
,THE COURSE OF STONE CELL FORMATION 

JN THE FEAR FRUITS

.By

W illiam  W* Smith 

A, THESIS

P resen ted  to  th e  G-raduate School of M ichigan S ta te  C ollege o f A g r ic u ltu re

,and A pplied Science in  P a r t i a l  F u lf il lm e n t o f Requirem ents 

.fo r th e  Degree o f  D octor of Philosophy

H o r t ic u ltu re  Department 

E ast L ansing, M ichigan 

1935

'  /< /? -



ProQuest Number: 10008430

All rights reserved

INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,

a note will indicate the deletion.

uest,
ProQuest 10008430

Published by ProQuest LLC (2016). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States Code

Microform Edition © ProQuest LLC.

ProQuest LLC.
789 East Eisenhower Parkway 

P.O. Box 1346 
Ann Arbor, Ml 48106-1346



INTRODUCTION

C r is t  and B a t je r ’ s (7) ana ly ses  of th e  is o la te d  g r i t  c e l l  

c lu s te r s  o f p e a r  f r u i t s  show th e se  s tr u c tu r e s  to  be approx im ately  th re e -  

fo u r th s  l ig n o c e l lu lo s e ,  of which about a  t h i r d  is  l ig n in .  This q u a n t i ta 

t i v e  r e la t io n s h ip  o f th e  c o n s ti tu e n ts  was c o n s is te n t  in  th e  s e v e ra l samples 

t e s t e d ,  and made p o ss ib le  q u a n t i ta t iv e  e s tim a te s  o f th e  g r i t  c e l l  co n ten t 

o f th e  f r u i t s  by l ig n o c e llu lo s e  d e te rm in a tio n s . T he ir h i s to lo g ic a l  s tu d ie s  

rev ea led  c e l l  w all th ick en in g s  20 days a f t e r  b lo s s o m -fa ll ,  and chem ical 

an a ly ses  in d ic a te d  l i g n i f i c a t i o n  o ccu rrin g  two or th re e  days a f t e r  blossom 

ing#

The accum ulation  o f  l ig n o c e llu lo se  as  a p ercen tage of th e  d ry  

w eight proceeded ra p id ly  for about fo u r weeks, reach ing  a c o n c e n tra tio n  of 

h a l f  th e  f r u i t ’ s d ry  w eig h t, th en  began sh a rp ly  to  d ec rease  u n t i l  a t  h a rv e s t 

tim e i t  amounted to  about a f i f t h  of th e  dry  weight# D uring th e  p e rio d  of 

l i g n i f  ic a t io n  th e re  occurred  a  stead y  d e c lin e  in  th e  r e l a t iv e  amounts o f 

a lc o h o l e x tr a c ta b le  m a te r ia l ,  which reached a minimum a t  th e  same tim e th e
(■ i ■

lig n o c e llu lo s e  reached a maximum# At t h i s  p o in t ,  in d ic a te d  by a decrease 

in  th e  percen tage  o f l ig n i f i e d  t i s s u e ,  began th e  accum ulation  o f a lc o h o l 

e x tr a c ta b le  m a te r ia l  which continued fo r  th e  r e s t  o f  th e  growing season#

How p e r f e c t ly  th e  r e l a t iv e  amount of a lc o h o l e x tr a c ta b le  sub

s tan c es  can be a  re c ip ro c a l of th e  amounts of l ig n o c e l lu lo s e ,  in  two v a r

i e t i e s  of p ears  s tu d ie d , can be seen in  F igure 21 of C r is t  and B a t j e r ’ s 

re p o r t  (7)# For example, th e  K ie ffe r  f r u i t s  on May 18 had an a lco h o l ex

t r a c ta b le  co n ten t o f 55 p e rcen t of the dry  w eight, which dropped to  n e a r ly  

25 p e rcen t th e  l a t t e r  p a r t  of June, and then  in c reased  s te a d i ly ,  reach in g  

a  c o n c e n tra tio n  of 55 p e rcen t ag a in  by September 2# a lco h o l e x t r a c t  is

98855



composed la rg e ly  o f sugars#  The l ig n o c e llu lo s e  s ta r t e d  o f f  w ith  a  concen

t r a t i o n  o f about 25 p e rc e n t,  reached a maximum the l a s t  o f June of over 

55 p e rc e n t and th en  dropped o f f  to  25 p e rcen t by September#

This same i n t e r - r e l a t i o n  of th e se  m a te r ia ls  was found in  th e  

B a r t l e t t  v a r ie ty  of p e a rs , which in  c o n tra s t  to  th e  K ie f fe r ,  is  le s s  " g r i t t y *  

and shows a low er p ercen tag e  o f l ig n o c e l lu lo s e ,  coupled w ith  a h ig h e r  p e r

centage o f a lc o h o l e x tr a c ta b le  substances#

I t  i s  a lso  in te r e s t in g  th a t  th e  "conversion  p o in t" ,  so to  speak, 

in  t h i s  v a r ie ty  i s  about a  week e a r l i e r , -  a t  which tim e th e  r e l a t iv e  amounts 

o f th e se  m a te r ia ls  correspond c lo se ly  w ith  those  o f the K ie f fe r .  The reg 

u l a r i t y  o f t h i s  ty p ic a l  change in  r e la t iv e  co n c e n tra tio n s  f o r  a l l  v a r i e t i e s  

o f p ea r f r u i t s  s tu d ie d , grown under d i f f e r e n t  c u l tu r a l  c o n d itio n s , in  w idely 

se p a ra te d  l o c a l i t i e s ,  f o r  se v e ra l u n lik e  seasons, e s ta b l is h e s  i t  as a  funda

m ental b a s ic  phenomenon and as th e  in h e re n t o rd er o f th e se  changes in  grow

ing p ea r  f r u i t s #

In  g e n e ra l ,  th e  chem ical changes in c id e n t to  c e l l  w all fo rm ation  

a re  in  th e  d i r e c t io n  o f l i g n i f i c a t i o n .  So f a r  as the  au th o r is  aware, th e  

l i t e r a t u r e  p re se n ts  no c le a r -c u t  evidence o f a re v e rs io n  in  t h i s  order# The 

su g g estio n  of C r is t  and B a t je r ,  however, t h a t  such  a re v e rs io n  occurs in 

c id e n t to  th e  development of g r i t  c e l l s  in  the  p e a r , l ig n o c e llu lo s e  b e in g  

transfo rm ed  to  su g a rs , makes d e s ira b le  a f u r th e r  study o f the  chem ical 

changes o c c u rrin g  in  th ese  s t r u c tu r e s .

The r e s u l t s  of s tu d ie s  of s e v e ra l in v e s t ig a to r s  suggest a 

t h e o r e t ic a l  course o f even ts  in  th e  p rocess of l i g n i f i c a t i o n  of p la n t t i s s u e  

which may be in d ic a te d  by th e  fo llo w in g  diagrams
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I t  i s  known th a t  th e  f i r s t  p ro d u c ts  o f  p h o to sy n th e s is , t r a n s 

lo c a te d  as m onosaccharides o r d is a c c h a r id e s , a re  su g ars  (9) (21) (29) 

and th a t  th e  end p ro d u c ts , in  th e  l i g n i f i c a t i o n  of p la n t  t i s s u e s ,  a re  

l ig n o c e llu lo s e s  (11) (16) (1 7 ). The course th e  sugars  fo llo w  and th e  

changes th e y  undergo to  reach th i s  f in a l  s tag e  i s  a p o in t o f fundam ental 

concern , A g re a t  dea l of in v e s t ig a t io n  has "been done, c h ie f ly  on woody 

m a te r ia l ,  to  g e t a c lu e  to  t h i s  course o f even ts (3) (5) (8) (10) (11) (2 1 ). 

