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1. INTRODUCTION
Harvesting is one of the most labor-intensive operations in cling peach production. A 2011 UC
ANR production cost report for processing peach (cling and freestone) estimated the hand-picking and
field-sorting cost for processing peaches at $1,200/acre, using $10.97 per hour for general labor including
payroll overhead at 33% (Norton, Hasey, Duncan, Klonsky, & De Moura, 2011). This translated to 78% of
the total harvest cost, which includes hauling to the packinghouse, and 29.2% of the total operating per
acre cost. Labor cost will increase significantly due to recent legislation. Perhaps the greatest problem
though, is that in addition to cost, supply of skilled pickers is decreasing; hence, risk of losing crop is
increasing too. Therefore, cling peach growers face a great and urgent need for mechanical harvesting
solutions.
Cling peaches can be harvested mechanically using tree shaking and fruit catching systems. However,
excessive fruit damage is still a problem. Although improvements in the design of the shaker and the
catching system can somewhat improve fruit quality, it is well known that a major source of mechanical
damage is due to limb-fruit collisions during fruit-fall through the canopy. Existing shake-and-catch
systems cannot address this problem. Some tree architectures, like Y-shaped trees with few overlapping
scaffolds are easier to harvest mechanically (Peterson et al., 2005). Prototype limb-shaking harvesters for
such trees have been developed with encouraging results (cherries: Peterson, Wolford, 2003a; apples:
Peterson, Wolford, 2003 b). However, the majority of existing cling peach orchards in California have not
adopted such architectures and solutions for existing orchards are needed.
This three-year research project investigates novel approaches to intercepting fruits at multiple heights
during a shake-and-catch operation, so that they are collected before they hit tree branches. Multi-level
catch systems have been tried in the past for apples by Rehkugler & Markwardt, (1971) and Millier et al.,
(1973). Mehlschau et al., (1977) developed a similar system for plums and pears. Systems that intercepted
and collected fruits at intermediate heights had better performance compared to systems where fruits
just ‘trickled down’ to be collected on a single catching surface.
Using funding by the Pear Advisory Board, the Cling Peach Mechanization Fund, and USDA-NIFA, the BioAutomation Lab at UC Davis has built detailed models of pears and cling-peach trees and the positions of
their fruits (Arikapudi, Vougioukas, Saracoglu, 2015; Arikapudi, Vougioukas, Jiménez- Jiménez, Khosro
Anjom, 2016). We have also developed and utilized simulation models to confirm that properly deployed
multi-level cylindrical rods that penetrate into the canopy can intercept up to 90% of falling fruits before
they hit any (digitized) tree branch (Munic et al., 2016). Of course, this number is an “optimistic” estimate,
which however can be used to guide the design process. These results prompted the investigation of
alternative designs for multi-level fruit catching surfaces.
The long-term goal is to design, build and test a prototype system that inserts multiple catching surfaces
into the canopy before shaking, and effectively reduces fruit damage during shaking and falling. The
envisioned system would be compatible with existing fruit tree architectures and – as much as possible –
with existing shaking operations and equipment, if with minor modifications.

2. Prototype Catching Surface
A prototype catching surface consisting of aluminum booms with inflatable side tubes was
constructed at UC Davis. Each boom was made from a three inch square thin-wall aluminum tube nine
feet long. Twenty-six holes were drilled on each of two opposite sides of the boom and short lengths of
2 inch PVC pipe were epoxied to each hole in the boom. Tubes formed from 6 mil thick polyethylene film
were attached to the PVC pipe nipples with hose clamps. Each tube had a diameter of 2-3/8 inches and
length of 16 inches. The tubes could be folded and inserted into the boom and then extended from the
boom by supplying a small amount of air pressure to the boom. Two booms were mounted on a carriage
frame and spaced 34 inches apart. A third boom without inflatable tubes was placed in the center of the
frame to provide support to the free ends of the inflatable fingers. Figure 1 is a drawing of the boom and
frame test apparatus mounted on a scaffold.

Figure 1. Boom Insertion Test Apparatus.

