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Abstract
One main constraint facing olive cultivation in Jordan is the
high costs of olive fruits harvest. Which constitutes about
50% of olive oil production costs, this study was carried out
to evaluate the effects of two harvest dates (one week and
two weeks after ethephon application), two harvesting
methods (pneumatic and plastic combs) and five different
ethephon concentrations (0, 1000, 2000, 3000 and 4000
ppm) on olive fruits harvesting efficiency and on some
physical olive fruits related traits, harvesting fruits with
pneumatic combs significantly increased the harvesting
efficiency (39.6 Kgh-1) as compared with plastic manual
combs (29.9 Kgh-1). Harvesting efficiency was increased
when harvesting was performed two weeks after ethephon
application as compared with that olive fruits harvested one
week after ethephon application (values were 76.7 and 63.8
Kgh-1, respectively). Harvesting efficiency was gradually
increased by increasing ethephon application rate from 34.8
Kgh-1 in control treatment 0 ppm ethephon) to 129.2 Kgh-1

in 4000 ppm ethephon application treatment. Fruit removal
force and firmness were significantly decreased by
increasing ethephon application rate indicating an
enhancement of fruits detachment force and acceleration
of fruits ripening. In conclusion, olive fruits harvested one
week after 4000 ppm ethephon application led to efficient
olive fruits harvest. Pneumatic combs were much more
efficient in olive fruits harvesting as compared with plastic
combs.

Keywords: Ethephon; Fruit abscission; Fruit removal force;
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Introduction
Olives (Olea europaea L.) is one of the sacred trees in the

mediterranean region [1]. In general, olives are drought tolerant
crop that adapted to arid and semi-arid environment and grown
in low rainfall areas, where supplementary irrigation
implemented (international centre for agricultural research in

the dry areas. 2016). One of the difficulties facing olive
cultivation in Jordan is the high costs of fruit harvest, which
constitutes about 50%-70% of olive oil production costs). An
Olive fruit harvest is labor demanding at which traditional olive
harvest by hand needs a large number of workers, but at the
same time it ensures a high oil quality if harvesting process is
done directly by hands. It avoids the fruits from some
mechanical damage caused by the use of some mechanical tools
[2]. One disadvantage of olive trees harvest by hand is that,
workers may harm the trees with sticks during harvesting and
this might cause damage to olive fruits and new appearing
branches [3]. Manual combs are recommended to be used in
Jordan. To enhance harvesting efficiency and to protect fruits
and stems from mechanical damage [4].

Olives harvesting period in many countries in the
mediterranean basin last at least for two months from October
to December. Jordanians used to start olive fruits harvesting
season from the first half of November. But in 2021 harvesting
season farmers observed early coloring of olive fruits, at which
in mid-October, it was observed a complete black coloring of the
fruits. This might be due to heat waves that Jordan has been
subjected to during 2021 growing season. Therefore, an early
olive fruits picking was started early and this coincide with early
mills opening time. Moreover, a fruit falling on ground was a
common phenomenon in 2021 harvesting season, which might
be also due to early ripening because of heat waves that in
consequence cause early ripening.

According to ministry of agriculture (2021) Jordan, was
subjected to frequent long heat waves from May to October
2021, which has left a clear impact on olive trees in terms of
production, flowering, fruit formation and maturity. It was
pointed out that 2021 olive season is one of the abundantly
fruitful seasons, but because of long heat waves and scarcity of
rains, there was a clear impact on olive’s flowers formation and
fruit set, which in consequence reflected on yield. Moreover,
high temperature waves led to flowers falling and accelerated
fruits coloring, which enhance early fruits picking despite of the
low oil content.
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Fruit mass to pedicel's strength is relatively small in olive
fruits as compared with other trees of large fruits and therefore
olive fruits require much more force to remove the fruits from
the stalk when mechanical harvesting is applied [3]. The cost of
olive harvest could be minimized by using mechanical harvest
methods combined with fruits’ abscission agent such as
ethephon. Ethephon can facilitate harvesting by forming an
abscission layer between olive fruit and pedicle that makes olive
fruits picking easier. Mechanical fruit harvesting using abscission
agents was implemented in many fruit trees from decades
including stone fruits, pome fruits, citrus fruits and olives.
However, farmers in Jordan are used to harvest olive fruits by
hand [5,6].

