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Problems and Significance: 

Harvesting is a major cost of production for many crops including olive. Although some olive 

growers are using trunk shakers with some success, this method has not been widely utilized 

because the willowy characteristics of olive trees prevent the effective transmission of vibrational 

energy from the trunk to the small branches where the fruits are located. To remove the fruit, a 

trunk shaker requires a large amount of energy which can cause damage to the tree. Also, for some 

older orchards, the trunk shaker may not be an option due to the size and shape of the canopy. 

Engineers at UC Davis developed a prototype of a canopy contact shaker that has been tested and 

has shown some level of success, which is very similar to the canopy shaker used in the harvesting 

of process oranges in Florida. Ehsani’s group at UC Merced used an alternative design approach 

and developed a lighter weight (about 50% lighter) canopy contact shaker-based fruit removal 

system that can accommodate larger trees. This system has shown some promising results as well. 

The UC Merced design was able to produce the maximum shaking energy at the fruit level as 

opposed to the trunk, and hence, less damage to the tree. However, it took a longer time to shake 

each tree. 

Based on some initial field testing conducted in the fall of 2019, it seems that a combination of 

trunk shaking, and canopy shaking can provide the best fruit removal for olives. In this project, we 

propose to evaluate the effect of a combination of trunk and canopy shaking on olive fruit removal. 

We intend to conduct extensive field tests to assess the best design parameters, such as amplitude 

and frequencies. These parameters are needed for designing and building a system that combines 

both canopy and trunk shaking together.  

Previous works:   

This project was the continuation of a previously funded project by the California Olive Committee 

to UC Merced. Figure 1 shows the UC Merced canopy shaker fruit removal system. 
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The UC Merced-designed canopy shaker was tested in an olive orchard in 2018 and 2019 during 

harvesting season. To measure and record vibration and force distribution throughout the canopy, 

we have developed and built a wireless sensor system consisting of a data logger unit and multiple 

sensing modules. Each sensing module has a built-in 3D accelerometer, wireless module, storage 

module, and battery. The data logger unit connects wirelessly to all sensing modules and triggers 

data collection procedure (Figure 2). 

 

 

Objectives: 

The specific objectives were as follows: 

➢ Study whether a combination of canopy shaker 

and trunk shaker is a superior method to other 

alternatives in maximizing fruit removal and 

minimizing harvest time.  

➢ Find the best shaking parameters (frequency, 

amplitude, duration) for a combination of trunk 

shaker and canopy shaker. 

➢ Evaluate the effects of fruit removal using both 

shaking systems on fruit and tree damage. 

➢ Based on the results from field tests, design a 

new harvesting system for an olive that uses 

widely available trunk shaking equipment 

modified with a relatively low-cost canopy-

contact harvester and catch-frame system. 

Experimental Procedures: 

A field trial was done on September 30th, 2020, in Nickels olive orchard (Woodland, CA). A trunk 

shaker built by Orchard Machinery Corporation (OMC) was used alongside the UC Merced 

Figure 1 UC Merced fruit removal canopy shaking head 

Figure 2 Wireless sensor module and network hub (a) 

and a wireless sensor module installed on olive branches 

for data collection (b). 
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canopy shaker. For each shaker machine (trunk and canopy shaker), three different shaking 

frequency was selected. Eleven trials were conducted, including the nine combinations of shaking 

frequencies (Figure 3), plus one trial using solely trunk shaker and one trial using UC Merced 

canopy shaker only (Table 1). Each test was replicated three times (a total of 33 trees). Canopy 

shaker has been set to 2″ off-center distance, generating oscillation with 4″ amplitude. Rotational 

speed was set to 100, 150, and 200 rpm for the experiment. The trunk shaker intensity was set to 

low, medium, and high. Shake duration was set to 15 seconds.  

Table 1. Experiment design for selecting the optimum combined shaking frequency. Each treatment will be replicated three times. 

Trunk shaker 

intensity 
 

Canopy shaker (rpm) 
Low Medium High 

100 Trial-1 Trial-2 Trial-3 

150 Trial-4 Trial-5 Trial-6 

200 Trial-7 Trial-8 Trial-9 
 

Canopy shaker Trial-10 

Trunk shaker Trial-11 

 

For each test, three wireless accelerometer sensors were installed on the canopy of each tree. Two 

sensors were attached on the side of the canopy shaker, and one was installed on the opposite side. 

Before each shake, 4 to 6 tarps were laid on the ground to collect harvested olives. After the shake, 

mechanically harvested olives were weighed, and a sample was labeled and prepared to be sent to 

a laboratory for quality rating. A gleaning crew was hired to remove the remaining unharvested 

olives from the tree. The manually harvested fruit was weighed and recorded. Harvest efficiency 

is calculated using the equation below. 

