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DESIGN, DEVELOPMENT AND PERFORMANCE EVALUATION
OF A TRACTOR OPERATED OLIVE HARVESTER

Abstract. To speed up the olive harvesting process, a tractor-driven olive harvesting machine was designed and
manufactured at the Institute of Agricultural Engineering (AEI), Islamabad. This newly developed equipment was test-
ed on the Bari Zaitoon-I cultivar for its performance evaluation. This innovative technology has proven valuable in effi-
ciently replacing expensive manual harvesting operations with timely and economic alternative. It was experimentally
evaluated at different PTO speeds, stroke lengths (SL), and vertical clamp positions (CP) on the tree to find the harves-
ted and leftover fruit (%) and field capacity (trees/h) of the machine. Data collected was statistically analyzed by using
“Statistix 8.1” software at a 5 % level of probability. The best results were recorded as 92.4 % harvested fruit, 7.6 %
leftover fruit and 23.6 trees/h field capacity at the PTO speed of 300 rpm along with the stroke length of 10 cm and
clamp position of 1 m on the tree trunk from the ground. The use of the developed equipment will make it possible to
harvest olives in a shorter time than with manual harvesting without reducing the quality and weight of the obtained
products.
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IHNPOEKTUPOBAHMUE, PASBPABOTKA U OHEHKA PABOTbBI MAIIUHBI J1JIsA CBOPA OJIMBOK,
VIIPABJSIEMOM TPAKTOPOM

AnHoTanust. /1 yckopeHus mpoiecca coopa ypoxasi OJHMBOK B IHCTUTYTE CEJIbCKOXO3SHCTBEHHON HHIKEHEPU U
(WAcnamaban) Oblia pa3paboTaHa M IpoU3BeEHA MalllnHA Il cOOpa OJIUBOK, yIpasiseMmas TpakTopoM. HoBoe o6opy-
JIoOBaHME OBIJIO UCTIBITAHO Ha copTe Bari Zaitoon-I ayst ouenku pabotsl. IHHOBAIIMOHHAS TEXHOJIOTHS 0Ka3aJia CBOIO
3¢ GEeKTUBHOCTG NPU 3aMEHE JOPOTOCTOSIIIUX PYYHBIX CHCTEM cOopa yposkash Ha COBPEMEHHYIO W SKOHOMUYHYIO.
DKcrepruMeHTaNbHAs OlIEHKa MPOBOIMIIACH IPU PA3IUYHBIX CKOPOCTsX BpamieHus BOM, nnune xoxa (SL) u BepTu-
KaJIbHOM HosoxeHuu 3akuma (CP) Ha cTBoJIe AepeBa 1S ONpeiesIeH s KOJIMYeCTBa COOPaHHBIX U HECOOPaHHBIX ILIO-
10B (%), a Tak)Ke MPOU3BOIUTEIEHOCTH MAlIMHEI (AepeBbeB B yac). CoOpaHHbIE JaHHBIE ObUIH 00paboTaHbl METOOM
CTaTHCTUYECKOTO aHalln3a ¢ MOMOIIBI0 TporpamMMEbl «Statistix 8.1» mpu 5%-M ypoBHe BeposiTHocTH. Hammydmue pe-
3yJbTaThl ObUTH 3apuKcHpoBaHbl Ha YpoBHE 92,4 % coOpaHHBIX MIIOAOB, 7,6 % HeCcOOpaHHBIX MJIOAOB U MPOU3BOIU-
TeIbHOCTH 23,6 AepeBa B yac npu ckopocTH BpamieHus BOM 300 o6/muH, muiuHe xona 10 cM U MOJI0KEHUH 3a:)KUMa Ha
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CTBOJIC JiepeBa Ha BeicoTe 1 M OT 3emun. Mcmonp3oBaHue pa3pabOTaHHOIO 0OOPYAOBaHHS MO3BOJIHUT MPOM3BOIUTH
cOOp 0JIMBOK B 00JIee KOPOTKUE CPOKH 110 CPABHEHHIO C PYYHBIM COOPOM 0€3 CHHIKCHHS KaueCTBa M Beca MOoITyUYeHHON
MPOLYKIUU.

