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groups  themselves  formed  a  series
ranging   by   intervals   of   120   NX
io~^   from   120   to   480   N   X   io~^
In   addition   to   the   twenty   salt
solutions,   there   was   a   check   cul-

ture in  distilled  water.
In   figure   I   the   daily   concen-

tration of  each  member  of  the
four  groups  of  solutions  is  shown
for   a   total   experimental   period
of   16   days.   On   the   horizontal
axis   the   unit   is   one   day.   The
original   total   salt   concentration
of  any  solution  in  terms  of  gram
equivalents   per   million   liters   is
given  at   the   left   on   the   perpen-

dicular axis.  An  increase  in  con-
centration of  a  solution  during

the   experiment   is   therefore   indi-
cated by  an  upward  trend  of  the

curves;   a   decrease   by   the   con-
verse. The  changes  in  concen-

tration of  the  five  solutions  be-
longing to  each  group  are  of

course   indicated   by   a   family   of
curves   departing   from   the   same
point   on   the   axis   of   ordinates.
The   course   of   the   concentration
changes   taking   place   in   the   dis-

tilled water  check  is  indicated  by
a  curve  starting  at  o  on  the  axis
of   ordinates   and   covering   about
12   days   prior   to   the   onset   of
changes   attributed   to   exhaustion
of  the  plants.

In  the  120  N  X  io~^  group  of
solutions   all   members   seemed  to
gain  ionsduring  the  first  twodays.
This   apparent   loss   of   electrolytes
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Fig.  I .  Curves  showing  the  change  in

concentration  of  the  Ca(N03)2  and
KNO3  solutions  used  in  experiment  i.
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on  the  part   of   the  plants  was  probably  due  in  a  large  measure  to  the
gradual   saturation   of   the   solution   with   CO2   from   the   living   roots
rather  than  to  the  loss  of   salts.  ^   The  plants  in   the  KNO3  solution  lost
electrolytes   at   a   rather   regular   rate   until   the   nth   day   when   probably
through   exhaustion   or   injury   the   roots   began   to   give   up   ions   rapidly,
a   course   continued   during   the   five   remaining   days   of   the   experimental
period.   This   course   was   closely   paralleled   by   the   plants   grown   in   the
control   culture   in   distilled   water.   The   plants   in   the   Ca(N03)2   solution
began   to   absorb   fairly   rapidly   on   the   third   day   and   continued   to   do
so   at   a   relatively   uniform   rate   for   the   next   ten   days.   At   that   turning
point,  the  plants  began  to  give  up  ions  more  rapidly  than  they  absorbed
them  and  continued  to  do  so  at   a   relative  uniform  rate  until   the  close
of   the   experiment.   All   mixtures   in   this   group   were   more   favorable
for   absorption   than   KNO3   alone.   When   the   solution   contained
3/4   Ca(N03)2   +   1/4   KNO3   the   result   differed   but   little   from   that
seen   in   the   pure   Ca(N03)2   solution.   In   the   solution   containing
2/4   Ca(N03)2   +   2/4   KNO3   a   clear   decrease   in   absorption   took   place.
When   1/4   Ca(N03)2   +   3/4   KNO3   was   offered   the   favorable   action   of
the   small   quantity   of   Ca   salt   so   geatly   outweighed   in   its   influence
the   larger   quantity   of   KNO3   present   that   a   marked   net   absorption
was   seen   although   it   was   less   than   in   all   other   mixtures   of   this   total
concentration.   The   most   favorable   mixture   was   that   containing
3/4   Ca(N03)2   +   1/4   KNO3.

In   the  group  having  a   total   concentration  of   240  N  X   I0"~^  a   very
similar   situation  was   found  in   the   solutions   of   the   pure   salts.   In   KNO3
the   plants   lost   electrolytes   at   all   stages   of   the   experiment,   rather
slowly   and  regularly   for   the  first   week,   more  rapidly   in   the  immediately
succeeding   days   and   very   rapidly   after   the   nth   day.   In   respect   to
absorption   the   KNO3   solution   was   obviously   again   in   the   same   class
as   distilled   water.   In   the   Ca(N03)2   solution,   after   the   usual   pre-

liminary period  of  stand-still,  absorption  set  in  and  continued  to  the
end  of   the  experiment,   a   somewhat  greater   total   absorption  being  seen
than  in  the  weaker  solution  of  the  same  salt  in  the  120  N  X  io~^  group.
In   the   mixed   solutions   the   favorable   influence   of   combining   calcium
with   potassium   was   strikingly   seen.   In   all   proportions   of   these
kations   the   excess   of   absorption   over   loss   was   greater   after   the   9th
day   than   in   the   pure   calcium   nitrate   solution,   although   potassium
nitrate   in   a   pure   condition   was   itself   detrimental   to   the   absorption