Ethephon (2-chloroethyelphosphonic acid) is a synthetic plant
growth regulator, that releases ethelyne when it sprayed on the
plant and penetrates plant tissues, at which in consequence
promotes pedicel's loosening that makes fruits removal easier
during harvesting [7-9]. The decomposition of ethephon to
ethylene is highly dependent on the fruit growth stage and the
surrounding environmental conditions including temperature
and humidity [10]. One percussion when using ethephon as
fruits lossening agent is not only its positive effect on fruits
loosing but also its negative effect on leaves’ abscission. Even
though a previous study showed a pronounced effect of
ethephon on harvesting efficiency but it showed a non-
significant effect of ethephon on the percentage of olive tree
leaves’ abscission [11].

In the study of Ravetti and McClelland ethephon increased
olive fruits yield by 20% when mechanical harvesting is used.
Using ethephon as fruits loosening agent increased harvesting
efficiency but it did not have significant effect on leaves drop in
the subsequent years [12]. While in another study, application
reduced the Fruit Removal Force (FRF) to 73% when ethephon
was applied at 1250 ppm [13]. However, Touss et al. found that
different ethephon doses applied 12 days before harvest had
not effective role on harvest efficiency.

The use of machine such as pneumatic combs guarantee a
high percentage of intact fruits that are higher than that
obtained when the olives harvested by hand. Harvesting olive
fruits by machines at suitable stage of maturity is largely depend
on the binding force of the fruits to the pedicles, so at the
proper ripening stage the binding force reduced, that the fruits
will drop easily. Mechanical harvesting save the time required
for harvesting, labors productivity and minimize the cost of olive
production [14]. Using abscission agent to facilitate harvesting
has become a common agricultural practice especially in the
large scaled olive cultivated areas [15]. It promotes pedicel
loosening and consequently enhances the harvesting efficiency
and minimized labor demands required for olive fruits
harvesting.

Harvesting of ripe olive fruits would be difficult and time
consuming due to the high FRF in certain varieties. FRF is the
measure used to determine the strength of pedicle attachment
to the fruit and therefore affects the harvesting efficiency and
the time needed to complete harvesting. Ethephon application
is used as an abscission agent that makes harvesting easier by
promoting pedicel loosening and makes olive fruits harvesting

more efficient by reducing the time required for harvesting
process in large scaled farms. Traditional olive fruits harvest by
hand is the common harvest method in Jordan. But there are
limited studies carried out in Jordan that focused on ethephon
application on olive fruits mechanical harvesting. Therefore, the
overall objective of the current study is to enhance mechanical
and manual olive fruits harvest using ethephon application on
“Nabali Baladi” cultivar grown in Southeastern part of Jordan.

Materials and Methods
The experiment was carried out on the olive royal farm/roots

project, grown at Alsmakiyah village (31° 20' 17.1 ˝N 35° 49'
56.0 ˝E), Northeastern to Karak district, located at 100 Km,
South of Amman, Jordan (Figure 1). The experiment was
consisted of five different ethephon treatments levels during
olive harvesting season in 2021, two harvesting time after
ethephon application (one week and two weeks) and two
methods of olive fruits harvest (mechanical harvesting using
pneumatic combs and manual plastic comb), in addition to the
control treatment harvesting by hand (Figure 2). Ten years old
olive trees of “Nabali Baladi” cultivar was used in this
experiment. Trees were trained as a central leader, and spaced
at 5 m × 5 m apart with a planting density of 400 trees ha-1.

Trees are usually supplementary irrigated for eight months
per year, from March to October with 200-300 L/tree of about
40 L/month/tree, using drip irrigation system with daily
irrigation of 4 L h-1.

Figure 1: Study area location and coordinates (31° 20 '17.1 ˝N 
35° 49 '56.0 ˝E), from google earth site.