That th e  sugars condense to  foim  p o ly sa c c h a rid e s , th e re  i s  no doubt, (25) 

(2 7 ) . That th ey  o x id ize  to  form sugar a c id s  known as po lyu ron ic  a c id s , 

i s  supported  hy th e  r e s u l t s  o f  c e r ta in  re se a rc h  (25) (2 7 ).

The p o ly u ro n ic  a c i d s , -  g a lo c tu ro n ic , g lu c u ro n ic , and o th e r s , -  

a re  o f p a r t i c u la r  i n t e r e s t  because they  combine w ith  c e r ta in  condensation  

p roducts  (a ra b in o se , g a la c to se )  (12) (13) (15) to  fo m  p e c t in s ,  and a ls o ,  

th ey  seem to  be a  p a r t  o f th e  h em ice llu lo ses  (5) (2 4 ).

Change o f p e c t in  to  h em ice llu lo se  was f a i r l y  w ell e s ta b lis h e d  

by C andlin  and Schryver ( 5 ) .  In  t h e i r  in v e s t ig a t io n s  on chem ical changes 

ta k in g  p lace  in  c e l l  w a ll su b stan ces during  l i g n i f i c a t i o n ,  th ey  group th e  

su b stan ces  accompanying c e l lu lo s e  in  c e l l  w a lls  in to  th re e  c la s s e s ;  p e c t in s ,
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h e m ic e llu lo se s  and l i g n in s .  They were ab le  to  d ecarb o x y la te  p e c tin s  

w ith  th e  fo rm atio n  of h e m ice llu lo se s  which resem bled in  a l l  re sp e c ts  

th e  h em ice llu lo se s  i s o la te d  d i r e c t ly  from tim b e rs . T h e ir  r e s u l t s  in 

d ic a te  th a t  d e c a rb o x y la tio n  ta k e s  p lace  when p la n t t i s s u e s  l i g n i f y .  They 

were u n ab le , however, to  e s ta b l i s h  a  d i r e c t  connection  between p e c tin s  and 

l ig n in s .

The aim  o f t h i s  in v e s t ig a t io n  was to  seek a d d i t io n a l  ev idence 

o f movement to  r ig h t  as  in d ic a te d  by th e  fo reg o in g  diagram, { i . e . -  from sugars 

th rough  p e c t in s ,  e t c .  to  l ig n o c e l lu lo s e ) ,  to  examine the  p o s s ib i l i ty  o f a 

r e v e rs a l  of th e  d i r e c t io n  o f movement, and a lso  to  f a r th e r  th e  o b je c tiv e  o f 

r e l ie v in g  p e a r  f r u i t s  g e n e ra l ly ,  those  of th e  K ie ffe r  in  p a r t i c u la r ,  from th e  

burden o f  g r i t t i n e s s  on i t s  q u a l i ty .

TECHNICAL METHODS

Sampling -  The m a te r ia l  used f o r  l ig n o c e llu lo s e  d e te rm in a tio n s  

was sampled as  d e sc rib ed  by C r is t  and B a tje r  (7 ) ;  th a t  i s ,  t ra n s v e rs e  segments 

were cu t from th e  c e n te r  o f  each  f r u i t ,  th e  lo c u l i  of th e  c a rp e ls  removed, 

and th e  segments d r ie d  ih  an e l e c t r i c  oven a t  65° C. For carbohydra te  and 

p e c t in  ana ly ses  s im ila r  p o r tio n s  of th 4  f r u i t s ,  as were used f o r  l ig n o c e l lu 

lo s e ,  were ta k e n . These were f in e ly  ground in  a meat g r in d e r  and tho rough ly  

m ixed. Small amounts were p laced  in  weigh b o t t l e s  fo r  d ry  w eight de term ina

t io n s ,  made a t  95° C. Samples c o n s is t in g  o f 25 grams o f t h i s  m a te r ia l  were 

q u ick ly  weighed and dropped in to  mason ja r s  co n ta in in g  b o i l in g  95 p e rcen t 

a lc o h o l o f s u f f i c i e n t  volume to  g iv e  a  f in a l  c o n c e n tra tio n , in c lu d in g  th e  

m o istu re  of th e  sam ple, of 80 p e rcen t a lc o h o l. B o ilin g  was con tinued  fo r  

10 m inutes a f t e r  which th e  ja r s  were sea led  and s to re d  fo r  a h a ly s e s . Seduc

t io n s  o b ta in ed  in  s im i la r  samples b o ile d  10, 30 and 60 m inutes in d ic a te  th a t  

com plete e x t r a c t io n  o f th e  reducing  substances was ob ta in ed  by b o i l in g  10 

m inutes*



Small amounts o f calcium  ca rb o n a te  were added to  th e  f i r s t  samples
t
to  n e u tr a l iz e  th e  a c id s ,  bu t because of th e  sm all amounts o f  a c id s  p re se n t 

and th e  s h o r t  p e rio d  o f  h e a tin g , i t  seemed th a t  h y d ro ly s is  would be n e g l i 

g ib l e .  A rchbald (2) in  a  r e p o r t  on work w ith  ap p les  s t a t e s ;  "No d if fe re n c e  

was found in  th e  e s tim a ted  amounts o f  su g ar in  u n tre a te d  so lu tio n s  compared 

w ith  s o lu tio n s  t r e a te d  w ith  calcium  carb o n ate  d u rin g  th e  h o t e x tr a c t io n  or 

w ith  ammonia d u rin g  b o th  co ld  and ho t e x t r a c t io n s .  H ydrolysis d u rin g  a l 

cohol e x t r a c t io n  is  th e r e fo re  presumed to  be n e g l ig ib le . ” The f i r s t  sea so n ’s 

study showed th a t  th e  calcium  carbonate  in te r f e r e d  w ith  th e  p e c t in  d e te r 

m in a tio n s  by n e u tr a l iz in g  th e  weak a c id  used in  e x tr a c t in g  t o t a l  p e c t in s .  

T h e re fo re , i t  was om itted  in  fu tu re  sam ples.

A nalysis  -  Benzene e x t r a c t io n s ,  a lc o h o l e x t r a c t io n s ,  w ater e x tr a c 

t io n s ,  and a l k a l i  e x tr a c t io n s  were made and th e  c e l lu lo s e  and l ig n in  d e te r 

m in a tio n s  secu red  as  d esc rib ed  by C r is t  and B a t je r  ( 7 ) .

T o ta l su g a rs , su c ro se , d e x tr in s ,  s ta r c h  and h em ice llu lo ses  were 

determ ined as  o u tl in e d  by th e  committee on chem ical methods of th e  American 

S o c ie ty  o f P lan t P h y s io lo g is ts  (3 1 ).

P ec tin s  as calcium  p e c ta te  were determ ined by th e  method e s ta b 

l is h e d  by Carre and Haynes (6) and employed by Appleman and Conrad ( l ) .

During th e  growing season o f  1930 and 1931, reducing  su b stan ces  

were determ ined by th e  m odified  Shaffer-H artm ann t i t r a t i o n  method (30) (3 3 ) .

The su g ar s o lu tio n s  ob ta in ed  by ta k in g  up th e  a lco h o l e x t r a c ts  in  w ater, 

b e in g  q u ite  f re e  o f co lo r in g  m a tte r ,  were used d i r e c t ly  to  avo id  lo s s  of 

su g ars  which m ight be thrown down in  th e  c le a r in g  p ro cess  (4 ) .

