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Summary

The effect of exogenous abscisic acid (ABA) injections into citrus fruits in autumn on
fruit drop, ABA catabolism, and sugar and organic acid contents were evaluated. Fruit
drop increased after ABA injection proportional to the ABA concentration. Ninety-two
percent of citrus fruits were retained 16 days after inje'ction with 0.2 pmol ABA per
Iruit. Injection of 1aC-ABA revealed that exogenously applied ABA was catabolized to a
level of about 107o in the fruits within four days. Injection of ABA caused an increase in
the glucose and fructose concentrations, but had no effect on the organic acid in the juice.
ABA appears to play a role in increasing sugar content of fruit juice.

Introduction

Although var ious cul tura l  methods have been
tr ied to produce sweeter  c i t rus f ru i ts ,  e .g.  growing

trees in  a conta iner  and in the greenhouse,  l imi t ing
root  growth cover ing of  ground wi th waterproof
sheet, etc., attempts using plant growth substances
have not  been successfu l .  Essent ia l ly  these grow-
ing methods caused water  def ic iency in  p lants.  I t
is  a wel l  known fact  that  general ly  water  def ic ien-
cy remarkably increases abscis ic  ac id (ABA) con-
tent  in  p lants (Zeevaart  and Creelman,  1988).

ABA has been considered to play a negative
ro le in  p lant  development  (Wal ton,  1980;  Zeevaart
and Creelman,  1988).  Recent ly ,  promot ive ef fects
of  ABA on the accumulat ion of  ass imi lates in  the
s ink  t i s sue  have  been  repo r ted  (Be ru te r ,1983 ;
He in  e t  a l . ,  1984 ;  Ko j ima  e t  a l . ,  1993b ,  1994 ;
Schussler  et  a l . ,  1984).  Based on these repor ts ,  the
re lat ionship between ABA and sugar level  in  f ru i t
ju ice needs to be establ ished.  ABA, when sprayed
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on p lants,  is  readi ly  converted to t rans-abscis ic

acid ( I -ABA) and/or  gradual ly  broken down by
sunl ight  (Marumo et  a l . ,  1990).

In th is  exper iment ,  we determined the maximum
amount  of  ABA which would not  cause f ru i t
absciss ion,  the durat ion of  ABA catabol ism, and
whether  ABA increased sugar level  in  c i t rus ju ice

or not.

Materials and Methods

Plant and chemical materials

Citrus'(Citrus iyo Hort. ex Tanaka cv. Miyauchi
Iyokan) trees growing in the Kuchinotsu Branch
orchard were ut i l ized for  th is  s tudy.  Dur ing the
experiment, citrus trees were watered sufficiently
every days to minimize formation of ABA from
water  def ic iency.  Randomly selected f ru i ts  were
in jected wi th ABA (Toray Industr ies Co. ,  Tokyo,

Japan) containing an emulsifying agent (Phosphog-

lycerate mutase:  Tween 20 type;  16 :  1 ,  wt lwt ,
I lokkou Kagaku Co., Kanagawa, Japan) except
fruits on the control which were injected with the
emuls i fy ing agent  only .
Experiment I (Fruit drop)

On 10 September 100 f ru i ts ,  weighing about
130  g ,  we re  co - i n j ec ted  w i th  a  t o ta l  o f .  0 .2 ,0 .6  o r
L2 t r tmol  ABA and the above emuls i fy ing agent
(0.1 ml ,  0.ZVo vol /vo l ) .  The syr inge neelde (0.50 x
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25 mm) was fu l ly  inser ted in to the sty lar  scar

a long the ax is  and s lowly empt ied to prevent  over-

f lowing.  The number of  reta ined f ru i ts  were

counted dur ing the fo l lowing 16-day per iod.

Experiment 2 (Catabolism of ABA in fruit)
Twenty f ru i ts  weighing about  150 g wi th about

20 cm of  s tem and leaves at tached were sampled.

Basal  ends of  these stems were re-cut  and im-

mersed in water .  They were incubated at  25"C

under cool  whi te f luorescent  lamps (2 5 mmol '

* - ' 'S- t )  set  for  a 72-hr  photoper iod.

