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A. Introduction
The end of the Bracero program in 1964 signaled reduced availability of harvest labor for
fruit and vegetable growers in the U.S. In anticipation of this event, scientists at the University
of California began work on new tomato varieties and mechanical harvesters that would work
together in the 1950s. Likewise, University of Florida scientists began working on a mechanical
harvesting of oranges for processing. The mechanical tomato harvester and new processing
tomato varieties had progressed to a state where farmers could expect to reduce harvesting costs,
and in 1965 262 mechanical tomato harvesters were sold to growers and processors (Thompson
and Blank 2000). Steady improvements in these complementary technologies have contributed
to the long run success of the mechanical tomato harvester. Virtually all California processing
tomatoes are currently mechanically harvested.
In contrast, mechanical harvesting of processing oranges in Florida has progressed very
slowly (Futch et al. 2009). Although cost estimates by the University of Florida suggest that
mechanical harvesting of oranges for processing would be profitable, less than 10% of the
processing orange acreage in Florida is harvested mechanically. A major drawback of
mechanical harvesting has been an uncertain economic future for U.S. grown processing oranges
due to competition with Brazil and the transitory damage to orange trees when they are harvested
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mechanically. The result has been that Florida processed orange growers have had and continue
to have a very negative attitude toward mechanical harvesting (Roka 2010).
The objective of this paper is to examine the status of labor-saving mechanization in U.S.
fruit and vegetable harvesting. Fruit and vegetable harvest mechanization has several potential
advantages: reduced harvest costs, eliminate problems associated with finding good quality
harvest labor, permit longer harvesting days, and reduce exposure of harvest to human bacteria.
Commercial mechanical harvesters for processed tomatoes, cucumbers, peppers, carrots, tart
cherries, apples, grapes, peaches, plums and grapes are in the hands of growers. To my surprise,
considerable progress has been made on fresh market berry and apple harvesters, and in the next
few years commercial sales of these machines are expected. A negative shock to labor harvestlabor availability or jump in the harvester wage or piece rate could move these machines to
growers’ hands rapidly.
The second section of the paper reviews the principles of success associated with
mechanization of California processed tomatoes. The third section summarizes the types of
commercially available machines for processed tomatoes (Midwest), cucumbers, tree fruits and
berries and rough estimates of the cost of hard harvesting for some of these crops. The fourth
section describes advanced mechanical harvesters for fresh market sweet cherries, apples and
berries. The final section provides a perspective for the future.
B. Principles for Success with Mechanization: The Processed Tomato Harvester
Tomatoes for processing have been a high volume crop since at least the 1940s. The
processed tomato industry was able to benefit from the Bracero Program which was in existence
from 1943 to 1964. However, there was a vision at the University of California of developing a
successful mechanical processing tomato harvesting system. In the mid-40s, Jack Hanna,
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Department of Vegetable Crops, U. of CA-Davis, began breeding a tomato variety that would
ripen uniformly and would detach from the plant during machine harvesting, thereby
withstanding the stress of mechanical harvesting. In 1949, Coby Lorenzen, a U. of CA-Davis
agricultural engineer, and Hanna began to develop a mechanical tomato harvester. In the late
1950s, another U. of CA-Davis agricultural engineer developed a vine separator for Lorenzen’s
machine. By 1960, the University of California had obtained patent for the new tomato variety,
and the Blackwelder Manufacturing Company, Rio Vista, CA, decided to manufacture and sell
commercially the first mechanical tomato harvester.
This early mechanical tomato harvester cut the tomato plants at soil level and lifted them
up into a shaking mechanism or separator that separated the fruit from the vines. Twelve
workers rode on the early machines to sort the fruit, remove green or blemished tomatoes and
clods of dirt. The tomatoes were loaded directly into pallet bins that were transported on a trailer
pulled beside the harvester (Thompson and Blank 2000).
Commercial use of the new tomato variety and the harvester began in 1962. When the
Bracero program ended in 1964, this rapidly increased the demand for mechanical tomato
harvesters. In 1965, 262 mechanical tomato harvesters were sold to growers, which were enough
to harvest roughly 25% of the tomato crop. By 1970, 95 percent of the CA processing tomato