 ̂ For  a  full  discussion  of  this  point  see  Amer.  Jour.  Bot.  2:  259.  1915-
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process.   The   greatest   net   absorption   was   seen   after   the   13th   day   in
the   mixture   containing   3/4   Ca(N03)2   +   1/4   KNO3,   from   which   the   total
amount   of   ions   absorbed   was   approximately   double   that   taken   out   of
4/4   Ca(N03)2   solution.   Absorption   from   the   solution   containing   equal
proportions   of   the   two   salts   lagged   slightly   behind   that   from   the   full
calcium   solution   during   the   first   ten   days   but   during   the   succeeding
six   days   exceeded   it.   A   somewhat   similar   record   was   made   in   the
solution   containing   1/4   Ca(N03)2   +   3/4   KNO3.   The   plants   in   this
mixture   absorbed   for   the   first   ten   days   practically   as   they   did   in   the
full   Ca(N03)2   solution   but   showed   a   marked   gain   in   the   latter   part   of
the   period.   Although   the   roots   could   not   maintain   a   balance   in   favor
of   absorption  when  grown  in  a   solution  of   pure  KNO3,   nevertheless  this
salt   greatly   facilitated   absorption   when   it   was   mixed   with   Ca(N03)2.
It   also   appears   clear   that   a   small   proportion   of   Ca(N03)2   is   able   to
give  to  a  mixture  containing  a  large  proportion  of  KNO3  such  properties
as   enable   the   roots   to   maintain   active   absorption.   In   the   240   N   X
10-6   group   of   solutions   the   mutually   helpful   influence   of   Ca   and   K
ions   in   respect   to   absorption   comes   sharply   to   the   front.

In   the   third   group   of   solutions   each   member   had   a   total   salt   con-
centration of  360  N  X  io~^.  The  effects  on  root  absorption  were  in

general   like   those   seen   in   the   last   group.   The   increase   of   total   salt
content,   however,   seemed   to   cause   an   increased   absorption   of   ions
from   all   solutions.   Although   in   the   KNO3   solution   a   net   gain   in   ions
by   the   plant   was   not   indicated   at   any   time,   there   was   an   absorption
phase   between   the   third   and   eighth   days,   succeeded   by   the   usual
period   of   loss   during   the   remainder   of   the   experiment.   In   the
4/4   Ca(N03)2   solution   root   absorption   was   greater   than   in   the   less
concentrated   solutions   of   this   salt.   The   maximum   reduction   in   the
concentration   of   the   solution,   attained   during   the   period   from   the
ninth   to   the   twelfth   day,   was   over   72   N   X   io~^.   The   greatly   increased
absorption   in   the   mixture   containing   3/4   Ca(N03)2   to   1/4   KNO3   was
very   striking,   the   maximum   quantity   of   electrolytes   gained   by   the
plants   prior   to   the   fourteenth   day   being   indicated   by   a   change   of
about   158   N   X   io~^   in   the   concentration   of   the   culture   solution,   i.   e.,
over   double   that   gained   from   the   pure   solution   of   Ca(N03)2.   In   the
solution   containing   2/4   Ca(N03)2   +   2/4   KNO3   the   maximum   absorp-

tion was  reached  about  the  fourteenth  day  and  caused  a  reduction  of
about   102   N   X   io~^   in   the   concentration   of   the   culture   solution,   a
markedly   greater   absorption   than   that   from   the   4/4   Ca(N03)2   solution.
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From   the   solution   containing   1/4   Ca(N03)2   +   3/4   KNO3   there   was
somewhat   less   absorption   than   from   the   4/4   Ca(N03)2   solution.