KJiroueBble cJIoBa: SKOHOMUYECKass 000CHOBAHHOCTb, MPOU3BOAUTEIBHOCTh, MHHOBAIIMOHHASI TEXHOJIOTHSI, (-
(EeKTUBHOCTH MAIIMHBI, MEXaHUYECKUH cOOp ypoxKast

Jas uutupoBanus: [IpoekTupoBanue, pazpaboTka U oleHKa paboThl MAIIUHBI ISl cOOpa OJIMBOK, YIIPaBIIsIeMON
tpaktopom / Akcap Anu XaH, 3us-Yib-Xak, Xadus Cynaran Maxwmyn [u ap.] / Becui HanpissHanpHa#t akaasMii HaByK
Benapyci. Cepsist arpapubix HaByk. — 2025. — T. 63, Ne 2. — C. 165-176. https://doi.org/10.29235/1817-7204-2025-63-2-
165-176

Introduction. Olive (Olea europaea L.) plants can be grown to a considerable size, they are
characterized by slow growth rates and remarkable longevity. The dominance of terminal growing
apices tends to inhibit the development of axillary buds in a basipetal direction. However, factors
such as light exposure, soil quality, and growth regulators can influence apical dominance. Adequate
light penetration is crucial for the propagation of olive flowers. Its leaves are bifacial and exhibit
morphological diversity [1].

Spain, Italy, Turkey, Greece, and Morocco stand out as the primary global contributors to olive
production. Spain leads the world in olive cultivation, yielding an impressive 9.8 million tons each
year. Italy and Morocco follow, with annual productions of 1.87 million tons and 1.56 million tons
respectively. It’s important that Pakistan has a substantial land area suitable for olive farming, ex-
ceeding that of Spain. Interestingly, Spain currently dominates the global olive oil market, accoun-
ting for over 75 percent of its production [2].

Sumrah et al. [3] proposed that olive cultivation and consumption are becoming increasingly
significant in Pakistan over time. Varieties of olives with larger fruit sizes hold great value for both
olive growers and consumers. A study was conducted to assess the performance of various table
olive varieties at the Barani Agricultural Research Institute (BARI), Chakwal in the Pothwar region
of Punjab, Pakistan. Eight different olive varieties were evaluated for their growth and yield. Notably,
the Gemlik, Ascolana, Hamdi, and Earlik varieties exhibited exceptional performance, yielding the
highest fruit weight (6.29 g), oil recovery percentage (24.66 %), and fruit yield (22.66 kg).
Considering their impressive yield and growth characteristics these varieties are well-suited for
large-scale cultivation in the Pothwar region of Pakistan.

The initiative “Promotion of Olive Cultivation for Economic Development and Poverty
Alleviation” was granted to the Government of Pakistan under an agreement with the Italian
Government, specifically a Debt Swap Agreement. This project is currently in progress and is being
implemented in partnership with the National Agricultural Research Council (NARC) and its asso-
ciated research facilities situated in KPK, Baluchistan, FATA, and Punjab provinces. The
Government of Pakistan is actively working on expanding olive cultivation on a substantial scale
through its ‘Olive Promotion Project’, which is administered by NARC. It is worth noting that an
estimated 2.9 million olive plants have been successfully planted across approximately 25,600 acres
of land throughout Pakistan as part of this endeavour [2].

In Pakistan 3.6 million tree covering 12,500 hectares were planted and there are plans to plant
10 million more trees on additional 30,400 hectares of land. Punjab has 1.74 million hectares of cul-
tivable wasteland. In Pothwar region of Punjab, 2,000 hectares area is under olive cultivation and
additional 6,000 hectares is planned to be cultivated. In Baluchistan only around 700 acres is under
olive cultivation, but it has shown to be most promising province, therefore 5,665 hectares will be
under olive cultivation by 2024. In KPK 2,000 hectares were allocated for olive farming [4—7].

