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At its peak, Oregon produced 21 percent of the nation's 

total commercial strawberry production.  However, since 

19 71, Oregon's share of strawberry production has been 

declining steadily.  In fact, for the last three years 

strawberry production in Oregon constitutes only 8 percent 

of the nation's total production, which is the lowest since 

the end of the Korean War (Figure 1). Among other factors, 

the increase in harvest cost without an offsetting increase 

in the farm prices of strawberries, is the main cause for 

the continuing decline of strawberry production in Oregon. 

Decrease in the supply of strawberry pickers is the 

main cause for the.upward trend of the strawberry harvest 

cost in Oregon.  Particularly, since 1973, due to enactment 

of the child labor law, the shortage in the supply of straw- 

berry pickers in Oregon has intensified, causing further 

escalation in harvest cost.  Thus, in order to alleviate 



the problems associated with harvest cost, since 1967, 

Oregon has been actively seeking to mechanize its straw- 

berry harvest. 

The principal objective of this thesis has been to 

evaluate the economic feasibility of mechanical strawberry 

harvest in Oregon.  As demonstrated in Chapter V, depending 

on the assumptions about the quality and the average yield 

of the strawberry varieties that would eventually be har- 

vested mechanically, and the efficiency of the harvester; 

the expected savings per acre to the strawberry growers from 

the use of mechanical harvester was shown to range from a 

net saving of $523.50 to a net loss of $186.76 (Table 9). 

Even though negative savings are shown to appear when ex- 

tremely unfavorable conditions are assumed, in the majority 

of cases discussed in Chapter V, the implementation of 

mechanical strawberry harvesting in Oregon is found to be 

associated with significant positive returns to the growers. 

In addition, in Chapter VI, under certain conditions 

which are expected to prevail if mechanization of straw- 

berry harvest become a reality in Oregon, the annual gross 

and net "social rate of returns' were estimated to be 330 

percent and 95.7 percent respectively.  The difference be- 

tween the gross and net social rate of return is the wage 

loss of the displaced workers.  Based on the above social 

return figures and the estimated savings to the growers, 

it appears that mechanical strawberry harvesting is an 



economically viable alternative that could eventually 

solve the problem of the growing shortage of strawberry 

pickers in Oregon. 
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ECONOMIC FEASIBILITY OF MECHANICAL STRAWBERRY 
HARVESTING IN OREGON:  ESTIMATED PRIVATE 

AND SOCIAL BENEFITS AND COSTS 

I.  INTRODUCTION 

The strawberry is one of the most popular and widely 

used small fruits in the United States.  Nearly all the 

states grow strawberries of some kind; however, over 75 per- 

cent of the commercially marketed UoSo strawberries are 

grown in the three Pacific Coast states; namely, California, 

Oregon and Washington.  The climate and soil are the main 

contributing factors for the domination of the Pacific 

Coast states in strawberry production.  California is the 

leading strawberry producing state while Oregon is second. 

Besides being the second major strawberry producing 

state, Oregon is a pioneer in strawberry production.  Straw- 

berries have been grown commercially in the region since 

the early 1900's.  In its heyday, the years extending from 

1952*-71, Oregon was producing between 13 and 21 percent of 

the nation's total commercial strawberry production (Figure 

1) ,  In addition to its sizable share of strawberry produc- 

tion, Oregon is known for its exceptionally good quality 

strawberries'.  For a long time the Northwest variety, grown 

widely in Oregon, was one of the most preferred straw- 

berries in the market. 
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Strawberry production is an important source of income 

to Oregon farming communities.  For example, in 1976, Oregon 

produced strawberries with farm value of $13,622,000 or 

processed value of $22,650,000 (Martin, 1976). 

Relative to California, strawberry production is a 

small scale operation in Oregon. Often, strawberries are 

grown along with other crops such as wheat, barley, corn, 

beans, etc. Therefore, due to the size of the strawberry 

farms, it may not be economically feasible for growers in 

Oregon to use sophisticated farming techniques such as 

plastic mulch, soil fumigation, trickle irrigation, etc., 

which are common practices in California. 

The harvest season and its length depends very much on 

the climate, soils, the cultural practices peculiar to the 

region and the varieties of strawberries grown in the area. 

In fact, depending on their harvest seasons, strawberry 

producing states are classified into five major seasonal 

groups, namely, winter, spring, early spring, mid-spring, 

late spring.  Oregon belongs to the late spring seasonal 

group and has one of the shortest harvest seasons lasting 

for only three to four weeks. 

Problem Statement 

At its peak, Oregon produced 21 percent of the total 

U.S. strawberry production (Figure 1). However, since 1971, 

Oregon's share of strawberry production has been declining 
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steadilyo  In fact, for the last three years strawberry 

production in Oregon constitutes only 8 percent of the 

nation's total production, which is the lowest since the 

end of the Korean War (Figure 1).  As will be shown below, 

substantial decline in the acreages allotted for strawberry 

production is the main reason for the downward trend of 

Oregon's production. 

In terms of strawberry acreages harvested, the period 

between 1955-59 represents the peak in Oregon history 

(Table 1) o  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 mark, and in 1976 

only 5,200 acres of strawberries were harvested, which was 

merely 31 percent of the peak year's average of 1955-59 

(Table 1). 

Contrary to the acreage reduction, for the last ten 

years, Oregon has been showing a remarkable improvement in 

the yield of strawberries harvested per acre.  The increase 

in yield is mainly the result of the introduction of new and 

improved strawberry varieties0  For instance, in 1976, the 

average yield per acre harvested was 9,200 pounds which was 

almost twice as much as the average yield of 1955-59 (Table 

1).  Hence, as a result of the steady improvement in the 

yield of strawberries, average production (acreages x yield) 

has not declined as rapidly as the average harvested 



Table 1. Trends of 
Oregon, 

acreages harvested, yield. and production of strawberries s in 

Years 

Average 
Harvested 
Acreages 

As % of 
1955-59 

. Acreages. 

Average 
Yield per 
Harvested 

Acre . 

As % of 
1955-59 

Yield/Acre. 

Average 
Production 

(1000 
pounds) 

As % of 
1955-59 
Average 

Production 

1950-54 14,900 89 3,362 69 50,369 62 

1955-59 16,680 100 4,856 100 80,865 100 

1960-64 15,120 91 5,240 108 79,386 98 

1965-69 13,060 78 5,980 123 78,332 97 

1970-74 9,480 57 6,340 130 59,540 74 

1975 6,100 37 6,800 140 41,500 51 

1976 5,200 31 9,200 189 47,800 59 

en 
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acreage.  As stated above, in 1976, the acreage allocated 

for strawberry production in Oregon was 31 percent of the 

1955-59 average acreage, whereas production of strawberries 

(acreage x yield) was 59 percent of the 1955-59 average 

production level (Table 1). 

Several factors have contributed to the rapid decline 

of strawberry acreage in Oregon.  However, the factors which 

are most prevalent ares  (1) Production of strawberries has 

been increasing steadily in California.  Moreover, over the 

last decades, there have been substantial increases of 

strawberries imported from Mexico.  Hence, increased pro- 

duction in California plus the increase of imported straw- 

berries from Mexico have had a depressing effect on the farm 

prices of strawberries.  In fact, in some years, the farm 

prices of strawberries were such that it was impossible for 

growers in Oregon to break even (Martin, 1976).  (2) For 

any given year, harvest cost accounts for 30 to 40 percent 

of the price growers receive in Oregon (Martin, 1976).  In 

recent years, harvest costs have been rising rapidly due to 

the shortage of strawberry pickers resulting from new child 

labor legislation.  The enactment of child labor legislation 

in 1973 was particularly hard on the Oregon strawberry 

industry which traditionally depended on 10-15 year olds 

for most ©f the picking (Martin, 1976). 

To sum up, the increase in harvest cost, without an 

offsetting increase in the farm prices of strawberries, is 
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the main cause for the continuing decline of the strawberry 

industry in Oregon. 

After the full realization of the problem, the next 

step should be to search for realistic alternatives that 

will change the unfavorable conditions facing the strawberry 

growers in Oregon,  Among the various alternatives that can 

be considered, the following two factors need urgent con- 

sideration if Oregon is to regain its competitive edge in 

strawberry production.  These two factors are: 

(1)  Increase in yield;  If Oregon is to remain com- 

petitive in strawberry production, increase in yield per 

harvested acre without materially increasing the cost of 

production is a necessary step.  As pointed out earlier, 

in recent years Oregon has shown significant improvement in 

its yield.  However, to remain competitive with other major 

strawberry producing regions, such as California, Mexico, 

etc., Oregon needs further improvement in its strawberry 

yield.  The recent improvement in the yield of strawberries 

in Oregon has been the result of the introduction of new 

varieties which are more suited to the region's climate and 

soil condition; and research should continue on this same 

line if Oregon is to realize its full potential in the pro- 

duction of strawberries for the years to come.  Another 

alternative for Oregon to improve its strawberry yield is 

to adapt new production practices.  In fact, it is possible 

to double or triple the present strawberry yield of Oregon 
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by introducing highly refined production practices, such as 

annual plantings, plastic mulch, soil fumigation, trickle 

irrigation, etc  However, it should be noted that the 

benefits derived from the increment in strawberry yield may 

be by far less than the additional costs required to imple- 

ment the above suggested cultural practices„  Hence, before 

a new production practice is introduced, a benefit cost 

analysis should be in order. 

(2)  Mechanization;  Increase in yield as discussed 

above is only a partial solution to the problems facing the 

strawberry growers in Oregon,  Thus, in order to find a 

satisfactory and complete solution to the problems dis- 

cussed thus far, in addition to the augmentation of the 

strawberry yield, a serious attempt should be made to re- 

duce the harvest cost.  Several alternatives may exist that 

can be employed as remedies for the problems associated 

with harvest cost, but the one which is considered as the 

most promising is mechanization of the strawberry harvest. 

In Oregon, since 1967, considerable time and effort have 

been invested to develop a mechanical strawberry harvester. 

As of today, there seems to exist a general consensus among 

the people concerned in the strawberry industry that Oregon 

will regain its competitive edge provided successful imple- 

mentation of a strawberry mechanical harvester become a 

reality. 



Objective and Scope of the Study 

In light of the problems facing the Oregon strawberry 

industry, the principal objective of this study is to 

evaluate the economic feasibility of a strawberry mechani- 

cal harvester in Oregon. 

In the process of attaining the above objective, this 

thesis will cover the following subjects:  (1) In Chapter 

II, Oregon strawberry production, utilization, and produc- 

tion costs will be compared with those of the other major 

strawberry producing states.  (2) For successful mechaniza- 

tion of strawberry harvesting, in addition to the develop- 

ment of a technically sound harvester, strawberry varieties 

suitable for machine harvest must be developed. Hence, in 

Chapter III the development and current status of the straw- 

berry harvester as well as the progress in plant breeding 

research in the State of Oregon will be examined.  (3)  In 

Chapter IV and Chapter V attempts will be made to assess 

the economic feasibility of strawberry mechanical harvesters 

in Oregon under various assumptions concerning the techno- 

logical capability of the harvester and the yield of the 

strawberry varieties that will eventually be harvested 

mechanically.  (4)  Finally, in Chapter VI, under certain 

assumed conditions, the gross and net social returns arising 

from successful implementation of mechanized strawberry 

harvester in Oregon will be computed. 
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II.  COMPARATIVE ANALYSES OF STRAWBERRY PRODUCTION, 
UTILIZATION, AND PRODUCTION COSTS IN OREGON 

AND OTHER MAJOR PRODUCING STATES 

Production 

Because of their favorable climate and soil condition, 

among other factors, California, Oregon and Washington pro- 

duce the major portion of the total strawberries grown in 

the U.S. (Table 2) . 

From Table 2, it is evident that California is by far 

the dominant strawberry producing state.  Over the years, 

extending from 1949-76, California has almost quadrupled 

its production.  On the other hand, since the 1960's with 

the exception of Florida, the rest of the major strawberry 

producing states (Oregon, Washington, Michigan, Louisiana, 

Tennessee and New York) have been experiencing a steady 

decline in their production.  Hence, due to the remarkable 

increase of strawberry production in California while pro- 

duction is declining in the other states, the relative 

share of California in strawberry production has been 

further enhanced.  For example, in the early 'SO's, Cali- 

fornia was producing, on the average, about 25 percent of 

the total strawberry production in the U.S.; but in the 

'70's, its share has jumped to about 70 percent of the 

aggregate production. 



Table 2„  Strawberry production in Oregon and other major competing states, including 
Mexico, 1949-76.  

Major 
Strawberry 
Growing 
State 

California 

Oregon 

Washington 

Michigan 

Louisiana 

Tennessee 

New York 

Florida 

Average 
Production 
1949-54 

(000) pound 

107,937 

48,740 

31,919 

30,810 

23,051 

19,705 

13,670 

9,871 

Average 
Production 
1955-59 

(000) pound 

Average 
Production 
1960-64 

(000) pound 

Average 
Production 
1965-69 

(000) pound 

Average 
Production 
1970-74 

(000) pound 

Average 
Production 
1975-76 

(000) pound 

202,916 

80,865 

35,599 

37,162 

15,512 

27,661 

12,106 

6,574 

209,534 

79,386 

46,302 

35,516 

14,018 

16,254 

10,752 

13,934 

224,740 

78,332 

34,100 

30,460 

11,920 

6,560 

7,280 

19,060 

315,880 

59,540 

25,040 

20,880 

7,080 

2,240 

4,820 

17,700 

400,600 

44,650 

23,100 

16,950 

6,850 

4,350 

20,400 

All States 394,493 510,890 511,265 476,600 497,200 556,550 

Mexico - - 33,703.0 95,701 140,427.0 90,004.0 
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As noted above, with the exception of California and 

Florida, since the early 'eO's, all other major strawberry 

producing states have been experiencing a constant decline 

in their production.  However, despite the above situation, 

no significant decline was shown in the aggregate U.S. 

strawberry production, mainly due to increased production 

in California.  In fact, in 1975 and 76 the aggregate straw- 

berry production was the largest ever in the U.S. history. 

Further examination of Table 2 reveals that, over the 

years, there have been some changes in the ranking of the 

strawberry producing states.  For example, in the 'SO's, 

Tennessee and Florida were ranked as the 6th and 8th major 

strawberry producing states respectively.  However, in the 

WO's, while Tennessee's strawberry production was reduced 

to a very insignificant level, Florida's relative position 

has moved up to 4th place, surpassing Michigan, Louisiana, 

New York and Tennessee. 

Thus far, only domestic production of strawberries was 

considered. However, each year the United States imports 

significant amounts of strawberries from Mexico (Table 2), 

and a good understanding of the U.S. strawberry market 

situation necessitates a close look at the imports from 

Mexico.  Since the mid '60's Mexico has been the second 

largest strawberry supplier in the U.S. market.  Note that 

until the mid '60's, Oregon strawberry production used to 

surpass the imports from Mexico.  Low production cost 
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resulting from cheap labor is the main cause for the grow- 

ing presence of Mexican strawberries in the U.S. market. 

Utilization of Production 

Strawberries are marketed as either fresh or processed 

(as frozen pack, jam, or juice stock)„  Often, the quality 

of the berries required to make the specific strawberry 

product is the main feature distinguishing one strawberry 

product from another.  For example, under normal conditions, 

higher quality berries are used in the fresh than in the 

processing market; moreover, even within the processed 

berries, higher quality strawberries are needed to process 

whole berries (instant quick freeze, IQF) than sliced 

berries. 

Figure 2 shows the percent of strawberries marketed as 

either fresh or processed for the years extending from 

1951-76.  From Figure 2, it is evident that, with the excep- 

tion of some years in the 1950's, greater portions of the 

total strawberries produced in the U.S. have been sold 

through the fresh rather than the processed markets, and 

increasingly so in the last ten years.  As will be shown 

shortly, the decline of the strawberry production in Oregon 

(Table 3), and to some extent Washington, are the major 

reasons for the downward trend of processed berries relative 

to that of the fresh berries.  Note that Figure 2 does not 

include the strawberries imported from Mexico.  Hence, if 
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Table 3.  Percent of Oregon's total strawberry production 
that is distributed through the processing market. 