crop were harvested by machine at major social gain (Schmitz and Seckler 1970).
The early mechanical tomato harvester had a labor requirement of 2.9 hours per ton,
compared with 5.3 hours per ton for hand-harvested tomatoes, which was a significant reduction
(Figure 1). However, the early harvesters left 15 to 20% of the fruit in the fields to rot. Manual
labor for harvesting tomatoes had been mainly undertaken by men because they could better
withstand the heat, dusty environment and life and carry 50-pound field boxes of tomatoes.
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Much of the labor associated with machine harvest was for sorting fruit on the machine, which
was relatively light work. Women, who have more dexterous fingers, were attached to this
lighter work riding the harvesters. Also, given the need to rapidly harvest the ripe processing
tomatoes, it was possible with mechanical harvesting of tomatoes to run two 10-hours shifts per
day, using machine lighting.
In succeeding years, labor use per ton gradually declined as the machinery was refined
and new tomato varieties were higher yielding and better adapted to machine harvesting. For the
mechanical tomato harvesters to work well, the tomato fields needed to be flat and well graded
and the fields needed to have long rows (at least 600 feet) to reduce harvest-time losses in
turning. Growers soon learned improved weed control, field preparation and layout and irrigation
techniques, and breeders continued to develop tomato varieties that were better suited to
mechanization. Equipment companies improved on the reliability of the machines and reduced
time lost to in-field repairs. Some growers began a night harvest shift. By the 1970s, machines
could harvest 220 acres in a season, with an average labor need of 1.6 hours per ton. However,
the harvesters still used considerable amount of hand labor (Thompson and Blank 2000).
Hand-harvested processing tomatoes were expensive, accounting for almost 50% of total
production costs. The first harvester reduced harvest costs to 33% of total costs. After the
electronic sorter was introduced, harvester costs dropped to 16% of total costs by 1979 (Figure
1). Harvest costs have slowly declined since then. More recently improvements in harvester
reliability, e.g., the brush shaker innovation, have reduced labor requirements by another 60%, to
0.4 hour per ton (Figure 1). Over 35 years, harvest labor requirement per ton for processing
tomatoes dropped by 92%.
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Harvesting cost as a share of total grower costs of production have been relatively
unchanged for a decade. In 1997, when a new harvester cost nearly $300,000, harvest costs were
12% of the total costs incurred by a typical grower. Currently new Johnson Mechanical Tomato
Harvesters are sold by the California Tomato Machinery Company, Fresno, CA, and it costs of
about $420,000 (Figure 2). This machine has a 60 inch cutting head and uses a three-weight
shaker and vine flipping system to remove fruit from vines before expelling the residual vines.
New models are powered by a John Deere 225 hp diesel engine. It is equipped with two 32channel high speed color and dirt sorters with a maximum capacity of 70 tons per hour. The
machines operate with two- to-four hand sorters and have an adjusted average harvesting rate of
62 tons per hour. A machine might operate 800-1,000 hours per season and harvest roughly
70,000+ tons of tomatoes.
This efficiency gain of the mechanical tomato harvesting system was at least partially
responsible for the expansion of processing tomato production in California. It increased from
about 2.5 million tons per year in the 1960s to over 10-11 million tons per year in 2008-2009.
California new produces more than 95% of the U.S. processed tomato crop. The California farms
growing processing tomatoes have also dramatically increased their acreage. In the pre-harvester
era of 1956 average acreage was only 91 acres. This increased to 362 acres by 1976 when
mechanical harvesting had spread throughout the industry. In 2007, the average acreage of
processing tomatoes is 600, which provides considerable scale of operation.
U of California-Davis estimates total cost to processing tomato growers is $65 per ton
(operating costs of $50 per ton). Only $8 per ton or 12% is due to mechanical harvesting and
hauling. According to my estimates, hand harvesting of processing tomatoes would cost roughly
11 times more than mechanical harvesting; $86 per ton vs. $8 per ton (See Table 1). This is
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based on a comparison of UC-Davis estimates of the cost of harvesting fresh market tomatoes
(Table 2).
C. Other Mechanical Harvesters for Processing Fruit and Vegetables
Although the most storied success in mechanical fruit and vegetable harvesters is the selfpropelled Johnson Tomato Harvester, which is now manufactured and sold by the California
Tomato Machinery Company. However, mechanical harvester built by other companies are
