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Abstract: Olive cultivation is still concentrated within the Mediterranean basin, although
the last thirty years have seen an expansion into geographical areas outside it. Traditional
olive groves, with large planting distances and centuries-old trees, still predominate. How-
ever, more and more space is being given over to modern plantations, which allow an
ever-increasing degree of mechanisation, although some legal restrictions, often related
to the monumental nature of the plantations, make the conversion of old plantations into
new ones not always easy. The extreme case is super-intensive olive growing, where the
very concept of olive growing has been rethought. In this context, harvesting is the most
time-consuming and costly of the cultivation operations. Without it, or rather without a
high degree of mechanisation, it is still not possible to produce high-quality oils. A leading
role is always played by the trunk shakers, who are still the undisputed protagonists in this
sector. This review looks at trunk shakers in olive groves, showing the latest models, and
their strengths and weaknesses, based on the research carried out in recent decades.
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1. Introduction

In the Mediterranean basin, olive cultivation has historically played a leading produc-
tive role in the agro-food sector, linked to the landscape and hydrological protection [1].

The olive tree derives its domestication from its wild ancestor, the oleaster (Olea
europaea ssp. europaea var. sylvestris), according to archaeological and genetic sources,
dating from about 6000 years ago in the Middle East in an area between Turkey and
Syria [2—4]. Phoenicians and Greeks likely played an important role in the spread of the
olive tree (introduced by Greeks in Marseille 2500 years ago together with new methods of
cultivation) [5-7]. Subsequent changes in olive growing and demand for its main products,
olive oil and table olives, have been uneven, with periods of expansion and contraction
associated with demographic changes and political factors [7]. Nowadays, olive growing
has expanded outside the Mediterranean basin, also “reaching” America and Australia [8].

The latest discoveries in the field of nutrition, which consider extra virgin olive oil
to be a harbinger of many health benefits [9,10], have led to a renewed interest in olive
growing, encouraging research and technological development to invest and apply more in
this sector, which represents both the traditions and the future of many agricultural realities
in the Mediterranean countries [11,12]. The future of olive growing therefore depends on
the sector’s ability to improve existing technologies and propose new ones, not only to meet
the needs of the crop, but also to help farms meet the challenges of climate change [13,14].
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Harvesting is the most time-consuming and costly of the cultivation operations [15,16].
Using traditional labour-intensive methods with sticks and nets, harvesting accounts for
between 50 and 80% of the cost of olive production [17]. It is too costly to be economically
viable and time-consuming, which is incompatible with producing high-quality oils [18].
Another difficulty can be finding workers during the harvest season. [19,20]. Such problems
risk encouraging non-harvesting and abandonment of olive groves in the presence of low
yields and unfavourable soil conditions for harvesting [14,21,22]. However, the possibility
of mechanising harvesting and other agronomical operations depends on the character-
istics of the plantations in terms of spacing and slope of the cultivated areas [23]. In this
perspective, Mediterranean countries such as Spain, Italy, and Greece are characterised by a
certain heterogeneity in their olive-growing landscape [24,25]. There are small olive groves
in steeply sloping areas, such as those in Greece and Italy [26-28], which are different in
structure, layout, and management from those in the Spanish regions of Andalusia and
Catalonia, where super-intensive olive growing is practised [18,29-32]. Slopes of more than
20% in marginal olive groves complicate mechanisation, unless tracked vehicles are used
and special access roads are prepared, and in any case are time-consuming and reduce
harvester capacity [33]. In addition, the risk of summer drought and consequent water
stress has led to the establishment of low-density olive groves in Mediterranean areas [34],
increasing the value of arid and marginal land in the recent past and promoting the valorisa-
tion of local cultivars [11,13,19]. On the other hand, olive groves on non-sloping land with
a higher density (more than 300 trees ha~!) and with planting distances of 5-7 m x 5-7 m
are well suited to mechanisation and the use of trunk shakers for harvesting, as are super-
intensive olive groves with a very high density (1100-2500 trees ha~!) with distances of
3.5-4.0 m between rows and 1.2-1.6 m in the row, suitable for continuous harvesting using
modified grape harvesters on some particularly suitable cultivars [22,35-38].

Olive harvesting mechanisation began in the late 1940s to 1960s with the introduction
of pneumatic aids and nets, replacing hand tools, ladders, and baskets to reduce work time
and safety risks [16]. This led to the development of tractor-mounted trunk shakers [39,40].
The machine offers excellent manoeuvrability and agility, with later innovations enhancing
speed, harvesting precision, minimising tree damage, and optimising oscillations for more
effective olive detachment [41].

The environmental factors that most influence the efficiency of mechanical harvesting
by trunk shaking are related to the characteristics of the plant, such as the preferably
semi-rigid structure of the branches, the characteristics of the fruit, the mass of which
determines the resistance to vibration-induced detachment, and finally, as mentioned
above, the spatial and slope characteristics of the olive-growing areas. With regard to the
first aspect, although the machines are designed to adapt to the characteristics of the plants,
the plants should also be set up for more efficient harvesting [42]. The relationship between
tree architecture and harvesting technology is determined by the mechanical harvesting
systems available, which have different vibration patterns [43]. The behaviour of the tree
under vibration is related to the spatial and temporal arrangement of the trunk, branches,
and shoots [36]. A tree with a single trunk, free of lateral branches for 1 m, facilitates the
grip of the vibrator, while the effective transmission of vibrations is facilitated by a suitable
skeletal structure, a higher centre of gravity of the canopy, and an adequate ratio between
height and lateral extent. Pruning therefore plays an important role in adapting trees to
mechanised harvesting [44].

For plants whose drupes are intended for oil production, the use of trunk shakers does
not alter the quality characteristics compared to manual harvesting but has indirect positive
effects [45-47]. In fact, by making it possible to mechanise the harvesting of practically
all varieties and by concentrating this operation in the period considered optimal for the
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production objective pursued, this makes it possible to obtain a product of a quality that
is in line with the commercial strategies of the market [15]. Identifying the possibilities
offered by harvesting mechanisation allows for the determination of the conditions in
which the performance of the machines guarantees product quality and safety at work
during harvesting.

This review focuses on the role of trunk shakers in olive-growing farm management
form by illustrating the state-of-the-art trunk shaker models, their strengths and weaknesses,
and their applications in olive growing in research carried out in recent decades. The
structure of the review is as follows: Section 2 deals with the operating principles of trunk
shakers; Section 3 contains descriptions of the trunk shaker models most used, focusing
on applications in olive growing from the early 2000s until now; and Section 4 contains
discussions about the present—as well as future—challenges in the presented framework.