3. FRUIT CATCHING EXPERIMENTS
The boom and carriage apparatus described in the previous section was taken to a cling peach
orchard at Live Oak, CA owned by Justin Micheli, to determine if fruit landing on the catching surface
sustained damage. The peaches were harvested on August 31th, 2018 about one week after the peak of
commercial ripeness. The orchard we harvested from was severely infested with brown rot. It was difficult
to obtain peaches that were not infected with brown rot or directly adjacent to infected fruit. Fruit for the

mechanical harvest trials was collected from four different trees with roughly 60 fruits harvested from
each tree. Fruit for the control harvest trials was collected from the five trees used for the mechanical
harvest plus one additional tree along the same row in the orchard. About 60 fruit were collected from
each of these trees. The control harvest fruit were picked by hand, sometimes using shears to separate
them from the tree, then placed into boxes for transport back to UC Davis for evaluation.
To simulate fruit shaken loose by a trunk shaker and intercepted by our system, we used the following
procedure. The assembly was mounted on a portable hoist with a 16 foot reach which allowed us to easily
adjust the height of the catching surface and insert it into the tree canopy by rolling the hoist toward the
tree. The booms were inserted into the canopy approximately 12 inches below the highest fruit-bearing
branches and the tubes were inflated. To complete the boom insertion testing, the booms were inserted
into a canopy and pressurized to a little more than 1 PSI, causing the tubes to pop out of the booms and
reach full inflation. Flexibility of the tubes allowed them to deflect around branches and form a catching
surface with only a few gaps. Figure 2 shows the boom and carriage inserted in a canopy and the catching
surface. Figure 3 presents more photographs of the catching surface inside a canopy.

Figure 2 Booms inserted into cling peach tree canopy, as viewed from the side (left) and underneath
(right).

Figure 3 Catching surface created by inflated tubes, viewed from above (left); underneath (center);
sideways (right).

After the booms were inserted, researchers on ladders reached into the canopy and detached undamaged
fruit, allowing it to freely drop onto the catching surface (Figure 4). When that level of fruit had been
harvested, the fruit was carefully removed from the catching surface and placed in cardboard boxes. The
tubes were then deflated but not withdrawn into the booms and the booms were retracted from the
canopy. The assembly was lowered such that the catching surface would again be no more than 12 inches
below the desired fruit zone. In a full-scale system layers of catching surfaces would be spaced no more
than 12 inches apart to minimize drop distance and subsequent fruit damage. This procedure was
repeated at various heights in different trees until approximately 240 samples had been collected. These
booms did not incorporate a mechanism to automatically retract the tubes, so the booms were
depressurized and the tubes manually refolded and reinserted into the booms. This procedure was
repeated for different canopies.

Figure 4 Fruits after having landed on inflated tubes.

4. POSTHARVEST FRUIT QUALITY EVALUATION
The cling peaches were harvested in the morning then immediately transported back to the
Postharvest Center at UC Davis. When the peaches arrived at the Postharvest Center they underwent an
initial sorting before going into storage to remove any diseased fruit that might have been missed in the
initial harvest. To prevent additional ripening all fruit was stored in a temperature controlled room at 0°C.
The peaches were kept at 0°C for 5 days. After the 5 day period we sought to compare our two harvest
treatments by performing three evaluations a pre-peel, post-peel, and canning.

4.1 Pre-Peel Evaluations
We selected 180 peaches from the control harvest and 180 peaches from the mechanical harvest.
Fruit that was most similar in size and ripeness were picked for the evaluations. Each fruit was scored on
six main quality traits. These included bruising score, number of bruises, number of punctures, number of
scrapes, disease, and insect damage. Every fruit for both treatments was inspected visually for any bruises
or wounds it might have occurred during the harvest process. Each bruise, puncture, and scrape was
recorded. The bruising score was assigned on a scale of 0-3; 0= no bruises, 1=1-4 bruises, 2=5-9 bruises,
3= +10 bruises. Insect and disease were recorded as a binary measure for each fruit. There was not always
a clear line between when one spot of disease or insect injury began and another would begin so we chose
to simply mark if the fruit had the specific problem or not.

4.2 Post-Peel Evaluations
One day after the pre-peel evaluations were performed all peaches were transported to the UC
Davis Food Processing Pilot Plant for the post-peel evaluations. Peaches were run through the Pilot Plant’s
lye peeling line to achieve a clean peel for the entire fruit and prepare them for canning. Once a peach
was peeled it was immediately evaluated using the same quality parameters as the per-peel evaluations.
As a peach passed through the lye line it was cut completely in half to remove the pit. We evaluated each
half individually and combined the scores of two half pieces to get the score for a whole fruit. After the
post-peel evaluation was performed the peaches were canned according to the UC Davis Pilot Plant
procedure in a 29.9 degree brix solution.