being used by growers to harvest fruits and vegetables for processing.
Tomatoes. A leading company providing equipment in the upper Midwest and Eastern U.S. is
the Pik Rite Company, Lewisburg, PA. The founders of the company built their first small
capacity tomato harvester for processing tomatoes in 1983. After a few years of testing and
modifying the original machine, the company was founded in 1986 and then built three Pik Rite
tomato harvesters.
Pik Rite manufactures and sells two models of its tomato harvester. The Model 190 is a
low capacity, 30 to 40 ton per hour, harvesting machine with a single brush shaker system
(Figure 3). The model HC 290 is a high capacity, 70-80 tons per hour, harvesting machine with a
dual brush shaker system (Figure 4). Both machines use a high velocity stream of air to
physically blow the vines and chaff up and away from the heavier fruit. Both machines have high
speed optical color sorters to aid the separation of ripe tomatoes from green ones and chunks of
dirt. The cost of the smaller of these tomato harvesting machines is $150,000-$160,000 and of
the larger machine is roughly $250,000. Both have a work life of 12-15 years. The larger
machine is used in the Midwest by the larger growers, and although it has a similar capacity as
the Johnson Tomato Harvester, it might lead to lower costs per harvested acre.
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The Pik Rite tomato harvester is most likely to be used in Indiana, Michigan, Ohio and
Pennsylvania. In 2007, average per farm harvested acreage in Indiana was 132 acres, in
Michigan and Ohio was 40 acres and in Pennsylvania was 19 acres. A rough estimate of the cost
of using the small Pik Rite tomato harvester in Indiana where three farmers share the cost (393
acres harvested, yield of 25 tons per acre, 393 hours of operation, 30 tons per hour harvesting
rate) is a total of $50.00 per acre ($20 per acre in operating cost and $30 per acre in ownership
costs). This compares to $8 per ton harvesting and hauling costs for processed tomatoes in
California. Hence, Eastern and Eastern-Midwest processed tomato growers face a large amount
of competition from California processing tomato growers.
Cucumber, Carrots and Peppers. Pik Rite has also expanded in tractor drawn mechanical
harvesters for cucumbers, carrots and peppers that are headed for processing. The cucumber
harvester has a special dirt removal system that uses blast of air along with a “scrubber” belt to
remove trash (see Figure 5). It also has oversized conveyor chains that leaves all oversized fruit
in the field for better harvesting efficiency. Vines exist from the rear of the machine by a fine
chain and stream of air. No-pinch rolls are used in the separation process. The 125 bushel (6250
lb) hopper capacity can be unload rapidly—approximately 20 second.
Tree Fruit. Historically tree fruit for both the fresh and processing markets have been harvested
with hand pickers working on ladders with a bag and when the bag gets full the fruit is
transferred to a metal box (Figure 6). For fresh peaches, the U. of CA-Davis estimate for 2009
are that the total grower cost per ton of fresh market peaches is $916 ($798 for operating costs).
However, picking and hauling costs is only $133 per ton (14.5% of total cost) but packing and
selling cost is $420 per ton (45% of total cost). See Table 3. Hence, packing and selling costs are
of likely to be of greater concern to peach growers than picking cost.
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For fresh plums, the U. CA-Davis estimate for 2009 is that total grower cost per ton of
fresh plums is $935 ($808 for operating costs). As with peaches, picking and hauling costs are
modest at $120 per ton but packing and selling costs are a much larger $389 per ton. See Table 4.
Hence, packing and selling costs are likely of greater concern to plum growers than for picking
cost.
For CA fresh market oranges, the U. of CA-Davis estimate for 2009 is that total grower
cost per ton is $710 per ton ($551 for operating costs). The picking and hauling costs are only
$72 dollars per ton but packing and selling costs are $258 per ton. As with fresh peaches and
plums, packing and selling costs are of greater concern to CA fresh market orange producers that
picking and hauling.
In Florida, oranges are grown primarily for processing into orange juice. The U. of FL
estimate is that the total cost of producing Valencia oranges in Central Florida for 2008-2009 is
$282 per ton ($253 for operating costs). Hand picking and transporting to the roadside at the
field is $119 (Table 7) or 42% of total cost (47% of operating cost). Hence, picking cost is a
likely a major concern to Florida orange growers. Although Florida has a long term program for
mechanizing oranges harvested for processing, this program has not made many inroads.
Currently several companies, e.g., OXBO, Koran and Coe, are companies that
manufacture and sell tree fruit harvesters to Florida orange growers. These machines are
basically of two types. One type is a shake-catch system consisting of a two-part self propelled
