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SUMMARY

Although Oregon's strawberry production has declined markedly since 1971,

strawberries are still an important source of income to Oregon farming communi-

ties. Even for the low production of 1976, Oregon strawberries had a farm value

of $13.6 million and processed value of $22.6 million.

Strawberries are especially important to Oregon's processing industry,

being the first crop of the year when plants are otherwise sitting idle. Thus,

strawberries have a significant place in processing plant scheduling and oper-

ation, and in reducing overhead costs by means of greater volume.

Over the last six years, Oregon's strawberry acreage has declined drastically.

In 1972, nearly 9,000 acres of strawberries were harvested in Oregon; by 1977,

only 5,300 acres were harvested. Although this acreage decline has been partly

offset by increased yields per acre, total fresh and processed production in

1977 was less than 65 percent of total production in 1972. The main cause for

this decline has been increased harvesting (hand-picking) cost without an off-

setting increase in farm strawberry prices.

To alleviate the harvest cost problem, research to mechanize strawberry har-

vest has been conducted in Oregon during the last 10 years. Although more re-

search is needed and is underway, an economic analysis (based upon the limited

research of earlier years) indicates a promising outlook for mechanical straw-

berry harvesting in Oregon.

Depending upon the quality of the mechanically harvested strawberry products,

the average yield, and the efficiency of the mechanical harvester, expected sav-

ings from mechanical harvesting ranged from a net savings of around $523 per acre

to a net loss of about $187 per acre. Although net losses are possible under un-

favorable conditions, in most cases positive returns to growers were estimated

from mechanical harvesting. Based upon estimated savings to growers, mechanical

strawberry harvesting eventually may solve the problem of dwindling strawberry

production in Oregon.
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ESTIMATED COSTS AND RETURNS FROM MECHANICAL

STRAWBERRY HARVEST IN OREGON: A PROGRESS REPORT

INTRODUCTION

The strawberry is one of the most popular and widely used small fruits in

the United States. Although strawberries of some kind are produced in nearly all

the states, more than 75 percent of the commercially marketed strawberries are

grown in the three Pacific Coast states--California, Oregon, and Washington

(Table 1). Climate and soil are the main contributing factors for the domination

of the Pacific Coast states in strawberry production. Oregon is second only to

California in strawberry production (Table 1).

Besides being second in strawberry production, Oregon is a pioneer, having

grown strawberries commercially since the early 1900s. In its heyday, from 1952 ,

to 1971, Oregon produced between 13 and 21 percent of the nation's total commercial

strawberry production (Figure 1). In addition to its sizeable share of production,

Oregon is known for its exceptionally high quality strawberries. For a long time,

the Marshall and Northwest varieties were grown widely in Oregon, and because of

their quality, were the most preferred strawberries in the market. The present

variety situation in Oregon is unsettled, with no one variety dominating the market.

As shown in Table 2, except for 1976, more than 90 percent of Oregon straw-

berries are channeled through the processing market. In fact, until 1974, Oregon

never sold more than six percent of its annual strawberry crop in the fresh market.

Hence, when only processed berries are considered, until the last four years,

Oregon's market share has been very close to that of California (Figure 2). For

most years from 1952 to 1973, about one-third of total processed berries in the

U.S. came from Oregon (Figure 2).

Main reasons for Oregon's insignificant role in the fresh strawberry market

have been: (1) to be a serious contender in the fresh strawberry market, a long

harvest season is highly essential. A long harvest season helps spread the supply

of fresh strawberries over a long time period, preventing possible saturation of

the market. Unfortunately, Oregon has one of the shortest harvest seasons, last-

ing no more than four weeks. In contrast, California's harvest season lasts for

almost five months, giving it a comparative advantage over the other states



— 2—

	

o o 0 0 0	 0 0

	

0	 Lt 	 0	 Lc)	 Ln	 I	 Ln	 o

	

s.0	 %.0	 r-I	 CS■	 CO	 I	 Cr)	 ...1-

	

..	 .	 .	 r•	 I

	

C>	 ...1-	 CO	 s.0	 1/40	 .-...t	 0

	

0	 ...1-	 N	 1-I	 N•..1-

0 0 0 0 0 0 0 0

	

CO	 -.1-	 -0-	 CO	 CO	 -I-	 N	 000 Li") 0 00 0 N CO r

	

..	 ••	 ••	 ••	 ••	 r,	 r,

	

U 	 cr,	 Li-)	 0	 r,	 N	 -.1-	 r--,–i	 Lr)	 N	 N	 ■–icr)

OO
00%

OON

0%

r,N

O

0 N0 VD -0- re)0	 I N• C'")rl ul r• "
∎1- 00Ci 0% Ca N N-N

0
0fa•

0 0 0 0 0 0

	

0	 ■..0	 N	 %.0	 CO	 VD

	

v-I	 ,..1-	 Cr■	 In	 N	 0

	

"	 r,	 ..	 r,	 ^	 •••

	

∎I-	 0	 r-I	 ■0	 r--	 01

	

re)	 rn	 r-I	 ■-I

O0

%.0

-o
ac	 q

coCO U%.0
I	 00 -0

r-IC0

Qi

N	 ■0 CO -I-	 N
cn•	 co• 	o	 r-I	 L.r)	 in	 cr)

• Le-)	 o	 N	 01
Cr	 0%	 %.0	 Lt-)	 VD•	 O	 Crl0	 r---•	 C.1C■1

L.n
N
r-I
L.r)-

NO

cn

ul
Cr■

r-1

Lr-1

tr)•

	

■0	 Lrl	 C1	 N	 N	 r-I	 .O	 -....t

	

r-I	 ■0	 CS■	 ■0	 1-1	 1/40	 0	 1-

	

