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STRAWBERRY MECHANIZATION - AN EVALUATION OF HARVESTING,
PROCESSING, UTILIZATION, AND ECONOMICS

This is a progress report on mechanical harvesting of strawberries in
Oregon in 1978. It summarizes work in the first year of a two-year project
made possible by a grant from the Pacific Northwest Regional Commission.
The grant was administered by the Oregon Department of Agriculture on behalf
of the Oregon Strawberry Commission. Oregon State University was responsible
for design of the study, collection of data, and overall coordination of the
project.

Objectives of the project: (1) to demonstrate, evaluate, and refine
the technology of mechanical harvesting; (2) to evaluate industry and
consumer acceptance of mechanically harvested strawberries and strawberry
products, and (3) to analyze economic factors involved in producing, harvest-
ing, handling, and processing mechanically harvested strawberries.

PROCEDURE

Four field locations were chosen for testing - three commercial fields
plus the North Willamette Agricultural Experiment Station. The cultivars
Benton, Olympus, and Linn were included in the test but each cultivar was
not available at each location.

Three harvesting machines were evaluated: (1) the BEI (Blueberry
Equipment Inc., South Haven, Michigan); (2) SKH&S, Inc. (Charles Hecht and
Associates, Stayton, Oregon), and (3) the OSU experimental machine (OSU
Agricultural Engineering Department, Corvallis, Oregon). The mechanically
harvested fruit was evaluated in two processing plants: Stayton Canning Co.
Cooperative at Stayton, Oregon, and Clermont West, Inc. at Hillsboro, Oregon.
Three in-plant cleaning and capping machines were tested - one built by BEI,
another built by OSU agricultural engineers, and a third built by Stayton
Canning Co.

All combinations of all the variables indicates above were not compared;
however, 25 experimental lots, each consisting of approximately 1,000 pounds
of field product, were harvested under controlled or identified field and
harvest conditions. Mechanical harvesting was done after one, two, and no
hand pickings.

Time requirements, harvest efficiencies, and harvest rates were studied
by the OSU Department of Agricultural and Resource Economics. The OSU
Department of Food Science and Technology and the cooperating processing
plants evaluated fruit quality related to harvester and in-plant processing
equipment. Engineering of the OSU capping and harvesting equipment was the
responsibility of the OSU Department of Agricultural Engineering. Overall
coordination of the project and logistics of harvesting and handling were
the responsibilities of the North Willamette Agricultural Experiment Station.
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RESULTS AND DISCUSSION

Field equipment 

The rate of harvest by a machine was largely dependent on the amount of
fruit in the field. As the number of prior pickings increased from 0 to 1
or 2, (Table 1), harvest rate, in acres per hour, increased. There were
fewer berries after one or more hand pickings and while the ground speed of
the machines increased, the amount of fruit collected per unit of time
decreased.

The percentage of fruit in the gross product removed from the field by
the harvesters varied from 33 percent to 84 percent (Table 1). This range
of fruit content in the gross product can be accounted for in part by
varietal differences, number of previous hand picks, and differences in the
mode of harvester operation. Linn had less foliage in relation to its fruit
than either Olympus or Benton. As the number of previous hand picks increased,
the ratio of fruit to plant material decreased. The low fruit-to-foliage
ratio and mode of operation had an adverse effect on percent of fruit in the
gross product removed by the OSU and SKH&S machines. The BEI machine was less
affected by fruit-to-folage ratio since it was designed to strip the berries
off the plant rather than to cut off the entire plant.

In-plant equipment 

The rate at which the in-plant test machines were able to handle the fruit
varied greatly (Table 2). A ten-fold increase in these rates would approximate
a rate acceptable to present strawberry processing lines in Oregon. These test
rates, however, are from prototype equipment designed to test the principle of
mechanically removing caps, stems, and foreign material. Once the principle
has been perfected, the machines can be modified to operate at more acceptable
rates.

