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                         Short communicatien

         Respiration  rate  of  fruit flesh from red  and

                green  sides  of  
`Cortland'

 applesi  
'

                  V. G. SH[n'AK and  J, C, Hiv'iTAN, Jr.2

               Rhode Irland Agriculturat Eotpariment Station, Uniuersdy of
                      R. 1, Kingston, Rhede tstand, U  S, A.

                          (Reccived July 2S, l968)

       Respiration rate  ot' apple  fiesh frem red  aTid  grcen side  of  
`Curtland'

 apples

    was  measurcd  using  Gilson  respirometcr.  Respirativn  from  red  side  was  greater

    for both pre and  post elimacteric  fruit, Flesh fi'om the  red  side  was  also  higher

    in soluble  solicls,  fresh Niv'eight  and  dry weight,

    Numerous  physical and  chemical  differences have  been reported  to exist

between  thc  red  and  the  green side  of  an  apple(1).  However,  the  authors  were

unable  to tind  any  reports  coinparing  respiration  rates  of  the  apple  fiesh fr()rn
the  green and  the  re.d  side  of  the  fruit,

    
`Cortland'

 apples  were  harvested on  Scptember 27, 1967 and  placed in cold

storage  at  Ot//zleC. For each  determination, fi'uits wcrc  selected  in storage  with

a  diameter of6.4  to 7.0cm  and  with  35 tc) 60%  red  color  and  removed  to the

ripening  room  at  21 ±' 1OC 24 hr prior to respiration  rneasurements.  Fruits remained

in the  ripening  room  until  used.  The  respiration  ratc  of  
[Cortland'

 apple  flesh
was  measured  manometricall>,,  using  the Gilson differential respirometer  (Gilson
Medical  Electronics).

    Fruit was  transversely  cut  into two  equal  parts. A  cork  berer with  a

diameter  of  I.3cm  vv,as  used  to cut  out  one  cylinder  of  flesh from  the green and

one  from  the  red  sidc  frorn each  half of  every  apple,

    A  disc near  the  top  of  the removed  cylincler,  which  was  nearer  the  center

of  the  fruit, was  cut  off  with  a  double  knife made  of  tivo razor  blades welded

together  O.4cm  apart.  
rl"his

 produceda  sample  disc of  2.704crnS. ARcHBoLD  and

BARKER  (2) found the  amount  of  total  sugars  in the  apple  inc.rcascd fi/om the

stem  to calyx  end.  Thus, it was  essential  to  select  the  sample  as  near  the  center

of  the  fr'uit as  possible to minimize  variations  present within  the  apple.

    To  prevent dehydration of  the  tissue during  preparation, the  cylinders  and

the discs were  floated in distilled s･vater.  All discs from the  red  and  the  green
side  were  placed in separate  beakers and  later reiT]oved  at  random  for anal>rsis.

    After the  discs were  prepared, 4 were  placed in cach  reaction  vessel  con-

taining  O.2ml of  20%  KOH  in the  centcr  x･vell and  2.5ml  of  distilled ",ater  on

the bottom of  the  {lask. The  rat.e  of  respiration  was  measured  for 2hr  after  an

initial 30min  equilibratic)n  and  is expresscd  as  ltl 021cm3/hr.  All determinations

i
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were  inadc'  at 280C.

    The  rnajority  of  fruit used  in these  investigations was  frQm untreated  trees;

hox･vever, fruit fi'om trees spra>,ed  with  either  2000 or  3000 ppm  of  succinic  acid

2,2-dirnethly,1 hydrazide  (Alar) on  July 24, 1967 was  also  included, to determine

whether  Alar alters  the  relationship  of  the  rate  of  respiration  between the  red

and  the  green side  of  the  fruit.

    Soluble solids,  frcsh and  dr}, weights  of  thc  discs from  the  red  and  the  green
side  of  rhe  fi'uit were  determined on  25  apples.  

fl"he
 procedure for selecting

samples  was  sirnilar  to that  used  for respiration  studies.  Fresh and  dry weights

were  obtained  fi/om 5 groups of  5 cliscs  each.  After fr'csh weight  was  recorded,

samples  were  dried at  55eC  ftn' 24hr  and  at  105:(], fbr the  next  24hr. Soluble

soLids
 
were

 measured  witb  a  hand  refractumeter  (No. 43790 ATAGI,  Tokyo). Data

were  analyzed  by a  2 way  analysis  of  variance  (4). The  DuNcAN  Multip]e  Range
'rest

 was  used  for mean  separations  at  the  595 leyel ef  probability (5).
    Fruit fi:)r the  first scries  of  respiration  measureinents  was  removed  from
                                                          ･-t
storagc  on  October  ll and  placed in the ripening  room.  Determinations  

were
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Fig. 1, Respiration rate  of  fruit flesh of  
'aortland'

 apples.  Fruit

was  selected  from  unsprayed  trees (A and  D)  and  from  trees sprayed

with  AIar  at  2000 pprn (B and  E) and  30oo ppm  (C and  F).