In   the   group   of   strongest   solutions,   with   a   total   salt   concentration
of   480   N   X   io~^,   a   further   general   increase   in   the   rate   of   absorption
was   seen.   Absorption   in   the   mixtures   increased   as   the   calcium   con-

tent increased,  all  being  more  favorable  for  absorption  than  the  check
in   4/4   Ca(N03)2   solution.   A   clearly   marked   absorption   phase   was
seen   for   the   first   time   in   the   solution   of   KNO3.   This   was   probably
due   to   the   concentration   factor,   as   has   been   indicated   in   a   former
study^   of   absorption   in   KNO3   solutions.

The   most   striking   results   of   this   experiment   may   be   summarized
briefly   as   follows:

I.   Root   absorption   from   dilute   solutions   of   Ca(N03)2,   of   KNO3,
and   of   mixtures   of   these   in   a   graded   series   increased   in   general   with
the   increase   of   concentration   from   120   to   480   N   X   io~^.   Except   in
the   highest   concentration   tested   the   plants   lost   more   electrolytes   in
KNO3   solutions   than   they   absorbed   and   in   the   highest   concentration
the   net   gain   of   ions   was   small.'   Calcium   nitrate   in   all   concentrations
supported   an   active   absorption.   It   seems   clear   that   in   the   series   of
concentrations   here   studied   the   ratio   of   Ca   ions   to   K   ions   most   favor-

able to  the  process  of  absorption  is  3  Ca++  to  2  K+  (3/4  Ca(N03)2  +
1/4KNO3).   In   every   group   except   that   having   the   lowest   total   con-

centration there  was  greater  absorption  from  mixtures  in  all  propor-
tions than  from  solutions  of  either  of  the  component  salts  in  a  pure

state.
In   the   solutions   having   the   lowest   concentration,   it   is   likely   that

the   small   quantity   of   salts   present   was   the   limiting   factor,   it   being
perhaps   insufficient   to   satisfy   the   necessary   demands   of   the   plant.

Calcium   Nitrate   and   Magnesium   Nitrate.     Experiment   2

It   was   next   desired   to   test   the   activity   of   root   absorption   in   solu-
tions  of   calcium   and   magnesium   nitrates.   Accordingly   four   groups

of   solutions   were   prepared   having   a   total   salt   content   of   120,   240,  ,
360,   and   480   N   X   io~^,   respectively,   each   group   consisting   of   the
following   numbers:   4/4   Ca(N03)2,   2/4   Ca(N03)2   +   2/4   Mg(N03)2,
1/4   Ca(N03)2   +   3/4   Mg(N03)2,   i/io   Ca(N03)2   +   9/10   Mg(N03)2,   and
4/4   Mg(N03)2.   As   before,   each   solution   received   four   seedlings   and
concentration   changes   were   followed   by   means   of   a   daily   reading   of

6  Amer.  Joiirn.  Bot.  2:  1915.
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the   electrical   conductivity.   The   daily   concentration   of   each   solution
during  the  experimental   period  of   19  days  is   shown  in   figure  2.
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Fig.  2.  Curves  showing  the  change  in  concentration  of  the  Ca(N03)2  and

Mg(N03)2  solutions  used  in  experiment  2.
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In  this  series  of  cultures  it   was  again  noted  that  in  general  absorp-
tion increased  with  the  increasing  total  salt  concentration,  although  not

proportionately.   The   Mg(N03)2   solutions   were   an   exception   to   this
otherwise   general   rule,   owing   to   the   great   toxicity   of   this   salt.

In   the   120   N   X   io~"^   group   of   solutions   the   solutions   gained   ions
for   a   period  of   two  or   three  days.   It   is   probable  that   in   both  the  Mg
and  the  Ca  solutions  there  was  some  excretion  of  salts  from  the  plants,
since  nearly  a  week  passed  before  this  loss  was  made  up,   whereas  the
smaller   apparent   loss   seen   in   the   case   of   the   mixtures   might   all   be
accounted   for   by   the   increase   in   the   CO2   content   of   the   solutions.   It
will   be  noted  that  in  the  solution  of  Ca(N03)2  after  the  initial   period  of
about   two  days   marked  by   an   active   loss   of   ions,   absorption  began  to
take   place   with   increasing   rapidity   until   near   the   end   of   the   experi-

