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Summary

The endogenous levels of abscisic acid (ABA), indole-3-acetic acid (IAA) and gib-
berell ins (GAs) in reproductive organs of satsuma mandarin (Citrus unshiu Marc. cv. Oza-
ki) were determined by gas chromatograph (GC)-electron capture detector, GC-mass
spectrometry-selective ion monitoring and dwarf rice bioassay. Their probable roles are
discussed.

1. As anthesis approached, IAA concentration in styles and stamens did not change,
while ABA concentration of styles increased six-fold. Until 39 days after f lowering
(DAF), the fresh weigth of fruit lets increased dramatically, while that of 'sepals' which
included floral disks, sepals and receptacles increased a l itt le.

2. Fruitlets attained their maximum concentration of ABA 4 DAF and then declined
rapidly. Its level remained much lower than that of 'sepals' from 7 DAF. IAA concentra-
tions of fruit lets reached a maximum 7 DAF, and thereafter decrease ; that in the 'sepals'

increased from anthesis to 31 DAF surpassing that of fruit lets about 15 DAF.
3. GAs concentrations of fruit lets continued to increase f.rom 7 to 31 DAF, and de-

creased sharply 39 DAF.
4. Because there was a sequence of peaks of endogenous ABA, IAA and GAs levels in

fruit lets, it seemed that these hormones may play a sequential and synergistic role in the
retention and growth of fruit lets.

Introduction

Seedless f ru i t  has long been desi red in  the c i t -
rus industry ,  thus e luc idat ion of  the mechanism of
par thenocarpy is  important .  Fru i t  set  and growth,
which are related to parthenocarpy and believed
to be regulated by several  phytohormones
(Schwabe and Mi l ls ,  1981),  are dramat ic  reproduc-
t ive processes.

Takahashi  et  a l .  (1975) repor ted the peaks of
abscis ic  ac id (ABA) and indole-3-acet ic  ac id ( IAA)
concentrat ions in  f ru i t le ts  of  satsuma mandar in.
Garc ia-Papi  and Garc ia-Mart inez (1984) suggested
that  d i f ferent  types of  hormones may be involved
in f ru i t -set  based on studies of  auxin-  and GA- l ike
substances and ABA of  seeded and seedless man-
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dar in.  Talon et  a l .  (1990) analyzed seedless man-
dar ins of  two re lated species for  GAs and f ree-
and conjugated-ABA and IAA, and suggested that
the potential for setting parthenocarpic fruits was
main ly  in f luenced by the hormonal  s tatus.

As to par thenocarpy induced by phytohormone

appl icat ion,  Naylor  (1984) made a general ized

statement  that  whereas auxins are most  ef fect ive
in inducing par thenocarpy in  mul t iseeded f ru i ts ,
g ibberel l ins (GAs) are in f luent ia l  in  f ru i ts  wi th a
few ovules.  Synthet ic  auxin appl icat ion to the
ovaries of satsuma mandarin did not affect fruit
set, but did affect fruit growth (Guardiola and
LLzaro,  1987).  GA appl icat ion promoted f ru i t  set
in  mandar in (Brosh and Monsel ise,  1977).  Powel l
and Krezdorn (1977) repor ted that  GAs appl ica-
t ion in  c i t rus f lowers promoted mobi l izat ion of
metabol i tes in to young ovar ies.

Recently, promotive effects of ABA in sink tis-
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s u e  ( H e i n  e t  a l . ,  1 9 8 4 ; S c h u s s l e r  e t  a l . ,  1 9 8 4 ; K o -
j ima ,  1995  ;  Ko j ima  e t  a l . ,  1995b )  and  i n  ph loem

unloading (Cl i f ford et  a l . ,  1986 ;  Ross et  a l . ,  1987)
were repor ted,  a l though ABA plays a negat ive ro le
in reproduct ive development  (Wal ton,  1980).
However,  ro les of  phytohormones in f ru i t  set  and
development  remain obscure and no pr ior  s tudies
have measured ABA, IAA and GAs s imul taneously
in fruit lets and the sepal region.

The present  work t raced the changes in ABA,

IAA and GAs levels in  f ru i t le ts  and the sepal  re-

g ion and proposes thei r  possib le re lat ionships to
f ru i t  set  and growth in  satsuma mandar in which

has a h igh degree of  natura l  par thenocarpy.