unit, with the main power unit grasping the trunk of the tree. The second part of the harvester
moves along the opposite side of the tree, and it contains a system to collect the fallen fruit, store
the fruit and convey the fruit into a truck to be transported to a semi-trailer at the edge of the
grove. The two units lock together around the trunk (or limb) and both have a slopping to the
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middle catchment rail system, e.g., see the Coe-Collier trunk (or limb) shaker and receiver in
Figure 7. The power unit shakes the trunk (or limb) of the tree, and this hopefully dislodges the
fruit so that it falls on the catchment rails, rolls to the middle and is conveyed into a truck.
However, citrus fruit stems have a tight connection to the branch, which facilitates
spreading out fruit harvest over time. However, this tight connection creates problems is
dislodging the fruit from the trees in harvesting. The University of Florida has experimented with
fruit loosening agents, called abscission. Mechanical harvesting of Valencia oranges posses
special problems because the trees have two seasons of fruit on them at one time. One is mature
fruit that is ready for harvest and the second is the young crop of oranges intended for the next
year’s harvest. Successful abscission chemicals should selectively loosen only the mature fruit,
leaving the young crop unaffected.
The second type of mechanical harvester is the canopy-shake system. With this system, a
tractor drawn machine containing rotating bats is pulled alongside of a tree containing ripe fruit.
The rotating bats then dislodge the fruit, and it falls to the ground. It may then be picked up by
hand labor or rakes and windrow machines gather and collect the fruit, and remove leaves and
trash. See machines by OXBO (Figure 8) and Korvan (Figure 9) that are of this type. OXBO also
makes a tree canopy shaker with a catching table (see Figure 10), and Figure 11 shows a Coe
GPS guided mechanical fruit harvester.
Over the past decade less than 10 percent of the Florida oranges for processing are
mechanically harvested and the share has not changed much. The University of Florida estimates
that growers could expect to reduce costs of production by about 5% by using mechanical
harvesters of oranges for processing (Table 7). However, the grower’s are concerned about the
beaten-up looking-nature of mechanically harvested trees. Research to date has not shown that
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this damage translates into yield reductions or tree loss, but growers remain skeptical. Also, they
faced added uncertainty from storm damage from a major Hurricane, by a new disease problem
called fruit greening and by increasing competition from Brazilian orange juice. Hence,
mechanical harvesting of oranges in Florida is not likely to change much in the near future.
Mechanical harvesters for sour cherries have been successful in Michigan. The machine
is of a shake and catch type (see Figure 12). This is a two-part self-propelled unit similar to that
used for shake and catch orange harvesting in Florida. The fruit bruises some as it falls on the
sloping catchment tables, but since the cherries are going immediately for processing, the
damage has not been viewed as significant. A large share of Michigan sour cherries are now
harvested with this type of mechanical harvester.
For middle- and low-end CA wine grapes, mechanical harvesters are used in roughly
50% of the harvested acres. These machines are a relatively tall self-propelled unit that straddles
the trellised grapevine row. The harvested has rotating arms that dislodge the fruit which is then
caught on a table and conveyed into a wagon. See Korvan machine on Figures 13 and 14.
Korvan also manufactures and sells a mechanical berry picker for processing berries
(largely for raspberries and blue berries). This machine is also self-propelled and surrounds the
row of berry bushes similar to the wine grape harvester. See Figures 15 and 16.
D. Mechanical Harvesters for Fresh Market Fruit
Fresh market CA tomatoes, iceberg and organic lettuce and strawberries are crops with
substantial harvesting costs, and although harvester-aids, which reduce the workload of hand
harvesters, have been successful, mechanical harvesting has not occurred. For a delicate crop like
strawberries which grows close to the ground and does not ripen uniformly, mechanical
harvesters are most likely a long time away. However, in Washington State major progress has
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occurred in the development of mechanical harvesters for fresh market sweet cherries and apples.
Both of these harvesters rely on similar engineering principles. Also, a new type of machine that
uses air turbulence to dislodge fruit in bush berries and bush cherries is almost ready for
marketing.
Washington State University and USDA-ARS scientists have a well developed
mechanical harvester for fresh market sweet cherries and apples (Peterson 2005). A chemical
