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Studying   the   effects   of   Sclerotinia   fructigena   (Pers.)   Nort.   upon
apples.   This   writer   made   a   single   inoculation   upon   the   side   of   each
apple.  When  the  fruit   was  half   rotted  he  split   the  rotten  half   from  the
sound   portion   and   analyzed   the   two   parts   separately.

In   the   present   investigation   this   method   was   considerably   modified.
The  peaches   were   first   divided  into   quarters   and  the   opposite   quarters
were   combined.   One   of   the   two  samples   thus   obtained   was   inoculated
and  the  other  was  used  as  a  control.  Before  the  peaches  were  sampled",
however,   they   were   thoroughly   scrubbed   with   a   solution   of   bichlorid
of   mercury   i   to   i,ooo.   They   were   quartered   and   separated   from   the
stone   with   a   sterile   knife   and   immediately   placed   in   sterile,   glass-
stoppered   weighing   bottles   which   had   been   tared,   and   then   weighed.
One   set   of   these   samples   consisting   of   one   sample   from   each   peach
was   inoculated   from   the   stock   cultures   of   the   fungus   by   shaking   up
spores   in   sterile   water   and  pouring  them  over   the   cut   surfaces   of   the
fruit.   The   other   set,   the   controls,   were   treated   with   a   like   quantity
of  sterile  water.  The  two  sets  of  samples  were  kept  side  by  side  under
the  same  temperature  and  moisture  conditions  for   two  weeks  or   more.
At   the   end   of   this   time   the   samples   were   examined   and   any   of   the
control  samples  found  to  be  infected  with  fungi  were  discarded  together
with   the   corresponding   inoculated   halves.   This   procedure   was   also
followed  with   any  of   the  inoculated  portions   found  to   be  infected  with
fungi   other   than   Sclerotinia.   As   a   further   precaution   cultures   on
beef   agar   were   made   from   the   interior   of   the   remaining   samples   and
if   any   of   these   cultures   indicated   the   presence   of   contaminating   fungi
or   bacteria   in   the   fruit   the   samples   were   discarded.   After   these
inoculations   were   made   the   samples   were   prepared   for   analysis.

In   the   analyses,   determinations   were   made   of   the   pentosan,   acid,
and   sugar   content   of   the   peach   samples.   The   amount   of   alcohol-
insoluble   material   which   reduced   Fehling's   solution   when   hydiolyzed
with   dilute   hydrochloric   acid,   was   also   determined.   The   data   thus
obtained   were   calculated   on   the   basis   of   wet   weight   of   fruit   at   the
time   of   inoculation   and   it   was   then   possible   to   compare   the   content
of   the   different   compounds   in   the   sound   and   rotten   portions   of   the
same  peach.

In   the   pentosan   and   acid   determinations   it   was   found   advisable   to
use   an   entire   sample   for   each   determination.   In   the   case   of   the
sugars,  however,  a  sample  served  for  the  two  sugar  determinations  and
for   the   determination   of   alcohol-insoluble   substance   which   reduced
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Fehling's   solution   upon   hydrolysis   with   dilute   hydrochloric   acid.   The
samples  were  prepared  for   analysis   by   slicing  as   thinly   as   possible   with
a   sharp   knife   and   then   chopping   up   the   slices.   Inasmuch   as   all
determinations   were   related   to   original   wet   weight,   care   was   taken
that  none  of  the  pulp  or  juice  was  lost.

For   pentosan   determinations   the   chopped-up   peach   pulp   was   washed
directly   into   half   liter   Erlenmeyer   flasks   and   distilled   immediately.
Pentosan   determinations   were   made   according   to   Tollens's   phloroglucid
method   (8)   and   the   phloroglucid   was   calculated   as   pentosan   according
to   Krober's   (8)   tables.   Methyl-pentosan   determinations   made   on
portions   of   a   number   of   peaches   according   to   EUett   and   Tollens's   (9)
method,   showed   the   presence   in   the   peach-pulp   of   substances   yielding
methyl-fuifurol   when   boiled   with   hydrochloric   acid.   The   amount,
however,   was   so   small   that   it   was   not   considered   worth   while   to   de-

termine it  in  all  the  samples.
The   samples   for   acid   determination   were   washed   into   250   cc,

