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"When the cotton picker was developed, agricultural
intellectuals including agricultural economists should
have studied the problems of adjustment forced on cotton
field hands, should have assessed the social costs,
should have devised institutional reforms to cushion the
shock and the cost-- a cost which should have in some
way been shared by cotton producers, the cotton process-
ing and merchandising industry and, of course, by the
cotton consumers. Had we done so who can now say how
much less frightening would be our civil rights, urban
ghetto and urban living problems? And partly because
we failed to learn from that experience, we go blindly
forward developing tomato harvesters, field lettuce
cutters and field lettuce packing technologies, milk
production factories, and the thousand and one other
forms of improved technological efficiencies.

Economists as institutional policy analysts must take
note of the ecologists' argument that the conventional
business economist's blindness to "externalities" is
scandolous; that all externalities are truly part of the
social cost of an activity; and that he who creates a
product with social cost should be respon51b1e for
paying for it."

M. M. Kelso and J. S. Hillman
"Social and Political Dilema of the Agricultural
Industry and Agricultural Institutions"
Western Agricultural Economics Association
- 4th Annual Meeting, Corvallls, Oregon, July, 1969
Proceedings, 1969
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SUMMARY

Although California farm production is expanding, labor saving technolo-
gies are reducing the number of farm jobs., Fragmentary data suggest that an
- increasing portion of the remaining farm‘workvis being performed by Hispanics,
women,;end temporary farm workers. |

Fruit aod vegetable harvesc mechanization has an important impact on the .
farm labor’force, for it can eliminate a large number of hand-harvest jobs,
often in e very short period of time: For such technology to}be adopted, it
must result in a substantial cost savings to the fafm operator. Harvest
oechanlzatlon also 1nvolves changes in production practices, in handling, in
processing and/or packlng systems, and often a change in the product itself

Harvest mechanization has eliminated tens of thousands of hand-harvest
jobs in Californiavsince 1950, while creating a much smaller number of machine-
harvest»jobs. The new work is of dlfferent skill level, strenuousness, and
safety than hand-hafvest work. Much of it is performed in different production
areas, by a new work force.‘ Harvest mechanization has resulted in severe un-
~ employment in localized labor mafkets. It has also oreyented unionization of
farm employees.

With commercial.use of new technology regarded as the measure of its
feaSLbility, 13 fruit and vegetable crops were selected for detalled study.
All facets of each technology were descrlbed, as well as the cost savings, the
recent trends in adoption, and‘the factors which may affect the future rate of -
}adoption;

Information on current employmerit was combined with estimates of the

oroductivity of hand-harvest and machine-harvest labor, and a range of

- iii -
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assumptioné about future adoption in order to construct a érojection of
anticiﬁatéd net reduction ip farm jobs. Using averaée annual employment for
1975-1977 as a base, it was‘estimated that mechanization of the harvest of
these 13.crops will cause a net reduction of at least 38,126vpeak harvesé jobs
by 1982, but not more than 128,176 jobs by 1987. On the average, each of
these jobs pfoyides.ﬁ weeks of employment. This displacement represents 1%%
to 5% of total California farm employment in the base period, and will be
concentrated iﬁ certain counties. The projection includes most of the
dispiacement expected to occur as a reéult‘of the mechéhization'of fruit énd
vegetable hérvests which ehploy more than 40,000 work-weeks of lébdr in-
Califérnia,. This category of employment accounts for 17% of the 1977 total
California farm employment. Other technologies afe expected to reduce the
femaining 83% of farm work,

Public poiicy recommendationsbiﬁciude:
1. Federal legislation to establish ﬁorkers' rights to job seéurity;
2, Federal 1egislation.toAguarantee farm workers the right té form and join
labor organiéations;
3. Eliﬁination‘of'the 10% investment taxAcredit for capitai investments
| ‘Vhiéh reduée»employment;, |
4, Reform of the land-grant collége system so that it migh; aid farm WOrkers;_
S. Ré-design and expansioﬁ of adjustmént.assistance p?ograms for rural people;
6; A comprehensi?elfield study of California farm workers;

7. Consideration by the appropriate regulatory agencies of the increased

environmental impact of chemicals used to facilitate harvest mechanization.

- iy =
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CHAPTER 1

TECHNOLOGY AND CALIFORNIA FARM EMPLOYMENT

By many measures, California agriculture is a thriving industry. With

the completion of new, publically financed water projécts, the amount of

irrigable land in the state increased 84% since 1940 (see Figure 1-1), 'On

a national basis the value of agricultural production is rising fapidly,

with California's keen competitive position enabling it - to increase its

felétiﬁe share of U. S. farm.productidn (see Téble 1-1).
~ _

Fresh Callfornla produce commands a premium in the market place, for
it is shipped in seasons when most other areas are no£ in production.
California processors pack a substantial portion of the nation's canned
fruits and vegetables.. The statebhas become the nafidn's princibal produc—
tion area in a great number of agricultural commodities. .It produces
virtually the entire national crop of a nﬁmbef»of fruité and vegétables
inciuding apricots, dates, figs, olives, raisin grabes, canned peacheé,
persimmons, pomegranates, artichokes, and brussells sprouts,

Despite this apparently bright economic picture of California's largest

~ industry, there is the disturbing paradox that the state's wealthiest

agricultural areas have high levels of unemployment (see Table 1-2). This

- unemp loyment varies with the seasonal change in agrlcultural emp loyment.

The expansion of Callforn1a agrlculture has not created new jobs.
Although agreage'in labor intenSivg fruit and vegetables are ét record levels,
each year there are fewer jobs for California farmwofkers,.and there are
fewer farmers on the land.

~Labor saving technology has led to a steady erosion in agricultural
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: . FIGURE |-1]
CALIFORNIA !RRIGATED» ACREAGE -
: Table 1-1
. U. S. and California Farm Income
Cash Receipts from Farming
(1,000 dollars)
Year California United States | California as
% of U.S.
1945 1,592,367 20,013,832" 7.96%
1955 2,632,650 29,263,899 S.00%
1965 3,751,249 | 41,638,650 9.01%
1975 8,500,926 90,370,272 9.41%




employment. Increasing amounts of capital are being invested in all phases
of agricultoral production, reducing the demand for fern labor. Lebot‘s
share in the value of production is dwindling.' The capital requiremente
of.agriculture ere,becoming so high that only the best.financed, 1arge:scale
operators oan stay in business.

Tractor drlvers disc and plow the fields with broader implements pulled
by higher horse-power equ1pment, allowing more land to be prepared 1n a
single day of wOrk; "Precision listing, seeding, and cultiVation, along With
USe of new herhicides, has brought dramatic decreases in the need for early
season thinning and hoelng 1abor (1) Automatic thlnning machines are
reducing-hand hoe 1abor even further (2).. |

‘ Drlp irrigation and automated sprinkler 1rrlgat10n systems take the
place of shovel and 31phon tubea and reduce the need for irrigation labor to
water the crops. Developments such as pneumatic pruning shears can cut
winter employnent in pruning vineyerds tn helf 3).

It is harvest mechanleatlon, however, thatvhas had the greatest impact
on 1abor, for it is durlng the peak harvest season that most workers earn
their 11ve11hood Frult and vegetable farms hlre nearly 71% of the state's

'farm workers (see Table 1-3), and pay nearly 544 of the state s farm wagee
(see Table 1—4). It is-during'the harvest‘that the majority of the persons
employed in California agriculture earn most of their annuei income. The
'edoption of harvest machinery can eiiminate.90% of‘more of the harvest
time employment in a particular crop, sometimes in a very short peftod.

‘The intention of this study is to increase understanding of-the_imoaet

~ of fruit and vegetable hervest mechanlzatlon on California farm workers. The

study w111 flrst describe whatylsknown about Callfornla s farm labor force,

-3 -



Table 1-2

Months of Highest and Lowest Unemp loyment

Selected California Counties, 1977
Month of | Unemployment| Month of ‘Unemp loyment
County - Highest Rate Lowest Rate
: Unemployment % Unemp loyment VA
Imperial" September 22.5 - March 12.0
Stanislaus March 16.1 September 5.5
Merced February 14.5 September - 5.7.
San Joaquin January . 12.5 Septémber 5.3
‘Madera 'FeEruéry 11.4 September 5.5
Fresno January 10.1 September 5.3
Source: California Employment Development Department
Report 400 C 1977 ,
Table 1-3
leed California Farm Labor
By Type of Farm 1974
Number of Workers by Number of Days Worked
- Numbers of Workers Vegetable,
Number of days worked All Vegetable | Fruit and Melon, -Fruit
: Farms and Melon Nut Farms and Nut Farms
" Farms as % of All Farms
150 days or more 136,216 29,563 35,253 47.6
25 - 149 days 264,781 61,562 | 126,772 7.1
less than 25 days 460,346 74,188 281,753 77.3
Total Hired Labor 861 343 - 165,313 443, 778 70.7

Source:

California table 32, page I1-82
Includes only farms with sales of $2,500 and over
Farm types as defined by the: Standard Industrial Classification