Oregon's Strawberry Production 
(000 000) Percent 

Year     Processed    Fresh and Processed    Processed 

58.46 96 

78.86 95 

76.65 95 

80.53 97 

83.3 95 

54.2 95 

48.4 94 

41.0 91 

41.5 91 

47.8 87 

one accounts for the growing presence of Mexican straw- 

berries imported from Mexico consist of processed berries, 

the actual decline of the relative weight of processed 

berries as opposed to fresh berries will not be as much as 

shown in Figure 2. 

In aggregate, for the last ten years, less than 40 

percent of the strawberry production in the U.S. has been 

sold through the processing market, and in no year has the 

amount of processed berries exceeded 60 percent of the 

total U0S. strawberry production (Figure 2).  In contrast 

to the above situation, except in 1976, over 90 percent of 

Oregon strawberries are channelled through the processing 

1951-55 56.04 

1956-60 75.27 

1961-65 72.75 

1966-70 77.75 

1971 79.5 

1972 51.4 

1973 45.5 

1974 37.3 

1975 37.8 

1976 41.6 



16 

market (Table 3).  In fact, until 1974, Oregon had never 

sold more than 6 percent of its annual strawberry crop in 

the fresh market.  The main reasons for Oregon's insignifi- 

cant role in the fresh strawberry market have been:  (1) To 

be a serious contender in the fresh strawberry market, a 

long harvest season is a highly essential factor.  A long 

harvest season, among other things, aids in spreading the 

strawberry production of the particular region over a pro- 

tracted span of time, preventing possible saturation of 

the marketo  Unfortunately, Oregon has one of the shortest 

harvest seasons, lasting at the maximum not more than four 

weeks.  Compared to Oregon, California's harvest season 

lasts for almost five months.  (2) Oregon is known for the 

good qualities of its strawberries.  However, Oregon plays 

a very insignificant role in the fresh strawberry market 

because the berries grown in Oregon are generally smaller 

in size and too delicate to tolerate the extra handling re- 

quired to prepare and transport the berries for fresh mar- 

ket.  (3) Until the early part of the 1970•s, the markets 

for processed strawberries were in general strong, and the 

price difference between the fresh and processed berries 

was not big enough to warrant any substantial shift one way 

or the other. 

However, in recent years, mainly due to the increase 

in the cost of production and the sluggish market price of 

the processed berries, growers in Oregon have been rather 
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receptive to changes in their marketing system.  For 

example, as shown in Table 3, in 1976, Oregon for the first 

time sold over 10 percent of its strawberry production in 

the fresh market (primarily U-Pick).  Moreover, unless a 

solution is found to lower the production costs, U-Pick may 

be the only form of marketing that will make future straw- 

berry production in Oregon economically feasible.  However, 

how much can Oregon strawberry growers sell using U-Pick as 

their main marketing channel? Most likely not enough to 

make Oregon remain as one of the major strawberry producing 

states in the UoS. 

As noted from the above discussion, almost all of 

Oregon's strawberry crop is utilized and marketed as pro- 

cessed berries„ Hence, it may be of some interest to 

examine the relative position of Oregon in strawberry pro- 

duction when only processed berries are considered.  In 

Figure 3, only processed berries are considered; and for 

the last ten years, over 90 percent of the processed ber- 

ries grown in the U.S. came from California, Oregon and 

Washington,  Moreover, when processed berries are exclusive- 

ly considered, with the exception of the last four years, 

Oregon's market share has been very close to that of 

California.,  For most of the years, extending from 1952-73, 

about one-third of the total processed berries in the U.S. 

have come from Oregon,,  However, for the last three years, 

Oregon's annual production has accounted for only one-fifth 
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of the processed berries in the U.So, which is the lowest 

since 1952 (Figure 3). 

Summary 

By now it should be evident that there exists wide 

variation in the amount of strawberries produced by each 

state-  Although most of the states can potentially produce 

strawberries, as shown in Table 2, only eight states pro- 

duce over 90 percent of the total commercial strawberries 

grown in the U.So  Even among the eight states, the varia- 

tion in their annual production is too great for all of 

them to be considered equally important.  For instance, in 

19 75 and 76, on the average, California alone produced 72 

percent of the total strawberries grown in the U.S., but 

for the same years Louisiana produced only 1.2 percent of 

the total strawberry production in the U.S. (Table 2). One 

last item that has been observed from the discussion so far 

should be the steady increase of strawberry production in 

California„ and to some extent in Florida, and at the same 

time the rapid decline of strawberry production in states 

like Oregon, Washington, Michigan, etc. 

One may wonder why growing gaps exist in strawberry 

production among the major producing states.  In particular, 

what enables California to dominate other states in straw- 

berry production? What are the underlying causes for the 

steady decline of strawberry production in some states 
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while production is increasing in some other states? Why 

are Mexico's strawberry imports to the U.S. growing over 

the years?  In order to adequately answer the above ques- 

tions, it is essential to know the main factors affecting 

the aggregate level of strawberry production for any given 

region. 

Acreage and Yields 

Among other things, the three main factors affecting 

the amount of strawberries to be produced in any given 

region are:  (1) the climate and soil of the region; (2) 

the amount of acres allocated; and (3) the yield per acre 

harvested.  Since these three factors are very much inter- 

related, no attempt will be made to discuss each one of 

them separately.  For example, the climate and soil condi- 

tion of the region very much affect the yield and the 

yield in turn may affect the amount of acres to be used for 

growing strawberries. 

Often, the climate and soil conditions determine the 

desired level of fertilizer application and irrigation, 

the type of strawberry varieties most suitable in the given 

region, the quality of the berries, and most of all the 

length of the harvest season.  In turn, to the extent that 

all strawberry varieties do not have the same yield, the 

natural yield per acre harvested for a given locality 

depends on the particular varieties of strawberries grown 
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in that region (locality).  Note that the natural yield is 

the strawberry yield which is realizable under the normal 

farm operating conditions of a given region.  Hence, the 

natural yield can be augmented by using more sophisticated 

production techniques, such as high plant densities, plas- 

tic mulch, soil fumigation, trickle irrigation, etc.  How- 

ever, in some regions the marginal cost to obtain addi- 

tional yield per harvested acre may be so high as to pro- 

hibit the use of the above types of production methods. 

In addition, the length of the harvest season is a 

very influential factor in determining the strawberry yield 

to be realized from a given region„  Generally, the longer 

the harvest season the higher will be the annual yield per 

acre harvested.  The reason is that provided the season is 

long, it is possible to harvest the same strawberry field 

several times more than otherwise, and by so doing increase 

the yield per acre harvested. For example, from Figure 4 

it is apparent that there exists a big difference in the 

average yield of strawberries between California and 

Oregon.  The long harvest season is one of the major fac- 

tors contributing to the success of California strawberry 

growers in obtaining remarkably higher yields than the 

strawberry growers in other parts of the country. 

Finally, among other things, the amount of acres 

allocated for strawberries in any given year depends on 

the relative profitability of strawberry production.  In 



CO 
Q 
■z. 

O 

< 
CO 
ID o 
\- \^ 

hJ 
ttl 
O 
< 
\ 
Q 
_l 
UJ 
>- 
LU 
O 
< 

UJ 
> 
< 

35 - 

30 

25  - 

20 

10 

1951-59 

|    |  1960-69 

1970-76 

OREGON CALIFORNIA MICHIGAN 

FIGURE 4     THE TREND OF AVERAGE STRAWBERRIES YIELD OVER THE YEARS 



23 

turn, profit depends on the yield, the relative prices, and 

cost of production.  Ceteris Paribus, the higher the yield 

and relative farm prices of strawberries or the lower the 

cost of production, the greater will be the profit, hence, 

the more acres that will be allocated for strawberry pro- 

duction.  As shown in Figure 5, acreages allotted for 

strawberry production have been declining consistently over 

the years.  As will be shown in the next section, increase 

in the costs of production and the sluggish farm prices of 

strawberries are the main reasons for the downward trend of 

the acres allocated for strawberry production. 

Cost of Production 

Strawberry production costs vary from one producing 

region to another.  For instance, as shown in Table 4, in 

1976, the estimated total annual cost per acre for Santa 

Cruz County in California was approximately five and a 

half times greater than the Washington County in Oregon 

($9,909.49 vs. $1,757.00).  The question is then, in 

general, what are the causes for the wide variations that 

exist in the production costs among the various strawberry 

growing regions.  A satisfactory answer to the above ques- 

tion requires an in depth analysis of some of the factors 

affecting the cost of strawberry production.  Hence, among 

others, the main determining factors of the strawberry 

production cost for any given region are: 
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Table 4.  Comparison of the per acre cost of strawberry 
production between the Santa Cruz County of 
California and the Washington County of Oregon, 

2 

Items 
Santa Cruz County 

California.. 
Washington County 

Oregon6 

Establishment costs $ 1,765.60 $   454.00 

Harvest costsc 4,280.00 872.00 

Other costs 3,865.89 431.00 

Total Annual Costs $ 9,909.49 $ 1,757.00 

Expected yield 20-25 tons 3-4 tons 

Average cost per ton $396-495 $439-585 

aFigures are obtained from the Oregon State University 
Extension Service and the Agricultural Extension Univer- 
sity of California. 

I- 

Establishment costs include cultural operations such as 
plow, sub soil, fertilizer, irrigation, herbicide, interest 
on land, taxes, etc. 

cHarvest costs include picking and handling, hauling, book- 
keeping and recruiting, etc. 

Other costs include taxes, rent, pre to post harvest cul- 
tural operation, general expenses, etc. 

eFor Washington County only, 1975 figures are obtained, 
hence the cost figures for Washington County are adjusted 
by the price index. 

(1)  The climate and soil of the region:  As was dis- 

cussed in the last section, the climatic and soil conditions 

play a very important role in determining the level of 

fertilizer applications, the frequency of land needs to be 

irrigated, and the length of the harvest season which was 

shown to have a considerable impact on the strawberry yield 
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in any given region*     Generally, for any given region, the 

cost of fertilizer and irrigation per ton of strawberry 

harvested will be smaller, the richer the soil and the more 

humid the weather of that particular region.  Also, the 

longer the length of harvest season, the higher will be the 

strawberry yield per acre and the smaller the cost of pro- 

duction per ton of strawberry harvested.  For example, from 

Table 4 it is evident that there exists a big gap between 

the expected strawberry yields of Santa Cruz County (Cali- 

fornia) and Washington County (Oregon); and to a large ex- 

tent the length of the harvest season is the main cause 

for the difference in the expected yield of the two coun- 

ties.  Moreover, because of the big difference in expected 

yield favoring Santa Cruz County, the expected costs of 

production per ton of strawberry harvested is relatively 

lower in Santa Cruz County ($396 -*■ $495) than in Washington 

County ($439 ■*■  $585) . 

(2)  Method of production:  In addition to the length 

of the season, the method of production employed is an 

equally important factor in determining the yield per acre 

of a given region.  The yield of a given region almost 

always can be augmented by means of improved production 

techniques.  However, in some regions the extent to which 

production techniques can be improved are limited because 

the additional costs required to implement the improved 

production techniques outweighs the benefits to be gained 
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from the increase in yield as a result of the new production 

techniques.  The steady improvement in production techni- 

ques is one of the main factors for the growing success of 

California in increasing its strawberry yields tremendously 

over the years.  For example, within the period ranging 

from 1960-76, on the average, California has almost 

tripled its yield (Figure 4).  California growers can 

accommodate new and improved techniques in their production 

process because the size of the strawberry farms in Cali- 

fornia is often big enough to make the implementation of 

new production techniques economically feasible. 

(3) Availability of labor:  Harvest cost accounts for 

40-50 percent of the total annual cost for strawberry pro- 

duction (Table 4). Moreover, strawberry harvest is 

extremely labor intensive; hence, the cost of harvest very 

much depends on the availability of pickers. For example, 

over the last ten years, mainly due to the continuing pre- 

sence of cheap labor, Mexico has been able to compete in 

the United States strawberry market very effectively (Table 

2) . 

(4) Institutions, tradition, law, etc.:  A recent 

example is the 1973 enactment of a child labor law by the 

U.S. Congress.  The enactment of the child labor law has 

reduced the supply of strawberry pickers by prohibiting 

most children under twelve from working in the strawberry 

harvest. 
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(5)  Finally, other factors affecting cost of straw- 

berry production include the relative value of the land, 

the proximity of the strawberry producing region to the 

market, bearing years of strawberry, specialization, etc. 

Causes for the Declining Trend of Strawberry 
Production in Oregon 

One thing evident from the discussion in this chapter 

should be the deteriorating position of Oregon in straw- 

berry production relative to other major strawberry growing 

regions, specifically California and Mexico.  Hence before 

recommending a solution(s), it may be helpful to systemati- 

cally lay out the major causes for the continuing decline 

of Oregon strawberry production in the context of the major 

factors that have been discussed thus far, 

(1) Increase' in harvest cost;  Due to the relatively 

low supply of strawberry pickers, the cost for harvest has 

been much higher in Oregon than in Mexico or some other 

strawberry growing regions where they have excess supply of 

migrant workers.  Especially, since 1973, due to enactment 

of the child labor law, the shortage in the supply of straw- 

berry pickers in Oregon has intensified, causing further 

escalation in harvest cost. 

(2) Low yield;  Over the years, on the average, there 

have been definite improvements in the yield of Oregon 

strawberries.  However, compared to California, the improve- 

ments in the yield of Oregon strawberries have been much 
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slower.  For example, in the '50*3, on the average, the 

ratio of the strawberry yield per acre between California 

and Oregon was 3 to 1, but in the 'TO's, the ratio of the 

strawberry yield between these same two states was approxi- 

mately 5 1/2 to 1 (Figure 4).  Hence, if Oregon is to com- 

pete seriously with California or some other major straw- 

berry growing regions, substantial improvement over its 

present strawberry yield is highly essential. 

(4)  Sluggish farm prices of processed strawberries; 

As stated earlier, among other things, the amount of acres 

allotted for strawberry production depends on the farm 

prices of strawberries.  From Figure 5, it is evident that 

the acres allocated for strawberry production in Oregon 

have been declining rapidly, and one possible explanation 

for the downward trend of Oregon strawberry acreage is the 

sluggish demand (price) for processed berries.  To illus- 

trate the above point, a close observation of the trend for 

the per capita consumption of processed strawberries (Figure 

6) in conjunction with the trend of the strawberry acreage 

in Oregon (Figure 5) may be helpful.  In the 'SO's, when 

the per capita consumption (demand) for processed berries 

was increasing steadily, the acres  allocated for strawberry 

production in Oregon was at its highest.  But, in the "SO's 

and more so in the 'TO's the per capita consumption for 

processed strawberries has been declining, and over the 
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same period a similar trend was observed in strawberry 

acreage harvested in Oregon. 

Final Note 

To fully understand the problems facing Oregon straw- 

berry growers, in this chapter various aspects of Oregon 

strawberry production were compared with that of California, 

Mexico, Michigan, etc.  From the analysis in the preceding 

discussion, it became evident that in order to seriously 

compete with either California or Mexico, Oregon has to 

find some means to lower its production costs. 

Oregon can reduce its production cost significantly in 

either one of the following two ways:  (1) by increasing 

its yield substantially without materially affecting the 

production costs; and (2) by adapting new technology to 

minimize harvest costs, such as the use of the mechanical 

strawberry harvesters.  With these two objectives in mind, 

for the last decade Oregon has been seriously engaged in 

plant breeding programs as well as the development of a 

mechanical harvester.  Hence, the subject matter of the 

next chapter is to report some of the progress that has 

been achieved with respect to plant breeding and the 

development of the mechanical strawberry harvester. 
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III.  AN OVERVIEW OF THE SUCCESSES AND THE 
PROBLEMS ASSOCIATED WITH EFFORTS TO 

MECHANIZE STRAWBERRY HARVEST 

Prelude 

As discussed in the preceding chapter, the increase of 

harvest cost has been one of the main causes for the steady 

decline of Oregon strawberry production.  In order to solve 

the problems associated with harvest cost, there have been 

several attempts to mechanize strawberry harvesting since 

the early 'SO's. 