ON	 00	 Ln	 ,--1	 to	 L.0	 ,--1	 to

	

..	 .	 .	 .	 "	 .	 .	CV	 C	 Lt-)	 r--	 Lt.-)	 r,	 cv	 ,..0

	

0	 co	 cn	 cr)	 ,--i	 N	 ,-1cv

	I- 	 0	 cr,	 0	 ,--i	 Lr)	 0	 ,•-i

	

ce)	 -.1-	 I-1	 1-1	 in	 0	 N.	 r--

	

crN	 r,	 cr■	 co	 0	 r--	 ■0	 co

	

r---	 CO	 r-I▪	 C•	 CI	 Cf■	 Cr)	 01

	

0	 -...1-	 Cn	 Cn	 N	 r-I	 v-Ir-I

O
co

O
Lf-)

MC%

061)
a)

O

• •
• •

• •
• •
• •
• •
• •
• •

•

O

cuz 0



20

15

I0

-3-

5

'52 '55	 '60	 '65	 '70	 '75
YEARS

FIGURE I. OREGON STRAWBERRY PRODUCTION
AS `)/0 OF U.S. PRODUCTION (% OF LBS)



-4-

Table 2. Percent of Oregon's Total Strawberry Production Distributed
Through the Processing Market

Oregon's Strawberry Production 
Total fresh	 Percent

Year	 Processed	 and processed	 processed
	  million pounds 	

1951-55 	 56.04 58.46 96

1956-60 	 75.27 78.86 95

1961-65 	 72.75 76.75 95

1966-70 	 77.75 80.53 97

1971 	 79.5 83.3 95

1972 	 51.4 54.2 95

1973 	 45.5 48.4 94

1974 	 37.3 41.0 91

1975 	 37.8 41.5 91

1976 	 41.6 47.8 87

1977 	 31.2 35.0 89

SOURCE: Federal-State Marketing News Service.
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in strawberry production.
1/ (2) As mentioned earlier, Oregon is known for the

high quality of its strawberries. However, Oregon plays a very insignificant

role in the fresh strawberry market because the berries grown in Oregon are gen-

erally smaller in size and too delicate to tolerate the extra handling and shelf-

life required to prepare, transport, and hold the berries for fresh market.

(3) Until the early part of the 1970s, the markets for processed strawberries

were, in general, strong, and the price difference between the fresh and pro-

cessed berries did not warrant any substantial shift one way or the other.

However, in recent years, mainly because of the increase in the harvesting

cost and the sluggish market price of the processed berries, growers in Oregon have

been receptive to changes in their marketing practices. For example, as shown in

Table 2, in 1976, Oregon for the first time sold more than 10 percent of its

strawberry production in the fresh market (primarily U-Pick).

Decline in Oregon Strawberry Production 

At its peak, Oregon produced 21 percent of total U.S. strawberry produc-

tion (Figure 1), or more than 45 percent of total U.S. processed strawberries (Fig-

ure 2). However, since 1971, Oregon's share of strawberry production has been de-

clining steadily. In fact, for the last three years (1973-1976), strawberry pro-

duction in Oregon constituted only eight percent of the nation's total production,

which is the lowest since 1953 (Figure 1). As will be shown, the substantial

decline in acreage allotted for strawberry production is the main reason for the

downward trend of Oregon's production since average yields per acre have tended

to increase (Table 3).

In terms of strawberry acreage harvested, the period between 1955 and 1959

represents the peak in Oregon history (Table 3). In recent years, the changes in

strawberry acreages harvested have been rather drastic. For example, in 1972,

for the first time since the end of World War II, Oregon's acreage dropped below

the 10,000-acre mark, and in 1976, only 5,200 acres of strawberries were harvested,

31 percent of the average for the peak years 1955-1959 (Table 3).

1 / 
The harvest season and its length depend on the variety, climate, soils, and
cultural practices of the region. Depending upon their harvest season, straw-
berry states are classified into five major seasonal groups: Winter, Spring,
Early Spring, Mid-Spring, and Late Spring. Oregon belongs to the Late Spring
group.
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Contrary to the acreage reduction for the last 10 years, Oregon has been

showing steady improvement in pounds of strawberries harvested per acre. This

increased yield is mainly from introduction of new and improved strawberry vari-

eties.	 For instance, in 1976, average yield per acre harvested was 9,200 pounds,

almost twice the average yield of 1955-1959 (Table 3). Hence, because of the

steady improvement in strawberry yields, average production (acreage x yield) has

not declined as rapidly as average harvested acreage. As stated earlier, in

1976, acres of strawberries harvested in Oregon were 31 percent of the 1955-59

average, whereas production of strawberries (acres x yield) was 59 percent of the

1955-59 average (Table 3).

Several factors have contributed to the rapid decline of strawberry acreage

in Oregon. The most significant of these factors were: (1) strawberry produc-

tion in California and strawberry importation from Mexico have increased substan-

tially over the last decade (Table 1), depressing farm strawberry prices. In

some years, farm prices of strawberries were so low that Oregon growers could not

break even (Weiser, 1976). (2) Harvest cost account for 30 to 40 percent of the

price growers receive in Oregon (Weiser, 1976). In recent years, harvest costs

have been rising rapidly because of shortage of strawberry pickers resulting from

new child labor legislation. The enactment of child labor legislation in 1973 was

particularly hard on Oregon strawberry growers who traditionally depended on 10

to 15-year-olds for most of the picking (Weiser, 1976).

To sum up, increased harvesting costs, without offsetting increases in the

farm prices of strawberries, are an important factor in the continuing decline

of the strawberry industry in Oregon. Realistic alternatives to improve the

unfavorable conditions facing the strawberry growers in Oregon should be sought.