fruit loosening agent (abscission) is applied to the fruit a few days before harvesting. The
harvester is a two-part machine with each going on opposite sides of the tree. Cushioned catcher
pans on each unit are used to seal around the trunk and connect the two units. The harvester has a
high density rubber arm that bumps the tree branches and this dislodges the cherries from their
stems (see Figure 15). Both harvesting units have inclined catchment tables made of mechanical
conveyors with a soft catching surface draped over rollers. This design intercepts the falling fruit
and propels it along slowly with minimal damage. A fan blows away leaves and trash, and the
fruit passes to two slowly rotating modest sized boxes. Cherries much be harvested without
stems to obtain high performance and little fruit damage. This is a new dimension to the
marketing of fresh sweet cherries, because fresh sweet cherries traditionally have been marketed
with stems. In some consumer marketing tests, consumers have viewed the stemless cherries
favorably. New cultural practices which changes the architecture of the cherry tree is needed to
facilitate mechanical harvesting, e.g., they should be relatively short and not too bushy. The
mechanical sweet cherry harvester has excellent long term potential for harvesting high quality
sweet cherries for the fresh market at an 80-90% reduction in harvest labor costs (Whiting 2006).
A machine similar to that developed for fresh sweet cherries has been developed and
tested for harvesting apples for the fresh market. For mechanical harvesting to be efficient, apple
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trees need to have uniformly ripening fruit and be relatively short, and the architecture of the tree
needs to be of a trained “Y” shape growth habit (see Figure 16).
One of the most exciting new harvesters for fresh produces is the BEI Black Ice
Harvester for fragile berries—raspberries, blackberries and blueberries. The Black Ice Harvester
uses jets of air to create a turbulent local environment within the machine and around the berries,
which then gently dislodge those that are ripe. The machine has padded walls, the berries fall
onto a bed or table (the Centipede Scale catching frame) and then are gently conveyed to a one
pound container or smaller that is carried on the machine (see Figures 17 and 18). A major
advantage of this machine is that berries and bushes are not being touched by a picking
mechanism. This helps minimize the potential for damaging the ripe fruit and scarring the
bushes, which could make the plant more susceptible to frost damage and diseases. The harvester
can be used to re-harvest the same row multiple times when the berries to accommodate
differential ripening dates of berries on a given bush. Fruit quality meets or exceeds that of handharvested fruit, and since no human handing of the fruit is required in the harvesting and
packing, there are reduced food safety concerns. The machine is experimental being tested by a
small number of berry farmers. Its estimated cost is $150,000 for the smaller rear-loading model
and $200,000 for a larger top-loading model. These Black Ice Machines have excellent future
potential for harvesting of berries that are on bushes—raspberries, blackberries and blueberries. .
Moreover, they are a promising harvester for fresh market harvesting of other produce that can
be harvested from a bush or dwarf tree.
Fresh market tomatoes, iceberg lettuce, organic lettuce and strawberries are other crops
that currently have substantial hand harvesting costs. In California, the U. of CA-Davis estimates
the total grower cost of fresh market tomatoes in 2007 was $453 per ton ($419 for operating
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cost). See Table 2. The costs of hand picking and hauling were $86 per ton, which is 19% of
total cost (20.5% of variable cost). However, packing and selling costs were a much larger 44%
of total costs. Hence, harvesting costs for fresh market CA tomatoes is unlikely to be a pressing
issue for most growers. This could change in the future.
The U. of CA-Davis estimates the 2009 total grower cost of iceberg lettuce at $562 per
ton ($485 per ton operating cost). The head is cut by hand and then the heads are field wrapped
and packed at an estimated cost of $341 per ton, which is 61% of total grower cost (70% of
operating cost). See Table 7. Hence, field harvesting and packing costs are a major cost factor in
iceberg lettuce production.
The estimated 2009 cost of CA organic (leaf) lettuce is substantially higher than for
iceberg lettuce. The estimated total cost is $971 per ton ($798 of operating cost), and harvesting
cost is 53% of total cost (65% of operating cost). See Table 8. Hence, although harvesting cost is
larger for organic lettuce than iceberg lettuce, harvesting cost is a lower share of the total cost.
Given that leaf lettuce is increasingly being marketed as washed, cut-up and bagged product,
there seems to be an opportunity to develop and use mechanically harvesters for (organic) leaf
