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species  of  the  western  part  of  California,  extending  eastward
to  the  Sierra  Nevada,  of  very  variable  foliage,  but  compar-
atively  broad-leaved.  Indeed  the  rounded  lower  leaves  are
sometimes  barely  3-lobed,  and  the  divisions  commonly  round-
obovate  or  cuneiform.  The  typical  form  (the  plant  raised  in
the  St.  Fetersburgh  garden,  from  seeds  gathered  at  the  Ross
polony—  of  which  an  original  has  been  obligingly  sent  me
tor  identification)  has  flowers  as  large  as  those  of  I).  Men-
ziesn.  Other  specimens  agree  with  this  ;  but  not  rarely,  both
m  the  northern  and  southern  districts,  it  is  much  smaller-
Howered,  and  passes  freely  into

"  Var.  patens,  the  I),  "fatem  Benth.  PL  llartw.  This  is
a  common  form,  with  narrow  leaf-lobes,  and  a  narrower
raceme  of  rather  small  flowers,  the  pedicels  in  fruit  ascend-
fcf'th  -  \  VOuId  J  be  ta  ^  en  for  »  quite  distinct  species,  except
101  the  intermedial  frn-mo  i  >  r

The  type  of  this  species  occurs

for  the  intermediate  forms.
».  pauciflorum  Nutt

Mountains,  from  W\
m  rvi~,-  j  i.  TiT  '  """«  vv  \  wining  anci  adjacent  pans
bLSSrfW*5&:  a  ^L  S  A  en/er  «?™  reache  S  J  ,  he  eastern

nperatum,  taken  to  be  D.  depauf
.-? ?y
D.  decorum  v  ay.  fatens.  Addi-

*ona,  .atenais  and  well  fornTed  f^aTe  w^ed!

•'  D  simniPv""V  m°  na  ,  med  because  in  ouf  herbarium  it  is
with  nunL  r  ;  NuttalL  Jt  is  a  moderately  tall  species,
^currliTir  l  T  U  a  PP  a  "*%  q^te  distinct  in  character,
River  K  kJ  rf  n  UndS  u  al  °  n  -"  and  »  eai  "  the  Columbia
anUv  collected  b  ^  alIe5  '  w  ^  it  has  been  of  late  abund-
tafl  !  s  specimen  ,/f  W'  Henderson  -  Suksdorf.  etc.  Nut-
«n  s  specimen  is  ticketed  <«  Columbia  Plains  "

On  the  causes  of  the  variations  in  the  contents  of  sncrose  i.

Sorghum  saccharatum.

w

■f  or  some  venr^  T  k  n  u  ■
saccharatum  in  respect  of  ite*£  Tw*****  the  Sorgh  "  nf
of  sugar.  P  lts  ada  Ptabihty  to  the  production

^^^!^:C^^  CmeS  haVC  been  encountered

e  lUI  l)et  '  n  overcome  with  one  excep-
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tion.  The  chief  obstacles  to  successful  sugar  making  have
been,  jirst,  unfavorable  climatic  conditions  ;  second,  imper-
fect  methods  of  extracting  the  sugar;  third,  improper  treat-
ment  of  the  extracted  juice  ;  fourth,  variations  and  rapid
changes  in  the  sucrose  of  the  juice.  All  of  these  problems
have  been  successfully  solved  "save  the  last.  It  is  proper  to
say,  however,  that  certain  methods  of  cultivation  and  certain
methods  of  selecting  seeds  tend  to  produce  maximum  con-
tents  of  sucrose  in  the  cane  and  these  methods  are  not  yet
fully  developed.  A  proper  conception  of  the  variations"  to
which  the  sucrose  in  sorghum  is  obnoxious  can  not  be  had
unless  we  study  briefly  the  method  of  its  formation,  how  it  is
stored  and  the  physiological  functions  in  which  it  takes  part.

Vegetable  physiologists  have  taught  us  that  a  carbo-
hydrate  can  be  formed  by  a  certain  retrogressive  change  in
protoplasm,  by  which  the  cell  envelope,  in  other  words  cellu-
lose,  is  produced.  The  carbohydrates  which  appear  in  the
embryo  of  a  plant  are  developed  at  the  expense  of  the  stores
of  material  in  the  seed.  After  the  appearance  of  the  chloro-
phyll  cells  in  the  plant  the  production  of  carbohydrates  takes
place  with  their  aid,  CO.,  being  absorbed  from  the  air  and
free  oxygen  being  eliminated.