2. Operating Principles of Trunk Shakers

Shakers are machines capable of inducing a dynamic effect on the plant using forced
vibrations of appropriate frequency and amplitude by suitably positioning a special clamp-
ing device on the trunk or primary branches of the tree. This vibrating action, transmitted
from the trunk to the branches and then to the fruiting branches, makes it possible to
overcome the resistant force that keeps the drupe anchored to its stalk, causing it to detach.

As reported by Affeldt et al. [48] and Vieri [49], the development of shakers in olive
orchards began as early as the 1940s with tractor-mounted units, while machines for the
shake-harvesting of tree fruits were proposed for use in U.S. fruit and nut crops in the early
1920s. The early shaker used in olive growing was a “cable-arm shaker”, which consisted
of a simple flexible wire rope. It often broke branches and was therefore very limited in
use. This was followed by the “shock-arm shaker”, in which a crank train mechanism
produced a rectilinear reciprocating motion, with the arm serving as the active element in
the vibration of the tree. The shaking action was therefore unidirectional and of constant
amplitude, but the rigid connection between the vibrating head and the arm mounted
on the tractor meant that vibrations were also transmitted to the tractor. Eccentric mass
shakers date back to the 1960s. The symbol of this innovation was the SR12 machine [50],
which combined a trunk shaker with a reversed umbrella-shaped collector with an olive
recovery and cleaning system. The drive unit is a tracked excavator with a turntable. The
intercepting unit consists of a temporary olive storage tank with a volume of approximately
250 kg of olives, connected to an aspirator—stripper installed at the rear of the excavator,
which empties the umbrella storage tank and cleans the olives. Subsequent attempts
at innovation have aimed at improving the speed of movement and positioning of the
harvesting organs, reducing both damage to the tree and oscillations that can be effective
in detaching olives [41].

The development of shakers then came to a standstill. Bark damage in the area of
shaker attachment on trees became a serious concern. However, in the 1990s, several
manufacturers began to develop increasingly efficient machines suitable for different types
of farming.

The main components include a shaking head, characterised by the presence of vibra-
tion mechanisms, which is connected, through anchoring and stabilisation elements, to the
transport arm and the respective hydraulic drive systems. The efficiency and success of the
system depend on the precise coordination of these components.

The shaking head consists of a clamping device (gripper) with a central body, inside
of which there are one or more unbalanced masses, powered by a hydraulic motor used to
drive components that require rotary motion, which generates the vibration (Figure 1a).
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Figure 1. (a) Trunk shaker’s gripping organ (clamp); (b) pivoting arm of variable length; (c) self-
propelled trunk shaker; (d) trunk shaker coupled to a tractor.

A hydraulic motor is a mechanical actuator that converts hydraulic pressure and
flow into torque and angular displacement (rotation), imparting motion to the working
components powered by an energy source. The hydraulic system is completed by the
hydraulic pumps (driven by the power take-off or, in the case of self-propelled machines,
by the transmission system), which are responsible for pushing hydraulic oil through the
circuits, creating the pressure necessary to drive the hydraulic motor and other actuators. It
includes hydraulic tubes, pumps, valves, and actuators that direct fluid to the shaker arm
(Figure 1b).

Clamping pads, coated with yielding material in contact with the trunk, complete the
gripper structure. The clamping pads are important to avoid damaging the plant; above
them, several sheets of plastic materials are typically interposed so that rubbing occurs
between them and not on the bark. Shaker heads with one or three clamping bearings
can be used on small trunks (0.4 m). The latter better transmits the vibrations to the tree,
reducing the risk of bark damage, but is even more closely related to the dimensions of the
trunks [34]. Two clamping bearings can be used on trunks of variable sizes (over 0.6 m).

The anchoring system of the shaking head to the mechanical arm used to move it is
typically made of chains or springs. These components help maintain the stability of the
shaker head during operation, ensuring that it applies uniform and constant shaking to the
trunk and isolates the shaking head from the rest of the machine during operation.

The transport arm mounted on the machine used (tractor or self-propelled vehicle)
(Figure 1c,d) supports the shaking head during transport and operation, keeping it stable so
that it can apply vibration effectively without compromising the safety of the tree or equip-
ment. The arm allows the head to be positioned so that the clamping jaws can properly act
on the trunk. This ensures that the vibration is applied correctly, promoting fruit separation
without damaging the plant. The transport arm is connected to the hydraulic system, which
allows the head to be raised, lowered, and tilted according to operational needs. In this way,
the operator can easily adjust the orientation of the head during operation. The transport
arm also helps to isolate the head from the rest of the machine, reducing the transmission
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of vibrations that could interfere with other mechanical components of the machine or
compromise operational stability.

A control system allows the operator to monitor and adjust the settings of the shaker
head. It typically includes control panels or joysticks on the harvesting machine to adjust
the power, intensity, and movement of the shaker arms.

The moving parts of the shaker head require regular lubrication to reduce wear
and friction, ensuring smooth operation and extending the lifespan of the equipment.
Lubrication systems can be automatic or manual, with grease points located on the shaker
arms, vibration components, and other moving parts.

At present, trunk shakers operate, basically, according to two basic criteria: orbital
or multidirectional action [51]. Orbital shakers consist of an eccentric mass rotating at
high speed in a clamp capable of gripping the trunk and applying a forced vibration
(Figure 2) [52]. In the case of multidirectional vibratory motion, two vibrating masses
rotating in opposite directions drive the shaker (the trajectory of the motion takes place, at
successive times, in directions that vary concerning the line of application of the arm itself),
thanks to which it is possible to obtain a wide range of oscillations on the “plant-olive”
system, with greater efficiency of olive detachment (Figure 3).

Figure 2. Orbital trunk shaker [52].

Figure 3. Multidirectional trunk shaker (on the left). Examples of orbits generated (on the right).
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In the beginning, the trunk shaker was based on a unidirectional transmission system
with a thrust crank attached to the rotating mass. However, this system generated a
vibration that was transmitted to the entire arm (and therefore the entire machine) and not
just to the vibration head, so it was abandoned.

The action of the trunk shaker is based on the principle of inducing a dynamic action
(vibration) on the trunk, branches, or twigs to cause the olives to detach from the stems.
Most modern shakers exploit the principle of inertia: the vibrating head of the shaker,
located at the end of an articulated arm and consisting of a jaw protected by two special
rubber rollers by the rotation of eccentric masses, vibrates, generating inertia stresses of
varying intensity that are transmitted to the trunk or branch to which the head is applied.
This determines the fall of olives, which are intercepted by nets arranged under the canopy.
The amount of product harvested is a function of ripeness [53].

Many researchers have studied the design of shakers and their optimisation, and several
solutions have been indicated around optimal vibration frequencies, averaging between 10
and 40 Hz, and a small zero-to-peak vibration (0.1 to 10 cm) on the trunk in the horizontal
(x-y) plane. To reach these results, various aspects were analysed, such as plant vibration
frequencies [54-56], vertical plane and roots [57,58], damping [59,60], clamp—trunk design
and coupling [61-64], operating conditions [65], plant structures [66,67], and fruit detachment
force/fruit weight ratio [68]. In addition, the use of a robotic system [69] was tested.

