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Abstract. Simultaneous measurements of respiration,
ethylene production, and abscisic acid (ABA) concentra-
tions, as well as the growth parameters length, fresh
weight (FW), and dry weight (DW) of olive (Olea eu-
ropaea L. cv. Konservolia) inflorescence were carried
out at short intervals (3–7 days) during the period from
bud burst until the 3rd week after full bloom (AFB),
when young fruit reached 8 mm in length. The axis of
inflorescence elongated remarkably during the 3rd week
after bud burst (ABB), massive bract shedding occurred
during the 4th week ABB, full bloom (FB) was observed
7 weeks ABB, and massive floral organ abscission 1
week AFB. The results showed a continuous increase in
inflorescence FW and DW from bud burst until 4 days
before FB. Respiration rate, ethylene production, and
levels of ABA were relatively high during the first 3
weeks ABB. After this period, respiration and ethylene
followed a similar pattern of changes, inversely to that of
ABA concentration. An accumulation of inflorescence
ABA 6 and 4 days before FB was associated with the
minimum values of respiration and ethylene production
on the same dates. The sharp decrease in the ABA con-
centration during FB and 3 days later was followed by a
high rise in ethylene and an increase in respiration rate,
which both rose further 1 week AFB. The results suggest
a possible correlation of ABA with the early stage of
floral abscission, whereas ethylene production seems to
be correlated with the terminal separatory activity in ol-
ive inflorescence abscission processes.
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A prolonged period of anthesis (6–7 weeks) is charac-
teristic of olive. A series of morphologic changes of in-
florescence takes place (e.g., size, shape, color) during
anthesis. During this period, floral organ abscission oc-
curs on olive trees with abscission zones located mainly
in bracts, petals, individual flowers, and peduncles (Weis
et al. 1988, 1991).

Abscission is a complex process and is usually initi-
ated by increased abscisic acid (ABA) levels some days
before the final shedding, as well as increased ethylene
production (Addicott 1982, Moore 1989, Reid 1985,
Sexton and Roberts 1982). ABA has been reported to
promote ethylene production in many tissues (Abeles
1967, Cooper and Henry 1973, Riov et al. 1990, Sagee et
al. 1980, Sexton and Roberts 1982, and many others).
Ethylene has induced a rapid increase of ABA in citrus
flavedo (Goldschmidt et al. 1973) and in rose petals
(Mayak and Halevy 1972). Sargent et al. (1984), how-
ever, found that in Gramineae the only regulator to ac-
celerate abscission is ABA.

The start of the abscission process, whether natural or
stimulated by the application of ethylene, is marked by
increased respiration that stimulates higher rates of RNA
and protein synthesis (Addicott 1982, Sexton and Rob-
erts 1982). Vemmos et al. (1994) also found that an
increased respiration rate preceded inflorescent bud ab-
scission in pistachio.

The role of ethylene in the abscission process in olive
flowers, leaves, and fruits has been studied before (Lavee
and Martin 1981, Martin et al. 1981, Weis et al. 1988,
1991), particularly from a commercial perspective.
Lavee and Martin (1981) measured the ethylene produc-
tion by inflorescence at only three different stages
(young, growing, mature). However, endogenous ethyl-
ene production has not been studied thoroughly during
the long period of anthesis and flower abscission. Kitsaki
et al. (1995) found that the ABA content of inflorescence
was relatively high from early anthesis until full bloom
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(FB), reaching a maximum 1 week before FB and then
decreasing sharply.

The purpose of this study was to measure simulta-
neously the internal factors (ABA, ethylene, and respi-
ration) related to abscission during the whole period of
anthesis within short time intervals; the results might be
important for both scientific and practical considerations.