Materials and Methods

Plant material

Three 20-year-o ld t rees of  satsuma mandar in
(Citrus unshiu Marc. cv. Ozkai) grafted on trifoli-

ate orange (Poncirus trifoliata Raf.) growing at the

Kuchinotsu Branch were used for  a l l  the exper i -
ments.  F lowers and f ru i t le ts  developing adjacent

to the newly developing spr ing vegetat ive f lush
were used.  Twenty f lowers were tagged to observe
fru i t  set  and growth (d iam.) .  For  sampl ing and

observat ion of  par thenocarpic  f ru i t le ts ,  f lower

buds were covered wi th paper bags just  before
f lower ing.  At  least  60 organs for  each analys is
p o i n t  w e r e  s a m p l e d  -  5 ,  0 ,  4 , 7 ,  1 5 ,  2 3 , 3 1  a n d
39 days after f lowering (DAF) for the hormonal

analys is .  Af ter  sampl ing,  the reproduct ive organs

were immediate ly  separated in to par ts .  The 'se-

pals '  inc lude f lora l  d isks,  sepals and receptacles.

Al l  separat ion procedures were per formed in a
chi l l ing room (10 "C).  The separated t issues were
immediate ly  f rozen in l iqu id n i t rogen,  weighe.d,

lyophil ized and stored at -75 "C unitl analyzed.

Purification and fractionation of plant hormones

Hormonal  f ract ionat ion was per formed accord-
ing to Koj ima et  a l .  (1995a) by adding soluble
polyv iny lpyrro l idone (K-30) ,  tH-RBR 

and 
13C-IAA

to the sample and homogeniz ing the mixture in  80

% ethanol .  Af ter  the f i l t ra te was evaporated to the
aqueous phase,  the pH was adjusted to 2.5.  The

acid i f ied phase was f i l tered through membrane f i l -

ters (0.22 1 ' tm pore s ize) .  The aqueous f i l t ra te was
part i t ioned 3 t imes against  petro leum ether  and
then was par t i t ioned 3 t imes against  d iethy l  ether .

The organic layer  was evaporated to i l ryness.

Dr ied extract  was d issolved in 25 % CH3CN,

and was f ract ionated wi th a h igh per formance l i -

quid chromatography (HPLC) system equipped

wi th an u l t rav io let  and f luorescence detector .  The

temperature of  the HPLC column ( lner ts i l  ODS-2,
150x6 .0  mm,  GL  Sc iences  Inc .  Tokyo )  was  ma in -
tained at 40 

'C. 
The sample was eluted with 25 o/o

and 50 % CH3CN solut ions (20 mM acet ic  ac id)  at
a f low rate of  1.6 ml  /min.  The star t ing solvent ,

25 o/o CHzCN was eluted isocratically for a reten-

t ion t ime of  12 min,  increased l inear ly  to 50 % for
4 min,  then held at  50 o/o for  30 min,  decreased
linearly to 25 lo for 2 min and held at 25 7o for 7
min.  The ef f luent  corresponding to the retent ion

t ime of  ABA and IAA was col lected and was

methylated wi th d iazomethane.  The remain ing

ef f luent  was col lected for  22 min for  GAs analy-

S I S .

The water  phase af ter  the d iethy l  ether  ext rac-

t ion was par t i t ioned 3 t imes against  ethy l  acetate.

The ethy l  acetate layer  was par t i t ioned 2 t imes

against  0.5 M K2HPO4. The pH of  the aqueous
phase was adjusted to 2.5 and was par t i t ioned 2

times against ethyl acetate. The ethyl acetate layer

was dr ied over  anhydrous Na2SO4 over  n ight .  The

dried ethyl acetate Iayer and the effluent except

for ABA and IAA fractions in the ether extract
was combined and pur i f ied by a Sepraly te DEA

column. The pur i f ied extract  was in jected in to

HPLC at  the above ment ioned condi t ions,  then

effluent was collected for 22 min for GAs analy-

SIS .

ABA and IAA analysis

The methylated ABA fraction was injected into

a gas chromatograph (GC) equipped wi th u utNi

e lect ron capture detector  and a fused s i l ica g lass

capi l lary column (Koj ima et  a l . ,  1994b).  A por t ion

of  methylated sample was in jected in to the HPLC

system to iso late methylated ABA. '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 accord-

ing to recovery rates.