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 unwanted 
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., 1968). 

Hence, success in mechanization of strawberry harvesting 

entails the development of:  (1) an efficient strawberry 

mechanical harvesting machine which will reduce production 

costs without having substantial adverse effects on the 

quality of the strawberry 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 
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and capped easily such that the cost of processing will not 

be unduly increased. 

For the last ten years, in an effort to solve the 

problems facing its strawberry industry, Oregon has been 

actively seeking to mechanize its strawberry harvest.  If 

Oregon is to succeed in mechanizing its strawberry harvest, 

in general, the economic impacts are expected to be as 

follows: 

A.  Favorable Impacts: 

1. Due to the reduction in harvest cost, Oregon 

strawberry growers will be motivated to expand 

their strawberry acreage.  Ceteris Paribus, in- 

crease in acreage entails an increase in Oregon 

strawberry production.  Hence, provided the reduc- 

tion in the cost of strawberry harvest is signifi- 

cant, Oregon can increase its production con- 

siderably so that it will be able to regain its 

competitive edge in the processed strawberry mar- 

ket. 

2. Due to the larger volume of strawberries available 

for processing, there will be an increase in the 

demand for labor in Oregon strawberry processing 

industries. 

3. Higher income to the growers, processers, and 

local and state government. 
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4.  Lower prices of strawberries to the consumer as a 

result of increased production. 

B.   Unfavorable Impacts: 

1. Loss of jobs to the strawberry pickers. 

2. There may be an increase in strawberry processing 

costs; but the increase in processing cost will be 

minimized as the harvesting machine becomes refined 

and improved varieties of strawberries are de- 

veloped. 

3. There may be a negative impact on the quality of 

the processed strawberries. 

Extensive analyses of the economic feasibility and 

economic impacts of the mechanical strawberry harvester 

will be the subject matter of the next three chapters. 

Hence, in the rest of this chapter, a historical account of 

the successes and problems associated with the mechaniza- 

tion of the strawberry harvest will be examined. 

Development and Current Status of the Strawberry 
Harvester 

Interest in the development of a strawberry harvesting 

machine was started in the early part of the 1960's. At 

the early stages of the development of the harvester, the 

main participants from the public sphere were Iowa State 

University, University of Illinois, University of Arkansas, 

Louisiana State University, University of Guelph, Michigan 

State University and Oregon State University.  In addition. 
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in the private sector SKH&S,— BEI (Blueberry Equipment, 

Inc.) and CML (Canners Machinery Ltd.) have been partici- 

pating in the development of a mechanical strawberry 

harvester.  Outside the U.S. and Canada, mechanical harvest- 

ing research has been conducted in England, The Netherlands, 

and Italy. As a first step towards mechanization each 

participant was concerned with the design and development 

of the physical and mechanical apparatus of the harvesting 

machine.  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., 1968).  In fact, at one time, there were 

more prototype harvesting machines than the number of 

participants in the mechanical harvesting research. 

In recent years, even though some basic research re- 

lating to strawberry breeding is still carried on by 

several universities, BEI, CML, SKH&S, Michigan and Oregon 

State Universities are the most active participants in the 

still unfinished work of developing and refining the 

mechanical strawberry harvester for the purpose of commer- 

cial use.  Judging from the performance of the existing 

machines, undoubtedly, the technology and know-how for 

developing a strawberry mechanical harvester for commercial 

—Initials of the names of four private investors in Oregon. 
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use already exists; but the strawberry varieties suitable 

for machine pick have not yet materialized.  BEI is a 

stripping type harvester, whereas CML harvesters use the 

mowing method of harvesting.  However, both BEI and CML 

machines are once-over mechanical harvesters. 

Field testing of all the prototype strawberry har- 

vesters developed thus far repeatedly revealed that in 

order to make a significant break-through in the mechaniza- 

tion of strawberry harvest, new varieties have to be de- 

veloped.  Accordingly, as will be discussed in the next 

section, along with the continued efforts to refine the 

existing harvest machine, intensive research has been 

directed towards developing strawberry varieties suitable 

for machine harvest. 

Plant Breeding Research 

Mechanical harvest of a horticultural crop is 
an integration between machinery and crop 
variety.  The design and operation of the equip- 
ment has a direct influence on the plant type 
and fruit characteristics of the varieties 
needed for future production (Lawrence, 1966) . 

Since earlier research in plant breeding has not 

explicitly considered mechanization as a real issue, straw- 

berry varieties now in production for commercial use lack 

certain charateristics that are essential in the mechanical 

harvesting process.  However, as the need for mechanization 

becomes evident, strawberry breeders are starting to give 
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more time and effort to develop improved varieties for 

mechanical harvesting purposes.  For example, during the 

past nine years, the Oregon Strawberry Commission alone 

spent $265,240 for research related to mechanization of 

strawberry harvest, and a good part of the money was 

allocated to research focusing primarily on the biological 

aspects of mechanically harvested berries (Martin, 1976) . 

The first step in the plant breeding program was to 

clearly identify the bioengineering characteristics desir- 

able for machine harvest so that criteria for screening 

strawberry varieties ideal for machine picking could be 

established. Hence, after accounting for the design and 

the overall characteristics of the harvester, the following 

criteria were used for selecting strawberry varieties that 

would be compatible with machine harvest (Lawrence, 1966): 

1. The plant must produce a concentrated set of fruit 

with uniform ripening characteristics to permit a 

once-over harvest.  Concentration of fruit means 

the percent of the total crop that is ripe and 

marketable at one harvests 

2. The berries must be firm to withstand rough handl- 

ing. 

3. The berries must have easy capping characteristics 

to facilitate detachment of the fruit from the 

plant.  As will be evident from the discussion in 

the next chapter, the cost for processing machine 
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harvested berries is very much affected by the 

additional working hours required to cap the ber- 

ries. 

4. To facilitate machine harvesting and to minimize 

fruit damage during harvest, the plant should have 

an upright fruiting habit. 

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 strawberry production economically 

feasible. 

To develop strawberry varieties that will satisfy all 

the above properties is probably the most challenging 

aspect of a successfully mechanized strawberry harvest. 

Even though a single cultivar possessing all the above 

desirable properties for machine harvest is yet to come, as 

will be evident in the next section, the new strawberry 

varieties from the Oregon State University plant breeding 

program have been shown to satisfy the most important ele- 

ments of the properties desired for successful machine har- 

vest of strawberries. 

Efforts to Mechanize Strawberry Harvest at the 
State of Oregon 

As illustrated in the previous chapter, for the last 

ten years, Oregon's share of the strawberry production has 

been declining steadily.  Thus, to reverse the declining 
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trend of strawberry production, mechanization of strawberry 

harvest has been taken very seriously in Oregon.  Efforts 

to develop mechanical harvesting of strawberries 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 

Experimental Station have been working together on numerous 

problems related to mechanical harvesting, handling, and 

processing of strawberries (Martin and Lawrance, 1974). 

Every year since 1967 the Department of Horticulture 

in cooperation with 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 University).  After harvest, the fruit are 

transported to the Department of Food Science and Techno- 

logy for post-harvest analysis.  The post harvest analysis 

mainly deals with thorough examination of the quality of 

the berries that have been harvested mechanically.  Every 

new strawberry variety is evaluated for its quality on the 

basis of texture, wholeness, color, taste, and preserving 

quality (Lawrance  et al,, 1975).  In addition, in the post 
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harvest analysis, the mechanically harvested fruit is sub- 

ject to commercial processing plant procedures and packed 

in regular consumer product forms and evaluated after a 

storage period. After the post harvest analysis, data show- 

ing 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 yield, concentration of the fruit, capping 

characteristics, firmness, and quality of fruit for all the 

new clones under investigation are established, and the 

clones exhibiting characteristics ideal for machine harvest 

are retained for further investigation in some future years. 

Even though no single cultivar possessing all the 

desirable properties for machine harvest has yet to be 

found, the results from the strawberry breeding program at 

Oregon State University have been rather encouraging.  For 

example, in 1976, fifty-nine selections were harvested and 

stemmed using the Oregon State University clipper harvester 

and stemmer, respectively.  Out of the fifty-nine selec- 

tions, twenty-two of them achieved 80 percent or more ripe 

fruit concentration at the time of harvest; eighteen selec- 

tions proved to have good capping qualities (characteris- 

tics) ; and ten selections had usable fruit yields of over 

five tons per acre.  (Usable fruit yield is obtained after 

subtracting out the undersized, nonripe, uncapped and 
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damaged fruit from the total yield).  Moreover, of the 

fifty-nine selections evaluated in 1976, twelve of them 

scored in the "good" quality range and thirty-four placed 

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

When compared to the strawberry varieties that are now 

grown commercially, many of the new varieties have been 

shown to possess characteristics which are ideal for machine 

harvest.  An example would be Selection No. 4681 which was 

one of the new strawberry varieties evaluated in 1976.  This 

selection had usable fruit yield of nine tons per acre, 

which is more than twice the current yield.  It achieved 

89.6 percent of ripe fruit concentration at the time of 

harvest and less than one percent of the ripe fruit was 

damaged as a result of machine harvest.  In addition, the 

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

relative to some other selections, the capping characteris- 

tic of Selection No. 4681 was found to be less than average 

since only 76.9 percent of the ripe fruit was capped when 

subjected to the 1976 version of the OSU stemmer. 

Final Note 

From the discussion in this chapter, it should be 

clear that progress has been made both with respect to the 

refinement of the mechanical harvester and the development 

of the strawberry varieties that should eventually lend 

themselves to successful machine harvesting.  However, if 



42 

mechanization of strawberry harvesting is to be successful 

in the future, further research is highly essential, parti- 

cularly on the development of new varieties suitable for 

machine harvest. 
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IV.  ECONOMIC EVALUATION OF MECHANICAL 
STRAWBERRY HARVESTER — CASE I 

Prelude 

During the 1977 harvesting season, a mechanical straw- 

berry harvester designed and promoted by Canners Machinery 

Ltd (CML) for commercial purposes was used in the state of 

Oregon on an experimental basis.  The following study is 

based on the information that has been obtained by observing 

the harvester at work in three different strawberry fields. 

The detailed analysis of the data collected from these ex- 

perimental studies is documented in Appendix I.  A summary 

of some of the findings and facts relevant for economic 

analysis of the mechanical strawberry harvester is listed 

below. 

1. All the strawberry fields used for the study were 

hand picked at least once, and after this first 

picking the average yield per acre was estimated 

to be about three tons.  (The assumption about the 

estimated yield was made after consulting with the 

strawberry growers who were involved in the experi- 

mental study.) 

2. It was observed that on the average the mechanical 

strawberry harvester could harvest at an efficiency 

of three hours per acre on the field conditions 
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2/ described above.—  In general, the speed of the 

harvester is affected by the following factors: 

(a)  The structure of the field, i.e., a flat 

versus bumpy row.  The flatter the row of the 

strawberry field, the more efficient will be the 

harvester.  (b) The concentration of the strawberry 

crop.  Generally, the speed of the harvester is 

inversely related to the concentration of the 

strawberry crop.  (c) The type of strawberry 

varieties or growth characteristics of the berry. 

For example, strawberry varieties with heavy 

foliage will take longer to harvest using a 

mechanical harvester than strawberry varieties with 

lighter foliage.  (d) The overall operating condi- 

tions of the machine (harvester). 

3. From a single experimental study that was done in 

one of the farmer's plots, the harvester was able 

to pick 73 percent of the strawberry crop (Appen- 

dix I). When this experiment was conducted, the 

cutting bar of the strawberry harvester was mal- 

functioning. Hence, the 73 percent recovery rate 

should be a conservative estimate. 

4. If hand picking was used on these fields, it was 

assumed that only 65 percent of the strawberry crop 

2/ —' In this thesis, efficiency is defined as the time it takes 
the harvesting machine to harvest a given acre. 
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would have been harvested, mainly due to the 

shortage of pickers and the time it would take to 

harvest the field intensively.  This estimation 

was used after consulting with the strawberry 

growers who were involved in the study.  Note that 

timing is very crucial in strawberry harvesting 

because the amount of usable product to be obtained 

from a given field depends on how quickly and 

efficiently one can harvest the strawberries when 

they are just ripe. 

Finally, the above facts and assumptions are derived 

from observations based on small samples and at times from 

a single observation.  Hence, the economic analysis that is 

going to be performed using the above information is natu- 

rally preliminary and hence inconclusive, and it is done 

with the understanding of this weakness.  A more comprehen- 

sive economic analysis concerning the mechanical strawberry 

harvester will be examined immediately following this 

chapter. 
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FIGURE 7.  PRELIMINARY ECONOMIC ANALYSIS OF MECHANIZED 
STRAWBERRY HARVEST. AS. COMPARED TO HAND HARVEST. 

I.  Usable Product: 

Average total yield (tons/acre)  .   3.00 
Berries recovered by the harvester 

(tons/acre) (3.0 x .73)    2.19 
Less:  Culls and other foreign products 

(2.19 x 0.1)   .........  (0.219) 

Total Usable Product (tons/acre)....   1.971 

Harvest Costs ($/acre) With Mechahization 

Harvest Machine and Related Costs: 

Direct labor costs    37.50 
Trucking and handling costs*3 65.70 
Harvest machinery costs ($20,000 

harvester purchase price, $2,000 for 
tractor transmission, 150 operating 
hours annual utilization and machine 
payment at 9% interest for 6 years). . . . 122.98 

Fuel and repairs (2.5% of purchase price). .  11.00 

Total Harvest Machinery and 
Related Costs ($/acre). ........ 237.18 

Extra Processing Costs for Mechanical 
Harvest0 

Extra labor ($0.0225/lb of usable product) .  88.69 
Processing machine costs ($26,000 for two 

decappers, feed conveyors and trucks, 
$1,000 for freight and extra installa- 
tion, 35 acres annual utilization) .... 187.34 

Total Harvest and Extra Processing 
Costs ...   ........ 513.21 

Revenues ($/acre) for Machine Harvest 

Total revenue ($0.15/lb of usable product). . . 591.30 

/. Product Values Net of Harvest Costs . .  78.09 

II.  Revenues ($/acre) for Hand Pick Strawberries 

Usable Product: 

Average yield (tons/acre) ..........   3.00 
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Figure 7 (continued) 

Berries actually picked (3.0 x 0.65) 1.95 
Less:  Culls and other foreign elements 

(1.95 x .08).  (0.156) 

Total Usable Product (tons/acre) ....  1.794 

Revenue by Product Qualities 

Standard quality {(1.794 x .85) x 
$.27/lb}. .  .823.45 

Puree and juice {(1.794 x .15) x 
$.15/lb}.   ........ 80.73 

Total Revenue ($/acre)   . .904.18 

Harvest Costs ($/acre) for Hand Picked 
Strawberry 

Total harvest costs ($/acre)e. . .   . .676.50 

.\ Product Values Net of Harvest Costs. . .227.68 

Losses or Savings Realized as a Result of 
Mechanization (?/acre) 

Net loss as a result of using machine harvester 
would be ($227.68 - 78.09)  . .149.59 

The direct labor cost was estimated using wage rates of 
$6.50/hr for the machine operator and $3.0/hr for the two 
assistants. 

To estimate trucking and handling costs, the strawberries 
recovered per acre by the harvester was multiplied by a 
factor of 1.5 since 33 percent of the raw product harvested 
using the machine harvester was assumed to consist of 
foliages and other foreign elements.  Then, the estimate 
obtained above was calculated at a cost of $20 per ton. 

The estimate for extra processing costs for mechanical har- 
vest was obtained from the Michigan study [13].  However, 
an adjustment was made for wage differences between Oregon 
and Michigan; and the two cappers were assumed to have 
jointly a 100 ton annual utilization. 