U. S. Bureau of Census 1974 Census of Agrlculture Vol. I, Part 5




Table 1-4
Hired and Contract California Farm Labor Expense
By Type of Farm 1974

Farm Labor Expense (1,000 dollars) Vegetable, Melon,
» - All "{ Vegetable Fruit and Fruit and Nut
‘Type of Labor Expense Farms and Melon Nut Farms Farms as % of .
: ' Farms | All Farms
Hired Farm Labor 1,043,349 | 226,331 305,655 51.0%
Contract Farm Labor 185;372 ;41,172 89,077 - 70.3%
Total Labor Expense 1,228,721 267,503 394,732 53.9%

ASource: U. S. Bureau of Census 1974 Census of Agriculture Vol. I Part 5
California table 32, page I- 82 ,

Includes only farms with sales of $2,500 and over
Farm types as defined by the Standard Industrial Classification
and.identify trends in the 1aeor market (Chapter II), An historical analysis
of the mechanization procesé will follow, in order to describe the conditions'
under‘which new technology has Eeen adonted,inrthe past (Chapter III) and to
_describe its effects on‘farm workere (Chapter 1IV). | |

With thie foundation,ithe report will examine in detail those new
‘harvest technologies which are likely to cause large-scale labor displacement
. (Chapter V).. Combininé_the historical foundation and the information on new
technology, the studvaill then_meke‘projections of changes in farm labor
demand (Chapter vI). |

The process of farm mechanlzatlon has been encouraged by government
poiicy The 1and«grant colleges and the U. §S. Department of Agrlculture
haveAberformed_mllllons of dollars worth of hortlcultural and engineering
reseafch thee has made harvest mechanization possible. The investment tax

credit provision of federal .income tax laws grants special incentives to

n_those who purchase capital goods such as tomato harvesters, peach catching




frames, or potato diggers. Because public policy supports mechanization,
it is incumbent on policy makers to deal with its impact. Suggestions

for policy changes are also included in this study (Chapter VII),

Notes.

‘1. Earle E. Gavett "Labor Used to -Produce Vegetables Estimates by
States, 1959" U.S.D.A. Economic Research Service Statxstlcal Bulletln
No. 341 (U. S. Gov't. Prlntlng Office, Washington.D., C. March 1964)

2. ""Mechanical Thinning” California Tomato Grower'p. 10, June 1972

3. California Department of Employment "Trends in Mechanization and
Farmlng Methods" California Annual Farm Labor Report p. 12, 1956




CHAPTER T1

STRUCTURE OF THE FARM LABOR MARKET

A. Oversupply

Unlted States farm labor has been in chronic oversupply for many
years (1). While there may be occasional shortages of farm workers to'
harvest some crops in certaln 1oca1 areas, there has been an abundant supply

of cheap labor through most of the hlstory of the national farm labor market

© In Callfornla, the immigration of Chinese, Japanese, Phillipino, Hindu Arab

Black, dust-bowl refugee, and Mex1can workers has assured fruit and vegetable

farms a steady supply of low paid employees.- Several economic observations

" demonstrate that farm labor continues .to be in oversupply.

The spectacular productivity gains of the agricultural sector of the

economy are known to greatly exceed corresponding figures in manufacturing

industry. Output‘per worker-hour in agriculture has been increasing at a
“rate that is 75% greater than increases in manufacturing worker productivity.

. Yet wage gains in these two sectors show considerable disparity. Wages per'

hour in agriculture are experiencing an increase four times smaller than
in manufacturing. As pointed out by Lamar Jones, the correct interpretation -

of this situation is that there is an oversupply of agricultural labor (2).

Low wage rates and high unemployment are the specific consequences. Rapid

_technological advances are causing increases in worker productivity, but

they are not providing corresponding gains for farm workers.
A second measure'of the oversupply'of farm labor can be found in the
comparison of farm wage rates with non-farm wage rates. By the law of

supply and demand, wage rates correlate inversely with excess labor supply.

-7 -



Gladys Bowles summarized "the situation as of late 1965:

", . . the relative position of farm workers has actually
deteriorated since the end of the War . . . . Even in
California, where highest farm wages are paid, on the average,
-the gap between farm and non-farm (wages) has widened in the

last 10 years (3)."
More recent data indicate little, if any, improvement in the wage
dis?arity. Shown in Table 2-1 is a summary of manufacturing and agricultural

wages through 1975,
Table 2-1
Agricultural Wages as % of Manufacturing Wages
U, 8. and California
(Period Average)

Period . " United {California
States

1948 - 1950 s4%, | 59%
1951 - 1955 - 519, 539
1956 - 1960 | wen 48%
1961 - 1965 | 45% | 46%
1966 - 1970 . 49% 50%
1971 - 1975 47% 50%

Source: Sue E. Hayes, "Farm and Nonfarm Wages and Fringe Benefits, 1948-1977"
in Technological Change, Farm Mechanization, and Agricultural
- Employment, University of California, Division of Agricultural
. Sciences, Priced Publication 4085

‘While agriculturalAwage ratesihave increased in recent years, Table 2-1
shows that these wages st111 lag far behind those in manufacturing. More x
.31gn1f1cant is the fact that this gap is now substantlally greater than in
the post-World War II,poylod.

A thirxd aﬁd equally significant indicator of the oversﬁpply of
agricultqrnl workers can be fouﬁd in the impactvéf incrcnscdinntioﬁhl

unemployment upon the size of the agricultural labor force. An cxcess of



- the employer is engaged.

1
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agricultural labor would beiexpected to be a ''reserve pool" which is drained
during periods of low national unemployment aﬁd then fills when unemp loyment
ig high. Hathaway and Perkigs discovered that thig is.actuaily the case: in
periods of low national unemployment_thére is a tendency toward a de;fease-
in the number of persons entering the farm labor force, while in.periods.of
high national unemploymeﬁt there is an upsurge of entrants to agricﬁltural
work (4). Tﬁe data supporting this conciﬁsion are presented in Table 2-2
and igﬁoived,tracking the employment histéry of?gugémélé Qf:wérkerénééeﬁuéwm
four year period using_S;cial Security fecor&s. This type of 1Qngit€dina1
study permits identification of employéfs and the iype of bgsiness in which

Table 2-2
Mobility and Non-Farm Unemployment Rates, 1955-59

Net % Change in Non-Farm
Number of New Unemployment
Mobility Period Entrants to the .Rate (%)
Farm Labor Force

1955 - 1956 -2 4.2
1956 - 1957 - 6.3 4.3 -
1957 - 1958 - R Y 6.3
1958 - 1959 - 18 5.5

Source: Dale E. Hathaway,"OCCupational Mobility from the Farm Labor Force'
in Farm Labor in the United States, C. E. Bishap, Ed. :
(Columbia University Press, 1968 printing)

From the data in Table 2-2 it can be seen,thaé a 2% increase in the
national unemploymeﬁt_rate is corfélated<with an 8% change in‘éntrants to
the farm labor force. As described by Hathaway (5), "These data indicate
that there was an actual net inflow into the, farm work force during the

_year of highest unemployment."
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As analyzed by Hathaway, increased non-farm unemployment produces this
effect because: |

a) It'reduces the rate ofboccupational mobility out of farm work;

b)‘ It'increases.the rate of back movement from non-farm to farm jobs;

¢) It increase the rate of new entrants into farm work as rural youth

find non-farm opportunities limited. |

While much attention has been focussed on occopetional mobility out of

farm wofks these data indicate that the path is a two-way>street and that
. decreased qon-farm jobs in fact push worke:s'baek info tﬁe farm labor force.

Evidence of the oversupply of farm labor invCalifornia mey'a1so be

found by examining the 1977‘rates of unemployﬁent in agricultural counties
- in the:state (see Taole 1-2, .page 4). According to Mamer and Fullef,

", . . it appears that a serious unemployment problem exists -

during at least part of the year in the major agrlcultural '

countles (6)." v

‘FEvidence of the abundance of the labor supply for the agricultural
sector is not found omly in the rural areas, but may be found in the major
urban centers of tﬁe U. S. as well., A survey of hard-core unemployed persons
in Los Angeles found that half of their number were migrants from rorel

‘areas, and that about one-third were formerly employed as farm laborers (7).

: These data, together with that of Hathaway and Perklns, 1nd1cate that there
ex1sts a pool of persons who float from farm to non-farm jobs and back.