Erlenmeyer   flasks   with   100   cc.   of   water   and   heated   nearly   to   boihng
for   one   hour.   The   mixture   was   then   transferred   to   250   cc.   volumetric
flasks   which   were   filled   to   volume   with   water   and   allowed   to   stand
with   frequent   shaking   for   one   week.   Toluol   was   added   to   prevent
the   action   of   micro-organisms.   At   the   end   of   a   week   the   solutions
in   the   flasks   were   again   made   up   to   volume,   filtered,   and   two   50
cc.   portions   of   the   filtrate   titrated   against   standard   potassium   hydrox-

ide.  The  acidity   of   the   samples   was   calculated  from  these  data   in
cc.   normal  acid  per  100  g.   original  wet  weight.

The   samples   in   which   the   sugar   determinations   were   made   were
washed   into   250   cc.   volumetric   flasks   with   70   per   cent   alcohol.
About  a  gram  of  calcium  carbonate  was  added  to  neutralize  the  acidity.
The   flasks   were   filled   up   to   volume  with   alcohol   and   allowed  to   stand
with   frequent   shakings   for   one   week.   At   the   end   of   this   time   the
solutions   were   again   made   up   to   volume,   filtered,   and   200   cc.   of   the
filtrate   pipetted   into   beakers.   The   alcohol   was   driven   ofif   and   the
residue   washed   into   volumetric   flasks   with   water.   The   solution   was
cleared   with   neutral   lead   acetate,   made   up   to   the   original   volume   and
filtered.   The   excess   lead   was   precipitated   as   oxalate,   by   adding
sodium   oxalate.   The   solution   was   again   filtered   and   the   amount   of
reducing   sugar   determined   in   the   filtrate,   using   AUihn's   modification
of   Fehling's   solution   (8)  .   The   copper   was   determined   by   direct   weigh-

ing  of   the   cuprous   oxide   and   the   dextrose   calculated   according   to
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AUihn's   tables.   The   method   used   for   sugars   was   similar   to   that   given
by   Bryan,   Given   and   Straughn   (lo).

The   total   sugars   were   determined   in   the   solution   used   for   reducing
sugars  by  inverting  the  sucrose  in  50  cc.   with  hydrochloric  acid,   making
the   solution   up   to   100   c.c.   and   neutralizing   with   anhydrous   sodium
carbonate.   The   sugar   was   determined   as   in   the   case   of   the   reducing
sugar.   The   sucrose   content   was   calculated   from   the   difference   in
total   and   invert   sugar   in   the   sample,   as   is   the   usual   procedure   in
investigations   of   this   kind.   Kulisch   (7),   Girard   (5),   Bigelow   and   Gore
(2)   and   others   have   considered   this   difference   between   the   total   and
reducing   sugars   in   peaches   to   be   due   to   sucrose.   It   was,   however,
considered   worth   while,   in   view   of   the   work   of   Davis   and   Daish   (4),
to   obtain   more   evidence   upon   this   point.   Accordingly,   a   number   of
peaches   were   sliced   up,   a   little   calcium   carbonate   added,   and   the
mixture   extracted   with   70   per   cent   alcohol,   for   one   week.   The
solution   was   then   filtered   and   three   samples   of   the   filtrate   measured
out.   These   solutions   were   prepared   for   analysis   in   the   same   way   as
the   solutions   from   samples   of   peaches   in   the   inoculation   experiments
and   the   reducing   sugars   determined.   For   total   sugars   duplicate
samples   were   pipetted   from   each   of   the   three   solutions.   The   one   set
of  these  was  treated  with  acid  in  the  usual  way,  while  the  sugar  in  the
other   set   was   inverted   with   invertase.^   The   percentage   of   reducing
sugar   in   the   solutions   and  the   percentage   of   total   sugar   as;   found  by
both  methods  are  given  below:

Per  Cent  Sugar  as  Glucose  after  Inversion  (Total  Sugar)
Per  Cent  Reducing  Sugar  Acid  Inversion  Invertase  Inversion  '