Among various alternatives that can be considered, the following two factors need

urgent attention if Oregon is to retain its competitive strawberry production:

1. Increase in yield. For Oregon to remain competitive in strawberry

production, increased yield per harvested acre without substantially

increasing cost is necessary. As noted earlier, in recent years

Oregon growers have obtained substantial improvements in yield.

However, to remain competitive with other major strawberry produc-

ing regions such as California and Mexico, Oregon needs further

yield improvement. The recent increased yield of strawberries in

Oregon has resulted from new varieties more suited to the region's
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climate and soil condition; therefore, research should continue on

this same line if Oregon is to realize its full potential in straw-

berry production in future years. Another way for Oregon growers

to improve strawberry yields is to adopt new production practices

such as annual planting, plastic mulch, soil fumigation, trickle

irrigation, etc. However, it should be noted that the benefits

derived from increased strawberry yield could be less than the add-

itional costs required for these alternative cultural practices.

Hence, before a new production practice is recommended, a benefit-

cost analysis would be in order.

With improved technology, a potential average yield of 15 tons per

acre in Oregon has been estimated by research and Extension workers.

However, under present technology, with good management average

yields of only 6.5 to 7.0 tons per acre are thought to be possible.

Important unsolved problems contributing to the gap between high

potential yields of 15 tons per acre and presently attainable yields

of 6.5 to 7.0 tons are related to virus, root and fruit fungi,

and harvesting. It remains to be seen whether these problems can

be successfully resolved by further research, and, if resolved,

if the additional tonnage can be harvested under present labor

restrictions.

2. Mechanization. Increased yield, as discussed above, is only a

partial solution to the problems facing strawberry growers in Ore-

gon. To find a satisfactory and complete solution to the problems

discussed thus far, harvest costs need to be reduced. Several al-

ternatives may exist that can be employed as remedies for the prob-

lems associated with harvest cost, and one of the most promising

is the mechanical strawberry harvester. Since 1967, considerable

time and effort have been invested to develop a mechanical straw-

berry harvester in Oregon. There now seems to be a consensus among

people connected with the strawberry industry that strawberry pro-

duction can be a viable enterprise in Oregon if mechanical strawberry

harvesting can be successfully implemented.

SUCCESSES AND PROBLEMS ASSOCIATED WITH
MECHANICAL STRAWBERRY HARVESTING

As mentioned earlier, increased harvesting cost has been one of the main



-10-

causes for the steady decline of Oregon strawberry production. (Admittedly,

picking costs have also increased in California without causing a decline in

production. However, if harvesting costs could be reduced in Oregon by mechan-

ization, the balance would be tipped in Oregon's favor for production of pro-

cessed strawberries since mechanical harvesters can be used only once per year

and would not be feasible for the long season production pattern of California.)

To solve the problems associated with harvest costs, there have been several

attempts to mechanize the strawberry harvest since the early 1960s.

"In general terms, mechanical harvesting means the utilization of
power equipment to harvest a crop. By some means or other, the
mechanical device locates and removes the desired crop part or
parts from the plant, places the detached material into a suitable
container for further handling or processing, and rejects the un-
wanted portion of the plant. The above-mentioned operation must,
of course, be performed in a manner such that an acceptable level
of product quality is maintained." (Booster et. al., 1969.)

Therefore, success in mechanized strawberry harvest entails the development,

among others, of: (1) an efficient mechanical strawberry harvesting machine

which will reduce harvesting costs without substantially lowering quality of the

strawberries harvested; (2) "reasonably" high yielding strawberry varieties

which will be acceptable for commercial use and, at the same time, suitable for

machine harvest; and (3) strawberry varieties that can be stemmed and capped

easily, so that processing cost will not be unduly increased.

Development and Current Status of 
the Strawberry Harvester 

Development of strawberry harvesting machines was started during the 1960s.

In the early stages of harvester development, the main public participants were

Iowa State University, University of Illinois, University of Arkansas, Louisiana

State University, University of Guelph, Oregon State University and Michigan

State University. In addition, in the private sector, SKH&S,
2./
 BEI (Blueberry

Equipment, Inc.), and CML (Cannery Machinery Ltd.) have each developed a mechanical

strawberry harvester. Outside the U.S. and Canada, mechanical harvesting re-

search has been conducted in England, the Netherlands, and Italy. As a first

step toward mechanization, each participant was concerned with the design and

development of the physical and mechanical apparatus of the harvesting machine.

/ 
Initials of the names of four private investors in Oregon.



Since strawberry varietal characteristics and cultural practices vary greatly from

one production area to another, the several experimental harvesters have been,

for the most part, adapted to relatively localized conditions (Booster et. al.,

1969).

In recent years, even though some basic research relating to strawberry breed-

ing is still carried on by several universities, BEI, CML, SKH&S, the University

of Arkansas, and Oregon State and Michigan State universities are the most active

participants in the still unfinished work of developing and refining the mechani-

cal strawberry harvester for commercial use. The technology and know-how for de-

veloping a mechanical strawberry harvester for commercial use already exists, but

strawberry varieties suitable for machine picking have not yet materialized. BEI

is a stripping-type harvester; CML and SKH&S harvesters use the mowing method of

harvesting. All the harvesters referred to in this paper are once-over mechanical

harvesters.

Field testing of all the strawberry harvesters has repeatedly shown that

truly successful mechanization of strawberry harvesting cannot occur without de-

velopment of new varieties. Therefore, along with continued efforts to refine

harvesting machines, intensive research has been directed toward developing straw-

berry varieties suitable for machine harvesting.