They are viewed as "urban unemployed" or "rural unemployed” depending

upon where they are located at the time when they are counted. -

g ' o B. Characteristics of Farm Lebor Supply

On a national basis there is abundant evidence that the demand for hired

- 10 -.
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farm labor has declined in the post-World War Il epoch. This evidence is

recorded in the apnual survey Hired Farm Working Force Report published bx

the U. S. D. A. (8). Based on interviews that seek to determine information

regarding recent employment history, the national farm work force is known

to have declxned from 3,600,000 persons in 1962 to 2,600,000 in 1975 Less
well known are the structural changes ‘that have accompanied this decline.
Using.this source of data, Bowles and Holt have shown that year-round i
full time'farm‘work has declined and that, over the past dozen years, the
proportionvof hired farm labor thatbis perforaed by persens-only temporarily

in the labor force has inereased (9). Bowles and Holt-divided the farm labor

force into three categories:

1)'Hired Farm Work Only, persons in the 1abor'force year round as'

hired farm workers;

A2) Multiple Job Holdera, persons in ‘the 1abor'force year-round, but who

.work for more than one employer (whether farm or non-farm) in the

course of a year,

3) Temporary Workers, persons who do farm work for part of the year

but who are not in the 1abor force for the balance of the year.
The latter category includes students and persons whq identlfy themselves
aa homemakers. |
The most recent national report, for 1975, contains data that may be
eummarized'according to the categories of Bowles and Holt (see-table 2-3).
According'to these data, temporary workers' comprise 54% of the hired
farm work force. They perform 25.8% of all hired farm work and 57.9% of

seasonal farm work. Seasonal farm work is taken to be the sum of the

temporary worker and multiple job holder categories. Graphs showing the

- 11 -



"
!
3

T A T I O T T R

“ﬁ‘w ﬂi

PER CENT

Table 2-3
National Hired Farm Working Force of 1975
. Number of Average Number Total Person-
Chief Activity Workers - of Days of Farm Days of Work
: (thousands) Work per Year (millions)
Hired Farm Work Only 528 235 124
Multiple Job Holders 694 61 - h2.2
Primary Farm Work 131 157 20.6
Primary Own Farm 82 81 6.6
Primary Non~Farm Work 433 29 12.6
Primary Unemployed 48 (50) 2.4
“Temporary Workers 1,416 41 57.9
Homemaker 231 43 - 9.3
Student 1,027 41 42,1
Other 158 37 5.8
Total 2,638 224.1

Source? Geﬁe-Rowe, Leslie Whitenef Smith, The Hired Farm Working Force
’ f 1975, U. 8. D. A. Economic Research Service, Agricultural

of 1772,

- Economic Repert No. 355.
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trend of these data with time are presented in figures 2-1 and 2-2, The
share of hired farm labor performed by year~round workers is declining. In
1975 these full time workers performed 55. 3% of the hlred farm work. Twenty-
five years earlier, workers in this category did 75% of the hired’ farmv |
work (10).

The composition of the farm 1abor foroe has altered and the share of .

farm work performed by the dlfferent segments has SLgnlflcantly changed

-More-and more hired farm work is being done by temporary workers and less

-and less byifullFtime'year-round employees.

1. California

These natlonal trends are also reflected in data on Callfornla agrlculd
tural employment. The annualized average of agrlcultural employment has
dropped from. roughly 360,000 in 1950-55 to 290,000 in 1971 76 (see Flgure

2—3).- The. largest decrease has been in the average number of farmers and

| — T~ HIRED
2004 - e
————.__  FARMERS 8 UNPAID FAMILY
AVERAGE EMPLOYMENT, ANNUAL BASIS, CALIFORNIA
] ¥ ¥ ] ¥ 1
1950 1955 1960 1965 1970 1975
FIGURE 2-3
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unpaid family members. In effect, farmers and uopaid family workers have
beeﬁ replaced by hired farm workers. The ‘average employmenf of hired farm
workers has decreased slightly as well,

The_only'statewide‘data that enable classification of hired farm

workers according to the categorieg develo

in a study commissioned by‘the California Assembly Committee on Agriculture

:
L =Y

in 1965 (’1) 11fuf11q haa proportlonately fewer year- round farm workers
-and more multlple job=holders than the nation as a whole in 1965 (see Table
2-4). 'The proportlon of temporary workers was roughly the same.

| Table 2-4

Structure of the Hired Farm Labor Force
 United States and California, 1965

Chief Activity California| United
. ' “(Estimate) States
Persons Employed Year-Round 9.1% . VIZO.Zi—,
Multiple Job-Holders o | 36.0%. 25.5%‘
Temporary Workers ) l- | 35.0%. 54.3%

Sources: California Assembly Committee on Agriculture, The California
Farm Labor Force: A Profile

U. S. D. A, Economic Research Service, The Hired Farm Working
Force of 1965

2. Souroes‘of Data on California Farm Employment

There are three potential sources of data that break.down California
agricultural employment by county. These are:
1) Census of Population (12);

: 2) Agricultural Employment Estlmates, California Employment Development
Department (EDD) (13); '

3) Quarterly Disability Insurance Reports, California Human Resources
Development Department (14).
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Table 2-5
California Farm Labor Employment _
Hired Domestic Workers by County, April, 1970
Number of Workers

1970 Agricultural| Disability
- .Census Employment Insurance
, of Estimates Reports
County Population (EDD) - (HRD)
Alameda 1,638 3,200 2,619
Butte 1,412 2,140 2,276
Contra Costa 814 1,320 - 1,490
Fresno o 10,084 20,230 23,048
Imperial - 2,865 5,950 8,741
Kern 9,563 . 18,930 17,515
Kings =~ 2,372 3,930 3,307 .
Mendocino 397 360 . 622
Merced 3,828 4,200 7,259
Monterey 7,034 - 10,660 13,855
Orange 2,596 5,900 7,388
Placer 448 500 545
Sacramento 1,894 1,570 2,532
San Bernardino 3,440 ~ 5,530 4,587
San Diego 3,576 8,390 - 8,005
San Francisco . 638 880 140
San Luis Obispo 1,542 1,880 1,996
San Mateo T 637 1,670 1,732
Santa Barbara 2,776 5,230 5,382
Santa Clara 2,457 3,840 6,312
Santa Cruz 1,608 . 3,070 2,775
Shasta 423 490 488
- 8olano 916 1,670 2,106
Sonoma 1,840 3,300 3,035
Stanislaus . 3,509 4,230 6,532
Tulare 10,883 21,000 19,014
Ventura 5,790 11,870 12,430
Yolo 1,428 2,490 . 3,365
Total 87,836 154,430 169,096
(Reported Counties Only) :

Sources:

See notes (12); (13), and (14)
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Farm employment for the month of April, 19’0, according to these
'sources, is showﬁ in Tablevé-Sa This period was chosen for purposeeg of
ééomparison because it‘is the time when the bensus of Pbpulation is
conducted. The data show that the Census significan;lyvuhderestimétes fafm.
‘employment., OSystematic errors in the Census ar
inaccurate counts of minority popﬁlations, This would be expected to affect
thevcoﬁﬁt of farm workers in California.
Agricuitural employmeﬁt is estiméted from data'qn pfodu;tion énd worker
productivity by the EDD. It is not a count ofﬂ§orkers, but an estimate of
llabor demand. The Diéability Insurance (DI) reports, on ﬁhe other hand,_
vate'bésed on the nuhbef of workers cn farm payrblls who earn at least $100.
Considering,the,véry differenf way in which these employment estimates are
:derived,.there is actually rather close agreement between these two sources
(witﬁin 10%, on thé'é§erage).v Unfortuﬁateiy, DI records pertaiﬁing to
:agricultural employeeg are noblbnger reported on a seperafe baéis, and current
empioyment cannot be anélyzed in thié manner, -Eut the févbrable comparison
between EDD and DI data in Table 2-5 suggests that ;here will not be a very .
gubétantiai error in the use of EDD dafa for couﬁty'employment figures.
‘For this reason, this study will use EDD data on hired'farm'workeré in

makiﬁg county based analyses. Table 2-6 shows the most recent dataa*i

The EDD Farm Labor'Report gives é detailed tepresentation éf seasonal
jobs which.empJOy more than 100 ﬁorkers within a single couﬁty at peék
season. Jobs are described by crop and by’activity,'such as ﬁhiﬁning,,'

;éultivating, harvesting, etc. Empioyment is also listed in more generaiiied
éatégorieé such as "Miscelléneous Vegetables," "Tree Fruit," and "AlL

Other-Agricultﬁre," This latter category accounted for 58.2% of the work

-'16 -



"Dem,
Total All Categories, All Ot

: . Table 2-6
and " for California Farm Labor, By County

Peak Season 1978
(work weeks)

her Agriculture

Peak. Labor Demand | Labor Demand
: Season All "All Other
County . Report Categories Agriculture'

' Date : Category

Alameda Sept. 30 2,550 580
- Butte Sept. 16 5,140 3,520
Contra Costa Sept. 30 1,700 740 .
Fresno Sept. 16 62,920 25,390
| Imperial Jan. 28 11,970 4,590
Kern ‘Sept. 16 22,780 12,500
Kings July - 15 ) 9,680 6,400
Mendocino Aug. 12 1,770 570
‘Merced Sept. 16 16,630 19,400
Monterey - Aug. 12 17,260 2,800
Orange’ - Sept. 16 6,100 2,300
Placer Aug. 12 1,290 950,
‘Sacramento Avg. 12 "5,490 3,690
- San Benito “Sept. - 2 4,770 1,600
gan Bernardino Sept. 30 7,720 6,570
San Diego Sept. 30 11,530 4,980
San Luis Obispo Sept. 30 | 2,400 1,350
San Mateo Sept. 16 2,600 © 300
‘ganta Barbara| July 15 6,940 3,200

Santa Clara Aug. 12 8,490 2,370 .
ganta Cruz - | Sept. 30 6,240 1,810
Shasta Sept. 30 1,050 1,050
Solano Sept. 16 3,760 2,800
~ Sonoma "~ Sept. 16 . 7,520 4,750
Stanislaus Sept. 16 13,420 7,300
Tulare Sept. 30 v 31,530 19,250
Ventura Aug. 12 © 18,860 8,730
Yolo Sept. 16 7,360 4,700

Source: . California Employment Development Department.

. Farm Labor Report 881~A, Report Date as Indicated
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- weeks of employment reported in 1977 (15). The accuracy of the Farm Labor

Report ig discussed in more detail in Chapter VI.

