given   and   represented
graphically   as   the   lower   figures   in   each   panel   of   diagram   5   for   trimerous
seedlings  and  diagram  6  for  dimerous  seedlings.

As   might   be   expected   on   a   priori   grounds,   these   coefficients   agree   with
those   for   primary   double   bundles   and   for   intercalary   bundles   in   sign,   and

2  For  the  curtailed  series  the  regression  equations  are:  Line  75,  H  =  12.194  -\-  0.654/;
Line  93,  H  =  12.238  -\-  0.462  /;  Line  98,  H  =  12.030  -f  0.473  /.
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TOTAL  BU/VULES

Diagram  5.  Regression  of  number  of  bundles  in  central  region  of  hypocotyl  and  in
central  region  of  epicotyl  on  total  number  of  bundles  at  base  of  hypocotyl  in  -trimerous
seedlings.  Empirical  means  represented  by  solid  dots  for  hypocot  yl  and  by  circles  for
epicotyl.
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are   in   general   somewhat   higher   than   those   for   either   of   these   two   classes.
The   average   value   of   the   5   coefficients   for   trimerous   seedlings   is   +.5976
while   that   for   dimerous   seedlings   is   +.8126.

Turning  to  the  diagrams,  we  note  that  the  straight  lines  and  the  empirical
means  are  in  excellent  agreement,   considering  the  small   number  of   seedlings,
in   the   case   of   the   normal   plants,   but   show  greater   irregularities   in   the   case
of   the   abnormal   plants.   This   is   due   to   a   considerable   extent   to   the   greater
concentration  of  the  frequencies  into  two  classes  in  the  case  of  the  trimerous
seedlings.

We   may   now   consider   the   relative   magnitudes   of   the   three   correlations
which   we   have   been   studying.     Table   2   shows   the   differences   existing   be-

Table  2.    Comparison  of  correlations  between  the  various  types  of  bundles  at  the  base  of
hypocotyl  and  the  number  of  bundles  in  the  central  region  of  hypocotyl

tween   the   various   correlations,   i.e.,   the   possible   differences   between   the
correlation   for   primary   bundles   and   hypocotyledonary   bundles,   Tph,   for
intercalary   bundles   and   hypocotyledonary   bundles,   fih,   and   for   total   bundles
at   the   base   of   the   hypocotyl   and   hypocotyledonary   bundles,   fbh.

For   both   dimerous   and   trimerous   seedlings,   the   correlations   between   the
total   bundles   at   the   base   of   the   hypocotyl   and.  the   number   of   bundles   in
the   central   region   of   the   hypocotyl   are   higher   throughout   than   those   for
either   of   the   two   separate   types   of   bundles   (primary   bundles   and   inter-

calary  bundles)   individually   considered.   In   general,   the   differences   are
sufficiently   large   in   comparison   with   their   probable   errors   to   be   considered
statistically   significant.

The   comparison   of   the   magnitudes   of   the   correlations   between   numbers
of   primary   double   bundles   and   of   vascular   elements   at   higher   levels,   and
between   numbers   of   intercalary   bundles   and   of   vascular   elements   at   higher
levels,   shows  that   in   7   of   the  10  comparisons  the  closer   correlation  of   hypo-

cotyledonary bundles  is  with  the  primary  double  bundles.
Lines   75,   139,   and  143   present   exceptions.   In   the   normal   plants   of   these

lines   the   correlation   between   intercalary   bundles   and   total   bundles   in   the
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hypocotyl   is   apparently   significantly   higher   than   that   between   primary
double   bundles   and   total   bundles   in   the   hypocotyl.-

The  fact   that   the   number   of   bundles   in   the   central   region  of   the   hypo-
cotyl is  about  equally  correlated  with  the  number  of  primary  double  bundles

and   with   the   number   of   intercalary   bundles   at   the   base   of   the   hypocotyl
shows   that   both   types   of   bundles   are   of   about   equal   significance   in   de-

termining the  number  of  bundles  in  the  central  region  of  the  hypocotyl.
From  the  foregoing  discussion  it   is   clear   that   there  is   a   rather   close  re-

lationship between  number  of  bundles  at  the  base  and  the  number  in  the
central   region   of   the   hypocotyl.   This   might,   we   believe,   have   been   ex-

pected on  a  priori  morphological  grounds.  The  interesting  feature  of  the
results   seems   to   be   that   the   correlations   are   not   larger.   The   results   show
that   there   is   a   very   large   amount   of   irregularity   in   the   division   of   primary
strands  or  in  the  formation  of  intercalary  bundles,   or  in  both,  as  one  passes
the  short  distance  from  the  base  of  the  hypocotyl  to  the  central  region.