Sanchez-Cachinero et al. [52] reported that many parameters affect trees, including
mass, stiffness, and damping, which vary along the plant and between trees. This variability
makes optimising shakers difficult. Many trees with significant differences are required
while waiting for harvesting time and considering damage.

Other characteristics being equal, there are higher yields the stiffer the plant is and
the vibration frequency of the trunk shaker approaches the plant’s resonance frequency.
The latter is a particular frequency value also called natural frequency and is an intrinsic
characteristic of the body that varies according to the material and its geometry and thus its
inertia [70,71]. If the body is excited with a harmonic forcer with a frequency equal to the
resonance frequency, the resonance phenomenon is achieved, from which this frequency
takes its name. Under ideal conditions at the resonant frequency, an amplification of the
amplitude of the oscillations is obtained without varying the force.

Analysing an individual vibrating mass with a single degree of freedom [62], as
reported in Figure 4, is necessary to understand how to obtain the resonance frequency
mathematically. The dynamic of the system can be described by the following equation
(Equation (1)):

Mx(t) + Cx(t) + Kx(t) = f(t) (1)

where M = mass, K = elastic constant, C = damping coefficient, f(t) = periodic excitation
force (time-dependent), x(t) = mass’s displacement (time-dependent), x(t) = displacement’s
derivate, and x(t) = displacement’s second derivate, i.e., the mass acceleration. Figure 5
represents the response to the frequency function module and phase, where it is possible to
read important information about the natural frequency of the system and the phase shift
in the system response compared to the forcing.

x(t)
K —

AN, L
R

Figure 4. Single-degree-of-freedom system.
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Figure 5. Frequency response function module and phase.

Defining the natural frequency of a complex-shape continuous body mathematically is
not simple, and for this reason, modal analysis is used. In the modal analysis, a continuous
body is discretized in a finite number of very simple shapes, making it a multi-degree-of-
freedom system. It follows that Equation (1) becomes a matrix equation like Equation (2) as
shown in [72]:

MJ{x} + [C]{x} + [K]{x} = {{(t)} 0]

where [M] = mass matrix, [C] = damping matrix, [K] = stiffness matrix, {f(t)} = periodic
excitation force vector of every node, {X} = acceleration vector, {x} = velocity vector, and
{x} = mass displacement vector.

Thus, the natural frequency of the system will not be one but will be n natural frequen-
cies called modes of vibration equal to the number of elements into which the body has
been discretized (Figure 6); the lowest of the n natural frequencies is called “fundamental”,
and all-natural frequencies are multiples of the fundamental frequency.

Figure 6. Example of olive tree discretisation.

Each mode of vibration will cause different parts of the body to oscillate differently,
changing points of maximum oscillation and points that do not oscillate, called shaft nodes.
For each natural frequency, as its value increases, the number of nodes, and the points that
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remain stationary during the oscillation, increases. Given the varying characteristics of each
plant, the duration of the vibration is very variable when trying to intercept the optimum
frequencies of the vibrations, from 8 to 10 s to more than 20 s [53]. However, increasing the
time does not increase productivity, but it does cause damage to the equipment.

Fruit detachment force (expressed in Newton, N) influences the mechanical harvest
percentage and also depends on the variety and harvest time. It is high when it exceeds 6 N
and medium when it is around 3—4 N [63,73,74]. On the other hand, considering the ratio of
fruit detachment force to fresh fruit weight (Ng~1), values above 3 make fruit detachment
more difficult (with greater difficulty in achieving harvest percentages above 80-85%),
while values around 2 make it easier [55]. Depending on the cultivar, mature olive fruits
have a wide weight range, mostly between 1 and 15 g, requiring a fruit removal force of
800-1000 g (10 N) [16]. This force decreases significantly as the fruit ripens and at a slower
rate thereafter. However, although fruit weight and removal force can be directly measured
and the ratio between the two can be calculated, fruit colour is often considered to be the
key parameter on which to base harvesting, especially for table olives [75,76].

In terms of clamping, the trunk shaker can work on diameters of more than 80 cm. The
power required for this operation is around 60 kW for tractor-mounted machines and up to
100 kW for self-propelled machines. There are two main types of tree shaker, depending on
the type of clamping: on the trunk or the branches. The main difference is in the power
required: lower for application to the branches, higher for application to the trunk. The
increase in power developed depends on the size of the eccentric masses that generate the
vibration. This increases the weight of the shaker, which can reach 600 to 800 kg [51]. For
these reasons, manufacturers have increasingly turned to shakers similar to high-powered
shakers but equipped with vibrating heads of smaller masses, usually varying between 200
and 300 kg. Reducing the weight of the cylinder head makes it possible to decrease power
losses due to less mass in oscillation and thus increase the rate of power, delivered by the
drive unit distributed to the tree to be shaken. In large shakers, much of the energy, on the
other hand, is used to displace the header mass. Some widespread use has also been found
for some shakers with smaller mass heads (80-150 kg) in which the effectiveness of action
is determined more by the amount of vibratory energy supplied to the plant than by the
frequency vibration.

Trunk shakers require powerful motors to drive them, but have the advantage of
fast action; the vibration frequency is high (3000 beats min~') with modest amplitudes
(0.005 m). On the other hand, branch shakers require less energy, but are less efficient
than the previous ones; the vibration frequency does not exceed 1200 beats min~—! and the
amplitudes of the vibrations vary up to 0.05 m [43].

Another important objective was to reduce motion transmission losses by bringing the
centre of vibration closer to the axis of the tree and using cushions that would expose a large
contact surface area with the bark of the olive tree and allow good motion transmission
without creating damage. Under the most suitable conditions, the working capacity of
trunk shakers can reach 20-50 plants hour~!, with productivity about 5-6 times higher
than that of harvesting systems with mechanical harvesting aids [42,74]. The most efficient
harvesting sites use shaking machines and nets previously spread on the ground at the
base of the trees to catch the product. The number of nets used varies, generally between
four and six, and they require a large number of workers to move and empty them, which
has a significant impact on both labour use and site operating times [51]. In general, the
time required for net placement exceeds that of the corresponding shakers by 20-60%,
confirming that the complementary operations (which follow the removal of the fruit from
the plant) limit the labour productivity of the harvesting site, which is on average around
3—4 trees worker ! [77].
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In the last two decades, a further advance in the rationalisation of harvesting time
has been the introduction of trunk shakers equipped with built-in reversed umbrella
interceptors, which, by avoiding the use of traditional nets, allow significant labour savings
and higher labour productivity (Figure 7). The function of the inverted screen is to embrace
the tree at trunk level, catching the falling olives (within a maximum diameter of 8 m),
which end up in a metal box placed at the base of the screen itself, with an average capacity
of 400 kg, where the product is temporarily stored until it is filled. At rest, the screen
remains closed at the sides of the vibrator, while during use it is opened by employing a
hydraulic system. Emptying into special containers is carried out with the screen closed,
by tilting the container onto the opening of a sluice that allows the olives to flow out.
All movements are hydraulically controlled and only one operator is needed; a second
worker, assigned to the trailer in which the olives are unloaded, can also be used to assist
the machine operator in various manoeuvres. When using a trunk shaker equipped with
semi-mechanised wrapping nets, the planting distance on the row must not be less than
5 m so as not to hinder the movement of the machine.

