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Part   1.   The   Crop   Gpoom:   SUGAR   BEETS

By   william   P.   HEADDEN,   A.   M.,   Ph.   D.

Among   the   many   questions   arising   in   the   practice   of   irrigation,
is   the   one   in   regard   to   the   prevention   of   tim   alkalizing   of   low   and
poorly   drained   land.

The   accumulation   of   water   may   not   be   so   rapid   that   the   land
becomes   waterlogged,   though   this,   in   many   instances,   actually   oc-

curs  ;  yet   the   supply   of   water,   laden   with   salts,   dissolved   out   of   the
soil   through   which   it   has   passed,   is   sufficient   to   cause,   by   its   evap-

oration,  a  deposition   of   large   quantities   of   these   salts   on,   and   in,   the
upper   portion   of   the   soil.   This   concentration   of   the   salts   is   not   al-

ways  indicated   by   an   effiorescence,   though   this   frequently   occurs.

The   condition   upon   which   the   poor   drainage   depends,   is   usu-
ally  the   configuration   of   the   surface,   but   the   character   of   the   land

and   of   the   strata   underlying   the   soil   contribute   materially   in   bring-
ing  about   this   condition.

The   difficulty   is   met   with,   mostly   in   limited   areas,   it   is   true,
but   so   frequently,   and   that   in   otherwise   good   land,   that   it   becomes
a  question   whether   we   caijiiot   ameliorate   it   in   some   way.   Perfect
drainage   would   answer   afl   questions,   but   this   is   frequently   difficult
to   obtain,   or   altogether   impracticable.   It   is,   however,   not   to   be   in-

ferred  that   alkalized   land   is   necessarily   swampy   land,   or   has   such   a
supply   of   water   that   irrigation   is   unnecessary.   Neither   of   these   con-

ditions  obtain   in   general,   or   when   they   do,   particularly   the   former.



the   land   must   simply   be   abandoned.   The   plot   chosen   for   this   study
is   representative   of   this   class   of   land  ;  it   is   neither   so   wet   as   to   be   un-
tillable,   nor   so   badly   alkalized   as   to   be   hopeless.

1  recognize   that   this,   like   every   other   agricultural   problem,   is
an   involved   one,   and   that   it   is   difficult   to   determine   to   which   factor
the   greatest   importance   should   be   given.   In   the   present   case,   there
are   several   patent   questions,   such   as:   Does   the   alkali   present   produce
any   effect   upon   the   plant   ?  Is   its   action   directly   upon   the   plant   itself
or   does   it   act   indirectly   upon   the   plant   through   its   effects,   mechan-

ical  or   chemical,   upon   the   soil   ?  Is   the   starvation   of   the   plants   observed
in   this   case,   due   to   an   actual   deficiency   of   available   plant   food,   or   to
the   mechanical   conditions   which   obtained?   Which   is   to   be   taken
as   the   alkali   in   any   given   case,   the   efflorescence,   the   leachings   from
the   soil,   or   the   salts   in   the   ground   water,   etc.

I  shall   devote   the   subsequent   portion   of   this   study   to   the   con-
sideration  of   the   soil   and   ground   water.   In   this   I  shall   consider

the   crop   grown.

I  have   chosen   to   pursue   this   investigation   in   a  comparative
way,   believing   that   this   gives   the   most   satisfactory   method   of   check-

ing  both   observations   and   results.   For   this   purpose,   I  selected   two
plots   planted   to   beets   by   the   Agricultural   Department.   The   beets
were   of   different   varieties^   and   the   soils   were   both   good   and   presum-

ably  free   from   alkali.   The   investigation   was   begun   and   carried   on
upon   the   assumption   that   the   character   and   relative   quantities   of   the
soluble   salts   present   have   a  direct   and   important   bearing   upon   the
amount   and   character   of   the   mineral   matters   taken   up.

The   experiments   made   in   California   with   sugar   beets   on   alkali
soil   could   not   give   results   necessarily   applicable   to   our   case,   be-

cause  our   alkali   is   quite   different.   The   efflorescence,   or   alkali
crusts,   are   the   same,   or   essentially   so,   but   the   leachings   of   the   soil   are
quite   different;   ours   is   much   poorer   in   sodic   carbonate   and   much
richer   in   calcic   sulphate.   Our   alkali   crusts   are   correctly   so   called,
but   the   salts   held   in   solution   in   the   ground   waters,   and   the   leach-

ings  of   the   soil,   are   both   so   rich   in   calcic   sulphate   that   it   seems   a
misnomer   to   speak   of   them   as   alkali,   and   it   should   be   borne   in   mind
that   throughout   this   bulletin   no   distinction   has   been   made   between
the   incrustation   forming   on   the   soil   and   the   soluble   salts   in   the   soil,
though   there   is   a  great   difference   between   them.   The   incrustations
are   sodic   and   magnesic   sulphates,   with   small   quantities   of   calcic   sul-

phate  and   sodic   chloride,   together   amounting   to   about   six   per   cent.,
while   the   water   residue   is   largely   calcic   sulphate,   with   sodic   and
magnesic   sulphates   in   smaller   quantities.

A  brief   description   of   the   soil,   and   a  statement   of   the   general
condition   of   alkalization,   may   be   given   in   this   place.
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The   soil   varies   from   a  loam,   with   some   gravel,   and   having   a
clayey   and   somewhat   calcareous   subsoil,   to   a  fine   alluvium,   which
owes   its   origin   partly   to   the   washings   from   the   immediately   sur-

rounding  country,   and   partly   to   the   action   of   former   water   courses.
It   can   scarcely   be   said   that   there   is   a  true   hardpan   underlying   our
experimental   plot;   but   the   whole   soil,   to   a  depth   of   five   and   a  half
feet,   is   very   retentive   of   water,   and   there   is   a  stratum   of   clay   imme-

diately  above   the   gravel,   which   is   quite   as   efficient   in   preventing   a
free   passage   of   the   water   into   the   ground   flow   as   a  hardpan   would
be.   The   gravel   below   the   clay   is   filled   with   water,   and   I  believe   that
the   ground   water   from   the   higher   land   to   the   west   finds   its   way
through   this   to   the   river.

The   water'  in   the   alkalized   basin   and   in   the   gravel   stratum   are
quite   independent   of   one   another,   so   far   as   I  have   been   able   to   dis-

cover  by   sinking   holes   or   wells   through   the   soil   into   the   gravel   and
examining   the   water.   Subsequent   study   may   disprove   tliis,   but   up
to   the   present   I  have   no   reason   to   doubt   it.

Portions   of   this   plot   are   so   rich   in   soluble   salts   that   incrusta-
tions  one-half   inch   in   thickness   form   on   the   surface   of   the   soil   after

irrigation,   or   other   favorable   conditions.   Such   are   the   general   con-
ditions  of   the   soil   in   which   I  endeavored   to   grow   a  crop,   in   order   to

stud   v,   first,   theetfects   of   these   conditions   upon   the   crop,   and,   second,
the   efiects   of   the   cultivation   and   crop   upon   the   soil.

It   is   my   purpose   to   record,   in   this   bulletin,   the   results   obtained
in   regard   to   the   first   subject,   reserving   the   further   consideration   of
the   second   question   for   a  future   bulletin.

Several   considerations   led   me   to   choose   the   sugar   beet   as   the
crop   to   be   studied   in   this   experiment  :  The   whole   crop   is   usable   ;
the   weight   of   the   crop   is   fairly   large   ;  its   culture   has   been   made   fa-

miliar  to   the   public   by   numerous   bulletins,   and   is   commanding   a
large   amount   of   public   interest  ;  but   the   most   important   one   was   that
the   beet   is   more   tolerant   of   alkali   than   most   of   our   culture   crops.   I
shall   follow   the   developement   of   the   plant   and   its   sugar   content,   but
this   is   not   the   chief   object   had   in   view.

Directions   for   the   cultivation   of   the   crop   form   no   part   of   my   plan   ;
besides,   they   have   been   given   in   great   fullness   by   many   others.
The   first   question   which   suggests   itself   in   this   study,   is  :  What   is   the
effect   of   the   alkalies   on   the   germination   of   the   seed   ?

GERMINATION   EXPERIMENTS.

I  had   every   reason   to   expect   difficulty   in   getting   a  good,   or   in-
deed,  any   stand   at   all   in   parts   of   the   plot.   The   character   of   the   soil

and   the   experience   of   others   justifie(l   this   expectation.   As   the   gen-
eral  composition   of   our   alkali   had   already   been   determined,   a  series-



—  6  —

of   experiments   was   instituted   to   determine,   beforehand,   whether   a
failure   to   get   a  stand   should   be   attributed   to   the   alkali,   to   the   seed,
or   to   some   other   cause.   I  also   endeavored   to   determine   the   max-

imum  amount   of   the   constituent   compounds   of   the   alkali   which   might
be   present   and   still   permit   the   seed   to   germinate.   The   amount   of
sodic   chloride   present   in   our   alkali   is   so   inconsiderable   that   it   was
excluded   from   our   experiments,   which   were   made   with   the   other
salts   composing   the   alkali,   i.   e.,   sodic   carbonate,   which   is   present   in
small   quantities   only,   sodic   sulphate,   and   magnesic   sulphate.   There
is   a  very   large   amount   of   calcic   sulphate   in   the   soil,   but   no   germin-

ation  experiments   were   made   with   it.

My   object,   as   already   stated,   was   to   determine   the   vitality   of
the   seed,   the   effect   of   these   salts   upon   the   germination   of   the   seed
and   upon   the   young   plants.   The   salts   were   used   separately,
and   also   in   conjunction,   in   quantities   varying   from   0.01   per   cent,
to   1.0   per   cent,   of   the   air-dried   soil  ;  for   instance,   99   grams   of   clean,
washed,   and   ignited   sand,   and   1  gram   of   dr^q   neutral   sodic   carbonate,
were   taken.   The   seed   used   were   carefully   selected,   only   fresh,   plump
burs   being   taken.   The   vessels   used   as   germinating   cups   were   or-

dinary  glass   tumblers.   By   using   these   we   avoided   the   evaporation
from   the   sides   of   the   vessels,   which   would   have   taken   place   had   a
porous   retainer,   such   as   a  flower   pot,   been   used,   and   also   any   drain-

age  and   consequent   washing   out   of   the   alkali.   Evaporation   from
the   surface,   and   too   strong   a  light,   were   guarded   against   by   covering
each   glass   with   a  close-fitting   disk   of   paste   board.   After   the   salts
had   been   added   to   the   sand,   distilled   water   was   used   to   wet   the   mass,
and   subsequently   to   replace   that   lost   by   evaporation.

The   experiment   extended   over   a  period   of   37   days,   from   April
11   to   May   17,   inclusive.   The   temperature   was.  observed   at
7:00   a.   m.,   12:00   m.,and   6:00   p.   m.   The   lowest   temperature   at   7:00
a.   m.   was   on   the   day   of   planting,   46°   F.  ;  the   highest   temperature   at
this   hour   was   63°   F.  ;  the   average   of   all   the   readings,   51°.   The   av-

erage  temperature   at   noon   for   the   entire   period   was   61°   F.,   and   at
6:00   p.   m.,   70°   F.

The   experiment   was   divided   into   four   series  :  The   first   with   sodic
carbonate,   the   second   with   sodic   sul{)hate,   the   third   with   a  mixture   of
these   two   salts,   sodic   carbonate   and   sulphate,   and   the   fourth   with
magnesic   sul[)liate.   The   general   results   of   the   experiments   only   are
given,   because   a  detail   of   the   daily   record   would   show   but   little   of
interest,   and   occupy   a  great   deal   of   space.   The   chief   thing   which
would   be   gained   would   be   the   easily   demonstrated   fact   that   the   seed
germinate   more   quickly   in   the   solutions   of   the   soda   salts,   and   more
slowly   in   the   magnesium   salt,   than   when   they   are   absent,   and   that
the   corrosive   action   of   the   sodic   carbonate   made   itself   manifest   when
so   much   as   .05   per   cent,   of   it   was   present   in   the   soil.



SODIC   CARBONATE,   OR   BLACK   ALKALI,   ALONE.

SODIC   SULPHATE,   OR   WHITE   ALKALI,   ALONE.
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BLACK   AND   WHITE   ALKALI  EQUAL   PARTS.

MAGNESIC   SULPHATE   (ePSOM   SALTS).

Variety  of   Seed  Planted.

Vilmorin
Vilmorin.
Vilmorin
Vilmorin.
Vilmorin.
Vilmorin.
Vilmorin.
Vilmorin.
Vilmorin.
Vilmorin.

The   preceding   experiments   were   conducted   under   identical
conditions,   and   demonstrate   that   good   beet   seed   will   germinate   freely
in   soil   containing   as   much   as   0.7   per   cent,   of   white   alkali,   or   sodie
sulphate,   but   with   as   much   as   0.1   per   cent,   of   black   alkali,   or   sodie
carbonate,   free   germination   of   the   seed   is   doubtful,   and   the   action   of
the   black   alkali   is   scarcely,   if   at   all,   mitigated   by   the   presence   of   an
equal   quantity   of   white   alkali.   The   result   obtained   when   0.05   per
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cent,   of   black   alkali   was   present   is   less   favorable   than   was   obtained
in   the   first   series,   when   twice   this   amount,   or   0.1   per   cent.,   was   pres-

ent.  This   difference   might   have   been   partly   due   to   the   varieties
used.   It   seems   that   the   Vilmorin   is   more   sensitive   to   the   action   of
the   alkali   than   the   other   varieties,   but   the   experiments   are   not   nu-

merous  enough   to   really   establish   this   point,   and   it   must   also   be   re-
membered  that   another   lot   of   Vilmorin   seed   might   prove   much

hardier.

The   next   series   of   experiments   was   conducted   with   the   sodic
carbonate,   or   black   alkali,   alone,   at   a  somewhat   higher   temperature,
the   average   being   73.76°   F.,   and   the   young   plants   were   allowed   to
remain   in   the   soil   to   enable   us   to   see   how   long   they   would   endure
the   alkali.   The   quantity   of   alkali   added   varied   from   0.1   to   1.00,
the   quantity   increasing   regularly   by   0.1   per   cent.   The   variety   of   seed
used   was   the   Vilmorin;   a  blank   was   run   at   the   same   time.   In   six
days,   90   per   cent,   of   the   seeds   in   No.   1,   containing   0.1   per   cent,
black   alkali,   had   germinated,   none   of   the   others   containing   alkali
germinated,   though   the   experiment   was   continued   for   twenty   days.
The   seeds   in   the   glass   to   which   no   alkali   had   been   added   all   ger-

minated,  and   continued   to   grow   in   a  normal   manner   so   long   as   we
continued   to   observe   them.

The   glass   containing   0.1   percent,   of   sodic   carbonate   was   allowed
to   remain   five   days   after   germinating,   when   the   seedlings   were   no-

ticed  to   be   drooping.   They   were   carefully   removed   from   the   sand
by   washing,   and   seven   out   of   the   nine   had   the   plumule   corroded,
and   the   rootlets   of   the   other   two   were   already   blackened.   The
blank   was   allowed   to   remain   exposed   to   the   same   conditions   for   nine
days   longer,   and   at   the   end   of   this   period   were   still   healthy   and
growing.   There   can   be   no   doubt   but   that   the   alkali   had   caused
the   death   of   the   plants   in   the   other   glass,   proving   that,   while   0.1   per
cent,   of   black   alkali   in   the   soil   will   not   prevent   the   germination   of
beet   seed,   the   young   plants   cannot   endure   this   amount.   If   the
plant   had   already   been   established,   before   this   percentage   of   the   al-

kali  had   been   brought   into   the   soil,   it   might   endure   it.   I  am,   how-
ever,  inclined,   by   what   I  have   seen   of   the   deportment   of   the   beet

plant   toward   alkali,   to   doubt   whether,   even   under   such   conditions,   it
would   survive,   especially   if,   as   is   the   case   in   Colorado,   there   should
be   a  rapid   evaporation   from   the   surface   of   the   soil.

The   next   and   last   series   of   sprouting   experiments*   was   made   to
study   the   effects   of   still   smaller   quantities   of   sodic   carbonate,   as   the
maximum   amount   of   sodic   carbonate   which   can   be   present   without
any   serious   disadvantage,   evidently   lies   below   one   tenth   of   one   per
cent.

■*The  results   have  been  incorporated  in  the  table  under  the  heading  of   sodic
carbonate.
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This   last   statement   ought   to   be   modified   to   some   extent,   be-
cause  there   is   no   humus,   or   other   substance,   to   ameliorate   the   action

of   the   alkali,   in   which   respect   our   tests   do   not   resemble   the   true   soil
conditions.   The   humus   in   our   Colorado   soils   is   so   small   that   it
would,   under   all   conditions,   be   a  question   whether   its   infiuence
would   be   great   enough   to   be   observable.   The   result   of   this   experi-

ment  was   that   the   beet   seed   germinate   more   quickly   in   soils   con-
taining  less   than   0.10   per   cent,   of   sodic   carbonate,   than   in   soils   con-
taining  no   alkali,   but   that   the   young   plants   cannot   survive   in   the

presence   of   0.05   per   cent,   of   black   alkali,   or   sodic   carbonate.

THE   CULTIVATION   AND   COST.

General   instructions   for   the   proper   cultivation   of   the   sugar   beet
have   been   furnished   to   every   section   adapted   to   its   culture,   so   that
a  repetition   of   them   here   would   be   useless,   and   I  shall   confine   my
statements   on   the   subject   of   cultivation   to   a  brief   account   of   our   op-

erations,  which   I  make   that   our   conditions   may   be   more   fully   ap-
preciated.

The   ground   was   plowed   and   subsoiled   to   a  depth   of   14   inches;
it   was   then   harrowed,   planked   and   replowed,   and   still   its   condition
was   not   a  desirable   one.

The   seeds   were   drilled   in,   with   the   rows   two   feet   apart,   and   the
varieties   three   feet   apart.   The   depth   to   which   the   seeds   were   put   in
was   between   two   and   three   inches,   but   owing   to   the   uneven   condi-

tion  of   the   ground   this   varied   greatly.   The   plots   were   all   planted
on   May   18,1897.   A  rain   storm   set   in   on   this   day   and   the   weather
continued   rainy   until   June   11.   The   beets   began   to   come   up   on
June   6,   but,   notwithstanding   the   favorable   weather,   they   did   not
come   up   well.   This   was   not   to   be   explained   by   there   being   too
much   rain   on   a  poorly   drained   soil,   for   on   those   portions   which   were
under   water   for   from   three   to   five   days   there   were   many   more   plants
than   on   some   of   the   higher   portions.   The   weather   being   rainy   un-

til  June   11,   the   ground   did   not   bake   badly   before   the   first   hoeing,
which   was   begun   on   June   14   ;  but   from   this   time   on   the   soil   baked
badly   and   was   very   difficult   to   keep   in   any   sort   of   tilth.