0.77   3-34   3-37
0.77   3-36   348
0.77   347   346

From   these   results   it   would   seem   probable   that   the   increase   in
reducing   substance   after   treatment   with   acids   is   due   to   the   inversion
of   the   cane-sugar   in   the   solution.   At   any   rate,   according   to   the   work
of  Hudson  (6),  the  increase  in  reducing  power  is  not  due  to  the  hydro-

lysis of  starch,  dextrins  or  pentosans  or  to  the  inversion  of  maltose  or
lactose.   The   alcoholic   sugar   solution,   from   which   the   original   samples
were  taken,  was  later  cleared  with  lead  acetate,   filtered,  and  the  excess
lead   removed   as   sulphide.     The   filtrate   was   evaporated   and   a   sugar

 ̂ The  writer's  thanks  are  due  Dr.  C.  S.  Hudson,  of  the  Bureau  of  Chemistry,
for  the  invertase  solution  used  in  these  experiments.
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crystallized   out.   After   several   recrystallizations   this   sugar   was   iden-
tified as  sucrose  by  its  melting  point,  by  the  fact  that  it  did  not  reduce

Fehling's   solution   until   after   inversion   with   acid   or   invertase   and   by
its   specific   rotation.

As   has   been   said,   the   alcoholic   sugar   solution   was   filtered   off   the
peach   sample   and   the   amount   of   sugar   determined   in   the   filtrate.
The   residue   on   the   filter   was   carefully   removed   to   a   porcelain   extrac-

tion  thimble   and   extracted   for   one   day   continuously   in   a   Soxhlet
extractor.   It   was   then   dried,   ground   up   and   treated   according   to
the   usual   routine   for   the   determination   of   starch.   The   determinations
were   made  by   the   direct   acid   hydrolysis   method  (8),   as   in   the   case   of
the   sugars.   Whether   any   considerable   amount   of   these   substances,
which   aie   insoluble   in   alcohol   and   reduce   Fehling's   solution   after
hydrolysis   with   dilute   hydrochloric   acid,   are   starch,   is   an   open   ques-

tion.  Bigelow  and   Gore   (2)   found   starch   grains   in   young   peaches
located   only   in   a   thin   layer   just   under   the   epidermis.   Determined
quantitatively   they   found   only   one   tenth   of   one   per   cent.   The
present   writer   examined   portions   of   the   ground   pulp   microscopically
and,   while   bodies   were   present   which   gave   the   blue   color   with   iodine,
no   definitely   formed   starch   grains   were   discovered.

To   obtain   more   evidence   upon   this   point,   six   twenty-five   gram
samples   of   peach   pulp   were   weighed   out   and   extracted.   After
drying,   three   of   the   samples   were   treated   by   the   direct   acid   hydrolysis
method   and   the   reducing   substances   determined   in   the   usual   way.
The   other   three   samples   were   carefully   ground   with   fine   sand   and
then  digested  with  malt   diastase  and  treated  as  in   the  diastase  method
for   the   determination   of   starch   (8).   The   reducing   substance   was
determined   as   m   the   other   three   samples.   A   comparison   of   the
percentage  of   reducing  substance  in   the  two  sets   of   samples,   calculated
as  starch,  is  given  below.

From   the   results   of   these   determinations   it   seems   that   a   portion
of   alcohol-insoluble   substance   which   reduces   Fehling's   solution   after
hydrolysis   with   dilute   hydrochloric   acid,   is   either   starch   or   some
compound,   such   as   dextrin,   which   is   liquefied   by   diastase.   The
present   work   and   the   investigations   of   Bigelow   and   Gore   would   seem

Acid  Hydrolysis Diastase  Method
1.24
1-33
1-34

0.32
0.38
0.37
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to   indicate   that   in   the   peach   fruit   starch   is   not   a   common   form   of
reserve   for   carbohydrates   translocated   from   other   parts   of   the   plant.

The  method  of  studying  the  effect  of  the  fungus  upon  the  peach  in
this   work   was   to   compare   the   percentage   of   the   compounds   as   de-

termined in  the  two  samples  taken  from  the  same  peach,  one  of  which
had  been  inoculated   with   the   fungus,   while   the   other   remained  sound.
Any   considerable   variation   between   the   two   halves   in   the   percentage
of   the   substances   determined   was   considered   to   have   been   caused   by
the   fungus.   This   method   is   based   on   the   assumption   that   the   content
of  any  of  the  substances  determined  is  the  same  in  the  two  samples  of
the   same   peach.   It   seemed   then,   of   some   importance   to   determine
the   extent   of   the   variation   between   the   two   halves   of   the   peach
sampled   in   this   way.   Accordingly,   a   series   of   experiments   were   carried
out   using   sound   peaches   and   following   the   same   method   of   sampling
as   in   the   inoculation   experiments,   except   that   the   halves   were   pre-

pared for  analysis  immediately  after  sampling.  The  same  variety  of
peaches,   namely   Champion,   was   used   in   these   determinations   as   in
the   inoculation   experiments   described   later.