Plant Breeding Research 

"Mechanical harvest of a horticultural crop is an integration be-
tween machinery and crop variety. The design and operation of the
equipment have a direct influence on the plant type and fruit char-
acteristics of the varieties needed for future production."
(Lawrence, 1966)

Since earlier research in plant breeding did not consider mechanization as

a real issue, strawberry varieties now in commercial production lack certain

characteristics desirable for mechanical harvesting. However, as the need for

mechanization became evident, strawberry breeders began giving more time and

effort to developing varieties adapted for mechanical harvesting. For example,

during the last nine years, the Oregon Strawberry Commission spent $265,240 for

research related to mechanized strawberry harvest, and most of the money was for

research focusing on biological aspects of the mechanical harvesting problem

(Weiser, 1976).



-12-

The first step in the plant breeding program was to clearly identify the

bioengineering characteristics desirable for machine harvest, so that criteria •

for screening strawberry varieties acceptable for machine-picking could be es-

tablished. Hence, after considering the design and characteristics of the

harvester, the following criteria were used for selecting strawberry varieties

compatible with machine harvesting (Lawrence, 1966):

1. The plant must produce a concentrated set of fruit, with uniform

ripening characteristics to permit a once-over harvest. Concen-

tration of fruit means the percent of the total crop that is ripe

and marketable at one harvest.

2. The berries must be firm, to withstand rough handling.

3. The berries must have easy capping characteristics, to facili-

tate detachment of the fruit from the plant.

4. The plant should have an upright fruiting habit to facilitate

machine harvesting and to minimize fruit damage during harvest.

5. The plant should have strong disease resistance.

6. The berries must exhibit qualities which will be commercially

acceptable, and the yield must be high enough to make straw-

berry production economically feasible.

To develop strawberry varieties that will satisfy all the above properties

is probably the most challenging aspect of a successful mechanized strawberry

harvest. Even though a single cultivar possessing all the above desirable prop-

erties for machine harvesting is yet to come, new strawberry varieties from the

Oregon State University plant breeding program have been shown to satisfy the most

important properties desired for successful machine harvesting.

Efforts to Mechanize Strawberry Harvest in Oregon 

Efforts to develop mechanical strawberry harvesting in Oregon have been a

cooperative endeavor involving Oregon State University and USDA-ARS researchers.

Specifically, the Departments of Horticulture, Food Science and Technology, and

Agricultural Engineering, and the North Willamette Experiment Station have been

working together on numerous problems related to meciirriical harvestin7,, handling,

and processing of strawberries (Lawrence, et. al., 1975).

Every year since 1967, the Department of Horticulture, in cooperation with
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the personnel of the North Willamette Experiment Station, propagates and screens

new strawberry clones. The new clones are then grown in experimental field plots

at the North Willamette Experiment Station. When the berries are fully matured,

they are harvested by the OSU Clipper Harvester (strawberry harvesting machine

developed by the Department of Agricultural Engineering at Oregon State Univer-

sity). After harvest, the fruit is transported to the Department of Food Science

and Technology for post-harvest analysis. The post-harvest analysis deals thor-

oughly with the quality of the mechanically harvested berries. The quality of

every new strawberry variety is evaluated, based on texture, wholeness, color,

taste, and preserving quality (Lawrence et. al., 1975). In addition, in the

post-harvest analysis, the mechanically harvested fruit is processed by commercial

plant procedures, packed in regular consumer product forms, and evaluated after

a storage period. After the post-harvest analysis, data showing the yield per

acre, percent of ripe fruit, percent of capped fruit, percent of damaged fruit,

percent harvested recovery, and quality score are compiled and reported for

each clone considered in that particular year. From the above data, the suit-

ability of all the new clones for commercial production under mechanical harvest-

ing is established, and the clones exhibiting the best machine harvest charact-

eristics are retained for further investigation in subsequent years.

Even though no single variety yet possesses all the desirable properties for

machine harvesting, results from the strawberry breeding program at Oregon State

University have been encouraging. For example, in 1976, 59 selections were har-

vested and stemmed, using the Oregon State University Clipper Harvester and

Stemmer, respectively. Out of the 59 selections, 22 achieved 80 percent or more

ripe fruit concentration at time of harvest; 18 selections had good capping quali-

ties, and 10 selections had usable fruit yields of more than five tons per acre.

(Usable fruit yield is obtained after eliminating the undersized, non-ripe,

uncapped, and damaged fruit from the total yield.) Moreover, of the 59 selections

evaluated in 1976, 12 scored in the "good" quality range and 34 placed in the

"average" range (Varseveld et. al., 1976).

Many of the new selections possess most of the characteristics needed for

machine harvesting, for example, OR-US Selection No. 4681, one of the new straw-

berry selections evaluated in 1976. This selection had a mechanically harvested

usable fruit yield of nine tons per acre, more than twice the current state

average yield. It achieved 89.6 percent of ripe fruit concentration at the time
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of harvest, and less than one percent of the ripe fruit was damaged by machine har-

vesting. In addition, the quality of fruit was judged to be quite good. However,

relative to some other selections, the capping characteristics of Selection OR-US

4681 were below average, since only 76.9 percent of the ripe fruit was capped when

subjected to the 1976 version of the OSU Stemmer.

In summary, progress has clearly been made, both with respect to refinement

of mechanical harvesters and development of strawberry varieties adapted to mach-

ine harvesting. However, if mechanical strawberry harvesting is to be successful,

further research is highly essential, particularly for developing new varieties

suitable for machine harvesting.

ESTIMATED SAVINGS TO OREGON GROWERS
FROM MECHANICAL STRAWBERRY HARVESTING

The objective of this paper is not to evaluate the current economic status of

the strawberry harvester, but rather to examine and delineate the conditions and

circumstances under which mechanical strawberry harvesting will be economically

feasible. To attain this objective, the following assumptions will be made in-

itially. However, later in the analysis most of these assumptions will be relaxed

and the consequences examined.