Figure 2: Daily average temperatures in experimental location 
during 2021 cropping season.
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Data collection
Suitable time for harvesting was determined using fruit

Ripening Index (RI), which was recorded before starting
ethephon treatments. It was estimated as described by
Cinquanta et al. (1997), that one hundred healthy olive fruits
were randomly selected from the field, and fruits were divided
into halfes to show the inner pulp area color. Olive fruits were
categorized into eight groups as follows: “0” with deep green
skin; “1” with yellow-green peel; “2” with half of the skin turns
red; ˮ3“with reddish brown leather; “4” with black skin and with
white flesh; “5” with black skin and <50% purple flesh; “6” with
black leather and with 50% purple flesh and “7” with black
leather (Figure 3). The total number of fruits in each category
recorded and the maturity coefficient estimated using the
following equation to estimate the suitable time for olive fruits
harvest. The RI was estimated as follows:

Where, letters A-H represents the number of fruits in each
category.

Thus, ethephon treatments were sprayed in October 9, 2021.
The first harvest time was one week after ethephon application;
it was in October 15, 2021. While the second harvest time, was
two week after, it was in, October 21, 2021(Figure 4).

Figure 3: The standards to calculate ripening index [16].

Figure 4: Sample of olive fruits harvested from the study area 
in October 2021 showing early fruits coloring, black skin with 
white flesh.

The experiment was arranged in a Randomized Completely 
Block Design (RCBD) with split–split plot arrangement of three 
replications. The experimental unit was represented with five 
trees. Two harvest dates (one week and two weeks after

ethephon application) were used as main plots, two different
harvesting methods (pneumatic combs and manual plastic
comb) were used as sub-plots, and five levels of ethephon
concentrations (0, 1000, 2000, 3000 and 4000 ppm) were used
as sub-sub-plots (Figure 5,6). To prepare ethephon
concentration we followed the following equation as mentioned
by Uceda and Frias. The dilution formula was used the
concentration of the starting and ending solute in ppm, the
formula is:

Where C1 is the concentration of the starting solution
and V1 is the volume of the starting solution. And C2 is the
concentration of the final solution and V2 is the volume of the
ending solution. Tween 20 (0.05%) was added to ethephon
solution as a surfactant. “Nabali Baladi” cultivar was used to be
applied by the different treatments in this experiment.

Composite samples of 2.5 Kg to 3 Kg of olive fruits were taken
at harvest time from each experimental unit represented by five
olive trees.

Figure 5: Pneumatic combs for olive fruits harvesting.

Figure 6: Plastic combs for olive fruits harvesting.

Fruit Removal Force (FRF) was measured at the time of 
harvest. It is a fruit-loosening indicator or an indicator for 
pedicel removal strength (in Newton) (Figure 7). It was 
measured for 20 randomly selected fruits per replicates by using 
force instruments (TPA plus). Fruit pedicel removal was 
measured at the maximum load and at limited points [17].
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Figure 7: Digital force instruments used for measuring fruit 
removal force (TPA Plus).

Leaves and fruits abscissions (%) were measured by counting 
the number of leaves and fruits before and after treatments 
application, as an indicator for fruits and leaves abscission. We 
counted fruits and leaves of three branches from each tree 
before ethephon application. After ethephon application, 
number of fallen fruits and leaves were recorded. After that, 
percentage of leaves and fruits abscission was estimated as 
follows [18].

Fruit firmness was determined by using digital force
instruments (plus fruit pressure tester). Fruit pressure tester was
estimated by using twenty randomly selected fruits per replicate
as proposed by Small slice <2 mm from olive fruit skin was
removed and then firmness recorded from the opposite sides of
equatorial region of individual fruit by puncturing a 2 mm with
“Taylor Probe” [19].

Harvesting efficiency
Olive fruits yield (Kg) was recorded as the total weight of fruits

fallen on the ground per hour (Kgh-1), it mainly determins the
quantity of fruits harvested per hour, using harvesting machines
[20].

Statistical analyses
Analyses of variance was used to determine the significant

differences between means for the main factors means (harvest
time, harvesting methods and ethephon concentrations) in

addition to their interactive effects means. Means were
compared using Least Significant Difference (LSD) test at 0.01%
level.

Results
The experiment was carried out to evaluate the effects of two

harvest time, two mechanical harvesting tools and five different
ethephon concentrations on olive fruits harvesting efficiency,
fruits and leaves’ abscission. To investigate the effects of harvest
time after ethephon application with five different ethephon
concentrations on olive fruits physical properties, that mainly
associated with olive fruits pedicle loosening and fruits ripening,
which were represented by fruit removal force, fruit firmness
and fruits’ and leaves’ abscission.