The methylated IAA f ract ion was in jected in to

GC equipped wi th mass spectrometry us ing the

spl i t - less technique using a fused s i l ica capi l lary

column (Koj ima et  a l . ,  1994b).  IAA content  was

calculated by the methods of  Cohen et  a l .  (1986)

using [13C5]  IAA as an in ternal  s tandard.
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Deterrnination of GAs actiaity

The b ioassay procedure used was s imi lar  to  the
'modi f ied micro-drop b ioassay '  (Nishi j ima and Ka-

tsura.  1989).  Seeds of  the dwarf  r ice cul t ivars

(Oryza satido L., cv. Tan-ginbozu) were steri l ized

and soaked in water ,  conta in ing S-3307 f .or  24 hr

at  30 
'C.  When the cbleopt i les were ca.  2 mm in

length after germination, seedlings were planted on

0.8 7o (w/v)  agar .  Dry samples were d i lu ted suc-

cessively  3 t imes wi th 50 70 acetone (Koj ima et  a l . ,
1995a).  Af ter  appl icat ion of  the standard (GAs)

and each of  gradual ly  d i lu ted samples in  50 %
acetone,  seedl ings were incubated under con-

t i nuous  i r r ad ia t i on  f o r  48  h r  a t  32 'C .  Ten  seed l -
ings were used for  one determinat ion of  GAs
act iv i ty .  The h ighest  va lue of  the detectable levels

obta ined f rom gradual ly  d i lu ted samples was
ascr ibed as the GAs value.

Results and Discussion

Growth and phytohorynones of bud and flower

Table I  shows f resh weights and ABA, IAA and
GAs concentrat ions in  the three par ts  of  f lower
buds and f lowers.  Each par t  increased in f resh
weight from - 5 to 0 DAF. ABA concentration of
the sty le increased s ix  fo ld f rom -  5 DAF to anth-
esis ; it was the highest of the three floral parts.
ABA concentration in styles of parthenocarpic

var iet ies of  c i l rus was repor ted to increase toward
f lower ing in  'Shamout i '  

orange (Goldschmidt ,
1980) and in 'Washington '  

navel  orange (Harr is
and Dugger,  1986).  Our resul ts  conf i rm th is
tendency in  satsuma mandar in.  Al though Gold-
schmidt  (1980) suggested that  the tendency may
be re lated to the hypothesis  that  the sty le is  a sen-

FW
Part (mg,/organ)

ABAZ

(pmo1/gFW)

sor organ and leads toward wilt ing of all f loral
organs af ter  successfu l  pol l inat ion (Gi l l issen,
1976),  the exact  ro le for  ABA in the sty le is  yet
not  c lear .

There was no change in IAA concentrations of
stamens f rom -  5 to 0 DAF (Table 1) .  Koj ima et
a l .  (1994a) repor ted that  in  tomato IAA concentra-
t ion of  s tamens increased more than four  t imes
from - 5 to 0 DAF and suggested that the rapid
increase in IAA might be related to maturation of
the pollen within an anther. In Hyuganatsu (Citrus

tamurana Hort. ex. Tanaka) which forms normal
pol len,  IAA concentrat ion of  s tamens doubled f rom
the bud to the f lower s tage (Koj ima,  1996).  Thus,
the lack of  change in IAA of  s tamens in satsuma
mandar in may be due to abor ted anthers.  GAs con-
centrat ion of  s ty les decreased to one- four th toward
f lower ing (Table 1) ,  but  i ts  physio logical  s igni f i -
cance is  not  understood.

Growth of reproductiue organ

The growth of  c i t rus f ru i t  can be d iv ided into
three stages (Bain,  1958):  a)  ce l l  d iv is ion and s low
growth,  b)  ce l l  en largement  and rapid growth and
c)  maturat ion stage.  Dur ing th is  exper imenta l
per iod,  the growth stage of  satsuma mandar in cor-
responded to the f i rs t  s tage,  ce l l  d iv is ion and s low
growth. Figure 1A shows changes in the retention
nu-ber  and d iameter  of  f ru i t le ts .  The f ru i t le ts
cont inued to drop unt i l  39 DAF. Because only in-
f lorescences wi th leaves were used in th is  exper i -
ment ,  no peak of  the f ru i t le t  drop was observed.
The d iameter  and f resh weight  of  ovar ies or  f ru i t -
le ts  increased dramat ica l ly ,  but  that  of  'sepals '  in-
creased s l ight ly  (F ig.  1B).

Iんへ
Z

(pmo1/gFW)

Table 1. Fresh weights and ABA, IAA and GAs concentrations in three parts of flower buds 5 days before flowering (-5 DAF)
and flowers at anthesis (0 DAF)

GAs
/  t ^

\Pmot UA3eQ./gl W,l
-5 DAF    O DAF -5 DAF    o DAF -5DAF    O DAF -5 DAF    o DAF

Styley
Stamen
Petal

２

７

０

１

　
０

０

８

　
４

　
０

３

　
９

３

470 ± 10

910 ±30

290±  9

3100±190

700± 120

410± 39

72± 7

51± 6

55± 16

6 9±6

5 2±5

3 8±6

6 . 1

0 . 5

1 . 3
'All values of ABA and IAA levels are means t SE of three determinations.vstyles include stigmas.
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Fig. 1. Changes in retention number of fruit set (squares)

and diameter (circles) of reproductive organs (A) and

fresh weight of the developing reproductive organs
(B) of sastuma mandarin. 'Sepals' include floral

disks, sepals and receptacles. The upper horizontal

axis shows samPling date.