Initial Assumptions 

1. Strawberry varieties that can be harvested by machine with minimum damage and

difficulty will be available. Also, these varieties will average at least

four tons total yield per acre.

2. The mechanical strawberry harvester that is forthcoming can harvest an acre

of strawberries in four hours, with an 85 percent recovery rate.

3. Purchase price of harvester is estimated to be $20,000, plus $2,000 for a

tractor transmission. The harvester is assumed to have a six-year life,

and an interest rate of nine percent is used to amortize repayment of the

machine. Moreover, the harvester is assumed to have 150 hours of annual

utilization.

4. Seventy percent of the machine-harvested strawberries are assumed to com-

mand a price equivalent to standard quality,
3/
 with the rest of the

3/ 
Standard quality refers to strawberries that can be used for higher quality
products such as individual quick freeze (IQF), frozen sliced berries, etc.
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berries used only for puree and juice stock.

5. If hand-picking is used, only 80 percent of the strawberry crop is expected to

be harvested, because of the shortage of pickers and the time needed to harvest

the field intensively. (This estimate was made after consulting with the

strawberry growers involved in the study. Timing is very crucial in straw-

berry harvesting because the usable yield depends on how quickly and effici-

ently the strawberries can be harvested as they ripen. Also, after each

picking, the strawberries become smaller and smaller, making it harder to

keep pickers interested since they are paid a fixed amount per pound picked.

As a result, the grower is often unable to get the berries picked after the

second or third picking, even though 20 percent or more of the crop may still

remain in the field. There is also a variation in abundance of pickers from

year to year, depending upon how many "unofficial" immigrants from Mexico

are available for work in the area.)

Among the five assumptions stated above, the first assumption is the most

crucial, since the realization of Assumptions 2 and 4 depends very much on the

strawberry varieties to be machine-harvested. Moreover, realization of Assump-

tion 1 will require some waiting, since no presently available strawberry variety

has all the desirable properties needed for successful machine harvesting. How-

ever, if the progress made in the last eight years is indicative, a significant

break-through in developing strawberry varieties should soon make machine har-

vesting a realistic alternative.

Assumptions 1-4 were made after consulting with strawberry growers, engineers,

plant breeders, CML personnel, as well as agricultural Extension workers who were

closely involved in this project. In addition, the assumptions about the mach-

ine's cost and efficiency—4/ were based upon observations of the actual as well as

the potential performance of the CML strawberry harvesting machine which was op-

erating in Oregon on an experimental basis during 1977. Using the above assump-

tions, estimated returns to strawberry growers from mechanization are presented

in Table 4.

4/
Throughout this paper, efficiency of the harvester is defined as the average
time it takes to harvest one acre, with an acceptable recovery rate. Note
that this is purely an operational definition.
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Table 4. Economic Analysis of Mechanized Strawberry Harvest as Compared
to Hand Harvest

1. Usable Product Under Mechanization:

Average total yield (tons/acre) 	 	 4.0
Berries recovered by the harvester (tons/acre)(4.0 x 0.85) 	 	 3.4
Less culls and other foreign material (tons/acre)(3.4 x 0.1) 	  (0.34)

Total usable product (tons/acre) 	 	 3.06

Harvest Costs ($/Acre) with Mechanization 

Machine and related costs:

Direct labor costs2/ 	$ 	 50.00

	

Trucking and handling costs- 	 90.67
Opportunity cost of mechanical harvester ($20,000 harvester

cost plus $2,000 for tractor transmission invested at 9%
for 6 years would average $6,149 per year, divided by 37.5
acres is $163.97 per acre) 	 	 163.97

Fuel and repairs_ci 	 	 14.60
Miscellaneous (2% of purchase priced/ 	 11.70

Total harvest machinery and related costs ($/acre) 	 $ 330.94

Extra Processing Costs for Mechanical Harvestfi

Extra labor ($0.0225/1b. of usable berries) 	 $ 137.70
Processing machinery costs 	 187.34

TOTAL HARVEST & EXTRA PROCESSING COSTS 	 $ 655.98

Revenue ($/Acre) for Machine Harvest 

Revenue by Product Qualities:

Standard quality [(3.06 tons x 0.7) x $0.27/1b.] 	 $1,156.68
Puree and juice [(3.06 tons x 0.3) x $0.15/lb.] 	 275.40 

Total revenue 	 $1,432.08 

PRODUCT VALUES NET OF HARVEST COSTS 	 $ 776.10

2. Revenue ($/Acre) for Hand-Picked Strawberries:

Usable Product:

Average total yield (tons/acre) 	 	 4.0
Berries actually picked (4.0 tons x 0.8) 	 	 3.2
Less culls and other foreign material (3.2 x .07) 	 (0.224) 

Total usable product (tons/acre) 	 	 2.976

Revenue by Product Qualities:

Standard quality [(2.976 tons x .85) x $0.27/lb.] 	 $1,365.93
Puree and juice [(2.976 tons x .15) x $0.15/lb.] 	 133.95

Total revenue 	 $1,499.88

Continued
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Table 4 continued

Harvest Costs ($/Acre) for Hand-Picked Strawberries/f-

Total harvest costs ($/acre) 	 $ 902.00 

PRODUCT VALUES NET OF HARVEST COSTS 	 $ 597.88

Losses or Savings Realized as a 
Result of Mechanization ($/Acre) 

Net savings as a result of using the harvester will be
($776.10 - $597.88) 	 $ 178.22

2/ 
The direct labor cost was estimated using wage rates of $6.50/hr. for the
machine operator and $3/hr. for the two assistants.

hi To estimate trucking and handling costs, the strawberries recovered per
acre by the harvester were multiplied by a factor of 4/3 since about 1/3
of the mechanically harvested raw product was assumed to consist of foliage
and other foreign material. Then, the cost of hauling and handling was
estimated to be $20/ton.