In v e s tig a tio n s  by P h i l l ip s  (28) in d ic a te  th a t  w ith  c e r ta in  m a te r ia ls  

th e  Shaffer-H artm ann method g iv es  h ig h  v a lu es . He c i t e s  S u lliv a n  (34) as f in d 

ing  th a t  iod ine  l ib e r a te d  in  the p resence of p la n t  e x t r a c ts  may be absorbed by 

some c o n s ti tu e n t  of th e  e x t r a c t ,  such as p h lo rh iz in ,  causing  an e r ro r  in  th e  

d e te rm in a tio n  o f th e  reduced copper. To t e s t  t h i s  p o s s ib i l i t y ,  red u c tio n s  were



.determ ined on th e  w a te r s o lu t io n s  o f th e  a lc o h o l e x t r a c t s  o f  th e  1933 samples 

a f t e r  b e in g  reduced a t  80° C. f o r  30 m in u tes , f i r s t  by th e  m odified  S h a f fe r -  

Hartmann t i t r a t i o n  method (30) in  which t i t r a t i o n  was c a r r ie d  out in  th e  

p resen ce  o f th e  p la n t  e x t r a c t  and second, by th e  V olum etric T h io su lfa te  method 

(17) in  which th e  cuprous oxide i s  se p a ra te d  by means o f an a sb e s to s  mat in  a 

Gooch c ru c ib le  and t i t r a t e d  f re e  o f  th e  p la n t  e x t r a c t s .  To check f u r th e r  on 

t h i s  p o in t ,  th e  f i l t r a t e  from which th e  cuprous oxide had been se p a ra ted  was 

t i t r a t e d  a t  once by th e  M odified Shaffer-H artm ann method. T i t r a t io n  r e s u l t s  

a re  p re se n te d  in  Tables I  and I I  f o r  app le  and p e a r .

These d a ta  show c le a r ly  t h a t  w ith  th ese  e x t r a c ts  th e  M odified 

Shaffer-H artm ann method g ives v a lu es  g r e a te r  th an  th e  amounts o f copper 

reduced w a rra n t. In d ic a tio n s  a re  th a t  t h i s  d if fe re n c e  is  due to  same sub

s tan c e  in  th e  p la n t  e x t r a c t  which does no t reduce th e  copper, bu t p robably  

behaves as  suggested  by S u lliv a n  (34) •

This su b stan ce , w hatever i t s  n a tu re ,  seems to  be p re se n t in  la r g e r  

amounts in  e x t r a c ts  from th e  e a r l i e r  sam ples, which are more co lo red  and 

c o n ta in  la r g e r  p ro p o rtio n s  of sk in  to  f le s h  o f th e  f r u i t .

The above t e s t  was rep ea ted  on c le a re d  so lu tio n s  ta k e n  from app le  

t i s s u e .  A pparently  some o f th e  reducing  substances were removed by c le a r in g  

as  th e  amounts o f reduced copper were s l i g h t ly  l e s s .  The g r e a te s t  lo s s  was 

in  the  Shaffer-H artm ann t i t r a t i o n s  and shows th a t  about h a l f  of t h i s  unknown 

m a te r ia l  was tak en  from  th e  s o lu tio n s  by c le a r in g .  I t  would seem from  th e se  

d a ta  th a t  t h i s  substance i s  a s so c ia te d  w ith  the  sk in  o r pigm ents in  bo th  

ap p le  and p ea r  f r u i t s .

Beducing substances on th e  1933 samples were determ ined  by th e  

V olum etric T h io su lfa te  method, as  d esc rib ed  (1 7 ), excep t re d u c tio n  was c a r r ie d  

out a t  80° C. fo r  30 m inutes by means o f a h o t w ate r b a th .
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Hardness o f F r u i ts  -  Hardness of th e  f r u i t s  was ob ta ined  on
k

each sam pling d a te  by means o f a  P re ssu re  T e s te r  (2 0 ) . A p lu n g er of 4 / l6  

inch  d iam eter was s u b s t i tu te d  f o r  th e  r e g u la t io n  5 / l6  inch  one, to  re n d e r  

i t  p o s s ib le  to  g e t read in g s  on th e  e a r ly  hard  f r u i t s .  The p re ssu re s  thus 

O btained may be co n v erted , approx im ate ly , over to  5 / l6  p lu n g er v a lu e s , 

by a f a c to r  1*42 when s k in  is  removed and 1.35 when sk in  i s  no t removed. 

These f a c to r s  were a r r iv e d  a t  by d e term in ing  th e  p re ssu re  f o r  each p lu n g er 

on th e  same f r u i t s .  As th e  r a t i o  v a r ie s  a l i t t l e ,  b e in g  g r e a te r  w ith  th e  

s o f t e r  f r u i t s ,  th e se  f a c to r s  a re  only  approxim ate, bu t serve  to  g iv e  an 

e s tim a te  of th e  hardness of th e  e a r ly  f r u i t s .

PROCEDURE AND RESULTS

D uring th e  growing season  o f 1930, samples fo r  chem ical a n a ly s is  

were ta k e n  p e r io d ic a l ly  o f K ie ffe r  p e a r , B a r t l e t t  p ea r  and Wagener app le  

f r u i t s  from v ig o ro u s , good producing  t r e e s .

Changes in  th e  amounts o f l ig n o c e l lu lo s e ,  t o t a l  su g a rs , reduc

ing  su g a rs , t o t a l  p e c tin s  and so lu b le  p e c t in s ,  as p ercen tag es o f th e  d iy  

w eight were d e term ined . F igure 1 compares g ra p h ic a lly  th e  changes in  

l ig n o c e llu lo s e  and t o t a l  sugars in  th e  th re e  f r u i t s  s tu d ie d .

A more d e ta i le d  s to ry  was d e s ire d  o f th e  changes o ccu rrin g  in  

th e  K ie f fe r  f r u i t s .  Consequently in  1931 f r u i t s  o f K ie f fe r  p ea r  were 

sampled every  th i r d  day from June 2 u n t i l  J u ly  17 and le s s  f re q u e n tly  th e r e 

a f t e r ,  as long  as any f r u i t s  rem ained on the t r e e .  As many as 1200 f r u i t s  

were re q u ire d  to  fu rn is h  enough m a te r ia l  fo r  a s in g le  sample on th e  

e a r l i e r  d a te s  and a  minimum o f 25 f r u i t s  was used  in  each sam ple.

Q u a n tita tiv e  d e te rm in a tio n s  o f th e  c o n s ti tu e n ts  of th e  K ie f fe r  

p e a r  f r u i t s  secured  d u rin g  th e  growing season of 1931 a re  p re se n te d  in



Table I I I  and g ra p h ic a l ly  in  F igure 2 . The changes in  l ig n o c e l lu lo s e ,  

su g ars  and p e c tin s  a re  s im i la r  to  th o se  secu red  in  1930.

Changes i n  r e l a t iv e  amounts o f l ig n o c e llu lo s e  in  th e  K ie ffe r  

(F ig u res  1 and 2 ) ,  c o n s is t in g  o f a v ery  ra p id  accum ulation  d u rin g  th e  

f i r s t  fo u r  weeks a f t e r  f r u i t  s e t t in g  follow ed by a  le s s  ra p id  f a l l i n g  o f f ,  

arc  id e n t ic a l  w ith  th o se  found by C r is t  and B a t je r  ( 7 ) .  The accum ulation  

o f l ig n o c e l lu lo s e  i s  accompanied by a  decrease  in  th e  amounts o f t o t a l  and 

red u c in g  su g a rs , u n t i l  a  few days b e fo re  th e  peak of c o n c e n tra tio n  of l ig n o 

c e l lu lo s e  is  reach ed . The sugar curves th e n  in d ic a te  a  p i l in g  up o f sugars  

c o in c id e n ta l  w ith  th e  decrease  in  l ig n o c e l lu lo s e .  The d if fe re n c e  between 

t o t a l  and reducing  su g ars  i s  re p o rte d  as  sucrose and p e r s i s t s  in  r e l a t iv e  

sm all am ounts. The curve fo r  sugar c o n ce n tra tio n s  could alm ost be a 

r e c ip ro c a l  o f  th e  curve fo r  l ig n o c e llu lo s e  bo th  in  value  and d i r e c t io n .