A mixture of  ABA (O.2smol)  and 122000 dpm

lz - ' nC l  ABA (5 .5mCi 'mmo l - r ,  Amersham,  Buck -

inghamshire,  U.K )  in  emuls i fy ing agent  (0.1 ml ,

0.2o/o vol /vo l )  was in jected in to these f ru i ts .  Fru i ts

were sampled at  24 hr  in tervals  for  four  days and

were stored at  -  70"C unt i l  analys is .  The ABA

was extracted and pur i f ied according to the mod-

i f ied method of  Koj ima et  a l .  (1993a) as fo l lows;

p lant  t issue was homogenized in 80% ethanol  and

the homogenate f i l tered through a g lass f i l ter .  The

f i l t ra te,  designated at  Step 1,  was evaporated to

the aqueous phase which was adjusted to pH 2.8

and re- f i l tered through a 0.22 1 'zm pore membrane.

The aqueous f i l t ra te was par t i t ioned three t imes

against CHzClz and the combined organic layer

evaporated to dryness;  the res idue was re-d is-

solved in 25o/o CHaCN solut ion,  Step 2.  A mixture

of  ABA was f ract ionated through an ODS column

at tached to an HPLC system equipped wi th an UV

spectrophotometer .  The e luate corresponding to

the retention time of ABA was collected and desig

nated as Step 3.  Al iquots of  each step were mixed

wi th sc int i l la t ion cockta i l ,  and the radioact iv i ty

was measured in a sc int i l la t ion counter .  AI I  proce-

dures were per formed under d i f fused l ight  condi-

t ions to avoid the convers ion of  ABA to I -ABA.

Experirnent 3a (ABA injections)

From 3 September,  10 f ru i ts  each on f ive 10-
year-o ld t rees were in jected 3 t imes as a 4-day in-

terval  wi th a tota l  o f  0.2 pmol  ABA and 0.1 mol

of. 0.2o/o (v/v) emulsifying agent, whereas for con-

t ro l  comparable f ru i ts  on the same t rees were in-
jected wi th emuls i fy ing agent  a lone.  Treated and

contro l  f ru i ts  were selected at  random from each

tree.  The exper iment  was terminated af ter  1 1

days.  On sampl ing,  f ru i ts  in  each t ree were subdi-

v ided into two groups.

Experiment 3b

From 27  Oc tobe r .  15  f r u i t s  each  on  s i x  15 -

year-o ld t rees were in jected 3 t imes at  a 3-day in-

tervals with a total of 0.2 pmol ABA and 0.5 ml

oI 0.2o/o (v/v) emulsifying agent, whereas for con-

trol comparable fruits on the same trees injected

with emulsifying agent alone. When injected fruits

were sampled after 9 days, fruits in each tree

were subdiv ided into three groups.

Sugar and organic acid onalysis

Juice of sampled fruits was squeezed and mixed

per each group for sugar and organic acid analy-

s is .  The f ru i t  ju ice was d i lu ted 50 t imes wi th d is-

t i l led water .  Sugar components were measured by

HPLC system (LC-6A, Shimadzu Co. ,  Kyoto,  Japan)
equipped wi th a ref ract ive index detector  (RID-

64' ) .  The sample was e luted through gel  permea-

t ion column (SCR 101N, Shimadzu) mainta ined at

40 'C wi th d is t i l led #ater  at  a f low rate of  1ml '

min- l .  The indiv idual  sugar concentrat ions were

calculated from known peak areas of standard

sugars.  Organic ac id was analyzed by ac i lyzer

(Model  3,  Fuj ih i ra Industry  Co. ,  Tokyo,  Japan).

Results and Discussion

Experiment 7

The central axis region of citrus fruit consists

o f  spongy  pa renchyma ce l l s  (Schne ide r ,1968 ) ,

which adsorb in jected l iqu id readi ly .  Thus the in-
jection method was used to investigate the effect of

ABA. The advantages of the injection method are;

a definite amount of ABA can be applied to fruit

f lesh through the tough skin; isomerization into

trans-ABA and breakdown by sun light can be

avoided.  There is  a lways the possib i l i ty  of  needle

wound react ion,  but  no needle scar  was v is ib le to

the naked eye even 2 weeks af ter  in ject ion.  Addi-

tionally, it is possible to offset the effects of the

wound react ion by a compar ison wi th the contro l .