The Japanese Society of Plant Physiologists

NII-Electronic Library Service

The  JapaneseSociety  of  Plant  Physiologists

             Respiratien rate  of  apple  flesh

                     Table  l

Pre- and  past-climacteric respiration  rate  of fruit jlesh 
.from

 the t'ed and

          green side  of `CZ)rtland'

 aiptes  (gl 02/cmSfhr)

219

           
Fruit sample  octobe){iloan 

reSPiVatiOn
 l5detceLmber 

Lt     --..                 tt t                    ttt                           '                                                   '                                                            -t                                                                tttt-

            Red  side  24.07a 3s,27"

            Green  side  23. 13b S3. 59b

       
i
 Means  in the  samE  colu;n'  n fo11owcd by the  same'Ietter  are  A'o't gi'!nificantly

        difflerent at  5%  level.

 started
 on  October  12 and  continued  daily until  October  l5, 1967. Results shown

 in Fig'. 1 A, B and  C  indicate that  the  regpiration  rate  of  samples  fi'om the  rcd

 side
     

of
 the  fruit was  higher and  tha[  .iXlar treatment  dicl not  appreciably  alter

 these      diffbrences.

     Sinc¢  physical Iimitations of  the respirometer  prevented  determinations of

 syfficient  number  of  samples  ft}r staristical  analysis,  a second  series  of  cletermina-

 tions were  made  on  untreated  fi'uit only.  Seve,n app!es  s･vere  r.p.meved  fi'om
 storage  on  October  I9 and  measurements  of  their respiration  rate  wcre  made  on

 October 20. Four sections  from  the red  and  the  green side  of  each  fi'uit werc

 taken.  Results presen[cd in Table 1 sho",  that  the  difilerencc in the rates  
of

 respiration  between the  two  sides  of  the  fi'uit was  highly significant.

    Another sarnple  of  fruit was  ren]oved  frolli storage  on  October  20 ancl
respiration  measurements  were  started  on  October  21, Fig. 1 D, E  and  F. Results

 
were

 quite similar  to those  c)btained  in the  first deterinination except  that  the
magnitude

 ef  the  respiration  c.urve  was  greater. The  i'ate  of  rcspiration  for the
red  side  was  again  consistently  higher than  froni the  green, regardless  if the fruit
was  froin Alar sprayed  trecs  or  not.

    
're

 determine if significant  difllerencc bet",een the  green and  the  ]'ed side  of

the  fruit exists  after  climacteric,  7 untreated  post clirnacteric  (I) t'ruits ",cre
removed  fi'om storage  on  December  1 and  respiration  rate  was  measured  the  next

day. Results are  presented in 
'I"ab]e

 1. Rate  of  respiration  of  thc  red  side  ol'
the  apple  was  again  significantly  highcr than  that  of  the  green sidc.  

'l'he
 data

presented leavcs littlc: doubt that  the  fruit tlesh fron'i the  red  s.ide  of  
`C]orrlancl'

apples,  if measured  on  a  N,olume  basis, rcspires  at  a higher rate  than  ihe  l'lesh
fi'om the  green  side.  It should  be notcd  that, althougl!  the  se]ection  of  saniples
was  made  in  ]'elation  to                       th('t outside  color'  of'  the  apple,  the  flcsh used  ",as  a

considerable  distance fi"om the  cuticle  of  the  fruit. The  vascular  bundle  was

always  near  the  center  of  the  samplel  however,  its location vai'ied  fi'om one  ft'uit
to another.  In general, it was  fbund to  be between  l.5 ancl  2.5 cin  from the  

outer

edge  of  the  fruit. Our  results  indicate ihat  the  respii'ation  rate  of  the  flesh is
influenced te a  considerable  dcpth  by the  color  of  the  skin.

    It has been reportecl  (3) that  there  are  inore  total sugars  on  the  red  side  of

Jonathan apple.  To  determine if a  similar  relationship  exists  in soluble  solid/.

in 
`Clortland',

 25 apples  were  sampled  on  December  ]. Samples  were  takcn  as
fbr respiration  ineasurements,  and  soluble  soiids  were  determined  on  the  rcd  and
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                      Table  2

Soluble solids  content  andfresh  and  dry waight  offruit "esh fivm the red

       and  green side  of 
`Cbrtland'

 apaes  <December I, 1968)

Sample
Soluble solids

    (%)

Fresh weight

    (g)

Dry  we{ght

   (g)

Red  side

Green  side

II. 91a*

le.96b

2.88sa

2. 692b

O, 32oa

O. 29sb

      * Means  in the same  column  followed by  the same  letter are  not  significanty

       diffbrent at  5 %  level.

green side  of  each  fruit The  results  presented in Table  2 show  significantly

higher soluble  solids  on  the  red  side  of  the  fruit. Soluble solids  in the  apple  are

mostly  sugars  (1) and  thus  may  very  well  account  fbr the .diflbrences in respira-

tion  rate  by providing more  abundant  substrate.

    The  same  apples  were  used  for determinations ef  fresh and  dry weight.

Sections from the  red  side  were  heavier than  the  sections  from the  green side  as

shown  in Table 2. ･

    These daza show  that  whenever  apple  flesh is used  for any  comparative

studies,  samples  should  be selected  not  only  according  to their  re!atlve  orientation

in the  fruit but also  in relat{on  to  the  outside  color.  They  also  suggest  that  when

a  whole  firuit is used  in respiratiQn  determinations, the red  color  on  individual

fruits should  be taken  into consideration.'It  is realized  that  the red  coloration

in some  cases  may  be related  to maturity,  which  could  further complicate

interpretations of  ekperimental  resnlts.  
'
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