It  would  be  easy  to  explain  the  production  of  carbohydrates
by  supposing  that  the  chlorophyll  cell  exerted  a  reducing
influence  1  on  the  C0  2  which,  with  the  assimilation  of  water,
produced,  for  instance,  starch  by  the  formula  6CO,  5ILO
=Q>H  10  O  5  -f-O  12  .  In  the  vast  majority  of  plants  it  is  found,
in  corroboration  of  this  supposition,  that  the  volume  of  the
oxygen  set  free  is  sensibly  the  same  as  the  carbonic  dioxide
absorbed.  The  carbohydrate  Which  is  generally  formed  in
the  chlorophyll  cells  is  starch.  This  starch  \%  removed
from  the  leaf,  and  it  is  supposed  that  the  carbohydrates  which
are  formed  in  all  parts  of  the  plant  are  derived  from  this
original  substance.

In  point  of  fact,  however,  the  production  of  organic  mat-
ter  in  a  plant  does  not  probably  take  place  in  the  simple
manner  above  described.  It  is  more  likely  that  the  presence
of  a  nitrogenous  body  is  necessary  and  this  "proteid  itself  is
the  active  principle  of  the  production  of  new  organic  matter,
oy  a  certain  decomposition  it  suffers,  with  the  help  of  carbonic
dioxide  and  water.  Nor  is  it  by  any  means  certain  that

J It has lately been stated that this reduction is due to the action of electricity on the
ieaf-~ producing hydrogen— and this hydrogen is the active principle in the reduction of

e ca rbonie dioxide. This statement appears to be purely theoretical.
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starch  is  the  only  organic  matter  formed  by  the  chlorophyll
cells  ;  in  fact,  it  is  known  that  oil  is  often  the  product  of  this
constructive  and  destructive  metabolism.

But  it  seems  reasonable  to  suppose  that  the  different
sugars  areas  likely  to  be  formed  in  the  leaf  of  the  plant  as
starch.  When  we  remember  how  easily  starch  is  detected
in  most  minute  quantities  and  how  easily  sugar  is  missed
even  when  present  in  much  larger  quantities,  we  do  not  won-
der  that  vegetable  physiologists  have  supposed  that  starch  is
the  first  carbohydrate  formed  in  the  leaf  and  that  all  the  others
are  derived  therefrom.  The  explanation  which  is  made  of
the  ranslation  of  the  starch  from  the  point  of  its  formation  to
the  localities  where  it  is  stored  is  as  follows:

1  alee,  for  instance,  the  formation  of  starch  in  the  germ  of  ce-
reals.  We
;  c  „v„  ,  .  ~  —f,'»  i«ai  me  m«u  in  nrstiormecl  in  the  leaves
IhP  nia  g  f  '?  °  SUgar  and  in  this  soluble  state  carried  through
ooim  whV  1  h  "  rea  fH  the  seed  '  This  s  «gar,  reaching  the
^it  m  r4r  a  r  d  is  forming  '  is  civ  ^  J  to  starch  ^

brien^n  S  min  b  ^  Ct  thi  ;  s  P  ^  heor  y  of  the  translation  of  starch  to  a
S^  atl0  \  Thei  'e  are  two  only  known  methods  by
Tc  on  o  c  t  be  .^verted  into  sugar,  viz.:  frst.  by  the
ferment  T  aCldS  '  Hnd  ucamd  ^  b  >'  the  ac  tion  of  certain
at  i  hi  X  1  con  ^rsion  of  starch  into  sugar  by  acids  even
slow  titTJT?*™*  an  u  d  with  the  longer  acids  is  very

Place  at  the  nS?  y  m  <;  redlbl€  that  Such  a  conversion  can  take
b  re-!*  ion  oft  t  7  tem  P  eratui  '  e  ™  the  leaf  of  a  plant  and

^c^l^^Z^^^i  dil  -  e  -  k  «

a^d  much  mortT  mel  £  kmited  '  3  Such  ^ion  requires  time

H  ng  •  f  n  u^  r  ^  C  ,°  nditions  than  can  be  found  in  the
either  of  the  lj?  }  f  S&  l  i  SU  "  ar  be  formed  from  starch  in

In  fact  the  ,'  f  1  Huhcated  *  could  not  be  sucrose,
dom  s  r  1  1  r  ir  /"?  T*  is  fo  «^  *"  Plants  is  sel-
to  be  a  fact  Xh  'ho  **  °S  °  r  de  *tmse.  This  appears
ignored.  Tl^t  3*SS?  P^plogista  have  entirelyignored.  The  su<>-n-*  r>f  i  Penologists  have  enuren
copper  solution  SSEi  ,  pla  .  nts  which  reduc  e  an  alkaline
^P^solubonuare  either  derived  from  sucrose  by  inversion

Hey

ylate

he leaf of the
especial atten-

•himper (Bied.
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or  more  probably  are  of  independent  formation.  If  they
were  derived  from  starch  they  would  show  dextro-  if  from
sucrose,  kevo-gy  ration.  In  point  of  fact  they  often  show
neither,  as  I  long  ago  pointed  out  when  in  view  of  this  optical
inactivity  I  proposed  for  them  the  name  of  anoptose.  When
they  do  show  rotation,  however,  it  is  left-handed.