Standard quality implies strawberries that can be used for 
IQF, sliced berries etc.  Note that all mechanically har- 
vested berries are assumed to be used for puree and juice 
only. 
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Figure 7 (continued) 

The harvest cost per acre for hand picking was obtained 
from the Enterprise Data Sheet prepared by Oregon Extension 
Service for 1975.  The 1975 estimate was adjusted for the 
general price increase since then. 
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Summary of the Results 

The preceding analysis implies, under the present 

state of the art, that it is uneconomical for the strawber- 

ry growers to use a mechanical harvester.  However, the 

above conclusion may be rather misleading.  For instance, 

if 30 percent of the mechanically harvested strawberries 

were graded as standard, neither a loss nor a gain would 

have been shown.  Unfortunately, in this study no formal 

grading was attempted to know what percent of the mechani- 

cally harvested berries were in fact of standard quality. 

However, from the Michigan experience with the same type of 

harvester, on the average 44 percent of the mechanically 

harvested strawberry crops were graded as standard. Note 

that the Michigan study was conducted for the 1976 season, 

and several new features have been added to the strawberry 

harvesting machine since then.  Thus, one could assume a 

much higher percent of standard quality of strawberries can 

be harvested using the present model.  Also, using the OSU 

strawberry harvesting machine, several studies have been 

done on the quality of the product over several years. 

Again, according to OSU's experience, 30 percent for the 

standard quality is a rather conservative estimate. 

The above evidence suggests, as of now, the strawberry 

mechanical harvester can be competitive with hand picking 

provided the following conditions are met: 
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1. If the mechanical harvester is used after the 

field has been picked by hand at least once.  This 

is because on the first round the hand pickers are 

relatively efficient, and at this stage a greater 

proportion of the hand picked strawberries command 

a high price. 

2. If there exist enough acres to make the harvesting 

machine economically feasible.  This can be done 

if, instead of a single farmer, a group of them 

can purchase the machine and use it optimally.  To 

use the machine optimally, as implied here, the 

farmers in a given group may have to grow dif- 

ferent varieties of strawberries or else they may 

have to be located at varying elevations from one 

another so that the strawberries will not be 

maturing at the same time.  (Another method for 

spreading the harvest machine cost over more 

acres is custom harvesting.  For example, custom 

harvesting of wheat is a very common practice in 

the Great Plains wheat area.) 

3. If the processors cooperate and install the new 

required machines, set up grading lines, etc., for 

handling machine harvested strawberries. 

Finally, even if the above conditions are met, until 

the strawberry varieties conducive for machine harvest are 

commercially available, the potential service of the 
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mechanical harvester should be looked at as a means of 

alleviating the growing shortage of strawberry pickers 

rather than as a complete substitute for hand harvest. 



51 

V.  ECONOMIC EVALUATION OF MECHANICAL 
STRAWBERRY HARVESTER — CASE II 

Introduction 

Even though a preliminary attempt has been made in 

Case I,   the primary objective of this thesis is not to 

evaluate the current economic status of the strawberry har- 

vester as envisioned presently.  Rather, one of the main 

objectives is to examine and clearly delineate the various 

conditions and circumstances that will make a mechanical 

strawberry harvester an economic reality.  In the process 

of attaining the above objective, as a point of departure, 

the following assumptions will be made.  However, at the 

later stage of the analysis most of these assumptions will 

be relaxed one at a time and the robustness of the results 

at each succeeding stage of the analysis will be tested. 

Assumptions 

1. Strawberry varieties that can be harvested by 

machine with minimum damage and difficulties will 

be available.  Also, these varieties will be 

capable of having an averaged total yield of at 

least four tons per acre. 

2. The strawberry mechanical harvester that is forth- 

coming can harvest an acre of strawberries in four 

hours with 85 percent recovery rate. 
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3. The purchase price of the harvester is estimated 

to be $20,000 and $2,000 for tractor transmission. 

The harvester is assumed to have a six year life 

span and interest rate of 9 percent is used to 

evaluate the repayment of the machine.  Moreover, 

the harvester is assumed to have 150 hours of 

annual utilization. 

4. Seventy percent of the machine harvested straw- 

berries are assumed to command a price equivalent 

to standard quality (or hand picked strawberries), 

and the rest of the machine harvested berries will 

be used only for puree and juice stocks. 

5. The extra processing cost will be estimated in 

the same manner as explained in Case I. 

Among the five assumptions stated above, the first 

assumption is the most crucial one.  It is crucial because 

the realization of assumptions 2, 4, and 5 very much depends 

on the varieties of strawberries that are going to be 

recommended for possible machine harvest.  Moreover, the 

realization of assumption one may necessitate long waiting 

since, as of now, no strawberry variety is available which 

satisfies all the desirable properties needed for success- 

ful machine harvest of strawberries.  However, if the pro- 

gress that has been made in the last eight years is indica- 

tive of the future, it should not be too long before we see 
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FIGURE 8.  ECONOMIC ANALYSIS OF MECHANIZED STRAWBERRY 
HARVEST. 

As Compared to Hand Harvest 

I.  Usable Product Under Mechanization 

Average Total Yield (tons/acre)    4.0 
Berries recovered by the harvester (tons/ 

acre) 3.4 
Less:  Culls and other foreign products 

(tons/acre) (3.4 x .1)  (0.34) 

Total Usable Product (tons/acre) . . .  3.06 

Harvest Costs ($/acre) with Mechanization 

Harvest Machine and Related Costs 
Direct labor costs 50.00 
Trucking and handling costs3 90.67 
Harvest machine costs ($20,000 harvester 

purchase price, $2,000 for tractor 
transmission,  150 operating hours 
annual utilization and machine pay- 
ments at 9 percent for six years) 163.97 

Fuel and repairs*5  14.60 
Miscellaneous0 (2 percent of purchase 

price) 11.70 

Total Harvest Machinery and Related 
Costs ($/acre)  .330.94 

Extra Processing Costs for Mechanical Harvest 
Extra labor ($.0225/lb of usable berries) . .137.70 
Processing machinery costs 187.34 

Total Harvest and Extra Processing 
Costs 655.98 

Revenues ($/acre) for Machine Harvest 

Revenue byproduct qualities 
Standard quality {(3.06 x .7) x $.27/lb}. .1,156.68 
Puree and juice {(3.06 x .3) x $.15/lb} . .  275.40 

Total Revenues   .... .1,432.08 

.°. Product Values Net of Harvest Cost .  776.10 
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Figure 8 (continued) 

II.  Revenues ($/acre) for Hand Pick Strawberries 

Usable Product 
Average Total Yield (tons/acre). ......    4.0 
Berries actually picked (4.Ox.8) . . . . .    3.2 
Less:  Culls and other foreign elements 

(3.2 x .07)    (0.224) 

Total Usable Product (tons/acre). . .   2.976 

Revenue by Product Qualities: 
Standard quality {(2.976 x .85) x $0.27/lb}.1,365.93 
Puree and juice {(2.976 x .15) x $0.15/lb} .  133.95 

Total Revenues .1,499.88 

Harvest Costs ($/acre) for Hand Pick Strawberries 

Total Harvest Costs ($/acre)  .  902.00 

.*. Product Values Net of Harvest Cost. .  597.88 

Losses or Savings Realized as a Result of 
Mechanization (?/acrey 

Net Savings as a Result of Using the 
Harvester will be .(.77.6.1.0 - 597.88) 178.22 

Due to the expected improvement in the cleaning system of 
the harvester, 1/4 instead of 1/3 of the weight of the 
machine harvested strawberries will consist of foliage, 
stems, etc.  Note:  In part I, 1/3 of the weight of the 
machine harvested strawberries was assumed to consist of 
foliage, stems, etc.  Oregon data based on several hundred 
observations over a period of four years indicated that a 
20 percent figure would be more realistic. 

The estimate for fuel and repair is obtained by taking 2.5 
percent of the purchase price of the machine with the addi- 
tional fact that the annual utilization of the machine is 
thirty acres.  Hence, if the machine is intended to be used 
over thirty acres a year, the estimate for"fuel and repair 
will be adjusted accordingly. 

Miscellaneous expense includes the additional cost for pre- 
paring the land, housing or storage for equipment, insur- 
ance etc.  It is estimated at 2 percent of the purchase 
price of the machine and adjusted accordingly for any in- 
tended use of the harvester over thirty acres annually. 
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a significant breakthrough in developing strawberry 

varieties that will make machine harvest a reality. 

Assumptions 1-4 are made after consulting with some 

strawberry growers, engineers, plant breeders, CML person- 

nel, as well as agricultural extension workers who are 

closely involved in this project.  In addition, the assump- 

tions about the machine's cost and efficiency are based 

upon observations of the actual as well as the potential 

performance of the CML strawberry harvesting machine which 

was operating in the state of Oregon on an experimental 

basis for the 1977 season. 

Summary of the Results 

According to the analysis in Figure 8, the cost of 

harvesting an acre of strawberry field was estimated to be 

$655.9 8 under mechanization and $902.00 when harvest is 

done by hand.  This entails a saving of $246.02 ($902.00- 

$655.98) an acre or 3.6 cents per pound of machine har- 

vested strawberries in favor of mechanization.  However, 

the above saving figure should be adjusted downward since 

there exists a difference of $67.80 ($1,499.88-$l,432.08) 

per acre on the estimated value of the total revenue favor- 

ing the hand picked strawberries.  Hence, when the adjust- 

ment implied above is completed, the saving per acre as a 

result of mechanization will be $178.22 ($246.02-$67.80) or 

2,6 cents per pound of machine harvested strawberries. 
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Further Analysis 

The above conclusion indicates mechanization to have a 

desirable impact, at least, on the strawberry growing com- 

munities.  However, it should be noted that the conclusions 

drawn above remain valid only if all the assumptions given 

at the beginning and throughout the analysis hold firm. 

Therefore, to overcome this apparent weakness, some of the 

assumptions are relaxed, and the impacts of relaxing these 

assumptions on the savings to be realized from mechaniza- 

tion are shown immediately.  For example, in Table 5a, the 

impact of relaxing assumption four is examined; that is, 

instead of a single product which is composed of 70 percent 

standard and 30 percent puree and juice stock, under the 

new setting there exists five product composition (column 

1).  The savings or losses associated with each product 

composition are evaluated using the same procedure as in 

Figure 8.  As shown in columns four and five of Table 5a, 

depending on the product composition, the savings due to 

mechanization varies from a high of $251.66 per acre or 3.7 

cents per pound of strawberries harvested to a loss of 

$42.10 an acre.  In addition, closer examination of Table 

5a reveals that as long as all the other assumptions hold 

and provided there exist a market for the product, 50 per- 

cent of the machine harvested strawberries can be used for 

puree and juice stock and still the savings as a result of 

mechanization will be positive. 



Table 5a.  Yield 4 tons/acre, and efficiency of the machine 4 hrs/acre.a 

Composition of the Product 
Puree and 

Standard Juice 
Total Revenue 

($/acre) 

Total Harvest 
and Extra 
Processing 

Costs ($/acre) 

Net Savings 
or Losses 
($/acre) 

Net Savings 
or Losses 
(C/lb of 
Harvest) 

1,505.52 655.98 251.66 3.7 

1,432.08 H 178.22 2.6 

1,358.64 it 104.78 1.5 

1,285.20 it 31.34 - 

1,211.76 ii (-42.1)c - 

0.8 

0.7 

0.6 

0.5 

0.4 

0.2 

0.3 

0.4 

0.5 

0.6 

The heading of the table depicts the underlying assumptions about the strawberry yield 
and the efficiency of the harvester.  Column 1 shows the composition of the product. 
Each row represents a single product quality composition, hence, in this study five 
possible product compositions were assumed.  For each product composition, total 
revenue, total harvest and extra processing cost and the savings or losses were esti- 
mated using the same procedure as shown in Figure 8. 

The market for juice, jam, etc. is rather limited.  Hence, due to market constraint, it 
may be economically unrealistic to consider a mechanical strawberry harvester where 
over 40 percent of its final product is only suited for puree and juice stock. 

cThe number inside the bracket shows negative savings and this applies for all the 
tables in this chapter. 
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Next, both assumptions four and two are jointly re- 

laxed.  As noted earlier, assumption two deals with the 

efficiency of the machine.  In particular, at the outset of 

the analysis it was assumed that the harvesting machine is 

capable of performing at an efficiency of four hours an 

acre.  Under the present condition, the mechanical har- 

vester is assumed to have an average efficiency which 

ranges from three to five hours an acre and the savings or 

losses resulting from mechanization are examined according- 

ly. For example, in Table 5b, as shown on the heading, the 

efficiency of the harvester is assumed to be three hours an 

acre. Hence, depending on the quality composition of the 

strawberry product harvested, the savings per acre due to 

mechanization varies from $296.40 to $2.64 or 4.4 cents to 

practically zero per pound of machine harvested strawber- 

ries.  A similar type of analysis is shown in Table 5c ex- 

cept in this case the machine average efficiency is assumed 

to be five hours an acre.  The assumption about the quality 

of the strawberry product is the cause for the variations 

of the savings within a given table (5a, 5b, 5c).  On the 

other hand, the difference among the corresponding entries 

of the savings in Tables 5a, 5b and 5c have resulted due to 

the variations in the underlying assumptions of the machine 

efficiency.  For example, for a given product quality, say 

80 percent standard and 20 percent puree and juice stock, a 

saving of $296.40 per acre was realized when the average 



Table 5b.  Yield 4 tons/acre and efficiency of the machine 3 hrs/acre, 

Composition of the Product 
Puree and 

Standard Juice 
Total Revenue 

($/acre) 

Total Harvest 
and Extra 
Processing 

Costs ($/acre) 

Net Savings 
or Losses 
($/acre) 

Net Savings 
or Losses 
(«/lb of 

usable product) 

1,505.52 611.24 296.4 4.4 

1,432.08 ■I 222.96 3.3 

1,358.64 M 149.52 2.2 

1,285.20 ti 76.08 1.1 

1,211.76 it 2.64 — 

0.8 

0.7 

0.6 

0.5 

0.4 

0.2 

0.3 

0.4 

0.5 

0.6 

Table 5c.  Yield 4 tons/acre and efficiency of the machine 5 hrs/acre. 

Composition of the Product 
Puree and 

Standard Juice 

Total Harvest Net Savings 
and Extra Net Savings or Losses 

Total Revenue Processing or Losses (<Vlb of 
($/acre) Costs ($/acre) ($/acre) usable product) 

1,505.52 704.21 203.43 3.0 

1,432.08 H 129.99 2.0 

1,358.64 ii 56.55 0.8 

1,285.20 ii (-16.89) - 

1,211.76 n (-90.33) (■ -1.5) 

0.8 

0.7 

0.6 

0.5 

0.4 

0.2 

0.3 

0.4 

0.5 

0.6 
en 
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efficiency of the harvester was assumed to be three hours 

an acre (Table 5b), while for the same product quality, the 

saving from mechanization was $203.43 per acre when the 

machine average efficiency was five hours an acre (Table 

5c) . 

From the various analyses that have been demonstrated 

so far, the following should be apparent. For any given 

efficiency level of the mechanical harvester, the greater 

the portion of the machine harvested strawberries fall into 

standard quality, the larger will be the savings, or the 

smaller the losses, as a result of mechanization. Similar- 

ly, for any given product quality, the more efficient the 

harvester the greater will be the savings or the smaller 

the losses resulting from mechanization. 

So far the impacts on the savings or losses as a re- 

sult of changes in the efficiency of the mechanical har- 

vester and the intended quality of the strawberry product 

were examined.  In the analysis to follow, in addition to 

the efficiency of the machine and the quality of the straw- 

berry product, the average yield of strawberries per har- 

vested acre will be allowed to vary.  Note that in assump- 

tion one the average yield was assumed to be four tons an 

acre, and it is under this assumption that the savings or 

losses in Tables 5a, 5b, and 5c were estimated. Now, 

assumption one will be relaxed in such a way that the 
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average total yield per acre will vary from a low of three 

tons to a high of six tons per harvested acre. 