THE   APPEARANCE   OF   INSECTS.

On   Juno   the   16th,   I  noticed   a  striped   beetle,   Systena   tseniata,   at-
tacking  the   leaves.   These   beetles   seemed   to   come   from   an   adjacent

fallow   plot,   which   was   covered   with   poverty   weed.   By   June   21,
they   had   become   quite   abundant   and   done   considerable   damage.

While   the   plants   were   quite   young   they   were   attacked   by   the
leaf   hoppers,   Agallia   uhleri,   Agallia   sanguineolenta   and   Agallia   cinerea.
Prof.   Gillette,   who   determined   these   insects   for   me,   is   of   the   opinion
that   these   hoppers   did   no   appreciable   harm,   except   while   the   plants
were   small.
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Insecticides   were   applied   on   June   24,   with   very   unsatisfactory
results,   and   during   the   next   few   days   it   looked   as   though   our   insect
enemies   would   defeat   us.

We   had   already   observed   an   occasional   individual   much   larger
than   the   striped   beetle,   Monoxia   puncticollis.   This   beetle   had   be-

come  plentiful   by   July   3,   and   was   doing   considerable   damage.   On
this   date   we   sprayed   with   paris   green,   suspended   in   water,   one
pound   to   80   gallons.   This   gave   us   the   best   satisfaction   of   all   the
insecticides   which   we   tried.

THE   EFFECT   OF   ALKALI.

The   first   observed   effect   of   alkali   was   on   June   15   and   16,
when   we   observed   some   plants,   in   spots,   at   the   east   end   of   the   plot,
drooping,   just   as   some   had   done   in   our   sprouting   experiments.   Ex-

amination  showed   that   the   roots   of   the   plants   had   been   attacked,
and   were   already   black   and   dead.   This   was   not   due   to   the   evapor-

ation  from   the   surface   and   concentration   of   the   salts   about   the   stem   at
the   surface;   such   action   was   not   observed   until   June   21,   and   was
the   worst   in   those   spots   where   the   efflorescences   were   the   most   marked.
The   effect   of   the   alkali   upon   the   roots   was   observed   in   spots   where
no   incrustation   appeared   at   any   time.   The   presence   of   enough   al-

kali  to   actually   destroy   the   young   plants   was   confined   to   certain
spots,   which   were   small,   and   gave   no   other   evidence   of   either   greater
abundance   or   variation   in   character   than   that   of   its   effect   upon   the
plants.   In   fact,   it   appeared   to   be   less   abundant   in   these   spots   where
it   was   fatal   to   the   plants,   than   in   other   spots,   near   by,   where   the
plants   did   well   in   the   midst   of   a  thick   incrustation.   Local   varia-

tions  in   the   composition,   and,   consequently,   in   the   character   of   the
alkali,   within   such   narrow   limits,   may   seem   improbable   to   some,   but
I  see   no   other   explanation   for   these   local   effects.

I  was   not   able   to   detect   any   corrosive   effect   of   the   alkali   after
the   plants   had   become   established,   and   the   ground   had   been   tilled
and   irrigated.

IRRIGATION.

The   plot   was   irrigated   twice,   June   29-July   1  and   August   18-
20.   The   total   rainfall   for   May,   June,   July,   August,   and   Sep-

tember,  was   8.89   inches.   The   total   time   spent   in   raising   the   crop,
exclusive   of   harvesting,   was   330   hours,   including   man   and   team   for
25   hours.

As   the   experiment   was   carried   out   on   a  piece   of   most   refractory
soil,   the   cost   of   raising   the   crop   would   be   no   criterion   for   the   judg-

ing  of   the   cost   of   raising   another   crop   under   favorable   conditions,
therefore   the   details   of   cost   are   not   given.   The   time   given   suffices
to   indicate   that   this   particular   crop   could   not   yield   a  profit   unless
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we   obtained   a  yield   of   upwards   of   16   tons   to   the   acre,   and   could   sell
it   at   four   dollars   a  ton.

THE   SUGAR   IN   THE   CROP.

We   began   taking   samples   for   the   determination   of   the   sugar
content,   and   also   for   other   purposes,   on   September   2,   and   took   them
weekly   from   that   date   until   the   crop   was   harvested,   October   14.

The   plot   represents   three   well-marked   soils  ;  the   extreme   west   end
representing   a  fine   loam,   the   middle   a  clay   soil,   with   some   gravel,
and   the   east   end   a  gumbo.   The   fine   earth,   or   soil   material,   ranges
between   91   and   95   percent.   It   bakes   badly,   and   the   air-dried   lumps
require   the   use   of   a  pestle   to   break   them.

The   varieties   of   beets   planted   were   the   Kleinwanzlebener,   Vil-
morin,   Lion   Brand,   Lane’s   Imperial,   and   the   Imperial  —  four   rows
each.   We   always   took   three   samples   of   each   variety,   corresponding
to   the   different   kinds   of   soil.   As   a  control,   and   for   the   sake   of   com-

parison,  one   sample   each   of   the   Kleinwanzlebener   and   Vilmorin   was
taken   from   the   plots   of   the   Farm   Department.

Our   object   was   to   observe   the   time   when   the   sugar   is   formed   in
the   beet   most   rapidly  ;  to   study,   in   other   words,   the   effect   of   the   de-

gree  of   maturity   upon   the   sugar   content,   and   to   determine,   if   possi-
ble,  what   the   effect   of   our   bad   soil   conditions   were   upon   both   the

formation   and   the   amount   of   the   sugar.

The   soil   is   rich   in   potash   and   soda,   with   an   ample   supply   of
lime   and   a  fair   amount   of   phosphoric   acid,   but   it   is   rather   poor   in
nitrogen.

The   sugar   in   this   series   of   determinations   was   determined   by
means   of   Fehling’s   solution,   and   the   percentages   represent   the   total
sugar.   I  have   made   no   distinction   between   sucrose   and   the   other
sugars.

The   numbers   in   the   table   represent   the   different   soil   conditions
in   our   plot  :  Number   one,   for   instance,   always   being   taken   along   a
line   near   the   west   end   of   the   plot  ;  number   two   along   one   across   the
middle,   and   number   three   near   the   east   end.   The   stand   in   this,   the
east   end,   was   very   bad,   and   we   could   not   adhere   so   strictly   to   a  given
line   as   at   the   other   two   points.

It   must   be   acknowledged   that   the   weekly   average   for   the   sugar
content   has   but   little   value,   still   I  have   introduced   it   that   a  general
view   of   the   rate   of   increase   may   be   more   easily   obtained.
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TABLE   SHOWING   PERCENTAGE   OF   SUGAR.

The   increase   from   September   2  to   15,   inclusive,   was   posi-
tive  in   all   cases.   But   the   samples   taken   on   September   22   show   a

falling   off,   which   is   not   wholly   regained   by   all   the   varieties   until
October   13.   The   cause   of   this   is,   I  think,   a  rainfall   amounting   to
.74   inch,   which   took   place   between   September   10   and   14  —  mostly   on
the   14th.   It   did   not   produce   a  second   growth.   The   beets   were   still
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in   such   condition   that   they   could   continue   their   development   with-
out  putting   out   new   leaves,   but   they   increased   quite   markedly   in

size,   and   the   condition   of   their   roots   indicated   plainly   that   they   had
taken   on   greater   activity   and   were   feeding   vigorously.   I  think   that
the   apparent   falling   off   of   the   sugar   content   indicated   a  relatively
greater   increase   in   the   other   constituents   than   any   decrease   in   the
sugar.   The   average   weight   of   the   beets   during   this   period   corrob-

orates  this   view.   In   cases   where   a  second   growth   has   taken   place   the
results   are   unquestionably   different,   for   then   new   leaves   are   put
forth,   and   the   supply   of   food   stored   is   begun   to   be   used   up.

By   the   beginning   of   the   second   w'eek   in   October   the   leaves   be-
gan  to   turn   yellow,   and   the   plants   showed   signs   of   ripening.   My

opinion   is,   that   it   was   rather   a  case   of   starvation   than   of   natural
maturing.   The   outside   rows,   in   the   case   of   every   one   of   the   varie-

ties,  and   especially   the   ends   of   the   rows,   were   much   slower   in   show-
ing  these   signs   than   the   inside   rows   ;  further,   the   other   plots   on   the

Farm   did   not   show   the   same   signs   of   maturity   for   more   than   two
weeks   after   this.   The   beets   were   all   pulled   on   October   14.

A  comparison   of   those   samples   numbered   three   throughout
the   table,   with   the   others,   gives   an   exaggerated   view   of   the   effect   of
very   unfavorable   conditions.   I  avoid   saying   alkalized   soil,   because
I  am   by   no   means   convinced   that   the   effect,   so   evident   in   this   case,
is   a  direct   result   of   the   action   of   the   alkali   upon   the   plant.   I  am
rather   of   the   opinion   that   the   same   soil   conditions,   in   the   absence
of   alkali,   would   be   quite   as   pronounced   in   their   effect   as   that   ob-

served  in   this   case.   There   is   no   reason   why   just   as   unfavorable   con-
ditions  should   not   exist   without   the   alkali  ;  but,   the   fact   remains

that   we   have   both   in   this   instance.

The   observable   effects   were,   a  very   poor   stand   and   small   beets,
having,   for   the   most   part,   an   exceedingly   bad   shape.   The   plants
did   not   scald   as   I  expected   that   they   would,   and   as   they   did   do   in
some   parts   of   the   plot.   Whether   this   was'due   to   a  partial   adaptation
on   the   part   of   the   plants,   or   due   to   other   causes,   I  am   unable   to   state.
The   appearance   of   the   beets   indicated   that   it   was   the   former.   The
Kleinwanzlebener   and   Vilmorin,   given   as   the   sixth   and   seventh   va-

rieties  in   the   table,   are   samples   grown   on   good   soil   by   the   Farm   De-
partment,  the   Kleinwanzlebener   on   alfalfa   sod.   They   were   taken

in   order   to   have   some   comparable   standard.   They   seem   to   have   re-
sponded  more   quickly   than   my   less   favorably   conditioned   plot   to

the   rain   of   September   14,   and   also   to   have   gained   in   their   sugar
content   rather   sooner   than   mine.

I  have   included   my   sample   number   three   in   all   of   the   weekly
averages.   This   is   perfectly   proper,   as   the   value   attached   to   these
averages,   and   the   purpose   of   their   introduction   into   the   table,   have
been   stated   ;  but,   in   trying   to   form   a  judgment   of   the   effect   of   alkali
upon   the   sugar   content   of   the   beets,   this   sample   ought   to   be   excluded,
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because   the   quantity   of   alkali   was   so   excessive,   or,   as   I  believe,   the
other   soil   conditions   were   such   that   really   no   crop   was   grown.   If   it
had   been   due   to   excessive   alkali   the   samples   numbered   one   ought
to   approach   those   numbered   three   much   more   nearly   than   they   do,
for   the   soil   at   this   point   carries   much   more   soda,   sulphuric   acid   and
magnesia,   with   almost   exactly   the   same   amount   of   potash.   In   ad-

dition  to   these   facts,   the   soil   water   in   this   portion   of   the   field   carries,
at   times,   quite   as   much   in   solution   as   that   from   the   east   section,   or
section   three,   though   the   amount   is   usually   less   by   from   10   to   80
grains   per   gallon.   The   water   from   the   former   carries   from   150   to
200   grains   per   gallon,   while   that   from   the   latter   carries   from   200
to   250.   This   subject   of   ground   water   will   be   treated   of   at   another
time.

The   amount   of   alkali   in   the   section   represented   by   samples
numbered   one,   being   only   slightly,   if   at   all,   less   than   in   number
three,   but,   the   soil   being   in   much   better   tilth,   affords   us   better   data
on   which   to   base   our   judgment.

The   section   represented   by   samples   numbered   one   is   in   good
condition   and   quite   well   drained,   though   it   is   on   the   western   edge
of   this   alkalized   basin.   Were   it   not   for   its   proximity   to   the   lower
land   it   would   be   considered   excellent,   but   an   analysis   shows   it   to
contain   more   soda   and   sulphuric   acid   than   the   rest   of   the   plot.

In   order   to   judge   of   the   effect   of   the   alkali   upon   the   sugar   con-
tent  in   the   beets,   I  think   that   we   should   take   the   Farm   samples   and

numbers   one   and   two,   taken   October   13.   The   crop   had,   at   this
date,   reached   its   maturity  —  even   the   beets   on   the   Farm   plot,   though
remaining   unharvested   for   a  long   time,   showed   only   a  moderate
gain,   not   really   large   enough   to   positively   place   it   beyond   the   dif-

ferences  in   individual   samples,   after   this   date.   In   this   case   we   ob-
serve  that   the   Kleinwanzlebener,   Vilmorin,   Lion   Brand,   and   Imper-

ial,  grown   on   my   plot,   and   the   Kleinwanzlebener   and   Vilmorin,
grown   on   the   Farm   plots,   are   quite   close,   containing,   in   the   order
given,   12.15,   12.49,   12.84,   13.61,   12.32   and   13.02   per   cent.,   while
the   samples   from   my   plot   numbered   two,   and   taken   in   the   same   or-

der,  show   14.70,   10.13,  13.61,   and   15.20   per   cent,   sugar.   There   is   no
room   for   question   as   to   the   character   of   the   soils   on   which   these
samples   grew.   That   on   which   the   Farm   samples   grew,   particularly
in   the   case   of   the   Kleinwanzlebener,   is   as   free   from   alkali   as   any   of
our   soil   and   was   in   good   condition.   The   same   is   true   in   regard   to
the   mechanical   condition,   though   to   a  less   extent,   perhaps,   of   that   on
which   my   sample   numbered   one   was   grown,   while   that   on   which
my   sample   number   two   grew   was   strongly   alkalized,   but   the   beets
were   richer   in   sugar   than   those   grown   on   land   practically   free   from
alkali.   This   is   true,   also,   of   the   samples   taken   on   other   dates,   and   of
all   the   varieties,   with   few   exceptions.
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I  conclude   that   the   effect   of   white   alkali,   to   the   extent   that   it   is
present   in   this   soil,   is,   of   itself,   not   detrimental   to   the   sugar   beet,   so
far   as   its   sugar   content   is   concerned.   This,   though   quite   contrar\^
to   my   preconceived   notions,   based   upon   previous   but   limited   obser-

vations,  is   in   harmony   with   the   conclusions   of   Hilgard   and   Lough-
ridge,   who   conclude,   from   their   investigations   made   at   Chino,   Califor-

nia,  that   beets   grown   in   soil   carrying   large   amounts   of   alkali   may   be
of   good   quality,   both   in   regard   to   their   purity   and   the   nercentage   of
sugar   contained.

The   causes   of   the   low   sugar   content   in   the   samples   numbered
three   will   be   studied   during   the   present   season.   It   is   evident   from
the   uniformily   low   percentage   of   sugar   and   the   low   co-efficient   of
purity   that   there   is   some   condition   obtaining   which   is   very   harmful
to   the   plant.   Indeed,   I  am   justified   in   making   the   statement,   that
in   this   section   of   the   plot,   the   beets   did   not   grow   at   all.

The   table   exhibits   another   interesting   point,   i.   e.,   the   time   of   the
most   rapid   increase   of   sugar   in   the   crop,   and   how   it   may   be   infiu-
enced   by   the   weather,   and   the   condition   of   the   crop   at   the   time,   for
instance,   of   a  rainfall.   From   September   2  to   October   13   there
is   an   increase   of   from   three   to   five   per   cent.,   which   is   unevenly   dis-

tributed  throughout   the   six   weeks,   and   much   less   evenly   in   my   sam-
ples  than   in   the   Farm   samples.   Up   to   October   6,   no   marked   increase

in   the   percentage   of   the   sugar   had   been   observable.   On   the   con-
trary,  there   had   been   fiuctuations   depending,   as   already   pointed   out,

upon   the   weather   and   the   condition   of   the   crop.   But,   from   October
6-13,   there   is   a  very   marked   rise   in   the   percentage   of   sugar   in   five
out   of   the   six   series,   and   a  small   increase   in   the   sixth,   which   had
shown   an   increase   of   about   two   per   cent,   during   the   preceding   week.
On   October   6,   the   Kleinwanzlebener   from   the   Farm   plot,   was   the   only
variety   yielding   marketable   beets,   unless   we   include   sample   number
two,   of   the   Imperial.   On   October   13,   however,   there   is   only   one   sam-

ple  falling   materially   below   the   standard   of   12   per   cent.   This
change,   which   we   speak   of   as   the   maturing   of   the   beet,   makes   a  dif-

ference  of   from   two   to   three   per   cent.   My   plot   was   harvested   on
October   14,   and   no   opportunity   was   had   to   observe   the   deposition   of
the   sugar   subsequent   to   that   time,   but   the   Farm   plots   were   not   har-

vested  until   some   days   later,   because   they   gave   none   of   the   accepted
signs   of   ripening.   I  took   another   sample   of   the   Kleinwanzlebener
variety   on   October   21,   and   found   12.30   per   cent.,   with   a  purity   co-

efficient of  82.

This   plot   of   beets   had,   according   to   our   samples,   been   practi-
cally  stationary   in   the   percentage   of   sugar   from   October   6  to   October

21,   but   the   crop   was   increasing,   at   what   rate   I  did   not   attempt   to   de-
termine. Owing  to  the  failure  of  this  crop  to  ripen,  i.   e.,   to  show  the

usually   accepted   signs   of   ripening,   a  portion   of   it   was   allowed   to   re-
main  in   the   ground,   and   was   subsequently   covered   with   straw   to
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protect   the   beets   against   severe   freezing.   A  sample   taken   De-
cember  19   showed   12.7   per   cent,   of   sugar,   and   co-efficient   of   purity

81.   Another   sample   taken   at   the   same   time,   and   sent   to   Grand
Island,   Nebraska,   showed,   sugar   13.7   per   cent.,   purity   86.   My   check
on   this   showed,   sugar   13.12   per   cent.,   and   purity   81.   This   is   as
close   as   can   be   expected,   when   it   is   considered   that   the   samples   were
not   parts   of   the   same   beets,   and   both   had   dried   out   to   some,   but
probably   to   different,   degrees.

On   December   30,   I  took   another   sample   and   obtained,   sugar
12.54   per   cent.,   purity   85.   The   last   of   the   beets   were   dug   January
7,  1898,   and   showed   12.92   per   cent,   sugar.   This   is   the   average   of   eight
beets   tested   individually.   We   see   that,   in   this   case,   in   which   the
variety   was   Kleinwanzlebener,   taken   from   the   same   plot,   we   have   a
difference   of   less   than   1  per   cent,   in   the   increase   of   the   sugar   from
October   6  to   January   8,   but   there   is   a  positive   increase,   and   it   is   not
to   be   accounted   for   by   the   shrinkage   in   the   crop.   It   would   not   be
just   to   take   the   result   obtained   at   the   Grand   Island   factory   as   the
maximum,   because   these   beets   had   dried   out   to   some   extent.   There
is   no   question   but   that   the   determination   is   correct,   but   the   sample
was   no   longer   representative.