Figure 7. The top trunk shaker is equipped with a reversed umbrella mounted on a tractor. Below is
a self-propelled trunk shaker with a closed and open reversed umbrella (on the (left) and the (right),
respectively).

The productivity of the harvesting area can reach significantly higher values with
the introduction of mechanised interceptors instead of nets [46]. The use of mechanised
interceptors is only possible in the presence of regular planting distances and small tree
sizes. One of these interceptors, the semi-mechanised wrap-around net, consists of a
rectangular frame with two or four wheels, fitted laterally with two longitudinal rollers,
parallel to the direction of travel of the tractor, around which two nets are wrapped; each of
which can be stretched manually by four workers under the canopy of two trees. The nets
are then unwound mechanically on rollers and the olives are emptied into the machine’s
hopper. With such an interceptor, combined with a shaker, the number of workers required
is reduced to six, and an average productivity of 6-7 trees hour~! per worker can be
achieved, almost double the productivity of traditional nets [15].
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3. Applications of Trunk Shakers in Olive Growing

From the beginning of the 2000s to the present day, several research projects (the
following section summarises the research carried out) have been carried out with field
trials to improve the use of mechanical harvesting with trunk shakers in olive growing
and to define possible solutions to problems relating to a possible reduction in labour
and harvesting time, the increase in harvesting efficiency (defined as the ratio between
mechanically harvested olives and the total number of olives present on the canopy), the
reduction in damage to trees, etc. Ideally, the research carried out should have three
objectives: tests to verify the performance of both tractor-mounted and self-propelled trunk
shakers; vibration tests to improve machine performance; and tests on trees of different
varieties, sizes, planting distances, and pruning management.

Reviewing some of this research, Zion et al. [78] compared a unidirectional trunk
shaker, a circular vibrating trunk shaker, and a grape harvester to evaluate different har-
vesting options in Israeli olive groves. The first shaker is tractor-mounted; the shaker
arm is extended towards the tree and the trunk is gripped, activating the eccentric masses
for shaking. The second shaker is also tractor-mounted but has a long conveyor belt for
wrapping nets with olives. In terms of performance, no significant difference was found
between the two shakers, and, in any case, their use did not lead to a reduction in the
number of workers (equipped with long sticks to increase the effect of the shaker) needed
to maintain high yields of olives.

The possibility of reducing the number of workers employed at the harvesting site
(while maintaining high yields) has also been addressed by Amirante et al. [77]. Harvesting
trials were conducted in high-density orchards to compare the results of different harvest-
ing methods, including the use of trunk shakers combined with manually moved nets,
mechanical interceptors, and inverted umbrellas. The authors looked at the amount of
time the machines were used in the moving, hooking, unhooking, and shaking phases of
each trunk. The authors also considered the time spent when the machines were not in use
during the harvesting and moving of the olive interceptors. The results of the trials showed
that the best performance in terms of harvesting efficiency was obtained by using the trunk
shaker equipped with a reversed umbrella, with an average harvesting time of 1.33 min
per tree and a working capacity of 45 trees h~ 1.

Famiani et al. [15] aimed to test and evaluate different types of mechanical harvesting
systems for large old olive trees, 60-100 years old and 7-9 m high, with a canopy volume
of 140-360 m>. The three mechanical harvesting trials used were (1) a tractor-mounted
mechanical beater supported by two hand-held pneumatic combs; (2) a self-propelled trunk
shaker; and (3) a tractor-mounted mechanical beater supported by a reversed umbrella
mounted on another tractor. The combined use of the reversed umbrella and the mechanical
beater increased productivity by reducing labour requirements (two workers) and allowed
the mechanisation of both fruit removal and harvesting.

A comparison of different harvesting systems, manual and mechanical, was carried out
by Sola-Guirado et al. [43], who studied the response of traditional olive trees to different
harvesting systems by testing harvesting efficiency, debris production, vibration patterns,
and the location of unattached fruits in the canopy. In addition to manual harvesting
systems using sticks, handheld branch shakers, and handheld comb shakers, a tractor-
mounted orbital trunk shaker and a tractor-drawn citrus canopy shaker were used. Manual
or handheld harvesting (98%) achieved the highest harvesting efficiency. However, the
efficiency obtained with the trunk shaker was high (90%) and mechanical shaking produced
less debris than manual harvesting with sticks or long poles (8.5% of the total detached
fresh fruit mass) achieved by Cicek et al. [79].



AgriEngineering 2025, 7, 52

11 of 27

Colmenero-Martinez et al. [80] developed an automatic trunk detection system to be
implemented on a trunk shaker designed to work in intensive olive groves. The automatic
system, through an infrared sensor, mounted on a trunk shaker coupled to a tractor, consists
of a control algorithm, control logic, and a display to automate the trunk detection. During
the tests, the following variables were evaluated: colour, material, diameter, and location
of the target within the sensor’s field of view, with a success rate of 91%. The automatic
detection system, in addition to improving work capacity, could reduce the problem of
debarking due to human error. The ability and experience of the operator to drive the
harvester and clamp the trunk shaker without causing damage, as well as the physiology
and geometry of the plant, often influence the work efficiency of the machine [81] (Figure 8).

Figure 8. Self-propelled shaker in action on olive trees of different ages and dimensions: young (on
the left), medium-aged (in the centre), and old (on the right). Note the differences in the capacity of
the gripper to wrap around the trunk.

Bernardi et al. [81] aimed to analyse the dynamic response of olive trees to the vibra-
tions of the trunk shaker, testing two different materials for the head clamp pads: vulcanised
rubber and PVC granules embedded in a layer of elastic material. Field tests were carried
out using an orbital trunk shaker and measurement of forced vibrations using a triaxial
piezoelectric accelerometer (Figure 9). The results did not show any noticeable advantages
in terms of harvesting efficiency, but the use of this material may be more appropriate in
early harvesting conditions to reduce the likelihood of trunk damage.

Figure 9. An accelerometer placed on the olive tree’s trunk.
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Other researchers have studied [82-86], both in the laboratory and in the field, the
vibrations produced by trunk shakers, in particular the frequencies and duration of the
vibrations that should be transmitted to the olive tree to obtain the highest percentage of
falling fruit, while at the same time protecting the trees from bark damage and/or branch
breakage. In these cases, the main parameters, vibration and frequency, are measured by
attaching accelerometers to the head shaker and on tree trunks and branches.