The estimate for fuel and repair was obtained by taking approximately two
percent of the purchase price of the machine with an assumed annual utili-
zation of about 38 acres.

Miscellaneous expense includes the additional cost for preparing the land,
housing or storage for equipment, insurance, etc. It is estimated as approxi-
mately two percent of the purchase price of the machine.

The estimate for extra processing costs for mechanical harvesting was obtained
from the Michigan study (Holtman, et. al., 1977). However, an adjustment was
made for usage differences between Oregon and Michigan, and the two cappers were
assumed to have 100 tons annual utilization.

f/
The estimated harvest cost for hand-picking was about 14.094 cents per pound,
including costs of labor, transportation and supervisiorl, and hauling and
handling of berries.

Summary of Results in Table 4 

According to the analysis shown in Table 4, harvesting cost per acre of

strawberies was estimated to be $655.98 with mechanization and $902 when

picked by hand. This entails a saving of $246.02 ($902 - $655.98) per acre,

or 3.6 cents per pound of machine-harvested strawberries, in favor of mechani-

zation. However, this savings should be reduced since there was a difference of
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$67.80 ($1,499.88 - $1,432.08) per acre of total revenue favoring the hand-picked

strawberries. Hence, when the above adjustment is made, the saving per acre

from mechanization is $178.22 ($246.02 - $67.80), or 2.6 cents per pound of mach-

ine-harvested strawberries.

Further Analysis 

The preceding results indicate a desirable impact from mechanization,

at least on the strawberry growers and processors. However, it should be noted

that the preceding conclusion is valid only if all five assumptions given at the

beginning of the analysis hold. Therefore, to overcome this apparent weakness,

some of the assumptions are relaxed, and the impact of relaxing these assumptions

on the savings from mechanization is shown in Table 5.
5/
 In Table 5, savings

or losses ($/acre) from mechanization were estimated by varying the yield of the

strawberries from three to six tons per acre, and the efficiency of the harvester

from three to five hours per acre. These estimates are well within the range of

results that have been obtained by the experimental studies of Oregon State Uni-

versity. In addition, quality of machine-harvested strawberries is allowed to

vary from 80 percent standard quality and 20 percent puree and juice stock to

an inferior product with only 40 percent standard quality and 60 percent puree

and juice stock.

In Column 1 of Table 5, the various possible combinations of yields and ef-

ficiencies considered in this study are presented, and in Columns 2 to 6 the

savings or losses corresponding to the assumed level of yield and efficiency are

listed by product quality. To illustrate the interpretation of Table 5, the

entries in Row 1 will be used. In Row 1, as shown by the first entry, 3:3, the

yield is assumed to be three tons per acre and the efficiency of the harvester

three hours per acre. Then, the savings per acre will be $126.57 if 80 percent

of the strawberries harvested are of standard quality and 20 percent puree and

juice stock.
6/
 Similarly, if the product quality of harvested strawberries is

5/ 
For more detailed analysis, refer to Chapter V of Hussen (1978).

6/ 
All the savings or losses in Table 5 are estimated by using the same tech-
niques employed in Table 4. However, the cost for hand-harvesting was ad-
justed, depending on the assumptions about total yield. Also, when the total
yield of strawberries is assumed to be above five tons, the recovery rate of
the machine is reduced from 85 to 80 percent. More details of the analysis
in Table 5 are given by Hussen, pp. 56-70 and pp. 121-123.
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to Yield, Efficiency, and Product Quality

Yield & Efficiency 	 Ratio of Standard to Puree & Juice (Product Qualities)
Tons/Ac.	 :	 Hrs./Ac.	 .8 &	 .2	 .7	 &	 .3	 .6 &	 .4	 .5 &	 .5	 .4	 &	 .6

3	 3	 126.57	 71.49	 16.41	 (-38.67)11	 (-96.75)

3	 4	 81.83	 27.65	 (-28.33)	 (-83.41)	 (-138.49)

3	 5	 33.64	 (-21.49)	 (-76.58)	 (-131.67)	 (-186.76

4 3	 296.40	 222.96	 149.52	 76.08	 2.64

4 4	 251.66	 178.22	 104.78	 31.34	 (-42.10)

4 5	 203.43	 129.99	 56.55	 (-16.89)	 (-90.33)

5 3	 372.28	 285.88	 199.48	 113.08	 26.68

5 4	 327.54	 241.14	 154.74	 68.34	 (-18.06)

5 5	 279.31	 192.91	 106.51	 20.11	 (-66.29)

6 3	 523.50a-/	 419.82	 316.14	 212.46	 108.78

6 4	 479.06	 375.38	 271.70	 168.02	 64.34

6 5	 430.53	 326.85	 223.17	 119.49	 15.81

--4-/ Highest and lowest savings.

1 Figures in parentheses represent negative savings.

Table Net Savings or Losses ($/Acre) Due to Mechanization as Related5.
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70 percent standard and 30 percent puree, the saving will be $71.49, etc. An

additional example would be, in Row 5 as shown by the first entry (4:4), the

yield is assumed to be four tons per acre and the efficiency of the harvester

four hours per acre. The corresponding savings, when quality of the product is

70 percent standard and 30 percent puree, are $178.22, which are, in fact, the

same result shown earlier in Table 4.

Better insight about the economic feasibility of the mechanical harvester

can be obtained from the information in Table 5. 1 For instance, if efficency

of the harvester is assumed to be three hours per acre, for the harvester to be

economically feasible, at least 60 percent of the strawberries harvested should

consist of the standard quality, provided the yield is three tons per acre.

Similarly, if yield is increased from three to four tons and machine efficiency

is set at three hours per acre, the mechanical harvester will be economically

feasible, provided 40 percent of the product harvested is of standard quality.