Correlation   between   Bundle   Number   in   Different   Internodes

The   data   available   for   a   consideration   of   the   problem   of   the   correlation
between   bundle   number   in   adjacent   internodes   cover   (a)   the   correlation
between  the   three   classes   of   bundles   at   the   base   of   the   hypocotyl   [primary
double   bundles   (^),   intercalary   bundles   {i),   and   total   bundles   (Z?)]   and   the
number  of  bundles  in  the  central   region  of  the  epicotyl;   and  (b)  the  correla-

tion between  the  number  of  bundles  in  the  central  region  of  the  hypocotyl
and  in  the  central  region  of  the  epicotyl.

(a)   The   coefiicients   showing   the   relationship   between   the   numbers   of
primary   double   bundles,   of   intercalary   bundles,   and   of   total   bundles   at
the  base  of   the  hypocotyl,   and  the  number  of   bundles  in   the  central   region
of  the  epicotyl,   appear  in  table  3.

The   regression   equations   showing   the   actual   change   in   number   of   epi-
cotyledonary   bundles   associated   with   variation   in   the   number   of   primary
double   bundles   are   given   and   are   represented   with   the   empirical   means   of
arrays   on   diagram   i   for   trimerous   plants   and   on   diagram   2   for   dimerous
plants.

The   graphs   for   the   theoretical   lines   and   the   empirical   means   ior   the
number  of  bundles  in  the  epicotyl  of  both  normal  and  abnormal  plants  show
relatively   little   relationship   between   the   number   of   bundles   at   the   base   of
the   hypocotyl   and   the   number   in   the   epicotyl.   The   differences   in   the   slope
of  the  lines  for  primary  basal  bundles  and  the  number  of  bundles  in  central
regions   of   hypocotyl   and   epicotyl   show   in   a   most   striking   manner   the   dif-

4  In  line  75  the  range  of  primary  double  bundles  is  only  3  while  that  of  intercalary
bundles  is  6.  In  line  139  the  primary  double  bundles  fall  in  two  classes  only,  with  but  3  of
the  305  frequencies  on  5  as  compared  with  302  on  4  bundles.  The  correlation  coefficient
in  such  a  case  can  have  but  little  value.  In  line  143  practically  all  of  the  primary  double
bundles  fall  in  two  classes  while  the  intercalary  bundles  are  limited  to  three  classes.

Irregularity  of  results  must  be  expected  under  such  conditions.
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ferences   between   correlations   for   groups   of   bundles   lying   on   the   same   side
and  those  lying  on  different  sides  of   the  nodal  complex.

(1)   The   correlation   coefficients   between   primary   double   bundles   and
number  of  bundles  in  the  epicotyl,  Vp^,  as  set  forth  in  the  first  section  of  table
3,   are   in   part   positive   and  in   part   negative   in   sign.   For   the  most   part   they
can   not   be   considered   statistically   significant.   The   average   value   of   those
for   trimerous   seedlings   is   —.0226   while   that   for   dimerous   seedlings   is
+  .0768.

(2)   For   the   correlation   between   the   number   of   intercalary   bundles
and  the  number  of   bundles  in   the  epicotyl,   fie,   shown  in   the  second  section
of   table   3,   the   coefficients   are   not   in   general   certainly   significant   in   com-

Table  3.    Coefficients  of  correlation  between  number  of  primary  double  bundles,  number  of
intercalary  bundles  and  total  number  of  bundles  at  base  of  hypocotyl,

and  number  of  bundles  in  central  region  of  epicotyl

parison   with   their   probable   errors.   Two   of   the   ten   are   indeed   negative   in
sign.   The   coefficients   for   line   143   in   both   trimerous   and   dimerous   seedlings
and   possibly   that   for   line   139   in   the   dimerous   seedlings   may   be   significant.
The  fact  that  eight  of  the  ten  coefficients  are  positive  suggests  that  there  is  a
slight   relationship   between  the   number   of   intercalary   bundles   at   the   base   of
the   hypocotyl   and   the   number   of   vascular   elements   in   the   central   region   of
the   epicotyl.   The   general   average   is   -{-.0780   for   the   trimerous   and   +.0954
for  the  dimerous.