The   results   of   these   analyses   are   given   in   Tables   I   and   II,   which
follow:

Table  I
Pentosan  and  Acid  Content,  and  the  Amount  of  Alcohol-Insoluble  Substance

Which  Reduces   Fehling's   Solution  when  Hydrolyzed  with   Dilute
HCl,  in  Sound  Peaches,  Each  Substance  Determined  in  the

Two  Halves  of  the  Same  Peach

From   the   results   in   the   foregoing   tables   it   seems   that   there   is
occasionally   some   variation   in   the   composition   of   the   two   samples.
This   variation,   however,   is   not   as   great   as   between   the   individual
peaches.

Two   series   of   experiments   were   carried   out   in   which   the   peaches
were   inoculated   in   the   laboratory.     In   the   first   series   of   experiments
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Table  II
Reducing  Sugar,   Total   Sugar,   and  Sucrose   Content   in   the   Halves   of   the

Sound  Peaches,   Stated   as   Percentage   of   Wet   Weight

twenty   peaches   were   picked,   sampled   and   inoculated   July   23.   They
were   prepared   and   inoculated   as   already   described   and   were   allowed
to   remain   in   the   glass-stoppered   weighing   bottles   which   were   placed
in   a   large   covered   glass   dish   until   August   11.   They   were   then   ex-

amined and  prepared  for  analysis.
The   second   series   of   experiments   was   set   up   August   14;   the   same

number  of  peaches  were  used  as  in  the  first  series  and  they  were  treated
in   the   same  way.   The   samples   were   prepared  for   analysis   in   the   usual
way   August   30.   The   results   of   the   determinations   in   the   two   series
of   inoculation   experiments   are   given   in   tables   3-6,   which   follow:

Table   III
Pentosan  and  Acid  Content  and  the  Content  of  Alcohol-Insoluble  Substance

Which   Reduces   Fehling's   Solution   when   Hydrolyzed   with   Dilute   HCl,
IN  THE  Sound  and  Rotten  Halves  of  Peaches,  Each  Substance  Deter-

mined IN  Sound  and  Rotten  Halves  of  the  Same  Peach

Table  IV
Reducing  Sugar,  Total  Sugar,  and  Sucrose  Content  in  the  Sound  and

Rotten   Halves   of   Peaches,   Stated   as   Percentage   of   Wet   Weight



78 LON  A.  HAWKINS

Table  V
Pentosan  and  Acid  Content,  and  the  Amount  of  Alcohol-Insoluble  Substance

Which   Reduces   Fehling's   Solution   when  Hydrolyzed   with   Dilute   HCl,
IN  THE  Sound  and  Rotten  Halves  of  Peaches.    Each  Substance  Deter-

mined in  Sound  and  Rotten  Halves  of  the  Same  Peach.

Table  VI
Reducing   Sugar,   Total   Sugar,   and   Sucrose   Content   in   the   Sound   and

Rotten   Halves   of   Peaches,   Stated   as   Percentage   of   Wet   Weight.

A   third   series   of   analyses   v^as   begun   August   i6,   using   fruit   that
had   become   infected   under   orchard   conditions.   A   quantity   of   peaches
were   picked,   some   of   which   bore   typical   brown-rot   spots   upon   the
surface.   A   number   of   the   peaches   which   were   apparently   sound
were  selected,   the  pulp  removed  from  the  stones  and  cut   up  into  thin
slices.   The   whole   mass   was   then   chopped   up   into   small   pieces,   well
mixed   and   sixteen   twenty-five   gram   samples   weighed   out,   four   for   the
determination   of   each   of   the   various   substances.   In   addition   to   these,
three  ten-gram  samples  were  weighed  out   for   the  determination  of   the
total   dry   matter.   These   last   were   covered   with   95   per   cent   alcohol
in   glass-stoppered   weighing   bottles   and   the   samples   allowed   to   stand
for   several   days.   Most   of   the   alcohol   and   water   was   then   driven   off
at   about   60°   C.   The   residue   was   dried   to   constant   weight   in   an   oven
at   a   temperature   of   100°   C.   and  the   amount   of   dry   matter   calculated.