The percentage of ripe fruit that had all or part of the caps still attached
after passing through the plant equipment varied from 11.8 to 41.2 (Table 3).
Fruit harvested with the BEI machine had more caps after passing through the
plant equipment than did fruit from the other harvesters. The BEI machine
strips the fruit from the plants resulting mostly in single berries with
calyx attached and stems removed. Fruits in this condition did not cap
as readily by machine as did fruits with both calyx and stem attached. The
BEI system was developed for a juice or puree product, the OSU and the SKH&S
systems are intended for a whole or sliced frozen pack.

Product quality 

The Benton had a greater percent of its finished fruit in a No. 1 usable
category and fewer undersize and green fruit than the Olympus and Linn (Table
3). The firmness of the Linn was evident in the lower percentage of
mechanically damaged ripe fruit. Ripe fruit that had other damage varied
from 6.1 to 38.4 percent. The higher percentage resulted mostly from severe
fruit rot in some of the test areas.
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Near the end of the harvest season, three lots of Benton from the OSU
and SKH&S harvesters were run through the OSU and Stayton processing lines
to produce a grade A frozen pack. The OSU processing line used a vibrating
5/8-inch space bar screen to remove undersize berries before the fruit was
sent over a sorting table. The screen dropped out much of the green fruit
and significantly reduced the percentage of hand sortouts required, 7.8 and
11.8 versus 18.6 for the Stayton line (Table 4). Of the gross material
taken to the plant, 41 percent by weight made a grade A fruit product.
Total sortouts, suitable mostly for juice and/or puree, accounted for 21
percent. The remaining 38 percent was unusable waste.

Economic implications 

Table 5 indicates the yield of Benton obtained with combinations of
hand and mechanical harvesting. A yield of 10.91 tons per acre was harvested
with three hand pickings. This compared to 5.15 tons of usable ripe fruit
per acre with a single mechanical harvest. The choice of hand harvest method,
or combination of methods, likely will depend on availability of hand pickers,
as well as the economics of mechanical harvesting.

Only a preliminary evaluation of the economic feasibility of mechaniza-
tion in strawberry harvest was conducted in 1978. The economic analysis was
based only on two lots. These two lots were chosen because two different
harvesters were tested in both lots on the same date with the same variety
in the same field. Also, information about hand-picked strawberries from
this same variety and field was obtained, thereby facilitating comparisons
in net revenue between hand-picked versus mechanically harvested strawberries.

The net revenue for strawberries hand-picked three times was estimated
to be about $941 per acre compared to $731 per acre for berries mechanically
harvested once. However, it should be noted that pickers are not always
available in some areas for the later pickings as the yield and size of
berries decline. For the case of only two hand pickings, the estimated net
revenue was only about two percent greater than for the single mechanical
harvest.

It should be noted that the preceding economic analysis is limited,
being based on limited sampling from one variety and field. Experimental
variation could greatly alter any conclusions. Additional data will permit
more definitive conclusions about the economic feasibility of the mechanical
harvester.
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Table 1. Machine harvesting rates of the 1978 field trials

Number
of hand No. of

Field
rate

Gros
product
rate

Fruit
harvest harvest

c

rate
Fruit
as %

Harvester
a

harvests samples (A/hr.) (T/hr.) (T/hr.) of gross

BEI 0 4 0.27 1.15 1.02 83.5

BEI 2 2 0.36 0.38 0.30 77.5

OSU 0 5 0.13 0.92 0.68 75.0

OSU 1 2 0.16 0.68 0.42 60.6

OSU 2 1 0.15 0.51 0.34 66.6

SKH&S 0 3 0.14 1.10 0.73 65.4
SKH&S 1 4 0.16 1.07 0.57 55.9
SKH&S 2 2 0.23 0.92 0.33 32.9

aBEI - Blueberry Equipment, Inc., South Haven, Michigan;
OSU - Experimental machine, Department of Agricultural Engineering,

Oregon State University;
SKH&S - Charles Hecht and Associates, Stayton, Oregon.

bRate at which field-run harvested product was collected by the
harvesting machine.

cBerry harvesting rate after leaves and stems had been removed.

dPercent of berries contained in the field-run harvested products.
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Table 2. Line process rates from 1978 strawberry mechanization trial

Rate (lb/hr)