To illustrate the effects of the variation in yield on 

the savings or losses to be gained from mechanization, in 

addition to Tables 5a, 5b and 5c, nine more tables which 

extend from Table 6a to Table 8c are constructed.  The 

first part of the heading statement of each table shows the 

assumption about the average strawberry yield.  For example. 

Tables 5a, 5b, and 5c are constructed with the assumption 

that the average strawberry yield is four tons per acre in 

each case, whereas Tables 6a, 6b and 6c are constructed 

under the assumed condition that the average strawberry 

yield is three tons per acre.  Similar interpretations can 

be applied to Tables 7a, 7b, 7c and 8a, 8b, 8c where their 

assumed average strawberry yield is five and six tons per 

acre, respectively. Hence, the difference in the corres- 

ponding savings, say, between Table 6a and 7a have resulted 

because of variation in the underlying assymption about the 

average strawberry yield.  In Table 6a, where the average 

strawberry yield was assumed to be three tons per acre, the 

highest possible savings was $126.57 per acre, but in Table 

7a because of the higher yield assumption, i.e., five ton 

per acre, the highest possible savings under the given con- 

dition was $372.28 per acre.  Hence, $245.71 ($372.28- 

$126.57) is the increment to savings per acre for having a 

strawberry variety which yields five tons instead of three 



Table 6a.  Yield 3 tons/acre and efficiency of the harvester 3 hrs/acreoa 

Total Harvest 
Composition of the Product and Extra 

Puree and  Total Revenue    Processing 
Standard Juice       ($/acre)     Costs ($/acre) 

Net Savings  Net Savings 
or Losses    or Losses 
($/acre)      ($/lb) 

0.8 :       0.2 1,129.14 554 .14 126.57 2.5 

0.7 0.3 1,074.06 n 71.49 1.4 

0.6 !       0.4 1,018.98 n 16.41 - 

0.5 :       0.5 963.90 ii (-38.67) - 

0.4 :       0.6 908.82 n (-96.75) (-1.9) 

The cost of hand harvesting was estimated to be $902 for a strawberry field with 4 
tons/acre.  Hence, due to the lower level of yield in this condition the cost for 
hand pick was adjusted downward by a factor of 0.75. 

to 



Table 6bo  Yield 3 tons/acre and efficiency of the machine 4 hrs/acre 

Composition 

Standard 

of the Product 
Puree and 

Juice 
Total Revenue 

($/acre) 

1,129.14 

Total Harvest 
and Extra 
Processing 

Costs ($/acre) 

Net Savings 
or Losses 
{$/acre) 

Net Savings 
or Losses 

(*/lb) 

0 = 8 0.2 598.88 81.83 1.6 

0.7 0.3 1,074.06 it 26.75 - 

0.6 0.4 1,018.98 ii (-28.33) - 

0.5 0.5 963.90 n (-83.41) (-1.6) 

0.4 

Tab 

Lon 

.le 6c. 

0.6 908.82 H (-138.49) (-2.7) 

Yield 3 tons/acre and e ifficiency of the machine 5 hrs/i acre. 

Compositi of the Product 
Total Revenue 

($/acre) 

Total Harvest 
and Extra 
Processing 

Costs ($/acre) 

Net Savings 
or Losses 
($/acre) 

Net Savings 

Standard 
Puree and 

Juice 
or Losses 

(<Vlb) 

0.8 0.2 1,129.14 647.11 33.64 - 

0.7 0.3 1,074.06 n (-21.49) - 

0.6 0.4 1,018.98 ■1 (-76.58) (-1.5) 

0.5 0.5 963.90 H (-131.67) (-2.6) 

0.4 0.6 908.82 it (-186.76) (-3.7) 

OJ 



Table 7a.  Yield 5 tons/acre and the efficiency of the machine 3 hrs/< acre. 

Composition of 

Standard 

the Product 
Puree and 

Juice 
Total Revenue 

($/acre) 

Total Harvest 
and Extra 
Processing 

Costs ($/acre) 

Net Savings 
or Losses 
($/acre) 

Net Savings 
or Losses 

(«/lb) 

0.8     : 0.2 1,771.2 651.54 372.28 4.6 

0.7      : 0.3 1,684.8 n 285.88 3.6 

0.6      : 0.4 1,598.4 n 199.48 2.5 

0.5      : 0.5 1,512.0 n 113.08 1.4 

0.4      : 0.6 1,425.6 n 26.68 - 

For yield of 5 tons or over, the machine recovery rate was assumed to be 80% instead 
of the usual 85%. 

Table 7b.  Yield 5 tons/acre and efficiency of the machine 4 hrs/acre, 

Composition 

Standard 

of the Product 
Puree and 

Juice 
Total Revenue 

($/acre) 

Total Harvest 
and Extra 
Processing 

Costs ($/acre) 

Net Savings 
or Losses 
($/acre) 

Net Savings 
or Losses 

(C/acre) 

0.8      : 0.2 1,771.20 696.28 327.54 4.1 

0.7 0.3 1,684.8 n 241.14 3.0 

0.6 0.4 1,598.4 It 154.74 1.9 

0.5 :       0.5 1,512.0 II 68.34 0.8 

0.4 :       0.6 1,425.6 n (-18.06) - 



Table 7c.  Yield 5 tons/acre and efficiency of the machine 5 hrs/acre, 

Composition of 

Standard 

the Product 
Puree and 

Juice 
Total Revenue 

($/acre) 

Total Harvest 
and Extra 
Processing 

Costs ($/acre) 

Net Savings 
or Losses 
($/acre) 

Net Savings or 
Losses (P/lb) 
of Harvested 

Product 

0 = 8       : 0.2 1,771.2 744.51 279.31 3.5 

0.7       : 0.3 1,684.8 H 192.91 2.4 

0.6       : 0.4 1,598.4 H 106.51 1.3 

0.5       : 0.5 1,512.0 H 20.11 - 

0.4       : 0.6 1,425.6 it (-66.29) (-0.8) 

Table 8ao  Yield 6 tons/acre and efficiency of the machine 3 hrs/acre. 

Composition of the Product 
Total Revenue 

($/acre) 

Total Harvest 
and Extra 
Processing 

Costs ($/acre) 

Net Savings 
or Losses 
($.acre) 

Net Savings or 
Losses (C/lb) 

Standard 
Puree and 

Juice 

0.2 

of Harvested 
Product 

0.8       : 2,125.44 705.27 523.50 5.5 

0.7       : 0.3 2,021.76 it 419.82 4.4 

0.6       : 0.4 1,918.08 it 316.14 3.3 

0.5       : 0.5 1,812.40 it 212.46 2.2 

0.4       : 0.6 1,708.72 ii 108.78 1.1 
en 



Table 8b.  Yield 6. tons/acre, and efficiency of the. machine 4 hrs/acre. 

Total Harvest Net Savings or 
Composition of the Product                   and Extra Net Savings Losses (C/lb) 

Puree and  Total Revenue    Processing or Losses of Harvested 
Standard          Juice       ($/acre)     Costs.($/acre) ($/acre) Product 

0.8 

0.7 

0.6 

0.5 

0.4 

0.2 

0.3 

0.4 

0,5 

0.6 

2,125.44 

2,021.76 

1,918.08 

1,812.40 

1,708.72 

749.71 479.06 5.0 

375.38 3.9 

271.70 2.8 

168.02 1.75 

64.34 _ 

Table 8c.  Yield 6 tons/acre and efficiency of. the machine 5 hrs/acre, 

Composition of the Product 
Puree and 

Standard Juice 

0.8 

0.7 

0.6 

0.5 

0.4 

0.2 2,125.00 

0.3 2,021.76 

0.4 1,918.08 

0.5 1,812.40 

0.6 1,708.72 

Total Harvest Net Savings or 
and Extra Net Savings Losses (C/lb) 

Total Revenue    Processing or Losses   of Harvested 
($/acre)     Costs ($/acre) ($/acre)      Product 

798.24 430.53 4.5 

326.85 3.4 

223.17 2.3 

119.49 1.25 

15.81 . 
fTl 
a\ 
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tons per acre.  A similar interpretation can be applied to 

the difference in the corresponding savings or losses among 

Tables 5b, 6a, 7a, 8a; 5a, 6b, 7b, 8b or 5c, 6c, 7c, 8c. 

Finally, a closer examination of the tables extending from 

Table 5a to Table 8c reveals that for any given efficiency 

level of the machine and product quality, the higher the 

strawberry yield the greater the savings or the smaller the 

losses due to mechanization. 

Summary 

Table 9 is constructed with the intention of summing 

up the findings that have been discussed so far.  In Table 

9 all the savings and losses arising from the various plans 

of action discussed thus far are listed systematically.  For 

example, column one of Table 9 shows the various possible 

combinations of yields and efficiencies considered in the 

earlier part of this study; and in columns two to six of 

the same table the savings or losses corresponding to the 

assumed level of yield and efficiency are listed by product 

quality.  To illustrate the interpretation of the entries , 

in Table 9, the entries in row one will be used.  In row 

one, 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 an acre.  Then the savings per 

acre will be $126.57 if 80 percent of the strawberry har- 

vested is of standard quality and 20 percent puree and 



Table 9, Net savings 
efficiency.,. 

or losses ($/acre) due to mechanization as 
and product, quality.A. . 

related to yield. 

Yield and Efficiency 
re. 

Ratio of Standard to Puree 
(Product qualities! 

and Juice 

Tons/Acre Ko.ur.s/Ac .8. &. ,2. ...7 & ...3. .6 & .4 .5 & .5 .4 & .6 

3     :      3 126,57 71.49 16.41 (-38.67)** (-96.75) 

3      :       4 81.83 26.75 (-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      :       3 523.50* 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 

*= Highest and lowest savings. 

**Figures inside a bracket represent negative savings, 

a A general mathematical equation to derive the net savings or losses is presented in 
Appendix III. 

CO 
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juice stocks.  Similarly, if the product quality of the 

strawberry harvested consist of 70 percent standard and 30 

percent puree the savings will be $71o49 etc  An addi- 

tional example would be, in row five 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 an acre. 

The corresponding entry of saving when the product quality 

of the strawberry product is 70 percent standard and 30 per- 

cent puree is $178.22 which is, in fact, the same result 

that was demonstrated earlier in Figure 8. 

Using the results illustrated in Table 9, several 

interesting and important observations will be made.  For 

example, under the conditions and circumstances observed 

thus far, the highest saving, $523.50, will be realized if 

the yield per acre is six tons, the efficiency rate of the 

harvester is three hours per acre and the quality of the 

product is composed of 80 percent standard and 20 percent 

puree and juice stocks (row 10).  Similarly, the lowest 

net savings or the biggest loss ($186.76) will be obtained 

if the yield is three tons per acre, the efficiency of the 

harvester is five hours an acre and the quality of the pro- 

duct consists of 40 percent standard and 60 percent puree 

and juice stocks (row 3).  Obviously, the above two condi- 

tions represent the best and worst possible situations en- 

visioned thus far.  Also, in addition to what has been said 

thus far, using the information in Table 9, better insight 
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can be attained concerning the economic feasibility of the 

mechanical harvester as long as it is possible to use posi- 

tive saving as a criterion for economic feasibility.  For 

instance, if the efficiency of the harvester is assumed to 

be three hours an acre, for the harvester to be economi- 

cally feasible, at least 60 percent of the strawberries 

harvested should consist of the standard quality provided 

the yield of the strawberry is three tons an acre.  How- 

ever, if the efficiency rate of the machine is reduced from 

three to four hours per acre, with the same level of straw- 

berry yield as above, the mechanical harvester will be 

economically feasible only if 70 percent of the strawber- 

ries harvested consist of standard quality.  Similarly, if 

the yield is increased from three to four tons and the 

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. 

Finally, using the information from Table 9, more can be 

said on the various possible conditions under which the 

strawberry mechanical harvester would be economically 

feasible.  In particular, provided one has reliable know- 

ledge on the efficiency of the harvester, the quality of 

the fruit and the average yield, the economic feasibility 

of mechanizing strawberry harvest can be evaluated using 

the general information from Table 9. 
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Harvest and Extra Processing Costs 

From the analyses thus far it should be clear that the 

economic feasibility of the strawberry mechanical harvester 

depends on the quality of the strawberry products harvested, 

the efficiency of the harvester and the yield of the straw- 

berry variety under consideration.  More explicitly, it was 

shown that the savings arising from mechanization varies 

directly with the quality of the strawberry products har- 

vested, the efficiency of the harvester and the yield of 

the strawberry.  In the case of product quality, the impact 

on savings arises because of the difference that exists in 

the market prices for strawberries which are graded stan- 

dard as opposed to those strawberries used only for puree 

and juice stock.  In particular, since the price differences 

favors the standard quality strawberries, the greater the 

portion of the mechanically harvested strawberries graded 

as standard, the higher will be the savings forthcoming 

from mechanization (Table 9).  However, the impact of the 

efficiency of the mechanical harvester and the yield of the 

strawberry on the savings to be realized from mechanization 

is rather subtle; hence, a more elaborate explanation is 

given using the results presented in Table 10 and Figure 9 

together. 

In the first column of Table 10, the average yield in 

tons per acre is listed.  The average total yield ranges 

from three to six tons per acre.  Associated with each 



Table  10.     Cost of harvest per acre and per ton for various  levels of the efficiency of 
the harvester  and the. average, yield of. the. .strawberries  to be harvested.3 

Average 
Efficiency of the Harvester 

3 hrs/acre 
Cost of Harvest Average Cost 

and Extra     of Harvest 
($/acre)       ($/ton) 

Efficiency of the Harvester 
4 hrs/acre 

Efficiency of the Harvester 
5 hrs/acre 

Yield. 
(Tons/ 
Acre) 

Cost of Harvest 
and Extra 
($/acre) 

598.88 

Average Cost 
of Harvest 

($/ton) 

Cost of Harvest 
and Extra 
($/acre) 

Average Cost 
of Harvest 

($/ton) 

3 554.15 184.7 199.6 647.11 215.7 

4 611.24 152.8 655.98 164.0 704.21 176.0 

5 651.54 130.3 696.28 139.3 744.51 148.9 

6 705.27 117.5 749.71 125.0 798.24 133.0 

The cost figures are extracted from column 3 of Tables 5a-8c. 

to 
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COSTS 
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FIGURE 9    AVERAGE HARVEST COSTS PER TON FOR VARIOUS 

EFFICIENCY LEVELS OF THE MECHANICAL HARVESTER 
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average yield, there are three pairs of cost figures, each 

pair belonging to a different set of the efficiency level 

of the harvester.  For example, if the average yield is 

three acres per acre when the efficiency rate of the har- 

vester is three hours per acre, the cost of harvest and 

extra processing will be $554.14 per acre or $184.70 per 

ton as shown by the first entry of columns two and three of 

Table 10.   Similarly, if the same average yield as above 

prevails, but the efficiency of the harvester is decreased 

from three to five hours per acre, then, the cost of har- 

vest and extra processing will be $647.11 per acre or 

$215.70 per ton as shown by the first entry of columns six 

and seven of Table 10.  The rest of the entries in Table 10 

are read in the same manner as illustrated by the above two 

examples„  Using the entries in column 3, 5 and 7 of Table 

10, three different average cost curves are drawn as shown 

in Figure 9 which have very important economic implications 

as will be discussed below. 

In Figure 10, three average cost curves are shown, 

each associated with a different efficiency level of the 

harvester.  For example, each point along the average cost 

curve labeled 1 is obtained after assuming the efficiency 

level of the harvester to be three hours per acre.  Similar- 

ly, the efficiency level associated with the average cost 

curves labeled 2 and 3 are four hours and five hours an 

acre respectively.  The data for the average costs 1, 2 and 
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3 are obtained from entries in column 3, 5 and 7 of Table 

10 respectively.  Now closer observation of the average 

cost curves in Figure 9 reveals that for any given yield 

level the more efficient the harvester the smaller will be 

the average cost of harvest and extra processing.  To 

illustrate the above point, in Figure 9, point B, C and D 

are represented by the same yield factor, namely, five 

tons per acre; but the average cost per ton at point B 

($130.3) is lower than at either point C ($139.3) or D 

($148.9) because point B is associated with a relatively 

more efficient harvester than either point C or D.  In 

general, increases in the efficiency rate of the harvester 

shifts the average cost curve down and towards the origin. 

