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Summary

Various parts of developing Valencia orange fruits were analyzed for abscisic acid
(ABA) and indole-3-acetic acid (IAA) by gas chromatography-electron capture detector
and -mass spectrometry-selective ion monitoring with tH-RBR and 113C61IAA as internal
standards The flesh and seed weight increased rapidly, while the albedo and flavedo
weight increased gradually. The seed had a large peak of ABA concentrations (21 nmol .
g-1 f resh weight)  150 days af ter  fu l l  b loom (DAB),  whi le  the f lesh had a smal l  peak (5
nmol  'g- l  f resh weight) .  IAA concentrat ion in  the seed decreased t i l l  150 DAB but  re-
mained higher than other parts. In the central vasuclar axis, the IAA concentration
reached a peak on 119 DAB. The level  remained h igher  than those of  the f lesh,  a lbedo
and flavedo. The albedo and falvedo had an equally Iow level of IAA. We speculate from
the analyses of the different fruit parts that 1) the ABA in the seed and IAA in the cen-
tral vascular axis play a role in the accumulation of assimilates; ar.d 2) the difference in
ABA concentrations between the pulp and the peel indicates that no cross transfer
occurs between these two t issues.

Introduction

A f ru i t  grows re lat ive ly  more rapid ly  than a
vegetat ive t issue in woody species.  Mobi l izat ion of
assimi lates to the growing f ru i t  o f ten proceeds at  a
rate faster  than that  of  the leaves '  capaci ty  to sup-
ply  photosynthates (Naylor ,  1984).  Thus,  physio lo-
g ical  s tatus in  the f ru i t  may be drast ica l ly  a l tered.
I t  has been considered that  the f ru i t  growth was
contro l led by phytohormones.  Addi t ional ly ,  i t  is
assumed that  endogenous hormones (e.g.  auxin and
gibberel l ins)  produced in the seed d i f fuse in to the
surrounding st ructures g iv ing r ise to the f ru i t  and
that  these st ructures are themselves dependent  on
such a hormonal  supply for  thei r  own growth
(N i t sch ,  1950 ;  Schwabe  and  M i l l s ,  1981 ) .

Abscis ic  ac id (ABA) which was or ig inal ly  d isco-
vered as an absciss ion-promot ing hormone has
been reported to be growth inhib i tory substance
(Ackerson,  1984;  Sakurai  et  a l . ,  1987;  Zeevaart
and Creelman,  1988).  However,  a posi t ive re lat ion-
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ship between ABA level  and the growth rate has

also been repor ted in  seeds of  beans (Hsu,  1979),
peas (Browning,  1980),  and soybeans (Hein et  a l . ,
1984 ) .  Thus ,  B renne r  (1989 )  c l a imed  tha t  ABA
played a ro le in  the accumulat ion of  ass imi lates by
strengthening s ink act iv i ty .

In  growing tomato f ru i ts ,  i t  was repor ted that
ABA leve l  (Ko j ima  e t  a l . ,  1993b )  and  i ndo le -3 -ace -

t ic  ac id ( lAA) level  (Koj ima et  a l . ,  1994) changed

in the var ious par ts ,  independent  of  each other .
Whereas the physio logical  changes wi th in the
Valencia orange have been repor ted (Waynick,

7927;  Bain,  1958),  the d is t r ibut ion of  ABA and
IAA wi th in the growing c i t rus f ru i t  has not  been

investigated to our krrowledge.

The present  work descr ibes the d is t r ibut ion of
the natura l ly  occurr ing ABA and IAA in var ious
parts  of  Valencia orange and i ts  possib le re lat ion-

ship to thei r  growth.