This   suggestion   is   only   slightly   strengthened   by   inspection   of   the   two
sets  of  diagrams  on  which  the  regression  equations  are  presented  and  drawn
with   the   empirical   means.   Diagram   3   pictures   the   results   for   trimerous
seedlings   while   the   comparable   representations   for   dimerous   seedlings   are
shown   on   diagram   4.   These   show   that   while   the   slope   showing   the   change
in   the   number   of   bundles   in   the   hypocotyl   associated   with   variations   in   the
number  of  intercalary  bundles  at   the  base  of  the  epicotyl   is   very  steep,  it   is
practically   nothing   for   the   epicotyl,   thus   indicating   a   very   close   relationship
in   the   former   case   but   the   practical   absence   of   interdependence   in   the
latter.
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As   explained   above   (p.   346),   the   slopes   for   the   trimerous   seedlings   are
very   greatly   influenced   by   certain   aberrant   individuals.   When   these   are
removed   we   obtain   the   equations   represented   by   the   broken   lines   in   the
figures.^   The   results   for   the   relationship   between   the   number   of   inter-

calary bundles  and  the  number  of  bundles  in  the  epicotyl  indicate  a  positive
correlation  in  all   3  cases  when  the  one  extreme  plant  is  removed.

(3)   The   coefficients   of   correlation   between   total   bundles   (double   bundles
plus   intercalary   bundles)   at   the   base   of   the   hypocotyl   and   the   number   of
bundles   in   the   central   region   of   the   epicotyl,   f^g,   are   shown   in   the   third
section   of   table   3,   and   are   represented   graphically   in   terms   of   regression
in  the  upper  figures  of  each  panel  of  diagram  5  for  trimerous  seedlings  and
of   diagram   6   for   normal   seedlings.   The   very   gentle   slope   and   the   differ-

ences in  direction  of  the  lines  for  the  epicotyl  of  the  trimerous  plants,  to-
gether with  the  irregularity  of  the  empirical  means,  serve  to  emphasize

the   slightness   of   the   relationship   between   total   bundles   at   the   base   of   the
hypocotyl   and   the   number   of   bundles   in   the   central   region   of   the   epicotyl.
In   the   normal   plantlets   the   means   are   less   irregularly   distributed   about
the  theoretical  lines,  but  the  slope  of  the  lines  is  very  slight,  and  in  one  case
the  regression  slope  has  the  negative  sign.

Turning   to   the   correlation   constants   for   more   direct   numerical   com-
parison, we  note  that  three  of  the  ten  constants  are  negative.  The  general

average   is   +.0456   for   the   trimerous   and   +.1228   for   the   dimerous   seedlings.
Looking   back   over   diagrams   1-6,   one   cannot   but   be   impressed   by   the

difference  in  the  slope  of  the  lines  showing  the  changes  in  number  of  bundles
in   the   hypocotyl   and   in   the   epicotyl   respectively   associated   with   variations
in   the   number   of   bundles   at   the   base   of   the   hypocotyl.   The   lines   for   the
hypocotyl,   without   exception,   indicate   an   increase   in   the   number   of   bundles
in   the   central   region   of   the   hypocotyl   with   an   increase   in   the   number   of
bundles   at   the   base   of   the   hypocotyl.   The   lines   for   the   epicotyl   occasionally
show   a   decrease.   Furthermore,   the   slopes   of   the   lines   for   the   hypocotyl
are   in   general   conspicuously   steeper  —  thus   indicating   closer   dependence
upon  the  number  of  basal  bundles — than  those  for  the  epicotyl.

Turning   to   table   4   for   a   numerical   comparison   of   the   correlations   be-
tween the  systems  of  bundles  on  the  same  side  and  on  different  sides  of  the

cotyledonary   node,   we   note   that   without   exception   the   coefficients   of   corre-
lation  measuring   the   interrelationship   between   the   number   of   vascular

elements  at   the  base  of   the  hypocotyl   and  in  the  central   region  of   the  epi-
cotyl are  markedly  lower  than  those  measuring  the  correlation  between  the

number  of  vascular  elements  in  the  base  of  the  hypocotyl  and  in  the  central
region   of   the   hypocotyl.