The more efficient the harvester the closer the average 

cost curve to the origin (Figure 9).  Finally, the above 

discussion implies that the efficiency of the harvester is 

inversely related to the average cost which is, in fact, 

parallel to the assertion made earlier that the expected 

savings arising from mechanization are directly related to 

the efficiency of the harvester. 

In addition, from the shape of the average curves in 

Figure 9, it is apparent that, at least, for the average 

yields considered in this study, the average cost of har- 

vest and extra processing per ton declines as the average 

yield of strawberries per acre increases.  For example, in 

Figure 9 both point A and B are located along the same 
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average cost curve which implies that the efficiency level 

of the harvester for both points are the same.  However, the 

average cost of harvest 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 fac- 

tors remaining constant, the economic returns arising from 

mechanization will be greater the higher the average yield 

of the strawberries harvested using the mechanical harvester, 

implication and Limitation 

In the preceding analyses, under various assumed con- 

ditions, expected savings from the proposed mechanization 

of strawberry harvest were estimated.  As shown in Table 9, 

the dollar values of the expected savings ranges from a 

high of $523„50 to a low of -$186.76 per acre.  These re- 

sults imply that there exists wide ranges of variations in 

the expected values of the savings to be gained from 

mechanization of strawberry harvest.  However, judging from 

the actual performance of the harvester under experimental 

bases and realizing the potential of developing strawberry 

varieties which are high yielding and at the same time 

suitable for machine harvest (Chapter III), it would be 
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quite unlikely to see a negative savings due to mechaniza- 

tion of strawberry harvest- 

As has been stated earlier, the main objective of this 

thesis is to examine the economic feasibility of the mechani- 

cal strawberry harvester.  Hence, if positive savings are 

used as a criterion for the economic feasibility of the 

mechanical strawberry harvester, then, the expected savings 

estimated thus far (Table 9) suggest that the mechanical 

strawberry harvester would be economically feasible under a 

wide range of alternative conditions. 

Certain problems arise with the type of analyses that 

have been discussed so far in this chapter.  Among them 

are:  (1) In Oregon strawberry farming is a small scale 

operation„  The average acres per strawberry farm in Oregon 

was less than ten acres in 1976 (Martin, 1976).  However, 

if the proposed mechanical strawberry harvester is to be 

used optimally, large scale production would be necessary. 

This can be done by either expanding the acreage for the 

individual strawberry farmers or instead of a single farmer 

a group of them can purchase the machine and utilize it 

optimally.  If the machine is purchased by a group of 

farmers, the farmers in the group may have to grow different 

varieties of strawberries or else they may have to be 

located at varying elevations from one another so that the 

strawberries will not be maturing at the same time. (Another 

method for spreading the harvest machine cost over more 
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acres is custom harvesting.  For example, custom harvesting 

of wheat is a very common practice in the Great Plains 

wheat area.)  Moreover, success in mechanization of straw- 

berry harvest requires strong cooperation from the proces- 

sing sectors.  Hence, if mechanization of strawberry harvest 

is to become a reality, the processors must be willing to 

install the new required machines, set up grading lines, 

etc., for processing mechanically harvested strawberries. 

(2)  The expected savings that were estimated in this chap- 

ter do not result solely from the use of the mechanical 

strawberry harvester.  Instead, the savings result from a 

composite of events such as strawberry breeding programs 

which have considerable impact on the development of straw- 

berry varieties suitable for machine harvest as well as the 

improvement of the strawberry yield, improvement in straw- 

berry farming practice to enhance the efficiency of the 

mechanical harvester and finally the utilization of the 

mechanical strawberry harvester itself.  Thus, the esti- 

mated values of the expected savings represent the return 

from the total efforts that went into mechanizing straw- 

berry harvest.  (3)  In the analysis thus far, the expected 

savings were estimated using current market prices for 

strawberries.  However, if substantial savings are possible 

from mechanization of strawberry harvest, it will more than 

likely motivate strawberry growers to expand their produc- 

tion which may in turn cause the average price of 
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strawberries to slide down.  If the average price of straw- 

berries decrease, this may reduce the savings per acre 

realized from mechanization.  On the other hand, due to the 

expansion in production, aggregate savings (returns) may 

show an upward trend despite the decline of expected savings 

per acre.  Moreover, the decrease in the average price of 

strawberries, if it occurs, will enhance the consumer's 

surplus.  Hence, if the increase in consumer's surplus is 

greater than the decrease in producer's surplus, resulting 

from the reduction in the average price of strawberries, as 

will be shown in the next chapter, the aggregate "social 

returns" from mechanization of strawberry harvest will re- 

main to show a positive (favorable) trend. 
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VI.  ESTIMATION OF PROSPECTIVE ECONOMIC BENEFITS 
ARISING FROM THE PROPOSED MECHANIZATION 

OF STRAWBERRY HARVEST 

Introduction 

In Chapter V, under various assumed conditions, the 

cost of mechanical strawberry harvesting was compared to 

hand harvesting, and from the results it is evident, in 

most cases, that substantial cost savings can be realized 

from a successful implementation of mechanical strawberry 

harvester in Oregon. 

Like the cotton harvester and to a lesser degree the 

mechanical tomat© harvester, successful implementation of 

mechanical strawberry harvesting will create significant 

production economies? however, in so doing it may have a 

considerable negative effect on the livelihood of numerous 

agricultural labourers.  Hence, in this chapter, an attempt 

will be made to estimate both the gross and net social re- 

turns arising from the use of the strawberry harvester in 

Oregon.  The difference between the gross and net social 

returns is the wage loss of the displaced workers.  Note: 

The phrase "social returns" is used to signify the value of 

the increment in both the consumers' and the producers' 
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3/ surplus— arising from the successful utilization of 

mechanical harvesters in Oregon. 

Framework of Analysis 

To compute the gross and net social returns, the frame- 

work used by Griliches [12],Peterson [25], and Schmitz and 

Seckler [26] who estimated, respectively, the benefit to 

society from the introduction of hybrid corn, from poultry 

research, and from the development of the mechanical tomato 

harvester will be employed. 

In an attempt to estimate the gross social returns 

from hybrid corn, using the concept of consumer's and pro- 

ducer's surplus, Griliches analyzed two polar cases. 

Specifically, in one case the long run supply is assumed to 

be perfectly elastic, and in the other extreme case the 

long run supply is assumed to be perfectly inelastic as 

shown, respectively, in Figures 10(a) and 10b). 

The supply curves S* in both Figures 10(a) and 10(b) 

reflects the supply situation in the absence of the intro- 

duction of the hybrid corn.  On the other hand, the supply 

3/ — The concept of economic surplus occupies a controversial 
but important place in economic theory.  While some 
eminent economists have argued that it is one of the most 
vital concepts in economic theory; others, such as Little 
describe it as a "totally useless theoretical toy." 

In recent years, several articles have been written about 
consumer's and producer's surplus.  For more comprehen- 
sive treatment about the concept of economic surplus and 
its use in economic analysis, please refer to the excel- 
lent article by J. M. Currie, et al. [6]. 
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QuAMrrr/ 

FIGURE 10(a) ESTIMATION OF GROSS RETURNS WHEN THE LONG-RUN 
SUPPLY CURVE IS ASSUMED TO BE PERFECTLY 
ELASTIC. 

FIGURE 10(b) 

QuAUTXTy 

ESTIMATION OF GROSS SOCIAL RETURNS WHEN THE 
LONG RUN SUPPLY CURVE IS ASSUMED TO BE PER- 
FECTLY INELASTIC. 
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curves S in both Figures 10(a) and 10(b) represent the 

supply condition after the development of the hybrid corn. 

Hence, from Figure 10(a) it is evident that had it not been 

for the development of hybrid corn, the equilibrium output 

and price of corn would have been Q, instead of Q- and P, 

instead of P-.  The area, I + J, represents the increment 

to the consumers' surplus as a result of the development of 

the hybrid corn,, Notice that in Figure 10(a), producers' 

surplus does not exist since supply is assumed to be in- 

finitely elastic.  Using similar arguments as above, in 

Figure 10(b), the addition to consumers' surplus is the 

area, L + M; and the increment to the producers' surplus is 

measured by the area -L + No  Hence, the gain to society 

(producers and consumers) is (L + M) + (-L + N) = M + N, 

which is the measure of the gross social return. 

As demonstrated above, Griliches estimated the gross 

social returns from hybrid corn by assuming the long run 

supply elasticity of corn to be either perfectly elastic 

or inelastic„ However, Peterson, in the process of esti- 

mating the social returns from poultry research, used the 

in between case of a positively sloping supply curve.  In 

Figure 11, S,' and S,, respectively, represents the supply 

curve with and without poultry research.  Hence, applying 

the same reasoning as in Figures 10(a) and 10(b), the area, 

R + S + T, represents the increase in consumers' surplus; 

and the area, -R + v + W, measures the increase in 
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Qmn^nrry 

FIGURE lie  ESTIMATION OF GROSS SOCIAL RETURNS WHEN THE 
LONG RUN SUPPLY CURVE IS POSITIVELY SLOPED. 
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producers' surplus.  Thus, the net benefit to society is 

(R + S + T) + (-R + V + W) = S + T + V + W, that is, the 

area between the two supply curves and the demand curve as 

shown in Figure 11.  In addition, Peterson demonstrated a 

general formula to approximate the area, S+T+V+Was 

shown below: 

GSR = KQ2P2 + 4K
2P2Q2/n - iQ1K

2P2(p^) (^) (\-) * (1) 

when e = 0, the above equation is reduced to 

GSR = KQ2P2 (1 + iK 1/n) (2) 

where the Greek letters e and n represent supply and demand 

elasticities respectively.  The absolute value of n is used 

in the formula.  K represents the percentage decrease in the 

supply function of poultry products that would occur should 

the new inputs used by poultry farmers to obtain greater 

efficiency not be available.  GSR is gross social returns. 

Note that when compared with eq. (2), eq. (1) under-esti- 
2   Po  en   n-i o 

mates GSR by the amount of [hQi  K P2 (^=-) (-—) (——) ] . 

In real world situations, technological development is 

not beneficial to all members of a given society.  In most 

instances, some members of the society are likely to be 

victimized due to technological development.  Hence, 

recognizing the "niegative effect of technological change, 

Schmitz and Seckler, in their celebrated study concerning 

the development of the mechanical tomato harvester and its 
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impact on social welfare, estimated the net social returns, 

that is, the benefit to society after compensating the dis- 

advantaged groups for their loss. 

In the case of the tomato harvester, the negative 

effect was on the farm workers.  To compute the net social 

return Schmitz and Seckler first computed the gross social 

return using the same procedures as Griliches and Peterson. 

Then, from the estimated gross return the cost of technolo- 

gical development was estimated using the framework illus- 

trated in Figure 12.  In Figure 12, prior to mechanization 

the demand for tomato pickers was D and the supply was S . 

But subsequent to the introduction of the mechanical har- 

vester, the demand became D..  The value of the unemploy- 

ment caused by the harvester was then computed to be W 

(N - N,). This value for unemployment assumes that no 

alternative employment possibilities exist, in addition, 

the equilibrium wage rate is assumed to remain at W . 

Background Information 

Immediately following this section, the gross and net 

social returns from the mechanization of strawberry harvest- 

ing will be analyzed using the frameworks employed by 

Griliches, Peterson, and Schmitz and Seckler.  In this sec- 

tion an attempt will be made to lay-out the necessary back- 

ground information to estimate the gross and net social 

returns accruing from the mechanization of strawberry 
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FIGURE 12.  ESTIMATION OF THE VALUES OF THE DISPLACED 
WORKERS. 
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harvest in Oregon. This background information is the fol- 

lowing: 

1. If mechanization is successfully inplemented, 

Oregon is expected to harvest at the very least about 9,000 

4/ acres of strawberries.—  This estimate (9,000 acres) is a 

little above the acres of strawberries harvested in 1972 

when Oregon strawberry harvest was already in a declining 

stage.  Hence, provided that mechanical strawberry harvest- 

ing is associated with reasonable cost savings as shown in 

Chapter V, 9,000 acres of strawberry harvest would be a 

conservative estimate for Oregon. 

2. By the time the mechanical harvester is commer- 

cially operational, 50 to 70 percent of the strawberry 

fields in Oregon are assumed to be harvested by machine. 

3. The strawberries to be harvested by machine are 

assumed to have a gross yield of five tons or 'marketable 

5/ yield'— of four tons per acre.  In light of the experimen- 

tal results from the Oregon State strawberry breeding pro- 

gram, the above assumption about the strawberry yield is 

rather conservative. 

4/ — It is natural for the strawberry growers to expand their 
acreage provided a reasonable cost saving is realized by 
the utilization of mechanical harvester instead of hand 
harvesting. 

5/ —As in Chapter V, the recovery rate of the machine was 
assumed to be 80 percent.  Hence, 'marketable yield" is 
estimated as being 80 percent of the gross yield. 
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4. From Figure 8 (Chapter V), the extra cost for pro- 

cessing machine harvested berries was estimated to be 

approximately 5 cents per pound; but in this analysis the 

extra processing cost is raised to 6 cents per pound or 

$120.00 per ton. 

5. As shown in Appendix II, various demand equations 

for processed strawberries were fitted.  Out of them, the 

demand equation 

PPS = 7.675 - O.OSSSXj^ + 0.844X2 + 1.984X3 - 4.419X4 (3) 

(.00735)*  (.18621)  (.81744)  (.7855) 

R2 = 0.82  ;   9 = 0.438  ;  DW = 2.1125  ;  d.f. = 21 

where, 

PPS -*■  Average price for processed strawberries (C/lb) 

X, ■*• Total processed strawberries marketed (mill, lb) 

Xj ->- Average price of fresh strawberries (C/lb) 

X3 ■+  Average price of peaches (£/lb) 

X4 -»■ Average hourly earnings for labor employed in 
food and kindred products ($/hr) 

8 -»■ Price flexibility computed at the mean values of 
the price and quantity on the demand curve 

DW -*■ Durbin-Watson statistic 

* ->• The numbers inside the bracket indicates stan- 
dard errors 

was chosen for the purpose of estimating the price of pro- 

cessed strawberries after accounting for the change in 
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6/ production resulting from mechanization.— 

6.  Several attempts were made to estimate the supply 

equation for processed strawberries.  However, none of the 

fitted equations were found to be statistically satisfac- 

tory.  Fortunately, as will be shown later, for the purpose 

of this thesis the information obtained from the demand 

equation is found to be sufficient, thus, making the esti- 

mation of the supply equation, although desirable, unneces- 

sary. 

Estimation of Gross Social Returns and Extra 
Processing Costs 

To estimate the gross social returns (GSR) for the 

mechanization of Oregon's strawberry harvest eq. (2) was 

usedo  That is, 

GSR = KP2Q2(1.0 + &Ke). 

In the context of the problem at hand, Pj and Q- are, res- 

pectively, the price and quantities of strawberries after 

mechanization has taken place, and 6 is the absolute value 

of the price flexibility measured at the mean values of 

price and quantities.  K is the percentage change (shift) 

of the supply curve.  Note that eq. (2) assumes that the 

supply elasticity for processed strawberries is zero. 

6 / —For indepth analysis of the demand equation and its 
statistical properties, refer to Appendix II. 
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In order to evaluate GSR using eq. (2), the value for 

the parameters K, P2, Q2, and 0 should be known.  Since 

Oregon is expected to harvest 9,000 acres of strawberries 

with a marketable yield of four tons per acre, the total 

strawberry production in Oregon will be 72 million pounds. 