I  believe   that   this   plot   of   beets   represents   the   average   sugar   beet
grown   in   this   section   of   the   state,   and,   so   far   as   my   observation   goes,
it   represents   the   beets   of   the   state.   The   average   found   by   this   Sta-

tion  from   1887-1896,   inclusive,   is   12.8   per   cent,   sugar,   which   is   es-
sentially  the   same   as   shown   by   the   crops   grown   at   the   Station   this

year,   and   analyzed   within   a  few   hours   after   being   pulled.
The   time   elapsing   between   the   pulling   of   the   beets   and   the   mak-

ing  of   the   sugar   determination,   together   with   the   care   of   the   sample,
is   of   the   utmost   importance.   Indeed,   there   is   no   difficulty   at   all   in
making   a  most   excellent   showing   for   a  very   poor   crop   of   beets.

THE   DISTRIBUTION   OF   THE   SUGAR   IN   THE   BEET.

This   question   was   raised   incidentally   during   our   study   of   the
feeding   value   of   the   trimmings   of   the   beets  —  that   is,   the   tops   of   the
beet   removed.   It   has   been   claimed,   and   experiments   made   to   show,
that   the   percentage   of   sugar   present   in   the   beet   increases   from   the
ton   downward.

X
My   time   did   not   admit   of   my   extending   the   series   of   analyses

too   greatly,   so   I  have   taken   the   larger   sections,   thirds,   by   weight.
If   there   is   any   difference   of   sufficient   magnitude   to   be   of   any   prac-

tical  importance,   we   should   find   it   between   the   first   and   third   thirds,
numbering   from   the   top   downward.

The   beets   used   were   of   the   Kleinwanzlebener   variety,   freshly
dug,   and   of   medium   size.   The   crown   was   not   removed.

The   sugar   beet,   with   us,   grows   almost   wholly   under   ground,
and   the   question   of   crowns   is   of   much   less   importance   than   in   some
other   places.
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sugar   IN   THE   RESPECTIVE   THIRDS.

The   sugar   was   determined   by   means   of   the   polariscope,   but   no
sample   was   repeated   less   than   four   times  ;  besides,   I  checked   my   read-

ings  from   time   to   time   by   means   of   test   plates.
The   specific   gravity   was   determined   by   means   of   the   West-

phal   balance.   This   series   does   not   show   any   pronounced   difference
between   the   thirds,   taken   by   weight.   There   is,   in   three   cases,   less
sugar   by   0.60   per   cent,   in   the   first   one-third   than   in   the   third   one-
third,   but   in   the   other   cases   there   is   practically   no   difference.   In
taking   the   thirds   by   weight,   the   first   one-third   includes   that   portion
usually   trimmed   off   as   objectionable,   but   neither   the   sugar   content
nor   the   co   efficient   of   purity   shows   any   marked   inferiority   of   this   por-

tion  of   the   beet.   I  will   anticipate   a  subsequent   paragraph   to   the
extent   of   stating   that   neither   the   amount   of   dry   matter   nor   the   per-

centage  of   ash   indicates   any   reason   why   the   crown   should   be   much
inferior   to   the   rest   of   the   beet.   The   averages   for   all   the   respective
thirds   show   a  difference   of   less   than   two-tenths   of   one   per   cent,   of
sugar   in   favor   of   the   lower   two-thirds   of   the   beet.   This   is   of   some
interest   to   our   farmers,   as   they   can   market   practically   the   full   weight
of   their   crop.

SUGAR   IN   THE   CROWNS.

I,   unfortunately,   did   not   make   the   determination   of   the   sugar
in   the   crowns   from   perfectly   fresh   beets,   but   used   beets   which   had
been   stored   for   a  few   weeks   in   the   root   cellar.   I,   however,   got   beets
which   had   be^n   covered   with   fine   soil,   and   which   was   still   as   moist
as   it   was   at   the   time   the   beets   were   harvested.

By   crown,   or   neck,   I  mean   that   portion   of   the   beet   between   the
base   of   the   leaves   and   the   transverse   line,   showing   in   a  vertical   sec-
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tion   of   the   beet,   and   transversing   it   from   a  point   just   below   the   out-
ermost row  of  leaves.

The   beets   selected   were,   perhaps,"   rather   above   the   average   in
size,   and   14   in   number.   The   average   weight   of   the   crowns,   as   de-

termined  from   another   similar   lot   of   22   beets,   was   136.36   grams,   or
four   and   four-  fifth   ounces.   This   was   about   13   per   cent,   of   the   beets.
The   sugar   in   the   crowns   was   15   1  per   cent.,   with   a  co   efficient   of   pur-

ity  of   82.35   ;the   sugar   in   the   beets   was   16.1,   and   the   co-efficient   of
purity,   88.   Six   beets   were   u-ed   in   the   sample   for   the   sugar   deter-

mination.  The   result,   however,   gives   us   a  full   answer   to   the   ques-
tion  as   to   the   sugar   value   of   the   crowns,   i.   e.,   that   it   is   about   one

per   cent,   less   than   that   of   the   beet.   While   the   statements   in   this
paragraph   agree   with   those   made   on   this   subject   by   others,   in   mak-

ing  both   the   percentage   and   purity   somewhat   lower   than   in   the
beets,   my   results   make   the   difference   much   less   than   that   given   by
others.   Ware,   in   ‘‘   The   Sugar   Beet,”   page   86,   quotes   Champignon
and   Pellet   as   making   the   difference   2.60   in   the   percentage   of   sugar.
The   Cornell   University   Agricultural   Experiment   Station   Bulletin
143,   makes   the   difference   vary   from   1.55   to   2.90   per   cent,   of   sugar,
and   from   6  to   14   degrees   in   the   purity.   The   crown,   in   this   case,   is
really   a  structural   portion   of   the   beet,   and   not   an   indefinite   part   of   the
root,   which   has   been   exposed   to   the   action   of   the   light   and   air   with-

out  protection,   except   that   furnished   by   the   foliage.   The   leaves   being
very   heavy,   furnish   more   protection   to   the   beet   grown   here   than   is
usual   in   other   sections,   but,   aside   from   this,   the   sugar   beet   with   us
grows   entirely   under   ground.

THE   EFFECT   OF   FREEZING   UPON   THE   SUGAR   CONTENT.

1  regret   that   my   observations   on   this   interesting   point   are   not
more   extended.   The   samples   in   which   the   sugar   was.   determined
were   frozen   in   the   ground,   but   under   a  covering   of   straw   or   earth.

Sample   No.   1  —  Upper   third   frozen   ;  sugar   in   juice,   13.5   per   cent.  ;
sugar   in   beet,   12.82   per   cent.   ;*   purity,   78.   The   second   third   was   not
frozen   ;  sugar   in   juice,   12.6   per   cent.  ;  sugar   in   beet,   11.98   per   cent.  ;
purity,   91.   The   bottom   third   not   frozen;   juice,   12.6;   beet,   11.97
per   cent,   sugar;   purity,   81.

Sample   No.   2  —  Upper   third   frozen;   sugar   in   the   juice,   11.50
per   cent.;   sugar   in   the   beet,   10.93   percent.;   purity,   73.   Middle
third   frozen   ;  juice,   11.7   percent.  ;  beet,   11.11   percent,   sugar;   purity,
70.   Bottom   third   not   frozen  ;  juice   15.1   per   cent.;   beet,   14.34   per
cent,   sugar;   purity,   88.

Sample   No.   3  —  Frozen   solid   ;  juice,   15.00   per   cent.  ;  beet,   14.25
per   cent,   sugar  ;  purity,   84.

*  This   solution   being   unsatisfactory,   the   sugar   was   redetermined   by   means   of
Fehling’s   solution,   and  showed  13.11  per   cent,   sugar   in   the  beet.
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Samples   No.   1  and   No.   2  were   individual   beets.   No.   1  weighed
4J   pounds,   No.   2  weighed   2  pounds.   The   sample   of   this   plot,   taken
October   13,   contained   12.32   per   cent,   sugar,   and   samples   taken   later
ran   as   high   as   12.9.   The   average   of   these   beets   is   12.2   per   cent.,
from   which,   it   appears,   that   the   sugar   has   suffered   no   diminution,
while   its   redistribution   in   the   beets   is   very   marked.

Sample   No.   3  was   harvested   October   29,   and   a  part   of   the   sam-
ple  was   placed   in   a  shallow   silo   immediately,   in   order   to   avoid   any

loss   of   water   due   to   direct   exposure   to   wind   and   sun   ;  the   rest   of   the
sample   was   taken   to   the   laboratory   and   the   sugar   determined.   The
silo   was   opened   December   1  9,   and   the   beets   found   to   be   frozen   hard.
The   sample   analyzed,   October   29,   showed   14.03   per   cent,   of   sugar,
with   a  co-efficient   of   purity   of   82,   while   the   frozen   sample   of   De-

cember  19,   showed   14.25   percent,   of   sugar,   and   a  co-efficient   of   pur-
ity of  84.

Simple   freezing   does   not   cause   any   change   in   the   sugar.   This
is   an   important   consideration,   or   would   become   so,   if   our   farmers
were   raising   beets   for   a  factory.   If   thawing   could   be   prevented,   the
crop   is   not   necessarily   lost,   if   once   frozen.

THE   DRYING   OUT   OF   BEETS.

I  have   already   made   incidental   reference   to   this   subject.   It   is
of   interest   to   both   the   producer   and   the   manufacturer.   I  stated   in
a  former   paragraph   that   it   is   an   easy   matter   to   make   a  really   poor
crop   appear   to   be   a  good   one.   It   has,   for   years,   been   a  cause   of
complaint   that   parties   could   always   obtain   better   results   from   their
samples   by   sending   them   to   the   Agricultural   Department   at   Wash-

ington,  than   by   sending   them   to   their   home   Station.   The   Station
undoubtedly   gave   them   too   high   results   in   the   great   majority   of
cases,   and   the   Department,   at   Washington,   has   been   giving   them
still   higher,   and   yet,   both   of   them   have   been   giving   them   correct
results   for   the   samples   as   analyzed   ;  the   samples,   however,   have   not
been   representative   of   the   crop   as   it   stood   in   the   field.

The   Department,   at   Washington,   has   repeatedly   called   attention
to   this   fact.   Dr.   Walter   Maxwell,   in   his   report   to   Dr.   Wiley,   records
several   series   of   experiments   made   with   the   object   of   determining
the   amount   of   this   loss,   which   he   gives,   as   varying   from   16   to   26   per
cent,   for   beets   tied   up   in   a  sack,   and   kept   from   the   wind   and   sun
for   a  period   of   seven   days,   and   from   23   to   35   per   cent,   for   beets   un-

der  normal   exposure   to   air   and   sun   for   the   same   length   of   time.
Dr.   Maxwell   makes   the   average   loss,   in   the   case   of   beets   protected
from   the   action   of   wind   and   sun,   20   per   cent,   in   seven   days.

It   may   be   well   to   put   this   statement   in   a  more   concrete   form,
as   we   receive   samples   which   have   been   pulled,   or   harvested,   longer
than   this,   and   kept   without   any   protection   whatever.   Assume   that
our   sample,   as   received,   weighs   40   ounces,   and   the   juice   shows   a
reading   of   15   per   cent.,   we   report   the   sugar   in   the   beet   as   14.25   per
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cent.,   showing   the   presence   of   5.7   ounces   of   sugar.   The   amount   of
sugar   given   is   correct,   but   the   percentage   of   sugar   in   the   beets   is
entirely   too   high,   for   the   percentage   is   calculated   on   40   ounces   of
beets,   whereas,   it   should   have   been   calculated   on   50   ounces,   and   the
percentage   of   sugar   in   the   beets,   as   harvested,   was   only   11.4   per
cent.

Dr.   Wiley,   in   his   report   on   the   experiments   with   sugar   beets   in
1892,   says  :

“Again,   the   loss   of   moisture   during   transportation,   or   fail-
ure  of   the   farmers   to   send   their   beets   in   as   soon   as   harvested,   may

tend   to   reduce   the   amount   of   water   present   in   the   beet,   and   to   raise
correspondingly   the   quantity   of   sugar   therein.”   In   speaking   of   beets
received   from   California,   he   says:   “  In   this   connection,   however,   it
must   be   remarked   that   the   beets   were   long   in   transit   and   must   have
lost   a  considerable   quantity   of   water.   They   were   somewhat   wilted
and   shriveled   in   appearance   when   received.   Such   beets,   of   course,
would   indicate   a  higher   percentage   of   sugar   than   they   would   really
contain   in   a  fresh   state,   and   the   same   remark   may   be   applied   to   the
beets   shipped   any   distance   by   mail,   or   to   beets   which   have   been   ex-

posed  any   considerable   time   to   the   air   after   harvesting,   before   the   de-
termination of  the  sugar.”  In  speaking  of  the  Colorado  samples,  he  re-

peats  the   same,   saying  :  “  In   regard   to   the   content   of   sugar   shown
by   these   samples,   the   remark   made   with   reference   to   California   must
be   made   here,   viz.,   that   the   amount   of   sugar   indicated   on   analysis   is
higher   than   that   actually   present   at   the   time   of   harvesting,   on   ac-

count  of   the   loss   of   water,   during   transportation.”
These   quotations   are   sufficient   to   show   that   the   Department   of

Chemistry,   at   Washington,   is   fully   aware   of   the   error   in   the   analysis
of   beets   sent   from   this   and   other   Western   states,   and   no   blame
can,   in   any   way,   attach   itself   to   them,   because   the   figures   given   for
the   sugar   in   our   beets   is   too   high,   by   several   per   cent.  —  2.8   per   cent,
in   the   assumed   case,   which   is   far   inside   the   facts.

This   subject   has   a  much   wider   bearing   than   the   mere   fact   that
determinations   made,   upon   presumably   identical   samples,   here   and   in
Washington,   do   not   agree.   The   Department   of   Chemistry   has   re-

peatedly  warned   the   readers   of   its   reports,   that   the   figures   are   too
high,   and   have   given   data   by   the   aid   of   which   an   apj)roximate   cor-

rection  can   be   made.   I  was   not   aware   of   Dr.   Maxwell’s   experiments
when   I  made   mine,   but   I  am   gratified   to   find   that   the   general   re-

sults  agree   with   his,   though   they   differ   in   degree,   owing,   probably,   to
differences   in   the   condition   of   the   beets   at   the   time   of   harvesting,
the   temperature,   moisture   of   the   atmosphere,   etc.

My   first   ex|:)eriments   were   made   by   taking   two   series   of   samples,
wrapping   the   beets   separately   in   paper,   and   placing   them   upon   the
cellar   floor,   which   is   the   eartli   of   the   cellar,   without   covering.   The
light   was   very   moderate.   The   samples   were   weighed,   from   time   to
time,   during   17   days.   A  third   sample   was   subsequently   taken,   but
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the   conditions   were   different  ;  the   beets   were   maturer   and   had   lain
several   weeks   in   the   root   cellar   before   taken   for   this   experiment,
which   was   made   in   the   laboratory.   After   the   first   two   days   the
beets   were   wrapped   up   carefully,   and   covered   with   four   thicknesses
of   gunny   sacking,   to   protect   them   more   fully   from   the   light.   The
maximum   temperature   in   the   laboratory,   during   the   experiment,
was   69°   F.,   and   the   average   about   60°   F.

LOSS   OF   WEIGHT   DUE   TO   DRYING.

Experiment   No.   1.

Experiment   No.   2.

Experiment   No.   3.
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The   experiments   agree   in   showing   a  loss   of   rather   more   than
38   per   cent,   in   17   days,   and   also   quite   a  uniformity   in   the   rate   of
loss,   with   the   greatest   irregularity   during   the   first   days   of   the   exper-

iments.  The   maximum   of   loss,   for   any   single   24   hours,   is   5.4   per
cent,   of   the   weight   of   the   beets   at   the   beginning   of   the   24   hours.
It   fell   from   this   to   about   2  per   cent,   for   each   24   hours,   where   it   re-

mained.  Dr.   Maxwell   made   the   loss   equal   to   20   percent,   of   the   orig-
inal  weight   in   seven   days.   I  make   it   rather   more,   due,   probably,

to   differences   of   conditions,   but   there   is   a  substantial   agreement   be-
tween our  experiments.

The   farmer   will   appreciate   these   figures   more   fully,   perhaps,
when   they   are   converted   into   other   terms.   They   mean   this   to   him,
i.   e.,   if   he   has   a  crop   of   beets   of   20   tons   to   the   acre,   and   delays
marketing   them   for   24   hours,   he   has   lost   one   ton,   or   one   twentieth   of
his   crop,   and   if   he   delays   a  week   he   will   lose   one   fifth   of   his   crop,
by   weight.   The   percentage   of   sugar   will   be   higher,   but   the   tonnage
less,   by   the   amount   of   evaporation,   whatever   that   may   be.

It   is   evident   that   such   large   losses   totally   destroy   the   value   of
samples   sent   to   the   Station   for   analysis,   unless   great   care   is   exercised
by   the   sender,   that   the   beets   reach   us   in   as   fresh   a  state   as   possible,
and   if   they   are   not   quite   fresh,   the   analysis   has   no   value   to   either
the   sender   or   to   anyone   else.   In   illustration   of   this,   I  give   the   sugar
content   of   the   samples   used   in   the   experiments   just   detailed.   A
sufficient   number   of   beets   were   taken   from   each   lot,   at   the   beginning
of   the   experiments,   to   give   us   representative   samples,   and   the   sugar
was   determined   in   them   while   the   samples   were   perfectly   fresh.
The   sample   used   in   experiment   No.   1  contained   9.8   per   cent.,
that   used   in   experiment   No.   2  contained   9.3   per   cent.,   and   that   used
in   experiment   No.   3  contained   14.4   per   cent,   of   sugar.   At   the   end
of   the   experiments,   the   9.8   per   cent,   of   No.   1  had   become   15.5   per
cent.,   the   9.3   per   cent,   of   No.   2  had   become   12.   6  per   cent.,   and   the
14.4   per   cent,   of   No.   3  had   become   21.6   per   cent.

The   difference   in   percentage,   shown   in   samples   analyzed   im-
mediately  after   being   pulled,   and   after   exposure   in   the   field   for   24

hours,   was   almost   exactly   1  per   cent.   This   difference   would   make
the   average   percentage   in   the   beets   from   our   plots   13.3   per   cent,   and
13.7   per   cent.,   instead   of   12.3   per   cent,   and   12.7   per   cent.,   respect-
ively.

THE   LOSS   OF   SUGAR   ON   LONG   DRYING.