It  seems  to  me  that  there  is  one  fact  that  the  physiologists
forget,  viz.,  that  starch  is  not  always  insoluble.  In  my  ex-
aminations  of  sorghum  juices  I  have  never  failed  to  find
soluble  starch  when  I  looked  for  it.  The  existence  of  bodies
when  first  formed  in  the  soluble  state,  which  when  once
made  solid  become  insoluble,  is  not  unknown.  Certain  forms
of  silica  are  illustrations  of  this.  It  seems  much  more  reas-
onable  to  suppose  that  in  the  case  of  the  sorghum  for  instance
the  starch  which  appears  in  the  seed  is  partly  transferred
directly  from  the  soluble  nascent  state  to  the  seat  of  its  final
deposition.  This,  indeed,  is  hardly  a  theory  in  the  light  of
the  fact  mentioned  above  :  that  the  sap  of  the  plant  always
contains  soluble  starch.

Led  by  the  commonly  accepted  theory  that  the  starch  in
the  grain  of  cereals,  etc.,  was  formed  from  sugar,  a  few  years
ago  some  experiments  were  made  to  increase  the  sucrose  in
sorghum  by  cutting  away  the  seed  heads  as  they  appeared
and  thus  preventing  the  formation  of  starch.  Two  or  three
analyses  were  made  and  the  results  showed  a  large  increase
in  the  sucrose  in  those  plants  in  which  the  formation  of  starch
had  been  prevented.

In  1885  I  conducted  some  experiments  on  a  large  scale.
About  two  acres  of  a  sorghum  field  were  selected.  In  each
alternate  row  of  the  growing  cane  the  seed  heads  were  re-
moved  as  they  appeared.  Numerous  analyses  were  made
of  the  canes  from  both  kinds  of  rows.  The  result  showed

most  conclusively  that  no  marked  increase  of  sucrose  was
noticed  by  reason  of  the  prevention  of  the  deposition  of
starch.  It  is  far  more  simple  to  suppose  that  the  sucrose
which  we  find  in  sorghum  is  produced  directly  by  the  de-
composition  of  protoplasm  in  presence  of  carbonic  acid,
provoked  by  the  katalytic  action  of  the  chlorophyll  cell.  At
an  }"  rate  there  is  no  sort  of  evidence  that  it  is  ever  made  from
starch  and  no  phvsiologist  has  ever  invented  any  hvpothetical
saccharoplast  to  account  for  such  a  transformation.

This  subject  of  the  origin  of  sucrose  is  of  great  interest
out  I  have  not  yet  finished  my  experimental  studies  of  it  and
so  will  not  pursue  it  further  at  present.
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The  question  now  arises  is  the  sucrose  of  sorghum  a  plas-
tic  material,  reserve  material,  or  waste  ?  In  respect  of  plastic
material  it  is  sufficient  to  call  attention  to  the  fact  that  the
development  of  sucrose  does  not  begin  in  the  plant  until  it  is
far  on  the  road  to  maturity.  To  this  it  mav  be  objected  that
its  accumulation  does  not  begin  until  this*'  period,  and  that
what  is  tormed  earlier  in  its  history  is  a  really  plastic  mater-
ial  used  in  the  development  of  other  tissues."  Mad  I  time  I
might  show.  I  think,  conclusively,  that  the  presence  of  the
sucrose  as  a  plastic  material  is  not  probable.  Is  it  a  reserve
material?  The  sucrose  which  is  deposited  in  the  seeds  of
plants,  in  tubers  like  the  sugar  beet,  and  in  sugar-cane,
doubtless  is  a  true  reserve  material  and  bv  its  decomposition
helps  the  growth  of  the  succeeding  plant.  But  the  sucrose
in  sorghum  seems  to  have  no  such  function.  It  can  in  no

way  aid  the  incipient  growth  of  the  next  plant,  for  that  plant
grows  trom  a  seed.  As  far  as  an  v  use  in  the  economy  of  the
plant  is  concerned,  it  appears  to  be  absolutely  worthless.  It
is  true  that  in  the  case  of  "  suckering,"  the  sucrose  in  the
cane  may  suffer  loss,  but  »  suckerino-  v  '  5s  not  a  i  wavs  a  „  '
uial  growth;  it  is  adventitious  and  is  aiwavs  detrimental
the  proper  maturity  of  a  plant.

