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Response of Mature Avocado Fruits to Ethylene
Treatments Before and After Harvest!*?

S. Gazit® and A. Blumenfeld*

ABSTRACT. Unpicked avocado fruit showed no response to ethylene treatments
given at 50 ppm for 48 hr. Picked 'Hass' fruit did not respond to ethylene
treatments given immediately after harvest. A good response was observed to
treatment given 25 or 49 hr after harvest. This may be explained by assuming the
existence of an endogenous factor inhibiting ethylene action.

ETHYLENE has long been known to trigger the ripening of harvested fruit. In an
atmosphere of at least 10 ppm, avocado fruit enter the climacteric phase immediately
and soften within days. Raising the concentration of ethylene to 100 or 1000 ppm does
not hasten the process (2, 3). In the early sixties the development of more sensitive
methods enabled the ethylene in the internal atmosphere of preclimacteric fruits to be
measured. Ethylene at concentrations of 0.1-1.5 ppm was found in various fruits still on
the tree. The application of similar concentration induces ripening in picked fruits (5).
The inactivity of ethylene or the lack of response to it by unpicked fruit are ascribed to
the presence of inhibitory substances transmitted from the tree (5, 6). Burg and Burg (4)
found the concentration of ethylene in avocados at picking time to be 0.1 ppm. This
concentration is sufficient to induce ripening when applied to picked fruit. Biale (2, 3)
found only a partial response of avocado fruits to 0.1 ppm ethylene. The present study
set out to test the effect of ethylene applied to mature fruit on the tree, and at different
times after picking at an optimal concentration for triggering the ripening process in
picked avocado fruits.

Materials and Methods

Ethylene treatments were given by a constant flow of an air-ethylene mixture. The
concentration of ethylene was determined by the aid of a Packard gas chromatograph.
Repeated analyses during and at the end of treatment showed that the mixture
remained constant.

TRIALS WITH HARVESTED FRUIT. Avocados of the 'Hass' variety were picked at noon on 3
consecutive days in mid-December, 1968. Each fruit was relatively uniform in size and
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shape, with an average weight of 190 g and average oil-content of 12%. The fruit from
each picking was divided into 4 groups of 30, each group being placed in a 10-liter glass
jar. A constant flow of ethylene-air mixture, at a rate of 400 cc/min/jar was administered
for a period of 24 hr. The concentrations given were 0, 10, 100, 1000 ppm ethylene. All
ethylene treatments were started at the same time, 1 hr after picking on the third day,
i.e. 24 and 49 hr after picking on the second and first days respectively. After treatment
the fruit was transferred to 17°C. The day on which the fruit reached an edible state
(hand-tested) was recorded.

TRIALS WITH FRUIT IN THE ORCHARD. A mobile apparatus fitted with cylinders of
compressed air and ethylene, was set up to supply a constant concentration of
ethylene. After a 2-stage mixing of air and ethylene, the desired concentration of about
50 ppm was delivered to a central container under the experimental tree. Thirty
polyethylene tubes conducted the gas mixture from the container to avocado fruits
placed in polyethylene bags. The gases flowed through the tube at a constant rate of a
little over 100 cc/fruit/min into the bottom of each bag, from which they escaped through
spaces left where the bag was tied to the fruit stalk. The rates of flow and gas mixing
were controlled by pressure regulators and 4 flowmeters.

Both picked fruit and those on the tree were treated. Uniform supply of the gas mixture
was ensured by a forked supply-tube, one branch reaching fruit on the tree, the other a
picked fruit. A third group of fruits was picked as control and held in the orchard
untreated for the duration of the ethylene treatment. When treatment ended, all picked
fruits were held at 17° C.
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Fig. 1. Response of mature Hass fruits to 24 hr of 100 ppm ethylene  immature fruit with an oil content of

treatment, started 1, 25, or 49 h after harvest.

3-4%, almost mature with 8% oil,
and fully mature when oil content reached 20%.

Results

BEHAVIOR OF PICKED FRUITS. Fig. 1 shows the rate of softening of fruit treated with 100
ppm ethylene for 24 hr. Treatment started immediately after picking produced no
special response, the fruit softening at a rate similar to that of the control fruits.
Treatment started 25 and 49 hr after picking produced a markedly faster softening of
the fruit, with no appreciable difference between softening rates of the 2 treatments.