The p ercen tag e  o f t o t a l  p e c tin s  d ecreases d u rin g  th e  e a r ly  growing season , 

w hile so lu b le  p e c tin s  in c re a s e .  A fte r th e  f i r s t  p a r t  o f J u ly ,  b o th  show 

a  s l i g h t  g rad u a l in c re a s e .  The d if fe re n c e  between t o t a l  and so lu b le  p e c tin s  

i s  rep o rted  as  p ro to p e c tin  (6 ) ,  which goes over to  so lu b le  p e c tin s  during  

th e  l i f e  o f th e  pear*

A gom parison of Changes in  th e  Apple and F ear F r u i t s  -  That 

" g r i t  c e l l s "  a re  composed c h ie f ly  o f l ig n o c e l lu lo s e ,  and th a t  t h e i r  forma

t io n  i s  a  r e s u l t  o f l i g n i f i c a t i o n  which may be measured q u a n t i ta t iv e ly  by 

l ig n o c e llu lo s e  d e te rm in a tio n s  has been e s ta b lis h e d  by C r is t  and B a tje r  (7)*

As would be expected  a f t e r  c o n s id e rin g  t h e i r  f in d in g s , th e  percen tag e  o f 

l i g n i f i e d  t i s s u e  does no t in c rea se  in  th e  " g r i t  c e l l " - f r e e  Wagener app le  

f r u i t s  (F igure  1)* Although l ig n o c e llu lo s e  s t a r t s  a t  a c o n c e n tra tio n  equal 

to  t h a t  in  th e  p e a r , i t  decreases co n tin u o u sly  th roughou t th e  season , ex

cep t f o r  a  sh o rt p e rio d  in  J u ly .  Accumulation of sugars i s  no t delayed  

as in  th e  p e a r  f r u i t s ,  bu t proceeds a t  a uniform  rq te  from th e  very  s t a r t .



H em icellu loses in  th e  K ie f fe r  p ea r (F igu re  2) fo llow  c lo s e ly  

changes in  l i g n in .  A lthough the changes a re  o f a  d i f f e r e n t  c h a ra c te r  in  

the  a p p le , t h i s  r e la t io n  o f h em ice llu lo se  to  l ig n in  seems to  ho ld , as 

Widdowson (37) a lso  shows a  ra p id  d ecrease  in  th e  percen tag e  o f hemi

c e l lu lo s e s  in  th e  e a r ly  l i f e  o f Bram ley’s S eed ling  a p p le , follow ed by a  

le s s  ra p id  d e c lin e  d u rin g  th e  rem ainder o f th e  growing seaso n . Changes 

in  s ta r c h  c o n c e n tra tio n , as found by Widdowson (37) and T e tle y  (3 5 ), have 

th e  same c h a ra c te r  and v a lu e  as those  found in  th e  K ie ffe r  p e a r .

Changes in  th e  B a r t l e t t  p e a r  a re  s im ila r  to  those  in  th e  

K ie f fe r ,  bu t w ith  a  g e n e ra l sh o rte n in g  of th e  whole p ro c e ss . L ig n o c e ll

u lo se  curves s t a r t  a t  a  h ig h e r  c o n c e n tra tio n , reach  a low er peak e a r l i e r  

in  th e  season  and f a l l  o f f  to  a low er le v e l  th a n  th o se  fo r  th e  K ie f fe r  

(F ig u re  1 ) .  A lthough t o t a l  sugars show a  d ecrease  f o r  th e  f i r s t  two 

weeks a f t e r  f r u i t  s e t ,  i t  i s  n o t as pronounced as in  th e  K ie ffe r  and 

accum ulation  o f sugars s t a r t s  about 10 days e a r l i e r  (F igure  1 ) .  The 

g r e a te r  amount o f t o t a l  p e c tin s  in  th e  B a r t l e t t  seems to  be due to  a 

g r e a te r  q u a n ti ty  o f p ro to p e c tin .  The c h a ra c te r  of th e  p e c t in  changes 

is  much l ik e  th a t  f o r  K ie f fe r .

An in sp e c tio n  o f F igures 1 and 2 rev ea ls  a  c r i t i c a l  "p o in t of 

change" in  th e  p e a r  f r u i t s  where th o se  c o n s ti tu e n ts  which have been 

accum ulating  suddenly^ d e c rea se , and th o se  m a te r ia ls  which have been de

creasing . p rev io u s  to  t h i s  tim e, .beg in  to  accum ulate. This "co n v ersio n  

p o in t"  occurs about te n  days e a r l i e r  in  th e  B a r t l e t t  f r u i t  than  in  th e  

K ie f fe r .
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There i s  a  ra p id  accum ulation  o f su g a rs , showing a  s tead y  

in c re a se  in  su c ro se , and a  g rad u a l d ecrease  in  l ig n o c e llu lo s e  from th e  

v e ry  e a r l i e s t  sam pling in  th e  Wagener a p p le . As in  th e  p e a r  f r u i t s ,  

p ro to p e c tin  goes over to  so lu b le  p e c t in  e a r ly  in  th e  season* The in 

c re a se  o f b o th  t o t a l  and so lu b le  p e c tin s  found in  th e  app le  d u r in g  th e  

l a s t  p a r t  of th e  grow ing season , d is t in g u is h e s  p e c t in  changes in  th e  

app le  q u a l i t a t i v e ly  from th o se  in  th e  p e a r .

Onslow (27) and C r is t  and B a t je r  (7) show l ig n in  to  account 

c o n s is te n t ly  f o r  about o n e - th ird  of th e  l ig n o c e l lu lo s e .  These d a ta  co

in c id e  w ith  t h e i r  f in d in g s  and, as would be expec ted , l ig n in  changes 

a re  q u a l i t a t iv e ly  th e  same as  l ig n o c e llu lo s e  (F igure 2 ) .

H em icellu lose  changes, p re sen ted  g ra p h ic a l ly  in  F igure 2, 

a re  alm ost id e n t ic a l  w ith  l ig n in  changes b o th  in  amounts and d i r e c t io n ,  

excep t f o r  th e  p e rio d  of s ta rc h  c o n c e n tra tio n  from Ju ly  17 to  August 24 . 

D uring t h i s  tim e h em ice llu lo ses  do n o t d ecrease  as r a p id ly  as do the  

l ig n in  and m a in ta in  a  d if fe re n c e  of about 4 p e rcen t of th e  d ry  w eig h t.

I t  may be s ig n i f ic a n t  th a t  t h i s  o v e r-ra p id  d ec rease  in  l ig n in ,  and slow

in g  o f the  h e m ic e llu lo se  d e c lin e , co in c id e  n ic e ly  w ith  the  h igh  concen

t r a t i o n  o f  s ta r c h .

S ta rc h  rem ains in s ig n i f i c a n t ,  ( le s s  th a h  1 p e rc en t)  u n t i l  e a r ly  

J u ly  when i t  beg ins to  accum ulate ra p id ly , reach in g  a c o n c e n tra tio n  of 

5 p e rc e n t .  T h is h ig h  c o n c e n tra tio n  i s  m ain tained  u n t i l  th e  m iddle of 

August, a f t e r  which a  uniform  d e c lin e  occurs and s ta rc h  ag a in  becomes 

in s ig n i f ic a n t  about th e  m iddle of O ctober.