Effects of Time of Harvest (TH), Harvesting Method (HM) and
Ethephon Concentration (EC) on harvesting efficiency and fruits
and leaves’ abscission were shown in (Table 1). The interactive
effects of TH × HM × EC displayed significant (P=0.01) effects on
harvesting efficiency and leaves and fruits abscission (Table 1).
Since the three ways interaction were significant, the results
description will be focused on the best combinations were
obtained when the three factors were considered together
(Table1). Even though, the highest harvesting efficiency was
172.8 Kgh-1 obtained when harvesting was performed two
weeks after ethephon application at 4000 ppm ethephon using
pneumatic comb (Table 1). If advanced tools are not available
and the farmer wants to used plastic combs which is a popular
olive harvesting tool in Jordan, the highest harvesting efficiency
(91.8 Kgh-1) was obtained when using 4000 ppm and by delaying
harvest time two weeks after ethephon application.

The highest leaves abscission (9.7%) was obtained when
harvesting was performed two weeks after ethephon application
at 4000 ppm and by using pneumatic comb, while the leaves
abscission value was (5.6%) when plastic comb was used with
4000 ppm ethephon two week after ethephon application (Table
1). The maximum fruits abscission (98.1%) was obtained when
olive fruits were harvested two week after ethephon
concentration at 4000 ppm using pneumatic comb, while the
fruits abscission value was (95.9 %) when plastic comb was used
and harvesting performed two week after 4000 ppm ethephon
application (Table 2). As a general trend, the fruits abscission
values were close to each when high doses of ethephon were
used (range from 95% to 99%).

Ethephone concentration

Harvestin
g
Efficienc
y

0 1000 2000 3000 4000

Date of
harvest

Pneumati
c combs

Plastic
combs

Pneumati
c combs

Plastic
combs

Pneumati
c combs

Plastic
combs

Pneumati
c combs

Plastic
combs

Pneumati
c combs

Plastic
combs

mean

Week 1 39.62 29.95 39.68 30.13 62.74 35.97 92.24 55.4 168.19 83.97 63.8b

Week2 39.67 29.9 46.09 32.33 87.17 37.93 166.89 62.87 172.77 91.77 76.7a
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Mean 39.6 29.9 42.88 31.1 74.95 36.95 129.56 56.63 170.48 87.87

mean 34.78e 36.99d 55.95c 93.09b 129.17a

Leaf
abscissio
n %

Pneumati
c combs

Plastic
combs

Pneumati
c combs

Plastic
combs

Pneumati
c combs

Plastic
combs

Pneumati
c combs

Plastic
combs

Pneumati
c combs

Plastic
combs

mean

Week 1 9.24 5.18 9.36 5.25 9.42 5.29 9.53 5.35 9.64 5.42 7.37b

Week 2 9.34 5.23 9.41 5.27 9.52 5.31 9.55 5.39 9.68 5.59 7.43a

Mean 9.29 5.2 9.38 5.26 9.47 5.3 9.54 5.37 9.66 5.51

Mean 7.24e 7.32d 7.39c 7.46b 7.59a

Fruit
abscissio
n %

Pneumati
c combs

Plastic
combs

Pneumati
c combs

Plastic
combs

Pneumati
c combs

Plastic
combs

Pneumati
c combs

Plastic
combs

Pneumati
c combs

Plastic
combs

mean

Week 1 36.44 27.46 49.09 39.05 58.12 43.44 79.54 62.32 95.11 88.31 57.9b

Week 2 36.71 28.61 51.56 39.91 61.23 46.43 82.17 65.31 98.12 95.9 60.6a

Mean 36.58 28.03 50.33 39.48 59.68 44.93 80.86 63.82 96.61 92.61

Mean 32.31e 44.91d 52.31c 72.34b 94.61a

*Least Significant Difference (LSD): To compare means at the same or different levels of the subplot

The interactive effects of harvest time and ethephon 
concentration on Ripening Index (RI), FRF and Firmness. The 
interactive effects of the time of harvest and ethephon 
concentration displayed signi icant (P=0.01) effects on RI, FRF 
and irmness (Table 2). The highest RI obtained was 4.24 and 
4.64 when olive fruits harvested one week and two weeks; 
respectively a ter 4000 ppm ethephon application. The 
interactive effect of ethephon concentration and harvesting 
time was signi icant on olive fruits removal force and irmness. 
The FRF was reduced from (6.27 N to 4.43 N) and the irmness 
reduced from (3.25 N to 2.87 N) when ethephon was applied at 
4000 ppm one week and two weeks a ter ethephon application 
rate; respectively (Table 2). The results indicate that high 
ethephon application rate (4000 ppm) significantly reduced the 
FRF, while the time of harvest had very slight effects on fruit

loosening (i.e. FRF).