This   question   is   not   of   so   great   and   immediate   interest   to   the
raiser,   unless   the   factory   should   refuse   to   buy   and   hold   the   beets,
but   require   the   raiser   to   either   hold   them   until   the   factory   could
work   them   up,   or,   in   some   way,   make   the   raiser   share   the   loss   dur-

ing storage.
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The   loss   of   sugar   in   the   tiiird   experiment   was   quite   significant,
amounling   to   1  ton   in   14   tons   of   sugar,   and   this   was   with   mature
beets,   kept   15   days;   but   the   largest   loss   was   observed   in   the   second
experiment,   continued   for   17   days,   in   which   the   loss   of   sugar
amounted   to   1  ton   in   every   6  tons.   The   loss   of   sugar   in   the
beets   used   for   the   first   experiment   was   quite   small,   amounting   to
only   1  ton   in   40   tons.   This   question   is,   in   all   cases,   of   suffi-

cient  importance   to   deserve   the   attention   of   the   factory   people.   It   is
not   likely   that   such   high   losses,   as   occurred   in   experiment   No.   2,
would   often   be   met   with,   because   these   beets   were   not   mature,   but
those   used   in   experiment   No.   3,   were   such   beets   as   would   be   readily
marketable.   This   loss   of   sugar   was   not   due   to   heating   or   ferment-

ing,  as   the   term   would   usually   be   understood   by   the   farmer  ;  there
were   no   visible   marks   by   which   one   would   judge   that   any   fermen-

tation process  had  been  going  on.

I  will   state   in   detail   the   second   and   third   experiments,   lest   some
one   should   be   confused   by   the   two   statements   that   there   is   a  gain   in
the   percentage   of   sugar   caused   by   the   drying   out,   and   that   there   is
also   a  loss   of   sugar.   The   original   weight   of   the   sample   was   1536
grams,   and   the   percentage   of   sugar   9.3   per   cent.,   which   gives   us
143.0   grams   of   sugar;   the   weight   of   the   dried-out   beets   was   945
grams,   and   the   percentage   of   sugar   was   12.6   per   cent.,   which   gives
us   119.0   grams   of   sugar.   We   had,   however,   143   grams   of   sugar   to
start   with,   and   only   119.0   grams   at   the   end,   or   a  loss   of   24   grams,
a  trifle   over   one   sixth   of   the   sugar   present.

In   the   third   experiment,   the   original   weight   of   the   sample   was
5517   grams,   and   the   percentage   of   sugar   was   14.44.   per   cent.,   show-

ing  the   presence   of   796.59   grams   of   sugar;   at   the   end   of   the   experi-
ment  there   remained   3423   grams   of   beets,   having   21.57   per   cent,   of

sugar,   i.   e.,   there   was   only   739.3   grams   of   sugar,   or   57.2   grams   less
than   we   had   at   the   beginning  ;  one   fourteenth   of   that   present   in   the
fresh   beets   had   disappeared.

These   examples   will   suffice   to   illustrate   the   importance   of   this
question,   and,   also,   that   there   is   a  loss   of   sugar,   while   there   is   an   in-

crease in  the  percentage  of   the  sugar  in  the  beet.

THE   YIELD   OBTAINED.

The   varieties   of   beets   planted   were   five   in   number:   Kleinwanz-
lebener,   Vilmorin,   Lion   Brand,   Lane’s   Imperial,   and   Imperial.   The
stand   in   parts   of   the   plot   was   thick,   and   in,   probably   as   much   as
two   thirds   of   it,   the   stand   was   good,   but   in   the   other   third   it   was   ex-

ceedingly  poor.   The   poor   stand,   in   this   part   of   the   plot,   was   not
wholly   due   to   failure   of   the   seed   to   come   up,   but   partly   to   drowning
out   of   the   young   plants,   and   partly   to   the   action   of   the   alkali.   The
plants   were   thinned   to   nine   inches   apart.   It   was   necessary   to   let
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them   stand   much   longer   before   thinning   than   I  desired,   owing   to   the
attack   of   insects,   and   to   the   dry   weather.   The   beets,   in   the   mean-

while,  had   grown   so   large   that   it   was   found   impossible   to   pull   the
plants   without   serious   injury   to   the   ones   we   wished   to   leave,   so   we
thinned   them   by   cutting   them   out   to   the   desired   distance   apart.
The   beets   were   harvested   on   October   14,   and   gave   the   following
yields  :

YIELD   PER   ACRE.

Tons  Beets
Variety.   per   Acre.

Kleiawanziebener  7.9
Vilmorin   8.6
Lioq   lirand  8.1
Lane’s   Imperial  15.9
Imperial  11.8

Tons  Tops
per  Acre ,

6.2
7.9
7.0
7'.1

10.6

I  learn   from   Prof.   Cooke,   in   charge   of   the   Department   of   Agri-
culture,  that   the   yield   of   the   College   plots   varied   from   eight   to

twelve   tons   per   acre.   It   is   clear   that   the   yield   from   my   plot   does
not   vary   enough   from   that   of   the   other   plots   to   justify   the   inference
that   the   alkali   had   any   influence   upon   the   yield.   The   gross   results,
however,   are   not   altogether   conclusive,   for   the   stand   on   the   Farm
plots   was   seriously   affected   by   a  spell   of   bad   weather   at   planting
time.   My   plot   was   sown   at   about   the   same   time,   and   the   stand   was,
on   an   average,   poor   enough,   but   other   factors   entered   so   largely   into
the   question,   that   it   is   doubtful   whether   I  would   have   had   any
better   stand   if   the   weather   had   been   more   favorable.   The   beets
from   the   Farm   plots   were,   as   a  rule,   much   finer   beets,   in   shape   and
general   appearance,   than   mine.   I  think   that   the   coincidence,   in   the
yields   of   the   different   plots,   is   accidental.   The   fact   that   they   were
grown   under   the   same   conditions,   as   to   the   weather,   does   not   make
them   fully   comparable.

RATIO   OF   BEETS   TO   TOPS.

Ware,   in   “  The   Sugar   Beet,”   p.   93,   says  :  “As   a  general   thing,
it   is   admitted   that   the   weight   of   the   leaves,   in   a  given   crop,   is   about
equal   to   one   half   that   of   the   roots,   and   one   fourth   to   one   third   for
beets   containing   8  to   9  per   cent,   of   sugar.”   Wiley,   quoting
from   McMurtrie’s   Report,   says   :  “  Coren  winder   and   Contamine   And
that   there   is   a  relation   between   the   size   of   the   leaves   and   the   rich-

ness  of   the   roots  ;  that   roots   wliich   bear   leaves   of   broad   surface,   are
generally   more   rich   in   sugar   than   those   having   small   leaves   upon   a
contracted   top,   and   these   facts   are   confirmed   by   an   analysis   of   sub-

jects  taken   from   the   same   field.”   At   the   same   time,   Deherain   con-
cludes,  from   his   researches,   that   the   weight   of   leaves   of   small   beets

is   relatively   greater   than   is   produced   by   larger   ones.



—  26   —

The   tables,   quoted   both   by   Ware   and   McMurtrie,   are   given   pri-
marily  to   show   that   beets   with   heavy   tops   are   richer   in   sugar   than

beets   with   lighter   tops,   and   give   us   the   ratio   of   the   tops   to   the   beets.
It   is   for   this   purpose   that   I  introduce   them   here  :

Other   tables   given,   show   that   the   weight   of   the   leaves   varies
from   25   to   63   per   cent,   of   the   weight   of   the   beets,   and   stress   is   laid
upon   the   fact,   that   the   sugar   content   increases   as   the   ratio   of   the
weight   of   the   leaves   to   that   of   the   roots   increases.

The   only   other   statement   that   I  have   been   able   to   find,   touch-
ing  the   relative   weights   of   the   tops   and   the   roots,   is   given   in   Cornell

University   Station   Bulletin   143,   where   it   is   shown   to   be,   in   one
experiment,   about   1:   5,   or,   more   exactly,   20.29   per   cent.,   and   in   an-

other,  1:   3,   or   35   per   cent.   These   statements   are   not   at   all   applica-
ble  to   the   beets   grown   in   Colorado.   The   figures   given   on   a  previ-
ous  page,   under   the   caption   of   “  The   Yield   Obtained,”   show   that   but

one   out   of   the   five   varieties   yield   2  tons   of   beets   to   1  ton   of   tops  ;  in
other   words,   that   only   one   variety   approached   the   rule,   that   the
weight   of   the   tops   equals   about   one   half   the   weight   of   the   roots.

The   figures   given   on   the   preceding   page   is   for   beets   and   tops
trimmed   as   they   would   be   for   siloing,   and   not   for   factory   use  ;  if
they   had   been,   the   Lane’s   Imperial   would   have   given   a  much
smaller   weight   of   the   beets,   owing   to   their   green   necks,   caused   by
their   growing   well   out   of   the   ground.

It   is   a  patent   fact,   that   the   ratio   of   the   weight   of   the   leaves   to
that   of   the   roots   is   less,   at   the   time   of   maturity,   than   before   this
period,   and   that   a  study   of   this   relation,   prior   to   a  reasonable   de-

velopment  of   the   roots,   would   have   no   general   interest.   I  began
the   study   of   this,   and   all   the   subsequent   subjects,   at   the   same   time
that   I  began   to   determine   the   sugar   content   of   the   crop,   i.   e.,   Sep-

tember  2.   The   beets   had   already   attained   a  fair   size,   the   average
weight   of   93   beets,   pulled   on   this   date,   being   a  trifle   over   15   ounces,
and   the   largest   beets   were   always   avoided.   The   sugar   in   the   sam-

ples  taken,   on   the   respective   dates,   is   given   in   the   table   under   the
caption,   “  The   Sugar   in   the   Crop.”



RATIO   OF   LEAVES   TO   ROOTS.

The   samples   taken   October   13   represent   the   mature   crop   for
my   plot,   and,   also,   for   the   Farm   plots,   given   in   the   table   as   Klein-
wanzlebener   No.   2,   and   Vilmorin   No.   2.   Omitting   the   Lane’s   Im-

perial,  because   of   its   exceptional   ratio,   and   the   fact   that   it   grows   out
of   the   ground   to   a  very   considerable   extent,   whereas   the   others   do
not,   we   have   the   following   figures,   representing   our   sugar   beets   for
the   season   of   1897   :  136   beets   grew   84784.4   grams   of   tops,   equal
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to   624.2   grams,   22   ounces,   of   leaves   per   beet.   The   roots   weighed
94556.0   grams,   an   average   of   695.2   grams,   equal   to   24.5   ounces.
The   ratio   of   the   weight   of   the   tops   to   the   weight   of   tlie   beets   is   as
1:1.12.

The   ratio   of   the   weight   of   the   tops   to   that   of   the   beets,   for   the
same   varieties,   deduced   from   the   weights   taken   in   the   held,   was
1:1.14.   The   ratios   for   the   hve   varieties   deduced   from   the   yield   as
given   under   that   head,   are   as   follows   :

Kleinwanzlebeoer.  .  .1:  1.274   ;  weight   of   tops   =  78.5   per   cent,   of   weight   of   beets
Vilmorin  1:   1.087   ;  weight   of   tops   =  92.0   per   cent,   of   weight   of   beets
Lion   Brand  1:   1  .157   ;  weight   of   tops   =86.4   per   cent,   of   weight   of   beets
Lane’s   Imperial  1:   2.239   ;  weight   of   tops   =  44.6   per   cent,   of   weight   of   beets
Imperial  1:  1.113   ;  weight   of   tops   =  89.8   per   cent,   of   weight   of   beets

'The   tops   and   beets   were   both   weighed   while   entirely   fresh.
The   beets   were   taken   and   handled   in   such   manner   that   we   lost   none
of   the   leaves.   In   the   other   samples   the   leaves   were   taken   at   the
base   of   the   leaf,   but   none   of   the   crown   was   taken.   This   was   weighed
with   the   beet.   The   change   in   the   ratio   of   the   leaves   to   the   beets,   by
weight,   is   due   to   both   the   increase   in   the   weight   of   the   beet   and   to
the   decrease   in   the   weight   of   the   tops  ;  the   average   weight   of   the
leaves   for   one   beet,   on   September   22,   was   742  ;  on   October   13,   623.4
grams.

Persons   familiar   with   the   growth   of   the   sugar   beet   elsewhere,
remark,   upon   seeing   ours,   that   they   grow   very   vigorous   tops.   The
weights   corroborate   the   judgment.   If   the   relative   weights   of   the
tops   and   beets   weie   an   applicable   measure   of   the   'quality   of   our
beets,   they   should   be   very   good,   indeed,   and   I  believe   them   to   be
such  ;  for   I  think   that   careful   investigation   will   establish   the   fact,
that   it   is   a  very   good   beet,   which,   in   a  perfectly   fresh   condi-

tion,  will   show   a  sugar   content   of   12.5   per   cent.   We   have   had
individual   beets,   analyzed   immediately   upon   being   removed   from
the   ground,   to   run   as   high   as   15.5   per   cent,   sugar,   but   they   do
not   all   run   that   high,   and   an   individual   beet   of   high   excellence
does   not   make   the   crop   excellent.

The   ratio   between   the   weight   of   the   leaves   and   that   of   the   roots
of   the   sugar   beet,   as   grown   here,   is   so   entirely   ditferent   from   that
given   for   other   localities,   that   we   evidently   cannot   safely   accept   their
data,   as   applying   to   our   conditions.   The   same   is   true   in   regard   to
the   size   of   the   beets.   I  doubt   whether   a  crop   of   sugar   beets   can   be
grown   on   ground,   really   suitable   for   their   cultivation,   with   an   aver-

age  weight,   per   beet,   of   less   than   two   pounds.   But   it   does   not   fol-
low  that   they   will   be   low   in   percentage   of   sugar,   or   in   purity.   I

have   received,   from   time   to   time,   several   samples   of   large   beets   car-
rying  a  fair   percentage   of   sugar,   and   of   a  satisfactory   purity,   one   beet

weighing   about   5  pounds,   which   I  analyzed   si  mpl}^   because   it   was   so
large,   carried   14.0   per   cent,   sugar,   with   a  co-efficient   of   88,   and   I  re-
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ceived   three   samples   from   another   party,   who   excused   himself   for
sending   such   large   beets,   but   said   that   they   were   as   near   an   aver-

age  as   he   could   get.   The   largest   beet   had   been   cut   off   at   both   fbp
and   bottom,   so   that   there   remained   only   the   middle   portion   of   the
beet  —  this   weighed   4.6   pounds.   It   was   in   excellent   condition,   the
sugar   present   was   14.9   per   cent.,   purity   81.2.   The   smallest   beet
weighed   3  pounds,   and   showed   12.1   per   cent,   sugar,   purity   81.8.

These   may   give   an   idea   of   the   exceptions   to   the   general   rules,
as   laid   down   for   the   sugar   beet,   with   which   we   frequently   meet.   I
do   not   know   how   the   weight   of   the   tops   of   these   large   beets   com-

pares  with   that   of   the   roots,   but   evidently   it   must   be   less   than   in
smaller   beets.   I  have   noticed   in   all   of   these   cases   that   the   crown
is   broad   and   full.   ,o   ii;«

The   observations   were   extended   over   a  sufficient   time,   and
enough   of   them   made   to   give   us   conclusive   data   as   to'the   relative
weights   of   the   tops   and   the   roots,   and   also   as   to   the   rate   of   the   in-

crease  of   both,   during   the   last   six   weeks   of   the   season.   On   Septem-
ber  2,   we   find   the   average   weight   of   the   tops,   for   the   four   varieties   of

beets,   i.   e.,   Kleinwanzlebener,   Vilmorin,   Lion   Brand,   and   Imperial,
to   be   614.8   grams,   or   21.5   ounces.   We   find   the   average   for   the   tops
of   the   same   varieties,   on   October   13,   624.8   grams,   or   22.0   ounces;   in
other   words,   the   gain,   if   any,   in   the   weight   of   the   tops   was   very
small,   only   one   half   ounce   per   beet  ;  on   the   other   hand,   the   average
weight   of   the   beet   increased   from   421.8   grams,   or   14.9   ounces,   to   695.2
grams,   or   24.5   ounces  —  an   increase   of   9.6   ounces   per   beet,   or   0.64
of   its   weight,   on   September   the   2nd.

There   is   no   material   difference   in   the   ratios   for   beets   from   the
strongly   alkalized   ground,   and   from   that   practically   free   from   it.   The
slight   difference   which   exists   shows   the   tops   to   be   relatively   heavier
on   the   alkalized   ground.

The   maximum   sugar   content   in   the   beets   was   reached   as   soon
in   the   one   case   as   in   the   other,   and   there   was   but   a  slight   difference
between   the   maxima.   The   weights   of   the   beets   and   the   percentage
of   sugar   present   at   the   various   dates   give   us   the   rate   of   the
deposition   of   the   sugar.   Both   the   increase   in   the   crop   and   in   the
percentage   of   sugar,   must   be   taken   into   consideration.   In   the   case
of   our   beets,   it   will   be   seen   that,   about   one   third   of   the   sugar,   in
pounds   per   acre,   was   deposited   between   October   the   6th   and   the   13th.*
The   same   fact   is   observable   in   regard   to   the   Farm   plots,   except   that
in   the   case   of   the’Kleinwanzlebener   variety,   the   increase   in   percentage,
corresponding   to   the   maturing   of   the   plant,   took   place   one   week

*The  average  weight   of   the   beets   on  October   6  was  20.2ounces,   and  the  per-
centage of  sugar  was  10.15  per  cent.
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earlier.   I  was   unable   to   discover   any   assignable   reason   for   this.   I
thought,   perhaps,   the   absence   of   alkali   might   be   the   cause,   but   a
study   of   the   ash   of   these   beets   made   me   abandon   this   idea,   and   I
have   no   explanation   beyond   the   record   that   it   is   a  fact.

THE   DRY   MATTER   IN   THE   BEETS.

The   dry   matter   was   determined   in   three   sets   of   samples,
taken   at   intervals   of   two   weeks,   beginning   on   the   2nd   of   September,
and   other   determinations   were   made   with   samples   taken   as   late   as
December   10.   The   number   of   beets   has   been   taken   as   large   as
practicable,   in   order   to   obtain   results   from   which   the   variation   in
the   individual   beets   has   been,   for   the   most   part,   eliminated.   This
is   quite   necessary,   as   this   variation   amounts   to   as   much   as   8  per
cent,   in   beets   pulled   on   the   same   date   and   treated   similarly.   It
is,   of   course,   understood   that   the   weight   of   the   air-dry   matter,   in
any   organic   substance,   cannot   be   made   with   the   same   satisfactory
sharpness   that   ihe   moisture   in   an   iron   ore   can   be   made.   The   state-

ment  that   individual   beets,   of   the   same   variety,   and   harvested   on
the   same   date,   may   vary   as   much   as   8  per   cent.,   is   based   upon   care-

fully  made   determinations,   and   probably   gives   the   range   of   the   dry
matter   in   sugar   beets,   i.   e.,   from   17-25   per   cent.   The   dry   matter   in
the   fodder   beets   is   much   lower,   and   the   statement   just   made   is   not
applicable   to   them.