Leone et al. [82] used an orbital trunk shaker to evaluate the optimal frequency,
acceleration, and shaking time that could maximise the percentage of fruit detachment.
To monitor the second parameter according to the different shaking times and vibration
frequencies, a reversed umbrella was placed to harvest the detached olives. The best
vibration frequency to obtain a higher fruit removal rate was between 23 and 27 Hz,
depending on the cultivar (Frantoio, Picholine, Leccino, and Cima di Melfi), and the
three-dimensional acceleration value was between 70.41 and 99.25 m s~2, with an optimal
shaking time of less than 10 s.

Castro-Garcia et al. [83] analysed the dynamic behaviour of trunk shakers to detect
resonance phenomena that cause bark damage in olive trees during harvesting. Resonance
occurs during trunk vibration when the excitation frequency is close to one of the natural
frequencies of the different organs or the whole tree [84]. Therefore, the compression
of the dynamic behaviour of the excited mode on the tree during vibrational action is
considered important for the design of proper harvesting practices. To this end, the authors
analysed the modal parameters (natural frequency, damping ratio, and mode shape) of
different commercial orbital shakers commonly used by olive growers in Spain, testing
them according to size, trunk clamping system, and tractor suspension system. They found
that the higher acceleration produced by the trunk shaker in resonance caused significantly
increased damage to the tree, and the resonance phenomena were observed at different
frequencies for each trunk shaker.

Castro-Garcia et al. [84] deepened the dynamic analysis of olive trees in the trunk
shakers frequency range in intensive orchards. The test was performed by shaking trees,
distinguished based on trunk and canopy diameter, with an electromagnetic shaker, using
an extensometer load cell to measure the applied force, while the acceleration signals were
measured using a triaxial accelerometer. The results identified the first two modes of
vibration of trees with natural frequencies of 20.2 and 37.7 Hz. The first two modes are
particularly important as they account for approximately 80% of the tree’s response.

D’Agostino et al. [85] focused on understanding what happens to the stem—fruit
system when subjected to the vibrations of a trunk shaker generating multidirectional
vibrations. Vibrations were measured both on main and secondary branches by placing
several accelerometers at varying distances. The results showed how vibrations spread
over the shaft structure following preferential directions and not uniformly.

Bentaher et al. [86] also studied the dynamic response of the Tunisian cultivar Chemlali
to two types of trunk shaker (orbital and multidirectional, respectively) by proposing a finite
element numerical modelling in which the tree architecture data were used to reconstruct a
3D elastic structure using the numerical modelling software COS-MOSM-(Geostar). The
response of the tree at the level of the olives” peduncles allowed the evaluation of the
response of the model to the two types of trunk shaker and two points of excitation force
(trunk and primary branch). Similarly, Hoshyarmanesh et al. [72] determined the optimal
parameters of mechanised olive harvesting with trunk shakers in pruned orchards to
maximise performance and productivity. For this purpose, the authors used finite element
analysis to simulate the harvesting productivity of a real 3D structure. A 3D model of a
medium-sized tree was created using Autodesk Inventor Pro and consisted of branches,
main branches, sub-branches, and olive trunk/branch joints. Several parameters, such
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as the effect of vibration frequency, loading direction (linear and orbital), temperature,
and loading height on olive trunk joint failure were simulated and analysed. The results
showed that the maximum quantity harvested was over 90% with a frequency of 20 Hz to
productivity equal to 293 kg h™! (12 tree h~1), highlighting the usefulness of accurate 3D
analysis in mechanised olive harvesting.

Similarly, other authors [62,87] aimed at optimising the design parameters of trunk
shakers, highlighting the need to consider the agronomic conditions (tree architecture,
canopy density, pruning), the machine operating parameters (clamping position, clamping
force), and the interaction between all these parameters, since they significantly influence
the harvesting process. With regard to pruning as a determining factor in the efficiency of
transmitted vibrations, Tombesi et al. [73] tested a tractor-mounted trunk shaker on trees
pruned at different intervals (annually, every two years, and after three years) and different
intensities. The trunk shaker gave an average fruit removal of 87% and higher values (93%)
for olive trees pruned annually or every two years with medium and heavy intensity, and
for those pruned heavily every three years.

The research by Camposeo et al. [88] aimed to determine the transmission of vibra-
tions on large old trees before and after pruning. The authors considered that pruning
(by removing hanging branches and branches forming dichotomies) could improve the
performance of mechanical harvesting. Tests were carried out using two different modes of
vibration application (using a trunk shaker and hitting the tree with a steel rod at 60 cm
from the ground).

Tombesi et al. [63] demonstrated the importance of removing the internal suckers
to improve vibration transmission and harvesting effectiveness. Tests carried out in an
intensive olive orchard (cultivars Leccino and Frantoio), using two orbital and multidirec-
tional trunk shakers, showed an increase in harvesting effectiveness from 83.4% to 95.6%
compared to trees without internal suckers, and the maximum acceleration transmitted to
the trunk and branches increased by 33.1% and 46.6%, respectively.

Sola-Guirado et al. [62] investigated the tree’s response to vibrations generated by the
trunk shaker (multidirectional), taking into account the response of the underground zone.
For this scope, the authors placed triaxial piezoelectric accelerometers on the trunk shaker
head, in the aerial zone of the tree and the underground zone; two sensors were placed at
1/3 and 2/3 of the coarse root length, corresponding to 0.38 m and 0.85 m from the trunk,
respectively. The results showed that the vibrator produced a vibration of 18 Hz and an
acceleration of approximately 77 ms~2. It was also shown that the dynamic resistance was
lower near the trees (both vibrated and non-vibrated) and higher between the trees (at
1.60 m and 2.80 m from the tree).

Ghonimy et al. [89] tested an analytical methodology to study the effect of different
parameters on the performance of a trunk shaker: shaking displacement, fruit detachment
force, fruit mass, trunk length, damping ratio, unbalanced mass of the tree shaker and
excitation shaking frequency. The trunk shaker worked on 12-year-old olive trees (cv.
Picual), selecting six different trunk diameters (0.78, 0.84, 1.01, 1.43, 1.58 and 1.86 m) and
five levels of attachment height (from 0.4 to 0.8 m). The machine was operated at a frequency
of 18 Hz and 12 s for tree. The results showed that the theoretical shaking power was
12.8 kW (the actual required shaking power ranged from 7.1 to 17.8 kW), with an average
of 12.6 kW considered as a function of variations in trunk diameter and attachment height.