The interactive effect of ethephon concentration and 
harvesting time was signi icant on fruit irmness. The highest 
reduction in irmness was obtained when ethephon was applied 
two weeks a ter 4000 ppm (Table 2). Firmness was signi icantly 
reduced from 3.27 in the control treatment to 2.03 two weeks 
a ter 4000 ppm ethephon application. Firmness was also 
signi icantly reduced from 3.49 in the control to 3.00 one week 
a ter 4000 ppm ethephon application (Table 2). Generally, if 
irmness is considered as an indicator for olive harvesting and 

ripening, then the olive fruits harvested one week and two 
weeks at 4000 ppm ethephon. So the irmness was still within 
the standard range of olive fruit irmness which should not 
decrease below 1.7.

Parameters

Ripening index (0-7) Date of harvest

Ethephon concentration
ppm sub plot treatments

One week 2ndweek Mean

0 4.01e 4.28e 4.15e

1000 4.16d 4.34d 4.25d

2000 4.23c 4.69c 4.46c

3000 4.30b 4.91b 4.61b

4000 4.41a 4.96a 4.69a

Mean 4.24 4.64

Firmness Newton\mm
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0 3.49a 3.27a 3.38a

1000 3.46b 3.23b 3.35b

2000 3.19c 3.03c 3.11c

3000 3.13d 2.80d 2.97d

4000 3.00e 2.03e 2.52e

Mean 3.25 2.87 3.07

Fruit removal force
(Newton) 0 7.13a 6.88a 7.01a

1000 7.04b 6.46b 6.75b

2000 6.1c 4.15c 5.13c

3000 4.02d 3.21d 3.62d

4000 2.09e 1.49e 1.79e

Mean 6.27 4.43

*Least Significant Difference (LSD) to compare two subplot means (averaged over all sub-subplot treatments) at the same levels of
the whole plot. **LSD to compare two whole plot means (averaged over all sub-subplot treatments) at the same or different levels of
the subplot.

Discussion
There is a scarcity of published reports on the effects of 

ethephon application rate on olive fruits harvesting in Jordan. 
Therefore, the current experiment was carried out to evaluate 
the effects of five ethephon concentration, two harvest time and 
two mechanical harvesting tools on olive fruits harvesting 
efficiency throughout 2021 cropping season. Olive fruits physical 
properties were also recorded including fruits removal force, 
fruit firmness, fruits’ and leaves’ abscission. The experiment was 
implemented using “Nabali Baladi” cultivar. In this experiment, 
the research questions were successfully answered. The 
harvesting efficiency was enhanced by using both mechanical 
and manual harvesting tools, where higher ethephon 
concentrations led to efficient olive fruits harvest. Pneumatic 
combs were much more efficient in olive fruits harvesting as 
compared with plastic combs harvesting tool.

In 2021 cropping season, olive crop in Jordan was exposed to 
frequent hot waves, which accelerated olive fruits ripening and 
coloring. Therefore, it is essential to use RI rather than fruits 
coloring to determine the fruits ripening stage. According the 
Ministry of Agriculture of Jordan (MOA), (2021), high 
temperature throughout the growing season accelerated olive 
fruits coloring and in consequence fruits harvest started earlier 
in 2021 as compared with the previous seasons, in the irst half 
of October. Accumulated rainfalls throughout 2021 season (120 
mm) were extremely low (MOA, 2021). Even through
supplementary irrigation was used in the experimental site,
while the olive trees still exposed to partial water de icit during
2021 cropping season.

