
Japanese Society for Horticultural Science (JSHS)

NII-Electronic Library Service

JapaneseSocietyfor  Horticultural  Science  {JSHS)

ee\#･(J.Japan, Soc. Hort. Sci.) 68 (4):739- 745. 1999.

Fruiting Effects on  Diurnal Changes in Sorbitoland Starch Contents in Peach Leaves

             Karim Ali and  Naosuke Nii
College ofAgriculture, Meijo University, 7lempaku, NagQya  468  

-8502

                                Summary

  Using potted peach (Prunus persica Batsch.) trees at  the fTuit maturation  stage, fruiting effects
on  sorbitol  and  staTch contents  in leaves from day to night  as  wcll  as  before and  after  fruit removal
were  cxamined.  Sorbitol content  per unit  fresh weight  in Ieaves before fTuit removal  increased
significantly during thc day; it decreased at nighL  Within one  day after  fruit removal,  sorbitol

increased to a  level greater than  that before fruit removal,  whereas  the decrease at  night  did not
differ significantly  between beforc and  after  fruit removal,  The  diurnal changes  in staTch  content

of  the leaves exhibited  a similar patteTn to those  of  sorbitol  before fruit removal.  Likewisc, within
one  day aftcr fruit Temoval,  starch  content  increased during the day to a  higher  lcvel but the
decrease at  night  was  smarler  compared  to the level before fruit removal,
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                 Introduction

  The effects  of  fruiting on  the anatomical  and  physio-
logical features of  leaves have been well  characterized

in fruit trees (FIore and  Layne, 1996), Changes in leaf
physiology are particularly conspicuous  at the sugar-

accumulation  stage  of  fruit development when  fruits
serve  as a major  sink. During  the fruit maturation  stage,

carbohydrates  are  typically transported via  mass-fiow

from the leaves to fruit tissues so  that the concentrations

of  solute, nonstructural  carbohydrates  in the leaves are

influenced by the fruit removal.  Gucci et al. (1991a, b)
fOund that harvest of  mature  fruit from sweet-cherry

trees (l'runus avium  L.) resulted  in a significant  decrease
in leaf photosynthesis and  a  51%  increase in leaf starch
within  24  hr, but that the levels of  chlorophyll,  fructose,

glucose, sorbitol  and  sucrose  in leayes were  unaffected

by defruiting, Contrarily, in peaeh trees one  day after the

removal  of  fruits, the increase in sorbitol  paralleled the

accumulatien  of  starch  (Nii, 1997). This accumulation  of

starch  and  sorbitol  in leaves after the removal  of  fruit is
attTibuted  to the decrease in sink  demand.

  Layne and  Flore (1993) reported  that the  concen-

trations of  starch, sucrose  and  sorbitol  in souT  cherry

remaining  leaves were  altered  within  24  hr of  partial
defoliation and  that the diurnal decline in photosynthetic
rate in partially defoliated plants was  associated  with

increase of  sucrose  and  serbitol  in leaves, Studieson the
export  of  sorbitol  and  sucrose  from mature  peach  leaves,
by simulation  of  carbon  fiuxes, revealed  that these

caibohydTates  were  translocated  via  the phleem from

peach leaves at near  maximum  rate  aftef  2 hr of  illumi-
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nation  (Moing et  al,, 1992, 1994).

  Nonstructural carbohydrate  levels in leaves change  in
response  to the dernand by sink  organs.  Accordingly,  we

studied  the diurnal changes  in carbohydrate  partitioning
and,  in particular, the accumulation  of  sorbitol  in the
cytosol  and  starch  in the chloToplasts  before and  after

fruit removal,  The role  of  leaves during the sugar-

accumulation  stage  of  fruit development because no  data
exist on  the diurnal fluctuation in the translocation on

sorbitol  from  leaves to peach fruits during the fruit-
maturation  stage,  especially,  in rclation  to the effect of

the number  of  fruits per tree. Although sorbitol  and

starch  contents  of peach leaves were  formed to increase
one  day after fruit removal  (Nii, 1997), their diumal
lcvels foIIowing fruit removal  were  not  examined.