Phytohormones of reproductiue organ

ABA, IAA and GAs concentrat ions in  the de-

veloping reproduct ive organs f luctuated (F ig '  2) '

ABA concentrat ion of  f ru i t le ts  was the h ighest  4

DAF, decl ined rapid ly  7 DAF, thereaf ter  main-

ta ined.  a lmost  the same levels,  and increase again

to 31 DAF (Fig.  2A).  ABA concentrat ion in  'se-

pals '  which increased f rom 0 to 7 DAF, mainta ined

higher levels  than in f ru i t le ts  f rom 7 to 39 DAF'

ABA has been considered to p lay a negat ive

ro le in  reproduct ive development  (Wal ton '  1980) '

Fru i t  drop of  c i t rus grown in the f ie ld increased

af ter  ABA in ject ion proport ional  to  the ABA con-

centrat ion (Koj i rna et  a l . '  1995b).  In  laboratory ex-

per iments wi th f ru i t  explants,  ABA also induced

f  ru i t  drop (Rasmussen '  197 4 ;  Koj ima et  a l ' '

1995b).  However,  no d i rect  re lat ionship between

ABA levels in  f ru i t le ts  and 
'sepals '  and f ru i t le t

absciss ion was observed in th is  exper imenta l  (F ig '

1A and 2A).  On the other  hand,  promot ive ef fects

o f  A B A  i n  s i n k  t i s s u e  ( H e i n  e t  a l ' ,  1 9 8 4 ; S c h u s -

s le r  e t  a l . ,  1984  ;  Ko j ima ,  1995  ;  Ko j ima  e t  a l ' '

f  995b) and in phloem unloading (Cl i f ford et  a l ' '

5/10

1000

0" -5  0  10  20  30  40
DaYs aftcr flowering

Fig. 2. Changes in concentrations of ABA (A)' IAA

(B) and GAs (C) of the developing reproductive

organs. GAs are expressed as GA3 equivalents

detected by the dwarf rice bioassay. For ABA

and IAA. means of three determinations and

their SE are shown (": 3), and where vert ical

bars are not shown the l imits are within the

dimensions of symbols The fruit let values are

calculated using the pulp and pericarp values

from 23 to 39 DAF.

1986 ;  Ross et  a l . ,  1987) have been repor ted '

Brenner et  a l .  (1989) proposed that  ABA func-

tions as a promoter of sink activity and as a sti-

mulator  of  unloading of  ass imi lates f rom phloem

into the s ink.  The f ru i t le ts  dur ing cel l  d iv is ion

stage need substrates so that  i f  th is  theory is  ap-

p l ied,  ABA may promote s ink act iv i ty  in  f ru i t le ts

0.3

0.2

0.1

0

田 Ovary or
fruidet

o Pulp

● PcHcarp

△̀Scpali∠
`

Ｂ

田
ム
げ

° "_ン ・

1_α ttf

０
　
細
　
　
佃
　
　
別
　
　
　
‐５

⌒ｇ
Ｐ
Ｌ
コ
ヽ
一ｏ
日
Ｑ
）
目
ｏ
コ
”
Ｊ
●
０
０
Ｃ
Ｏ
ｏ
ｏ
●
０
口
巳
０
〓
０
■
一
Ｆ
餞

３

　

２

目
“
ｍ
』
Ｏ

ヽ
」‘
Ｆ
】
∞

10

C     GAs

′
′

ｄ



4 DAF and af ter  31 DAF, thereby hastening accu-
mulat ion of  ass imi lates in  'sepals '  

f rom 7 DAF.
IAA concentrat ion of  f ru i t le ts  reached a max-

imum 7 DAF, and thereaf ter  cont inued to decrease
unt i l  39 DAF (Fig.  2B).  Takahashi  et  a l .  (1975)
assayed auxin content  of  satsuma mandar in by
Avena curvature test  and repor ted that  there was
always a maximum peak of  ac id ic  auxins f ive to
ten days after full bloom. Our results confirm this
ear l ier  repor t .

