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Summary

The changes in 1-aminocyclopropane-1-carboxylic acid {ACC), abscisic acid {ABA), inter-
nal ethylene concentration (IEC), anthocyanin and sugar content of the apple cultivars,
Tsugary, Senshu and Fuji, which have different harvest times, were investigated. Fhe rela-
tion between these changes and maturation are discussed.

1. The sucrose content became greater than that of glucose at 95 days after full bloom
(DAFB) in “Fsugaru’, 107 DAFB in 'Senshu’ and 124 DAFB in ‘Fuji’. The increase in [EC
also initiated at about the same times.

2. The increase in ACC content in the pulp and pee! coincided with that of TEC in
“Tsugaru’. However, this relationship was not evident in the late-harvest cultivar.

3. The ABA content differed among the cultivars, In the early-harvest cultivar, the changes
in ABA content in the pulp showed a similar pattern to the increases in ACC and IEC. A
concomitant rise in ABA and anthocyanin content was also noted in the peel, Thus, this sug-
gested that ABA, as well as ethylene, might be related to maturation and/or senescence, and

might play a role in the coloring of apple in the early-harvest cultivar.

Introduction

The physiological changes that occur in apple
fruit during development are considered to differ
among various cultivars. Although there have been
numerous reports on changes in sugar content dur-
ing fruit development, there have been only a few
studies on this subject on the more recent culti-
vars. Furthermore, while it is well known that in-
ternal ethylene evolution increases during
maturation (3, 23), there have been only a few
reports on the changes of l-aminocyclopropane-
I-carboxylic acid (ACC) on fruit development dur-
ing attachment to the tree. It has been suggested
that both abscisic acid (ABA)} and ethylene in-
crease with maturation or ripening in peach (21),
pear (8, 20) and Japanese apricot (11), whereas
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ABA does not necessarily have an influence on
maturation in plum (13) and sour cherry (5).
Morcover, it has been shown that ABA decreases,
despite the increased ethylene evolution, during
ripening of kiwi fruit (20). Thus, the relationship
between ABA and maturation has net been clear-
ly established.

While the harvest time of apple fruit differs con-
siderably among cultivars, it is estimated that the
interaction of ACC, ethylene and ABA during fruit
development varies from the early-season to late-
season cultivars.

In the present report, the changes in ACC, ABA,
internal ethylene concentration ({EC), and the an-
thocyanin and sugar contents of the appie cultivars
Tsugaru (an early-season cultivar), Senshu (& mid-
season cultivar) and Fuji (a late-season cuitivar),
which have different harvest times, were inves-
tigated. The relations between these changes and
maturation are discussed.
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Materials and Methods

Fifteen- to 25-year-old trees of the apple culti-
vars Tsugaru, Senshu and Fuji, grafted onto a
domestic cional rootstock, were selected for this
study. The fruits were collected for analysis at in-
tervals of 5 to 24 days from 43 to 45 days after
fult bloom {DAFB) to the harvest time of each cul-
tivar. After the juice was extracted and filtered,
the sugar content was determined guantitatively by
HPLC (Hitachi 655; column: GL-C610). The IEC
of the fruit was determined from the extracted
gas, under the surface of saturated ammonium sul-
fate for reducing the solubility of ethylene under
a partial vacuum {2). The ACC content was esti-
mated according to the method of Lizada and
Yang {15). The above measurements were per-
formed by gas-chromatography {Hitachi 163;
column: Porapak Q} The ABA content was deter-
mined as previously reported (22), including extrac-
tion by HPLC and identification by GC-MS. The
anthocyanin content was determined according to
the method of Harborne (9}

Results

1. Sugar content

Fig. 1 shows the changes in sugar content. Glu-
cose content was approximately constant during
fruit growth and maturation. Although the glucose
content was more than that of sucrose at 43 to 45
DAFB in each cultivar, this relationship reversed
from 95 DAFB in ‘Tsugaru’, 107 DAFB in ‘Sen-
shu' and 124 DAFB in ‘Fuji’. The rate of increase
of fructose decreased from 109 DAFB in
“Tsugaru’, 107 DAFB in ‘Senshu’ and 109 DAFB
in ‘Fuji’.