(b)   We   now   have   to   consider   the   problem   of   the   correlation   between
the   numbers   of   bundles   in   the   central   regions   of   the   hypocotyl   and   of   the

5  When  the  extreme  cases  are  omitted  the  equations  are:  Line  75,  E  =  15.378  +  0.591  /;
Line  93,  E  =  15.670  +  0.096  /;  Line  98,  E  =  14.840  +  0.394  J.
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Table  4.    Differences  between  correlations  for  three  classes  of  bundles  at  base  of  hypocotyl
and  the  number  of  bundles  in  the  central  regions  of  hypocotyl  and  epicotyl,  respectively

epicotyl   of   the   plant.   The   correlation   surfaces   are   given   in   tables   A-L.
The  results  are  set  forth  in  table  5.

Table  5.    Coefficient  of  correlation  between  number  of  bundles  in  central  region  of  hypocotyl
and  central  region  of  epicotyl

The   correlations   are   positive   with   the   exception   of   that   for   dimerous
plants   of   line   75   and   of   that   for   both   dimerous   and   trimerous   plants   of
line   139,   which   are   negative   in   sign.   Only   one   of   the   negative   coefficients
may   be   considered   statistically   significant   in   comparison   with   its   probable
error.   Several   of   the   positive   coefficients   are   large   enough   in   comparison
with   their   probable   errors   to   be   considered   possibly   significant.   The
average   correlation   for   the   trimerous   plants   is   +.074   while   that   for   the
dimerous   plants   is   +.058.   The   correlations   for   the   trimerous   and   dimerous
plants   can   not   be   considered   to   differ   significantly.

The   generally   positive   sign   of   the   constants   suggests   that   seedlings
which  have  a  larger  number  of  bundles  in  the  hypocotyl  have  on  the  average
a   larger   number   of   bundles   in   the   epicotyl.   This   is   the   condition   actually
found   in   the   series   studied,   but   the   difficulties   in   the   interpretation   of   the
probable  error  in  cases  in  which  the  correlation  coefficient  is   so  small   should
make   one   cautious   in   generalizing   the   results   obtained.

How   slight   the   relationship   between   the   numbers   of   bundles   in   the   two
organs   is,   may   be   shown   by   the   regression   lines   giving   the   change   in   the
mean   number   of   bundles   in   the   epicotyl   associated   with   variations   in   the
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number   of   bundles   in   the   hypocotyl   and   in   the   mean   number   of   bundles
in   the   hypocotyl   associated   with   variations   in   the   epicotyl.   The   straight
line  equations  are  as  follows:

All   of   these  lines   have  been  drawn,   but   it   seems  unnecessary   to   publish
more  than  three  sets.

The   comparison   between   the   empirical   and   the   theoretical   mean   number
of   bundles   in   the   epicotyls   of   seedlings   classified   according   to   the   number
of   bundles   in   the   hypocotyl   is   made   for   three   lines   on   diagram   7.   Con-

versely, the  comparison  of  the  actual  mean  number  of  bundles  in  the  hypo-
cotyl for  plants  with  various  numbers  of  bundles  in  the  epicotyl  is  made  on

diagram  8.
The  slight   slope  of   the   lines   and  the   irregularity   of   the   empirical   means

show   in   a   very   convincing   manner   the   laxness   of   the   relationship   between
the   numbers   of   bundles   in   the   central   regions   of   hypocotyl   and   epicotyl.

These   results   are   of   decided   morphological   significance.   The   profound
difference   between   the   correlations   for   the   hypocotyl   and   for   the   epicotyl
emphasizes   the   completeness   of   the   loss   of   individuality   of   the   bundles   at
the   cotyledonary   node.   Whereas   the   number   of   bundles   in   the   central
region   of   the   hypocotyl   is   quite   closely   correlated   with   the   number   at   the
base  of  the  hypocotyl,   there  cannot  be  asserted  to  be  any  significant  correla-

tion in  bundle  number  between  either  the  base  or  the  central  region  of  the
hypocotyl  and  the  central  region  of  the  epicotyl,  when  we  deal  with  seedlings
of   the   same   gross   morphological   structure.   In   other   words,   the   reorganiza-

tion of  the  vascular  system  at  the  node  is  so  complete  that  the  portion  of  the
system  which  is   above  the  node  shows  practically   no  relation  to   the  portion
which  is  below  the  node.