It  seems,  therefore,  that  the  sucrose  in  sorghum  is  purely
a  waste  material—as  much  so  as  an  alkaloid  or  a  resin,

in  .Za  °ff  Where  Sucrose  is  a  tnie  reserve  material,  as
Wv  fA,  m  s  I  v'  in  su  g  ar  -cane,  we  find  there  is  no  ten-

"",  Vu  dlsa  PP  ear  un  *il  the  needs  of  the  new  plant
thfZl  ll\  ♦  SU(  5  r0  f  e  remain  *<  for  instance,  unchanged  in

me  f:  wT  m  i  Ul  the  "  evv  S  rowth  begins.  The  same  is
Serefor.  7  ♦*•  **&*?  °  f  the  sucros  e  £  seeds.  The  fact,
Dea  in  %l  i  m  T  ghum  a11  traces  of  sucr  ^e  mav  disap-

As  ;  ,l?u  T  Sh<  ?  ws  tha  '  its  offi  ce  is  radically  different.

onment  of  ,  "^  mve  '  sti  gations  I  will  say  that  the  devel-
^~J£££&&?  r;  accideLl  funcdon  '  or
with  the  f,^^;  ,  3  S  nctlon  \  Kgoesonusua

nat-
to

with  th  P  f  nrm  «-•  r  I  "  Ilcc,on  -  it  goes  on  usually  pari  passu
of  sucrose^  t»l  ?*  the  S  !^  ch  in  the  S™*  »«dthe  content
t»  e  S  tl  11  >ltZ  IT  ""  its  .  q^antitj  is  at  a  maximum  at
cane  the  s  ™,r,  v  formatl  ™  is  completed.  In  the  sugar-
piaslic  ma  t  a  r  rar  to  be  not  "  nJ  y  reserve  >  but  als  *
of  sucrose  is  ^'  hi  I  Up  P°  r  P  art  of  th  *  cane  the  content
region  of  n^osTu  5  S  than  J"  the  lowei  '-  lowing  that  in  the
portion  am  eininll  ST"*  ?*  8UCrOSe  ma  V  s  »  ffer  deC  °^
here  tl  a  tie  on  v  I  .*  ormatlo  »  of  proteid.  "  (I  wish  to  add

the  onlj  way  ,„  which  the  plant  can  use  sucrose  (or



T887.J  BOTANICAL  GAZETTE, 59

the  formation  of  other  bodies  or  for  working  it  into  living?  tis-
^  v  --  t  ""to

parts  of  the  cane,  being  just  as  great  at  the  top  near  the  pla
of  most  rapid  starch  storage,  as  it  is  near  the  base.  It  is  n

sues  is  by  thus  getting  it  into  protoplasm.)  On  the  other  hand
the  content  of  sucrose  in  sorghum  is  sensibly  the  same  in  all

ice
ot

strange,  therefore,  if  it  be  true  that  the  production  of  sucrose
is  only  the  expression  of  the  exuberant  vitality  of  the  leaf  of
the  sorghum,  that  the  greatest  variations  should  be  met  with
the  content  of  sucrose.  These  variations  are  not  coniined  to
different  varieties  or  to  different  fields  but  are  found  in  the

same  variety  in  different  canes  growing  in  the  same  hill,  and
which,  therefore,  have  been  subjected  to  precisely  the  same
conditions  of  culture  and  weather.

In  ten  successive  analyses  of  sugar  beets  made  two  years
ago,  I  found  no  greater  variation  than  one  per  cent,  in  sucrose.
The  same  was  true  often  successive  analvses  of  sugar-canes
1  made  last  month,  November,  1886.  On  the  other  hand,

any  ten  successive  analyses  of  sorghum  canes,  made  last
October,  will  show  a  variation  of  six  per  cent.

I  have  not  the  time  here  to  cite  all  the  instances  I  have
noticed  which  illustrate  the  principles  set  forth  above.  They
number  hundreds.  Without  a  record  of  these  analyses,  how-
ever,  the  fact  clearly  appears  that  the  chief  cause  of  variation
is  found  in  the  accidental  or  adventitious  nature  of  the  form-
ation  of  the  sucrose  —  in  other  words,  its  independence  of  the
hie  history  of  the  plant.  When,  however,  the  sucrose  has

to  sudden
ere  frosts  *

once  been  formed,  as  in  a  mature  cane,  it  is  subject
variations.  Sudden  changes  in  the  weather,  sev
followed  by  warm  weather,  or  simply  standing  dead  ripe,
olten  cause  a  rapid  disappearance  of  the  sucrose.  It  is  first
converted  into  invert  sugar  and  this  quickly  disappears  by
fermentation.