Furthermore, determination of sorbitel  amounts  trans-

located diurnatly from leaves te fruits would  also  con-

tribute to our  understanding  of  leaf physiology,
  In the present experiments,  we  examined  the diurnal
changes  in the contents  of  nonstructural  carbohydrates  in

peach leaves, focusing on  sorbitol  and  starch, before and
after complete  removal  of  fruits and  the crop  load. 

rllie

diurnal differences in sorbitol  and  starch  contents  of

leaves was  used  to estimate  the amount  of  sorbitol

translocated from leaves to fruits,

           Materials and  Methods

Experiment J (I996)

  Eighteen 10-year-old, own-rooted  peach trees

(Prunus persica Batsch. cv, Hakuto)  were  transplanted

into 50-1 black pots. Experiments were  started  at  the

cnd  of May, 1996, at thc fruit-enlargement stage,  by
thinning the crop  to 10, 15, and  20 fruits per tree. Each
treatment  group included six trees with  an  avcrage  of
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541 =+ 49 (mean ± s.d.) leaves at the beginning of the

experiment.  During the experiment,  new  lateral shoots

which  emerged  continuously  were  not  removed.  No  new

lateral shoots  and  leaves emerged  from the end  of  June
to the leaf-sampling time because this is the stage  of

fruit maximum  development.

  Five leaves, at  the fifth to seventh  nedal  positiens
during the first cycle  of  shoot  elongation,  were  harvested
at  each  sampling  time. Leaves  were  harvested at  8]30

a.rn, 2 hr after  sunrise  and  6 p,m, Gust before sunset)  on

July 11th and  12th, and  at  8:30 a,m.  on  July 13th and

19th and  on  August 9th, Lcavcs, haryested within  10
minutcs,  were  put in avinyl  bag and  the bags placed in
an  ice box and  immediately brought to the laboratory.
Sorbitol was  determined by high- pTessuTe liquid chro-
matogTaphy  (Nii, 1997).

  All fruits were  removed  in the morning  of  July 12th,

just after leaf harvest one  week  before normal  fruit
haryest, Fruits from individual trees were  weighed  and

the soluble  solids  contents  in the juice determined with  a

hand re  fractometer.

Experintent II (199n

  At  the  completion  of  Exp.  I (1996), the  trees  were

grouped with  12 unused  tTees  and  gTown under  the same

management,  During  the second  year, 12 peach trees
were  selected  and  their crop  thinned  to 15 or  25 fruits

per tree. Experiments  were  startcd on  July 6th. All fruits
were  rcmoved  during the fruit-maturatien stage;  in the
morning  of  July 15th (removal I) just after leaf sampling
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and  on  July 16th (removal II). Each trcatment group
included 3 trees with  699 ± 61 (mean ± s,d.) leaves per
tree in mid-May,  During the experiment,  new  lateral
shoots  which  emerged  continuously  were  removed.  The

crop  size  of  individual trees and  the soluble  solids  of

fruits determined as  above.  Leaf  samples  were  collected

at 6:30 a.rn. and  at 6 p.m. as in Exp. I.

  Seven leaves were  harvested between July 14th and
17th of  which  3 were  analysed  for sorbitol  content;  the

remaining  4 leaves were  prepared for starch  analyses  by
boiling the ethanol-inseluble  residue  with  water,  After
cooling,  the mixture  was  incubated with  2%  gluco-
amylase  at 55 

OC

 for 1 hr. The  mixture  was  then filtered
through filter paper (no. 6, Toyo  Roshi Kaisha, Ltd) and
an  aliquot  of  the filtrate was  analyzed  with  thc anthrone

reagent.

  The weather  remained  fine between July l1th and  Ju]y
13th in 1996, but unsettled  between July 13th and  July
17th in 1997 (Fig, 1).

            Results and  Discussion

  In 1996 experiment, total fruit weight  per tree was

lowest on  the 10 - fruit trees; both fruit weight  and  the

soluble  solids  content  increased with  decreases in the
number  of  fruit per tree (Table 1).

  The amount  of sorbitol  per unit  fresh weight  in leaves
changed  diurnally (Fig, 2), Before fruit removal,  t,he leaf

sorbitol  content  in the morning  was  low but increased
during the day. For the following six days, the sorbitol
content  fluctuated cyclically  at a  similar  level; the
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Fig. 1.  Chunges in air temperature  and  solar  radiation  between July 11th and  13th in 1996 (A) and  between July

13th and  17th in 1997  (B). Srnall arrews  shQw  leaf' sarnpling  tirnes  and  the  large arrews  show  the leaf-

and  fru{t- sarnpling  tirnes.
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Table 1,Fresh  weight  and  soluble  solids  contents  of  fruit from trees  with  different crop  loads.