Comparison   of   Correlation   in   Trimerous   and   Dimerous   Seedlings.

In   examining   the   results   of   the   preceding   tables   the   reader   may   have
noted   that   the   coefficients   for   the   dimerous   are   preponderantly   higher   than
those  for  the  trimerous  plants.     This  result   is   clearly  brought  out  in  table  6
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Diagram  7.  Regression  of  number  of  bundles  in  central  region  of  epicotyl  on  number
of  bundles  in  central  region  of  hypocotyl.  Empirical  means  represented  by  solid  dots  for
dimerous  seedlings  and  by  circles  for  trimerous  seedlings.
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in  which  the  differences  between  the  coefficients  for  the  two  classes  of  plants
are  shown.

The   differences   in   this   table   are   generally   negative,   thus   indicating   that
the   correlations   are   lower   in   the   trimerous   than   in   the   dimerous   seedlings.
The  exceptions  are  of   some  interest.

-o
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Diagram  8.  Regression  of  number  of  bundles  in  central  region  of  hypocotyl  on
number  of  bundles  in  central  region  of  epicotyl.  Empirical  means  represented  by  solid
dots  for  dimerous  seedlings  and  by  circles  for  trimerous  seedlings.

There   are   only   4   exceptions   among   the   15   correlations   between   the
numbers   of   vascular   elements   in   the   basal   region   of   the   hypocotyl   and
in  the  central  region  of  the  hypocotyl,   as  shown  in  the  upper  section  of  the
table.   These   are   without   exception   insignificant   in   comparison   with   their
probable   errors.     There   are   9   exceptions   among   the   20   correlations   be-
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Table  6.    Comparison  of  correlations  for  trimerous  and  dimerous  seedlings.  Differences
only  {trimerous  less  dimerous)  are  given.    See  tables  i  and  3  for  constants

Correlation  Coefficient  Compared

Line  75 .
Line  93 .
Line  98 .
Line  139
Line  143

Line  75 .
Line  93 .
Line  98 .
Line  139
Line  143

Line  75 .
Line  93 .
Line  98 .
Line  139
Line  143

rph
+  .oi6=t:.o69
+.408  ±.060
-.345  ±.053
+.073  ±.064
+  .026zt:.039

+.i68±.o75
—  .171^.076
—  .231  ±.069
—  .269  ±.074
+.oo6=t.o56

rhe
+  .029zb.047
—  .o87zt.040
-.I35±.050
+  .I26±.075
+.149^-053

0.23
6.80
6.50
1. 14
0.67

2.24
2.25
3-35
3-64
O.II

0.62
2.18
2.70
1.68
2.81

rih
-•339±
-.i86±
-.302  ±
-.801  ±
-.329  =t

rie
+  .i69=b
-.i87±,
-.039  ±
—  .I29=b
+  .099  zt

060
069
058
066
046

080
075
070
075

5-65
2.69
5.21

12. 1
7.15

2. II
2.49
5.57
1.72
1.83

I'bh
-.I48=b.039
-.284±.048
—  .200±.039
-.394±-047
—  .049=t.022

rbe
+.236^.079
-.315^.075
—  .io6±.o69
-.27o±.o75
+.069  ±.055

3.79
5.92
5.13
8.38
2.23

2.99
4.20
1-53
3.60
1.25

tween  the   numbers   of   vascular   elements   on   different   sides   of   the   cotyledon-
ary   node   as   shown   in   the   central   and   lower   section.   The   exceptions   occur,
in   short,   among   the   relationships   which   in   both   types   of   seedlings   are
practically   zero   in   intensity.

We   have   no   explanation   to   offer   of   this   greater   intensity   of   correlation
in   the   sub-cotyledonary   region   of   the   normal   seedling.   The   result   is   stated
as   one   of   the   matters   of   fact   demonstrated   by   the   investigation.

Correlation   between   Bundle   Number   in   Siblings

The   question   will   naturally   arise   as   to   whether   the   variability   in   number
of   bundles   in   both   hypocotyl   and   epicotyl   and   the   correlation   between
bundle   number   in   these   two   internodes   may   be   due   to   a   differentiation   of
the  parent  plants  from  which  the  seeds  were  obtained,  either  in  their  genetic
composition   or   because   of   environmental   influences.   This   problem   pre-

sents many  difficulties.  Some  light  may  be  thrown  upon  it  in  the  following
manner.