Materials and Methods

Plants

The work was carried out in 1995 in the olive orchard of the Agricul-
tural University of Athens. Three 25-year-old fruit-bearing olive trees
(Olea europaeaL. cv. Konservolia) were selected. Reproductive shoots
15–25 cm long, with ten or more inflorescences, were cut from posi-
tions distributed symmetrically around the crown of each tree from the
beginning of bud burst (April 1) until early fruit development, when
young fruit had attained a length of 8 mm (June 8). The samples were
taken at 9 a.m. at weekly intervals during the first stages of inflores-
cence development and twice a week from 3 weeks before FB until 2
weeks after full bloom (AFB). The cut ends of shoots were immersed
immediately in water, and the samples were transferred quickly to the
laboratory. The sample from each tree was divided into three groups,
and inflorescences were taken from the middle region of the shoots for
respiration rate, ethylene production, and ABA concentration measure-
ments. All of the events that took place during anthesis were written
down in detail; changes in development and morphology of inflores-
cence were recorded with photographs of representative inflorescences
from experimental trees. Length as well as fresh weight (FW) and dry
weight (DW) of inflorescence and young fruit were determined by
measuring the length and weight of ten inflorescences per tree. FB,
determined according to Rappoport and Rallo (1991), was observed 47
days after bud burst (ABB).

Respiration Rate

A portable infrared gas analyzer system (LI-COR, LI-6200 model) was
used, and the CO2 released by the tissue was measured in a 0.25-liter
chamber. The tissue and air temperatures and the relative humidity in
the chamber were also recorded. Because the measurements were taken
in a temperature-controlled cabinet, the tissue temperature was kept at
27°C so the air temperature in the chamber was very similar to that of
the tissue. The relative humidity in the chamber was influenced by the
FW of the inflorescence and was 60 ± 2%. The measurements were
made under weak light conditions (PAR4 30 ± 5 mmol z m−2 z s−1).
The air flow in the infrared gas analyzer was about 500mmol z s−1. The
inflorescences were removed from the shoots, weighed immediately,
and inserted into the chamber for three continuous measurements that
lasted only 30–60 s to avoid the effect of tissue drying. The respiration
rate was expressed asmmol of CO2 z g−1 FW z s−1.

Ethylene Production

The rate of ethylene production was measured using a gas chromatog-
raphy system (Perkin Elmer Sigma 300 dual FID chromatograph)
equipped with an alumina column (6 feet long,1⁄8-inch diameter/183
cm long, 0.32 cm diameter, and 80–100 mesh). The data were recorded
by a Perkin Elmer LCI-100 laboratory computing integrator. For eth-

ylene determinations, inflorescences were placed in 38-mL volume
flasks that were sealed to prevent air exchange. Preliminary tests
showed that there was a linear relation between the amount of ethylene
evolution and the duration of enclosure between 1 and 2 h. Thus, an
enclosure time of 2 h wasused. The ethylene produced by the tissue
was expressed asml z g−1 FW z h−1 z 10−4.

Abscisic Acid Content

Endogenous ABA was determined according to Kitsaki et al. (1995). In
brief, each sample was homogenized in cold methanol (80% v/v), and
ABA was extracted overnight twice. Samples were purified by parti-
tioning with diethyl ether followed by thin layer chromatography on
Silica Gel HF254 (parallel with authentic ABA), methylated with dia-
zomethane, and analyzed with a Varian (model 3700) GLC-EC gas
chromatograph. A glass column (200 cm × 0.23 cm × 0.60 cm) packed
with 3% DC 200/500 on Chromosorb W 100–200 mesh was used.
Nitrogen was used as carrier gas at a flow rate of 30 mlz min−1, and
injector, column, and detector temperatures were 220, 200, and 250°C,
respectively. The ABA concentration was expressed in ngz g−1 of tis-
sue FW.

Results

Morphological Aspects of Olive
Inflorescence Development

The developmental stages of olive inflorescence from
bud burst to fruit set, at weekly intervals, are presented in
Fig. 1. One week ABB inflorescences looked like small
berries. The small flowers were completely covered by
bracts (Fig. 1a). By the end of the second week rachillas
and flowers became more visible (Fig. 1b). In the 3rd
week the axis of inflorescence had increased remarkably,
and bracts were more open compared with the previous
week (Fig. 1c). The swollen flowers, which became
spherical, was the main characteristic of the 4th week;
sepals covered the greatest part of the corolla (Fig. 1d),
and a significant number of bracts had already dropped
from the base of the rachilla. One week later, the swell-
ing flowers appeared bigger, particularly the corolla. The
separation among the flowers was more advanced (Fig.
1e) in the 6th week, and the swollen flowers had in-
creased in size. Petals turned to a yellowish (color not
visible in Fig. 1f), and the beginning of their separation
was clear in the 7th week (Fig. 1g). Finally, Fig. 1h
shows despoiled inflorescences with the majority of
flowers abscised. It is interesting to note that bracts be-
gan to drop during the 3rd week ABB, and the drop
continued during the whole period of inflorescence de-
velopment. The total number of flowers per inflores-
cence (on sixth node from the top) was 26.7 ± 2 and the
percentage of perfect flowers 25.5 ± 4%. A small per-
centage (1–2%) of corollas started to drop during the 5th
week ABB. This drop continued until FB. Massive
flower abscission occurred the week after full bloom
(AFB); the fertilized ovaries remaining on inflorescence
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were 10.5 ± 2% of the total number of flowers 7 days
AFB; 22 days AFB the remaining young fruit fell to 5.33
± 0.5%.