Materials and Methods

Plant material

Twenty f ru i ts  per  sample were harvested at  92,
119,  150 and 1BB days af ter  fu l l  b loom (DAB)
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f rom f ive 30-year-o ld Valencia orange t rees (Ci t rws

sinensis Osbeck). The trees were grafted on trifoli-

ate orange (Poncirus trifoliata Raf.) and were grow-

ing at  the Kuchinotsu Branch.  Af ter  harvest ,  the

f  ru i t  was immediate ly  separated in to a f lesh,

f lavedo and a lbedo.  From the separated f lesh t is-

sue composed of  a centra l  ax is  region and numer-

ous segments,  only  centra l  par t  which inc ludes

axia l  bundles was excised f rom the centra l  ax is  re-

g ion.  From the segment ,  a l l  seeds were col lected.

AI I  separat ion procedures were per formed in cold

box (0 'C) .  The separated t issues were weighed in-

stant ly ,  immersed in 80% ethanol  (  -  20 'C)  and

stored at  -75"C unt i l  analYzed.

Pwrification and fractionation of plant hormones

Hormone pur i f icat ion was per formed according

to Koj i rna et  a l .  (1993a).  Br ief lv ,  f ru i t  t issue

adding soluble polyv iny lpyrro l idone (PVP'  K-30)

was homogenized in 80% ethanol .  Af ter  the f i l -

t ra tes were evaporated to the aqueous phase,  the

pH was adjusted to 2.5 wi th HgPO+. The acid i f ied

phase was f i l tered through membrane f i l ters (0.22

pm pore s ize)  and the aqueous f i l t ra te par t i t ioned

against  petro leum ether  and d iethy l  ether .  Af ter

separat ion,  the organic layer  was evaporated to

dryness.

Dr ied extracts were d issolved wi th 2570 CH3CN,

and f ract ionated wi th an HPLC system equipped

wi th a UV and a f luorescence detector .  The HPLC

co lumn  was  Ine r t s i l  ODS-2  (150  X  6 .0  mm,  GL

Sciences Inc.  Tokyo) . 'A column temperature was

mainta ined at  40"C.  The sample was e luted wi th a

mixture of  25o/o and 507o CHaCN solut ion (20 mM

acet ic  ac id)  at  a f low rate of  1.6 ml  /min.  The

star t ing solvent  25% CH3CN was e luted isocrat i -

ca l ly  unt i l  l2  min of  retent ion t ime,  increased

l inear ly  to 50% t i l l  16 min,  then held at  507o unt i l

46 min,  decrease I inear ly  to 257o unt i l  48 min and

held at  25% unt i l  55 min.  The ef f luents corres-

ponding to the retent ion t ime of  ABA and IAA

were col lected separate ly ,  and were methylated

wi th d iazomethane.

ABA analgsis

Determinat ion of  ABA content  was per formed

acco rd ing  to  Ko j ima  e t  a l .  ( 1993a ) .  B r i e f l v ,  t he

methylated sample was in jected in to a GC system

equipped wi th a 63Ni  e lect ron capture detector  and

a fused s i l ica g lass capi l lary column. A por t ion of

methylated sample was in jected in to the HPLC sys-

tem and the methylated ABA f ract ion was col -

lected.  The radioact iv i ty  of  the col lected f ract ion

was measured in a sc int i l la t ion counter .  Data were

corrected according to recovery rates.

IAA analysis

Determinat ion of  IAA content  was s imi lar  to  the

methods of  Cohen et  a l .  (1986) us ing 1r3C61IAA as

an internal  s tandard.  The methylated sample was

in jected in to gas chromatography equipped wi th

mass spectrometrv (QP- 5000'  Shimadzu Inc. ,

Kyoto)  us ing the spl i t - less technique'  The in ject ion

port  was mainta ined at  250"C.  The column used

was  a  f used  s i l i ca  cap i l l a r y  co lumn  (CBP 1 '  25  m

40 .22  mm i . d . ,  0 .25  pm f i lm  th i ckness ,  Sh imadzu

Inc.) .  The oven was programmed | rom 2 min at

100 '  t o  280 "C  a t  30 'C  m in - '  and  then  he ld  a t

280 "C  fo r  15  m in .