Some research has focused on harvesting trials carried out on different cultivars in
young and old olive groves, measuring harvesting efficiency with trunk shakers and the
force required to detach the fruit. Visco et al. [90] tested the efficiency of mechanical har-
vesting and fruit detachment force on the Italian cultivars ‘Frantoio’, ‘Leccino’, and ‘Moraiolo’
on 60-70-year-old plants, in different harvesting periods, to determine fruit detachment force,
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oil content, and the efficiency of mechanical harvesting with trunk shakers. The best results in
terms of harvesting efficiency were obtained in ‘Frantoio” and ‘Moraiolo” (over 80%), with a
working capacity of 11-21 trees per hour, depending on the shape of the olive canopy and the
arrangement of the branches. The same authors [91] carried out a similar test on young trees
(11-12 years old) and obtained harvesting efficiencies of over 90% for the cultivars Leccino,
Frantoio, and Pendolino with a working capacity of 3040 trees per hour.

Other similar tests were carried out by Blanco-Roldén et al. [53], who studied the
detachment process of olive fruits by trunk shaking in traditional plantations (trees
60-65 years old, at a distance of 12 m, under rainfed conditions). The authors focused
on the influence of the period within the harvesting season, the cultivar, the number of
shaking repetitions, and the shaking time on the removal efficiency of the fruits. This study
led to the following conclusions: a time between 10 and 13 s is necessary to achieve the
removal of 90% of the fruits susceptible to collection by shaking the trunk, while times
longer than 16 s, using one continuous and two consecutive vibrations, do not increase the
removal efficiency. In addition, vibrations induced in two successive short periods were
more effective than continuous vibration only at the beginning and middle of the harvest,
but not at the end.

Farinelli et al. [55] tested trunk shakers considering the differences in canopy density,
growth habit, tree vigour, fruit detachment force, and fruit weight of several cultivars
(Arbequina, Frantoio, Kalamata, Leccino, Manzanilla de Sevilla, Moraiolo, Picholine, Pi-
choline Marocaine, and Sorani). The results clearly showed a linear relationship between
the ratio of fruit detachment force/fruit weight and harvesting efficiency. This ratio rep-
resents a useful harvest index for planning the best harvest in intensive olive orchards.
Farinelli et al. [92] also evaluated several international cultivars (Arbequina, Kalamata,
Leccino, Manzanilla de Sevilla, Picholine, Picholine Marocaine, and Sorani) based on their
adaptation to environmental conditions and their response to trunk shaker harvesting.
The detachment force was measured on about 50 olives using a dynamometer and the
percentage of fruit with a detachment force of less than 3 N was determined. On the other
hand, the yield was determined by weighing the harvested olives and the olives left on
the tree. The results showed that the percentage of mechanical harvesting was very high
(91%) in Kalamata, Sorani, Picholine, and Leccino and high (83%) in Picholine Marocaine
and Manzanilla.

Research and field trials on trunk shakers have covered not only orchards and cultivars
designed to harvest olives for olive oil production but also table olives. One of the main
challenges for table olive growers interested in switching to mechanical harvesting is
to reduce the damage to the fruit during harvesting. Of particular importance in table
olive production are all those components of the production process, both genetic and
environmental, as well as cultivation techniques, which can enhance specific qualities of
the fruit. Due to consumer preferences, severely damaged olives cannot be marketed [93].
Therefore, to develop strategies to reduce olive damage, it is important to identify the main
factors that influence the susceptibility of fresh fruit to damage during harvesting [94,95].
Both the impact of the machine on the tree and the stage of ripeness at harvest are important.
Of course, varietal differences also affect fruit characteristics such as heat resistance, lower
disease susceptibility, size, yield, and even impact resistance [96-98]. As far as mechanical
harvesting as a cause of damage is concerned, the solution is to reduce the frequency of
vibration, thereby preserving the integrity and fruit quality.

With regard to the susceptibility of olives to mechanical damage, a distinction can
be made between drupes for olive oil and table olives. As reported by Jiménez-Jiménez
et al. [99], in table olives harvested with trunk shakers in intensive olive groves, mechanical
harvesting produced a level of bruising 12 times higher than that obtained by manual
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harvesting. More than half of the damage to the olives was caused by the impact of falling
branches. Therefore, when designing harvesting systems for table olives, special attention
must be paid to fruit-tree interaction, avoiding pruning canopy shapes, and training
systems that could increase fruit impact during harvesting [100]. These conclusions were
confirmed by Homayouni et al. [101], who emphasised that, due to the damping effect of
the olive canopy, trunk shaking must be of higher intensity and longer duration than in
nut trees to achieve an acceptable fruit removal rate. These higher frequencies cause more
fruit damage.

On the other hand, in drupes for olive oil, several studies have been carried out to
evaluate the effects of different harvesting systems on the basic qualitative parameters of
virgin olive oils, such as free acidity, peroxide value, and spectrophotometric absorptions
in ultraviolet [102-105]. The quality of the oils extracted from the harvested olives met the
requirements set by European law for extra virgin olive oils [42,46,74,106], even if, from
a sensorial point of view, trunk shakers with a reversed umbrella can be a more efficient
solution for mechanical harvesting in southern Italy to avoid the scent of oil obtained from
fruits collected with earth.

The objective of the study conducted by Castro-Garcia et al. [56] was to identify
potential solutions to enhance the mechanical harvesting of table olives with the use of
diverse orbital trunk shakers. The experiments were performed in three distinct orchard
types: a traditional orchard, a traditional orchard adapted to mechanical harvesting, and
an intensive orchard (cultivar Manzanilla). The results indicated that the mean harvesting
efficiency with trunk shakers was 74%. Tests for achieving harvesting efficiency above 85%
necessitated an acceleration of 183.4 m s~2 at a frequency of 28.1 Hz, but this resulted in
increased damage to the fruits, with the damage being 3.5 times greater than that which
would be caused by manual harvesting.

In a study by Homayouni et al. [101], the efficacy of a canopy shaker and a trunk
shaker in harvesting table olives was compared. The canopy shaker comprises an eccentric
wheel equipped with a series of rods that contact the tree branches, thereby striking and
shaking the entire canopy and facilitating the removal of fruit [107]. A comparison of the
vibration frequency of the two harvesters revealed that the canopy shaker generated a
lower vibration frequency (3.5 Hz) than the trunk shaker (15.5 Hz) in small boughs and
higher amplitudes, which resulted in less damage to the fruit. The findings indicated that
both machines exhibited comparable low harvest efficiencies and no significant differences.
However, the combination of both shaking methods demonstrated a notable improvement
in harvest efficiency (75% being the optimal result) and a discernible enhancement in
fruit quality.