In general, the figures in Table 5 indicate that if the strawberry varieties

to be harvested mechanically have a yield of four tons or more per acre and the

fruit is at least 60 percent standard quality, then mechanical strawberry har-

vesting will give some savings, provided the efficiency of the harvester is not

below the range considered in Table 5 and given the other assumptions made. For

example, if the grower had a good supply of pickers so that he could be assured

of picking 90 percent of his crop, then his expected total revenue for hand-

picked strawberries would increase by about 12 percent or about $188 per acre in

Table 4. Similarly, his revenue above harvest cost per acre would increase by

nearly $75 per acre. Thus, the net savings per acre from mechanization in

Table 5 for the four tons per acre yield would be reduced by about $75 per acre.

Even larger reductions in estimated savings from mechanization in Table 5 would

result for the five and six tons per acre yields if 90 percent of the total crop

could be hand-picked.

Harvesting and Extra Processing Costs 

From the analyses thus far, it was shown that the savings from mechaniz-

1/ 
The information in Table 5 is not intended to be exhaustive. However, given
reliable knowledge of the efficiency of the harvester, the quality of the
fruit, and the average yield, the economic feasibility of mechanized straw-
berry harvest can be evaluated using the general information from Table 5 or
the equations given by Hussen, pp. 121-123.
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ation vary directly with the quality of the strawberries harvested, the harvest-

er's efficiency, and the yield of strawberries. For strawberry quality, the

impact on savings arises because of the difference in price for strawberries

graded standard as compared to strawberries used only for puree and juice. Since

prices are higher for standard quality strawberries, the greater the portion of

mechanically harvested strawberries graded as standard, the higher will be the

savings from mechanization (Table 5). However, the impact of the mechanical

harvester's efficiency and the yield of strawberries on savings from mechaniz-

ation is rather subtle, hence, more explanation is given, using the results pre-

sented in Table 6.

In the first column of Table 6, average total yield in tons per acre is list-

ed, ranging from three to six tons per acre. Associated with each average total

yield are three pairs of cost figures, each pair belonging to a different effici-

ency level of the harvester. For example, if the average yield is three tons

per acre when the harvester's efficiency is three hours per acre, the cost of

harvesting and extra processing will be $554.14 per acre, or $184.70 per ton, as

shown by the first entry of Columns 2 and 3 of Table 6. Similarly, for the same

average yield of three tons, but if the harvester's efficiency is decreased from

three to five hours per acre, then the cost of harvesting and extra processing

will be $647.11 per acre, or $215.70 per ton, as shown by the first entry of

Columns 6 and 7 of Table 6. The rest of Table 6 is read in the same manner as

for the above two examples. Using the entries in Columns 3, 5 and 7 of Table 6,

three different average cost curves are drawn, as shown in Figure 3, which have

important economic implications.

In Figure 3, three average cost curves are shown, each associated with a

different harvester efficiency level. For example, each point along the average

cost curve labeled 1 is obtained after assuming the harvester's efficiency

level to be three hours per acre. Similarly, the efficiency level associated with

the average cost curves labeled 2 and 3 are 4 and 5 hours per acre, respectively.

The data for the average costs, 1, 2, and 3, are obtained from entries in columns

3, 5, and 7 of Table 6. Now, closer observation of the average cost curves in

Figure 3 reveals that, for any given yield level, the more efficient the harvester

the smaller will be the average cost of harvesting and extra processing. To ill-

ustrate the above point, in Figure 3 Points B, C, and D are represented by the

same yield factor, namely, 5 tons per acre; but the average cost per ton at
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EFF. RATE 5HRS/ACRE

EFF. RATE 4HRS /ACRE
EFF. RATE 3HRS /ACRE

200

150

100

4	 5	 6	 YIELD
TONS

FIGURE 3. AVERAGE HARVEST COSTS PER TON FOR VARIOUS
EFFICIENCY LEVELS OF THE MECHANICAL HARVESTER.
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Point B ($130.30) is lower than at either Points C ($139.30) or D ($148.90),

because Point B is associated with a relatively more efficient harvester than

either Points C or D. In general, increases in the harvester's efficiency rate

shift the average cost curve down and toward the origin. The more efficient

the harvester, the closer the average cost curve is to the origin (Figure 3).

Finally, the above discussion implies that harvester efficiency is inversely 

related to average cost which is, in fact, parallel to the assertion made ear-

lier that expected savings from mechanization are directly related to the har-

vester's efficiency.

In addition, from the shape of the average curves in Figure 3 it is appar-

ent that, at least for the average yields considered in this study, the average

harvesting cost and extra processing cost per ton decline as average yield of

strawberries per acre increases. For example, in Figure 3 both Points A and B

are located along the same average cost curve, which implies that the efficiency

level of the harvester for both points are the same. However, the average cost

of harvesting and extra processing per ton at Point B ($130.30) is lower than

at Point A ($184.70), because Point B is associated with a higher average yield

per acre (five tons) than Point A (three tons). Similar observations can be

drawn from any given two points along the same average cost curve. The above

finding implies, other factors remaining constant, that economic returns arising

from mechanization will be greater the higher the average yield of the straw-

berries mechanically harvested.

Implications and Limitations 

In the preceding analyses under various assumed conditions, expected sav-

ings from the proposed mechanization of strawberry harvest were estimated. As

shown in Table 5, dollar values of expected savings range from a high of $523.50

to a low of -$186.76 per acre. These results imply a wide range in expected

savings from mechanization of strawberry harvest. However, judging from actual

performance of the harvester under experimental conditions, and if strawberry

varieties can be developed within which are high-yielding and suiLabie for

machine harvest, a negative saving from mechanization of strawberry harvest

seems unlikely. Hence, if positive savings are used as an indicator of the

economic feasibility of mechanized strawberry harvest, then the estimated ex-

pected savings (Table 5) suggest that the mechanical strawberry harvester would
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be economically feasible under the assumed conditions.