‘3. Women Farm Workers

..According to the Census of Population of 1960 abéut 9% of Californié

hired farm workers were female. By 1970, this proportion had increasad‘to:

16.5% {16). 1In large part this increased participation of women has been

a result of technological change. Jobs requi;ing-heavy,'physical labor
that have been fraditionally held by men are being-repléced by sorting or
.similar typeé of'ﬁobs that have been usually performéd bf.female workers (17).
This trend had been noticed‘by Friedland and Barton, aﬁd was an important
motivating factor fof a recent study of female California‘farm workerg.

A seperaté indicator 6f»the incfeaSed partiéipation,cf Qomen in the

hired farm work force of California was obtained in a detailed study of Yolo

‘County workers employed in the processing tomato harvest. Thompson and

Scheuriﬁg found that about 2/3 of the sorting workers on Yolo County tomato

harvest machines in 1977 were women (18). .A 1965 study of hand harveét

tomato workers in Yolo County indicated that the vast majority were male (19).

Thus one factor in the increasing role of women in the farm labor force is

that the substitution of machines for hand labor creates some new jobs in:

which women as well as men are hired.

4., Ethnicity

The ethnic composition of hired farmworkers in California is not
accurately known at present. Data from the 1965 study of hired farmworkers
in the state as a whole indicate that about 45% were Mexican or Mexican~

American (20). Since no comprehensive statewide study has been done since

- 18 -



Table 2-7

Californla Agricultural Workers, Per Cent Hispanic, by County, 1970

County 1 Number Pexr Cent
o Workers | Hispanic

Alameda 2,315 C 24,7
Butte 2,326 13,1
Contra Costa - 1,341 | 22.3
Fresno 14,315 - 44,9
Imperial | 3,664 | 60.1
Kern ' : 11 242 43.4
Kings. 3,332 44,8
Mendocino 745 9.4
Merced . 5,829 - 37.2
Monterey 8,196 62.6
Orange v 3,561 40.7
Placer : 889 8.2
Sacramento - 3,085 19.4
San Bernardino 4,975 - 32.6
San Diego . 5,607 31.3
San Luis Obispo 2,437 29,6
San Mateo 1,027 - 19.9
Santa Barbara | 3,618 47.2
Santa Clara . 4,094 37.3
Stanislaus 5,838 25.9
Tulare 13,987 45,7
Ventura o 6,756 67.0
Yolo : 2,113 34.3

'Source: U. S§. Bureau of Census, 1970 Census of Population
' . Manpower Package No. 2, Detailed Manpower Indlcators
Table 25 A, p. 75; Table 25C, p. 79
"Employed Population 16 Years Old and Over by
Occupation, by Race and Ethnic Group" ‘

- that time, it is not possible to make current estimates regarding ethnicity.

The most recent source of data regarding county By counﬁy ethnic
compositlion of thc Cﬁliforniu hircd farm Qurk forcq is tﬁc 1970 Cunéus
of Popuiatién.j'Thése data are shown in Table 2-7. Since the Census
systematically understates agricultural employment, these data on the

proportion of Hispanic workers are expected to be seriously in error,

It is



llkely that a large proportion of the hired farm workers not tabulated in
the census are Hispanic. To see how serious the discrepanﬂy may be, note:
that the Census of ?opulafion places the number 'of Fresno County

agricultural workers at'143315 in 1970. On the other'hand, California

EDD figures for peak season 19/U place tne ievel of employment at
work-weeks."Thus, at peak season, there is indlcated a discrepancy of

'60'385 Wofkers. ﬁarton, et al, found the proportion of hired farm workers

of Hlspanlc descent in Fresno County to be 90% at peak season 1977 (21)

ThlS would be p0531b1e only if virtually all of the farm workers missed

in the Census!count are Hlspanlc. While this is not impossxble, on its

foce it is unlikely. At best, one could conclude that hired farmlwo;kerS'

in Fresno County are in the'rangé of 45%‘to 90% ‘Hispanic. |

' There are a few recent studies of the ethn1c1ty of workers in particular

vcounties, or workers employed withio a single crop w1th1n one county. All

of these studies suggest that the proportion of persons of Hispanic descent
_'among,California farmworkers is actually much higher thoo the 1965.study'

indicated. (see Table 2-8).

able 2-8 -

Per Cent Moxican ang xicon-American Farmworkers
County -'Cer o » Date = Per
» : 1 Cent
Impofiol ALl Crops - , Jan. 1977 97%
Fresno All Crops Sept. 1977 90%.
Yolo Processing Tomatoes . Foll .1977 947,

Scurces: TFresno and Imperial Counties--
California Commission. on the Status of Women
Campesinas: Women Farmworkers in the California Labor Force

Yolo County~--
Thompson and Scheuring
"The Impact of Mechanization Upon People and Communities”
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It should be evident rhat these data suggest that a much higher

proportion of California‘farm workers are of Hispanic descent than has been

" indicated in studies conducted in earlier periods. For purposes of

comperison, a 1965 study of Yolo County processing tomato workers showed

- that 43% were Mexican or Mexican-American (22).  This figure comes olose

to the 45% figure glven in the statewide study of farm workers conducted

in that same year. Based on these data and the data in Table 2-7, it is

not unreasonable to suggest that at present substantially more than half of

_Callfornia hlred farm workers are of Hispanic descent.

5 Local Workers or Migrants ?

While migrant farm workers have historically played a central role in
California agrlculture, current data suggests that the overwhelming maJority

of hired farm workers in the state are residents of the communities in

.whlch they work. Thus, Thompson and Scheurlng find that 2/3 of Yolo County

processing tomato harvest workers were local re51dents (23) “The fact that
944 of these workers are also Hispanic might 1ead,some observers to éphclpde
that they are therefor migrant Mexxcan natlonals, but this is not the case.
The pattern of predominance of local re51dents in the hired farm work force
has been found in & number of locally focussed studles. For example, a study
‘of persons working in rhe Riverside County apricot harvest in 1963 showed
that 76% of those emploYed only in agrrculture during a fifteenvmonth.periodv.’
centered at the time of harvest were jocal residents (24) The same study
showad that 427 of those reporting non-agricultural as well as agrlcultural
work 1n’that period were local residents., A study of 1abor.contractor

employees in 1964 indicated that 50% of those employed_in only agricultural
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work were local residents (25).

:Other, more recent data independently supports the conclusion that
a majority of hired California farm wquers are employedvin the area
where ﬁhey live. 'The.1977igfudy of women farﬁ workers cbhductediby thé‘
California Commission on the Status of,Women‘showed'that about 57% of -

Fresno County farm workers lived in the immediate area. Again, Imperial

County farm workers indicated that about 50% were permanent residents of

Imperial County and another 30% were residents in the adjacent border

areas (26). All available data supports the conclusion that the majority

-of hired farm workers in California work in the communities where they

reside,.

6. Muitiple Job-Hélders.in the Califérnia Hired.Férm Labor Force -

;Persons ﬁho are emplbyed.in agrigultural as well‘as non;agricultural~
jobs comprised an estimated 367% of the California hired farm labor force in
1965. Studies 6f.the employment hi;tories of'avsamplé éf employees of labor
cqhtractors in 1964vand early 1965 suggest thét between 30% and:AZZ of all
such workers held.both types of jobs at different.points of time in that
period (27). These data -provide independent support fpr‘the 36% estimaté
of the statewide study. Unfortunately,'theré.are no recent data bearing
directly on this question. waevef, at 1ea$t 25% of hired farm workers in
Fresno and Imperial Counties in 1977 are members of families in whicﬁ some

members perform non-agricultural work {(28).

C. Conclusion

The composition of the California hired farm labor force is shifting

over time. The trends include:
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a) increasing’participation of women in the hired farm work force;

_b) overall trend toward decreased embloyment;

c) 1increasing proportion of Hispanic workers;
* .
d) increasing proportion of temporary workers in the hired farm labor

force;

~e) tendency for temporary workers to perform a large share of farm

labor.

 Most significant in terms of the needs of this study is the absence

of recent comprehensive data on the structure of the California hired farm

work force.

. 1 .
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CHAPTER III.

HARVEST MECHANIZATION

Fruit and vegetable harvest mechanization involves more than the
substitution of a machine for hand harvest workers. In order to harvest a
crop by machine, almost every aspect of its pradueticﬁ must be mod
the past 25 yeats,.adoption of harvest machinery has profoundly changed a
number of agricultural industries in California. |

The harvest of formerly lebof intensive crops such’as cotton and.suger
beets hes-been mechanized. The '"shake-catch" technology of‘tree shakers'end
catching frames'has:been perfected in the haruest oflwainuts, almonds, and
prunes, and is now in widespread use in the canning peach'harvest. Pick»uu
machines are used to harvest nut and;fig_creps. A substahtial,poftion of'
the wine grape crop'is'being.harvested mechanieally. Root and tuber crops
such as carrots and potatoes are entirely mechanized, as are‘most vegetablee
grown for cannlng and freez1ng, 1nclud1ng peas, snap beans, sweet corn, "
spinach, and tomatoes. Dehydrated onlons, pickling cucumbers, and brlnlng
cherries are also machine picked.

Farm mechanlzatlon can be understood as an historical process. "The
purpose of this chapter is to describe this process in order to estimate its

future jmpact on the farm labor force., By comparing the mechanization of

different commodltles, certain common features are 1dent1f1ed Such an
analysis must be used with caution, however, for no two agricultural

‘industries are exactly alike.