Hence, when mechanization is successfully achieved, Oregon's 

contribution to strawberry production is expected to exceed 

by 31 (72 - 41) million pounds the average production of 

the present year.  To obtain Q-, 31 million pounds, which 

is the increment to Oregon strawberry production resulting 

from mechanization of strawberry harvest, was added to the 

7/ recent four-year average— of aggregate U.S. processed 

strawberry production (178 million pounds).  Hence, CU was 

estimated to be 209 or (31 + 178) million pounds.  Simi- 

larily, K is estimated to be approximately 0.148 or (31/ 

209) .  Once Qj  is estimated, the value of T?*  can be pre- 

dicted using the demand equation or eq. (3). Hence, using 

the demand equation, P2 was estimated to be 0.205 cents/lb. 

Finally, as shown earlier, from the demand equation the 

absolute value of 9 was estimated to be 0.438.  Once the 

values of K, P2, C^, and 6 are known, the estimation of the 

gross social return (GSR) is straightforward.  From eq. (2) 

7/ —'What would happen to the level of aggregate strawberry 
production in the U.S. at some future time will be better 
explained by using the average value over several years 
rather than using a single year observation. 
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GSR = KP2Q2(1 + |K9) 

= 0.148($.205) (209) (1.0 + 0.5(.148) (.438)) 

= $6,341 x 1.0324 

= $6.546 million 

As illustrated in Chapter IV and V, the implementation 

of the mechanical strawberry harvester is expected to in- 

crease the cost of processing strawberries.  Hence, from 

the above value of GSR, the value of the extra processing 

cost has to be subtracted. 

Earlier it was indicated that with the new technology 

Oregon will be expected to produce 72 million pounds of 

strawberries annually for the processing markets. Assuming 

30 percent of Oregon strawberries will still be hand picked, 

the total strawberries harvested mechanically will be 50.4 

(0.7 x 72.0) million pounds.  Hence, the extra processing 

cost for all mechanically harvested berries will be: 

Extra Processing Cost = 50.4 mill, pounds x $0.06/pound 

= $3.024 million 

and the gross social return net of the extra processing 

costs (GRSNEPC) will be: 

GRSNEPC « GSR - Extra Processing Costs 

= $6,546 - 3.024 

= $3,522 million 
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Note:  Up to this time, GSR was estimated assuming the 

supply elasticity for processed strawberries to be zero 

(perfectly inelastic).  Hence, to show the sensitivity of 

GSR with respect to the elasticity of supply, GSR was 

estimated assuming that the supply elasticity of processed 

strawberries is perfectly elastic.  To estimate GSR when 

the supply elasticity is infinity, eq. (1) was used in 

place of eq. (2).  In this analysis, the ratio of the value 

of GSR when the supply elasticity was zero to the value of 

GSR when supply was perfectly elastic is found to be 

1.0168 or (6.546/6.438).-'  The difference between these 

two extreme assumptions implies a less than 2 percent dif- 

ference in the final estimate of the GSR.  Since this dif- 

ference is so small, estimation of the supply elasticity 

for processed berries would not contribute much to the 

accuracy in estimating the value of the GSR. 

P 

^GSR = KQ2P2(1.0 + 4K 1/n) - ^QiK^fpf) (^PI) (^ 2 from 

eq. (1) we know 

KQ2P2(1.0 + £K 1/n) = $6,546 million 

and -|Q1K
2P2 ^i (-j^L) (U^-) 2 = -0.5(178) (.148) 2 (.205) (.205/ 

24) (") (1^83)2 
'  ; l«>' 4.283J 

= -$0.1078 

.*. GSR = $6,546 - 0.108 = $6,438 million 
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Estimation of Net Social Return (NSR) 

To evaluate the net social return, it is assumed that 

in the absence of mechanization the acres allotted for 

strawberry production in Oregon will be stabilized at the 

1976 level (5,200 acres).  After observing the rapid 

decline of Oregon's strawberry acreage for the last ten 

years, if no measure is taken to alleviate the problem fac- 

ing the Oregon strawberry industry, the acres allocated for 

strawberry production in Oregon may go by far below the 

present level (5,200 acres). 

As shown earlier, with mechanization, Oregon is ex- 

pected to harvest 9,000 acres of strawberries.  Assuming 

70 percent of adaptation rate, 6,300 or (9,000 x 0.7) acres 

out of the 9,000 acres will be harvested by machine and the 

remaining 2,700 acres will still be harvested by hand. 

Since strawberry pickers would have harvested a total of 

5,200 acres, assuming that mechanization did not materia- 

lize, the net loss of harvestable acres to the strawberry 

pickers would be 2,500 or (5,200 - 2,700) acres.  That is, 

strawberry pickers would be expected to lose 2,500 har- 

vestable acres when mechanization is fully realized. 

In Chapter V, it was shown that the cost of hand har- 

vesting per acre for a strawberry field with a yield of 

four tons per acre to be $902.00.  In this analysis, allow- 

ing for the general price increase, by the time 
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mechanization of strawberry harvest is realized, the cost 

of hand harvesting is expected to be $1,000.00 per acre. 

Hence, using the framework by Schmitz and Seckler, 

the cost of displaced workers (strawberry pickers) would 

be: 

Cost of Displaced Pickers = 2,500 acres x $1,000 

= $2.5 million 

Finally, 

Net Social Returns (NSR) = GSRNEPC - Cost of Displaced 

Workers 

= $3,522 - 2.5 

= $1.022 million 

Note; The above estimate of the NSR is rather conserva- 

tive for two reasons.  (1) In assessing the cost of dis- 

placed pickers, the possibility of finding alternative 

employment opportunities for those pickers who are out of 

jobs as a result of mechanization is not considered.  (2) 

The value of the additional employment in the processing 

sectors resulting from the increased strawberry production 

is not included in the process of estimating the social re- 

turn from the mechanization of strawberry harvest. 
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Research and Development Costs of the 
Strawberry Harvester 

For the last ten years, considerable money and effort 

have been expended for research directed primarily at 

biological and engineering aspects of producing and handl- 

ing mechanically harvested strawberries and for the develop- 

ment of strawberry harvesters in Oregon. 

Table 11 itemizes the main sources of the expenditures 

incurred in Oregon for the research and development of 

strawberry harvesters.  Accordingly, the research expendi- 

ture in Oregon alone is expected to exceed $1.0 million be- 

fore mechanized strawberry harvesting is adopted for com- 

merical use.  Good information is available on the cost in- 

curred by two of the major parties involved in the develop- 

ment of the mechanical harvester, namely, the Strawberry 

Commission of Oregon and Oregon State University. Esti- 

mates of costs incurred by firms represent only an educated 

guess, based on interviews with knowledgeable persons. 

Social Rate of Returns 

Once the various social returns and the research and 

development expenditures are known, as will be shown be- 

low, it is straightforward to estimate the social rate of 

returns arising from the mechanization of strawberry harvest 

in Oregon.  Generally, 
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Table 11.  Estimates of total expenditures for research 
directed primarily at biological and engineering 
aspects of producing and handling mechanically 
harvested strawberries, and for the development 
of a strawberry mechanical harvester in Oregon.3 

Items Expenditures 

Support from Strawberry Commission (1967-76). .$   265,240 

Estimated support from Oregon State Univer- 
sity (exclusive of salaries) (1967-76)....    132*670 

Estimated cost for the development of the 
mechanical harvester since 1969      100,000 

Northwest Regional Commission   .    208,020 

Matching funds (from various participant 
groups)      312,200 

Othersb  50,000 

Total Expenditures0 . $  1,068,130 

aMajor part of the above figures are obtained from a re- 
search proposal submitted to the Northwest Regional Com- 
mission by Oregon State University [22] and Private dis- 
cussions with Dr. Lloyd Martin, Superintendent of the 
North Willamette Experiment Station. 

Includes miscellaneous expenditures and other expenditures 
that are not accounted. 

cWith this amount of total expenditure the strawberry 
mechanical harvester is expected to be operable commer- 
cially. 
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Social Rate of Return = 

    Social Returns     , 00 
Research and Development Expenditure 

Therefore, in this particular case 

A.  Annual Gross Social Rate of Returns (GSRR) 

= GSRNEPC 
R and D x xuu 

3 522 
GSRR = f ngo x 100 1. 068 

= 330% 

B.  Annual Net Social Rate of Returns (NSRR) 

NSR 
R and D x 100 

- J-'O22 v inn 
" T70g¥ x 100 

= 95.7% 

The above rate of return implies that the endeavor to 

mechanize strawberry harvest is, indeed, a profitable ven- 

ture with respect to society as a whole.  However, care 

should be taken in the interpretation of the above rate of 

returns as shown in the general comments below. 

General Comments 

In this paper, without any regard to the income distri- 

bution, social return is defined as the aggregate benefit 

accruing from mechanization of Oregon strawberry harvest to 
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all strawberry consumers and Oregon strawberry producers. 

Similarily, social rate of return is defined as the rate of 

returns on public and private funds expended for the pur- 

pose of mechanizing strawberry harvest in Oregon. 

One of the major shortcomings in estimating the social 

return using the method illustrated so far is that it lumps 

both the consumers• and producers' surplus together without 

any specific knowledge of the exact share of the benefits 

accruing to the consumers and producers separately.  Hence/ 

if not wrong, it is rather ambigious to talk of a single 

social rate of return which is composed of the benefits 

derived from the two groups who are diametrically opposite 

in their economic goals; i.e., the producers and the con- 

sumers. 

As pointed out above, since the social return is ob- 

tained by summing up the consumers* and producers' surplus 

together, the social rate of return will not be equivalent 

to the returns on investment to the producers, or in this 

particular case, the strawberry growers.  The only case 

where the social rate of returns will be equivalent to 

the returns on investment to the producers is when the 

social return is solely composed of producers' surplus 

which is unrealistic for the problem at hand.  Hence, the 

social rate of returns computed above do not reflect the 

return on investment to the producers.  If the desired 
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goal is to estimate the rate of return on producers invest- 

ment, different methods should be used. 

Finally, the analysis in this chapter assumes that, 

(1) Strawberry varieties suitable for machine harvest as 

well as an efficient mechanical harvester already exist. 

(2) The necessary adjustments both in the farming and pro- 

cessing sectors have been undertaken to accommodate the 

technological change in strawberry harvesting.  (3) The 

demand for strawberries will not be changed due to the 

introduction of new varieties or the technological change 

in strawberry harvesting. 



101 

VII.  SUMMARY AND CONCLUSION 

Strawberry production is an important source of income 

to the Oregon farming communities.  For example, even 

though strawberry production was at its lowest in 1976, 

Oregon produced strawberries with farm value of $13,622,000 

or processed value of $22,650,000 (Martin, 1976). 

In the last decade, Oregon's strawberry production has 

been declining steadily.  For example, the aggregate 

annual strawberry production of Oregon for the year 1976 

was only 59 percent of the annual average strawberry pro- 

duction for the years 1955-59 (Table 2).  The increase in 

harvest cost, without an offsetting increase in the farm 

prices of strawberries, is the main cause for the continu- 

ing decline of the strawberry industry in Oregon. 

Decreased supply of strawberry pickers is the main 

reason for the upward trend of strawberry harvesting cost 

in Oregon.  Particularly since 1973, due to enactment of 

the child labor law, the shortage in supply of strawberry 

pickers in Oregon has intensified, causing further escala- 

tion in harvest cost.  In order to alleviate the problems 

associated with harvest cost, there have been several 

attempts to mechanize strawberry harvest since the early 

•eo's. 

Among other factors, success in mechanization of straw- 

berry harvest entails the development of:  (1) An 
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efficient strawberry mechanical harvesting machine which 

will reduce production costs without having substantially 

adverse effects on the quality of the strawberry harvested. 

(2)  'Reasonably' high yielding strawberry varieties which 

will be acceptable for commercial use and at the same time 

suitable for machine harvest.  (3) Strawberry varieties 

that can be stemmed and capped easily so that the cost of 

processing will not be unduly increased. 

In addition to the above factors, the strawberry 

growers and processors need to be flexible and willing to 

accept as well as act upon the changes required as a re- 

sult of mechanization. 

Since 1967, Oregon has been actively seeking to 

mechanize its strawberry harvest.  Efforts to develop 

mechanical harvesting of strawberries in Oregon have been 

a cooperative endeavor involving Oregon State University 

and USDA-ARS researchers.  So far, the Oregon Strawberry 

Commission alone has invested around $270,000 to facilitate 

the process of mechanizing strawberry harvest in Oregon. 

Even though a new strawberry variety possessing all the 

desirable properties for machine harvest is yet to come, 

from the discussion in Chapter III, it should be clear 

that considerable progress has been made both with respect 

to the refinement of the mechanical harvester and the 

development of strawberry varieties that would eventually 

lend themselves for successful machine harvesting.  However, 
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if mechanization of strawberry harvest is to be successful 

in the future, further research is highly essential, 

particularly on the development of new varieties suitable 

for machine harvest. 

The principal objective of this thesis has been to 

evaluate the economic feasibility of mechanical strawberry 

harvest in Oregon.  As demonstrated in Chapter V, depend- 

ing on the assumptions about the quality of the strawberry 

products, the average yield of the strawberry varieties 

that would eventually be harvested by machine, and the 

efficiency of the harvester, the expected savings per acre 

to the strawberry growers from the use of mechanical har- 

vester was shown to range from a net saving of %523.50 to 

a net loss of $186.76 (Table 9).  Even though negative 

savings are shown to appear when extremely unfavorable 

conditions are assumed, in the majority of cases discussed 

in Chapter V, the implementation of the mechanical straw- 

berry harvester in Oregon is found to be associated with 

significant positive returns to the growers. 

In Chapter VI, under certain conditions which are ex- 

pected to prevail if mechanization of strawberry harvest 

becomes a reality in Oregon, the annual gross and net 

'social returns' and 'social rate of return' that will be 

forthcoming from mechanization of strawberry harvest for 

the state of Oregon was computed using the concepts of 

consumer's and producer's surplus.  The difference between 
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the gross and net social return is the wage loss of the 

displaced workers. 

In this thesis, without any regard to the income dis- 

tribution, social return is defined as the aggregate bene- 

fit accruing from the mechanization of Oregon strawberry 

harvest to all strawberry consumers and Oregon strawberry 

producers.  Similarily, social rate of return is defined 

as the rate of return on public and private funds expended 

for the purpose of mechanizing the strawberry harvest in 

Oregon. 

Finally, under the conditions discussed in Chapter VI, 

the gross and net 'social rate of returns' were estimated 

to be 330% and 95.7% respectively.  Based on the above 

social return figures, it appears that mechanical straw- 

berry harvesting is an economically viable alternative 

that may eventually solve the problem of the growing 

shortage of strawberry pickers in Oregon. 



105 

BIBLIOGRAPHY 

(1) Ayer and Schuh, "Social Rates of Return and Other 
Aspects of Agricultural Research:  The Case of 
Cotton Research in Sao Paulo, Brazil."  Amer. J. 
Ag. Econ. 54 (Nov. 1972): 557-569. 

(2) Booster, Dean E., Dale E. Kirk and Glenn S. Nelson, 
"State of the Art and Future Outlook for Mechani- 
cal Strawberry Harvesting."  Dec. 1968: 22p (Un- 
published) . 

(3) Booster Dean E., Dale E. Kirk, George W. Varseveld, 
and Teryl B. Putnam, "Mechanical Harvesting and 
Handling of Strawberries for Processing." American 
Society of Agri. Engineers, Paper No. 70-670, Dec. 
1970: 18p. 

(4) Booster Dean E., George W. Varseveld, and Teryl B. 
Putnam, "Progress in the Mechanization of Straw- 
berry Harvesting." Agri. Expt. Station of OSU, 
Special Report 305.  July 1970: 13p. 

(5) Bowen, H. R. and G. L. Mangum, Automation and Economic 
Progress, Englewood Cliffs, New Jersey, Prentice- 
Hall, Inc., 1966. 

(6) Currie, J. M., et al.,  "The Concept of Economic Sur- 
plus and Its Use in Economic Analysis."  The 
Economic Journal, 81 (Dec. 1971): 741-799. 