Nevertheless, certain problems arise with the preceding analyses. Among

them are:

1. In Oregon, strawberry farming is a small-scale operation. Aver-

age acres per strawberry farm in Oregon were less than 10 in

1976 (Weiser, 1976). However, if the proposed mechanical straw-

berry harvester is to be used optimally, large-scale production

would be necessary. ! Optimal use could be achieved by an indivi-

dual farmer expanding his acreage or by a group of farmers pur-

chasing the machine. If the machine were purchased by a farmer or

a group of farmers, it might improve efficiency to grow different

strawberry varieties or have fields located at varying elevations

so that the strawberries would not mature at the same time.

(Another method for spreading cost of harvesting machinery over

more acres is custom harvesting. For example, custom harvesting

of wheat is common in the Great Plains wheat area.) Moreover,

success in mechanization of strawberry harvesting requires strong

cooperation from the processing sectors. Hence, if strawberry

harvest mechanization is to become a reality, processors must be

willing to install the new required machines, set up grading lines,

etc., for processing mechanically harvested strawberries..

2. In the preceding analysis, the expected savings to growers were

estimated, using approximately current market prices for straw-

berries. However, if substantial savings are realized from mech-

anization of strawberry harvest, strawberry growers likely would

expand their production which, in turn, might cause strawberry

prices to decline. A decline in strawberry price would reduce

savings per acre from mechaniwation, but because of expanded pro-

duction, total savings (returns) to growers may show an upward

trend despite decreased savings per acre. Moreover, the decrease

in price of strawberries, if it occurs, would benefit consumers.

8/ In figure 3, the harvester is assumed to have a utilization rate of 150 hours
in a given harvest season. Since the efficiency of the harvester is expected
to range from three hours/acre to five hours/acre, this implies that 30 to 50
acres of strawberries, respectively, are needed to utilize the harvester at
capacity.
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If increased benefits to consumers were greater than the decreased

returns to producers resulting from lowered strawberry prices, the

aggregate "social returns" from mechanized strawberry harvest would

be positive, i.e., mechanization would be economically beneficial

to society. Although this important question has been investigated

by Hussen (1978), the method of analysis is highly technical and is

more appropriately presented elsewhere. Hussen's findings, in brief,

were that each dollar invested to mechanize Oregon's strawberry har-

vest will return an estimated average annual gross benefit of $3.30,

and annual net benefit of $0.95, considering both increased revenue

to growers and benefits from lower prices to consumers. It should

be noted that these returns are based upon several assumptions, such

as the development of an efficient mechanical harvester and develop-

ment of improved strawberry varieties that would cause strawberry

acreage to expand to 9,000 acres, similar to that of the 1970-74

period.

CONCLUSIONS

Strawberry production is an important source of income to Oregon farmers

and processors. For example, even though strawberry production was at its low-

est in 1976, Oregon produced strawberries with farm value of $13,622,000, or

processed value of $22,650,000 (Weiser, 1976). Strawberries are especially im-

portant to processing plant scheduling and operation and for reducing overhead,

being the first crop of the year when plants are otherwise sitting idle.

Since the mid 1960s,Oregon's share of strawberry production has been steadily

declining. In particular, over the last six years the decline in acres for

strawberry production has been drastic. In 1972, nearly 9,000 acres of straw-

berries were harvested in Oregon; by 1977, Oregon harvested only 5,300 acres of

strawberries. Substantial increases in harvest costs resulting from fewer

strawberry pickers, without an offsetting increase in farm strawberry prices,

have mainly caused the downward trend in Oregon strawberry production.

To alleviate the harvest cost problem, for the last 10 years, Oregon has been

working to mechanize its strawberry harvest. Though not yet complete, consider-

able progress toward successful use of mechanical strawberry harvesters in Oregon
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has been made. However, to be successful, strawberry harvest mechanization re-

quires development of (1) efficient mechanical strawberry harvesting machines

which will reduce production costs without substantially adversely affecting

quality of the strawberries harvested; (2) reasonably high yielding strawberry

varieties acceptable for commercial use and, at the same time, suitable for mach-

ine harvesting; and (3) strawberry varieties that can be stemmed and capped easily,

so that processing costs will not be unduly increased. In addition to the above

factors, strawberry growers and processors need to be flexible and willing to

accept, as well as to act upon, the changes required by mechanization.

Cooperative efforts to develop mechanical strawberry harvesting in Oregon

have involved Oregon State University and USDA-ARS researchers. So far, the

Oregon Strawberry Commission alone has invested around $270,000 to facilitate

mechanized strawberry harvest in Oregon. Even though a new strawberry variety

possessing all the desirable properties for machine harvest is yet to come, con-

siderable progress has clearly been made. However, if mechanization of the straw-

berry harvest is to be successful, further research is highly essential, particu-

larly to develop new varieties for machine harvesting. Research to increase

yields by better control of virus and fungi problems is also urgently needed.

Depending on the assumptions about the quality of the strawberry products,

the average yield of the strawberry varieties to be harvested, and the efficiency

of the harvester, the estimated savings per acre to strawberry growers from mech-

anical harvesting ranged from a net saving of $523 to a net loss of $187 per

acre. Even though negative savings appear when extremely unfavorable conditions

are assumed, in most cases positive returns to Oregon growers were estimated from

use of the mechanical strawberry harvester. Based upon these estimated savings

to growers, mechanical strawberry harvesting appears to be an economically viable

alternative that may eventually solve the problem of dwindling numbers of straw-

berry pickers in Oregon.
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