Number  of  fruits

   per tree

Total fruit weight

  per tree (kg)
Fruit weight

   (g)
 Solubtesolids

 (%)

10(8.6)z15

 (13.8)2e
 (19.0)

IS (14,O)25
 (22.0)

Experiment  in 1996

     O.92a'

     1.48b

     1.65b

Experirnent{n1997

     1.47a

     225b

108.lb107.7b90.5a

168.4b127.8a

15,3b12.la11.2a

10.8b

 8.7a

4

   3:sn:2'tegU)

 1

e

Fig. 2,

i
 Actua! average  numbers  of  fTuits peT tree at harvest are  given in parenthesis.
Y
 Mean  separation  by Duncan's  multiple  rangc  test (p=O.O1) within  the column,

Values are  means  of  the results  frorn six trees in each  case,

-

 11th

 Ju]y

u

 12th

 July

.L13thJu].yi19thJu]y =9thJuly

  Effects of  fruit rernoval  (arrow) on  the  sorbitol  centent

of  peach leaves (1996 experiment).  Vertical bars represent

the S.E, of  the mean  of  results  ftom six replicates.  M, 8:3e

a.rn.;  A,  6 p.m.

Table 2.

magnitute  of  the  cycle  decreased gradually thereafter

(Fig, 2). The accumulation  of  sorbitol  by day increased
markedly  after than before fruit removal  (Tablc 2). On
the other  hand, nocturnal  decrease of  the sorbitol content
was  greater befbre than  after fruit rcmoval.  The maxi-

mum  sorbitol  content  during the day before fruit remoy-
al did not  differ significantly  among  the thinning plots,
whereas  sorbjtol  content  the day after fruit removal  was

higher with  increased cTop  load. The crop  load had no
effect on  sorbitol  content  at night  before and  after fruit
removal,  Sucrose content  of  leaves did not  changc

markediy  either  before or  after  removal  of  fruit (data not

shown)  (Nii, 1997).

  Based  on  serbitol  contents  in the morning  and  the

afternoon,  the  arnount  of  sorbitol  translocated frorn

leaves to fruits (Table 2) during the  day was  2.9 ± O.7
(mean ± s,e,)  mg  per 1 g leaf fresh weight  in 10-fruit
tTees, 6,e : O,6 mg  in 15-fruit trees, and  6.8±  O.3 mg  in
20--fruit trees. By contrast,  the amount  of  sorbitol

tTanslocated into fruits at night  was  2,2 t 1,O mg  per 1 g

Diurnal changes  in leuf sorbitol  content  at  fruit rnaturation  stage  in peach trees (n=6) in1996.

Daytirne Nighttirnc

 Number  of

fruits per tree
   A(before

 fruit

 removal)

   B(after

 fru{t
removal)

B-A
   C(before

 fruit

 removal)

   D(afterfrnit

removal)

CD

101520 7.83 ± 1,26ai

7,13 ±  O.57a

6,20 ± 1.34a

10,75 ±  O,62a

13.10 ± O.73b

12.98 ± 1.08b

Sorbitol (m glg leaf fTesh weight,  mean  =

2.92 =  O.66a

5.97 =. O,60b

6.7g r. O,29b

S.65 =  128a

6.26 =  O.95a

6.83 =  1.94a

s,e,)4.93

 ± O,40tt

4.08 ± O,22a

3.83 ± e,88a

O.72 ±･ O.83a

2.t8 t･ 1,04u

3.oo i  o,24a

A] Subtraction of  the va]uc  at 8:30 a.m.  on  July 1lth from the value  at 6 p.m, on  the same  day. Amount  of  serbitel  in leaves accumulated

  before fruit removal  during the daytime.
B/ Subtraction of  the  value  at 8:30  a.rn. on  Juty 12th from the value  at 6 p.m. on  the sarne  day, Amount  of  sorbitol  in leaves accumulated

  after  fruit removal  during the daytime.
B-  A: Estimated  approximate  amount  of  so  rbitol  changed  in the leayes be fore and  after  removal  of  fruit duTjng the daytime.
C: Subtraction of  the yalue  at 8/30 tt.m. on  July 12th frorn the value  at 6 p,m. on  July 11th. Amount  of  sorbitol  in leavcs decreased before

  fruit Femoval  during the night.

D: Subtraction of  the value  at 8:30 a.m.  on  July 13th frorn the value  at  6 p.m, on  July l2th. Arnount  of  sorbitol  in leaves decreasecl after

  fruit removal  during the n{ght.