D ex trin s  and so lu b le  s ta rc h e s  do no t become im portan t a t  any 

tim e . Thgy do, however, fo llow  the  g en e ra l tre n d  o f the s ta r c h e s ,  w ith  

c o n c e n tra tio n s  v a ry in g  from -J- to  1-J- p e rcen t of the dry  w eig h t.
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Carbohydrate re s id u e  curves are  s im ila r  to  l ig n o c e llu lo s e  

c u rv e s . A nalyses show t h i s  re s id u e  to  be composed alm ost e n t i r e ly  o f 

l ig n o c e l lu lo s e .

R iv ie re  and B ailhache (32) re p o r t  th a t  r ip e n in g , as measured 

by 'fche su g a r  c o n te n t,  is  p ro g re ss iv e  from  th e  stem  end to  th e  ca lyx  end 

in  th e  th re e  v a r i e t i e s  o f p ea rs  s tu d ie d ; nam ely, B eurre Hardy, Angoulepe 

and Comice. I f  t h i s  i s  t r u e  in  the  K ie f fe r  p e a r , sam pling which in c lu d es  th e  

whole f r u i t  would be more r e p re s e n ta t iv e  o f th e  sugar c o n te n t.  I t  was a lso  

d e s ir a b le  to  ex p ress  c o n s ti tu e n ts  as an a b so lu te  q u a n tity  p e r f r u i t .  Ac

c o rd in g ly  th e  samples in  1933, of K ie f fe r  p ea r f r u i t s  and Wagener apple  

f r u i t s  from the. co lle g e  o rch ard , were made up from whole f r u i t s  from which 

th e  lo c u l i  o f th e  c a rp e ls  w ith  t h e i r  co n ten ts  were removed. The average 

w eight and volume o f th e  f r u i t s  was detenained  a t  each sam pling.

The f in d in g s  secu red  in  1933 a re  p re sen ted  g ra p h ic a lly  in  

F ig u res 3 and 4 on a  d ry  w eight b a s is  and in  F igures 5 and 6 as ab so lu te  

amounts o f th e  c o n s ti tu e n t  p e r f r u i t .  On a  dry  w eight b a s is  th e  f in d in g s  

a re  in  accord  w ith  r e s u l t s  o f 1930 and 1931. On an a b so lu te  amount p er 

f r u i t  b a s is ,  an e n t i r e ly  d i f f e r e n t  p ic tu re  o f th e  changes in  th e  con

s t i t u e n t s  i s  o b ta in ed .

An in sp e c tio n  of F igures 3 and 5 re v e a ls  th e  decep tiv e  ness o f 

ex p re ss io n s  on th e  b a s is  o f p ercen tage of dry  w eigh t. None o f th e  con

s t i t u e n t s  o f th e  p ea r f r u i t s  d ec rease , b u t each one a c tu a l ly  in c re a se s  

th roughou t th e  growing seaso n . F igure 5 shows c le a r ly  th a t  th e  apparen t 

in c re a se  and decrease  in  l ig n o c e l lu lo s e ,  when exp ressed  on a dry  w eight 

b a s is ,  i s  due only  s l i g h t ly  to  changes in  th e  r a te  of accum ulation  of 

l ig n in  and c e l lu lo s e ,  b u t p r in c ip a l ly  to  changes o f th e  t o t a l  dry w e ig h t.

The c h ie f  v a r ia b le  of th e  d ry  w eight i s  th e  a lco h o l so lu b le  su b s tan ces ,
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e s p e c ia l ly  reducing  s u ^ r s .  L ign in  and c e l lu lo s e  accum ulate f a s t e r  

d u rin g  May and June th an  th e  o th e r  d ry  w eight c o n s t i tu e n ts ,  th u s  showing 

a  g r e a t  r e la t iv e  in c re a se  o f th e se  sub stan ces  fo r  t h i s  p e r io d . They 

co n tin u e  to  accum ulate , b u t a t  a  l i t t l e  slow er r a te  during  th e  r e s t  o f 

th e  growing seaso n . However, th e  rap id  p i l in g  up o f a lco h o l so lu b le  sub

s ta n c e s  beg in n in g  about J u ly  f i r s t  in c re a se s  th e  t o t a l  d ry  weight o f the 

f r u i t s  so q u ic k ly  th a t  a r e l a t iv e  ex p ress io n  o f l ig n o c e l lu lo s e  (F igu re  3) 

in d ic a te s ,  u n le s s  c a u tio u s ly  co n sid e red , a  sudden and ra p id  d ecrease  of 

t h i s  m a te r ia l .

D uring May and June th e  in c re a se  in  s iz e  o f th e  f r u i t  i s  due 

la r g e ly  to  th e  fo rm atio n  o f  new c e l l s  and a t  t h i s  tim e c e l l  w a ll m a te r ia l  

accoun ts fo r  most o f  th e  d ry  w eight of th e  f r u i t .  A f te r  the  l a s t  o f June, 

in c re a se  in  f r u i t  s iz e  is  due to  expansion  o f th e  a lre ad y  formed c e l l s  and 

to  enlargem ent of th e  i n t e r c e l lu l a r  spaces (T e tle y  (3 6 ) ) .  This b ehav io r 

would o ccasio n  a  p ro g re ss iv e  decrease  in  th e  p ro p o rtio n  of c e l l  w all to  

c e l l  c o n te n ts ,  th e reb y  showing a le s s  ra p id  in c rea se  in  c e l l  w a ll m a te r ia ls  

( l ig n o c e l lu lo s e )  d u rin g  th e  rem ainder o f  th e  growing season . A lcohol s o l

u b le  m a te r ia ls  a re  p re se n t c h ie f ly  in  th e  vacuoles o f th e  c e l l s  and, as 

would be ex pected , th e  la r g e r  th e  c e l l s  th e  g r e a te r  th e  p ro p o rtio n  o f c e l l  

in c lu s io n s  to  c e l l  w a ll c o n s t i tu e n ts . T herefo re , i t  would seem th a t  th e  

g r e a t  in c re a se  in  d ry  w eight i s  due to  c e l l  in c lu s io n s  and should be con

s id e re d  s e p a ra te ly  from  th e  c e l l  w a ll c o n s t i tu e n ts .

Hardness -  Hardness of f r u i t s  in  terms o f pounds p re ssu re  as 

determ ined  by th e  Government Standard P ressu re  T e s te r  a re  p re se n ted  in  

F ig u re  8 and Table 9 .
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STORAGE STUDIES

For s to ra g e  s tu d ie s ,  f r u i t s  were p icked  a t  th re e  d a te s ;  

th e  f i r s t  l o t  on September 29, b e fo re  th e  normal p ic k in g  d a te  f o r  t h i s  

v a r i e ty ,  the second l o t  on O ctober 13, about th e  r e g u la r  p ick in g  tim e , 

and th e  l a s t  lo t  on O ctober 27, l a t e r  th a n  th ey  a re  u s u a lly  h a rv e s te d .

The f r u i t s  were p ick ed  in to  b a sk e ts  and p laced  in  co ld  s to rag e  immed

i a t e l y  a t  33° F. Samples f o r  chem ical ana ly ses  were tak en  monthly 

d u rin g  s to ra g e .  Notes on th e  c o n d itio n  of th e  f r u i t s  were made a t  tim e 

o f sam pling .

Emmett (13) in  an in v e s t ig a t io n  o f changes in  p ea r f r u i t s  

found th a t  " lo s s  o f w eight in  s to ra g e  is  due c h ie f ly  to  t r a n s p i r a t io n " .