2. ACC conlent and IEC

The ACC contents in the peel and pulp differed
greatly among the cultivars (Fig. 2). The ACC con-
tent in the pulp of 'Tsugaryu’ increased from 109
DAFB, and amounted te 1.194 pmols-g-idw at
119 DAFB, while that in the peel increased from
95 DAFB and amounted to 3.854 pmols-g~dw at
124 DAFB (harvest time). In addition, the IEC
changed in a similar manner to the ACC content.
Although the changes in the ACC content of the
peel of ‘Senshu’ did not show a clear trend, that
in pulp increased from 135 DAFB and amounted
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to 0.235 pmols-g - 'dw at 159 DAFB (harvest
time). This increase of the ACC content in the
pulp generally corresponded with that of the IEC.
The ACC content in the pulp of ‘Tuji’ increased
slightly from 151 DAFB, and there was only a
small amount, between 0.016 and 0.063
pmols-g~idw, during fruit growth and maturation
in the peel. Thus, the relationship between the in-
creases in ACC content and IEC was not evident
in this late-harvest cultivar.

3. ABA content

The ABA contents in the pulp and peel are
shown in Fig. 3. There was a dramatic increase in
the ABA content in the pulp of ‘Tsugany’ after 95
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DAFB, which amounted to 429 ng-g-ldw at 124
DAFB (harvest time), while that in the peel in-
creased from 76 DAFB and amounted to
532 ng-g~'dw at harvest time. The ABA content
in the pulp of ‘Senshu’ increased from 74 DAFB,
while that in the peel increased from 107 DAFB.
A slight increase in the ABA content of the pulp
of ‘Fuji’ was observed at 124 DAFB, but there
were fluctuations in the levels until harvest time.
Although the ABA content in the peel ‘totaled
1.79ng-g~'dw at harvest time (183 DAFB), the
amnount was very little during fruit growth and
maturation.

4. Anthocyanin confent

The changes in anthocyanin content in the peel
are shown in Fig. 4. Anthocyanin contents in-
creased from 95 DAFB in ‘Tsugaru’, 135 DAFB in
‘Senshu’, and 151 DAFB in ‘Fuji’.

Discussion

Kato et al. (12} indicated that non-reducing sug-
ars increased during the maturation period, while
the reducing sugar level was almost constant in
‘Golden Delicious’, ‘Starking Delicious’ and ‘Fuji’
apples. Similar results were obtained for the three
early to late-season cultivars in the present experi-
ment (Fig. 1). Moreover, the time at which the su-
crose content became more than that of glucose,
generally coincided with the time at which the IEC
increased rapidly, that is, from 95 DAFB in
“Tsugarw’, 107 DAFB in ‘Senshu’ and 124 DAFB
in ‘Fuji’ (Figs. 1 and 2). From these results, it was
considered that this time marked the change from
the growth to the maturation of the fruit.

The internal ethylene level of apple fruit, which
is a climacteric rise type, increases with maturation
(3, 14). In this study, this rate of increase was
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higher in the early-season cuitivar (Fig. 2). The in-
crease in ACC content also showed a similar ten-
dency. In particular, the increase in ACC of the
pulp and peel in “Tsugara’, and of the pulp in
‘Senshu’, were significantly correlated with the in-
crease in IEC (Fig. 2). These results indicate that
the increase in ACC accumulation is accompanied
by the onset of ethylene production, as reported in
avocado (10}, peach (1) and apple fruits (14).
However, in the late-season cultivar ‘Fuji’, the
ACC content hardly varied until harvest, and the
IEC increased slightly only at harvest time (Fig. 2).
Miller et al. {17) and Brecht and Kader {4} aiso
reported a similar observation in peach. Sitrit et al.
(19} have shown that although the activity of eth-
ylene-forming enzyme (EFE} is low in preclimac-
teric avocado fruit, it may stimulate ethylene
production, whereas the ACC concentration does
not increase. Hence, it is necessary to investigate

the relationship between EFE activity and ethylene
evolution in the late-season cultivar.

In this study, the relative ABA content in the
pulp during maturation was the highest in
“Tsugaru’, followed by ‘Senshu’ and then ‘Fujl’
(Fig. 3. The change in ABA content in the pulp
of “T'sugaru’ apparently showed a similar pattern
to the ACC content and IEC (Figs. 2 and 3). In ad-
dition, the ABA content increased greatly around
harvest time, Although the ABA content in late-
harvest cultivars, such as ‘Senshu’ and ‘Fuji’, in-
creased towards maturation, the content fluctaat-
ed until harvest time (Fig. 3). Kitamura et al. (13)
indicated that although the ABA content increased
with maturation in plum fruit, the relation with
maturation was not evident because the content
was at a high level before the climacteric rise. In
addition, Tsay and Mizuno (20) have shown that
the ‘Kosui’ pear, which contains a high level of
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ABA, aged earlier than the ‘Nijisseiki’ pear which
has a low ABA content. Moreover, Tsucluda et al.
(21) indicated that the ABA content in peach fruit
increased 35-fold after five days in storage, com-

. pared to that at harvest time. According to these

reports, and the results of this study which com-
pared early to Jate-season cultivars, it is considered
that the differences in ABA content among culti-
vars may he related to the storability of each cul-
tivar. That is to say, in the five developmental
stages proposed by Watada et al. {24), the period
from maturation to senescence is shorter in the
carly-season cultivars which bave the highest ABA
content, as alsc observed in this present report
(Fig. 3). Therefore, the increase in ABA may be
related to senescence rather than to maturation.
This is supported hy the report that ABA contents
increased rapidly with aging, without ethylene evo-
lution, in young fruits of pear and kiwi fruit which
were picked at a voung stage of growth and stored
at 20°C (20).