4.3 Canning Evaluations
The final evaluation looked at the level of browning incurred on the peaches after canning. The
post canning evaluations occurred 55 days after the peaches were initially canned. We evaluated two sets
of cans that corresponded to our two different harvest methods. The first set had 68 total cans from the
control harvest and the second set had 62 cans from the mechanical harvest. Because the canning process
requires each can to have an identical weight, peach halves that came off the lye peeling line were
sometimes cut into even smaller pieces to make the necessary weight. The main piece sizes we
encountered were half fruit, quarter fruit, slice, and small piece. For the purpose of this study we are
focusing on the two largest sizes the half and quarter fruit. We visually evaluated each fruit piece to
determine the amount of browning on the surface. The amount of browning was broken down into five
categories based on the amount of surface covered by browning; All, Half, Three Quarter, One Quarter,
None.

5. RESULTS AND DISCUSSION
5.1 Boom Insertion
The boom insertion test showed that rigid booms could be successfully inserted into complex tree
canopies to create a substantial soft catching surface for falling fruit. In most instances the booms were
able to extend to their limit. If the booms can be made with a little more flexibility to allow them to deflect
around limbs, then even greater penetration will be possible. The most challenging environment for boom
insertion is at the base of the canopy where the limbs are larger and closer together. Insertion becomes
easier higher up in the canopy.
Inexpensive polyethylene film used to make the inflatable fingers is OK for tests like this, but may not be
durable enough for long term use. Therefore we have been examining other materials such as heat
sealable taffeta and rip stop nylon for use as inflatables.
In typical orchards the spacing between rows of trees is narrow and the canopies may be nearly touching.
In such cases long rigid booms will not fit in between the rows of trees. For this reason we have been
examining ways to make shorter booms which can then be extended in a telescoping fashion. Booms such
as this would not have fingers protruding from the sides. Instead they may have a rigid telescoping tube
underneath an inflatable tube. A large number of closely adjacent booms could then form the catching
surface. When retracted, the boom array would be narrow enough to drive between rows of trees and
when extended would penetrate to the centerline of the canopy. An advantage of telescoping booms is

that the fruit could be pulled into the base of the array when the boom is retracted. Details of this system
are currently being worked out, but the approach looks promising and a prototypes will be built in Year 3.

5.2. Postharvest Fruit Quality
Figure 5 shows the damage occurred on Cling Peaches from “mechanical” and hand harvest methods,
whereas Figure 6 and Figure 7 show browning on canned half fruit and quarter fruit pieces. The term
“mechanical” is used to refer to the process of detaching peaches from the tree and letting them fall on
the inflated tubes.

Figure 5 Damage occurred on Cling Peaches from mechanical and hand harvest methods. Fruit was
evaluated using the methods described in section 2.

Figure 6 Amount of browning on canned Cling Peaches. Peach halves from both the control and air tube
(mechanical) harvests were evaluated for the amount of browning after canning.

Figure 7 Amount of browning on canned Cling Peaches. Peach quarters from both the control and air
tube (mechanical) harvests were evaluated for the amount of browning after canning.
Figure 8 Browning scale used on the Cling
Peaches for the post-canning evaluation.

Figure 9 Peach piece size scale used on the
Cling Peaches for the post-canning evaluation.

5.3 Conclusions
The results from our evaluations as displayed in Figure 5 show us that there is not a significant
difference in the rate of injury between the two harvest methods. The bruising score for the two methods
in the pre-peel evaluation were 1: Mechanical Harvest and 0.8: Control Harvest, while the scores in the
post-peel evaluation were 1: Mechanical Harvest and 1: Control Harvest. Figure 5 also shows that there
was not a large uptick in the number of punctures and scrapes in either of the two harvest methods
between the first two evaluations. Because the fruit was harvested slightly over ripe any punctures or
scrapes occurred usually reached past the skin surface and into the softer flesh. This meant they were
visible in the both pre and post-peel evaluations.
Figure 6 and Figure 7 show the rate of browning between the two harvest methods after two months
in cans. These figures show there was not any significant difference in browning between the two
methods. Figure 9 shows the cans contained fruit pieces that were slightly smaller than the half and
quarter fruit pieces we chose to focus on in our graphs. We decided not to include these pieces in our
evaluations because they did not have enough surface area to provide a reliable visual of browning. The
rate of browning in general is higher than would be normally expected in a commercial crop. This high
rate is likely a result of harvesting over ripe peaches and the high rate of brown rot present in the field.
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