The   infected   peaches   were   allowed   to   remain   under   warm   humid
conditions   for   two  days   after   the   sound  peaches   were   sampled.   At   the
end  of  this  time  they  were  rotten  and  in  most  cases  covered  with  tufts
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of   conidiophores   of   the   fungus.   They   were   sliced   up   and   sampled   and
the   samples   treated   as   in   the   case   of   the   sound   peaches.   The   results
of   the   determinations   are   given   in   Table   VII,   which   follows.

Table   VII
Pentosan,   Acid  and  Sugar  Content   and  Amount  of   Alcohol-Insoluble  Sub-

stance Which  Reduces  Fehling's  Solution  on  Hydrolysis  with
Dilute  HCl,  in  Sound  and  Rotten  Peaches  from  Same  Tree

From  the   results   in   the   foregoing   tables   it   is   evident   that   some  of
the   compounds   studied   are   much   more   readily   available   for   the
metabolism   of   the   fungus   than   others.

The  pentosan  content  of  the  sound  and  rotten  halves  of  the  peaches
was   usually   about   the   same,   the   differences   being   no   greater   than   the
variations   in   pentosan   content   of   the   two   halves   of   a   sound   peach.
Moreover,   the   pentosan   content   was   sometimes   higher   in   the   rotten
half   of   the   peach   than   in   the   corresponding   sound   half.   It   seems
probable   then,   that   the   pentosans   were   not   utilized   by   the   fungus.
Cooley   (3)   has   recently   shown   that   the   hyphae   of   this   fungus   are   not
found   to   any   considerable   extent   in   the   middle   lamellae   of   the   cells
and   it   does   not   apparently   digest   the   pectin   of   plum   fruits.   It   is
possible,   though   not   probable,   that   part   of   the   pentosan,   or   furfurol-
yielding   material,   might   be   used   by   the   fungus   and   a   like   amount   of
pentosans   laid   down.

The  acid  content   was  always  higher  in   the  rotten  half   of   the  peach
than   in   the   sound   portion   and   this   difference   was   greater   than   the
variation   in   acid   content   between   the   two   halves   of   a   sound   peach.
It   would   seem   then,   that   the   fungus   forms   some   acid   or   causes   it   to
be   formed   by   the   peach.   No   attempt   w^as   made   in   the   present   in-

vestigation to  identify  the  acids  of  either  the  sound  or  lotten  peach.
This   work   would,   how^ever,   seem   to   corroborate   the   investigations
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of  Cooley  (3)  who  found  that  oxalic  acid  was  formed  when  this  fungus
was   grown   upon   peach-juice.   Behrens   (i),   on   the   other   hand,   found
in  his  work  with  apples  that  the  acid  content  of  the  rotten  half  of  the
apple   was   considerably   less   than   that   of   the   sound   portion.   In   this
case  the  fungus  apparently   used  the  acid.

The   percentage   of   alcohol-insoluble   substance   which   reduces   Feh-
ling's   solution   when   hydrolyzed   with   dilute   hydrochloric   acid   was
somewhat  less  in  all  the  rotten  samples  than  in  the  corresponding  sound
halves.   It   is,   therefore,   to   be   concluded   that   the   action   of   the   fungus
tends  to  decrease  the  amount  of  this  substance  in  the  peach,  although
the  variation  between  the  sound  and  rotten  halves   of   the   same  peach
is  occasionally  less  than  that  found  between  the  two  halves  of  a  sound
peach,   as   shown  in   Table   I,   columns   6   and   7.   The   substance   may   be
utilized   by   the   fungus   or   changed   so   that   it   is   soluble   in   alcohol.   In
the   latter   case   it   would   have   been   extracted   with   the   filtrate   used   in
the   determination   of   the   sugars.