I f  t h i s  i s  th e  case in  our m a te r ia l ,  th en  we would expect a  lo s s  of 

w a te r and in c re a se d  c o n c e n tra tio n  o f dry  m a tte r , which would, i f  u sed  

as a  b a s is  of c a lc u la t io n s ,  show no r e l a t iv e  in c re a se  o f m a te r ia ls .

Under th e se  c o n d it io n s , i f  c a lc u la t io n s  a re  made on a f r e s h  w eight 

b a s i s ,  th e y  would show an in c rease  in  c o n s t i tu e n ts .  In  our case , w ith  

th re e  d i f f e r e n t  p e a r  p o p u la tio n s  in  s to rag e  from Oetober to  February 

an in c re a se  in  c o n c e n tra tio n  o f a l l  c o n s ti tu e n ts  i s  shown excep t f o r  

h e m ic e llu lo se , w hether on f re s h  or dry  weight b a s is .  Undoubtedly th e  

c o n d itio n s  o f s to ra g e  determ ine th e  m ajor lo s s  in  w e i^ i t .  In  t h i s  study 

in  1931-1932 th e  p e a r  f r u i t s  showed a  lo s s  of 1-J p e rc e n t o f  t h e i r  f re sh  

w eight p er m onth. The dry  weight c o n c en tra tio n  o f th e  f r u i t  a c tu a l ly  

d ecreased  which in d ic a te d  the  m ajor lo s s  in  w eight was due to  r e s p i r a t io n  

and no t to  t r a n s p i r a t io n .

Of th e  th re e  p ick in g  d a te s  re p re se n te d , O ctober 13 proved to  be 

th e  b e s t  fo r  s to ra g e . D eterm inations o f reducing  m a te r ia ls ,  so lu b le  p e c t in ,



t o t a l  p e c t in s ,  h em ic e llu lo se s  and l ig n in ,  were made on th e se  f r u i t s  

d u rin g  s to ra g e  and a re  p re se n ted  in  Table VII and F igure 7 . On a  

p ercen tag e  o f  th e  d ry  w eight b a s is  th e se  d a ta  show an in c re a se  in  a l l  

c o n s t i tu e n ts  ex cep t h em ic e llu lo se  d u r in g  s to ra g e  • Widdowson (37) found 

h e m ic e llu lo se s  to  d ecrease  in  ap p les  in  s to ra g e . The la te r -p ic k e d  f r u i t s  

had a  h ig h e r  c o n c e n tra tio n  o f sugars and lower c o n c e n tra tio n  o f l ig n in ,  

p e c t in s ,  and h e m ic e llu lo se s . The in te rm e d ia te  p ick in g  was in te rm ed ia te  

in  a l l  th e se  r e s p e c ts .  I t  m ight be s ig n i f ic a n t  th a t  sugars  show a 

sh arp  r i s e  fo llow ed  ty  a  sharp  d ecrease  in  th e  e a r ly  and l a t e  p ic k in g s . 

The l a s t  p ic k in g  in d ic a te  t h i s  b reak  f i r s t  and t h i s  is  the in v e rse  o rd e r 

o f  t h e i r  keep ing  q u a l i ty  in  sto rage*  This a lso  seems to  be th e  case  

w ith  t o t a l  p e c t in s  which show a  d isappearance  of p e c tin s  as  p ears  g e t 

o v e r - r ip e  and s t a r t  b reak in g  down, Emraett (13) found t h i s  to  be th e  case 

in  B a r t l e t t  p e a r s .  In  g e n e ra l ,  chem ical changes d u rin g  r ip e n in g  and 

breakdown in  s to ra g e  are  s im ila r  in  pears  and a p p le s . The h em ice llu lo ses  

seem to  be th e  o r ig in a l  source o f re s p ira b le  m a te r ia l .

The K ie f fe r  p ea r f r u i t s  p icked on October 13 w ith  a p re ssu re  

o f 14 «8 pounds sk inned or 18 ,2  pounds unskinned, kep t much b e t t e r  in  

s to ra g e  th an  th e  l a t e r  or e a r l i e r  p icked  f r u i t s .  I t  may be of i n t e r e s t  

to  n o te  th a t  th e  reducing  m a te r ia l  co n ten t a t  th a t  tim e was 42 p e rcen t 

o f th e  f r u i t s *  dry  w eigh t, a lth o u g h  as  Magness (19) s ta t e s  " d iffe re n c e s  

in  chem ical com position  due to  v a r ia t io n s  in  growing co n d itio n s  a re  so 

g re a t  in  r e l a t io n  to  th o se  due to  s tag e  o f m a tu rity  th a t  any p ick in g  t e s t  

based  on chem ical com position would prove u n s a t i s f a c to ry ,"
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DISCUSSION- AND CONCLUSIONS

Assuming th e  course o f ev en ts  in  th e  p ro cess  o f l i g n i f i c a t i o n  

to  occur a s  diagrammed, th e  c o n s ti tu e n ts  in  o rd er o f t h e i r  com plexity 

would fo llo w  th e  scheme o u tl in e d  hy Onslow (2 6 ) . F i r s t ,  some o f th e  

su g ar became o x id ized  to  po ly u ro n ic  a c id s ,  such as g a la c tu ro n ic  and 

g lu c u ro n ic , which may combine w ith  condensation  p roducts of th e  su g a rs , 

such as  a rab in o se  and g a la c to s e , to  form p e c tic  su b s ta n c e s . These p e c t ic  

su b s tan ce s , th e n , by d e ca rb o x y la tio n  form fiv e -c a rb o n  su g a rs , such as 

a ra b in o se , x y lo se , and some hexoses and u ro n ic  a c id s  which to g e th e r  make 

up th e  h e m ic e llu lo se s .

The h em ice llu lo se s  may go to  l ig n in ,  a  substance having an 

u n c e r ta in  e m p iric a l fo rm ula . N orris  and Schryver (24) were ab le  to  

produce some h e m ic e llu lo se - l ik e  m a te r ia l by t r e a t in g  a  p e c t in  p re p a ra t io n . 

C andlin  and Schryver (5 ) ,  a lso  by t r e a t in g  p e c t in  w ith  a l k a l i s ,  secu red  

h e m ic e llu lo se , s im i la r  in  a l l  re sp e c ts  to  th a t  i s o la te d  from wood, and some 

u n id e n t i f ie d  re s id u e s  which th e y  s ta t e  might p o ss ib ly  form com binations 

w ith  c e l lu lo s e  to  produce l ig n o c e l lu lo s e .

The c e l lu lo s e  seems to  be composed of pure glucose and p robab ly  

i s  formed d i r e c t ly  by condensation  of g lucose  (27, p . 6 7 ) . L ig n o ce llu lo se  

has a  com position  of about 60 p e rcen t c e l lu lo s e  and 40 p e rcen t l ig n in  (7) 

(2 7 ) . Two g e n e ra l th e o r ie s  as to  the  fo rm ation  of l ig n in  e x i s t  (16, p .4 9 ) ;  

one, th a t  c e l lu lo s e  o f th e  c e l l  w a ll is  converted  d i r e c t ly  to  l ig n in  o r 

l ig n o c e l lu lo s e ,  and two, th a t  m a te r ia ls  o th e r  th an  c e llu lo se  a re  l ig n in  

p re c u rs o rs .

Onslow (26, p .69) supports th e  f i r s t  view "as th e  c e l l s  in  p la n ts  

grow o ld e r  th e  w alls  u s u a lly  become l ig n i f i e d ;  th a t  i s ,  p a r t  o f  the c e l lu lo s e
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■becomes converted  to  lig n o c e llu lo se '* . Konig and Bump (18) a lso  su g g est 

th e  co n v ersio n  o f c e l lu lo s e  to  l ig n in .