_The follow1ng discussion of pre- condltons to- adoption of new technology,

factors affecting the adoption rate, and soc1al consequences of mechanlzation
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will rely on literature dealing with vegetable, fruit, and nut hérvest
mechanization in the Uﬁited»States since 1950. Mechanization of the cotton
and sugar beet harvests will also be used as éxamples because they were labor
intensive crops which were mechanized in California in this .same period of -

time. Cotton mechanization is an important example because its history is

especially well documented. J. H. Street's New Revolution in the Cotton

Economy proposed some of .the concepts‘used as a framework for this analysis.

A. Intégratgd Technéiogl

In his wofk on cotton harvest mechanizétion, étreét cites.the‘"sfriking
éoncurrence of teéﬁnologiéal achieveménts"¥é é‘ha?vest machine,‘new.methods
of weed cﬁntrol, harvest time defoliation offthe'coﬁton‘plant, and improvéd
ginning methods -- as beingAfhe principallfécforé in méchanization (1). To
understand the process of farm mechanizaéion, more than jusf farm‘machines
must be examined., It is'imporﬁant to stud&_thﬁ changés iﬁ production, in
‘handling, and in the final product fo¥ two reasons. Mechanization often
will not be feasible unless ancillary technologieé are developed, and it'is
sometimes the ecdnomies realized at other levels of production which may. |
Pfopel mechanizatign of the,hafﬁest{ | |

Not'only must a machine be engineered to the crop, but - the crop must be

. cultivated to fit the requirements of machine harvest. These cultural

techniques may be classified into two broad generic categories-- the row
crop technology (for the most part annual vegetable crops) and tree and vine

technology (for the most part, pérennial'fruit and nut crops).

1. Row Crop Production Technology for Mechanical Harvest

Annual crops grown for mechanical harvest are almost always harvested
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"once-over." Although there have been extensive studies of multiple harvest
machines for some crops, this type of machine is not in widespreﬁﬁ commercial
use in any row crop industry. With selective harvest, the remaining crop is

damaged by the machine. This damage makes subsequent.harvest.uneéonomical.

- 8ince the entire plant is generelly picked, every plant in a given -
field must mature at the same time. Row erop technology is directed towafds
achieving this uni ity in a large scale field. This technology f‘
is.becoﬁing cepital intensive. It requifes substantiel inputs of petfoleum,
proaucts,.and redﬁces the demand for early'season fermfwork in weeﬂing and
thinnlng.

Precision 1lst1ng (bed—shaping), fertxllzer eppllcetlon, and seed

placement are designed to give each plant in a field the same grow1ng

conditions. Mechanical cultivation and the use of herbicides are calculated

“to keep weeds ffom.competing for nutrients, water, and air. PlantAgrowth

'hormones areused to encourage uniform rlpening, and to help set fruit.

Accordlng to Wayne D Rasmussen, it was Just such a package of

production'technology which tranSformed the processing ‘tomato industry in

- California. The 1ntegrated technology consists of "effective machines,

specially bred tomatoes, careful irrigation and fertlllzatlon and partlcular

~

»planting techniques (2)."

Preciéion—cultural'practices_are use in many non-mechanized vegetaEle
and melon crops. Uniform maturity can reduce the quaotity.of hand labor .
needed at harvest,because a given field can be oicked in fewer passes by
the harveét crew. |

Because it involves and annual crop with new seed being planted every

year, row crop technology can readily include changing the attributes of the
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crop through breeding. The snap bean machine can harvest only bush

varieties. Breeders have'developed a variety with uniformly maturing pods

borne well up from the ground in the central part of an erect plant (3),

Mechanization of the pProcessing tomato harvest occured only with a

specially adapted variety, "A firm, crack-resistant tomato'variety was

‘bred on a vine with little foliage and a small determinate growth hablt
The determinate habit means that all flowers set fruit withln a short perlod

- of time, enabling the fruit to mature simultaneously (4)

The development of inexpensive cucumber ‘hybrids with high yleld
gynec1ous (female) flowering habit, and concentrated fruit set has made

possible the mechanization of the pickling cucumber harvest'(S). Hybrin

varieties are a key part of high density, uniform stand production practices

which have made‘vine-destructlve harvest economlcally feasible.

2. Tree and Grapevine Production for Mechanical Harvest

Perennial fruit. ~and nut crops, with a lifespan of 15 to 50 years, are

planted 1nfrequently. Thus genetic modlflcatlon is more dlfflcult than it

is with an annual crop Trees and v1nes can be adopted to the requ1rements

of a harvest machine, however, through prunlng,-retraining, and orchard

preparation.

Mechanical shakers are used to knock nuts and dec1duous frults from the

tree. Reductlon in the number of scaffold branches allows limb type shakers

to operate with fewer hook=ups to the tree (6). Trunk shakers, whiCh,canl

shake the tree with a single hook-up, require that the primary scaffolds

branch from the trunk of thé'tree at 1east 18”'above.ground‘level (7),

Durable crops such as walnuts, almonds, and figs may be shaken to an
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- cannot be adapted to machine harvest; older vineyards

orchard floor which has been specially prepared to eliminate clods and rocks,

then raked and picked up by machine, This preparation may require

substantial changes in lrrigation and tillage practices. It invulveg

cultivation and herbicide use to eliminate weeds throughout the. season.

8§0il ‘mo isture content durlng preparation (8).
1

The more easily damaged deciduous fruits are shaken into catching frames.

"Low hanging ucaffold branches of prune trees must be e11m1nated SO that the

frame can get under the tree (9). To harvest softer fruits such as peaches

‘andfapricots, more extensxve tree worklng is required so that falllng fru1t

will not impact on branches. To keep frult from belng borne above branches,

the tree must be trained in a vase shape, ellmlnating llmb over limb

configurations (10).

Wine grapes must be retrelllsed so that the clusters of fru1t are borne

above the catchln & pan of the harvester, within recach of its striking bars (1D

Tree and vine restructuring can be costly. 1In some orchards the trees

somet

machine picked.

3. Harvest Mechanization and Changes in Handling -

Significant changes in'produce'handling have accompanied harvest

mechanization. Fruits and vegetables are being transported to processors and

packing sheds in ever larger containers. Hand pickers at one time placed

prunes and tomatoes into 50 1b. capacity lug boxes. With mechanization,

pruhesﬁare conveyed from the catching frame into 1200 1b. capacity pallet

- 30 -
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‘and bulk tanks'are used'iﬁStead.

bins - (12) _ The output of the first mcdels of tomato harvesters was so
great that they could fill 2 to &4 lug boxes a minute (13) Pallet bins
One worker using a fork 1ift can handle

much more of the crop in pallet bins than can a worker handling lug

boxes (14). Handling labor has been further reduced by the substltutlon

of 12% ton capac1ty fiberglass tanks for pallet bins. The tomatoes are

£1lumed from the tank, eliminating fork lift labor needed in pallet bin
handling. | |

vThe_laBor saQings.of bulk container handling has faeilitatee the
adoption Qf pallet.bins in hand-harvested crops.such.as peaches,_eears,
brocolli, and cauliflowert Hand harvested grapes have been handled in
gondolas rather than lug boxes at least since 1958 (15) The proven
economies of large container
in the frait and.vegetable harvest. :

In some crops, mechanically harvested produce must be given special
handling. Tﬁis may be as eimpleAas the priority treatment given machine
'harVested canning-peaches in California (16) . The fruit must be processed
before machine 1nduced damage becomes apparent. | “ |

| The -special handling may be more compllcated such as water tank
handling of.mechanically harvested tart cherries in Mlchlgan. .To‘minimize
the development of post-harvest damaoe, the cherries are conveyed from the
“catching frame to 1,000 lb pallet tanks fllled with cold water. They are
'coeled'below 60°F_withtn'a half hour after harvest at orchard side cooling
pads (17)f |

Hand harveated onions are cured in sacks:or windrows in a field. In

Michigan, mechanically harvested onions are bulk cured in specially

- 31~
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constructed bins (18). The transport of hand-harvested potatoes in field

bags has been replaced with bulk truck transport of machine-harvested

potatoes (19). The general trend has been to larger storage fac1lit1es

and towards hsndling potatoes entirely in bulk up until the time they are

to be put in consumer packages. The inclusion of dirt clods, rocks, and

jmmature and machine damaged potatoes is a consequence of this special

handling system (20).

4, Harvest Mechanlzation and Changes in Packing, Processing, and Product

Mechanlcally harvested produce generally includes more debrls and culls

than does’ hand harvested produce (21). Special procedures ‘are requlred at

, the packlng shed or proce351ng plant to sort machine harvested commodltles.