Results

Figure 1 shows changes in f resh weight  of  the

Valencia orange and i ts  par ts  f rom 92 to 188

DAB. The f lesh and seed weight  increased much

more rapid ly  than the f lavedo'and a lbedo weight .

The increase in f lesh weight  main ly  contr ibuted to

that  in  whole f ru i t  weight .  The axis  weight  was

almost  constant  because only centra l  t issue which

inc ludes ax ia l  bundles was sampled f rom the cen-

t ra l  ax is  region.

Figure 2 shows changes in ABA concentrat ion

of  f ru i t  par ts  and a whole f ru i t .  The whole f ru i t

va lue is  ca lculated us ing the seed,  ax is ,  f lesh,  a lbe-

do and f lavedo values.  The ABA-concentrat ion in

the seed peaked at  21 nmol  g- '  f resh weight  at

150 DAB, whereas that  of  the f lesh reached 5

nmol  g 
-  I  f resh weight  on the same data.  The

ABA concentrat ion in  the ax is ,  a lbedo,  and f lavedo

were low and gradual ly  increased so that  the ABA

in seed and f lesh at  150 DAB accounted for  most

of  the increase in the whole f ru i t .

F igure 3 shows changes in IAA concentrat ion in

the f ru i t  and i ts  par ts .  The whole f ru i t  va lue is

calculated us ing the seed,  ax is ,  f lesh,  a lbedo and

f lavedo values.  The seed mainta ined a h igher  level

than any other part through the experiment

per iod.  IAA concentrat ion in  the ax is  peaked 119

DAB and kept  s tayed h igher  than in the f lesh,

a lbedo and f lavedo.  The IAA concentrat ion in  the

f l esh  dec reased  on  119  and  188  DAB (see  i nse r t
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Fig. 1. Changes in fresh weight of Valencia orange
fruit and its parts Irom 92 to 188 days after
ful l  bloom. Means and their SE of parts (n: 5)
and of a whole fruit  (n:20) are shown. Where
vert ical bars are not shown, the l imits are with-
in the dimensions of the symbols. The upper
horizontal axis shows sampling date.

F ig .  3 ) ,  whereas  the  near ly  equa l  va lues  in  the

a lbedo and f lavedo were  the  lowest  o f  the  t i ssues

ana lyzed.

Discussion

Bain (1958) d iv ided f ru i t  development  of  Valen-
c ia orange into three stage:  Stage I  is  a per iod of
cel l  d iv ison.  Stage I I  is  a per iod of  rapid enlarge-
ment  of  ce l ls .  Stage I i l  is  regarded as the matura- .
t ion per iod.  Waynick (1927) repor ted that  max-
imum growth of  Valencia orange f ru i t  occurred ab-
out  between September and December wi th in s tage
I I .  In  th is  s tudy,  the per iod,  in  which the f ru i t
grows in the h ighest  rate,  was establ ished.

The seed of  Valencia orange had a large peak of
ABA concen t ra t i on  150  DAB.  Acke rson  (1984 )

8ィ159/11 lo/12

50 100 '150

Days a f te r  fu l l  b loom

Fig. 2. Changes in ABA concentrations of the develop-
ing Valencia orange fruit and its parts. Means of
three determinations and their SE are shown (n:
3) Where vertical bars are not shown, the limits
are within the dimensions of the symbols. The
whole fruit  value is calculated using the seed,
axis, flesh, albedo and flavedo values.

suggested  tha t  the  ro le  o f  ABA in  deve lop ing  seeds

was suppress ion  o f  p recoc ious  germinat ion .

However,  ABA in developing seeds of  Valencia

orange in s tage I I  seemed to have d i f ferent  ro les,
because ABA concentrat ion of  the seed peaked and
decl ined conspicuously at  188 DAB. Brenner
(1989) c la imed that  ABA funct ions as a st imulator
of  unloading of  ass imi lates f rom the phloem into

the s ink and as a promoter  of  s ink act iv i ty .  I f  the
theory is  appl ied,  ABA may promote s ink act iv i ty
in  the seed of  Valencia orange dur ing stage I I .