ment a  net  decrease  of  nearly  90  N  X  io~^  had  taken  place  in  the
concentration   of   the   solution.   The   record   for   Mg(N03)2   was   similar
to   that   for   Ca(N03)2   for   seven   days   after,   which   time   absorption
slackened   and   the   solution   stood   at   equilibrium   with   a   small   net
absorption  until   near   the   end  of   the   experimental   period,   when  loss   of
salts   from   the   roots   set   in   and   lasted   until   the   experiment   closed.
In   all   mixed   solutions   a   more   active   absorption   was   made   during   the
first   12   days   than   in   either   of   the   unmixed   solutions.   It   will   be   noted
that   the   greatest   net   absorption   took   place   from   the   solution   contain-

ing 1/4  Ca(N03)2  +  3/4  Mg(N03)2  although  late  in  the  experiment  the
plants   in   that   containing   2/4   Ca(N03)2   +   2/4   Mg(N03)2   reached
practically   the   same   maximum,   exceeding   that   made   in   the   4/4
Ca(N03)2   by   a   very   small   margin.   The   solution   containing   i/io
Ca(N03)2   +   9/10   Mg(N03)2   showed   a   loss   in   concentration   of   over
60   N   X   10-6   against   about   12   N   X   IQ-^   for   10/10   Mg(N03)2.   The
net   absorption   from   the   4/4   Mg(N03)2   solution   was   multiplied   five
times   by   the   replacement   of   one-tenth   of   the   magnesium   by   calcium.
In   the   240   N   X   io~^   group   the   characteristic   features   are:   (i)   the
increased   and   nearly   parallel   absorption   for   thirteen   days   from   the
solutions   containing   4/4   Ca(N03)2,   2/4   Ca(N03)2   +   2/4   Mg(N03)2,   and
1/4   Ca(N03)2   +   3/4   Mg(N03)2;   (2)   the   lengthening   of   the   period   of
active   absorption   with   the   increase   of   the   quantity   of   Ca(N03)2
present;   (3)   the   failure   of   absorption   in   the   solution   containing
i/io   Ca(N03)2   +   9/10   Mg(N03)2   to   keep   its   place   relative   to   the
other   mixtures;   and   the   long   delayed   and   brief   period   of   sHght   net
absorption   from   the   solution   containing   4/4   Mg(N03)2.
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In   the   group   having   a   total   salt   concentration   of   360   N   X   io~^
the   introductory   period   during   which   the   solutions   gained   ions   was
strongly   marked   in   all   solutions   except   that   containing   2/4   Ca(N03)2
+   2/4   Mg(N03)2.   In   that   solution   net   absorption   became   evident
more   quickly   than   in   the   other   members   of   the   group   and   the   lead
was   held   throughout   the   experiment.   The   net   change   in   concentra-

tion  of   the   solution   containing   4/4   Ca(N03)2   amounted   to   over   150
N   X   io~^   a   change   exceeded   only   in   the   most   favorable   mixture,   that
containing   2/4   Ca(N03)2   +   2/4   Mg(N03)2.   In   this   mixture   the
absorption   corresponded   to   a   change   in   concentration   of   about   200
N   X   io~^   by   the   17th   day.   The   absorption   from   mixtures   containing
smaller   proportions   of   Ca(N03)2   was   less   than   that   from   4/4   Ca(N03)2
solution.   The   Mg(N03)2   solution   showed   the   same   features   as
heretofore.

In   the   group   having   a   total   salt   concentration   of   480   N   X   io~^
it   will   be   noted   that   in   general   the   courses   of   all   curves   representing
calcium-containing   solutions   agreed   more   closely   than   in   the   more
dilute   solutions,   even   that   containing   but   i/io   Ca(N03)2   to   9/10
Mg(N03)2   acting   relatively   more   favorably   than   in   the   less   concen-

trated solutions.  Apparently  the  mixtures  were  approaching  a  situa-
tion in  which  the  Ca  demand  was  satisfied  even  in  those  containing

the   smaller   proportions   of   this   ion.   In   the   4/4   Ca(N03)2   solution
the   maximum   net   absorption   was   attained   as   heretofore   near   the   end
of   the   experimental   period.   By   the   i8th   day   the   concentration   of
the   solution   had   diminished   about   185   N   X   io~^.   The   most   favorable
nixture   was   that   containing   1/4   Ca(N03)2   +   3/4   Mg(N03)2   from   which
the   net   absorption   on   the   15th   day   corresponded   to   a   drop   in   con-