Plant No. of Gross	 Totalb
equipment

a Harvester
a Cultivar samples produc fruit

OSU OSU Linn 1 643 521

OSU OSU Olympus 3 756 549

OSU OSU Benton 2 782 596

OSU SKH&S Linn 1 635 428

OSU SKH&S Olympus 2 422 333

OSU SKH&S Benton 5 650 420

OSU BEI Olympus 1 967 641

Stayton OSU Olympus 1
__ d 660

Stayton OSU Benton 2 702 146

Stayton SKH&S Linn 1 1176 830

Stayton SKH&S Olympus 3 888 459

Stayton SKH&S Benton 1 903 588
Stayton BEI Olympus 1 1065 752

BEI BEI Linn 2019 1202

BEI BEI Olympus 2869

aBEI - Blueberry Equipment, Inc., South Haven, Michigan;
OSU - Experimental machine, Department of Agricultural Engineering,

Oregon State University;
SKH&S - Charles Hecht and Associates, Stayton, Oregon.

bTotal weight of fruit and plant material collected by the harvesters.

cWeight of total remaining fruit after plant and foreign material was
removed by plant equipment.

dNo weight recorded.
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Table 3. Quality of mechanically harvested strawberries grouped by cultivar and
harvester

No. of
% of total fruit samples % of Ripe-80

e

UndeE- Non- No. Mech.	 Other	 Fruits
Cultivar Harvester samples size c

ripe usable damaged damagedf
	damageg	w/caps

Benton SKH&S 9 7.0 16.7 76.4 6.0	 8.4	 13.6
Benton OSU 5 3.3 14.7 82.0 6.0	 8.2 23.0

Olympus SKH&S 5 14.9 21.5 63.6 8.9	 8.9 18.1
Olympus OSU 4 3.4 21.8 74.8 6.2	 9.8 20.7
Olympus BEI 3 27.1 19.2 53.7 5.8	 15.1 37.5

Linn SKH&S 2 10.2 18.4 71.4 1.7	 6.1 11.8
Linn OSU 1 7.6 21.4 72.0 0.7	 38.4 12.5
Linn BEI 4 12.2 23.8 63.9 2.7	 20.5 41.2

a"
Total fruit" denotes total amount of fruit that came off capper and cleaner

with leaves and stems removed.

b
Fruit that passed through riddle with 5/8-inch openings.

cFruit with less than 80% of its surface red.

d
Undamaged, 80% or more of fruit surface red, without caps, and 5/8 inch or
more in diameter.

e
Fruit with 80% or more of its surface red.

(Fruit that has been crushed, torn, or internally soiled.

gMoldy or malformed fruit.
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Table 4. Removal of fruit sortouts required to make grade A, sliced, frozen
pack from mechanically harvested Benton strawberries at North Willamette
Agricultural Experiment Station

Plant product fruitb riddle Manual Manual fruit

Harvester Equipment (lb) (lb) (lb) (lb) (%) (lb) (%)e

OSU Stayton 1090 693
__ c 129 18.6 564 52

OSU OSU 742 494 223 32 11.8 239 32

SKH&S OSU 879 509 174 26 7.8 309 35

aTotal weight of fruit and plant material collected by the harvester.

bWeight of total remaining fruit after plant and foreign material was
removed by plant equipment.

cSize riddle not used on first run.

dPercent of fruit inspected visually and removed by hand.

ePercent of gross product.

Table 5. Combinations of hand harvests (HH) and/or mechanical harvest (MH) of
Benton strawberries at the North Willamette Agricultural Experiment Station,
1978

tons per acre
Harvest method

a
6-13 6-22	 6-28 Total

HH (3) b 1.08 6.77 3.06 10.91

HH (2) + MH 1.08 6.77 1.68 9.53

HH (1) + MH 1.08 4.62 5.70

MH only 5.15 5.15

aHand harvest yields were estimated from 4 plots adjacent to mechanical harvest
area. Mechanical harvest yields are the averages from 2 experimental lots -
one harvested with the SKH&S harvester and the other with the OSU machine.

bNumber in parenthesis indicates number of times the field was hand harvested.

Sortouts 
Grossa Grade ATotal 5/8" size d
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