lettuce. Furthermore, because of the multiple crops of traditional leaf lettuce per year, total
annual acreage to be harvested is spread out relative to a one-season crop.
Strawberries are a high cost-high value crop in California where an increasing share of
the U.S. strawberries is grown there. The U. of CA-Davis estimates that total grower cost in 2006
was $1,164 per ton ($1,054 of operating cost). The berries are hand-picked by a crew using
simple picker aids, and the picking and hauling costs are estimated as $594 per ton. This is 51%
of total grower cost (56% of operating cost). Hence, harvesting costs are large share of grower
costs, and the price of fresh strawberries would be greatly impacted by a sudden decrease in
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harvest labor availability or rise in wage rates for harvest workers. However, the grow habit of
the strawberry plant and the delicate nature of fruit make them an unlikely candidate for
mechanization.
E. A Perspective on the Future of Mechanization
The future mechanization of additional crops will be driven largely by benefit-cost
considerations, including the likely future international competitiveness of the U.S. industry.
Relatively good machines exist for mechanically harvesting fruits and some vegetables that are
destined for processing. The most exciting finding is that there are new and effective harvesters
that are in the final stages of testing for fresh market berries, apples and sweet cherries. These
technologies would move forward rapidly if there was a sudden increase in the cost of harvesting
labor or uncertainly of availability of this type of labor. Further, these machines have real
potential for adaptation to other crops so that they could be used to harvest other fresh market
crops. However, a short turn hurdle is that the tree and vine architectures are not compatible with
the new harvesting systems. Over time these orchards can be replaced with shorter and trellised
trees and vines. Uniform ripening of fruit and berries is also an advantage to these new
harvesting systems, but one new type of harvester does damage bushes being harvested and
repeated trips at 3- or 7-day intervals are possible.
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Figure 1. Typical harvest labor use and annual production of processing tomatose in California,
1960-1997 (Thompson and Blank 2000).
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Figure 2. Self-propelled Johnson mechanical tomato harvesters
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Figure 3. Pik Rite 190 mechanical tomato harvester – tractor drawn
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Figure 4. Pik Rite HC290 mechanical tomato harvester
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Figure 5. Pik Rite mechanical cucumber harvester
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Figure 6. Hand-picked citrus harvesting
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Figure 7. Coe-Collier trunk shaker and receiver harvesting oranges in Florida
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Figure 8. OXBO tractor drawn tree canopy shaker harvesting oranges in Florida – fruit falls on
ground
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Figure 9. Korvan tree shaker with fruit falling onto ground
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Figure 10. OXBO fruit tree canopy shaker with catching table
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Figure 11. Coe GPS guided mechanical fruit harvester
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Figure 12. Mechanical sour cherry tree harvester – shake, catch and covey method
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Figure 13. Korvan mechanical (wine) grape harvester
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Figure 14. Korvan wine grape harvester
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Figure 15. Korvan mechanical berry picker – raspberries and blueberries.
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Figure 16. Korvan mechanical berry (raspberry, blueberry) harvester
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Figure 17. Mechanical fresh market sweet cherry harvester, WSU and USDA-ARS (late
experimental stage)
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Figure 18. Mechanical fresh market apple harvester, WSU & USDA-ARS (late stage
experimental)
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Figure 19. BEI International, BEI Black Ice air jet berry harvester
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Figure 20 . BEI International, Black Ice Harvester for berries using air jets
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Table 1. 2007 Cost per acre and ton: California processing tomatoes (direct seeded)-Sacramento
Valley (Yield of 35 tons per acre; mechanically harvested at 37.5 tons per hour)1
_____________________________________________________________________________
A. Costs
Total (All)
Operating
Harvest: Mech. Pick & Haul