In the absence of any pests or diseases and in view of
the normal climatic conditions that prevailed, such high
abscission must be considered natural.

Inflorescence Development

Inflorescence length increased continuously with inflo-
rescence development and reached its maximum 1 week
before FB (Fig. 2).

The FW and DW of inflorescence also increased con-
tinuously from bud burst until 43 days ABB (3–4 days
before FB), when they reached maximum values (about
300 mg and 90 mg per organ, respectively). From FB on,
a sharp decrease occurred for both FW and DW until 1
week AFB when they started rising again with young
fruit growth. In contrast to FW and DW, the DW/FW
ratio decreased from bud burst until 2 weeks before FB
and started increasing 1 week before FB, while decreas-

ing slightly after fruit set. Thus the decrease was caused
mainly by flower drop.

Respiration Rate

The respiration rate (Fig. 3) remained relatively high
during the first 3 weeks of inflorescence development,
reaching its maximum (about 24mL of CO2 z g−1

FW z min−1) at the end of the 1st week. After this period
the respiration rate decreased continuously until 4 days
before FB, when it reached a minimum value (about 8
mL of CO2 z g−1 FW z min−1). From FB on, respiration
increased continuously for a period of 2 weeks and
started decreasing again when the young fruit reached
about 8 mm in length.

Ethylene Production

The ethylene production of inflorescence (Fig. 3) rose
from bud burst until 22 days ABB, when it reached its
maximum value (about 45ml z g−1 FW z h−110−4). After

Fig. 1. Different developmental stages of olive (cv.
Konservolia) inflorescence from bud burst to fruit set
at weekly intervals in 1995.Panel a;1st week after
bud burst (ABB); panel b; 2nd week ABB . . .h;
8th week ABB.Panels aand b show the whole in-
florescence;panel cshows the central part of inflo-
rescence; andpanels d, e, f, g,and h show the first
rachilla from the base of the inflorescence.
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this period ethylene production decreased continuously,
parallel to the reduction in respiration, until 1 week be-
fore FB. Then it increased again and reached high levels
at 3 and 7 days AFB, the period of organ (e.g., petals,
stamens) and flower abscission. From the 2nd week AFB
ethylene dropped to low levels and reached a minimum
(about 2.7ml z g−1 FW z h−1 z 10−4) when the young fruit
were 8 mm long.

Abscisic Acid Content

The ABA content of inflorescence (Fig. 3) was relatively
high from 1 week ABB until 4 days before FB. The
highest values, however, were detected 22 days ABB and
6 and 4 days before FB (820, 835, and 980 ngz g−1 FW,
respectively). ABA concentrations fell significantly at

FB, except for a temporal increase, occurring 1 week
AFB.

Discussion

Olive inflorescence is a panicle arising as a central axis
terminated by a flower, with lateral axes branching from
the peduncle and containing several bracts and flowers at
different developmental stages (Weis et al. 1988). Be-
cause of the variety in the developmental stages of olive
inflorescence organs, a precise physiological interpreta-
tion is difficult. The prolonged period of anthesis which
has been reported for other olive cultivars (Weis et al.
1991) was also confirmed in this study for Konservolia
because it lasted almost 7 weeks (Fig. 2). The shedding
of inflorescence organs also lasted for a long period;

Fig. 2. Changes in length, FW, DW, and the
DW/FW ratio in olive (cv. Konservolia) inflores-
cence and young fruit from bud burst to early fruit
development. Thearrow indicates full bloom.Bars
represent ±SE.
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bracts started to shed before flowers during early anthe-
sis, whereas massive flower abscission occurred during
the 1st week AFB, as has been reported for other olive
cultivars (Rallo and Fernandez-Escobar 1985, Weis et al.
1991). In addition, a small percentage of corollas started
to drop 2 weeks before FB, when petals were still closed.