    Generally, olive fruits growth and development are influenced 
by genotype, environmental conditions and agricultural practices 
throughout the growing season [21]. Rainfall scarcity could affect 
fruit ripening stage and ultimately the quality [22-26] Ethylene

accumulation under stresses (high temperature and low rainfall) 
could enhance senescence hormones such as ethylene, which 
accelerating olive fruits ripening and coloring. “Nabali Baladi” 
cultivar is a widely cultivated cultivar in Jordan. It shows high 
adaptability to prevailing environmental conditions and had 
been cultivated in Jordan for decades [27]. It is 
characterized by high yield and high oil quality. It is also 
displaying a variation in ripening according to the variation in 
prevailing environmental conditions that ultimately in luences 
the accumulation of phenolic compounds in the olive oil. Fruits 
ripening and coloring are highly dependent on prevailing 
conditions during the growing season and on the time of olive 
fruits coloring [28].

Pneumatic combs were more efficient in harvesting olive 
fruits as compared with plastic combs especially when a high 
ethephon dose (4000 ppm) was applied. Harvesting efficacy was 
increased with increasing ethephon application rate and 
consequently affected the efficiency of harvesting tools. High 
harvesting efficiencies obtained at 4000 ppm ethephon rate is 
attributed to lower FRF that in consequence increased fruits’ 
abscission. It was signi icantly higher when pneumatic combs 
were used as compared to plastic combs (39.6 and 29.9 Kgh-1; 
respectively) (Table 1). In an experiment, using mechanical 
harvesting and 2000 ppm-3000 ppm ethephon application 
removed 60% of olive fruits [29]. The cost of olive harvest using 
different harvesting machines with ethephon application was 
minimized, indicating that ethephon application not only 
enhances harvest efficiency but also minimizes the olive fruits 
harvesting cost.

Effects of different ethephon concentrations were tested on 
harvest efficiency, RI, FRF, and fruits’ abscission. In this study, 
increasing ethephon application rate, signi icantly increased the 
RI; however, RI is still within the acceptable range (4-4.5) at 4000

Journal of Plant Sciences and Agricultural Research 
Vol.6 No.4:84

2022

6 This article is available from: https://www.imedpub.com/plant-sciences-and-agricultural-research/

Table 2: Interactive effects of date of harvest and ethephon concentration on ripening, firmness and fruit removal force.

https://www.imedpub.com/plant-sciences-and-agricultural-research/


ppm ethephon application rate. Also, leaves’ abscission was
slightly affected by ethephon application rate. It is worth to
mention that effect of delaying harvest was much more effective
on fruits ripening when compared with early ethephon
application. Ethephon as ethylene releasing compound was used
as fruit thinning, but excessive use of ethephon application can
cause significant leaves losses [30]. Ethephon is known as the
compound of inducing fruits’ abscission agent [31-35],
therefore, it is wiser to know the effective concentration rate of
ethephon that facilitate harvesting and avoiding olive fruits over
ripening and excessive leaves loss. From these perspectives, the
current study showed that the best combination treatment is
using 4000 ppm ethephon and harvesting olive fruits one week
after ethephon application to ensure high harvest efficiency.

And in order to minimize the cost of olive production, it is
necessary to use mechanical harvesting tools combined with a
suitable ethephon concentration rate [36]. Ethephon was used
as loosening–agent, to make olive fruits easy to pick by
mechanical harvesting. This has been documented in different
fruit types including olive [37, 38]. Excessive ethephon
concentration rate can cause excessive leaves’ loss, which
expose olive tree to knot bacteria (Pseudomonas syringae pv.
savastanoi) and considerable yield losses in the following
seasons can be happened.

Harvesting date and its relation with olive fruits harvesting
efficiency and related olive fruits parameters. Two harvest dates
after ethephon application (one week and two weeks) were
experimentally tested. Delaying olive fruits harvest two weeks
after 4000 ppm ethephon application led to accelerated olive
fruits ripening and consequently led to a negative impact on
olive oil quality. Manual olive fruits harvesting expends 50% to
80% of the total olive oil production cost [39,40]. The fruit RI
was significantly increased in “Nabali Baladi” cultivar with the
progress of fruit maturation process and after exposing olive
fruit to high ethephon concentration (4000 ppm).
Photosynthetic activity in olive fruits is reduced with the
progress of fruit ripening, which in consequence reduce
chlorophyll and carotenoid contents of olive fruits. At late stages
of fruit maturation olive fruits become violet or purple due to
the accumulation of anthocyanin. Olive fruit color changes are
also reflected on fruit firmness and both chemical and sensory
olive oil quality parameters. The fruit firmness in “Nabali Baladi”
cultivar significantly decreased when olive fruits were collected
two weeks after ethephon application as compared with fruits
harvest one week after ethephon application.