The h ighest  level  of  appl ied ABA which does

not cause abscission of fruits for about' two weeks

was determined by in ject ing three amounts of

ABA into each of  100 f ru i ts .  F igure 1 shows

changes in the number of  reta ined f ru i ts  dur ing

l6 days af ter  ABA in ject ion.  Fru i t  commenced to

abscise 3 days af ter  in ject ion.  Eighty-one of  100

fru i ts  were reta ined 16 days af ter  in ject ion of  1.2

pmol  ABA, whi le  92 were reta ined af ter  an in jec-

t ion of  0.2 pmol  ABA. As the amount  of  ABA in-

jected increased,  f ru i t  drop increased.  Sagee et  a l .
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Fig. l. Changes in the retained
after ABA injection. Each
jected into 100 fruits.

fruit number for 16 days
amount of ABA was in-

(1980) repor ted that  ABA induced cel lu lase and
polygalacturonase act iv i t ies,  which lead to abscis-
s ion in  c i t rus Ieaf  explants.  ABA may a lso induce
the absciss ion by these same sequent ia l  mechan-
isms in the c i t rus f ru i t .

Experiment 2

The per iod of  in jected ABA catabol ism was de-
termined by co- in ject ing ABA (0 2 pmol)  and
radiolabelled ABA into fruits. As the fruits began
to abscise 4 days after ABA injection, the ABA
catabolism was investigated for this duration.
Radioact iv i ty  in  Step 1,  which corresponds to the
crude extract after f i l tration, remained at an
almost  constant  level  (F ig.  2) .  However,  radioact iv-
i ty  in  Step 2,  which corresponds to the organic
solvent  ext ract ,  gradual ly  decreased.  In Step 3,
which corresponds to the f ract ion af ter  HpLC,
radioactivity decreased more rapidly to I0o/o 4
days af ter  in ject ion.  Thus,  i t  is  demonstrated that
repeated in ject ions of  exogenous ABA are needed
to induce the hormonal effect.

ABA is  converted to ABA-B-D-glucocyl  ester
(ABA-GE),  which is  widespread in p lants
(Zeevaart  and Creelman,  1988),  especia l ly  in  the
centra l  ax is  region of  c i t rus f ru i ts  where ABA-
conjugate concentrat ion was the h ighest  of  a l l  t is -
sues analyzed and was about  14 t imes h igher  than
ABA concentrat ion (Harr is  and Dugger,  1986).  In
our  t r ia l ,  ABA can exis t  both in  Step 1 which is
the crude extract  and Step 2 which is  the organic

E Step I
VZ Step2

I Step 3

Days after injection

Fig. 2. Changes in the radioactivity in citrus fruits in-
jected with tnC-ABA. The experiment lasted for 4
days and the extracts were subjected to three puri-
fication steps. Data are expressed as percentage of
the total radioactivity injected on day zero. Step 1 is
the crude extract; Step 2 is the organic pahse after
solvent partitioning; Step 3 is the fraction corres-
ponding to the retention time of ABA on HpLC.

phase after solvent partit ioning; but ABA-GE ex-
is t  only  in  Step 1.  Radioact iv i ty  in  Step I  re-
mained at  an a lmost  constant  level ,  whi le  that  in
Step 2 decreased gradual ly .  Hence,  there is  a pos-
s ib i l i ty  that  catabol ized ABA-GE accounts for  the
difference in radioactivity between Steps 7 and 2
and that its increase reflects the rate of glucosyla-

tion; the central axis region of citrus fruits might
have a h igh abi l i ty  of  g lucosylat ion.

Experiment 3

The f ru i t  drop and ABA catabol ism studies indi -
cated that the injection of. 0.2 pmol ABA per fruit
a t  3-  to  4-day in tervals  resul ted in  min imal  f ru i t
abscis ion.  Table 1 shows the ef fects of  ABA on
sugar component  and organic ac id of  the f ru i t
ju ice.  ABA had no ef fect  on f ru i t  weight  and
orgnaic ac id in  both Exp.  3a and b.  In  Exp.  3a,
however, ABA significantly increased glucose and
fructose concentrat ions but  not  that  of  sucrose;
whereas in  Exp.  3b,  a l l  three sugars in  the t reated
fru i ts  increased.  Percentages of  sucrose,  g lucose

and f ructose af ter  ABA in ject ion increased to
almost  the same level  in  both Exp.  3a and b.