centration of  about  200  N  X  io~^  It  is  clear  that  a  toxic  concentra-
tion of  4/4  Mg(N03)2  had  been  reached  since  at  the  end  of  six  days

very  marked  leaching  began,  and  at  no  time  was  there  a  net  absorption.
Looking   at   this   experiment   as   a   whole   a   number   of   features

attract   attention.   The   contrast   between   Ca(N03)2   and   Mg(N03)2
in   regard   to   their   influence   on   root   absorption   is   very   marked.   The
calcium   salt   favored   this   process   in   all   concentrations   here   tested.
Magnesium   nitrate   in   no   case   supports   more   than   a   slight   net   absorp-

tion  in   the   most   favorable   concentrations,   and   the   poisonous   action
of   the   Mg   ion   promptly   appeared   at   a   concentration   between   360
and   480   N   X   IQ-^   All   mixtures   with   Ca(N03)2   in   all   proportions
were   more   freely   absorbed   than   Mg(N03)2   alone.     The   solutions   most
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favorable   for   absorption   contained   2/4   or   1/4   Ca(N03)2-   Although
much   less   favorable   for   absorption   than   the   solutions   containing
higher   proportions   of   calcium   nitrate,   the   solution   containing   but
i/io   Ca(N03)2   to   9/10   Mg(N03)2   was   incomparably   better   than   that
containing   10/10   Mg(N03)2.   In   its   effect   upon   absorption,   as   upon
root  growth,  a  small  amount  of  calcium  has  an  effect  all  out  of  propor-

tion to  the  quantity  actually  present.

Magnesium   Nitrate   and   Potassium   Nitrate.     Experiment   3

In   this   experiment,   as   before,   four   groups   of   solutions   were   made
up   having   a   total   salt   content   of   120,   240,   360,   and   480   N   X   io~^,
respectively,   each   group   containing   solutions   of   the   salts   in   the   follow-

ing  proportions:   4/4   Mg(N03)2,   3/4   Mg(N03)2   +   1/4   KNO3,   2/4
Mg(N03)2   +   2/4   KNO3,   1/4   Mg(N03)2   +   3/4   KNO3   and   4/4   KNO3.
As   in   experiment   i   the   anion   concentration   was   the   same   for   the
five   solutions   of   each   group.   Since   in   the   mixtures   an   ion   with   a
valence  of  two  had  to  be  replaced  by  two  ions  with  a  valence  of  i ,  the
ratios   of   kations   to   anions   formed   the   series   4   :8,   5   :8,   6   :8,   7   :8,
and   8:8.   The   electrolytic   conductivity   of   each   solution   was   observed
daily   during   an   experimental   period   of   14   days.

In  the  series  of  curves  shown  in  figure  3  a  number  of  novel  features
appear.   The   very   general   tendency   of   the   root   absorption   to   increase
with   the   increase   of   the   total   salt   concentration,   so   clearly   seen  in   the
foregoing   experiments,   is   here   absent.   The   best   absorption   in   4/4
Mg(N03)2   took   place   in   the   weak   120   N   X   io~^   solution,   although   the
240   N   X   io~^   solution   was   nearly   as   good.   In   the   higher   concentra-

tions injury  appeared  only  a  few  days  after  the  experiment  was  begun
as  was  indicated  by  a  rapid  loss  of  ions  by  the  plants.

The  best  absorption  in  4/4  KNO3  was  seen  in  the  strongest  solution
where   a   distinct   though   brief   net   absorption   phase   lasted   from   the
6th   to   8th   days.   A   minimal   net   absorption   was   seen   in   the   320
N   X   io~^   solution   on   the   7th   day.   In   the   weaker   solutions   there   was
no   net   absorption.   The   greatest   loss   of   salts   by   the   plants   occurred
in   the   weakest   solution.