Ethephon application one week and two weeks after
ethephon application might lead to higher ethylene
accumulation in olive fruits. Consequently, olive fruit ripening is
promoted as reflected in higher RI. After ethephon spraying,
higher levels of endogenous ethylene accumulation is occurred
at late stages of olive fruit ripening, 175-190 days after full
bloom and pre-harvest application of ethephon accelerates
ripening of a non-climacteric olive fruit. Reported that, during
olive fruit ripening rapid changes occurred in the fruit firmness
from hard to soft. Changes in chemical and biochemical contents
of ripened olive fruits also occurred which are genotype, climate
and prevailing growing conditions dependent. Chemical and

biochemical changes in the texture reduced flesh fruits firmness
with the progress of fruit maturation. Olive pulp firmness
decreases due to losing in olive fruits pulp cell wall. During
maturation, loosing fruit firmness is mainly due to methyl
esterification of pectic polysaccharides in olive fruit pulp cells
and due to the loosening of complexation between galacturonic
acid and Ca.

FRF was reduced by delaying fruit harvest two weeks after
4000 ppm ethephon application. It is linearly correlated with
fruit development stage and decreases with maturity. Reduction
in FRF in this experiment is related to the endogenous ethylene
level, which increases as the fruit ripens. The genotypic
differences are also existed that increase FRF between
genotypes. The stalk thickness in olive fruit is genotype
dependent, which becomes looser with maturity.

The FRF is decreased with increasing ethephon application
rate (Table 2). Ethephon releases ethylene as it penetrates plant
tissue, making the pedicle weaker by reducing FRF. Overlapping
way peltate trichomes can be penetrated by high ethephon
application rate. FRF significantly reduced when harvesting is
delayed from one week to two-week after ethephon spraying. RI
is significantly increased due to ethylene accumulation in plant
tissues. The RI of “Nabali Baladi” cultivar was significantly
increased by ethephon application as compared to the control
treatment (0 ppm ethephon).

It seems that ethylene produced one week and two weeks
after ethephon application was effective in increasing the RI,
fruits’ abscission and it was also effective in reducing the FRF. In
this experiment, ethylene slightly increased leaves’ abscission,
which in line with many previous studies. The growth stage and
environmental conditions including temperature and relative
humidity affect the extent of ethylene penetration into the plant
cells and the amount of ethylene released by increased
ethephon decomposition. El-Tamzini et al. reported 73%
reduction in the FRF when olive trees were treated with 2250
mg L-1 ethephon.

Fruit abscission was significantly increased with increasing
ethephon application rate. The effect of abscission agents had
been reported to reduce fruit-detachment force and
consequently increasing the harvest efficiency. The internal
ethylene production should be effective as the external
ethephon application increases. Ethephon induces fruit
abscission by accumulating more ethylene in the pedicel-fruit
basin and leaf surface, which completely penetrates plant tissue.

Conclusion
From this experiment, we concluded that the highest

harvesting efficiency was obtained when olive fruits were
harvested one week after 4000 ppm ethephon application.
While pneumatic combs displayed higher harvesting efficiency
as compared with plastic combs when olive harvesting was
performed one week after 4000 ppm ethephon application.
Fruit Removal Force (FRF) was gradually decreased by increasing
ethephon application rate indicating that ethephon plays a
significant role in fruit detachment by promoting pedicel
loosening (fruits’ abscission), which in turn enhances the
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harvesting efficiency and minimized labor demands required for
olive fruits harvesting. Moreover, fruit firmness reduced and
fruit RI enhanced by increasing ethephon application rate.

Recommendations
From this study, we ensure mechanical harvesting using

pneumatic combs one week after ethephone application at 4000
ppm.

More researches needed, to study the effect of different
ethephone application concentration on the other olive cultivars
cultivated in southern part of Jordan.
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