Three possib i l i t ies for  the cause of  increase in
sugar level  by ABA can be considered:  (a)  ABA
reduces the ju ice content  which concentrates the
sugars.  This seems unl ike ly ,  because there is  no
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Table l. Effects of injected ABA on sugar component and organic acid of citrus fruit juice.

TreatmentY
Srts,ar (%)"

c町詳り Fructose

Organic acid
(%citr ic acid equiv.)Sucrose Glucose

Exp. 3a
Control

ABA

Exp. 3b

Control
ABA

1 5 1 = L 5

1 5 2±5

304=L7

3 1 5±6

2.74 + 0.07 (100)
2 .37  t  o .n  (111)

3 .36  r  0 .19  (100)
4 . r 4 +  0 . 1 4 *  ( 1 2 3 )

1 . 1 2± 0. 0 4  ( 1 1 0 )

1 . 3 0± 0. 0 5・(1 1 6 )

1 . 3 6± 0. 0 8  ( 1 0 0 )

1 . 6 8±0. 0 8ホ(1 2 6 )

1.19± 0.04 (100)

1.37± 0.06*(115)

1.48± 0.09 (100)

1.83± 0.09・ (124)

2.33」ヒ0.07

2 . 2 3±0 . 0 6

1 . 7 3±0 . 0 3

1 . 7 0±0 . 0 7

* Signif icant dif ference from thecontrols at P50.05.
' Values in parentheses are percentages of controls.
t  E x p . 3 a ;  n : 1 0 ,  E x p . 3 b ;  n : 1 8 .

difference in fruit weight between the control and

ABA injected fruits. (b) ABA release sugars from

stored carbohydrates andlor  ce l l  mater ia ls  in  seg-

ment  membrane and f ru i t  peel .  (c)  ABA causes the

import of sugars from leaves and/or other fruits

v ia the phloem. Fur ther  research is  necessary to

investigate changes in the carbohydrate compo-

nents of the segment membrane and fruit peel, and

in the phloem transport after ABA treatment. In

shor t ,  our  resul ts  demonstrate that  ABA increases

the concentrat ion of  so luble sugars in  c i t rus ju ice.
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カンキツ果実へのアブシジン酸注射が糖および有機酸濃度に及ぼす影響

児島清秀 ・山田彬雄 ・山本雅史

呆樹試験場回之津支場 859-25 長 崎県南高来郡口之津町
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供試 し,注 射針で果実内に

ABAを 注入 し,ABAが 果肉の糖 と有機酸濃度に及ぼ

す影響を調べた。

1.9月 上旬に,ABAの 0.2,0.6,1.2 μm01を,

それぞれ 100個の果実に注射 した。ABAの 注入量が

多いほど落果が多 くみられた。 しか し,0.2 μmolの

ABAで は,16日 後でも92%は 落果 しなかった,

2.果 実内でのABAの 代謝速度を調べるために,9

月上旬に,枝 付 きの果実を採取後,微 量の 14c_ABA

と0.2 μmolの ABAを 果実に注入 し,水 さしで,25

℃ の室内においた.注 入後,果 実を毎日,4日 連続 し

て採取 し,抽 出精製後,HPLCで ABAの 画分を分取

し,放 射能を測定した。4日 目には放射能が始めに与

えた量の 10%に まで減少 した。

3.1と 2の結果から適切な条件として,注 入する

要

ABA量 は 0.2 μ mol,注入する間隔は 3ま たは 4日 が

得 られた。

4.そ こで,こ の条件 を用い,9月 中旬に 5本 の 10

年生の樹 を供試 し,1樹 内に ABA処 理果 と対照果 を

それぞれ 10果 設定 した。ABA処 理果 には 0.2 μmol

の ABA(展 着剤水溶液 を含む)と 対照果 には展着剤

水溶液 を注射 した。11月上旬にも6本 の 15年生の樹

を供試 し,1樹 内にそれぞれ 15果設定 し,同 様 に注

射 した。処理時期 と果実の大 きさの異なる上記 2回 の

実験 ともに,注 射 した ABAは ,有 機酸には影響 しな

かったが,果 汁中のプ ドウ糖,お よび果糖濃度を有意

に増加 させ た。ABA処 理果 と対照果の果実重はほぼ

同 じであったので,ABAの 果肉の糖量 を上昇 させ る

作用が認められた.