C D/ Estimated approxirnate  amount  of  serbitel  changed  in the leaves befere and  after  removal  of  fruit during thc  night,

i

 Vaiues separation  by Duncan's  fnultiple  range  test (p=O.O1) within  the  column.
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leaf fresh weight  in 15-fruit trees  and  3.0 ± O.2 mg  in

20-fruits tree. In 10-fruit trees, thc amount  of soTbitol

translocated into fruits was  much  smaller  at night,  This

showed  lhat more  sorbitol  was  translocated from leaves
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Fig,3, Effects of  fruit removal  (arrow) on  the sorbitol  content

    of  peach leaves (1997 experiment).  A, Removal  I; B,

    Remeval IL Vertical bars represent  the  S.E. of  the  mean  of

    results  from three replicates.  M, 6:30 a.m.;  A, 6 p.rn.

te fruits during the day than at night.

  During 1997, the weather  was  unsett]ed  on  many  days

(Fig. 1), particularly on  July 13th, 2 days before fruit
removal  in Temoval  I, when  it rained,  Sorbitol content  in

the leaves was  low at 6:30 a.m.  on  July 14th (Fig. 3),

presumably because the rate of  photosynthesis was  low
on  July 13th, whereas  translocation of  photoassimilates
from  leaves was  unaffected.  Consequently, the accumu-

lation of  these sugar  in the leaves was  higheT duTing the

day on  July 14th, The sorbitol  content  in the leaves

during the day after  fruit removal  on  July 15th (removal
I) did not  increase significantly,  compared  with  the

increase during the day on  July 14th (Fig. 3A). rn
contrast  to removal  I, when  the fruits were  removed  on

July 16th (removal II), sorbitol  accumulated  markedly

during the day afteT fruit removai  (Fig. 3B). These

results indicate that nonstructural  carbohydrate  content

in the leaves depends largely Qn  the weather.  The
diurnal changes  in sorbitol  content  of  the leaves in
Removal II exhibited  a similar  pattern to those in

Experiment I (Table 3).

  Leaves for determination of  sorbitol in the morning

were  harvested at 8:30 a.m.,  2 hr after dawn, in Experi-
ment  I. Moing  et al. (1992, 1994) Teported  that  the rate

of  photosynthesis in mature  peach leaves peaked ap-

proximately 4 hr after the onset  of  the photoperiod, with

light from sodium-vapor  lamps that gave 200 llmol

photons m'2  sec-i  in the 400-700  nm  range.  In their

simulation,  during the first part of  the photoperiod, the
sorbitol  content  increased from 35 to 64 mrnol  cm-2  of

leaf area. After 2 hr of  illumination, the sorbitol  was

exported  at near  maximum  value.  By contrast,  starch

centent  of  leaves increased linearly during the pheto-
period after a lag period of  a few hours (Moing et al.,

1994), Therefore, in 1997, sorbitol  which  accumulated

Table3.Diurnai  changes  ln leaf sorbitol  content  at fruit rnaturation  stage  in peach trees (n=3) of  removal  II in 1997,

Daytime Nighttime

 Number  of

fruits per tree
   A(before

 fruit

 Ternoval)

   B(after

 fruit

removal)

BA

   C(before
 fruit

 removal)

   D(after
 fri]it

removal)

C-D

152S 7.6:  1.2oaZ

6.1 =  1.07u

11,7 ]  2.32a

16.3 ± O.32b

Sorbitol (mgfg leaf fresh weight)

4,1=1,92a  7.3± 2,21a

102=1.33b  8.7± O.72a

8.6 =  Q,49a

9.0 ±  O.99a

-1.3 i  1.95a

-O.3 t  1.49a

A/ Subtraction of  the value  at 6:30 a.m.  on  July ISth from the value  at 6 p,m. on  the same  day. Arnount of  sorbitol  in Leaves accurnulated

  before fruit remova]  during the  dayt{me.

B: Subtraction of  the value  at 6]30 a.m.  on  July 16th from the value  at 6 p,m. on  the same  day. Amount  of  sorbito]  in lenves aecumulated

  aftcr  fruit removal  during the daytirne.