A peel  of  a c i t rus f ru i t  has been d iv ided into
two regions (Schneider ,  1968).  A f lavedo (exocarp)

is  composed of  the cut ic le-covered epidermis and

compact ly  arranged parenchyma cel ls  adjacerr t  to
i t .  An a lbedo (mesocarp)  consists  of  the spongy
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Date 8/tS 9/ l l  r0/ I2 rr /rg

Axis

F l e s h

Whole fruit
Albedo

F lavedo

Qff i- 
50 loo 150

Days a f te r  fu l l  b loom

Fig. 3. Changes in IAA concentration of the develop-

ing Valencia orange fruit and its parts. Means of

three determinations and their SE are shown (n:

3). Where vert ical bars are not shown, the l imits

are within the dimensions of the symbols'  The

whole fruit  value is calculated using the seed,

axis. f lesh. albedo and f lavedo values.

mesophyl l  ce l l .  In  s t rawberry,  i t  has been assumed

that  auxin produced wi th in a seed d i f fuse in to the

receptacle t issue,  thus promot ing growth (Ni tsch,

1950).  In  th is  s tudy,  a concentrat ion gradient  of

IAA exis ts  between the seed and the f lesh,  sug-

gest ing that  the hormone a lso promotes f ru i t

growth as in  s t rawberry.  However,  in  ABA con-

centrat ion the peel  ( f lavedo and a lbedo) of  Valen '

c ia orange had an independent  t rend of  the pulp

(seed and f lesh) .  The seed and f lesh had the peak

of  ABA concentrat ion,  but  the f lavedo and a lbedo

had the gradual  increasing tendency.  Thus,  i t  does

not  seem that  there is  the d i rect  t ransfer  of  ABA

between the pulp and peel .

The centra l  ax is  region of  a c i t rus f ru i t ,  which

inc ludes ax ia l  vascular  bundles wi th i ts  phloem

connected to the developing seed,  had a h igh con-

centration of IAA. In the tomato fruit, the axis re-

g ion had a low concentrat ion of  IAA (Koj ima et  a1. ,

1994),  but  a h igh concentrat ion of  ABA (Koj ima et

a l . ,  1993b) dur ing the cel l  en largement  s tage.

There is  a possib i l i ty  that  the reason for  the h igh

concentrat ion of  IAA in the centra l  ax is  region is

that  i t  conta ins the ax ia l  vascular  bundles which

feed the developing seed.

Measurement  of  p lant  hormones using whole

f ru i ts  of  tomato may h ide the changes of  hormonal

levels in  i ts  component  t issues (Koj ima et  a l . ,

1993b).  In  Valencia orange f ru i t ,  ABA levels d i f -

fered substant ia l ly  between the seed and other  t is-

sues a ld IAA levels l ikewise d i f fered substant ia l ly

among the seed,  ax is  and other  t issues.  Thus,  for  a

bet ter  understanding of  the phytohormone ro le in

speci f ic  t issues,  measurement  of  i ts  contents of  the

component  t issues is  desi rable.
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要

nmol・g~1生 重量)で あった。種子中の IAA濃 度は

150 DABまで減少 したが,他 の分析 した部分 よりも

高い濃度であった。果芯部の IAA濃 度は 119 DABに

ピークを示 し,果 肉 ・アルベ ド・フラベ ドよりも高い

濃度 を保った。アルベ ド,フ ラベ ドは同程度の低い

IAA濃 度であった.得 られた部位別の植物ホルモン

量 より,種 子中の ABAと 同化物集積性や呆芯部の

IAAと 維管束との関係,果 肉と果皮間の ABAの 非移

動性,部 分別の植物ホルモン分析の必要性が示唆され

た。

肥大期のバレンシアオレンジ果実内の ABAと IAAの 分布
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