The changes in  th e  r e l a t i v e  amounts o f th e  c o n s t i tu e n ts ,  as 

in d ic a te d  in  F igu res 1 , 2 , 3, and 4 , s tre n g th e n  th e  h y p o th esis  p re sen te d  

in  th e  l i g n i f i c a t i o n  d iagram "• We may imagine th e  su g a rs , which th e  

leav es  a re  supp ly ing  t o  th e  f r u i t s ,  a re  b e in g  converted  to  p e c tin s  and 

th e n  to  h em ic e llu lo se s  and f i n a l l y  l ig n o c e l lu lo s e .  The d a ta  show a 

r e l a t iv e  d ec rease  in  su g ars  d u rin g  l i g n i f i c a t i o n  in  K ie f fe r  f r u i t .  In 

th e  B a r t l e t t  f r u i t  w ith  a  le s s  amount o f l i g n i f i c a t i o n ,  th e  accum ulation 

o f su g ars  i s  re ta rd e d  to  a  l e s s  e x te n t ,  and in  th e  a p p le , w ith  no l i g n i 

f i c a t io n ,  no checking o f  th e  c o n c e n tra tio n  of sugars o c cu rs . We would 

ex p ect th e  p e c t in s ,  b e in g  in te rm ed ia te  p ro d u c ts , to  be more uniform  and 

h e m ic e llu lo se s , because o f  t h e i r  g r e a te r  com plexity , to  vaiy more w ith  

th e  end p ro d u c t. This i s  borne out by th e i r  r e l a t iv e  co n cen tra tio n s  

(F ig u re  2 ) .  A ssocia ted  w ith  th e  d ec rease  in  l ig n o c e llu lo s e  i s  an  i n t e r 

m ediate d ec rease  in  h em ice llu lo ses  and a sharp  in c re a se  in  su g a rs . Frcm 

th e  graphs showing changes as p ercen tage o f th e  dry  w eight i t  i s  easy  

to  im agine th e  l ig n o c e l lu lo s e  b e in g  broken down to  h e m ic e llu lo se s  and th e n  

to  su g a rs .

Magness (1 9 ), r e f e r r in g  to  h is  work w ith B a r t l e t t  J»ears, 

concludes th a t  "as f r u i t s  r ip e n  on th e  t r e e ,  much m a te r ia l  o th e r  th a n  

s ta r c h  is  converted  in to  su g a rs" . Mumeek (22) su g g ests  th a t  in  th e  

ap p le , h em ice llu lo ses  a re  a source of su g ar f o r  th e  m aturing  f r u i t .

C r is t  and B a tje r  (7) suggest a d e s tru c t io n  of l ig n o c e llu lo s e  and from 

h is to lo g ic a l  s tu d ie s ,  f in d  th e  c lu s te r s  of " g r i t  c e l l s "  ap p a ren tly  

becoming sm a lle r  as th e re  is  more u n l ig n i f ie d  t i s s u e  between th e  c lu s t e r s .  

These f in d in g s  seem to  support th e  p o s s ib i l i t y  o f  a  b reak in g  down of th e



more complex m a te r ia ls  to  s im p ler ones, in  the K ie f fe r  p ea r f r u i t s  

d u rin g  th e  l a t t e r  p a r t  o f  th e  growing seaso n .

I f  th e  same d a ta  a re  p lo t te d  (F ig u re  5) as a b so lu te  amounts 

o f  c o n s t i tu e n ts  p e r f r u i t  f o r  d i f f e r e n t  d a te s  du rin g  th e  growing season , 

i t  becomes d i f f i c u l t  to  imagine any of th e  c o n s ti tu e n ts  b reak in g  down.

The d a ta  show c le a r ly  an in c re a se  in  eveiy  f r a c t io n .  H em icellu lose changes 

a re  alm ost id e n t ic a l  w ith  l ig n in  changes (Table I I I ,  F igure 2) and would, 

i f  p re sen te d  as a b so lu te  amounts p e r  f r u i t ,  show th e  same in c re a se  du ring  

th e  growing seaso n . W ith th e se  p a r t i c u la r  d a ta , th e  p o s s ib i l i ty  o f  hemi

c e l lu lo s e  su pp ly ing  su g ar to  th e  m aturing  K ie ffe r  pear f r u i t  is  no t 

su p p o rted . The case may be q u ite  d i f f e r e n t  in  th e  ap p le , however, as an 

in sp e c tio n  o f F igu re  6 re v e a ls  a s l ig h t  d ec rease  d u rin g  th e  l a t t e r  p a r t  

o f th e  growing season in  t o t a l  amounts o f l ig n in  and c e l lu lo s e .  As th e  

a b so lu te  amount of l ig n o e c llu lo s e  in  th e  p ea r f r u i t  does no t d ecrease , 

b u t a c tu a l ly  in c re a s e s , th e  d e s tru c t io n  o f l ig n o c e llu lo s e  (7) could be 

accounted f o r  by i t s  b e in g  formed in  new p a r ts  o f th e  f r u i t ,  as n e a re r  

th e  p e r ip h e ry , f a s t e r  th a n  i t  i s  d es tro y ed  in  th e  more co n cen tra ted  a r e a s .  

The a u th o r  i s  d o u b tfu l t h a t  a c tu a l  d e s tru c t io n  o f l ig n o c e llu lo s e  o cc u rs .

An ap p aren t d ecrease  in  s iz e  of th e  " g r i t  c e l l ” c lu s te r s  may be due to  

th e  c lu s te r s  b e in g  pushed f a r th e r  a p a r t  as th e  f r u i t  in c re a se s  in  s iz e ,  

due to  in c rease  in  s iz e  o f  in d iv id u a l c e l l s  in  th e  l a t t e r  p a r t  of th e  

growing season , thus d i s t r ib u t in g  th e  stone c e l l s  over a g r e a te r  a r e a .

I f  now we co n s id e r  F igure 5, i t  becomes apparen t th a t  th e re  

i s  no b a s is  f o r  th e  support of th e  su p p o s itio n  th a t  l ig n o c e llu lo s e  is  

b e in g  converted  over to  sugars o r to  any o th e r  m a te r ia l .  However, i t  

does seem q u ite  probable th a t  the  b u ild in g  up of l ig n o c e llu lo s e  i s  th rough  

th e se  in te rm e d ia te  m a te r ia ls .
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i I t  is  e v id e n t, th e r e f o r e ,  th a t  th e  " g r i t t i n e s s "  o f p ears

depends p r in c ip a l ly  on th e  e x te n t o f g r i t  c e l l  fo rm ation  d u rin g  e a r ly  

s ta g e s  o f th e  fo rm atio n  o f th e  f r u i t  and a p p a re n tly  i s  no t reduced 

hy changes ta k in g  p lace  in  th e  g r i t  ag g reg a tio n  d u rin g  th e  l a t t e r  p a r t  

o f th e  grow ing season  or d u rin g  r ip e n in g . This in  tu rn  means th a t  th e  

p ro cess  i s  n o t l ik e ly  to  he m a te r ia l ly  in flu en ced  hy c u l tu ra l  or h an d lin g  

p ra c t ic e s  and h e a rs  out th e  su g g es tio n  of C r is t  and B a tje r  (7) th a t  only 

th rough  h is  cho ice  o f v a r i e t i e s  does th e  p ea r grow er have any co n s id e rab le  

c o n tro l  over t h i s  more o r le s s  o b je c tio n a b le  c h a r a c te r i s t i c  of p ea r f r u i t s *
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SUMMARY