Murphey and Dilley {18} indicated that the appli-
cation of ethylene-releasing compounds promoted
anthocyanin biosynthesis in ‘Mclntosh’” apple. Fara-
gar and Brohier (7) also reported a similar obser-
vation in ‘Jonathan' apple. Therefore, our study,
showing that anthocyanin accumulation in the peel
coincided with increasing IEC in the fruit (Figs, 2
and 4), supports the previous reports, Furthermore,
the concomitant increase in ABA content and an-
thocyanin accumulation was also noted in the peel
of “Tsugaru’ (Figs. 3 and 4). Hence, this vesult
suggests that ABA, as well as ethylene, may be
one of the factors which are related to anthocya-
nin accumulation. Matsushima et al. (6) have
shown that ABA treatment promoted anthocyanin
accumulation in the grape. However, the ABA
content in the late-season cultivar was low, as was
the IEC, IFaragar (6) demonstrated that temper-
ature was an important factor regulating anthocya-
nin  accumulation, and that the optimum
temperature for anthocyanin accumulation was 16°
to 24°C in ripe apple. Further studies should be
conducted on other factors which may regulate an-
thocyanin accumulation, such as temperature and
enzymes (7), as well as phytohormone substances,
Investigations into whether ABA dirvectly affects
anthocyanin accumulation are now underway.

Acknowledgement

We thank to Dr. Shohab Youssefian of Akita
Prefectural College of Agriculture for reading the
manuscript.

Literature Cited

I, Amoros, A, M. Serrano, ¥. Riquelme and F.
Romojaro. 1989, Levels of ACC and physical
and chemical parameters in peach development. |.
Haort. Sci, G4 ; 673-677.

2. Beyer, EXM. and P.W. Morgan. 1970. A method
for determining the concentration of ethylene in
the gas phase of vegelaiive plant tissues. Plant
Physiol. 46 : 352-354.

3. Blankenship, S.M. and C.R. Unrath. 1988.
Internal ethylene levels and maturily of *Delicious’
and ‘Golden Delicious™ apples destined for prompt
consumption. J. Amer. Soc. Hort. Sci, 113 ; 88-91.

4. Brecht, J.K. and A.A. Kader. 1984, Repulation

of ethylene production by ripening nectarine fruit

as influenced by ethylene and low temperature. }.

Amer. Soc. Hort. Sci. 109 : 868-872.

Bavison, R. M., R.M. Rudnicki and M.]. Bukovac.

14976, Endogenous plant growth substances in

o



10.

11.

12.

13.

14,

15,

S. KONDO, J. UTHAIBUTRA AND H. GEMMA

developing fruit of Prunus cerasus L. V. Changes
in inhibitor (ABA) levels in the seed and pericarp.
J. Amer. Soc. Hort, Sci. 101 :519-523.
Faragher, J.D. 1983, Temperature regulation of
anthocyanin accumulation in apple skin. J. Exp.
Bot. 34 : 1291-1298.

Faragher, ].D. and R.L. Brohier. 1984,
Anthocyanin accurnulation in apple skin during
ripening: Regulation by ethylene and phenylalanine
ammonia-lyase. Scientia Hortic. 22 ; 89-96.

Gil, G.F., G.C. Martin and W.H. Griggs.
1972,  Fruit set and development in the pear: Ex-
tractable endogenous hormones in parthenocarpic
and seeded fruits. J. Amer. Soc, Hort. Sci.
97 1 731-735.

Harborne, J.B. 1873. Phytochemical methods.
p.61-64. John Wiley & Sons Inc, New York.
Hoffman, N.E. and S.F. Yang. 1980. Changes
of l-aminocyclopropane-1-carboxylic acid content in
ripening fruits in relation to their ethylene produc-
tion rates. J. Amer. Soc. Hort, Sci. 105 : 492-495.
Inaba, A. and R. Nakamura. 1981. Ripening
characteristics of Japanese apricot (Mume, Prunus
nuee Sieb, et Zucc.) fruits on and off the tree. J.
Japan. Soc. Hort. Sci. 49: 601-607. {In Japanese
with English summary).