In  sugar  content  the  sound  and  rotten  halves  of  the  peaches  varied
considerably.   There   was   more   reducing   sugar   in   the   rotten   halves
than   in   the   corresponding   sound   portions,   while   in   the   total   sugar
content   the   order   was   reversed.   There   was   very   little   cane-sugar   in
the   rotten  portions,   much  less   than  in   the   sound  sample?.   The   fungus
then  uses  the  sugar  and  causes  the  inversion  of   the  sucrose.   That  the
sucrose  is  inverted  much  more  rapidly  than  the  invert  sugar  is  used  by
the  fungus  is   evident   from  the  fact   that   the  reducing  sugar  content   is
higher   in   the   rotten   samples.   This   is   especially   evident   in   the   case   of
the   peaches   rotted   after   they   had  become  infected   under   orchard   con-

ditions in  which  only  a  small  amount  of  the  sugar  had  been  used  yet
nearly   all   the   cane-sugar   had   been   inverted.   Behrens   (i)   found   that
Sclerotinia   fructigena   used   the   sugar   in   apples;   he,   however,   measured
only  the  total  sugars.

In  conclusion,   it   may  be  said  that  in  peaches  rotted  by  the  brown-
rot   fungus,   Sclerotinia   cinerea,   the   pentosan   content   remains   prac-

tically the  same,  the  acid  content  is  increased,  the  amount  of  alcohol-
insoluble   substance   which   reduces   Fehling's   solution   when   hydrolyzed
with   dilute   hydrochloric   acid   decreases,   the   total   sugar   content   de-

creases, while  the  cane-sugar  practically  disappears.
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NEGATIVE   HELIOTROPISM   OF   UREDINIOSPORE   GERM-
TUBESi

F.  D.  Fromme

During   the   course   of   some   germination   tests   with   urediniospores
of   Puccinia   Rhamni   (Pers.)   Wettst.   in   the   spring   of   1913   an   apparent
negative   heliotropic   reaction   by   the   germ-tubes   was   seen.   The
spores  had  been  sown  in  a   drop  culture  exposed  to  a   unilateral   illum-

ination on  a  window  sill  and  a  high  per  cent,  of  the  tubes  had  grown
directly   away   from   the   light.   Subsequent   tests   with   controls   in
darkness   substantiated   the   first   observations.   A   search   of   the   liter-

ature brought  forth  a  single  mention  of  a  heliotropic  reaction  in  ger-
minating rust  spores.  Ward,^  referring  to  a  series  of  germination

studies   with   urediniospores   of   Puccinia   dtspersa,   has   written:   "My
reasons   for   varying   the   direction   of   incidence   of   the   light   in   certain
cases   were   based   on   some   results   (as   yet   inconclusive)   that   the
germ-tubes   exhibit   heliotropic   curvatures."

That   the   sporidial   germ-tubes   of   Puccinia   malvacearum   react
negatively   to   daylight   has   been   shown   recently   by   Robinson,^   but
aeciospore  germ-tubes  of   Puccinia  Poarum  were  found  to  be  indifferent.
Germ-tubes   of   conidia   of   Bottytis   sp.   also   grew   away   from   light   but
those   of   other   non-rust   fungi   tested   AUernatia   sp.,   Penicillium   glaucum
and   Peronospora   parasitica,   were   indifferent   according   to   Robinson.

During  the  past  fall,   1914,  the  study  of  the  effect  of  light  on  germ-
inating  urediniospores   of   Puccinia   Rhamni   was   again   taken   up.

Urediniospores   were   obtained   at   first   from   the   field   and   stored   in
gelatin   capsules   and   later   from   cultures   on   oat   plants   grown   in   the
greenhouse.   The   urediniospores   of   this   species   are   especially   suitable
to   daylight   tests   on   account   of   their   quick   germination   and   the   rapid
growth   of   their   germ-tubes.   In   the   tests   made   the   germ-tubes   aver-

aged in  growth  once  to  twice  the  spore  length  in  as  many  hours  and
four  to  six  times  in  three  to  four  hours.

^  Read  before  the  American  Phytopathological  Society  at  the  Philadelphia
rneeting,  January  i,  191 5.

2  Ward,  H.  M.    Ann.  Bot.  16:  267.  1902.
2  Robinson,  W.  Ann.  Bot.  28:  331-340.  1914.
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