B-  A: Estimated upproximate  arnount  of  sorbitol  changed  in the  leaves befor¢  and  after  removal  of  fruit during the daytime,

C: Subtraction of  the  value  at  6/30 a.m,  on  July 16th frorn the value  at 6 p,m. on  July 15th. Amount  of  sorbitol  in leaves decreased before

  fruit remova]  during the  night,

D/ Subtraction of  the value  at  6/30 a.m.  on  July 17th frorn thc value  at 6 p.m. on  July 16th. Amount  of  sorbitol  in leaves decreased after

  fruit removal  during the night,

C-  D: Estirnated approximate  amount  of  sorbitol  changed  in the leaves befofe and  after  removal  of  fruit during the night.
'

 Values  separation  by Duncan's multiple  range  test (p=O,Ot)within the  column.
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Table4. Diurnal  changcs  in leaf sorbitol  and  starch  contents  between fruiting and  nonfruiting

peach  trees (n=3) in 1997.

Sorbitol (rngfg leat' fTesh weight) Starch (mgtg leaf dry weight)
Treatment Daytime

  A

Nighttime

   B

Daytime
  A

Nigbttime
   B

Nonfruiting7

FtuMng

1 5 - fruit trees

9.17 ± O,79aY

 7.60 =  1.20a

9.177.27O.89a2,21a 37.6 ±  3,4a

33.2 ± 3.la

12･ .O =  7,5a

24.1 =  1.6b

Nonfruiting`

Fruitmg

2S-fruittrces

10.80± 2.13b

 6,e8 i  1,07a

6.13 i8.70

 i2.18aO.72a

40.9 ±  5,12a

38.7 ±  1.6{}a

12.3 I  5.0u

34.6 =  4,7b

A: Subtraction of  tbe value  at 6:30 a,rn. on  July 15th from the value  at 6 p.m, on  the sarne  day. Amount  of

  $ovbitot  or  starch  in leaves accumu]ated  during the daytime.

B: Subtraction ef  the value  at 6:30  a.rn. on  July 16th from the value  at 6 p.m, on  Juiy 15th. Amount  of  sorbitol

  or  $tarch  in leaves decreased duTing the night.

Z

 AII fruits were  completely  removed  at 6:30 a,m.  on  July 15th.
Y
 Values  separation  by Dllncan's multiple  range  test (p=(}.Ol) with  in the colurnn.
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  ttiJuly

 17th

 Fig. 4. Effects of  fiuit removal  (arTow) on  the starch  content  of

     peach leaves (1997 experiinent).  A, Remeval  I; B,

     Removal II. Vertical baTs represent  the S.E. of  the  mean  of

     results  frorn three  replicates,  M,  6/30  a.m,;  A, 6 p.m,

in peach  were  measured  before 8]30 a.m., whereas

sorbitol  and  starch  were  determined at 6:30 a.m,  and  6

p.m,,
  In the present calculation,  one  question can  be raised

with  respect  to the deteTmination of  the arnount  ef

serbitol  translocated fTom leaves to fruits, There have

been reports  that the rate of  photesynthesis decreases
within  24 hr after  the removal  of fruits (Gucci et

al,,1991a,  b), Consequently, the rate of  photosynthesis in
leaves on  the day of  fiuit removal  was  presurnably lewer
than in the  ieaves on  intact, bearing trees. The amount  of

sorbitol  translocated from leaves to fruits was  assumed

to be the amount  of  sorbitol  translocated to the shoots

and  Toots  from the leaves was  the same  one  day before
and  after fruit removal,  even  though  interconversion of

sorbitol, starch  and  other  sugars  in the leaves wcrc  not

examined.

  Thc  diurnal sorbitol  content  in the leaves between

fruiting and  non-fruiting  trees and  among  trees  with

different crop  loads changed  (Table 4). It was  increased
by defruiting, particularly on  the  25-･fruit trees, it was

significantly  higher by day in non  
･bearing

 trees than

that in fruiting trees, There  was  no  significant  difference
in sorbitol  content  reduction  at night  on  trees with  or

without  fruit.
  There were  differences in leaf starch  content  between

day and  night  befoTe and  aftcr fruit harvest (Fig. 4). 
'Ihe

leaf starch  content  usualty  was  low in the merning  and

increased duTing the day. Hence, the pattern of  changes

in starch  content  was  similar  to that of  changes  in
sorbitol  content.  The  increase on  the  day of  fruit remov-

a] was  higher and  the decrease during the  following

night  was  smaller  than the changes  before removal  of

fruit (Fig. 4B). This pattern of  changes  in starch  centent

was  clear  at removal  II. The increase in starch  content

during the  day was  not  significantly  diffeTent with  the

crop  load before and  after removal  of fruit. Thc decreasc
in starch  content  at  night  before rcmoval  of  fruit in-

creased  with  the  crop  load, whereas  the decrease in
starch  content  at  night  after removal  of  fruit was  signifi-

cantly  lower (Table 5). Whcn  the  demand  by a sink  for

photosynthates is reduced,  the  excess  is accumulated  as

starch  in the leaves. Starch accumulated  continuously  in
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Tab]e5.Diurnal  changes  in reaf starch  content  at fruit maturation  stage  in peach  trees (n=3) ef  removal  II in 1997,