Lack of mechanization makes the harvesting one of the most challenging tasks in olive produc-
tion. Labour shortage increases the cost of manual harvesting forcing farmers to implement new
mechanized technologies. It is a difficult operation, and mechanization in development has been
sluggish for a lot of reasons. With increase in cost of labor and decrease in availability of workers to
harvest, the focus is on mechanical technologies to harvest the crop. Mechanical harvest technolo-
gies are focusing on semi-automatic harvesters, harvest robots, and harvest-assist platforms. Semi-
automatic harvesters have not been commercialized due to excessively high occurrence of fruit
damage. Harvest robots are not very common due to their low efficiency and high cost [8].
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Electrical shakers are hand held devices that produce vibration with an engine or an electric
motor, and these devices shake the fruit and remove it from the tree. As of now, these machines on
the average are able to harvest more than 80 % of total of the weight of olives yielded on each tree in
between 5 to 10 min, while the performance of these machine get adversely affected by the factors
related with the design of machine and variety of tree [9].

Sola-Guirado et al. [10] suggested that the olive harvesting has traditionally been carried out
manually, which could pose potential risks to the overall crop yield and profitability. Therefore, two
mechanical harvesting methods, the canopy shaker harvester and the tree trunk shaker, were tested.
The canopy shaker harvester proven to be more effective but requires specific layout and the ma-
nagement of canopy hedging to achieve an acceptable harvesting efficiency of 80 % approximately.
While, the tree trunk shaker has demonstrated a higher efficiency, reaching 95 % approximately, al-
though it remains dependent on manual labor. A high field capacity was observed in both systems,
averaging at about 0.15 hectares per hour. However, the trunk shaker's efficiency decreases when
considering the involvement of labor, which is estimated at about 0.01 hectares per hour per person.

In Pakistan olive harvesting is carried out manually which requires additional and highly skilled
labor. Also, it is laborious job that results in delayed harvesting. This method is time consuming,
labor intensive and sometimes damaging of fruit causes serious quality and weight loss that ulti-
mately decreases profit. Moreover, the extraction of extra virgin and virgin oil requires to be per-
formed within the 24 to 48 hours after harvesting of the olive fruit to ensure the highest quality oil.
An experiment was planned by keeping in mind the market/farmer demands. An olive harvesting
machine was designed, fabricated and tested at different PTO speeds, vertical clamp positions (CP),
and stroke lengths (SL). The aim of this experiment was to make appropriate machine, available for
olive fruit harvesting at farm level. This machine proved to be an alternative choice because of its
time, labor and cost saving abilities as compared to conventional manual harvesting methods.

Materials and methods. The research objectives were pursued by designing the functional parts
of the olive harvesting machine, assembling these parts and subsequently testing the developed ma-
chine under normal field conditions.

Description of Study Area. The study area for this research was an olive orchard planted in 2014
by Horticultural Research Institute (HRI) at National Agricultural Research Centre (NARC),
Islamabad, Pakistan. The design and development of machine was completed at the Agricultural
Engineering Institute (AEI), NARC and then the preparation of planned experiment was carried out.

Design of an Olive Harvesting Machine. The design considerations of this olive harvesting
machine were based on local farm requirements and field conditions. This machine was designed
for harvesting olive fruit by shaking operation. The shaking mechanism is operated by PTO of
tractor. The dimensions of the olive harvesting machine are 535 mm height, 475 mm width and
745 mm length. The machine is driven at the rear of tractor by PTO mechanism with the profile
of 1 3/8", 6 splines. The main frame of the machine is made up of 100 x 100 mm steel pipe with
6 mm thickness (Figure 1). The weight of the machine is approximately 35 kg and can perform the
desirable function. The design of the olive harvesting machine was made by using SOLIDWORKS
Software. A tractor having 50 hp is suitable to operate the manufactured olive harvesting machine.