Machine pl»ked sweet. corn is dellvered with more immature ears and

trash; which must ‘be graded out before the corn is packed Costs are cut

by handllng the corn in bulk and packlng 1t in a central facility (22)

Snap beans harvested by machine'include more beans in clusters and more
trash. Although New Yorh:stafe processors had to install special equipment
to clean the mechanically,harvested crop, they did not establish a differen~
tiai in price betweeh haﬁd and machine pidked beans (23). The processors
owhed~harvest machinefy' in New Yofﬁ and.flordda (243 (25). |

Delxverles of shake catch harvested cherries in Mlchigen 1ncluded 2- 15%_
fruit withvstems attached. Processors have 1nstailed automatic destemmlng
equipment and electronic sorters to process machine harvested fruit (26)._

Sevefal premium varieties of wine grapes haehine harvested ih California
are being'drushed in the vineyard. The field erushing reduces oxidation and

"aroma loss which occurs when these varieties are machine harvested and

crushed at the winery (27). .
' - 32 -



Changes in the packing of fresh carrots contributed to the mechanizatloﬁ‘
of the fresh market crop. Until the early.1950's carrots were usually sold
bunched with their tops intact. Deyelopment of a poly—film bagger by the

u. S.:b. A. led to rapid conversion to prepackaged .carrots. By leaving

.the tops in the field, shippers were able to fit more carrots into a rall

car, and save on transportation charges. Store operators surveyed by the

U. 8. D. A preferred to handle the prepackaged prodoct, although'cohsumers

' preferred bunched carrots to poly—bagged ones (28). Mechanical topping and

digging of carrots in the field.followed in the late 1960's in California,'

and Texas (29)(30)
" Harvest mechanization and new proce581ng technlques in the fru1t and
vegetable xndustry have contributed to the trend away from hand-prcked,

fresh products towards machlne harvested processed ones - (see Figures 3-1 and

3-2).
100 — : ' 100 —
i ]l PROCESSED
~ PROCESSED : - \
- = . o
Ei 1 = "\~—"f\“*'—~_—‘“r—-—-—"~.;—
: w .
o [ o o
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W | FRESH & FRESH
C): ¥ . T T . c" T 1 T
1960 . 1965 - 1970 ' 1960 1965 = 1970
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" n sqme‘cases mguchaniza;ion has been successful for tﬁe précessed
product and ﬁot’the freesh market product," notes B, F, Cargill, the editor .
of the 1969 Michigan sttate University study of farm mechanization, - "This
has been one‘factor inffluencing an importan% trend in our fruit and vegetable
industry'-- the trend troward increased percentage of processed frui
vegetables (3n."

' Thé'period‘which ffollowed introduction of.the'snapbbean hafvéster in
 NeW York stéte saw an iincrease in the price of freéh snap béans (which were
ﬁand harvested) and a decrease in the price of snap beans for processing.
Per c;pita éQnsumption‘of fresh snap beans declined_ﬁhile-consumption of .

' éanned aﬁd-frOZQn'beanss increaséd (32).

The dévelopment off flash freezipg-has had tremendous impact oﬁ.the
amount.of,labor required to produce vegétabies. Ih 1959 Earle Gavett wrote:

‘"This development, ﬁﬂile not on the farm, had a terrific impaét |

on the vegetable fndustry. Consider, for example, what has
happened to the production of green peas. Prior to flash freezing
in. the processing'plants and the widespread adoption of . '
mechanical freezer space in consumer. homes, the only way-tg

get green peas that tasted and looked like fresh peas was to buy them
in the pods. However, quick freezing of peas presents a product
to the public that is very similar in color, quality, and flavor
to garden fresh peas, and it requires less work for the housewife
to prepare. The acreage of the fresh market portion of this crop
has all but disappeared since 1939, while the ‘acreage grown for
freezing nearly quadrupled (33)." o :

In a similar fashion, the creation of otﬁer new p;oducts’ onion
_ pbwder and flakes, have allowed mechanizaﬁion-of,that portion of the
Califorﬁia onion ﬁrop which goeé to the dehydrator (34).

A change in the final product may also be an inadvertant byproduct
of mechanization technnlogy;‘ One example of this result is-suggested>by

Claypool'S'observation that plant breeders, in selecting for traits that

U VA



that make a erop adepteble to machine harvest, may have to sacrifice’
quality traits (35);' This illustratee the "degradation of pfoduct” which
Braverman links with the mechanieation of production in the U. §. (36).

Quality questions havekbeen difficult for breeders-trying to develop'
proces31ng tomato varleties adapted to machine harvest. The determinete
habit needed in a machine harvestable variety has been 11nked to 1ow
soluble solids content, an 1mportant quality defect to the processor (37)
The small size of these varletles prohlbits their being cored, as the :
_1argerihand’harvested varieties were in the past (38). Small size bas also'
‘been 11nked w1th low soluble solids (39). |

| Mechanlzatlon has also had an effec* on the quality of snap beans.
:Strong flavor and firm meaty textu*e.of snap beans are more characterlstlc
of the pole varletles, whlch cannot be mechanlcally harvested. _ Only' |
'recently have bush varletles suited to machine’ harvest been bred with

these traits 40y) (1. . L .

B. Substantial Cost Savings of'Technology

with the trend to more highly mechanlzed operations, 1ebor costs are

a decreasxng part of the productlon expenses of Callfornla fruit and |
v vegetable producers (see Flgures 3~ 3 and 3- 4) Mechanization decreases
1abor s -share of the value of productlon. Martin and Havllcek documented
the decllne in labor's share in the value of cotton productxon (42)

-4A,substantia1 portlon of the llterature reviewed compares the coet of
hand harvesting a given commodlty to the costs of machine harvest. With
1nfrequent except1on,‘tbis literature reaffirms the concept described in

the study of cotton mechanlzatlon by Street -- that teebnology is adopted
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VEGETABLE FARM.LABOR EXPENSE AS PER CENT OF TOTAL PRODUCTION EXPENSE
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’becauée it results in a substantial Eost'savings to the farm operator,
The -cost saviﬁgs‘of fafm mechani;ation per unit quantity of productidn
 can be caculated by the cost sﬁvings equation: |
S= WV = (Cet Cy+ Cat Vot Vy)
‘where: S ='cost.savings i
V.= value of labor savings (cost of hahd-ﬁarﬁest labor)‘

C;= fixed costs of machine operation
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‘them with new ones.

Cvﬁ variable costs of machine operation
Ca= cost of ancillary technology -
“Vq= .value of quality or grade loss caused by machine

Vy= value of yield loss (the difference between the amount
- of crop left in the field by hand harvesters and the
~usually greater amount left by a harvest machine)

The cost savings equation is of concern to the farm operator dec1ding

‘whether or not to adopt new harvest technology. For the technology to be.

cost sav1ng, 1t must cost less than the hand-harvest labor it can displace.

The cost sav1ngs, and the factors used to calculate it, ate'all calculated

per unit of productlon. The savings may be expressed by any unit of

-production, such as ton, bale, acre, pound, etc.

The cost sav1ngs of the technology (8),. is the cost of hand harvest

labor (\h ). less the cost of mechanical harvest ( C;+-Cv+-CA) and the loss

, 1n value of the harvested product that occurs with mechanlzatlon (Vh*’V})

Agrlcultural economlc analysis has concentrated on calculatlng the

"break-even point ." The analyst makes asumptlons about the mechanlzed

producers’' costs and 1ncome then calculates the size of harvest operatlon

requlred to reduce fixed costs to the level where the value of labor savings
can pay the costs of mechanlzatlon(loe-,\ﬁ = C;+ CV+ CK*VB'+\h') Examples

of break-even points are glven in Table 3-1,

: 1; Value of Labor Savings

Harvest mechanlzatlon ellmlnates all hand harvest JObS, ‘and replaces

Mechanlzatlon saves the farm operator the costs of hand

hafvest The absolute or dollar value of labor sav1ngs is dependent on the

farm labor wage rate, and on the relative portion of production costs -
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represented by hand-harvest labor costs, The'valuekof labor savings
will be much greater in commodities where hand-harve5£ iaborlis a greatg
part of total production costs.

| Table 3-1

Break-Even Point .
Scale of Production Needed for Adoption of Machine Harvest to Pay Its Costs

Crop Area Year . Machine Minimum |Source
' : Scale
Green Peas Washington | 1967 | Combine ~.]1.900 tons 7 (44)
Snap Beans Florida 1967 | Two row harvester 160 acres § (45)
Potatées | 1Idaho 1957 | Two row harvester ' 6,000 cwt, | (46)
Carrots Texas 1967 | Tractor pulled ' 32 acres. 47)
' . " harvester - 4. _ '
Walnuts - | California | 1951 | Self-propelled pickup | 25-30 acred (48)
‘Wine Grapes | California { 1970 | Over the row harvester| 160 acres (49)

2. Costs of Mechanization
The costs incurred by the mechanized farm operator include costs of
operating the harvest machine and the costs of = new production practices and V

handling systems. The costs directly attributable to the harvest machine are

maihtenan;eiamd repair,'and.méchiné~hérvest iabor,costs_arg all. called
Variable costs, for theyFVary according to'how~mu¢h the machine is'usea.
Incréasing.machinevoqtput is an important aspect of how prdducérs try to
minimize variable éosts per unit df production (Cv). Qutput ma& be increased
by multi-row operation, incfeaSes in per écfe‘yields, and faster operafing
Speé@s. | |

The fixed cost of the machine is the. price of purchase and the interest
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on financing the’purchase. It can be paid as rent, a custom harvesting
charge,.or a loan payment. The fixed cost of the machine per unit of
production ( C¢ ) depends on the output of the machine for its lifetime.
The totalvoutput of a machine increases (and fixed cost® per ‘unit of .
production decreases) as the machlne is used on a 1arger scale‘operation;
for more weeks each season, for more seasons in its productive llfe.

Agrlcultural equlpment, especxally harvest machlnery, is used seasonally;

-for only a few Weeks of the year. Although some shake-catch equipment can .