 

𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 =  
𝑀𝑒𝑐ℎ𝑎𝑛𝑖𝑐𝑎𝑙𝑙𝑦 ℎ𝑎𝑟𝑣𝑒𝑠𝑡𝑒𝑑 (𝑙𝑏)

𝑀𝑎𝑛𝑢𝑎𝑙𝑙𝑦 ℎ𝑎𝑟𝑣𝑒𝑠𝑡𝑒𝑑 (𝑙𝑏)
× 100 

Results: 

The harvest efficiency for each of the 11 trials is shown in Figure 4. Trials 1 through 9 used both 

the UC Merced canopy shaker and the OMC trunk shaker. Trial 10 used only the UCM canopy 

shaker, and trial 11 used only the OMC trunk shaker. 

Figure 5 shows the average harvest efficiency of all three shaking methods. This figure shows the 

combined shaker method improved harvest efficiency by 41% and 19% compared to canopy 

shaker and trunk shaker, respectively.  
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These results strongly show shaking an olive tree simultaneously using a trunk shaker and a canopy 

shaker will result in higher harvest efficiency. Among the nine trials that used both shakers, trials 

4 and 6 showed the best harvest efficiencies, 75% and 68%, respectively. 

 

 
The fruit sample from each tree was submitted for grading by an olive processing plant. The price 

per ton for each trial is shown in Figure 6. It shows that trials 5 and 6 were able to harvest higher-

quality olives than all other trials, including using the shakers alone. 

Figure 7 compares the price per ton of the three shaking methods. This figure confirms that using 

a combined shaker is the most profitable method for olive harvesting compared to using a 

canopy or trunk shaker individually. 

 

Figure 8 shows the harvested fruit size in each trial. It shows that trials 5 and 6 were able to 

harvest the highest amount of extra-large and large fruits compared to all other trials. Figure 9 

Figure 3 Trunk shaker and canopy shaker, shaking an olive tree simultaneously 
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Figure 4 Harvest efficiency for all trials. Trials 1 to 9 were used both canopy shaker and trunk shaker simultaneously, 

Trial 10 has used UC Merced canopy shaker only and trial 11 has used the OMC trunk shaker. 
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shows the percent of fruit size in samples sent to the quality control lab. The combined shaker 

method was able to harvest significantly more extra-large, large, and medium olives compared to 

the other two methods. 

 

 

 

 

Figure 6. Price per ton for each trial. 
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Figure 5 Comparison of the harvest efficiency of all three methods. 
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Figure 7. Comparison of harvested olive quality between the three shaking methods. 

 
Figure 8. Fruit size harvested in each trial. 

 

 

 
Figure 9. Harvested fruit size using combined canopy and trunk shaker. 
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Conclusion:  

 

Mechanical harvesting of olive trees is challenging due to its willowy characteristics. The trunk 

shaker can provide very high frequency, effective, and uniform shaking at the middle of the tree 

canopy, but the energy dissipates very fast toward the end of each branch where most of the fruits 

are located. On the other hand, a canopy shaker can provide very low frequency shaking at the end 

of the branch where the fruits are located. In theory, a combination of these shaking may be the 

most effective way of fruit removal from olive trees. In this project, the combined effect of 

harvesting olives using both a canopy and trunk shaker at the same time using a combination of 

different shaking frequencies was studied. Percent fruit removal and fruit quality were quantified. 

The combined shaking method achieved harvest efficiency of up to 75% (trial 4), which is 

significantly higher than the harvest efficiency of trunk shaker and canopy shaker alone at 52% 

and 44%, respectively. In this trial, we could only shake one side of the tree canopy of the olive 

tree since we only had one canopy shaker, and it was not possible to shake both sides at the same 

time. Canopy shaking both sides of the tree canopy at the same time along with the use of a trunk 

shaker could potentially improve the fruit removal and significantly improve the results of this 

study even more. Also, the canopy shaker that we used in this study was only able to shake part of 

one side of the tree at a given time. Increasing the size of the canopy shaking boom that can cover 

a larger part of a tree canopy can also potentially improve the fruit removal. Based on the results, 

we proposed a concept design to California Olive Committee to consider for funding as the 

continuation of this project. 

The effects of harvesting on the fruit quality were also quantified. The fruit sample from each tree 

was submitted for grading by a processing plant. The quality of harvested fruits was evaluated 

based on price per ton. The combined shaker was able to achieve price per ton of $1250+ (trials 5 

and 6) while the trunk shaker and the canopy shaker were able to achieve a respective price per 

ton of $556 and $762. In addition, the combined shaker was able to harvest the highest amount of 

extra-large, large, and medium-size olives, which has resulted in a higher price per ton. 

In summary, the results of this project strongly suggest that a combination of trunk shaker and 

canopy shaker is much more effective for harvesting olive fruits in terms of fruit removal and fruit 

quality. 