___$/ac
$2,283
1,737
279

B. Minimum price to make profit over
Operating Costs
Total Cost
C. Estimated hand picking cost
(fresh-market tomato technology)2

$/ton_________
65.20
49.60
8.00

50.00
65.00
3,000

86.10

1

Harvest: Tomato harvester is operated 20 hours per day in two 10 hours shifts, 4 laborers ride harvester
and work as manual sorters, machine has one driver, and two bulk truck drivers haul tomatoes from
machine to processor.
2

See Table 1.

Source: U. of California, Davis. CostStudies.com
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Table 2. 2007 Cost per acre and ton: California fresh market tomatoes – Sacramento Valley
(Yield 19 gross ton per acre and 13 net tons per acre or 68% of total tomatoes marketable fresh)1
_____________________________________________________________________________
A. Costs
Total (All)
Operating
Harvest: Pick & Haul
Pack and Sell

__$/ac
$5,890
5,459
1,116
2,600

$/ton_________
453.10
419.90
86.10
200.00

B. Minimum price to make profit over
Operating Costs
Total Cost

$5.50/box2
$6.00/box

440.00 ($0.22/lb)
480.00 ($0.24/lb)

1

Harvests: Each picker has two 5-gallon buckets holding about 35 pounds of fruit. The picker takes 2 to
2.5 minutes to fill 2 buckets, go to the hauling trailer, hand buckets to dumper, record dump with checker
and return to picking. One dumper is on each side of the trailer to dump buckets and one checker stands at
the end of the trailer to record picker dumps.

2

A box of tomatoes weighs about 25 pounds.

Source: U. of California, Davis. CostStudies.com
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Table 3. 2009 Cost per acre and ton: California fresh market peaches – San Joaquin Valley-South
(Yield of 1,200 20-pound boxes or 15 tons per acre)1
_____________________________________________________________________________
A. Costs
Total (All)
Operating
Harvest: Pick & Haul
Pack and Sell

__$/ac
$13,746
11,965
2,001
6,300

$/ton_________
916.40
797.79
133.30
420.00

B. Minimum price to make profit over
Operating Costs
Total Cost

$10.00/box
$12.00/box

800.00 ($.40/lb)
960.00 ($0.48/lb)

1

Trees are planted in rows. Crop is harvested by the grower’s crew using ladders and picking
bags supplied by an independently owned and operated packing shed. Typical pack out is 60% to
80% of all fruit on tree.
Source: U. of California, Davis. CostStudies.com
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Table 4. 2009 Cost per acre and ton: California fresh market plums-San Joaquin Valley-South
(Yield per acre of 900 28-pound boxes or 12.6 tons per acre)1
_____________________________________________________________________________
A.Costs
Total (All)
Operating
Harvest: Pick & Haul
Pack and Sell

__$/ac
$11,784
10,183
1,517
4,905

B.Minimum price to make profit over
Operating Costs
Total Cost

$12.00/box
$14.00/box

$/ton_________
935.23
808.17
120.40
389.29
857.00 ($.43/lb)
1,000.00 ($0.50/lb)

1

Grower’s picking crew use ladders and picking bags supplied by an independent owned and operated
packing shed. After harvesting, the crop is hauled to a packing shed for cooling, storing and selling. Only
60-80% of the fruit on the tree is marketable grade and placed in bins or box
Source: U. of California, Davis. CostStudies.com
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Table 5. 2009 Cost per acre and ton: California fresh market navel and Valencia oranges – San
Joaquin Valley-South (Yield of 600 37.5-pound cartons or 11.25 tons per acre)1
_____________________________________________________________________________
A.Costs
Total (All)
Operating
Harvest & pack
Pick and Haul
Pack and Sell
B.Minimum price to make profit over
Operating Costs
Total Cost

__$/ac
$7,990
6.200
3,965
810
2,910
$11.00/carton
$14.00/carton

$/ton_________
710.20
551.10
352.40
72.00
258.70
586.70 ($.29/lb)
747.70 ($.37/lb)

1

Harvests: Crop is handpicked by crew using ladders and then hauled to a packing house where it is
washed, graded, sized and packed. Packed cartons represent about 80% of the hauled fruit; other 20%
goes mainly to juice and small share is culled.
Source: U. of California, Davis. CostStudies.com
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Table 6. 2008-09 Cost per acre and ton: Florida processing Valencia oranges – Central Florida
(Yield 2.4 90-pound boxes per tree, or 269 boxes per 112 trees per acre or 112.1 tons per acre)1
_____________________________________________________________________________
C. Costs
Total (All)
Operating
Harvest: Pick & Roadside2
Hauling