Main frame and 3-point hitch assembly. The main frame and three-point hitch assembly was
manufactured of square steel pipe of 6 mm thickness and 100 mm width as shown in Figure 2. The
material used for its manufacturing was mild steel (ASTM A36). The frame parts were carefully cut
and welded for maximum durability and strength.

Rope guider assembly. The rope guider assembly was also made up of mild steel (ASTM A36)
plates of 6 mm thickness and 155 x 60 mm (L x W) and a rope mounting pulley of 115 mm outer
diameter and 12 mm groove width was also mounted as shown in Figure 3. The guider keeps the
rope in place in the bearing so that it does not slip out of it when the shaking is applied. The rope
guider assembly was designed in a way that the steel rope can be taken in any direction on the tree
without any problem. The rope can be guided at any place on the tree regardless of the tree shape
or height.

Shaking unit. The shaking unit of the machine was also made up of mild steel (ASTM A36)
plate. The thickness of the plate was 4 mm. A pulley with 50 mm outer diameter and 12 mm groove
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Figure 1. Blueprint and 3D drawing of the olive harvesting machine
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Figure 2. Blueprint and 3D design of the mainframe
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Figure 3. Blueprint and 3D design of rope guider assembly

width was also mounted on the plate for the attachment of iron rope as shown in Figure 4. The sha-
king unit rotated along with the rotation of the PTO shaft of tractor and the rope attached to the
pulley move to and for as the shaking unit rotates. The holes drilled in the plate of the shaking unit
are used to adjust the stroke lengths at 5, 10 and 15 cm.
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Figure 4. Blueprint and 3D design and actual picture of the shaking unit
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Transmission shaft. A six-spline transmission shaft of 355 mm length and 34.8 mm diameter was
used to operate the shaking mechanism of the machine as shown in Figure 5. It was attached to the
PTO of the tractor by the help of a PTO shaft. The function of transmission shaft is to rotate that
shaking mechanism of the machine. As the transmission shaft rotates, the shaking mechanism also
rotates due to which the rope moves to and fro to provide that necessary shaking force to the tree.
The material used to make the transmission shaft was high carbon steel.
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Figure 5. Blueprint and 3D design and actual picture of transmission shaft

Steel wire rope. A steel wire rope of 10 mm diameter and 10 m length. This rope was attached to
shaking mechanism at one end and with tree to the other end by the help of a belt. A heavy duty ny-
lon clamp belt was used along with rope to minimize the tree damage.

Olive Variety. The experiment was performed on the Bari Zaitoon-I cultivar of olive which are
commonly cultivated in Pakistan. The most favorable period for olive harvesting is when the fruits
are ripe and the oil is fully available in them.

Experimental Treatments. The performance of the olive harvesting machine was tested for harves-
ted fruit (%), leftover fruit (%) and field capacity (trees/h), at different PTO speeds (250, 300 and 350 rpm),
different levels of clamp belt from ground (0.5; 1.0; 1.5 m), and stroke lengths (10, 15, 20 cm) [11].

Lab and Experimental Measurements. Lab measurements. The lab measurements comprised
some tree and fruit properties. The detachment force, size and mass of fruit were measured.
The tree properties included stem diameter, length and bending stress.

The olive fruit is strongly attached to the limb. Therefore, the fruit removal force to weight ratio
is usually high. The fruit removal force can be calculated by equation (1) [12]:

F=ma, (D

where F — fruit removal force; m — mass of fruit; @ — acceleration by machine.

The fruit removal force must be greater than the fruit detachment force. Fruit removal force can
be adjusted by changing the PTO speeds, clamp positions and stroke lengths.

The stress on tree trunk was measured as equation (2) [13]:

10%.F.L-d/2
O, = T 4 ; )
= d
64
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where o, — bending stress, MPa; F' — load applied, N; L — distance between base and location of
load, m; d — trunk diameter, m.