The   table   on   page   31   exhibits   the   development   of   the   dry   mat-
ter  in   the   crops   grown   on   alkalized,   and,   also,   on   other   ground.   I

have   appended   some   determinations,   made   at   later   dates,   and,   also,
of   other   varieties   of   beets,   all   grown   on   the   College   Farm.

The   column   of   percentages   shows,   very   clearly,   the   difference
between   the   sugar   beets   and   the   larger   growing   stock   beets.   The
latter   containing   about   14   per   cent,   dry   matter,   and   the   former   18
per   cent.

In   regard   to   the   Lane’s   Imperial,   it   may   be   proper   to   state,   that
I  know   nothing   about   the   history   of   the   seed.   While   it   may   be   a
true   Lane’s   Imperial,   it   is   certainly   not   a  good   strain,   and   was   evi-

dently  mixed.   I  do   not   mean   that   it   was   mixed   by   seed   of   other
varieties   being   mingled   with   it,   but   had   been   grown   from   hybridized
beets.   This   strain   attained   a  maximum   percentage   of   10.14   per
cent,   of   sugar   early   in   the   season,   and   did   not   increase   materially   in
the   percentage   of   sugar   after   September   the   22nd.

The   amount   of   dry   matter   in   sugar   beets   grown   on   alkali
soil   is   a  little   lower   than   in   the   other   samples,   the   Kleinwanzle-
bener   and   Vilmorin   marked   No.   2.   This   seems   to   have   been   the
case   throughout   the   season.   The   difference,   however,   is   not   always
in   favor   of   the   higher   ground,   and   is   not   so   decided   as   one   could
wish   it   to   be   in   order   to   base   a  conclusion   upon   it.   On   October   13,
for   instance,   the   total   dry   matter   in   m\"   samples   ranged   from   16.69-
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18.01   per   cent.,   while   the   two   varieties   grown   on   ground   free   from
alkali,   showed   17.5-18.8   per   cent.,   the   latter   was   the   Kleinwanzle-
bener,   from   the   Farm   plot.   But   I  am   in   doubt   whether   this   higher
figure   is   not   an   accident,   as   I  obtained   for   beets   from   the   same   plot,
December   10,   only   17.48   per   cent.;   this,   however,   is   a  little   higher
than   the   same   variety   from   my   plot   showed.

AIR-DRY   SUBSTANCE   IN   SUGAR   BEETS.

t The  variety  unknown.  The  seed  was  purchased  as  Lane’s  Imperial.
* This  sample  was  taken  from  the  root  cellar,  where  it  had  lain  about  five  weeks.

I  have   showed   that   about   17   per   cent,   of   the   crop   is   formed
during   the   last   two   weeks   of   the   growing   season,   also   that   about   33
per   cent,   of   the   total   weight   of   the   sugar   was   deposited   during   the
last   week   or   ten   days,   but   we   fail   to   observe   any   such   increase   in
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the   total   dry   matter   of   the   crop.   From   September   22   to   October   13,
there   is   an   average   increase   in   the   percentage   of   sugar   present   of,
say,   3  per   cent.,   and   the   crop   increase   was   still   greater  ;  but   the   total
dry   matter   is   practically   the   same,   only   one   variety   showing   an   in-

crease  of   1  per   cent.,   while   another   shows   a  decrease   of   almost   as
much,   0.86   per   cent.   The   evident   explanation   is,   that   there   is   a  trans-

formation  of   some   of   the   solids   during   this   period.   The   following
table   gives   the   amount   of   this   transformation   between   September
22   and   October   13,   for   the   four   varieties   of   sugar   beets   grown   on   my
plot.

THE   AMOUNT   OF   DRY   MATTER   OTHER   THAN   SUGAR   TRANSFORMED.

The   same   relations   hold   good   for   the   percentage   of   total   solids,
not   sugar,   in   the   Kleinwanzlebener   and   Vilmorin   varieties   from
the   Farm   plots   on   the   13th   of   October,   as   is   shown   in   the   above   table
for   the   other   samples.   Tliey   have   been   omitted   because   the   data   for
September   22   were   lost.   The   above   series   includes   representatives
of   my   whole   plot,   though,   as   I  have   pointed   out   elsewhere,   a  por-

tion  of   the   beets   might,   and   perhaps   ought   to   be,   excluded,   because
of   the   excessive   wetness   and   very   bad   tilth   of   the   ground   in   which
they   grew.   Still   they   do   not   obscure   the   general   rule   that   there   is   a
very   materially   less   quantity   of   solids,   not   sugar,   on   October   13
than   there   was   on   September   22.   It   would   be   interesting   to   estab-

lish  what   this   loss   may   be   due   to,   and   what   the   nature   of   the   total
solids,   which   disappear,   may   be.

The   leaves   have   been   supposed   to   play   an   important   part   in   the
formation   of   the   sugar   in   the   beet;   indirectly   they   may,   but   I  be-

lieve  that   the   disappearance   of   the   solids,   not   sugar,   is   the   equiva-
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lent,   in   weight,   of   the   compounds   already   stored   in   the   beet,   and
whose   rapid   change   into   sugar   takes   place   at   the   maturation   of   the
beet.   There   is   only   one   other   explanation   which   suggests   itself   to
me  ;  that   is,   that   the   ash   constituents   are   either   eliminated   from   the
beet,   or   migrate   to   the   leaves.   This,   however,   is   not   the   case.   For-

tunately,  the   answer   is   of   such   a  character,   that   it   matters   not   what
the   movement   of   the   ash   constituents   in   the   plant   may   be,   or
whether   elimination   be   taking   place   or   not.   The   answer   is   simply
this  :  The   percentage   of   ash   in   the   dry   matter   of   the   mature   beet   is
not   less   than   in   the   green   beet,   and   the   amount   of   ash   in   the   beets
on   October   13,   was   greater   than   on   September   22,   which   the   follow-

ing  examples   will   show  :  On   September   22   an   average   beet   of   the
Kleinwanzlebener   variety,   contained   71.74   grams   dry   matter,   not
sugar,   of   this   9.92   grams   was   ash   ;  on   October   13   an   average   beet,
weighing   more   than   on   the   previous   date,   contained   only   41.50
grams   of   dry   matter,   other   than   sugar,   and   of   this   10.97   grams   was
ash.   In   the   case   of   the   other   varieties,   the   amount   of   ash   present
on   October   13   was   either   greater   or   practically   equal   to   the   amount
present   on   September   the   22nd  ;  so   the   suggestion   of   elimination   of
ash   has   no   weight.   The   weight   of   the   leaves,   per   beet,   is   actually
less   on   the   ripe   beet   than   on   the   green   one.   For   instance,   I  found
their   weight   about   120   grams   per   beet   less,   on   October   13,   than   they
were   on   September   22.   This   corresponds   to   an   actual   loss   of   dry
matter,   as   the   percentage   of   dry   matter   in   the   leaves   is   the   same
for   the   two   dates,   and   the   same   is   true   for   the   percentage   of   ash  ;  so
there   was   an   absorption   of   dry   matter   and   ash   constituents   by   the
root   during   this   period.   The   loss   of   weight   in   the   leaves,   green
weight,   is   very   nearly   equal   to   the   gain   in   weight   in   the   beets.   This
may,   in   this   case,   be   an   accident,   but,   as   it   is   the   average   of   105
beets,   it   is   suggestive.

As   I  have   not,   up   to   the   present   time,   examined   the   leaves   for
sugar,   it   is   an   open   question   whether   this   corresponds   to   the   elab-

oration  of   sugar   by   the   leaves.   But,   in   consideration   of   the   actual
disappearance   of   dry   matter   from   the   beet,   accompanied   by   an   in-

crease  of   the   ash   and   sugar,   I  believe   it   points   to   the   elaboration
of   formative   compounds   which   pass   into   the   beet,   and   are   there
transformed   into   sugar.   The   observations   of   Dr.   Maxwell,   on   the
deportment   of   soaked   beets,   would   be   easily   explicable   if   this   were
the   manner   in   which   the   sugar   is   formed,   but   otherwise   one   must
subscribe   to   the   doubt   expressed   by   Dr.   Wiley   when   he   says  :  “  The
whole   science   of   vegetable   physiology   and   chemistry   teaches   that
sugar   is   elaborated   in   the   leaves   of   the   beet   plant   by   the   condensa-

tion  of   formylaldehyde,   which   is   produced   by   the   action   of   the
chlorophyl   cell   upon   carbon   dioxid   and   water.   The   beet   itself   has
always   been   regarded   simply   as   a  storehouse,   in   which   the   elabor-

ated  sugar   is   conserved   for   the   future   use   of   the   plant.”
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Dr.   Maxwell’s   experiments   are   given   in   detail,   and   show   that
an   actual   formation   of   sugar   took   place   in   the   beet   during   the   seven
days   submergence.   This   seems,   to   me,   to   suggest   the   cause   for   the
diminution   of   total   solids,   other   than   sugar,   concurrent   with   the
somewhat   sudden   increase   in   the   amount   of   sugar   present.   It   seems
much   more   probable   that   so   large   an   amount   of   sugar,   as   is   devel-

oped  within   the   brief   period   of   ripening,   should   be   produced   from
material   already   stored   up   in   the   beet,   than   by   the   activity   of   a
dying   leaf.

THE   DRY   MATTER   IN   THE   RESPECTIVE   THIRDS.

We   have   seen   that   there   is   only   a  slight   difference   in   the   sugar
present   in   the   respective   thirds   of   the   beet,   taken   by   weight,   and
that   this   difference   is   so   small   and   irregular   that   a  large   number   of
determinations   would   be   required   to   establish   its   value.   The   same
is   true   of   the   total   dry   matter   in   the   beets.   There   is   a  small   excess
in   the   upper   third.   This   varies   in   individual   beets,   but   seems   to   be
constant   for   the   different   varieties.   The   following   table   records   the
results  :
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The   average   dry   matter   contained   in   these   two   varieties,   on
December   10,   has   already   been   given,   as,   17.48   and   20.43   per   cent.,
respectively,   and   the   table   corroborates   the   existence   of   a  difference
between   the   two   varieties   in   this   respect.

The   quantity   of   dry   matter   is   quiie   uniformily   greater   in   the
first   third   than   in   either   of   the   others,   while   there   is   but   little   differ-

ence  between   the   quantities   present   in   the   other   two   thirds.   The
dry   matter,   however,   is   so   uniformly   distributed   throughout   the   beet
that   it   requires   the   taking   of   the   general   average   to   make   the   law
of   its   distribution   evident.   In   an   instance   like   this,   the   question,
What   does   air-dry   mean,   ought   to   be   anticipated.   Determina-

tions  of   moisture,   in   other   samples,   made   by   drying   to   constant
weight,   at   the   temperature   of   boiling   water,   showed   an   average
water   content   of   about   2  per   cent.   This   determination   is   tedious,
and   somewhat   unsatisfactory,   but   after   trying   the   air   bath   at   various
temperatures   I  adopted   the   water   oven,   and   heating   to   constant
weight,   as   the   most   satisfactory.

Other   varieties   of   beets,   particularly   stock   beets,   were   experi-
mented  with   and   showed   results   identical   with   those   recorded   in   the

table,   except,   of   course,   that   the   percentage   of   dry   matter   is   much
lower.

THE   MARC.

This   is   what   is   left   of   the   beet   after   the   sugar   and   other   sub-
stances,  soluble   in   water,   have   been   removed.   The   extent   to   which

the   soluble   portion   of   the   beets   is   removed   determines   the   percent-
age  of   marc.   This   percentage   is   assumed   to   be   about   5  per   cent.

My   samples   were   grated,   or   rasped,   and   washed   with   more   care   than
can   be   given   them   on   a  manufacturing   scale,   and   this,   probably,   is
the   reason   that   my   figures   are   slightly   below   5  per   cent.   This   was
not   the   case   when   the   beets   were   simply   sliced.   The   experiments
were   made   to   determine   the   effect   of   irrigation   upon   the   amount   of
marc   present;   also,   to   study   the   ash   constituents   left   in   this   by-

product of  sugar  making.
The   average   of   six   determination's,   using   the   Vilmorin   variety,

was   4.21   per   cent.;   the   average   of   five   determinations,   made   with
the   Kleinwanzlebener,   was   4.38   per   cent.   Both   of   these   series
were   raised   with   irrigation.   Only   one   lot   of   beets,   grown   without
irrigation,   was   tested   to   determine   the   marc,   and   this   gave   5.25   per
cent.   I  do   not   think   that   this   result,   though   a  large   sample   was
taken,   is   conclusive   that   beets   grown   without   irrigation   really   con-

tain  more   marc   than   irrigated   beets.

THE   FODDER   ANALYSES   OF   BEETS.

It   is   not   my   purpose   to   discuss   the   feeding   value   of   either   the
roots   or   leaves   of   the   beets.   The   value   of   the   roots,   for   feeding
purposes,   is   fully   understood,   as   also   the   conditions   under   which
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their   feeding   produces   the   most   favorable   results.   The   primary   ob-
ject  of   the   analyses   on   page   37   was   to   discover   the   effect   of   the   differ-

ent  soils   upon   the   feeding   value,   and,   at   the   same   time,   to   study   the
differences   due   to   varieties,   if   such   should   be   discovered.   The   sam-

ples  are   parts   of   the   larger   samples   taken   on   October   13,   and   which
were   used   for   the   other   data   given   throughout   this   bulletin.   All
data   given   for   beets,   taken   October   13,   are   for   the   same   general   sam-

ple,  and   are   comparable.   The   numbers,   1,   2,   3,   have   the   same   sig-
nificance  that   they   have   in   the   table   showing   the   amount   of   sugar,

from   week   to   week.   1,   is   good   soil  ;  2,   is   good   soil,   quite   rich   in   al-
kali  ;  3,   is   soil   in   bad   tilth   and   rich   in   alkali,   but   no   more   so   than

2.   The   analyses,   given   in   the   table,   were   made   in   duplicate,   but
averages   are   given   to   save   space  ;  the   limits   of   variation   allowed
were   0.02   per   cent,   for   nitrogen,   0.2   for   the   other   determinations,
except   for   crude   fibre,   for   which   0.4   was   admitted.

Analyses   Nos.   1,   2,   and   3,   are   of   samples   grown   on   excellent
ground,   and   free   from   alkali.   The   analyses   are   intended   as   stand-

ards  of   comparison   by   which   to   measure   the   effect   of   our   alkali.
Analyses   Nos.   19   and   20,   are   of   leaves   from   the   same   beets,   and   are
taken   as   standards   of   comparison   for   the   leaves.

An   examination   of   the   table   giving   the   percentage   of   sugar
present   in   the   beets,   from   the   different   sections   of   the   plot,   will   show
more   clearly   than   the   few   percentages   given,   that   the   samples
from   sections   Nos.   1  and   2,   were   quite   as   rich   in   sugar   as   those   taken
from   the   Farm   plots,   which   we   used   as   standards.   But   the   samples
from   section   No.   3  almost   always   showed   a  lower   percentage   of   sugar.
As   stated   elsewhere,   section   No.   2,   of   the   plot,   shows,   upon   analysis,
more   alkali   per   acre   than   the   other   sections,   but   its   sugar   content
is   uniformly   high  ;  therefore,   I  have   left   it   as   an   open   question
whether   the   depression   of   the   sugar   percentage   in   the   samples   from
section   No.   3  was   due   to   the   alkali,   or   to   general   conditions   with
which   the   presence   of   the   alkali   has   but   little   or   nothing   to   do.
This   uncertainty   is   not   present   in   these   results.   The   beets   grown   on
the   alkalized   soil   contain   more   ash   and   more   crude   portein,   and   less
nitrogen   free   extract.   They   are   better   beets   for   feeding,   but   not   so
good   for   sugar   making.

The   difference   in   the   leaves   is   confined   to   a  small   excess   in   the

percentage   of   ash   in   the   samples   from   the   alkali   soil.

Analysis   No.   10   is   of   a  sample   received   from   New   Mexico.   The
soil   on   which   it   was   grown   is   a  fine   prairie   loam,   and   the   sugar
content,   when   received   by   us,   was   17.25   per   cent.   Owing   to   the
excellent   character   of   the   soil,   and   its   richness   in   sugar,   I  used   it   as
a  futher   standard,   and   it   agrees,   within   quite   narrow   limits,   with   the
samples   from   the   Farm   plots.
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FODDER   ANALYSES.
Sugar   Beets.

Marc.

Fodder   Beets.

Leaves—  Sugar   Beets.

Leaves — Fodder  Beets.

Grown  in  New  Mexico.
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The   difference   between   the   beets   from   the   two   soils,   will,   per-
haps,  be   more   easily   understood   from   the   statement   that   the   average

ash   and   crude   protein   percentage   in   the   beets   grown   on   soil   free   from
alkali,   is   5.03   and   7.36,   respectively,   while   they   are   6.75   and   10.10
for   these   constituents   in   the   other   samples  ;  the   proteids   are   nearly   3
per   cent,   higher   in   the   beets   grown   in   the   presence   of   the   alkali.

The   composition   of   the   marc   exhibits   the   fact   that   five   sixths
of   the   crude   protein   is   removed   by   the   diffusion,   and   about   four
fifths   of   the   ash.   The   feeding   value   of   the   dry   marc   is,   pound   for
pound,   but   a  little   inferior   to   the   dry   sugar   beet,   others   make   it
slightly   better.   It   may   be   safe   to   estimate   it   as   about   equal,   but   it
must   be   kept   in   mind   that   it   takes   400   pounds   of   dry   beets,   or   one
ton   of   green   beets,   to   yield   100   pounds   of   dry   pulp   or   marc.

The   dry   matter   from   the   leaves   is   exceedingly   rich   in   crude
protein,   and   were   it   not   for   the   large   percentage   of   ash   present   would,
doubtlessly,   make   a  good   fodder.   The   green   leaves   contain   about
10   per   cent,   of   dry   matter,   and   2.7   per   cent.   ash.   I  have   had   no
experience   in   feeding   green   beet   leaves,   but   it   would   seem   to   be   a
question   whether   the   ingestion   of   so   large   an   amount   of   ash   constit-

uents,  largely   potash   and   soda   salts,   would   be   beneficial.

The   analyses   of   the   fodder   beets   are   interesting,   but   in   estimat-
ing  their   Value   it   must   be   remembered,   that   the   fresh   beet   contains

from   86-88   per   cent,   of   water,   against   79-82   per   cent,   in   the   sugar
beet.

The   chards   were   analyzed,   purely   as   a  matter   of   interest.   I
cultivated   them   in   the   hope   that   I  would   find   them   more   effective
in   removing   soda   salts   from   the   soil   than   the   beets.   I  was   disap-

pointed  ;  they   did.  not   endure   the   soil   conditions   nearly   as   well   as
the   beets,   and   the   dry   matter   in   the   tops   contained   less   ash   than   the
beet   leaves.   I  expected   them   to   produce   an   immense   crop   of   leaves,
but   they   did   not.   If   success   is   to   be   attained   by   growing   a  heavy
crop   of   foliage,   rich   in   ash   carrying   much   soda,   some   other   plant
than   the   chard   must   be   chosen.