Nurnber of  fruits

   per tree

Daytime Nighttirne

       A

(before fruit removal)

      B

(afte; fruit removal)

       C

(before fruit removal)

      D

(aftef fruit removal)

IS25 33.3 =  5.37aZ

38.7 =' O.87a

    Starch (mglg leaf dTy vveight)

51,4± 1.65a 24.1± 2,80a

SO.9 ±･ S.92a 34.6 =. 2.73b

14,9 l: 2,55b

10.7 =  3.18a

A: Subtraction of  the  value  at 6:30  a.rn. on July 15th from  the value  at 6 p.m. on  the sarne  day. Amount  of  starch  in leaves

  accumu]ated  before f[uit removal  during the daytime.

B: Subtraction of  the  value  al 6:30 a.m. on July 16th from  the yalue  at 6 p.m. on  the same  day. Ameunt  of  starch  in leaves

  accumulated  after fruit removal  during the daytime.

C: Subtractien of  the value  at 6/30 u.m.  on  july 16th frorn the va]ue  at 6 p.m. on  July 15th. Amount  of  starch  in leaves clecreased

  befoTe fruit removal  during the night.

D: Subtraction of  the value  at 6:30 a.rn, on  July 17th from the value  at 6 p.m, on  July 16th. Amount  of  starch  in leaves decreased

  after  fruit removal  during the night.
Z
 Values separation  by Duncan's multiple  range  test (p=O.Ol) within  the column.

leaves by fruit removal  (Fig. 4A) (Nii, 1997).

  The leaf starch  content  during the day was  greater in
defruited than on  bearing trecs, bllt the difference was

not  significantly  diffcrent (Table 4), However, leaf
starch  content  at night  was  significantly  smaller  in the

leaves on  defTuited than  that on  fruiting trees.

  In conclusion,  diurnal changes  in sorbitol  and  staTch

levels in peach leaves became apparent  in that it in-
creased  during the day and  decreased at  night.  One day
afier  fruit removal,  the increase in sorbitol  content

during the day was  greater, and  the decrease at  night  was

smaller  than prior to fruit removal.  The amount  of

sorbitol  translocated from leaves to fruits increased with
the cTop  load on  the tTees; it was  higher during the day
than at night. This knowledge on  the diurnal changes  in
leaf carbohydrate  content  offers  another  evidence  on  the

sink-  source  relationship  in fruit trees.
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モ モ樹 に おける葉内 ソ ル ビ トール な らび に デ ンプ ン含量の 日変化 に及ぼ す着果 の 影響

克熱木伊力 ・新居直祐
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摘　　要

　鉢植 え の モ モ樹 を用 い て ，果実成熟期 に お ける果実収穫前

後の 葉内炭水化 物含量，と くに ソ ル ビ ト
ー一

ル と デ ン プ ン 含量

の 日 変化 に 及 ぼ す 着果の 影響を 調 査 した．果 実収穫前 で は ，

生体重当た りの 葉内 ソ ル ビ ト
ー

ル 含量は 昼 間増加 し，夜 間減

少 した 、果実収穫 当 日の 昼 間 に お け る 増加程度は，果実収穫

前 と比 べ て 高 か っ た．こ れ に 対 して ，夜間 に お け る ソ ル ビ

卜一ル 含量の 低下 は，果実収穫前後で 有意 な 差 は な か っ た ．

果実収穫前 の 乾物重 当 た り葉内デ ン プ ン 含量 の F1変化 も ソ ル

ビ トール と同様な傾向が み られ た．果 実収穫当 冂の 昼間に お

け るデ ン プ ン の 増加量 は 果実収穫前と比 べ て 有意な差 は み ら

れ な か っ た が，夜間 に お け る低下 の 程度 は 明 らか に 小 さか っ

た．
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