E x is t in g  d a ta  (and th e  f i r s t  two y e a r 's  r e s u l t s  o f t h i s  s tu d y ) 

showed such a  tremendous decrease  o f th e  percen tage  o f l ig n o c e llu lo s e  

(s to n e  c e l l s )  accompanied hy an e q u a lly  g re a t in c re a se  o f  reducing  m a te r ia ls ,  

in  m atu ring  K ie f fe r  p e a r  f r u i t s ,  th a t  i t  suggested  th a t  p a r t  of th e  l ig n o 

c e l lu lo s e  had been converted  to  reducing  su b s ta n c e s . In v e s tig a tio n s  of 

th e se  changes in  th e  B a r t l e t t  p e a r ,  a  f r u i t  in  which l ig n o c e llu lo s e  occurs 

in  sm a lle r  q u a n t i t i e s ,  showed th a t  as a  percen tage  o f th e  d ry  w eight th e  

l ig n o c e l lu lo s e  began to  d e c re a se , w ith  a corresponding  in c re a se  in  reducing  

su b s ta n c e s , about 10 days e a r l i e r  th an  in  th e  K ie f fe r .  S im ila r  s tu d ie s  

of th e  Wagener ap p le , a  f r u i t  which co n ta in s  very  l i t t l e  l ig n o c e l lu lo s e ,  

in d ic a te d  d ec reases  o f  l ig n o c e llu lo s e  and accum ulation of reducing  substances 

o cc u rrin g  in  th e  f i r s t  samples taken  soon a f t e r  p e ta l  f a l l .  These r e s u l t s  

s tre n g th e n e d  th e  su p p o s itio n  th a t  l ig n o c e llu lo s e  may be converted  to  

red u c in g  m a te ria ls*

During th e  growing season  o f 1933, changes in  a b so lu te  amounts of 

th ese  m a te r ia ls  in  th e  K ie ffe r  p ea r and Wagener apple  were determ ined . These 

d e te rm in a tio n s  show th a t  th e re  was no a c tu a l  decrease  in  l ig n o c e l lu lo s e ,  b u t 

because o f th e  g re a t  in c re a se  o f a lco h o l so lu b le  m a te r ia ls ,  th e  percen tag e  

o f l ig n o c e l lu lo s e  decreased  r a p id ly .  The fin d in g s  in  1933 in d ic a te s  th a t  

l ig n i f i e d  t i s s u e  does not b reak  down to  form le s s  complex m a te r ia ls ,  in  th ese  

f r u i t s  d u rin g  growth*

C alcu la ted  changes in  com position may be m islead in g  when p re se n ted  

a s  p e rc e n ta g e s . T o ta l " g r i t "  in  p ear i s  no t reduced d u rin g  r ip e n in g , b u t 

" g r i t t i n e s s "  i s  masked by the in c re a se d  amounts o f o th e r  c o n s ti tu e n ts  of th e  

f r u i t .
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There i s  ev id en ce , however, t h a t  th e  sugars a re  h u i l t  up, 

th ro u g h  th e  compounds s tu d ie d , to  l i g n i f i e d  t is s u e *

In  s to ra g e , h em ice llu lo ses  d ecreased  more th an  any o th e r  

c o n s t i tu e n ts  and su g g ests  th a t  th e se  m a te r ia ls  may be th e  source o f 

re s p ir a b le  su b stan ces  fo r  th e  f r u i t  a f t e r  i t s  removal from th e  tre e *

The m odified  Shaffer-H artm ann t i t r a t i o n  method, employed fo r  

d e te rm in in g  amounts of reducing  m a te r ia l  d u rin g  th e  f i r s t  two y e a r 's  

s tu d y , was found to  g ive  h ig h e r  va lu es  on young p ear and young apple 

f r u i t  e x t r a c ts  th a n  th e  amounts of copper reduced w a rra n ts . The h igh  

p ro p o rtio n  o f  s k in  to  f le s h  in  th e  samples tak en  when th e  f r u i t s  were 

sm all i s  so c lo s e ly  a s so c ia te d  w ith  th e se  unw arranted high  v a lu es  th a t  

a d s o rp tio n  o f th e  iod ine  reag en t by some m a te r ia l  in  th e  s k in  i s  in d ic a te d .

The su g g e s tio n  o f C r is t  and B a tje r  th a t  th e  grower has l i t t l e  

c o n tro l ,  o th e r  th an  v a r ie ty  s e le c t io n ,  over th e  " g r i t t i n e s s ” of h is  p ea r 

f r u i t s ,  i s  su p p o rted .
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TABLE I I

AVERAGE c.c*  OF 0 .1  N SODIUM '"’HI0SULFATE SOLUTION REQUIRED TO 
TITRATE REDUCTIONS OF FEELINGS SOLUTION SECURED 

WITH 50 c . c .  OF THE ALCOHOL SOLUBLE EXTRACT OF PEAR FRUITS.

Date o f
Sampling*

N it r a t io n  in  
p resence  of 
p la n t  e x t r a c t  
by S h a ffe r-  
Hartmann 

Metbod.

Reduced Copper 
sep ara ted  from 
p la n t e x t r a c t  
and t i t r a t e d  
by V olum etric- 
T h io su lfa te  
Method.

. F i l t r a t e  from 
V olum etric-  
T h io su lfa te  
Method t i t r a t e d  
by S h a ffe r -  
Hartmann 
Method.

Copper t i t r a -  • 
t io n  p lus 
f i l t r a t e  
t i t r a t i o n

May 20 1 .6 .3 • 6 .9
27 3 .2 1 .5 1 .5 3 .0

June 4 3 .7 2 .2 .9 3 ,1
. 10 3 .1 2 .3 .9 3 .2

16 4 .1 2 .9 .6 3 .5
24 3 .8 3 .0 .4 3 .4
30 3.7 3 .0 .2 3 .2

Ju ly 7 5 .2 4 .6 .2 4 .8
14 6 .3 5 .4 .3 5.7
25 7.3 6 .3 .3 6. 6

Aug. 9 9 .6 8.7 .1 8 .8
Sept . 9 15 .8 14.7 .1 14.8
Oct. 9 16.7 16.3 — - 16.3
Nov. 4 19.0 18.6 .2 16.8

*80 grams f re s h  w eight per sample
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TABLE IX
HARDNESS OF KIEFFER FEAR AND WAGENER APPLE FRUITS -  1933.

D ate o f 
Sampling K ie f fe r  Pear Wagener Apple

Mean S .D .# P .E .**
C orrected  
fo r  Govf t .  
P ressu re  
T este r*

Mean S.D .# P .E .* *
C orrected  
f o r  Gov*t 
P re ssu re  
T e s te r*

June 10 20.52 1.58 1.06 27.6 20.04 1.75 1.18 27.5
16 22.90 1.77 1.19 30.9 19.52 1.06 .71 26 .3
24 24.11 .38 .25 32.5 20.65 1.78 1.20 27 .8
30 23.44 1.67 1.12 31.5 22.31 2.14 1.44 30.1

J u ly 7 25.44 1.60 1.07 34.2 20.71 1.42 .95 28.0
14 24.27 1.21 .82 32.6 20.08 .87 .58 27.0
25 22.40 .35 .23 30.2 18.38 2.43 1.63 24 .8

Aug. 9 20.79 1.30 .87 28.0 16.63 .80 .53 22 .4
S e p t. 9 17.29 1.10 .74 23.3 12.00 1.55 1.04 16.2
O ct. 9 12.84 .40 .26 17.2 10.80 .79 .53 14.5

* Times f a c to r  1 .35 to  compare w ith  5/16 re g u la t io n  s iz e  p lu n g e r.

#  S tandard D ev ia tio n  = 

**probable E rro r  = S . D. x •

Summation X'
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