Similarly, Zipori et al. [93] conducted a comparative analysis of manual and mechanical
harvesting techniques, evaluating the efficacy of trunk and canopy shakers on four distinct
cultivars of table olives (Manzanilla, Hojiblanca, Souri, and Nabali Mouhassan). During
the field trial, the trunk shaker was employed in isolation, in conjunction with rod beating,
and with the application of an abscission agent, as illustrated by Birger et al. [108]. The
most optimal harvest efficiency was achieved through the utilisation of the trunk shaker
and rod beating (80-95%), with the final product quality of olives belonging to the varieties
Hojiblanca, Souri, and Nabali Mouhassan exhibiting a similarity to those manually picked.

In a study conducted by Ferguson et al. [109], a trunk shaker, adapted from pistachio
and prune harvesting machinery, and a prototype canopy contact harvester, adapted from
wine grape harvesting machinery, were tested in several olive groves, including one that
had been mechanically pruned (Manzanilla). The results of the harvesting efficiency trials,
which yielded an average of 80-90%, demonstrated that the adaptation of olive groves with
mechanical pruning did not reduce the average annual yield. Furthermore, it was shown
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that these groves can be harvested mechanically at competitive costs and speeds with those
of manual harvesting.

Tables 1 and 2 show the main characteristics of the trunk shakers used in the reviewed
research. Table 3 shows photos and power requirements of some trunk shakers (where the
model used could be traced).

Table 1. The main characteristics of the applications of tractor-mounted trunk shakers in the research
cited in this review.

Reference Model Type of Vibration Anchor Point E‘:ﬁ;‘;ﬁgﬂ
(78] Dotan DT10 Unidire.ctional Trunk S;Iii(ss
Tornado T3 Orbital Trunk Interceptor machine
Nets
[77] - - Trunk Interceptor machine
Reversed umbrella
[43,99] NOLI VBFHG Orbital Trunk Nets
[80] Prototype Orbital Trunk -
[82] Mistral D11 Orbital Trunk Reversed umbrella
[83] - Orbital Shaéeifn%(f::ii};s)tem i
[84] - - Trunk -
[86] - Orbital /Multidirectional Trunk/Branches -
[72] - Unidirectional /Orbital Trunk (simulation) -
[87] Prototype - Branches Nets
[73] - Orbital /Multidirectional Trunk Nets
[88] - - Trunk (simulation) -
[66] Prototype Orbital /Multidirectional Trunk -
[85] Verdegiglio VMAS88 - Trunk -
& Obsttechnik : : :
[90,91] Tornado T3 Orbital Trunk/Branches -
[53] Halcon M203 - Trunk -
[68] - - Trunk -
[61] - Orbital Trunk -
[101] - - Trunk Canopy shaker
[93] Dotan DT10 Unidirectional Trunk Rod beating
Table 2. The main characteristics of the applications of self-propelled trunk shakers in the research
cited in this review.
Reference Model Type of Vibration Anchor Point EAu{(iliary
quipment
[15] SICMA - Branches Nets
[58] Sha Dedalus Multidirectional Trunk/Branches -
[92] - - Trunk Reversed umbrella
[109] - - Trunk Canopy contact harvester
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Table 3. Images and power requirements of the main used trunk shakers cited in this review.

Model T
Manufacturer Image Power Rey plfirement
[Reference] d
F3
SICMA (Italy)
Self-propelled
88.3 kW
[15]
VBFHG
NOLI (Spain) Tractor-mounted
77.8 kKW
[43,99]
D11
Mistral (Italy)
Tractor-mounted
48 kW
[82]
VMAS8
Verdegiglio (Italy)
Tractor-mounted
50 kW
[85]
Dedalus
De Masi (Italy) Self-propelled
74.5 kW
[58]
FSI
Feucht Obsttechnik
(Germany) Tractor-mounted

[89]

60 kW
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Table 3. Cont.

Model Tvoe
Manufacturer Image ype
Power Requirement
[Reference]
M203
Halcon (Spain)
Tractor-mounted
76 kW
[53]
Tornado T3

Berardinucci (Italy) Tractor-mounted

35-45 kW

[78,90,91]

4. Recommendations and Future Perspectives

Trunk shakers are a commonly used harvesting machine for olives, serving as the primary
method for detaching fruit. Today, there is a wide range of commercial models available, both
tractor-drawn and self-propelled, with different pickup systems, geometry, pickup materials,
clamping force of the clamps, etc. Moreover, there has been significant advancement in the
components of trunk shakers, particularly in the domains of mechanics, hydraulics, and
control systems [80]. However, their effectiveness is still closely related to several factors
linked to the crop (plantation age, variety, phenological state, irrigation, fertilisation, pruning).
Such machines find their optimal range of use in intensive olive groves with regular planting
patterns and densities of 500700 trees per hectare (Figure 10).

Figure 10. Intensive olive grove (on the left); trunk shaker at work in the grove (on the right).

The cultivar plays a significant role in the mechanical harvesting yield of trunk shakers,
due to factors such as the length of the peduncle, the presence of single or multiple fruits
per inflorescence, and other characteristics like the shape and elasticity of the branches, the
upright or pendulous habit of the tree, and the simultaneous or delayed ripening of the
fruit [92].

To facilitate harvesting with shakers, the trunk of the olive tree must be more than
10 cm in diameter [110], and a distance of 3 m between plants if sheets or nets are employed
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as interceptors; a distance of 4 metres is advised when utilising a trunk shaker in conjunction
with a reversed umbrella.

The canopy must also be considered. Training difficulties in clamp attachment can
be observed due to the setting of the first branch stage [111,112]. A form with a rigid
structure, regular development of the branch axis, and thinning of the canopy has been
shown to increase harvest yields [85,88]. Reciprocal adaptation between machine and
plant is also necessary because the efficacy of the shaking machines is also contingent
upon the geometric characteristics of the plant. The harvesting period can influence the
percentage of product detached from the tree and the risks of damage to the vegetation
to the force of detachment and the size of the olives. The most suitable time interval for
efficient mechanised harvesting can be derived from the ripening calendar of each cultivar,
which is known.

Trunk shakers can be used early, on 6-8-year-old trees, to up to 60-70 years if the trunks
remain healthy and regular, as decayed wood dampens the transmission of vibrations and
does not guarantee sufficient mechanical resistance at the anchor point [17]. On one hand,
the use of such machines is essential in modern intensive orchards. However, improper
execution of the vibration operation, such as excessive timing, incorrect pickup, wear of
attachment materials (Figure 11), oversized heads (Figure 12), etc., or the occurrence of
certain conditions, such as early harvests when the tree is in a very active vegetative state,
or harvests conducted after rainy days, can lead to a high risk of bark stripping on the
trees (Figure 13), sometimes resulting in significant damage. Olive bark resistance to radial
stresses is 34—41 kg cm ! and to tangential stresses 10-11 kg cm~! [113]. Weak and partially
devitalised branches are also susceptible. The fall of leaves is caused by high-frequency
vibrations, especially above 40 Hz and of long duration, especially in bare canopies [17].
In the root, both the angle of the first-order lateral roots and the biomass of the stump
were significantly increased by the mechanical harvesting method [114]. The machine’s
performance heavily relies on the operator’s skill, particularly in preventing issues like
trunk debarking, incorrect shaking parameters, or safety concerns.