Experimental measurements. The developed machine was operated in the field at different PTO
speeds (rpm), clamp heights (m) and stroke lengths (cm). A tarpaulin was placed under the tree for
the collection of fruit.

The harvested fruit (HF, %) was calculated from equation (3) according to [14]:

HE= 100, 3)
N>

where N, — weight of fruit harvested, kg; N, — total weight of fruit on the tree, kg.
The leftover fruit (LF, %) was calculated by equation (4):

LF = HF - 100. @
The field capacity (F,, trees/h) was calculated by equation (5) [15], according to

- 3600 , 5)

TV,+TDV
where TV, — shaking time per tree, s; TDV — time to move tractor/machine from one tree to another, s.

Statistical Analysis. Experimental data were statistically analysed by using Two-Way Anova
(Factorial Design) in “Statistix 8.1” software at a 5 % level of probability.

Results and Discussion. The performance of the newly developed machine was evaluated in
terms of harvested fruit percentage, leftover fruit percentage, and time required to harvest a tree.
The machine was evaluated at three different PTO speeds (250, 300 and 350 rpm), clamp positions
on the tree from the ground (0.5; 1.0; 1.5 m) and stroke lengths (5, 10 and 15 cm). Results for various
parameters concerning different treatments are discussed as follows.

The harvested fruit percentage of this machine was quantified during the olive harvesting season
of 2023. The machine was subjected to different PTO speeds, clamp heights and stroke lengths.

At the PTO speed of 250 rpm and the clamp positions on the tree from the ground (0.5; 1.0;
1.5 m) and stroke lengths (5, 10 and 15 cm), the maximum mean percentage of the harvested fruit
(88.5 %) was observed at the clamp position of 1 m and stroke length of 10 cm, while the minimum
mean percentage (71.6 %) was observed at the clamp position of 1.5 m and stroke length of 15 cm.
At the PTO speed of 300 rpm and the clamp positions on the tree from the ground (0.5; 1.0; 1.5 m)
and stroke lengths (5, 10 and 15 cm), the maximum mean percentage of the harvested fruit (92.4 %)
was observed at the clamp position of 1 m and stroke length of 10 cm, while the minimum mean
percentage (77.1 %) was observed at the clamp position of 0.5 m and stroke length of 5 cm. At the
PTO speed of 350 rpm and the clamp positions on the tree from the ground (0.5; 1.0; 1.5 m) and
stroke lengths (5, 10 and 15 cm), the maximum mean percentage of the harvested fruit (88.5 %) was
observed at the clamp position of 1 m and stroke length of 10 cm, while the minimum mean
percentage (76.1 %) was observed at the clamp position of 0.5 m and stroke length of 15 cm as
shown in Figure 6.

The results of this experiment are parallel with the outcomes of [16], who showed that harvested
fruit equal to or higher than 85 % are considered as the breakeven point for mechanical harvesting
of olives with trunk shakers.

The machine was subjected to different PTO speeds, clamp heights and stroke lengths. The
maximum mean harvested fruit percentage (92.4 %) was observed at the PTO speed of 300 rpm,
stroke length of 10 cm and the clamp position of 1 m from the ground.
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Figure 6. Harvested fruit (%) at different PTO speeds, clamp heights and stroke lengths

The leftover fruit percentage of this machine was calculated during the olive harvesting season
of 2023. The machine was subjected to different PTO speeds, clamp heights and stroke lengths.