When  the  canes  have  been  cut  also,  if  they  be  expressed  at
a  temperature  of  a  warm  vSeptember  day,  the  sucrose  is  rap-
idly  inverted.  This  inversion  is  not  due  to  the  action  of  the

acids  which  the  sap  contains,  but  is  produced  by  a  special
ferment,  probably  inverting  or  some  similar  substance.  4

These  variations  in  the  content  o(  sucrose,  are,  as  I  inti-

at  the  beginning,  the  chief  obstacles  now  in  the  way
successful  introduction  of  a  sorghum  sugar  industry

mated
of  t! ie  sii
mto  this  country.  The  last  one  is  easily  avoided  by  promptly
working  the  cane  as  soon  as  it  is  cut.  The  first  one  can

'Duc'loux,  Compt.  rend,  lie,,  p.  8&,  has  shown  that  sunlight  is  capable  of  inverting  a
►lotion f .sucrose.
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only  be  overcome  by  the  scientific  agronomist,  aided  by  the
best  practical  botany  and  chemistry.

tifiqi
Re

observations  of  Girard  on  the  production  of  carbohydrates  in
«  !%  J  h  l  s  ™  th  <>r  definitely  confirms  rav  statements  in  re-

spect  of  the  independent  formation  of  sucrose  in  leaves.  The
reviewer  says  :

f.h  ."^"P^^  8  deM.  A.  Girard  mettent  hors  de  dome  que  les  limbes
labriquent alors des saccharose et des sucres reducteurs."

frnn'  a  G[riird  s  t  ows  1  the  Possibility  of  leaves  developing  starch
rev?ri  U  ^?u  e  '  but  there  a  PP  ears  to  be  no  evidence  that  the
reverse  of  this  operation  takes  place.

Notes  on  Uinbelliferje  of  E.  United  States.  II.

.JOHN  M.  COULTER  AND  J.  n.  ROSE.

(WITH  PLATE  II,)

broX  G  wbl  C  ed  ,hr/  rUit  Str  °  ngly  flattened  doraa11  *
Prim  irv  rib?  „  u  -*i  C0mmiss  ure  :  carpel  with  5  strong
2  S  e^enrli  .  i  gr  °  Up  °  f  strengthening  cells,'  the
the  odiercarnpf  fn  ^°  br  ?  ad  W  '  ln  ^  dj  ^nct  from  thole  of
oil-due  s  o  a  n  r  e  P  to  se^raf  mt^T  d  **?&  to  *"  **  '
on  the  commissuSrsfde  Z^U^  sT^'  I  ££°
with  ternafoli-  ™  .•  .^"s  8,  r  4-fo).  —  btout  perennials,
minal  umbels  3  scJ^T^J  F  0m  P  0mid  ^ves,  large  ter-
imoluceh  n/  I  ?  no  mvo,  ncre.  small  many-leaved
^  Hoffm  ev  T  T  ^  een  ;  Sh  i'-vers.-Incl.  ?*«**»
%ef*rr»A  ■<Zrr''S  uA  :  A  -G**bm  DC  —  Archanirelica  isreferred  to Archangelica  is

h  b.,19  273°  °The  ng  oniv  a  T  Maximow  ^  Bull.  AcadTK
geliciiom  Angl"  catre'kt'  T*&  {  °  "P™*  ^™'
in  the  interval  Sn  1  '  Thc  ^mber  of  oil-ducts
Curtissii  may  b  ;  Two  Tf*  T  in  An  S  e  "  c  *<  in  An  ^  lica
intervals  a7inth7{J  ?  vei  \  thr  ^-  as  well  in  the  dorsal
theoilJuctsma  L  r  il:  ,  while  in  ^hangelica  hirsuta
The  generic  rdation  of  '  -f,  d  l  °  ?  ne  or  two  in  **  Nervals.
mined  by  anv  charLw  ^^  °/  these  8  P  eci  «*  can  be  deter-
-^-^^^  and  plac  -

might be Understood to refer to Cm .u, ,K '"',">' Ponroicaons uu.ler the latent/
1,1 s,1,,,, "»- t» re*ew fc Angelic*.
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