The   percentage   of   crude   fibre   in   the'beets   is   very   irregular,   but
is   uniformly   higher   in   the   beets   from   the   alkalized   ground   than   in
the   others.   In   the   leaves   the   contrary   is   noticeable,   the   percentage
of   crude   fibre   being   quite   constant.   The   nitrogen   free   extract   is   also
quite   uniform   in   quantity.   The   effect   of   the   alkali   is   greater   upon
the   composition   of   the   beets   than   upon   that   of   the   leaves.

The   increase   in   tlie   proteids   is   probably   due   to   the   presence   of
nitrates   in   the   ground   water.   The   amount   of   nitrogen   in   the   soils
of   my   plot   is   small,   varying   from   0.04   to   0.065   per   cent.   The   ground
water,   on   the   other   hand,   contains   appreciable   quantities   of   nitric
acid.   The   amount   of   total   solids   in   the   ground   water   varies   with
the   different   wells,   and   at   different   times.   The   nitric   acid,   calcu-
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lated   as   potassic   nitrate,   usually   corresponds   to   about   0.20   per   cent,
of   the   total   solids,   often   more,   and   sometimes   much   more.

The   letters.   A,   B,   C,   D,   in   the   following   table,   represent   four
wells   at   points   150   feet   apart,   on   a  line   running   through   the   centre
of   my   plot  ;  they   are   sunk   to   the   gravel   bed.   E  is   a  well   to   the
east   of   my   plot   in   a  piece   of   ground   which   has   been   heavily   fertil-

ized  with   sheep   manure,   but   is   about   100   feet   west   of   an   underdrain   ;
in   other   respects   the   following   table   explains   itself  :

POTASSIC   NITRATE   IN   THE   GROUND   WATER.

* This  sample  was  taken  below  the  gravel  in  a newly  opened  well-

I  have   given   the   potassic   nitrate   in   one   set   of   samples   ta|cen
about   23   days   before   the   crop   was   harvested,   which   shows   that   the
beets   had   access   to   an   abundant   supply   of   nitrates,   and   one   greatly
in   excess   of   that   present   in   the   soil   proper.

THE   PERCENTAGE   OF   ASH   IN   THE   BEETS.

The   fodder   analyses,   given   on   a  preceding   page,   indicate   that
the   general   effect   of   alkali   is   to   increase   the   percentage   of   ash   in
the   beets   grown   on   ground   affected   by   it.   An   attempt   to   establish
this   as   a  general   fact,   and   to   follow   the   accumulation   of   the   ash   in
the   beet   plant,   is   recorded   in   the   following   paragraph.

The   samples   were   carefully   prepared   for   this   purpose,   and   any
exceptional   percentages,   appearing   in   the   table,   cannot   be   attributed
to   the   presence   of   sand.   The   figures   represent   pure   ash.   The   num-

ber  of   beets   taken   as   a  sample   was   usually   four,   in   a  few   cases   I
took   more.   The   leaves   in   every   case   correspond   to   the   beets   of   that
variety   taken   on   the   same   date   and   from   the   same   section   of   the
plot.
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PERCENTAGE   OP   ASH.

Sugar   Beets.
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PERCENTAGE   OP   ASH—  (  Continued.)
Sugar   Beets.

Fodder   Beets.
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PERCENTAGE   OP   ASH—  (Cootioued).

Leaves  —  Sugar   Beets.
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PERCENTAGE   OF   ASH-  (Concluded).

Leaves — Sugar  Beets.

Leaves—  Fodder   Beets.

The   table   shows   that   by   the   2nd   of   September,   more   than   one
half,   and   less   than   two   thirds,   of   the   total   ash   taken   up   by   the   roots,
has   already   been   accumulated  —  stated   a  little   more   explicitly,   about
58   per   cent.  —  while   the   leaves   have   stored   up   about   70   per   cent,   of
the   ash   contained   in   them   at   maturity.   The   deposition   -of   the
greater   part   of   the   ash   takes   place   earlier   in   the   leaves   than   in   tlie
roots,   but   continues   in   both   until   the   time   of   ripening,   or   maturing
®f   the   beet.   I  took   no   samples   of   leaves   for   analysis   subsequent   to
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October   13,   but   I  have   elsewhere   stated   what   I  mean   by   the   matur-
ing  of   the   beet.   The   percentage   of   ash   in   the   fresh   roots   is   seen   to

slightly   decrease   with   the   advancement   of   the   crop   ;  this   is   due   to
the   rapid   increase   in   the   weight   of   the   crop   itself,   and   not   to   an
elimination   of   the   ash   constituents.   The   mature   beet,   as   grown
here,   contains   a  trifle   over   1.10   per   cent,   of   ash,   and   the   leaves   con-

tain  a  little   more   than   twice   as   much.

The   table   also   shows   clearly   the   influence   of   the   alkali   in   the   soil
upon   the   percentage   of   ash,   i.   e.,   that   it   causes   an   increase   of   about
2  per   cent.,   reckoning   the   ash   on   the   dry   matter.   The   results   are
quite   in   harmony   with   those   previously   given,   except   that   the   per-

centage  of   ash   in   the   beets   grown   on   alkali   soil   is   still   greater   than
shown   by   the   fodder   analyses.   The   actual   percentages   for   beets
grown   on   good   ground   and   on   alkali   ground   are   5.32   and   7.58,   re-

spectively.  The   varieties   of   soils   within   the   plot   itself,   indicated   by
the   flgures   1,   2  and   3,   show   no   such   evident   effect,   and   there   is   no
regularity   in   the   variations   of   the   percentage   of   ash   in   the   samples
from   these   sections.   The   beets   from   section   3,   especially   in   the   lat-

ter  part   of   the   season,   show   a  higher   percentage   of   ash   than   the
samples   from   the   other   two   sections.   The   samples   from   this   section
are   lower   in   percentage   of   dry   matter,   also   in   the   percentage   of
sugar,   but   higher   in   percentage   of   proteids,   than   the   others.   This
is   the   wettest   portion   of   the   plot,   and   shows,   during   either   cold   or
dry   weather,   an   abundant   efflorescence   of   alkali,   but   the   analyses   of
the   soils   do   not   show   that   it   contains   more,   or   even   as   much,   as   sec-

tion  1.   The   corroding   effect   of   the   alkali   was   scarcely   noticed   at
all   in   this   (the   3rd)   section,   while   it   was   observed   in   the   2nd.   This
may   be   due   to   the   character   of   the   salts   in   solution,   and   not   to   their
quantity   ;  still,   the   total   alkalies   in   section   2  is   greater,   apparently,
than   in   section   3.   The   effect   of   the   alkalies   upon   the   tilth   of   this
ground   is   not   clear   to   me.   The   soil   in   this   section   is   so   saturated
with   calcic   sulphate   that   small   aggregations   of   gypsum   crystals   are
plentiful   in   some   portions   of   it.   The   tilth   is   very   bad,   but   whether
this   is   due   to   the   water,   and   the   fineness   of   the   soil,   or   in   any   larger
measure   to   the   alkali,   which   is   practically   sodic   sulphate,   may   be   an
open   question,   but   I  am   quite   convinced   that   the   alkali   has   compar-

atively  little   effect,   directly   or   indirectly,   in   determining   the   charac-
ter  of   the   beets   in   this   case.   The   effect   of   the   crop   upon   the   soil

was   little,   or   nothing.

It   has   been   shown   that   the   leaves   of   the   sugar   beet   plant,   as   it
grows   with   us,   are   equal   to   from   70   to   90   per   cent,   of   the   weight   of
the   roots.   The   percentage   of   ash   in   the   green   substance   shows   that
ton   for   ton,   the   leaves   remove   from   two   to   two   and   one   fourth   times
as   much   ash   material   as   the   roots.   I  had   hoped   to   find   in   this   ratio.
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and   the   tolerance   of   the   beet   plant   for   alkali,   a  means   of   keeping
down,   or   removing,   considerable   quantities   of   alkali   from   the   soil,
especially   as   I  hoped   to   find   that   the   plant   would,   in   the   presence   of
so   large   a  supply   of   soda   salts,   take   up   a  large   percentage   of   them.
I  expected   to   find   this   the   case   in   both   the   roots   and   leaves  —  to   a
greater   extent,   of   course,   in   the   leaves   than   in   the   roots.   It   was   with
this   idea   that   I  planted   chards,   but   I  was   disappointed   in   the   re-

sults  of   this   experiment,   for   they   made   no   such   crop   of   leaves   as   they
should   have   made,   and   they   were   not   as   high   in   percentage   of   ash
as   the   leaves   of   the   beets.   The   experiment   with   the   chards   was   so
evidently   a  failure,   in   regard   to   its   primary   object,   that   I  practi-

cally abandoned  it.

The   table   also   contains   the   results   obtained   from   fodder   beets.
The   crop   of   roots   is   usually   very   much   larger,   while   the   percentage
of   ash   in   the   fresh   crop   is   rather   less.   In   regard   to   the   leaves,   their
ratio,   by   weight,   to   the   roots   being   much   lower,   amount   to   about   the
same   on   a  basis   of   2  tons   of   fodder   beets   to   1  ton   of   sugar   beets.   The
percentage   of   ash   is   quite   the   same   in   the   two   classes,   and   the   min-

eral  constituents   removed   by   such   crops   would   be   about   equal.   The
roots   of   a  crop   of   fodder   beets   removes,   because   of   their   high   ton-

nage,  from   two   to   three   times   the   amount   of   ash   constituents   that
is   removed   by   a  crop   of   sugar   beets.

THE   DISTRIBUTION   OF   THE   ASH   IN   THE   BEET.'

The   sugar   and   dry   matter   in   the   respective   thirds   of   the   beet,
numbered   from   the   top   downward,   have   been   given.   Two   series   of
experiments   were   made   with   the   Kleinwanzlebener   and   Vilmorin
varieties,   to   see   whether   we   could   establish   any   difference   between
the   ash   content   of   the   thirds,   and   also   its   value.   The   series   con-

sisted  of   six   beets   each   ;  the   Kleinwanzlebener   samples   were   freshly
dug,   but   the   Vilmorin   sample   was   taken   from   the   cellar.   The   aver-

age  percentage   of   sugar   in   the   Kleinwanzlebener   variety   was   12.70
per   cent.;   in   the   Vilmorin,   14.90.   The   percentage   of   dry   matter   in
these   series   is   given   in   detail   under   the   caption,   “  Distribution   of   the
Dry   Matter   in   Beets,”   where   it   is   shown   that   there   is   a  little   more   in
the   first   third   than   in   either   of   the   other   thirds,   but   that   the   differ-

ence  is   very   small,   varying   from   three   tenths   to   one   per   cent.
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An   inspection   of   the   results   obtained   upon   individual   beetsi,
leaves   the   impression   that   there   is   a  larger   percentage   of   ash   in   the
third,   or   lower   one   third,   than   in   the   others,   which   is   really   the   case,
but   it   is   much   less   decided   than   appears   from   a  simple   inspection   of
the   table.   The   averages,   taken   by   series,   is   as   follows  :

Taking   the   averages   of   all   the   respective   thirds   in   their   order,
we   have,   for   the   first   third,   5.59   per   cent,   ash   in   the   dry   material,
5.61   per   cent,   for   the   second,   and   5.85   per   cent,   for   the   third,   or   bot-

tom  third.   This   appears   to   prove   that   the   percentage   of   ash   im
creases   in   the   lower   portion   of   the   beets.   We   have   already   seen
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that   the   sugar   is   a  little   higher   in   the   lower   two   thirds   than   in   the
upper   third,   i.   e.,   first   third   contained   13.08   per   cent,   sugar,   the   sec-

ond  13.22   per   cent.,   and   the   third   13.19   per   cent,   sugar.   According
to   this,   the   percentage   of   both   the   ash   and   sugar   increase   in   the
lower   part   of   the   beet.   If,   however,   we   take   the   percentage   of   ash
in   the   fresh   beet,   which   seems   to   me   the   proper   basis,   the   matter
stands   differently   in   respect   to   the   ash,   i.   e.,   it   is   greater   in   the   first
third,   and   diminishes   in   the   lower   portions   of   the   beet,   for   we   have
them   in   the   thirds,   beginning   at   the   top,   1.15,   1.09,   1.05   per   cent.
In   either   case   the   difference   is   much   less   than   I  had   hoped   and   ex-

pected  to   find.   A  concrete   statement   will   possibly   make   the   small-
ness  of   this   difference   plainer   to   some   readers.   It   means,   that,   if   we

had   a  crop   of   sugar   beets,   of   15   tons   to   the   acre,   and   divided   every
beet   into   three   equal   parts,   by   weight,   there   would   be,   in   the   five   tons
of   upper   thirds,   ten   pounds   more   of   ash   than   there   would   be   in   the
five   tons   of   lower   thirds.

The   percentage   of   ash   given   for   the   dry   matter   is   misleading
in   this,   that   it   gives   no   statement   of   the   fact   that   the   percentage   of
dry   matter   is   greater   in   the   first   third   of   the   beet.   If   we   take   Jbhis
into   account,   we   find,   on   calculating   the   ash,   for   the   assumed   crop
of   15   tons   to   the   acre,   that   there   is   practically   no   difference.   We
get   116.22   pounds   in   the   first   third,   and   115.77   pounds   for   the   third,
or   lower   third,   of   our   crop.   Both   methods   of   calculation   lead   to
the   same   conclusion,   i.   e..   that   the   ash   in   the   beet   root   is   quite   evenly
distributed   throughout   the   beet,   with   a  slight   excess   in   the   upper
portion   of   the   root,   but   the   percentage   of   ash   is   greater   in   the   dry
matter   of   the   lower   third.

THE   COMPOSITION   OF   THE   ASH.

It   was   my   expectation,   when   this   work   was   planned,   to   find   in
the   composition   of   the   ashes,   particularly   of   the   leaves,   a  means   of
removing   large   enough   quantities   of   soda   salts   to   ameliorate   the   al-

kaline  condition   of   the   soils,   as   we   find   it   in   Colorado.
The   ashes   were   prepared   with   care,   but   it   seems   to   be   a  difficult

task   to   prepare   them   so   that   no   organic   matter   shall   be   left.   The
sample   was,   in   every   case,   first   charred,   the   soluble   ash   thoroughly
washed   out,   and   the   carbon   then   burned   out   of   the   residue.   The
ash   of   the   whole   sample   was   mixed   with   ammonic   carbonate,   and
heated   to   200°   C.,   for   two   hours.

The   portion   of   ash,   insoluble   in   water,   is   very   variable,   espe-
cially  in   the   beets.   In   the   leaves   it   is   higher   in   early   September

than   subsequently,   and   always   lower   by   2  or   more   per   cent,   of   the
total   ash,   than   in   the   roots.

In   the   following   table   is   given   the   composition   of   the   ashes   of
samples   taken   at   three   different   periods   of   development,   which   may
be   best   judged   of   by   the   dates   on   which   the   samples   were   taken.
With   the   composition   of   the   ash   we   complete   the   data   concerning
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the   samples.   The   same   samples   were   used   for   the   estimation   of   the
sugar,   the   dry   matter,   the   fodder   analysis,   and   for   the   work   on   the
ash.   For   instance,   the   sample   of   Kleinwanzlebener,   taken   on   Octo-

ber  13,   was   taken   large   enough   to   furnish   material   for   the   differ-
ent  determinations.   The   data   obtained   gives   a  complete   history   of

the   plant’s   development.   I  may   state   that   1,200   pounds   of   beets,
and   nearly   as   many   tops,   were   used   during   the   course   of   this   in-

vestigation, the  object  being  to  obtain  results  which  would  be  repre-
sentative.

The   plan   was   to   study   each   of   the   varieties   planted,   but   I  have
been   compelled   to   confine   the   study   to   the   Kleinwanzlebener.   I
have   taken   two   as   comparative   standards,   the   Kleinwanzlebener   and
Vilmorin.   I  gave   up   my   original   plan   the   more   willingly,   as   the
examination   of   the   one   series   shows   so   great   a  uniformity   in   compo-

sition,  that   there   is   no   evident   object   to   be   gained   which   is   nearly
commensurate   to   the   work   involved.   I  give   the   direct   results   of   the
analyses,   believing   that   they   convey   a  sufficiently   clear   idea   of   the
composition   of   the   ash   to   the   general   reader,   while   the   chemist,   or
other   person,   who   wishes   to   reduce   the   terms   to   another   basis,   can
easily   do   so.

The   following   tables   have   been   grouped   together   so   as   to   pre-
sent  the   condition,   and   the   effect   of   the   variety   of   soil,   without

further   explanation.   In   the   first   table   I  have   given   the   analyses   of
the   ashes   which   I  assumed   to   be   representative   of   good   soils,   to
which   I  have   added   an   analysis   of   the   ash   of   the   marc,   from   Klein-

wanzlebener  beets,   grown  on   the   Farm  plot,   and   corresponding   to
the   analysis   given   in   the   first   column:
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ASH   OF   THE   SUGAR   BEET   IN   ALKALI   SOIL.

Harvested   September   2.

Harvested   September   22.
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ash   OP   THE   SUGAR   BEET   IN   ALKALI   SOIL—  (Concluded).
Harvested   October   18.

ASH   OF   FODDER   BEETS.
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COMPOSITION   OF   ASH   COMPARED   WITH   SUGAR   CONTENT.

Composition   of   ashes   of   beets   having   different   percentages   of
sugar,   calculated   from   data   quoted   from   Champion   and   Pellet   by
Dr.   McMurtrie  :

The   leaves,   presumably   belonging   to   the   two   samples   whose-
ash   analyses   are   given   above,   yielded   ashes   of   the   following   com*
position   :
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Ash  of  Leaves
from   Beets   Having
10  per  Cent.  Sugar.

Silica  1.100
Sulphuric   Acid  5.340
Phosphoric   Acid  7.940
Chlorin  11.510
PotassicOxid  .32.880
Sodic   Oxid  11.510
Calcic   Oxid  12.470
Magoesic   Oxid  10.010
Uodetermined  7.230

Ash  of  Leaves
from   Beets   Having
15  per  Cent.  Sugar.