At the PTO speed of 250 rpm and the clamp positions on the tree from the ground (0.5; 1.0; 1.5 m)
and stroke lengths (5, 10 and 15 cm), the maximum mean percentage of the leftover fruit (28.3 %) was
observed at the clamp position of 1.5 m and stroke length of 15 ¢cm while the minimum mean
percentage (11.5 %) was observed at the clamp position of 1 m and stroke length of 10 cm. At the PTO
speed of 300 rpm and the clamp positions on the tree from the ground (0.5; 1.0; 1.5 m) and stroke
lengths (5, 10 and 15 cm), the maximum mean percentage of the leftover fruit (22.8 %) was observed
at the clamp position of 0.5 m and stroke length of 5 cm while the minimum mean percentage (7.6 %)
was observed at the clamp position of 1 m and stroke length of 10 cm. At the PTO speed of 350 rpm
and the clamp positions on the tree from the ground (0.5; 1.0; 1.5 m) and stroke lengths (5, 10 and
15 cm), the maximum mean percentage of the leftover fruit (23.8 %) was observed at the clamp
position of 0.5 m and stroke length of 15 cm, while the minimum mean percentage (11.5 %) was
observed at the clamp position of 1 m and stroke length of 10 cm as shown in Figure 7. The outcomes
are in line with the results of [17], who found that yield loss was found equal to 9.1 % for mechanical
harvesting of olives with trunk shakers.

The machine was subjected to different PTO speeds, clamp heights and stroke lengths. The
minimum mean leftover fruit percentage (7.6 %) was observed at the PTO speed of 300 rpm, stroke
length of 10 cm and the clamp position of 1 m from the ground.

The field capacity of this machine was calculated during the olive harvesting season of 2023.
The machine was subjected to different PTO speeds, clamp heights and stroke lengths.

At the PTO speed of 250 rpm and the clamp positions on the tree from the ground (0.5; 1.0;
1.5 m) and stroke lengths (5, 10 and 15 cm), the maximum mean field capacity (16.4 trees/h) was
observed at the clamp position of 1 m and stroke length of 10 cm while the minimum mean field
capacity (9.4 trees/h) was observed at the clamp position of 1.5 m and stroke length of 5 cm. At the
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PTO speed of 300 rpm and the clamp positions on the tree from the ground (0.5; 1.0; 1.5 m) and
stroke lengths (5, 10 and 15 cm), the maximum mean field capacity (21.8 trees/h) was observed at the
clamp position of 1 m and stroke length of 10 cm while the minimum mean field capacity
(11.5 trees/h) was observed at the clamp position of 1.5 m and stroke length of 10 cm. At the PTO
speed of 350 rpm and the clamp positions on the tree from the ground (0.5; 1.0; 1.5 m) and stroke
lengths (5, 10 and 15 cm), the maximum mean field capacity (21.1 trees/h) was observed at the clamp
position of 1 m and stroke length of 10 cm while the minimum mean field capacity (11.1 trees/h) was
observed at the clamp position of 0.5 m and stroke length of 5 cm as shown in Figure 8. The findings
revealed that field capacity was parallel to the findings of [15], who found that field capacity/work
rate were 2226 trees/h for mechanical harvesting of olives with trunk shakers.

The machine was subjected to different PTO speeds, clamp heights and stroke lengths. The
maximum mean field capacity (21.8 trees/h) was observed at the PTO speed of 300 rpm, stroke
length of 10 cm and the clamp position of 1 m from the ground.

Status of Mechanically Harvested Tree. The trees harvested mechanically showed no noticeable
damage. There was no instant damage or bruising evident on the branches during the shaking
operation, close examination shown insignificant bruising. Interestingly, bruising and slight damage
may have a good impact on ethylene levels, which can stimulate floral bud induction and improve
flowering in succeeding seasons. It’s commonly observed that an increase in flower initiation occurs in
the season after mechanical harvesting, likely due to potential phloem obstruction caused by the
vibrating action [18].

Conclusion. Indigenously developed olive harvesting machine performed better at the PTO
speed of 300 rpm, with stroke length of 10 cm and the clamp position of 1 m from the ground with
the maximum mean harvested fruit percentage (92.4 %) and field capacity (21.8 trees/h) with the
minimum mean leftover fruit percentage (7.6 %).
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