__$/ac
$3,412
3,059
1,439
290

$/ton_________
281.98
252.81
118.93
23.97

D. Minimum price to make profit over
Operating Costs
Total Cost

$2.81/box
$3.13/box

253.00 ($0.031/lb)
282.00 ($0.035/lb)

In Florida, it is typical to figure cost of production to obtain ripened fruit on the tree. For comparability
with California, I have also included the cost of picking, roadsiding, and hauling the fruit to the processor.
The fruit are hand-picked using ladders by a crew. Florida grows are facing a new pest in “fruit greening,”
which infests a tree for up to two years before it is visible on the fruit. Main treatment is to destroy the
infected trees, but this is not effective with the two-year lag time from full development of the disease.
Trees resistant to greening can be developed using biotechnology, but this will introduce GMOs to the
weather problems faced by Florida growers.
1

2

Estimated cost saving from mechanical harvesting is 10 to 15 cents per box. This is based on an 85%
catch rate with the mechanical harvester and 12 percent gleaning rate of hand pickup after the harvester.
Growers are quite concerned about tree damage with mechanical harvested, but research has shown no
seeming long term effect. Roka 2010.
Source: Data from the University of Florida and Florida Citrus Commission
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Table 7. 2009 Cost per acre and ton: California iceberg lettuce – Central Coast Region
(Yield of 800 24-head count cartons of 40lbs or 16 tons per acre)1
_____________________________________________________________________________

1

A.Costs
Total (All)
Operating
Harvesting
Harvest Labor

__$/ac
$8,999
7,753
5,456
2,520

$/ton______________
562.40 ($11.25/carton)
484.50 ($9.69/carton)
341.00 ($6.82/carton)
157.50 ($3.15/carton)

B.Minimum price to make profit over
Operating Costs
Total Cost

$10.00/carton2
$12.00/carton

500.00 ($0.25/lb)
600.00 ($0.30/lb)

Hand harvested, field wrapped and packed under contract.

Source: U. of California, Davis. CostStudies.com
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Table 8. 2009 Cost per acre and ton: California organic lettuce –Central Coast Region
(Yield of 750 25-pound boxes or 9.38 tons per acre)1
_____________________________________________________________________________
A. Costs
Total (All)
Operating
Harvesting
Harvesting labor

__$/ac
$9,112
7,486
4,838
1,612

B. Minimum price to make profit over
Operating Costs
Total Cost

$10.50/box
$13.50/box

$/ton____________
971.40 ($12.15/box)
798.10 ($9.98/box)
515.78 ($6.45/box)
171.90 ($2.15/box)
840.00 ($0.42/lb)
1,080.00 ($0.54/lb)

1

Production system of two crops per year using a suite of production practices such as crop rotation,
diversification, cover crops, and organic matter as substitute for fertilizer and pest management. Organic
lettuce is hand harvested and field packed under contract 70 to 80 days after planting. In cool season,
going time roughly doubles.
Source: U. of California, Davis. CostStudies.com
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Table 9. 2006 Cost per acre and ton: California fresh market and frozen strawberries – South
Coast Region – San Maria Valley (Yield of 63,210 pounds or 31.6 tons per acre)1
_____________________________________________________________________________
A.Costs
Total (All)
Operating
Harvest: Pick & Haul

__$/ac
$36,770
33,309
18,757

$/ton_________
1,163.60
1,054.10
593.60

B.Minimum price to make profit over
Fresh: Operating Costs
Total Cost
Frozen: Operating Costs
Total

$6.75/tray2
$6.00/tray
$4.50/tray
$5.00/tray

1,420.00 ($.71/lb)
480.00 ($0.24/lb)
500.00 ($0.25/lb)
540.00 ($0.27/lb)

1

During harvest growers run 30-man crews with a general foreman for crew supervision, one
field checker to check field for proper picking, and on picking card punch to count the boxes
picked by each picker. For fresh market, the picker pushes a picking cart t hat holds a fiberboard
tray and 8 1-pound containers. The piker picks the ripe strawberries by hand and places them in
the containers/trays. Picking rate ranges from 3 trays per hours to 8 trays per hour depending on
the season and age of the beds.
2

A tray of fresh berries weighs 9.5 pounds and of berries for freezing weighs 18 pounds.

Source: U. of California, Davis. CostStudies.com
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