1.110
5.400
8.000

11.560
33.330
11.560
12.500
10.100
6.400

99.990   99.960

The   analyses,   quoted   from   Champion   and   Pellet,   evidently   in-
clude,  under   the   term   undetermined,   the   excess   of   oxygen   corres-

ponding  to   the   chlorin   present.   The   large   quantity   of   silica   in   the
beet   ash   suggests   the   fluxing   of   sand   and   fine   particles   of   soil   dur-

ing  the   incineration   of   the   sample.
This   source   of   silicic   acid   in   the   ash,   has   been   frequently   sug-

gested  m  my   own   work,   and   I  am   fully   convinced,   that   it   is   so   good
as   impossible   to   prepare   an   ash   from   a  sample   containing   sand   and
dust   without   fluxing   some   of   it,   and   so   bringing   silicic   acid   into   a
soluble   form.   And   I  doubt   the   correctness   of   the   practice   of   reck-

oning  even   the   soluble   silicic   acid   in   the   ash   analysis   proper.
Neither   the   analyses   of   the   ashes   from   my   own   series,   nor   the

two   quoted,   show   a  sufficiently   decided   variation   in   the   composition
of   the   ashes   of   beets,   having   different   percentages   of   sugar,   to   admit
of   any   conclusion   in   regard   to   any   relation   existing   between   the
percentage   of   sugar   and   the   composition   of   the   ash.   Further,   a
comparison   of   the   percentages   of   sugar   and   ash   present   in   mature
beets,   fails   to   show   any   relation   between   the   percentage   of   sugar
and   the   percentage   of   ash,   as   a  few   examples   will   serve   to   show:

sugar   beet,   as   it   grows   with   us,   contains   more   alkalies   than   is   shown
by   the   two   analyses   of   French   beets,   by   about   7  per   cent.   The   ash
from   our   beets,   without   any   relation   to   the   sugar   content,   carries
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about   63   per   cent,   of   potash   and   soda   together.   The   carbonic   acid,
sand,   and   organic   matter,   is   not   considered   as   belonging   to   the   ash.
We   also   find   a  certain   uniformity   in   the   amount   of   lime   and   mag-

nesia  present.   Counting   these   in   terms   of   lime,   we   find   the   range
mostly   within   the   limits   of   11   and   14   per   cent.   In   the   two   sam-

ples  of   French   beets   it   is   15.5   per   cent.   The   phosphoric   acid   in   the
eight   analyses,   which   we   have   tabulated,   agree   closely   in   six   in-

stances,  while   the   other   two   are   much   lower.   In   the   case   of   the
sample   of   Vilmorin,   harvested   October   13,   and   carrying   13.02   per
cent,   of   sugar,   the   low   percentage   of   phosphoric   acid   cannot,   in   my
opinion,   be   explained   by   ascribing   it   to   the   lack   of   this   constituent
in   the   soil,   it   must   be   ascribed   to   some   other   cause.   In   regard   to
the   sample   from   New   Mexico,   I  can   express   no   opinion,   as   I  have   no
intimate   knowledge   of   the   conditions   under   which   it   was   grown.   I
am   frank   to   say   that   I  doubt   whether   this   New   Mexican   sample
ought   to   be   taken   as   an   example   of   a  beet,   rich   in   sugar.   That   it
showed   the   presence   of   17.25   per   cent,   of   sugar   when   I  received   it,
is   true,   but   that   it   did   not   show   that   much   when   it   was   fresh,   is
quite   as   certain.   I  believe   the   high   percentage   to   have   been   due   to
drying   out,   rather   than   to   a  naturally   high   degree   of   richness.

The   percentage   of   ash,   in   the   French   samples,   is   rather   lower
than   we   find   in   our   samples,   but   other   data   for   French   beets   make
it   about   the   same.   The   percentage   of   ash   in   the   leaves,   assuming
the   dry   matter   equal   to   10   per   cent.,   is   the   same   as   we   find   for   Colo-

rado  beets,   but   the   composition   of   the   ashes   of   the   leaves   is   not   at
all   alike.   They   are   similiar   only   in   containing   the   same   chemical
elements.   The   composition   of   the   ash   of   the   leaves   from   the   French
beets   is   quite   comparable   to   that   of   the   ash   of   the   beets   themselves,
the   differences   consisting   of   an   excess   in   the   percentages   of   soda,
lime,   magnesia,   and   chlorin,   over   that   of   the   beet   ash,   while   the
percentage   of   potash   in   the   ash   of   the   leaves   is   less   than   that   in
the   ash   of   the   beets   by   15   per   cent.

The   table   on   page   54   shows   to   how   great   an   extent   the   ash
constituents   of   the   leaves   differ   from   those   of   the   beets   in   their   rel-

ative  quantities,   and   also,   how   the   ashes,   both   of   the   roots   and   the
leaves,   of   Colorado   grown   beets   differ   from   those   grown   in   France.
I  have   quoted   the   analyses   of   the   French   beets,   and   do   not   know
how   nearly   representative   they   may   be,   but   as   to   the   Colorado   beets,
any   one   of   the   samples   given   on   previous   pages   could   be   used   for
the   same   purpose   quite   as   well   as   the   one   chosen.   This   one   was
taken   simply   because   its   percentage   of   sugar,   being   so   near   that   of
the   sample   quoted,   eliminates   any   question   of   doubt   which   might
arise   because   of   differences   in   the   quality   of   the   beets.
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I  place   the   analysis   of   a  sample   of   the   ash   of   Kleinwanzle-
hener   beets,   carrying   14.7   per   cent,   sugar,   together   with   that   of   the
ash   of   its   leaves,   side   by   side   with   that   of   a  French   beet,   supposed
to   carry   15   per   cent,   sugar,   and   its   leaves   :

* Undetermined.

In   considering   the   effect   of   the   soil,   particularly   of   the   alkali,
upon   the   percentage   of   sugar,   I  adopted,   as   a  standard   of   compari-

son,  beets   grown   upon   two   other   plots   of   ground,   free   from   alkali,
and   in   good   tilth.   In   this   case   the   meteorologic   conditions   were   the
same   in   every   respect,   and   it   was   simply   a  question   of   soil.   The
same   was   true   in   regard   to   the   feeding   value,   of   both   the   roots   and   the
leaves;   with   the   constituents   of   the   ash,   which   are   obtained   wholly
from   the   soil,   the   question   is   not   so   simple,   for   there   is   an   uncertainty
in   regard   to   the   measure   in   which   one   constituent   may   replace   an-

other  in   the   economy   of   the   plant,   and   also   in   regard   to   the   con-
ditions  which   influence   the   replacement   of   one   compound   by   an-

other.

Some   points   are   so   evident,   regarding   the   composition   of   the
ashes   from   my   plot,   i.   e.,   that   the   sulphuric   acid   is   very   constant   at
about   3  per   cent.,   and   that   the   magnesia   and   lime   are   also   nearly
constant,   that   a  multiplication   of   analyses   had   no   object.   In   the
series   of   samples,   taken   September   2,   we   have   for   the   magnesia,   in
the   samples   taken   from   the   three   sections,   4.48   per   cent.,   4.10   per
cent.,   and   4.47   per   cent.,   and   for   the   lime   we   have   1.74   per   cent.,
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1.19   per   cent.,   and   1.22   per   cent.   The   phosphoric   acid   is   almost   as
constant,   its   limits   being,   as   a  rule,   within   1  per   cent.,   as   the   series
taken   October   13,   in   which   we   have   8.05   per   cent.,   8.67   per   cent.,
and   7.50   per   cent.,   may   illustrate.   It   was   then   evident,   that,   so   far
as   my   own   series   was   concerned,   the   variations   in   the   composition
of   the   ashes   were   to   be   looked   for   in   the   chlorin   and   the   alkalies.
We   obtain   a  clear   view,   in   regard   to   the   amount   of   alkalies   present,
by   comparing   the   alkalies   in   the   different   samples   after   we   have
eliminated   the   sand,   the   carbon   dioxid,   and   the   organic   matter;
when   we   find,   for   a  series   of   six   ashes,   the   following   figures  :  64.08
per   cent.,   64.32   per   cent.,   63.79   per   cent.,   62.23   per   cent.,   62.30   per
cent.,   and   63.24   per   cent.   There   is   here   a  general   rule,   holding,   at
least   for   my   samples,   i.   e  ,  that   the   total   alkalies   amount   to   about
63   per   cent   of   the   ash.   The   percentages   of   chlorin   in   the   series   of
six   ashes   from   which   the   figures   for   the   alkalies   have   been   taken,
present   one   exception   ;  the   percentages   are   as   follows  :  13.6  1  per   cent.,
7.30   per   cent.,   15.08   per   cent.,   15.53   per   cent.,   15.16   per   cent.,   and
15.90   per   cent.   Owing   to   the   one   exception,   I  will   give   six   others,
in   two   series   of   three   each,   one   series   taken   September   22,   and   the
other   October   13.   Neither   has   been   corrected   for   carbon   dioxid,   etc.
The   September   series   gave:   11.49   percent.,   12.82   per   cent.,   and
14.41   per   cent.,   the   October   series   gave   14.96   percent.,   12.60   percent.,
and   13.56   per   cent.

We   conclude   that   the   ash   of   the   beet,   that   is   the   root,   has   a
pretty   uniform   composition,   represented   by   the   following   percentages,
the   carbon   dioxid,   organic   matter,   and   sand,   included  :  For   sul-

phuric  acid,   about   3.5   per   cent.;   for   phosphoric   acid,   from   7  to   9  per
cent.,   mostly   about   8.5   per   cent.;   for   the   alkalies,   from   48   to   52   per
cent.;   for   lime,   from   2  to   3  per   cent.;   for   magnesia,   about   6  per
cent.,   and   for   chlorin,   from   11.50   to   14.50   per   cent.,   while   the   car-

bon  dioxid   does   not   vary   by   more   than   1  per   cent,   from   15   per
cent,   of   the   fine   ash.

It   is   easily   recognized   that   either   all   of   our   soils   had   the   same
effect   upon   the   ashes   of   the   different   samples,   or   the   composition   of
the   ash   of   the   beet   root   is   really   constant,   and   is   but   little   effected
by   the   variety   of   soil.   I  believe   the   latter   to   be   the   case,   7.   e.,   that
the   variation   in   the   general   composition   of   the   ash   of   the   beet   root
is   constant   within   narrow   limits,   and   is   not   materially   affected,   be-

yond  those   limits,   by   the   character   of   the   soil.
I,   unfortunately,   have   almost   no   analyses   of   beet   ashes   at   my

disposal,   and   the   few   I  have   cannot   be   reduced   to   any   common   basis,
and   lose   much   of   the   value   that   they   might   otherwise   have.   The
best   I  have   is   an   average   analysis   taken   from   Wolff’s   ‘‘Aschen   An-
alysen.”   According   to   this,   the   alkalies   amount   to   66   per   cent,   of
the   ash,   carbon   dioxid,   etc.,   rejected,   the   lime   and   magnesia   together
to   11.5   per   cent.,   phosphoric   acid   11   per   cent.,   sulphuric   acid   4  per
cent.,   but   the   chlorin   is   only   5  per   cent.
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The   two   analyses,   quoted   from   Champion   and   Pellet,   by   Mc-
Murtrie,   give   60   per   cent,   for   the   alkalies,   10   per   cent,   for   the   chlor-
in,   7.5   per   cent,   for   lime,   and   6.5   per   cent,   for   magnesia.   The
Massachusetts   Report,   of   1894,   gives   for   the   alkalies,   uncorrected,
53.3   per   cent.,   for   the   phosphoric   acid   9.7   per   cent.

The   experiment   was   undertaken   to   determine   the   effect   of   the
excessive   quantity   of   alkali   salts   upon   the   beet,   and   in   the   hope
that   we   might   find   the   condition   of   the   land   ameliorated   by   the
removal   of   soda   salts.   The   effect   upon   the   percentage   of   ash   in   the
beet   was   to   raise   it   from   2  to   3  per   cent.,   and   this   increase   was   pro-

portional  in   the   components   of   the   ash,   so   that   the   proportion   of
alkalies   remained   the   same.   The   ratio   of   the   soda   to   the   potash
was   not   affected,   as   I  had   hoped   to   fine   it  ;  in   fact,   it   was   lower   for
the   soda   to   the   potash,   in   the   ashes   from   samples   grown   on   alkali
ground,   than   in   that   from   some   samples   from   the   Farm   plots   which
I  had   taken   as   my   standard.   In   samples   from   sections   1  and   2
of   my   plot   the   percentage   of   soda   varied   from   10   to   15   per   cent.
The   average   anal}^sis   taken   from   Wolff’s   tables   is   10.25.   The   sam-

ples  taken   from   section   3,   varied   from   16   to   19   per   cent.,   with   a  cor-
responding  depression   of   the   percentage   of   potash.   This   increase

in   the   soda   ratio   is   general   in   the   samples   from   this   section,   and   I,
at   first,   considered   it   as   due   to   the   influence   of   the   alkali,   but   one
of   the   samples   from   the   Farm   plot,   where   there   is   no   alkali,   in   the
sense   in   which   this   term   is   used,   showed   18   per   cent,   of   soda,   and
the   beets   were   of   excellent   quality.   I  think   that   the   causes   which
brought   about   the   appropriation   of   the   soda   in   the   two   cases   were
different  ;  still   so   long   as   the   causes   are   not   definitely   determined,
the   presence   of   18   per   cent,   of   soda   in   the   latter   case   fairly   raises   a
doubt   whether   the   excessive   soda   salts,   in   the   soil,   was   the   real   cause
of   the   large   percentage   of   soda   in   the   former   case,   as   I  believe   they
were.   The   total   alkalies   taken   up   from   the   alkalized   ground,   was
almost   exactly   the   same   as   that   taken   up   from   the   good   ground.

The   chlorin   in   the   ashes,   with   one   exception,   is   nearly   the   same,
but   the   average   is   higher   for   my   plot,   owing   to   the   influence   of   sec-

tion  3.   The   conclusion   is   this,   that   on   soil   which   is   in   good,   or   even
fairly   good,   mechanical   condition,   the   composition   of   the   ash   of   the
beet   is   not   affected   by   the   presence   of   alkali,   but   the   percentage   of   ash
is   raised.   On   land,   however,   which   is   wet   and   in   bad   condition,
the   alkali   increases   the   amount   of   soda   and   chlorin   in   the   ash.
This   increase   in   the   soda   amounts   to   from   4  to   7  per   cent.,   and   in
the   percentage   of   chlorin   to   about   the   same.   The   conditions   which
are   required   to   produce   these   results   are   so   unfavorable,   that   the
production   of   any   other   crop   is   quite   out   of   the   question.

The   lime   and   magnesia,   as   already   stated,   are   constant   in   their
respective   percentages,   but   they   are   much   lower   than   the   percent-

ages  for   the   German   and   French   sa^'^oles   or   averages.   This   cannot
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be   due   to   any   deficiency   of   these   compounds   in   the   soil,   for   both
the   soil   and   the   ground   water   are   rich   in   them.   I  have   neither   an
explanation   nor   a  theory   to   offer.   The   twenty   odd   analyses   agree   in
showing   that,   especially,   the   lime   is   low.   The   ground   water   carries
from   125   to   200   grains   of   calcic   sulphate   (CaS04)   to   the   gallon,
and   the   soil   is   full   of   this   salt.   It   is   evident,   from   the   very   low   lime
percentage   in   the   ash,   that   the   beet   does   not   appropriate   it   freely  —
indeed,   scarcely   at   all.   The   same   is   suggested   by   the   uniform   per-

centage  of   sulphuric   acid,   not   only   in   regard   to   the   calcic   sulphate,
but   also   in   regard   to   the   sodic   sulphate.

In   regard   to   the   leaves,   I  can   find   no   more   data   than   regarding
the   beets.   All   that   I  can   find   is   from   the   sources   already   mentioned,
Champion   and   Pellet,   quoted   as   above,   and   an   average   analysis
taken   from   Wolff’s   tables.   These   agree   as   well   as   one   could   expect,
for   the   German   analysis   is   an   average,   while   the   two   French   ones
are   of   individual   samples.

The   French   analyses   make   the   sulphuric   acid   5  per   cent.,   phos-
phoric  acid   8  per   cent.,   chlorin   11.5   per   cent.,   potash   33   per   cent.,

soda   11.5   per   cent.,   lime   12.5   per   cent.,   and   magnesia   10   per   cent.
The   German   data   give   the   sulphuric   acid   as   5  per   cent.,   the   phos-

phoric  acid   as   7  per   cent.,   potash   28.5   per   cent.,   soda   14.5   per   cent.,
lime   14.5   per   cent.,   and   magnesia   14.5   per   cent.   These   percentages
are   only   close   approximations,   but   they   are   sufficient   to   convey   a
pretty   definite   idea   of   the   composition   of   the   ash   of   the   leaves,   as
given   by   these   authorities.

1  have,   in   the   tables,   placed   the   analyses   of   nine   samples   of   ashes
from   leaves,   side   by   side,   with   those   of   the   beets   on   which   they
grew,   in   order   that   the   composition   of   the   leaf-ash   and   beet-ash
might   be   easily   compared,   but   I  have   no   analysis   of   a  leaf-ash   which
may   be   taken   as   as   standard,   so   there   remains   nothing   else   than   to
take   the   general   averages   given   by   Wolff’s   average   analysis.   A
comparison   of   any   of   my   analyses   with   this   shows   a  wide   de-

parture  from   it.   The   sulphuric   acid   is   some   lower,   the   phosphoric
acid   very   much   lower  —  5.6   per   cent.  —  the   chlorin   is   over   twice   as
high,   the   potassic   oxid   is   from   3  to   5  per   cent,   lower,   the   sodic   oxid
8  to   10   per   cent,   higher,   the   lime   about   12   per   cent,   lower,   and
the   magnesia   8  or   9  per   cent,   lower.   In   other   words,   there   is   no
agreement   at   all,   and   I  take   my   analyses,   of   October   13,   as   repre-

senting  the   composition   of   the   ash   of   beet   leaves,   according   to
which   we   have,   for   sulphuric   acid,   3.  5-3.  9  per   cent.;   for   phosphoric
acid,   1.8-2.3   per   cent.;   potash,   23.7-25.7   per   cent.;   soda,   22.3-25.5
per   cent.;   lime,   1.5-2.  5  per   cent.;   magnesia,   6.0   per   cent.;   chlorin,
23.3-28.5   per   cent.;   carbon   dioxid,   10.6-15.0   per   cent.   The   soda
may   be   too   high,   and   the   potash   too   low,   by   a  few   per   cent.,   but   the
percentages   serve   to   indicate   the   general   composition   of   the   ash.
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The   weight   of   leaves   to   the   single   plant   is   over   100   per   cent,
greater   than   that   given   for   the   average   good   beet   in   France.   The
few   statements   which   I  have   found   indicate   a  higher   percentage   of
dry   matter,   11   to   16.5   per   cent.,   than   I  find   for   our   leaves.   It   must
be   remembered   that   leaves,   so   succulent   as   the   beet   leaf   is,   lose
weight   very   rapidly,   and   that   the   percentage   of   dry   matter   in   the
leaf,   at   the   time   of   weighing,   will   depend   upon   the   length   of   time
that   they   have   been   pulled,   and   also,   upon   other   circumstances.
The   percentage   of   ash,   in   the   dry   matter,   is   given   as   28   to   30   per
cent.,   in   ours   it   ranges   from   25   to   31   per   cent.