(7) Denisen, Ervin L., "Strawberry Harvesting 'The Easy 
Way'." Western Fruit Grower, June 1977: 14-15. 

(8) Federal~State Market News Service (California Dept. 
of Agriculture, Agricultural Economic Division 
Bureau of Market News), "Marketing California 
Strawberries."  San Francisco, Cal. 

(9) Friedman, Milton, Price Theory:  A Provisional Text, 
University of Chicago, 1973 (revised edition). 

(10)  Goble, William E., "Tennessee's Competitive Position 
in Producing and Marketing Strawberries."  Knox- 
ville, Tenn., Agricultural Experiment Station 
Bulletin 332, Sept. 1961: 40p. 



106 

(11) Goble, William E.,"Cost and Returns for Fresh Market 
and Processing Strawberries."  Tennessee Farm and 
Home Science, Jan.-Mar., 1962. 

(12) Griliches, Zvi., "Research Costs and Social Returns: 
Hybrid Corn and Related Innovations."  Journal of 
Political Economy, 66 (Oct. 1958): 419-431. 

(13) Holtman, J. B. et al.,  "Michigan Mechanical Strawber- 
ry Harvest Feasibility Studies." American Society 
of Agricultural Engineers, St. Joseph, Mich. 
49085, June 26-29, 1977: 12p. 

(14) Johnston, J., Econometric Method, New York.  McGraw- 
Hill Book Company, 1936. 

(15) Kirk Dale E., "Mechanical Capping and Stemming of 
Strawberries." American Society of Agri. Engineers, 
Paper No. 72-834.  Dec. 1972: pp. 1-4. 

(16) Kmenta, Jan, Elements of Econometrics, New York, The 
MacMillan Company, 1971. 

(17) Lawrence Francis J., "Summary of Strawberry Variety 
Characteristics Important in Mechanical Harvest." 
Proc. Ore. Hort. Soc. 58 (1966): 117-118. 

(18)   , Proc. Ore. Hort. Soc. 63 (1972): 110-112. 

(19) Lawrence Francis J./'et'al., "Strawberry Breeding and 
Evaluation for Mechanical Harvesting." Agri. Exp. 
Station of OSU, Bulletin 131.  May, 1975: 30p. 

(20) Little, I.M.D., A Critique of Welfare Economics, 
Oxford, Clarendon Press, 1950. 

(21) Martin, Lloyd W., "A Field-Scale Technical and 
Economic Evaluation of Strawberry Mechanical Har- 
vest, Handling and Processing."  Proposal Submitted 
to the North Regional Commission, Aug. 1976: 19p. 

(22) Martin, Lloyd W., and F. J. Lawrence, "Progress Re- 
port-on Strawberry Research in the United States, 
Proc. Ore. Hort. Soc. 65 (1974): 139-142. 

(23) Musgrave, R.A., "Cost-Benefit Analysis and the Theory 
of Public Finance."  J. Econ. Lit. 7:797-806, Sept. 
1969. 



107 

(24) Parsons, Philip S., "Costs of Mechanical Tomato Har- 
vesting Compared to Hand Harvesting."  University 
of California Agricultural Extension Service, AXT - 
224, 9p. 

(25) Peterson, Willis L., "Return to Poultry Research in 
the United States."  J.F.E., 49 (Aug. 1967): 656- 
669. 

(26) Schmitz and Seckler, "Mechanized Agriculture and 
Social Welfare:  The Case of the Tomato Harvester." 
Amer. J. Ag. Econ., 52 (Nov. 1970): 569-577. 

(27) U.S. Department of Labor, Bureau of Labor Statistics; 
Employment and Earnings, States and Area, 1939-75, 
Bulletin 1370, 1977. 

(28)     , Bulletin No. 1825-1830 and 1901-1909. 

(29) United States Dept. of Agriculture, Agricultural 
Statistics, Wash. D.C., U.S., 1976. 

(30) Varseveld G. W. and R. F. Cain, "Post-Harvest and 
Processing Quality of Mechanically Harvested Straw- 
berry Selection and Cultivars."  Dept. of Food 
Science and Technology, Dec. 1976 (Unpublished). 

(31) Willig, Robert D., "Consumer's Surplus without 
Apology." The American Economic Review, 66 (Sept. 
1976) : 589-597. 



APPENDICES 



108 

APPENDIX   I 



109 

Owner:  Farmer A 

Place:  Silverton 

Date:    July 6, 1977 

Variety: Hood 

Rows 
Time 

Elapsed 
Standard 

Time 

General Comments and 
Estimation of the 
Machine Efficiency 

1 & 2 15:02/100 15:01 24 rows = 1 acre 

3 & 4 14:85/100 14:51 Hence total area experimen- 
tal = .83 acre 

5 & 6 14:62/100 14:37 

7 & 8 15:33/100 15:20 Efficiency estimation: 

9 & 10 15:70/100 15:42 2 runs -*• 15:113 

11 & 12 14:79/100 14:47 24        ? 

13 & 14 15:43/100 15:26 .\ -^ x 15:113 = 181:356/100 

15 & 16 15:26/100 15:15 min 

17 & 18 15:08/100 15:05 or, Efficiency = 3:01:21/ 
acre 

19 & 20 15:05/100 15:03 

Average 15:113/100 15:07 



110 

Owner:  Farmer B 

Place:  Stayton 

Date:    July 1,   1977 

Variety:  Linn 

Rows 
Time 

Elapsed 
Standard 
Time 

General Comments and 
Estimation of the 
Machine Efficiency 

1 9:37/100 9:22 

2 10:51/100 10:30 

3 10:12/100 10:07 

4 10:12/100 10:07 

5 10:31/100 10:18 

6 10:16/100 10:10 

7 10:06/100 10:03 

8 10:08/100 10:05 

9 10:11/100 10:06 

10 10:07/100 10:04 

16 rows = 1 acre 

Hence total area experimen- 
tal = .625 acres 

Efficiency estimation: 

1 row -*• 10:091 

16 rows   ? 

.*. 4£ x 10:091 = 161:456/ 
100 min 

or, Efficiency = 2:41:24/ 
acre 

Average  10:091 10:05 
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Owner:  Farmer C 

Place:  Stayton 

Date:    July 8 & 11, 1977 

Variety:  Benton 

Rows 
Time 

Elapsed 
Standard 
Time 

General Comments and 
Estimation of the 
Machine Efficiency 

1 17:91/100 17:55 

2 8:62/100 8:37 

3 11:75/100 11:45 

4 16:65/100 16:39 

5 13:01/100 13:00 

6 16:03/100 16:02 

7 12:80/100 12:48 

8 10:32/100 10:19 

9 11:26/100 11:15 

20 rows = 1 acre 

Hence, total area experi- 
mental = .45 acres 

Efficiency estimation: 

1 row ■*■  13:15 

20        ? 

.*. 20 x 13:15 = 263 minutes 

or Efficiency = 4:23/acre 

Average  13:15 13:09 

itfote:  When harvesting Farmer C strawberry plot, the cut- 
ting bar of the machine was not working properly.  Hence, 
to compensate for the defect of the machine, the operation 
was slowed below the normal condition, but no adjustment 
was made for the machine malfunctioning in this study. 
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Average Efficiency of the Harvester; 

Based on the results from the three sample fields, the 

average time the machine will take to harvest an acre of 

strawberry field will be: 

Farmer A .83 acres 3:01:21 

Farmer B .625 acres 2:41:27 

Farmer C .45 acres 4:23:00 

Sample Average   3:05:48 

Recovery Rate of the Harvester: 

A separate study was conducted to determine the re- 

covery rate (picking rate) of the harvester.  Using Farmer 

C strawberry plot, the recovery rate of the harvester was 

estimated to be 73%.  However, as pointed out above, dur- 

ing the study the cutting bar of the harvester was not 

functioning properly.  Hence, if the machine was operating 

under normal conditions, a higher recovery rate would have 

been resulted. 

Forty feet of a strawberry plot was harvested by the 
machine.  Then, 

Machine picked 17.25 pounds 

Unpicked 6.50 

Total strawberry fruit   23.75 pounds 
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In this appendix an attempt will be made to estimate 

demand equations of processed strawberries.  As demon- 

strated in Chapter V, one of these demand equations is 

used to compute the social returns of the mechanical 

strawberry harvester in Oregon. 

Based on consumer demand theory it is hypothesized 

that the average price of processed strawberries is a 

function of total processed strawberries marketed, the 

average prices of substitute products, the wage rate of 

the strawberry processing plants and the income of the 

consumers.  More specifically, 

PP  — XiX., Xp, X-, ^Ar    ^K' 

where 

PPk 

x
] 

x, 

X. 

K< 

X, 

Average price for processed strawberries (C/lb) 

Total processed strawberries marketed (mill, 
pounds) 

Average price of fresh strawberries (C/lb) 

Average price of peaches ($/bushles) 

Average hourly earnings for labor employed in 
the food and kindred products ($/hr) 

Real disposable personal income (bill, dollars) 

Prior to fitting the actual demand equation and based 

on economic theory, it is expected that PP will be in- 

versely related to x.. and x. and directly related to x^ 

and Xj.. 

' X3 
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To fit the demand equations for processed strawber- 

ries, twenty-six years of annual data (1950-75) were used. 

Then, using the ordinary least square technique various 

demand equations were estimated as shown below. 

Model 1 

PPS = 5.967 - .OSIIX-L + .8447X2 + 2.424x3 

(3.92) (.00781)**(. 01873)** (.9659)** 

- 5.982x4 + .00854x5 

(1.965)**  (.00983) 

R2 E .83 DW E 2.1168     9 E4 E .409 n 

Model II 

PPS = 7.675 - .OSSSXj^ + .844x2  +  1.984x3  - 4.419x4 

(3.37)* (.00735)**(.18624)** (.81744)*  (.7855)** 

R2 E .82 DW E 2.1125     0 = ^ = .438 

where 

PPS, x^, X2, X3, X4, X5 are defined in the same manner 
as shown earlier 

6 -> Price flexibility 

D -*■  Durbin-Watson statistics 

Numbers inside the brackets are standard errors 

♦Significant at 1 percent 

**Significant at 2.5 percent 
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In Model I and II linear demand equations were fitted. 

The variables in both models have the right signs, i.e., 

as hypothesized earlier PP  is inversely related to x, and 

x. and directly related to x-/ x3 and x5. 

With the exception of the income variable, x5, the 

coefficients of the variables in Model I are highly signi- 

ficant.  Since x5 is not significant, in Model II the 

demand quation was fitted without including the income 

variable or x5. Hence the only difference between Model I 

and II is the inclusion or exclusion of the income variable 

in the given model.  In Model II, the coefficient of all 

the variables in the equation are highly significant. 

Since only the substitution effect is considered, the 

income compensated demand equation yields a more accurate 

estimate of the consumer surplus than non-compensated 

demand equation (6; 31).  Likewise, as shown in Model I, 

since the income variable is highly insignificant, the 

demand equation in Model II can be approximated to be an 

income compensated demand equation.  Note that what makes 

the demand equation in Model II to be an income compen- 

sated demand equation is the inclusion of the income 

variable from the model while it is insignificant. Hence, 

for the above reason, in Chapter V in estimating the 

social returns from mechanical strawberry harvester in 

Oregon the demand equation in Model II was chosen. 



117 

In Models I and II linear demand equations were 

fitted.  However, in an attempt to improve the statistical 

properties of the demand equation, the variable in the 

previous models were fitted using different mathematical 

forms.  Not all the demand equations fitted in this study 

are presented here.  However, to show the effect of the 

change in the underlying assumption about the mathematical 

form of the demand equation, in Models III and IV curvi- 

linear demand equations were fitted as shown below. 

Model III 

Y = -1.608 - .3825Z1 + 1.527Z2 + .228Z3 - .916Z4 + .3396Z5 

(2.1485) (.0997)** (.2466)** (.1336)* (. 29353)** (. 31746) 

R2 =   .86 DW = 2.411        9 = .3825 

Model IV 

Y = .4937 - .4185Z1 +  1.511Z2  +  .188Z3  - .61885Z4 

(.8727) (.0942)** (.02469)**  (.1288)*  (.09483)** 

R2 E .855 DW = 2.405        9 = .4185 

where 

Y, Z,, Zj,   Z-, Z., Z5 are respectively the natural log 

of the variables PP , x. , x_, x,, x., x,. from 

the previous model. 

**Significant at 1% 

♦Significant at 10% 
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Again, except for the income variables, Z,-, the 

variables in Models III and IV are highly significant. 

2 ... Higher R is obtained when the demand equation is curvi- 

linear instead of linear.  In general, the statistical 

properties of Models I and II are closely comparable with 

Model III and IV. 
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1.   UPM = {(l-a1)(AY X PBRH)} 

where, 

UPM -»■ Usable Product (tons/acre) under mechaniza- 
tion 

AY -»■ Average yield (tons/acre) 

PBRH ->- Proportion of berries recovered by the har- 
vester 

a, -»■ Proportion of culls and other foreign pro- 
ducts and a^ = 0.1 for mechanically harvested 
berries 

0.85 when AY 5 4.0 
PBRH = { 

0.80 when 4.0 < AY < 6.0 

2. UPH = {(l-a2)(AY x PBAPH)} 

where, 

UPH -> Usable product (tons/acre) when hand picking 
is used 

PBAPH ■*■  Proportion of berries actually picked when 
harvesting is done by hand 

a2 -*- Proportion of culls and other foreign pro- 
ducts and a2 = 0.1 for hand picked berries 
(estimates of a2 given by processors) 

2 
3. RMH = I     {MPPQ. x a.(UPM)} 

i=l      1    1 

2 
4. RHP = I      {HPPQ. x 6.(UPH)} 

i=l      1    1 

where 

a. -*■ Proportion of the product with quality i in 
relation to UPM 

1 if the strawberry product is of standard 
quality 

i -{ 
2 if the strawberry product is used mainly 

for puree and juice 
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RMH -»- Revenue ($/acre) for machine harvested ber- 
ries 

MPPQ. •> Price of product quality i in cents per 
pound for mechanically harvested berries 

RHP ■*■  Revenue ($/acre) when hand picking is used 

HPPQ. -*- Price of product quality in in cents per 
pound for hand picked berries 

8J ■*■  Proportion of the product with quality in in 
relation to UPH 

1 when the quality of the berries is classi- 
fied as standard 

i +{ 
2 when the berries can be used mainly for 

puree and juice 

5. HCM = LC + TH + AHMC + FR + EPLC + EPMC 

6. HHC = $902 (^j.) 

where, 

HCM -*■ Harvest cost with mechanization ($/acre) 

LC -*■ Direct labor costs 

TH -»■ Trucking and handling 

AHMC -*■ Annual harvest machine cost 

FR -*■ Fuel and repair cost 

EPLC ->• Extra processing labor cost 

EPMC ■+■ Extra processing machine cost 

HHC -»- Harvest cost when hand picking is used ($/ 
acre) 

x -»■ The actual average yield of the strawberry 
variety being considered (tons/acre) 

n 
7. LC = 1   {Efficiency of the machine (hrs/acre) x wage 

j=l 
ratej ($/hr)} 
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where, 

n -> total number of workers needed to operate 
the machine 

3 
8.  TH = y {Berries recovered by the harvester (tons/acre) 

x cost of handling ($/ton)} 

9   AHMC =   Z (the purchase 
Expected life of the harvester (years) 

price of the harvester)  
Annual utilization of the harvester (acres) 

where, 

Z -»■ is interest factor and its value depends on the 
expected life of the harvester and the interest 
rate 

10. MPVNHC = RMH - HCM 

where, 

MPVNHC -»■ Product values net of harvest cost under 
mechanized harvesting ($/acre) 

11. HPVNHC = RHP - HHC 

where, 

HPVNHC -»• Product values net of harvest costs when hand 
picking is the mode of production ($/acre) 

12. NLSM = MPVNHC - HPVNHC 

where, 

NLSM^Net loss or savings realized as a result of 
mechanization ($/acre) 