An   abnormal   and   a   normal   seedling   were   taken   from   the   same   parent
plant.   Thus   it   is   possible   to   determine   in   our   series   the   correlation   between
the   number   of   bundles   in   the   hypocotyl   of   an   abnormal   plant   and   in   the
hypocotyl   of   a   normal   plant   derived   from   the   same   parent.   If   a   differentia-

tion of  the  parent  plants  due  to  either  genetic  or  physiological   factors  is
the   underlying   proximate   cause   of   the   variability   and   correlation   in   bundle
number   in   seedlings   which   we   have   studied,   there   should   be   a   correlation
between   the   number   of   bundles   in   the   seedlings   derived   from   the   same
plant.

The   correlations   between   the   numbers   of   bundles   in   the   hypocotyls
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and   epicotyls   of   the   normal   and   abnormal   seedling,   i.e.,   of   dimerous   and
trimerous  seedlings,  from  the  same  parent  plants  are  given  in  table  7.®

Table  7.    Correlations  between  bundle  number  in  offspring  of  same  parent  plant

The   coefficients   are   low   throughout.   Nine   of   the   12   are   positive   while
3   are   negative   in   sign.   Only   2   of   the   12   can   be   reasonably   regarded   as
significant.   Both   of   these   are   positive.   There   is,   therefore,   a   suggestion
of   a   positive   correlation   between   the   anatomical   characters   of   seedlings
from   the   same   parent.   The   values   are   too   low,   however,   to   justify   the
conclusion   that   there   is   a   measurable   differentiation   in   the   genetic   or
physiological   characteristics   of   the   parent   plants   affecting   bundle   number
in  the  offspring  seedling.

The   absence   of   correlation   here   connotes   an   absence   of   (sororal   or   fra-
ternal) inheritance  in  bundle  number.

Summary

In  an  earlier  paper  we  have  shown  that  the  number  of  vascular  elements
at  different  levels  in  the  seedling  of  Phaseolus  vulgaris  is  subject  to  consider-

able variation  and  that  the  amount  of  variation  may  itself  differ  from  level
to   level.   This   is   true   both   in   normal   seedlings   with   two   cotyledons   and
two   primordial   leaves   and   in   variant   seedlings   with   three   cotyledons   and
a   whorl   of   three   primordial   leaves.   These   two   types   of   seedlings   are   pro-

foundly differentiated  in  vascular  anatomy  as  well  as  in  superficial  structure.
The  purpose  of  the  present  paper  is  to  consider  the  correlations  between

the  number  of  bundles  in  the  various  regions  of  the  seedling.  The  characters
considered  are   (i)   number   of   primary   double   bundles,   of   intercalary   bundles,
and  of  total  bundles  at  the  base  of  the  hypocotyl,   (2)  number  of  bundles  in
the  central  region  of  the  hypocotyl,  and  (3)  number  of  bundles  in  the  central
region  of  the  epicotyl.

I.   There   is   a   substantial   correlation   between   each   of   the   three   classes
of   bundles   at   the  base  of   the  hypocotyl   and  the  number  of   bundles   in   the
central   region   of   the   hypocotyl.     In   the   normal   seedlings   the   coefficients

6  It  has  not  seemed  worth  while  to  publish  the  tables  upon  which  these  very  slight
correlations  are  based.  For  purposes  of  comparison  the  series  sectioned  at  Cold  Spring
Harbor  and  at  Storrs  are  both  given.
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average   +.509   for   primary   double   bundles   and   hypocotyledonary   bundles,
+   .629   for   intercalary   bundles   and   hypocotyledonary   bundles,   and   +-8  13
for   total   bundles   and   hypocotyledonary   bundles.   In   the   trimerous   plants
these   correlations   average   +.381,   +.238,   and   +.598,   respectively.

The   correlations   for   normal   plants   are   generally   higher   than   those   for
abnormal   plants.

2.   The   correlation   between   each   of   the   three   classes   of   bundles   at   the
base   of   the   hypocotyl   and   the   number   of   bundles   in   the   central   region   of
the   epicotyl   is   low.   The   coefficients   are   sometimes   positive   and   sometimes
negative   in   sign.   On   the   basis   of   the   data   available   it   is   impossible   to
assert   that   there   is   any   correlation   at   all   between   the   numbers   of   bundles
in  these  two  regions.