In   a  preceding   paragraph   it   has   been   pointed   out   that,   while
there   is   a  general   composition   assignable   for   the   ash   of   the   beets,
there   is   none,   in   the   same   sense,   for   that   of   the   leaves,   and   I  can
only   compare   the   samples   from   different   sections   of   my   own   plot.
In   discussing   the   beet   ashes   I  made   no   mention   of   any   differences
due   to   the   different   stages   of   development   at   the   time   the   sample
was   taken.   The   reason   for   this   apparent   omission   is,   that   there   is
no   regular   variation   large   enough,   and   constant   enough,   to   force   one
to   the   conclusion   that   it   is   due   to   this   cause.   In   illustration   of   this,
we   will   take   the   beets   from   section   2  for   the   three   dates,   September
2,   September   22,   and   October   13,   when   we   have,   for   sulphuric   acid,
3.19   per   cent.,   3.61   per   cent.,   and   3.48   per   cent.;   for   phosphoric   acid,
8.76   per   cent.,   8.79   per   cent.,   and   8.68   per   cent.;   for   carbon   dioxid,
14.82   per   cent.,   14.76   per   cent.,   and   15.69   per   cent.;   for   chlorin,   12.31
per   cent.,   12.83   per   cent.,   and   12.60   per   cent.;   for   potash,   38.83   per
cent.,   41.62   per   cent.,   and   42.98   per   cent.;   for   soda,   12.13   per   cent.,
9.74   per   cent.,   and   8.81   per   cent.,   and   if   the   potash   and   soda   be   taken
together,   there   is   practically   no   difference   in   the   percentage   of   alka-

lies present  on  the  three  dates.

The   whole   analyses   might   be   given,   but   would   show   no   ex-
ception  to   the   statement   that   the   ash   in   the   immature   beet   had   the

same   percentage   composition   as   that   in   the   mature   beet.   There
seems   to   be   one   exception   to   this   rule   in   the   leaf-  ashes,   and   this   is
in   the   case   of   the   chlorin,   which   increases   so   generally   and   uni-

formly  that   it   is   suggestive   of   a  relation   between   the   maturity   of
the   plant   and   the   quantity   of   chlorin   present.   The   percentages   are
averages   for   the   dates   September   2,   September   22,   and   October   13,
in   the   order   given  —  18.98   per   cent.,   24.68   per   cent.,   and   26.52   per
cent.   This   is   the   only   one   of   the   constituents   which   shows   this
variation.   The   alkalies,   on   the   other   hand,   are   quite   constant,   with
an   average   of   about   48.4   per   cent.,   against   52.0   per   cent,   in   the   beets.
The   alkalies   in   the   leaf-ashes   are,   in   a  rough   way,   divided   about
equally,   with   the   soda   usually,   but   not   always,   slightly   predominant.
We   conclude   that   the   ash   of   the   beet   leaf   has   a  general   composition
which   is   the   same   throughout   the   season,   except   tliat   there   is   an
accumulation   of   chlorin,   as   the   plant   approaches   maturity.
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The   principal   differences   between   the   ash   of   the   roots,   and   of
the   leaves,   are   the   following  :  The   ash   of   the   roots   contains   from
three   to   four   times   as   much   phosphoric   acid  ;  from   one   half   to   two
thirds   as   much   chlorin   ;  about   one   thirteenth   more   alkalies;   a  little
less   lime,   and   two   thirds   as   much   magnesia.   The   most   important
of   these   differences   is   the   smaller   quantity   of   phosphoric   acid   in   the
ash   of   the   leaves,   the   larger   quantity   of   chlorin,   and,   not   the   dif-

ference  in   the   quantity   of   the   total   alkalies,   but   in   the   ratio   of   the
soda   to   the   potash   in   them,   which   has   been   stated   to   be   1:1,   roughly,
with   exceptions   in   favor   of   a  higher   soda   ratio.

Apropos   to   the   question   of   this   ratio   in   the   beet   ashes,   I  no-
tice  a  great   variation   in   the   analyses   taken   from   Wolff’s   tables-

The   ratio   for   soda   to   potash   is   1:2,   and   in   toe   analyses   of   Champion
and   Pellet,   it   is   1:   6.   In   my   samples   the   ratio   varies   from   1:1.8   to
1:5.   The   largest   amount   of   soda   was   found   in   samples   from   section
3,   and   the   next   highest   was   found   in   a  sample   representing   the   Farm
plot,   supposed   to   be   entirely   free   frooi   alkali,   and   which   is   in   most
excellent   condition.   I  have   no   analysis   of   the   soil   from   the   Farm
plot,   but   as   it   was   a  piece   of   old   alfalfa   sod,   there   was   probably   an
abundance   of   available   potash   present.

The   principal   effects   of   the   alkali   upon   the   beet   crop   were,   in
cases   where   the   alkali   alone   was   in   question,   that   the   percentage   of
sugar   was   scarcely   affected   at   all,   but   rather   beneficially   than   other-

wise.  That   the   nitrogen   content   was   increased,   and   the   ash   content,
also,   by   about   2  per   cent.

THE   FOOD   REQUIREMENTS   OF   THE   CROP.

I,   of   course,   hoped   to   find   this   plant   so   tolerant   of   soda   salts
that   it   would   utilize   soda   in   its   economy   in   place   of   potash,   and
thereliy   to   be   able   to   remove   them   from   the   soil,   or   at   least   to   fore-

stall  their   accumulation   to   a  deleterious   extent.   As   touching   this
particular   object,   the   study   leads   to   an   adverse   conclusion,   or,   at   best,
leaves   it   in   serious   doubt,   for,   with   two   exceptions,   we   do   not   find
the   amount   of   soda   removed   to   be   dependent   upon   the   relative   quan-

tities  of   this   compound   in   the   soil.   In   the   two   cases   in   which   larger
amounts   of   soda   than   normal,   or   what   appears   to   be   normal,   were
removed,   one   could   and   the   other   could   not   be   attributed   to   an   al-

kalized  condition   of   the   soil.   But   we   are   enabled,   by   the   establish-
ing  of   a  general   composition   for   the   ashes   of   the   beets,   and   of   the

ratios   between   the   roots   and   the   tops,   and   the   dry   matter   in   each,   to
give   the   requirements   of   this   crop   in   Colorado   in   quite   definite
terms.   If   we   assume   a  crop   of   fourteen   tons   to   the   acre,   and   this
will   be   a  good   average   crop   for   our   section,   we   have   a  total   of   from
294   to   384   pounds   of   mineral   matter   removed   by   the   roots.   This   is
on   a  basis   of   1.05   per   cent,   ash   in   the   fresh   beets,   grown   on   good
soil,   and   1.3   per   cent,   for   beets   grown   on   alkali   soil.   The   tops   will
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remove   about   586   pounds,   assuming   them   to   be   equal   to   80   per   cent
of   the   weight   of   the   roots,   and   to   have   an   average   of   2.62   per   cent,
of   ash,   which   is   their   average   on   our   soils.   This   gives   us   a  total
ranging   from   880   to   970   pounds   of   mineral   matter   per   acre  —  or   de-

ducting  one   seventh   for   carbon   dioxid,   we   have   from   754   to   832
pounds  —  of   which   nearly   60   per   cent,   or   from   450   to   500   pounds,   is
potash   and   soda   together.   The   ratio   of   the   soda   to   the   potash   is   so
indefinite,   as   has   been   shown,   that   there   is   no   basis   for   a  very   close
estimate   of   the   amount   of   soda   removed,   but,   owing   to   the   large
amount   of   ash   in   the   leaves,   and   the   richness   of   this   ash   in
soda,   about   one   half   of   the   total   alkalies,   or   from   225   to   250   pounds,
must   be   soda.   The   total   phosphoric   acid   removed   is   between   40
and   50   pounds.   This   is   more   than   the   average   German   crop   of
equal   weight   removes.   The   chlorin   removed   has   possibly   more   sig-

nificance  for   our   main   question   than   any   other   constituent.   We
may   consider   the   ash   of   the   root,   including   the   carbon   dioxid,   as
containing   12   per   cent.,   and   that   of   the   leaves   as   containing   25   per
cent.   On   this   basis   the   roots   remove   from   35   to   46   pounds,   and   the
leaves   146.5   pounds   of   chlorin   per   acre,   which   corresponds   to   about
307   pounds   of   sodic   chlorid,   or   salt,   to   the   acre.   The   sodic   chlorid
seems   to   be   the   only   constituent   of   the   alkali   removed   by   the   beet
plant,   but   as   the   sulphate   of   soda   constitutes   the   principal   part   of
the   alkali,   and   this   being   without   infiuence   upon   the   composition
of   the   ash,   it   is   not   clear,   even   granting   that   we   could   raise   a  crop
of   14   tons   to   the   acre,   to   what   extent   the   removal   of   this   amount
of   sodic   chlorid   would   better   the   condition   of   the   soil.

The   soil   in   question   contains   chlorin   to   the   amount   of   0.025
per   cent,   of   the   air-dried   soil,   or,   taken   to   the   depth   of   two   feet,   about
2,800   pounds   of   sodic   chlorid   to   the   acre.   The   water   soluble   in   the
soil,   varies   in   different   portions   of   the   plot   from   0.09   per   cent,   to
1.4   per   cent,   of   the   air-dried   soil.   The   salts,   soluble   in   water,   con-

sist  of   sodic   sulphate,   33   per   cent.;   calcic   sulphate   (  CaS04  )  36   per
cent.;   magnesic   sulphate   (MgS04  )  21   per   cent.;   sodic   chlorid   2.5   per
cent.;   and   loss   on   ignition,   rather   less   than   7  per   cent.   The   quan-

tity  removed   would   soon   reduce   the   supply   of   the   sodic   chlorid   in
the   soil   if   it   were   not   renewed   from   some   source,   but   the   ground
water   is   charged   with   alkali,   of   which   from   3  to   10   percent,   is   sodic
chlorid,   a  quantity   quite   sufficient   to   replace   that   removed   by   the

crop.
A  legitimate   question   here,   is   whether   this   amount   of   sodic

chlorid,   2,800   pounds   to   the   acre,   taken   to   a  depth   of   two   feet,   has
any   detrimental   effect   upon   the   growth   or   quality   of   the   crop.   I
think   that   the   answer   must   be   that   it   does   not.

While   the   experiment   was   made   with   sugar   beets,   I  did   not   ex-
clude  stock   beets,   and   an   examination   of   the   analyses   of   these   races,

given   with   those   of   the   sugar   beets,   shows   that   they   remove   a  much
larger   quantity   of   soda   salts   in   the   roots   than   the   sugar   beet   does,
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•  hut   this   is   confined   to   the   roots,   as   the   ratio   of   the   weight   of   the
leaves   to   that   of   the   roots   is   only   about   one   half   as   high   in   the   stock
beets   as   in   the   sugar   beets   ;  so   that   the   actual   weight   of   the   leaves
in   the   two   cases   is   about   the   same.   Still   it   appears   from   the   anal-

yses  that   the   stock   beets   would   remove   more   soda   salts   from   the   soil
than   the   sugar   beets,   crop   for   crop,   but   not   ton   for   ton.   The   per-

centages  of   dry   matter   and   sugar   show   what   the   relative   feeding
value   of   the   crops   would   be.   It   appears,   considering   all   things,   that
the   Lane’s   Imperial   was   the   best   variety   for   my   purpose,   and   prob-

ably  would   be   for   feeding   purposes,   but   this   discussion   lies   beyond
the   scope   and   purpose   of   this   bulletin.

SUMMARY.

The   object   of   this   bulletin   is   to   present   the   results   of   my   study
of   the   effect   of   alkali   upon   the   composition   of   the   sugar   beet,   and   to
contribute   to   our   knowledge   of   the   chemistry   of   this   plant.

The   beet   seed   will   germinate   freely   in   soil   containing   as   much
as   0.10   per   cent,   of   sodic   carbonate,   but   the   young   plants   are   at-

tacked  by   as   much   as   0.05   per   cent.,   and   it   is   doubtful   whether   any
of   them   can   survive   when   there   is   as   much   as   0.10   per   cent,   of   this
salt   present   in   the   soil.

Sodic   sulphate   affects   the   germination   to   a  much   less   degree,
even   when   it   is   equal   to   0.80   per   cent,   of   the   air-  dried   soil,   but   it   is
injurious   when   present   in   larger   quantities.   When   both   salts,   sodic
carbonate   and   sodic   sulphate,   are   present   in   equal   quantities,   the
action   of   the   carbonate,   or   black   alkali,   is   only   slightly,   or   not   at   all,
mitigated.

Magnesic   sulphate   retards,   but   does   not   prevent,   germination
when   present   in   quantities   equal   to   1  per   cent,   of   the   air-dried
soil.

Sodic   salts   hasten   germination   by   from   36   to   48   hours.

The   effect   of   the   alkali,   present   in   our   soil,   upon   the   sugar   con-
tent  of   the   beet   is,   of   itself,   not   detrimental.   The   maturing,   or

ripening,   of   the   crop   corresponds   to   an   increase   of   from   2  to   3.5
per   cent,   of   sugar   in   the   beet,   and   about   one   third   of   the   total
yield   of   sugar.

Beets   may   remain   unharvested,   under   favorable   conditions,
without   loss   of   sugar   or   weight   of   crop.   In   our   case,   there   was   a
slight   gain   between   October   6,   1897,   and   January   8,   1898.

The   difference   in   the   average   percentage   of   sugar   in   the   thirds
of   beets,   taken   by   weight   and   numbering   from   the   top,   is   less   than
0.20   per   cent,   in   favor   of   the   second   and   third   thirds,   while   the   aver-

age  co-efficient   of   purity   is   quite   the   same   for   the   respective   thirds.
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The   percentage   of   sugar   in   the   crowns   is   about   1  per   cent,   less   *
than   in   the   rest   of   the   beet,   and   the   co-efficient   of   purity   is   but   little
lower   than   that   of   the   beet.

Simple   freezing   does   not   affect   the   quality   of   the   beet.   The
sugar   is   not   changed   thereby,   but   the   distribution   of   the   sugar   in
the   beet   may   be   materially   affected   in   cases   where   only   a  portion   of
the   beet   has   been   frozen,   especially   if   subsequent   thawing   has   taken
place.

The   drying   out   of   beets   increases   the   percentage   of   sugar,   but
is   accompanied   by   an   actual   loss   of   sugar.

The   rate   of   drying   out   is   about   5  per   cent,   for   the   first   24   hours,
but   by   the   end   of   five   days   it   falls   to   about   2  per   cent.,   and   re-

mains  practically   constant   for   the   next   12   days.

The   weight   of   the   leaves   of   the   Colorado   grown   sugar   beet,
equals   about   87   per   cent,   of   the   weight   of   the   roots.   The   weight   of
the   leaves   does   not   increase   materially   during   the   last   six   weeks   of
the   growing   season,   but   during   this   time   the   weight   of   the   ro(   t  in-

creases  by   64   per   cent,   of   its   weight   at   the   beginning   of   the   period,
or   39   per   cent,   of   the   weight   of   the   mature   beet.

The   presence   of   alkali   increases   the   weight   of   the   leaves   very
slightly,   and   has   no   marked   influence   on   the   date   of   maturing.

The   amount   of   dry   matter   is   the   same   in   beets   grown   upon   al-
kali  ground   as   in   those   grown   on   ground   free   from   alkali.

As   the   sugar   is   formed,   there   is   a  disappearance   of   dry   matter,
other   than   sugar,   in   the   beet,   suggesting   the   formation   of   the   sugar
in   the   root   by   the   transformation   of   substances   already   deposited
therein.

The   dry   matter   in   the   upper,   or   first,   third   of   the   beet,   taken   by
weight,   is   a  little   higher   than   in   the   other   two   thirds.

The   effect   of   the   alkali   upon   the   composition   of   the   beet,   as
shown   by   the   ordinary   fodder   analyses,   is   an   increase   in   the   per-

centages  of   the   ash,   and   the   crude   protein,   and   a  decrease   in   the
percentage   of   nitrogen   free   extract.   The   effects   of   the   alkali   are
greater   upon   the   composition   of   the   beet   than   upon   that   of   the
leaves.

The   percentage   of   ash   in   the   fresh   roots   is   about   1.10   per   cent.,  '
and   in   the   fresh   leaves   it   is   rather   more   than   twice   as   much.

The   effect   of   alkali   upon   the   percentage   of   ash   in   the   roots   is
to   increase   it   by   about   2  per   cent.,   reckoned   on   the   dry   matter.

The   amount   of   mineral   matter   removed   by   a  crop   of   stock
beets   is   from   two   to   three   times   as   great   as   that   removed   by   a  crop
of   sugar   beets.   The   amount   of   mineral   matter   removed   by   the
leaves   is   about   the   same.

The   percentage   of   ash   in   the   respective   thirds   of   the   beet,   taken
by   weight,   is,   for   the   fresh   beet,   a  little   higher   in   the   upper   third
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than   in   either   of   the   other   two   thirds,   but   the   dry   matter   from   the
third,   or   bottom,   third   is   richer   in   ash   than   either   of   the   other   two
thirds.

I  have   failed   to   find   any   relation   between   the   percentage   of
sugar   and   the   percentage   of   ash,   and   also   between   the   percentage   of
sugar   and   the   composition   of   the   ash.

The   composition   of   the   ash   of   the   beets   seems   not   to   have   been
affected   by   the   different   character   of   the   soils   experimented   with,
either   because   there   was   so   great   an   abundance   of   available,   and   to
the   plant,   acceptable   mineral   matter   present   that   it   was   not   affected
by   the   presence   of   a  large   quantity   of   other   salts,   or   the   composi-

tion  of   the   ash   of   the   sugar   beet   is   very   constant.   I  think   that   the
latter   is   the   case;   the   composition   of   the   ash   being   represented   by
the   following   approximate   percentages:   Sulphuric   acid,   3.5   ;  phos-

phoric  acid,   7-9   ;  alkalies,   48-52   ;  lime,   2-3   ;  magnesia,   6  ;  chlorin,
11.50-14.50;   carbon   dioxid,   about   15.

The   ash   of   the   beet   leaf   has   a  general   composition   which,   like
that   of   the   beet,   is   the   same   throughout   the   season,   except   that
there   is   an   increase   in   the   chlorin   as   the   plant   approaches   ma-
turity.

The   ash   of   the   leaves   differs   from   the   ash   of   the   roots   in   the
following   points  :  The   ash   of   the   leaves   contains   from   one   third
to   one   fourth   as   much   phosphoric   acid,   from   two   to   three   times   as
much   chlorin,   a  little   more   lime,   about   one   half   more   magnesia,
and   about   one   thirteenth   less   alkalies.   The   most   important   differ-

ence  is   the   ratio   of   the   soda   to   the   potash,   which   is   one,   or   more
than   one,   to   one.
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