In  'sepals ' ,  IAA concentrat ion increased f rom
anthesis to 31 DAF, and then decreased sharply
39 DAF. To our  knowledge th is  is  the f i rs t  repor t
of  changes of  IAA in 'sepals ' .  

Contrary lo  expecta-
t ions that  IAA concentrat ions in  'sepals '  

were a l -
ways lower than in f ru i t le ts ,  these resul ts  showed
that  IAA concentrat ions in  'sepals '  

were h igher
than those in f ru i t le ts  f rom 15 DAF. Huberman

and Goren (1979) repor ted that  auxin inhib i ted
polygalacturonase and cel lu lase act iv i t ies in
absciss ion zones and postponed f ru i t  drop.  IAA
appl ied v ia the peduncle markedly retarded the
absciss ion between the f ru i t le t  and 'sepal '  

o f  c i t rus
explants ( Iwahor i  e t  a l . ,  1990).  Thus there is  a
pbssib i l i ty  that  IAA f rom 'sepals '  may inhib i t
hydoly lase act iv i ty  and h inder  absciss ion.

GAs concentrat ion of  f ru i t le ts  increased s l ight ly
4 DAF ; it thereafter continued to increase from 7
to 31 DAF, but  decreased sharply  39 DAF (Fig.
2C).  In  'sepals ' ,  

GAs concentrat ion showed a peak
0 DAF and thereafter tended to increase gradually
f . rom 7 to 39 DAF. Powel l  and Krezdorn (1977)
reported that  local ized GA appl icat ion on p is t i ls  of
c i t rus f lowers promoted the mobi l izat ion of  ass imi-
la tes in to young ovar ies.  Thus GAs in f ru i t le ts
may p lay a ro le in  the accumulat ion of  ass imi lates.

As for  endogenous product ion of  hormones in
re lat ion to f ru i t  development ,  Schwabe and Mi l l
(1981) suggested that  there might  be e i ther  a
sequence of  phytohormone product ion,  or  d i f ferent
phytohormones peaked at  d i f ferent  s tages of  de-
velopment .  In  f ru i t le ts  of  satsuma mandar in,  there
was a sequence of  peaks of  phytohormone levels:
ABA and GAs,  at  4 DAF ;  IAA,  at  7 DAF ;  GAs.
a t  3 1  D A F ; a n d  A B A ,  f r o m  3 9  D A F .  T h u s  i t
seems that  endogenous phytohormones in f ru i t le ts
of  satsuma mandar in may p lay a sequent ia l  and
synergis t ic  ro le in  the retent ion and growth of
f ru i t le ts .

Regarding the d is t r ibut ion of  phytohormones,

1996.

ABA concentrat ions were h igher  in  pulp than in
per icarp f rom 31 DAF (Fig.  2A).  Simi lar ly ,  IAA

concentrat ions were h igher  in  pulp than in per i -

carp 23 and 31 DAF (Fig.  2B).  However,  GAs con-
centrat ion was h igher  in  per icarp compared to the
pulp 23 DAF, but  at  31 and 39 DAF i t  was
sl ight ly  h igher  in  the pulp than in the per icarp
(Fig.  2C).
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摘  要 ・  |

温州ミカンの生殖器官の内生植物ホルモンの生理的  ピ ークを示 したが,7 DAF以 降は
`が

く
'よ

りも低い値

役割を明らかにするため,ア プシジン酸 (ABA),イ   で あった。幼果のIAA濃 度は,7 DAFに 最高に達 し

ンドール酢酸 (IAA)お よびジベレリン (GAs)を ,  て ,そ の後は低下し続けた。`が
く
'の

IAA濃 度は,0

それぞれ,ガ スクロマ トグラフ (GC)電 子捕獲型検  か ら31 DAFまで増加 し,15 DAF以 降は幼果よりも

出器,GC― 質量分析器 (選択的イオンモニタリング) は るかに高い値であった.

およびわい性イネ生物検定で測定した。        3,幼 果のGAs濃 度は,7か ら31 DAFまで増加 し続

1,開 花にむけて,花 柱 と雄ずいの IAA濃 度は変化  け ,39 DAFに 急に低下した.

しなかったが,花 柱の ABA濃 度は6倍 に増加 した。  4,こ のように幼果で,一 連の内生 ABA,IAAお よ

幼果の新鮮重量は39 DAF(開 花後日数)ま で,非 常  び GAs量 のピークがあったので,こ れらホルモンが,

に増加 し,`が く
'(花

盤,が く,花 床を含む)は わず  順 次におよび共働的に,幼 果の保持と生長に役割をは

かに増加 した。                  た していると思われる。

2,4 DAFに ,幼 果は本実験中で最大の ABA濃 度の