The softening rate of fruits treated 49-72 hr after harvest was more even than that of
fruits treated 25-49 hr after harvest. Ripening of several fruits belonging to the latter
group was delayed. Fruits treated with either 10, 100 or 1000 ppm ethylene softened at
the same rate. Recurrent trials conducted with 'Hass' and 'Nabal' fruit gave similar
results.

BEHAVIOR OF FRUITS TREATED ON THE TREE. Fruit treated on the trees for 48 hr with 50
ppm ethylene neither abscised nor softened. During subsequent growth they did not
differ from untreated fruit in growth, shape, color or behaviour. The biological effect of
the treatments was tested on fruit just picked concurrently with fruit on the trees. The
ethylene treatment did not hasten softening of the picked fruit. The reason for this
unusual behavior was found later. At the end of December 1968 a further experiment
aimed at ensuring response of picked fruits to ethylene was conducted with the 'Hass'
variety. The effect of 40 ppm ethylene given for 48 consecutive hours to 30 fruits on the
tree and 30 fruits picked 24 hr previously was tested. The picked fruit was kept in the
orchard so as to be in identical temperature conditions as the fruit on the tree. The
treated, picked fruits softened 3 days earlier than untreated control picked at the same
time. Fruit treated on the tree remained firm and showed no changes in behaviour.
Following Maxie’s publication (10), experiments with ethylene treatments lasting 5-6
days were performed. This prolonged treatment consistently caused the firm fruit to
drop 6 or 7 days after the start of treatment. Application of 0.2% NAA in lanolin paste to
the fruit stalk did not prevent abscission.

Discussion

The absence of ripening response by unpicked avocados to ethylene, in concentrations
a thousand times higher than that found in the fruit, and considered sufficient to trigger
the ripening of picked fruit (9, 2, 3) clearly proves that this process in avocados still on
the tree is not activated by physiological concentration of ethylene. These results
support the assumption that substances reaching the fruit from the shoot system inhibit
its response to ethylene. When the fruit is detached from this source of supply it
becomes susceptible to ethylene and ripens (3, 6). Results of our work (Fig. 1) show
that the change is not immediate and the avocado fruit may remain insensitive to
ethylene during the first day after picking, a phenomenon hitherto unnoted either in
commercial practice or in numerous experiments on avocados. Probably the main
reasons for this are: a) Ethylene treatment did not generally start immediately after
harvest, b) Usually the duration of the ethylene treatment was longer than 24 hr (3). c¢)
Fruit may respond differently to ethylene at different stages of maturity (3).

Our trials showed great variability in response of picked avocado fruit to ethylene,
ranging from extremely marked to none at all. This seems surprising since ethylene is
considered a prime activator of ripening processes. All the fruit would be expected to
respond to correct treatment by uniform softening. The reason for this non-uniform
response may lie in the varying concentrations of inhibiting substance in different fruits,
and the differences may be due to the supply-rate or production-rate or breakdown of
the inhibiting substance in the fruit itself. If this is so, it may be surmised that the later
the treatment is given after harvest the more uniform will be the response, because the
number of fruits still containing an effective concentration of the inhibitor will be smaller.



The results summarized, in Fig. 1 uphold this premise. Fruit treated 2 days after harvest
ripened very uniformly while fruit treated one day after harvest ripened over a longer
period.

Recently, Burg (7) suggested that CO, in the preclimacteric fruit acts as the
endogenous factor, preventing the fruit from responding to its own natural concentration
of ethylene by raising its threshold for ethylene action. The fact that very high
concentrations of ethylene could not trigger the ripening process before and
immediately after harvest contradicts this. Burg's hypothesis also does not explain the
eventual activation of the ripening process and entry into the climacteric of fruit without
a prerequisite diminution of CO, concentration (1, 3, 9). The lag period between harvest
and ripening may be better explained if the cause is assumed to be inhibiting
substances, whose quantity or disappearance rate varies in different fruits at different
stages of maturity and under various growing conditions.

We have no indication as to the type of inhibitor involved in preventing response to
ethylene. Antagonism between gibberellin and ethylene has been reported recently (8),
but we have no evidence to uphold this in avocados. Further work is required in order to
clarify this point.
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