3.   The   correlation   between  the   numbers   of   bundles   in   the   central   region
of   the   hypocotyl   and   in   the   central   region   of   the   epicotyl   is   likewise   very
low.   The   coefficients   are   generally   not   significant   in   comparison   with
their   probable  errors.   If   there  be  any  correlation  at   all   between  the  numbers
of  bundles  in  these  two  regions  it   is   very  slight  indeed.

These   results   for   correlation   fully   substantiate   the   conclusions   drawn
in   an   earlier   paper   that   there   is   a   complete   reorganization   of   the   vascular
system  at  the  cotyledonary  node.

4.   The   correlation   between   the   number   of   bundles   (either   hypocoty-
ledonary or  epicotyledonary)  in  siblings  is,  if  it  exists  at  all,  very  low.  The

differentiation   of   the   parent   plants   through   either   genetic   or   environmental
factors   cannot,   therefore,   be   considered   to   be   the   source   of   the   variation
and  correlation  in   bundle   number  demonstrated  in   this   and  in   our   preceding
paper.

Conclusions

These   results,   and   others   for   which   the   reader   must   turn   back   to   the
body  of  the  paper,  justify  the  emphasis  at  this  point  of  the  following  general
conclusions :

a.   The   vascular   structures   of   the   seedling   are   not   constant   but   are
decidedly   variable   within   the   species.   They   show   different   degrees   of
variability   within   the   individual   organism.

h.   Seedlings   differing   in   external   form   are   profoundly   differentiated
in   their   internal   anatomy.   This   differentiation   is   evident   both   in   mean
number   of   bundles   and   in   the   degree   of   variability   in   bundle   number.   In
short,   the  external   form  and  the  internal   structure  of   the  seedling  are  highly
but   not   perfectly   correlated.

c.   The   different   anatomical   characters   of   the   seedling   are   interrelated
with   varying   degrees   of   intensity.   Between   some   there   is   a   very   strong
correlation,   but   between   others   practically   none   at   all.

The   quantitative   measurement   and   interpretation   of   such   relationships,
by   means   of   the   biometric   methods   hitherto   little   applied   in   the   field   of
vascular   morphology,   will   make   possible   material   advance   in   the   investiga-

tion of  the  fundamental  problems  of  morphogenesis.
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Table  A.    Data  for  correlation  between  bundle  number  at  the  base  of  the  hypocotyl  and  in  the
central  regions  of  hypocotyl  and  epicotyl  in  trimerous  seedlings

Hypocotyl Epicotyl

*  Numbers  in  parenthesss  are  of  primary  double  bundles;  those  following  are  of  inter-
calary bundles.
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Table  B.    Data  for  correlation  between  bundle  number  at  the  base  of  the  hypocotyl  and  in  the
central  regions  of  hypocotyl  and  epicotyl  in  dimerous  seedlings

Line

75
93
98

139
143
75
93
98

139
143
75
93
98

139
143
75
93
98
75
93
75
75
93
98

139
143
75
93
98

139
143
75
93
98
75
93
98
75
93
98
75
93

143
93

143

Hypocotyl Epicotyl
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Table  C. Correlation  between  numbers  of  bundles  in  hypocotyl  and  epicotyl  of  trimerous
plants  of  line  75

Epicotyl

Table  D.    Correlation  between  numbers  of  bundles  in  hypocotyl  and  epicotyl  of  dimerous
plants  of  line  75

Table  E.    Correlation  between  numbers  of  bundles  in  hypocotyl  and  epicotyl  of  trimerous
plants  of  line  gj
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Table  F.    Correlation  between  numbers  of  bundles  in  hypocotyl  and  epicotyl  of  dimerous
plants  of  line  gj

Table  G.    Correlation  between  numbers  of  bundles  in  hypocotyl  and  epicotyl  of  trimerous
plants  of  line  g8

Table  H.    Correlation  between  numbers  of  bundles  in  hypocotyl  and  epicotyl  of  dimerous
plants  of  line  q8
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Table  I.    Correlation  between  numbers  of  bundles  in  hypocotyl  and  epicotyl  of  trimerous
plants  of  line  13 g

Table  J.    Correlation  between  numbers  of  bundles  in  hypocotyl  and  epicotyl  of  dimerous
plants  of  line  ijg