'be used to harvest several different crops a year, most‘harvest machines have,

a very speciallzed appllcatlon and the duratlon of thelr seasonal use

'cannot be expanded.

The useful life of a harvest machine is dependent on the durability of

' the machine, and on the fact that new technology may make it obsolcte.»

"One may question whether deprec1at10n (of the potato harvest machlne)yis due
more to obsolescence or to use," wrote Davis in 1955 (50). Greene concurred
‘that "obsolescence could make present machines depreciate very fast (L ."

similar concerns about-obsolescence were noted for the green pea combine (52)

~ and prune pick-up machine (53).

With little control over durability or obsolescence, the only option

- for the farm operator seeklng to reduce fixed costs per unit of production

is to use the machine on a large scale. Fixed costs are cut by 1ncreaslng
per acre yields, per hour cutput of the machine, and by increasing the
seasonal output'of the machine‘by'osing it on larger and 1atger'scale.
plantings._

The costs of anc111ary technology per unit of production (Cn) are not

_necessarily.prominent in the cost savings equation. The inltlal outlay for

- 39 -



Some of the costs, such as<speeia1 receiving and sorting equipment, is
paid by packer or processor. The ancillary’technology may feduce labor.cgste
on its own, The precision culture of California canning tomatoes for machine
harvest was a'mechanized production practice that eliﬁinated the hand
usplar‘i“g i 'Omafo seedlings, saving labor costs. Bulk handling of.
produce requires 1nvestment.1n bins, trailers, fork-llfts, and trucks,
“but it is hlghly labor saving.

New production technology can be a significant expense of mechanlzation,
.To convert a wine grape vineyard to machlne harvest usually requires replac1ng
-trellls stakes and crossarms and raising trellis wires (54) Mechanized
cherry growers must install'coolihg pads; nut farmers must pay theAcqst of

orchard preparatien; cucumber and tomato farmers must buy precision planters;

cdtton and potato farmers must purchase defoliation chemicals.

3. Impact of Harvest Mechanization on the Value of the'Crop'
'Mechenicel‘harvese‘is genefally less precise and careful than hand
.harvest. Mechanical damage, and the 1nc1u31on of dlrt and debrls are eommon
. problems which make mechanically harvested crops less valuable than |

<.comparab1e quantities of hand harvested ones;

Impact damage and the inclusion of dlltIOCCured with mec haﬁization of -
ﬁhe California tomato harvest.(SS). Broken and immature»beansband trash‘are
included With.machine harﬁeeted'snap beans (56)(57). When flrst 1ntroduced

'cqtton machines left some of the crop tnat hand plckers would have harvested.
Machine plcked cotton was of a lower grade and less value because of ?he

tangled lint, high moisture content, green leaf stain, and inclusion of

trash, oil, and grease in the load (58) (59).
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-Harvest machines often recover less of the crop than can hand-harvest
- Workers.‘ Several hand pichings allow most of the crop to be harvested at
'optimum‘maturity. Onceeover_harvest does not allow this selectivity, and
yield is lost.

Shake-catch harvest of peaches; for example, results in substantial
loss of immature and OVermature fru1t compared to hand harvest (60){..Yield
'13 also lost 1n machine harvest of snap beans (61) and cucumbers (625 for

there-is no opportunity for multiple pickings. Machine harvest can also
damage fruit trees and vineyards, reduc1ng yields.‘ -

Quality degradation and yield reduction are principal economlc factors

that 1mpede adoption of new fruit and vegetable harvest technology, yet the
value of 1abor savings of successful harvest technologies is so great that

there is a net cost saving despite some reductlon 1n‘the value of the crop.

C. Concentration of Production .

The specrfic cultural requircments'of cropsigrown~for machine harvest
can make mechanization adaptable only to certain growing areas. As a '
result mechanlzation can cause a change in production districtsr '

Gavett associated shifts 'in processing vegetable production areas w1th
mechanlzatlon of the green pea and sweet corn harvests. Sweet.corn
i production shifted from the Northeast to the Lake States region, where large
rectangular fields allowed rapid adoption of the 2-towW cornpicker.
Production of the green pea freezer crop concentrated in the Lake States and
in the Pacific Northwest. Gavett reported that these areas had 1arger and
' more level fields than Eastern production areas, and were hence mored

amenableﬁto adoption'of labor saving technology.
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The poteto harvester must be used on 1ands that have a loose, friable
soil. The machine was not adopted in New York, Pennsylvania, or Colorado

because of their rocky and clod producing soils. Elliot noted a relation

o
s
o]

between increased acreage and mechanization. Despite a 4% decreas

potato acreage during the 1950°'s, prooucn on in thc highl

r Mo
<

U. S. v ™

states of Minnesota, North Dakota, and Idaho increased 25% (63)
Mechanization of the tomato harvest has proceeded very slowly in the - .
7'Eastern states- because of a short growing season, summer ralnfall, ‘and
unsultable soil types (64). As .a result, processing tomato production has
A-become concentrated in California where thereAis,avlonger, dry growing
iseason, and irrlgated agriculture (see Table 3- 2). The concentration has
come about even though Callfornia canners must pay higher wages and more
transportatton costs ‘than their Eastern competltors (65)

Table 3-2

llfornla s Share of U. S. Processing Tomato Productlon
. California Share'of
Years y. S. Producticn
: (% of tons)
1953 - '57 . 54.9
1958 - 62 ~57.5 )
1963 - 67  61.8
- 1968 ~ 72 - ':70.8
T IS R 1 e

-gource: California Crop and Livestock Reporting Service
U. S. D. A, ' ,

Well drained, uniform soils in large, rectangular tracts are best
' adapted to'growing tomatoes for mechanical harvest (66). These requirements
have been responsible for the changing concentration of production among
California,tomato-districts (67).
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A similar intra-state shift in production ﬁas noted in.tﬁe prune‘e
industry; Production declined in the coastal .areas in favor of the
Sacramento Valley and foothill areas. Prunes do not mature uniformly
in the coastal dlstrlcts, and are consequently dlfficult to shake-catch
harvest. In the inland distrlcts they mature unlformly and are harvested
by machine (68). | |

‘How and Nyberg report a concentration of snap bean prqducﬁibn in-NéW
York stete_aﬁd the-Midwest,:where machine harvesting had been introduced ‘at
. - an early dete (70). :They also.notieed.cencentratien of snap bean prodeetioﬁ.

‘within certain New York state areas (71).

D. Concentration of Farm Operations
-The'farm'operator can reaiize the cost savings of harvest mechanization
only if the harvest ﬁaéhine‘is'used to harvest more than the minimum‘eupput'
4defined by the ﬁbfeak—even point." The average scale of production ef ’
"hand-harvest ope?ators is often smaller than this minimum. |
When harvest machines began to dieélace New York snap beae workers, only
‘a small number of growers had the size of enterprise necessary to fully use
one maehlne. The average non-mechanlzed farm surveyed by How and Nyberg had
47 acres of snap beans; ‘the average mechanlzed farm produced 377 acres (72)7
.A‘study of California prune orchards in 1961, prior to the mechanization
of.ihe’harvest in'the coésfal districts of California, found that
less than 20% of the growers operated farms of 50 acres or more of prunee,
the absolgte minimum scale ﬁeeded to utilize-a harvest machine (73).. Before
the state's processing tomato harvest was mechanized in the late 1960's, the

averagevgrowef réised 32 acree,of canning tomatoes. - A scale of 125 to 200 .
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acres was fecqmmenaed for profitable use of the harvest machine (74).

Thé producers who mechanizé thelir harﬁest operations‘have lower
productioﬁ costs than hand-harvest pfoducers. The émall scale operator is
,at_é coﬁpefitive disadvantage, and, with time, is forced to mechanize or
sell out. The small-scale operator may be able to mechanize without
increasipg the scale of fatm operafion.‘ Machinery leasing,'custdm harVeéf
work, cooperativeﬁeqdipment purchase, or processor o@nership allow a 6achine
tolbe uséd‘on a number of fa?ms éaqh seasoﬁ, on a scale large enough that '
cost savings can_be realized.

Several authors have reported custom'harVést operators mechanically

harvesting small acreages of grapes, sugar beets, pqtatdes (75) and

‘spinach (76); 'Farm operators lease harvest machines from snap bean an

‘and-sugar beet (78) processors. Without data showing(the extent of

custom hire and leasing practices, there is no way of knowing their impact

on the trend toward large scale operations. Their éxistance:suggestsv

. that the prevalence of small scale operators is not necessarily.an_impédiment

" to adoption of harvest machinery which requiréé larger scale use to be»coét

saving.
Other data indicate that the average scale of farm operations prior to

mechanization has little effect on the adoption of new harvest machinery.

' Mechanization is often cited as the cause for the demise of the small scale -

family farm, and is an important factor in the trend to 1afger scaie

~ farming (79). While other factors must be involved, mechanization is a

‘primary element of that trend.

"Because of the large financial investment in machinery and equipment

to grow and harvest the crop, the number of tomato growers has steadily

- 44 -



decreased," wrote President qf the California Tomato Growers Association,

Jack Hayes, in 1973.

growers in the state.

By 1969,

there were less than 1200,

than 600 growers remained in the business (80).