The increase in FW and DW after the completion of
inflorescence elongation can be attributed to the swelling
flowers and particularly to that of the corollas, stamens,
and ovaries. The period of lower values of DW/FW
(from 33 up to 43 days ABB) suggests a higher ratio of
water over assimilates transport to inflorescence tissues
compared with the remainder of the experiment. Con-
cerning the role of water stress on inflorescence devel-

opment, the water status of the parent plant must be
considered crucial at this period.

Respiration rates of inflorescence remained at high
levels during the first 3 weeks ABB (Fig. 3). Moreover,
the high rates of respiration were generally associated
with low rates of growth and vice versa throughout the
experiment. This was confirmed by linear regression
analysis between respiration and FW and DW (Table 1)
which revealed a negative correlation (r 4 −0.82 and
−0.84, respectively). Similar results (high respiration and
low increase in DW) have been reported for young fruit
development in sweet and sour cherry (Blanpied 1972).
The high respiratory levels in the early stage of flowering
probably reflect the intense rate of physiological activity

Fig. 3. Changes in respiration rates, ethylene pro-
duction, and ABA concentration in olive (cv. Kon-
servolia) inflorescence and young fruit from bud
burst to early fruit development. Thearrow indi-
cates full bloom.Bars represent ±SE.
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in meristematic cells of young developing inflores-
cences.

The high increase in ethylene production during the
early flowering period and the relatively high ABA lev-
els 22 days ABB are possibly related to the massive bract
abscission during this time. Similar results for ethylene
in this stage of flowering have been reported for apple,
cherry (Blanpied 1972), and young olive inflorescence
(Lavee and Martin 1981), whereas high levels of ABA
have also been found inPyrus communis(Browning
1989). In addition to any effect on bract abscission, the
role of ABA in the control of dry matter accumulation
must also be considered (Beruter 1983, Browning 1980,
Dunlap and Robacker 1990, Kojima et al. 1993).

From 22 days ABB until 3 days AFB both ethylene
and respiration follow a similar pattern of changes (sig-
nificant linear correlation atp < 0.01, Table 1), suggest-
ing a possible interaction between them, which differs
from that of ABA. Both ethylene and respiration had
their minimum values 4 days before FB, while ABA
level was at its maximum. The increased respiration rate
from 4 days before FB is probably related to the in-
creased ethylene production during FB and flower ab-
scission. Similar results have been found in cotton ex-
plant abscission (Marynick 1977) and coleus explants
(Reid 1985). However, the increased rates of respiration
during the 2nd week AFB may be partially a result of the
early fruit development.

Respiration and particularly ethylene increased again
AFB. The sharp increase in ethylene production (five-
fold) from 4 days before FB to 7 days AFB coincides
with the period of massive flower shedding. This might
also be associated with pollination and petal wilting and
abscission, as has been suggested by other investigators
for other kinds of flowers (Blanpied 1972, Hall and For-

syth 1967, Morgan et al. 1973, Reid 1985, Swanson et al.
1975). The results for ethylene in this study, combined
with those of Weis et al. (1991), indicate that flower
abscission in olive is related to ethylene production.

The results of increased ABA levels 12, 6, and 4 days
before FB, when it reached its maximum, and the fol-
lowing drop to about one third of its previous level 3
days AFB are very similar to those found in flowers of
tomato (Kojima et al. 1993), in stamens of citrus (Kojima
1996), and upper flowers of lupin (Porter 1977).

ABA accumulation and its peak preceded the in-
creased ethylene production by about 1 week. The flower
abscission observed later suggests a possible initiative
effect of ABA on flower abscission. Whether ABA is
responsible or not for the increased ethylene production
must be investigated further. The concept that ABA is
responsible for initiating the abscission processes and
ethylene for the terminal separatory activity as has al-
ready been suggested for several plants (Addicott 1982,
Cooper and Henry 1973, Moore 1989, Riov et al. 1990)
might also be applicable to olive flower abscission. The
increased ethylene production and its relation to flower
abscission in olive must be taken into account if ethylene
inhibitors or promoters are to be applied for increasing
fruit set or thinning flowers.
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