The   roots   made   a   net   absorption   in   every   mixture   of   whatever
proportion   or   concentration.   Among   the   mixtures   with   a   total   salt
concentration   of   120   N   X   io~^   none   showed   as   great   absorption   as
the   4/4   Mg(N03)2   solution.   The   roots   showed   a   decreased   absorption
as   the   proportion   of   Mg(N03)2   was   reduced.     In   the   mixtures   having
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a   total   concentration   of   240   N   X   io~^
the   best   absorption   took   place   in   that
containing   3/4   Mg(N03)2   +   KNO3.
Nearly   as   favorable   was   1/4   Mg(N03)2
+   3/4   KNO3.   These   were   both   de-

cidedly better  than  the  pure  Mg(N03)2
solution.   The   greater   loss   of   ions   by
roots   in   the   mixture   containing   equal
parts   of   the   two   salts   is   believed   to
be   an   aberrant   result   due   perhaps   to
the   use   of   less   vigorous   roots   than
those   usually   employed.   Roots   grow-

ing in  mixtures  having  a  total  concen-
tration of  360  N  X  io~  ̂ in  every  case

absorbed   more   freely   than   from   either
of   the   unmixed   solutions   of   the   com-

ponents. The  4/4  Mg(N03)2  solution
was   clearly   toxic   while   in   4/4   KNO3
the   plants   even   at   the   height   of   the
absorption   phase   were   hardly   able   to
recover   a   quantity   of   electrolytes
equal   to   that   previously   lost.   In   all
the   mixtures   a   marked   net   absorption
took   place   although   it   was   somewhat
less  than  in  the  case  of  the  240  N  Xo~^
mixtures.   The   advantage   seemed   to
lie   with   the   solutions   containing   the
lesser   proportions   of   Mg(N03)2.

In   the   group   of   solutions   having   a
total  salt   content  of  480  N  X  lO"^  the
harmful   action   of   4/4   Mg(N03)2   and
of   themixturecontaining3/4Mg(N03)2
was   clearly   marked   on   the   7th   day.
The   higher   concentration   of   the   4/4
KNO3   solution   seemed   nevertheless   to
be   more   favorable   to   absorption   than
any   of   the   lower   concentrations,   for
a   slight   but   undoubted   net   absorption
of   ions   took   place   during   the   first

a  3   ̂ s  e II  12  13  /♦
Fig.  3.  Curves  showing  the  change

in  concentration  of  the  Mg(N03)2
and  KNO3  solutions  used  in  experi-

ment 3.
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week.   After   this   period   a   rapid   loss   of   ions   by   the   plant   set   in.
A   marked   and   well   sustained   net   absorption   was   seen   in   the   mixtures
containing   2/4   and   1/4   Mg(N03)2,   respectively,   the   maximum   change
in   concentration   being   about   40   N   X   io~^   on   the   nth   day   in   the
solution   containing   equal   parts   of   the   two   salts.

It   is   clear   that   of   this   pair   of   kations   Mg++   is   more   favorable   to
root   absorption   in   the   concentrations   here   used   than   K+.   But   for   its
relatively   high   degree   of   toxicity,   which   restricts   life   to   a   narrow  range
of   concentrations,   magnesium   would   bear   a   certain   resemblance   to
calcium.   Here   as   before   potassium   brings   about   a   loss   of   ions   by   the
plant.   Nevertheless   mixtures   of   the   two   nitrates   are   able   to   support
a   very   considerable   absorption,   though   it   is   little   when   compared   v/ith
mixtures   containing   Ca   ions.

The   greatest   absorption   in   the   Mg-K   series   was   made   in   the   solu-
tion containing  3/4  Mg(N03)2  +  1/4  KNO3  in  a  total  concentration  of

240   N   X   10-^
Mixtures   of   Mg   and   K   ions   showed   in   this   experiment   a   marked

superiority  over  either  ion  alone,  as  judged  by  the  process  of  absorption.

Summary   of   Results

The   chief   results   obtained   in   this   series   of   experiments   with   the
white   lupine   may   be   summarized   as   follows:

1.   When   the   nitrates   of   calcium,   magnesium   and   potassium   are
offered  in  pairs  in  solutions  varying  in  concentration  from  120  N  X  io~^
to   480   N   X   io~^   it   is   usually   the   case   that   the   roots   absorb   more
electrolytes   than   from   the   pure   solutions.   It   seems   also   true   that   for
the   range   of   concentration   here   concerned  absorption   tends   to   increase
in   mixtures   as   well   as   in   pure   solutions   as   the   salt   content   increases.
The   case   of   magnesium   salts   offers   an   exception   owing   to   the   narrow
range   of   physiologically   useful   concentrations   of   the   Mg   ion.