Kato, K., K. Goto, R. Sato and R. Harada. 1978.
The ripening of apple fruits. IHI. Changes in phys-
icochemical components and quality, their interre-
lations and their relations to internal CaoHa
concentration during maturation and ripening. J.
Japan. Soc. Hort. Sci. 47 :87-96. (In Japanese
with Engligh summary).

Kitamura, T., H. Itamura and F. Fukushima.
1983. Ripening changes in respiration, ethylene
emanation and abscisic acid content of plum fruit.
}. Japan. Soc. Hort. Sci. 52 : 325-331, {In Japanese
with English summary).

Knee, M. 1984. 1l-aminocyclopropane-i-
carboxylic acid levels in ripening apple fruits. J.
Exp. Bot. 35:1794-1709.

Lizada, M.C.C. and S.F. Yang. 197%. A simple
and sensitive assay for I-aminocyclopropane-1-

16.

17.

18.

i9.

20,

21

22

23.

24.

43

carboxylic acid, Anal. Biochem. 100 : 140-145,
Matsushima, J., S. Hiratsuka, N. Taniguchi, R.
Wada and N. Suzaki. 1989. Anthocyanin ac-
curnulation and sugar content in the skin of grape
cuftivar 'Olympia’ treated with ABA. ]J. Japan.
Soc. Hort. Sci. 58:551-555. (In Japanese with
English summary).

Miller, A.N., B. A, Krizek and C.5. Walsh. 1988.
Whole-fruit ethylene evolution and ACC content of
peach pericarp and seeds during development. J.
Amer, Soc, Hort. Sci. 113:119-124,

Murphey, A.W. and D.R. Dilley. 19588,
Anthocyanin biosynthesis and maturity of ‘Mcln-
tosh’ apples as influenced by ethylene-releasing
compounds. J. Amer. Soc, Hort. Sci,
113: 718-723.

Sitrit, Y., J. Riov and A. Blumenfeld. 1986.
Regulation ethylene biosynthesis in avocado fruit
during ripening. Plant Physiol. 81 ; 130-135.
Tsay, L.M. and S, Mizuno. 1984. Changes of
respiration, ethylene evolution and abscisic acid
content during ripening and senescence of fruits
picked at young and mature stage. J. Japan. Soc.
Hort. Sci. 52: 458-463. (In Japanese with Engtish
summary).

Tsuchida, H., S. Mizuno and N. Kozukue. 1990
Changes in abscisic and phaseic acids during ripen-
ing and senescence of peach fruits. J. Japan. Soc.
Hort. Sci. 58: 801-805. (In Japanese with English
Summary).

Uthaibutra, J. and H, Gemma. 1991, Changes in
abscisic acid content of peel and pulp of ‘Jonagold’
apples during pre- and post-harvest periods. J.
Japan. Soc. Hort. Sci. 60: 443-448.

Walsh, €.S. and T. Solomos. 1987. Ethylene
evolution by apple fruits during their early-season
growth and development. Scientia Hortic.
32:203-211.

Watada, A.E., R.C. Herner, A.A. Kader, R.].
Romani and G.L. Staby. 1984, Terminology for
the description of developmental stages of horticul-
tural crops. HortScience 19: 20-21.



COMPARISON OF ACC AND ABA OF SOME APPLE CULTIVARS

44

) THEEARENREB L UKD L -T S /vy 7a7ay-1-A VK8,
FTLUrE, LT T = Ea0

Ty S

Jamnong Uthaibutra®* -

(AL e

Bk R B 013-01  BKHH UL T T RE A
PRI R AR 305 IO (IR

1

INREHAN B ) > T 0055, TR, L1 D3
SFEAHRL T, BEPORERNMEE, T 2T
v EBRBLUONELF L RENER FRREL
BRI 1-T 3 /& 7u7msnsr-1 -4k
B(ACC), 7 7 ¥ » B (ABA) SR OZL & I LK
Bl BERETL 22,

1, "o 5 TR 95 B LU, T3 Cll ik
107 B ELRE, '3 LTI Bt 124 B LR, REd D
WeRh 7 FoMERE REY, FLZoRBIth
FhoREOREONE LV REORINEG &3
PT—F L 7,

BUE L = e KFHEEHL F AR

=

9. B L B o ACC SR BENMAE, BE&
WO TRMNEL TV EE BR LB 28
IFEI OB SFRIE & ACCER & =5 L v i F o0l
RIS T d - 72,

3. FHdo ABA RO, N R fh
&, ACCERB I F L v BENRYIN & FH D¢
F—v L, ENERbLEP o1, ELITONET
R ABA SR & T2 P T2 S adE R H
BAiRL IRLoERE, L, ABA BB
BEY 2 EHO—2TH A ) LHEE SN, 2, 0N
B TR F OO EEATRE S N7,