Figure 11. Attachment materials and their wear level.

It is not recommended to use prolonged vibrations (more than 10 s) [53,115], and if
the tree’s yield and the fruit drop percentage require it, it is better to perform two or, at
most, three short vibrations rather than one long vibration, as this strategy improves the
fruit drop percentage and reduces the likelihood of damaging the trunk. The focus point
remains the need for the plants to be structurally set up to facilitate the insertion of the
vibration head and the movement of the tractor or self-propelled machine between the
plants, which is essential for the success of this harvesting system. This highlights the need
for modern orchards, structurally designed to promote the attachment of the head, the
development of vibrations, and their maintenance, along with frequent pruning and sucker
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removal operations [116]. This paradigm is taken to the extreme in modern super-intensive
orchards, where it is no longer the machine that must adapt to the plant, but rather the
plant that must adapt to the machine [38].

Figure 12. Difficulty in using oversized heads during work.

Figure 13. Bark stripping on the trunk caused by the shaker head.

In traditional orchards, with very wide or irregular planting layouts, dense canopies,
or centennial trees, it is indeed difficult to attach to the trunk, especially in ancient orchards
(Figure 14). If the canopy is not properly managed, it becomes challenging to secure
an attachment on the branches, which in these cases presents itself as the only viable
solution (Figure 15). As for the canopy, trunk shakers have shown good performance
with canopy volumes of up to 40-50 m? [17], which is easily achievable with almost all
cultivars. Canopies should be open, well exposed to light, with 34 diagonal branches,
without changes in direction, and with stiff secondary and tertiary branches, well covered
with fruiting branches and with olives localised in the medium-to-high part of the canopy.
The strength of the fruit set is an important factor and depends on the variety and the time
of harvest. However, considering the ratio of this force to the weight of the fruit (Ng—1): if
it is around 2, good yields are obtained, while values above 3 cause more difficulties [17].

Also, the possibility of harvesting olives by machine and obtaining high-quality olive
oil from traditional groves would allow the preservation of historic agricultural landscapes
of significant social and environmental importance, the value of which extends beyond
that of the product itself [117]. The enhancement of the road network and the expansion of
contracting services for small and medium-sized agricultural enterprises, which frequently
lack the financial resources to mechanise harvesting independently, could prove an effective
solution to this problem [118].
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Figure 14. Example of trees in an ancient olive grove.

Figure 15. Example of issues in attaching the trunk shaker to the branches of ancient olive trees.

In consideration of the foregoing, a SWOT analysis is reported (Figure 16). The strengths
make the trunk shaker a popular choice for modern olive production, especially for large-scale
farms. Despite the weaknesses, many commercial olive growers find that the advantages
of using a trunk shaker outweigh the disadvantages, especially in large orchards. By taking
advantage of these opportunities, olive growers can increase their competitiveness in the
marketplace, improve their operational efficiency, and build a more sustainable future for their
orchards. Finally, threats underline the importance of careful consideration when adopting
trunk shakers, as growers need to balance the costs, benefits, and potential risks associated
with using this technology in their specific orchard environment.

From this perspective, the field of olive harvesting requires more automation to
overcome the current limitations. There is no single strategy suitable for all types of
orchards [80]. The coexistence of plants of different ages and training systems, farm
management factors, and territorial and socio-economic factors make the cost of olive oil
highly dependent on this factor. In many cases, the strong attachment of olive growers
to their traditions is still the reason for the maintenance of olive groves, and they do not
consider the importance of research or investment in machinery and equipment, which are
essential for the necessary productive conversion.

For the near future, it is difficult to imagine a completely alternative system to trunk
shakers. In recent years, there has been a concerted effort to address this issue by revisiting
and updating the concept of machines such as Oli-Pickers [119,120], leading to the develop-
ment of canopy shakers that apply vibration directly to the fruit-bearing branches [107-121].
However, the problems related to the dimensions of these machines and the management
of the canopy are not secondary. In addition, Sola Guirado et al. [122] developed an over-
the-row harvester based on the concept of simultaneous harvesting systems which can
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work simultaneously: a trunk shaker and two canopy shakers. These systems require tree
training adapted to the type of machine to improve efficiency and reduce damage.

Figure 16. Trunk shaker SWOT analysis.

Furthermore, partial mechanical harvesting with alternative machines, such as canopy
contact or side-by-side trunk shakers was evaluated by Marino et al. [22], in those systems
that can be called ‘pedestrian olive systems’, for marginal areas and moderately sloped
hills (up to 15%), where mechanisation is not possible. Side-by-side trunk shakers consist
of two machines with inclined, padded frames that traverse either side of a row of trees
to be harvested. One machine has a shaking head located under the catching frame. This
catching frame overlaps the trunk and delivers the fruit to a conveyor system carried by the
other machine, which also carries a catching frame, elevator, blower, and bin or bulk carrier.

5. Conclusions

Introducing new technologies to improve olive harvesting could be a strategic need
for the modernisation and sustainability of the sector. Ongoing experimental progress
suggests the potential for computer vision systems, robotics, automation and electrification
in agriculture, though in-field automation in olive orchards, to date, remains limited despite
continuing developments [80]. Computer vision systems face challenges in identifying fruit,
shapes, sizes, oil contents, colours, and position [123]. Helping farmers make decisions
at harvest time is essential. The use of advanced modelling techniques based on artificial
intelligence and digital device technology can help achieve this goal [124]. Robotic systems
could guarantee significant progress in autonomous collection [69]. As reported by Zheng
et al. [125] and Sanchez-Cachinero et al. [52], the use of a robotic system, e.g., to control
shaker head movement, could also avoid the human factor, reducing losses of time and
fuel. Bringing automation to agriculture would introduce advanced technology, and soon,
sensors initially designed for other sectors could be the first step toward implementing
robotic harvesting systems. In automation, electrification can play a key role, following the
trend in the automotive industry towards the development of hybrid and battery—electric
on-road vehicles [126]. In addition to the benefits of fuel savings and emission reduction,
electrification can also lead to a reduction in maintenance costs due to the decreased
mechanical complexity of the machines themselves.
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Laboratory research often fails to account for the full range of complexities found in
real-world conditions. The challenge for the future is to successfully integrate detection
and control algorithms, together with equipment, into practical environments that will
allow farmers to monitor their groves with unprecedented accuracy, ensuring that they
are harvested at the optimum time. However, it is also clear that tradition will never be
completely left behind. The olive tree is a symbol of resilience, a mirror of the farmer who
engages in olive cultivation, whether driven by passion or as their primary business.
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