2.   In   mixtures   of   Ca(N03)2   and   KNO3   the   inimical   effect   of   K   ions
on  root  absorption  is  seen  in  the  high  ratio  of  Ca  to  K  required  to  give
maximum   absorption,   viz.,   3   Ca++   :   2   K+   (3   Ca(N03)2   +   1/4   KNO3)
in   all   concentrations   tested.   The   value   of   a   small   amount   of   K   ions
is   however   proved   by   the   excess   of   absorption   in   the   mixture   over
that   in   Ca(N03)2   alone.   The   absolute   amount   of   Ca   present   in
mixtures   seems  to   be   of   great   influence   since   as   the   proportion   of   Ca
increases   in   the   greater   dilutions,   absorption   is   increased.   The   favor-

able influence  of  Ca  ions  is  therefore  striking  in  the  mixtures  as  well
as  in  the  pure  solutions.



THE   EXCHANGE   OF   IONS

3,   In   mixtures   of   Ca(N03)2   and   Mg(N03)2   the   greater   absorption
of   the   Mg   ion   in   comparison   with   the   K   ion   appears   in   the   greater
proportion   of   Mg   to   Ca   seen   in   the   most   favorable   ratio.   The   greatest
absorption  is  found  in  the  ratios  2  Ca+"'"  :  2  Mg++  or  i  Ca++  :  3  Mg++
in   the   concentrations   here   tested.   The   great   significance   of   even   a
small   proportion   of   Ca   is   seen   in   the   relatively   high   absorption   made
in   a   mixture   containing   i   Ca   to   9   Mg   at   the   highest   concentrations
here  tested.

4.   In   pure   solutions   the   Mg  ion   is   much  more  favorable   to   absorp-
tion than  the  K  ion  in  the  weaker  concentrations  while  the  K  ion  is

more   favorable   in   the   highest   concentration.   They   are   absorbed   to
about   the   same   extent   at   a   concentration   of   360   N   X   io~^   Absorp-

tion from  mixtures  exceeds  that  from  either  pure  solution  except  in
the   weakest   concentrations.   Although   a   most   favorable   ratio   can
hardly   be   designated,   the   general   tendency   of   the   results   seems   to
indicate   that   a   high   proportion   of   Mg   is   more   favorable   in   weaker
concentrations.

Office   of   Plant   Physiological   and
Fermentation   Investigations,

Bureau   of   Plant   Industry.



THE    PROBABLE    NON-VALIDITY   OF   THE   GENERA
BOTRYODIPLODIA,     DIPLODIELLA,   CHAETO-

DIPLODIA,   AND   LASIODIPLODIA

J.  J.   Taubenhaus

In   the   course   of   my   investigations   on   the   diseases   of   the   sweet
potato   (25)   the   name   Java   black   rot   was   appHed   to   a   disease   caused
by   the   fungus   Lasiodiplodia   tuhericola   E.   &   E.   The   investigation
plainly   showed   that   the   above   fungus   behaved   very   much   like   a
Diplodia.   Experiments   were   undertaken   to   prove   the   pathogenicity
of   the   fungus,   its   relationship   to   the   genera   Diplodia,   Chaetodiplodia,
Botryodiplodia,   and   Diplodiella.

The   genus   Diplodia   founded   by   Fries   (9)   in   1849   shows   the   follow-
ing  characteristics:   Pycnidia   scattered,   subcutaneous   to   erumpent,

black,   characteristically   papillate   at   the   mouth,   spores   one-septate,
brown   to   dark.   The   genus   Botryodiplodia   founded   by   Saccardo   (20)
in   1880   is   described   as   follows:   Pycnidia   caespitose   (clustered)
erumpent,   and   in   a   stroma;   hairy   or   hairless,   spores   one-septate,   dark.
The   genus   Diplodiella   founded   by   Karsten   (14)   in   1884   resembles
Diplodia   in   every   way   except   that   the   pycnidia   are   superficial   instead
of   erumpent.   The   genus   Chaetodiplodia   was   also   founded   by   Karsten
(15)   in   the   same   year;   it   resembles   Diplodia   in   that   the   pycnidia   are
scattered.   In   this   genus   however   they   possess   bristles,   or   hair;   spores
one-septate,   dark.   The   genus   Lasiodiplodia   was   created   by   Ellis   and
Everhart   (6)   in   1896   and   described   as   follows:   Pycnidia   and   subicle
are   enclosed   in   a   hemispherical   stroma.   In   addition   there   are   para-
physes   intermingled   with   the   basidia   of   the   sporules   in   the   pycnidia;
otherwise   as   in   Diplodia.