Table  K.    Correlation  between  numbers  of  bundles  in  hypocotyl  and  epicotyl  of  trimerous
plants  of  line  143
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Table  L.    Correlation  between  numbers  of  bundles  in  hypocotyl  and  epicotyl  of  dimerous
plants  of  line  143



A   QUANTITATIVE   STUDY   OF   THE   EFFECT   OF   ANIONS   ON   THE
PERMEABILITY   OF   PLANT   CELLS.   II

Oran  L.  Raber

(Received  for  publication  January  20,  192 1)

Studies   on   the   effect   of   certain   anions   upon   permeability   were   reported
in   a   previous   paper   (i).   The   present   paper   extends   the   list   of   anions,
including   both   organic   and   inorganic.   The   field   is   very   limited   because
of   the   restrictions   of   solubility,   osmotic   pressure,   acidity,   etc.,   which   were
mentioned   in   a   previous   paper.   The   sodium   salts   which   seemed   to   offer
the   fewest   possible   difficulties   were   chlorate,   dichromate,   molybdate,   sul-

phite,  acid   arsenate,   ferrocyanide,   formate,   propionate,   lactate,   butyrate,
and   salicylate.   The   following   table   shows   the   acidity   and   concentrations
of  the  solutions:

Salt   Approximate   pH          Approximate   Mol.   Cone.
NaClOs    6   0.61
NasSOs.yHsO    II   0.35
Na2Cr207.2H20    3   0.29
Na2Mo04.2H20    6   0.39
Na2HAs04.7H20    8   0.34
Na4Fe(CN)6.i2H20    8   0.13
NaCH02.H20   (formate)    10   0.56
NaCsHsOa   (lactate)    6   1.61
NaC4H702   (butyrate)    10   1.70
NaC3H502   (propionate)  .   ,    9   1.74
NaCrHsOa   (salicylate)    6   1.29

With   one   exception   the   pH   values   lie   within   the   limits   which-   Oster-
hout   (2)   has   shown   to   have   no   effect   upon   permeability   (in   sea   water).
In   every   case,   with   the   exception   of   the   ferrocyanide   and   the   molybdate,
the   conductivity   was   that   of   normal   sea   water.   In   both   the   latter   cases
the   conductivity   was   approximately   that   of   75   percent   sea   water   plus   25
percent   distilled   water.

Figure  i  shows  the  results,  the  curve  for  each  salt  representing  an  average
of   three   experiments.   The   probable   error   of   the   mean  (as   based  on   Peter's
formula)  is  always  under  10  percent  of  the  mean  (and  for  75  percent  of  the
points  under  5  percent).

It   will   be   noted   that   the   univalent   anions   (formate   and   chlorate),   the
bivalent   (molybdate   and   sulphite),   and   the   trivalent   (arsenate)   fall   into
three   separate   groups,   as   in   the   case   of   the   anions   previously   reported   (i).

It   might   be   expected   that   the   ferrocyanide   would   cause   a   very   rapid
decrease   in   resistance   since   it   is   a   tetravalent   ion,   and   its   failure   to   do   so

366



Harris, J Arthur et al. 1921. "Correlations between anatomical characters in
the seedling of Phaseolus vulgaris." American journal of botany 8(7), 339–365. 
https://doi.org/10.1002/j.1537-2197.1921.tb05630.x.

View This Item Online: https://www.biodiversitylibrary.org/item/181550
DOI: https://doi.org/10.1002/j.1537-2197.1921.tb05630.x
Permalink: https://www.biodiversitylibrary.org/partpdf/314432

Holding Institution 
Smithsonian Libraries and Archives

Sponsored by 
Biodiversity Heritage Library

Copyright & Reuse 
Copyright Status: Not in copyright. The BHL knows of no copyright restrictions on this item.

This document was created from content at the Biodiversity Heritage Library, the world's
largest open access digital library for biodiversity literature and archives. Visit BHL at 
https://www.biodiversitylibrary.org.

This file was generated 22 September 2023 at 21:56 UTC

https://doi.org/10.1002/j.1537-2197.1921.tb05630.x
https://www.biodiversitylibrary.org/item/181550
https://doi.org/10.1002/j.1537-2197.1921.tb05630.x
https://www.biodiversitylibrary.org/partpdf/314432
https://www.biodiversitylibrary.org