From   the   above   descriptions   it   is   evident   that   the   classification   is
without   proper   basis.   To   separate   Diplodiella   from   Diplodia   because
the   pycnidia   are   erumpent   in   the   latter,   while   they   are   superficial   in
the   former   is   not   justified   from   a   generic   standpoint.   The   same   is
true   for   the   other   genera   here   mentioned.   From   what   follows,   it   is
evident   that   with   the   exception   of   the   genus   Diplodia,   which   was
first   described,   the   others   are   not   valid.
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Historical.  — While   working   on   a   branch   and   trunk   disease   of   cocoa,
Jonge   and   Dorst   (13)   in   1909,   carefully   studied   the   causative   fungus
Diplodia   cacaoicola   Henn.   They   noticed   that   although   the   organism
seemingly   belonged   to   the   genus   Diplodia,   under   certain   cultural
conditions   its   pycnidia   would   be   hairy   and   possess   paraphyses   inter-

mingled with  the  basidia  of  the  sporules.  Different  workers  have
actually   placed   this   fungus   under   the   different   genera   here   mentioned,
as   will   be   seen   later   under   its   synonymy.   Jonge   and   Dorst   (13)
further   found   that   if   the   diseased   specimens   of   cocoa   were   placed   in
moist   surroundings,   hair   developed   on   the   pycnidia,   whereas   dryness
tended   to   suppress   them.   From   these   studies   they   concluded   that
the   genera   Chaetodiplodia   and   Lasiodiplodia   are   not   valid.

In   the   same   year   (1909)   Griffon   and   Maublanc   (10),   while   working
on   a   similar   cocoa   disease,   came   to   conclusions   similar   to   those   of
Jonge   and   Dorst   (13).   Griffon   and   Maublanc   placed   the   fungus
Diplodia   cacaoicola   Henn.   in   the   genus   Lasiodiplodia   and   named   it
L.   theobromae   (Patt.)   Griff.   &   Maubl.   Bancroft   (2)   (1911)   in   his
work   on   a   para   rubber   and   cocoa   disease,   found   that   the   causative
fungus,   Diplodia   cacaoicola   Henn.   was   so   variable   that   it   could   easily
be   placed   in   any   one   of   the   genera   Botryodiplodia,   Macrophoma,   and
Lasiodiplodia.   Bancroft,   however,   found   the   ascigerous   stage   of   the
fungus,   which   he   named   Thyridaria   tarda   Banc.   That   the   presence
or   absence   of   paraphyses   in   pycnidia   or   perithecia   have   no   taxonomic
value   has   also   been   indicated   by   Shear   and   Wood   (22).   "Their
presence   or   absence   (paraphyses)   does   not   seem   to   be   sufficiently
constant   to   be   of   much   taxonomic   value."

Present   work.  — As   previously   stated   these   investigations   are   an   out-
growth of  studies  on  Lasiodiplodia  tubericola  E.&E.,  the  cause  of  a  sweet

potato   disease.   In   order   to   determine   the   relationship   of   the   genus
Lasiodiplodia   to   the   genera   Diplodia,   Diplodiella,   Chaetodiplodia,   and
Botryodiplodia,   the   following   experiments   were   carried   out.   A   large
number   of   apparently   healthy   sweet   potato   roots   were   divided   into
five   lots.   These   were   carefully   washed   in   tap   water,   then   disinfected
by  being  plunged  in  a  5  percent  formaldehyde  solution  for  ten  minutes.
Each  lot   was  then  carefully   dried  with   clean  cheese  cloth,   placed  in   flat
moist   chambers,   and   kept   one   week   in   the   laboratory.   Any   root
which   showed   signs   of   decay   because   of   internal   infection   was   dis-

carded; infection  in  such  cases  was  chiefly  soft  rot,  Rhizopus  nigricans
Ehr.     At   the   end   of   the   week   ten   roots   were   finally   placed   in   each
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