Mechanization can be correlated with increasing farm size (see Table 3-3

E

"Just 10 years ago, there were more than 4,000 tomato

and 3- 4) : Table 3-3
~ Mechanization and Scale 6f California Processing Tomato Farms
Total Number’ Average No. of % of Processing
Year- Acreage in of Acres per Farm ‘| Tomato Production
Processing Farms of Processing’ Machine Barvested
Tomatoes Tomatoes ‘
1963 | 129,000  § 4,000 32.3 1.5
1969 154,000 1,200 128.3 99.5
1973 218,000 600 363.3 - 100.0
Sources (86)3 (87) (88)
. _ "Table 3-4 . - :
Mechanization and Scale of U. S. Cotton Farms
Year Total Numbef ‘ Average No. of % of Cotton
Acreage in of Acres per Farm Production
Cotton Farms "of Cotton Machine Harvested
1950 | 17,843,000 609,000 29.3 8
. 1959 | 14,618,000 242,000 - 60.4 43
1964 | 13,915,000 164,000 '84.8 78
Soqrces: Robert G. Ainsworth "Causes and Effects of Declining-Cdﬁton

Employment"

'Farm Labor Developments

U. S. D. A, Agricultural Statistics

September-October 1967 .

and in 1972, fewer

The trend to large scale L[orms has been more pronounced in the vegetable
farms than in fruit farms in California.. The California vegetable industry
has become very concentraLcd in the last 25 yecars. The number of vegetable

farms has decreased from 4,779 in 1950 to 2 047 in 1974 (81)(82)(83) “In
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this same period, the averape size of a California vegetable farm increased

from 152 to 533 acres (see Figure 3-5), While the average size of farm is

- CALIFORNIA VEGETAELEYFARMS, AVERAGE SIZE -
- 500-
. m "
|1e]
o i
(&)
< -
1954 .. 1969 1964 - - 1868 1974
FIGURE 3-5
, Table 3-5 _
-§ize Distribution of California Vegetable Farms
1974 Cropland Harvested
gize Clasg of Farms ' Number of Farms % of Total Acreage
in Size Class. in Size plaSs
1 - 49 acres ) 756 ~ 2.1
50 - 99 acres 0 176 f 1.4
100 - 199 acres S 293 4.8
200 - 499 acres . | . 336 C 12.9
500 - 999 acres : 254 . 20.6
1,000 acres & over : 233 58.0

Source: U,'S, Bureau of Census 1974 Census of Agriculture Vol, 1
' No. 5 California Table 33
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an indicator of coacentratioo, a morve direct measure is shown in Table 3-5,
which'gives the size distribution ol California vcgctablo farms, Tﬁc table
shows that thevlargest 233 farms harvest 58% of the oroplaod of all
California Vegetable farms,
Mostlcropland_in‘vegetable farms is not owned by the farm operator.
Aporoximately 70% of the'land in vegetable farms in 1974lwas leased (91).
'_In contrast to this, there are a large number of relatxvely small |
fruit and'nut farms in California. The degree of concentration among these
farms is much 1ess ev1dent that it is in the vegetable.lndustry. There still
is the trend towards fewer ‘and 1arger farms. ‘ | | |
The number of fruit and nut -farms has dropped from 33,622 in 1950 to
22,286 in 1974, while the average size of fruit. and nut farms 1ncreased from
66 acres to 113 acres (92) Both the rate of increase of the average sxae
oélfruit and nut farms, and the rate of decrease ln the numbes of farms‘is
31gn1ficantly smaller than they are for Calfiornia vegetable farms.
The fruit and nut farms are also dxfferent in that they tend to be

owner operated. Only 18% of the land in Callfornla frult and nut farms in

1974 was leased.

E. Adoption of New Farm Technology
Technologlcal change often 1nvolves more than the adoptlon of a single
invention in a particular industry. It usually consists of adoPtlon of a
series of.techhological 1nnovations, each of which is both cost and labor
savingl | |
"The advent of flasﬁ freezing in the processing industry led green pea

growers to adopt the field-side vining station; then electric forks to. feed
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the viners, and finally harvest combines (93).

£

The use of mechanical shakers in the prune harvest preceded adoption

of catching frames and

and catching frames in

"Adoption of mechanical

bulk handling in the Sacramento Valley (94).

‘shakers also preceded the use of pick-up machines
the harvest of California almon nd walnuts,

Conversion to pallet bin handling occured simultaneously with the

.adoption,of tomato harvest machines. Adoption of tank handling and

electronic sorting then followed,(see'Figure 3-6).

PER CENT ADOPTION

100

50

1960

ME CHANICAL
'HARVESTING

TANK
HANDLING

/ ~ JELECTRONIC
| / SORTING

¥ ] I
1965 - 1970 1975
FIGURE 3-6.

CALIFORNIA PROCESSING TOMATO FARMS, ADOPTION OF TECHNOLOGY -
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The géneral trend in farm'tgchnoloéy has been towards higher capital
.cost and additional 1abof sayings. It is a tfend from tractor pulled harvest
implements to self-prbpelled harvest macﬁines, from the singlelrow harvester‘
tbbmultip}eprow models, The-term "harvest machinery" is generic. When
discussing éosté on labor dispiacing effects of harvest mechanization, this
report will endeavor, whefévér pqssible,_to'specify gxactly which technology
is involved. | | | |

.Although the process of adopting newvand oftén labor displacing
technology is ongoing, it is during the period of ha;vestAmechénization that -
moét_of.the 1abor displacement occurs. ‘By:harﬁest mephanization, it is meant
the substitution of'é maéhine for'the”harvest workers' hands as the means to
4géther_the crop.'-It is-in this crucial phase, when farm opérators'adépt
_ harvest‘machinefy,,that a large number of.hand’harvést jébs are.eliminated,
and a relatively few maéhing Barvest joﬁs are created. |

. The a&éption of hafvest machinefy at any given timé can.be desctibed_in
terms of a percentage of total production (95). The change ‘in adoption of
Tharvest mgchinery" in several areas>has been graphed over time (see Figufe'
- 3-7).  Harvést.mechanization has occured in as few as.twq years'for some
crops, to as many as twenty years for.othefs. | |

AAn average:adoption rate caﬁ.be calculated,vand exp¥esséd as the
average percent change in mechanization of produétion.per year (sée‘Table:
_ 3-6).' This fafe is change in adoption divided by years time, or the'éloée
of the curves in Figure 3—7.'

The adoption rate varies over time with ﬁhe steepest slope (higﬁest réte)

at the adoption midpoint. The shape of the adoption curve varies from-
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PER CENT ADOPTION

100

50

1 ' N 1 {

1945

1950 - 1955 1960 1965 - 1970 1975
| FIGURE 3-7
MECHANIZATION OF VARIOUS CROP HARVESTS , - . .
1 COTTON, CALIFORNIA 2 POTATOES, IDAHO 3 COTTON, UNITED STATES

4 POTATOES, UNITED STATES 5 PROCESSING TOMATOES, CALIFORNIA
6 PICKLING CUCUMBERS, MICHIGAN 7 CLINGSTONE PEACHES, CALIFORNIA
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Adoption Rates for Harvest

Table 3-6

Mechanization

Years Portion of Average
Since Production Adoption, Crop Area Sources
Introduction Machine Rate
: Harvested (% per year)
2 -3 66% 22 - 33 Snap Beans] New York [(96,97)
5 957 19.0 Processing | California| (98)
: Tomato '
4 70% 17.5 Sugar Beet| California| (99)
7 90% 12,8 Pickling | Michigan | (100)
Cucumber
7 80 - 90% 11.4-12.8 Prunes Sacramento| (101)
. ' Valley, ca.] (102)
14 100% 7.1 Sugar Beet} U. S. (103)
15 90% 6.0 Cotton California|. (104)
20 90% 4.5 Cotton U. s. (105)
10 19% 1.9 Cling .California] (106)
Peaches '

sigmoid (California processing tomatoes) to much more irregular shapes

which tend to have steeper slopes at mid-point, or the highest rate of

adoptioh in the middle of the adoption period.

The rate varies among different crops, and amoung different areas

producing the same crop as well.

Since all production areas are not equally

suited to harvest mechanization, the adoption of harvest machinery may

proceed at a very rapid rate in one producing area, and at a much slower

rate or not at all in other production areas.

With a dual adoption rate, the industry becomes dual sectored. The

adoption period is one of competition between machine-harvest producers

and hand-harvest p?oducers. The rate of adoption of new technology depends

on the economic viability of hand-harvest producers, and on the degree of
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cost savings that can be realized by meéhanlzed producers. This is
_affecced by the cé@t savings equation and by the ablllty of these prudu
to increase the scale of their operation.

Understénding thesev”adoptability factors' 1is of central importance
" in predicting the impact of harvest mechanization. While ;ommerciél
application of new technology among several producers indicates that it is
cost saving and integrated‘in the productive process, it is the adoptabil;ty
factors whicﬁ may éllow a predictive estimate of tﬁe adoption rate.

Soc1ologica1 studies of farm operators have sought educational and

ycholog1ca1 explanatlons for the entrepreneur' s deci91on to mechanize (107),1

(108). While these studies. may explain which operators may mechanize, this -
‘report contends that the characteristics of indivual farmers have an
insignificant impact on the rate of adoption of new technology in the

California fruit and vegetable industry.

1. Expansion in Scale of Production

’Conditiéns which'allqw producers to increase the scale of their
operations such as a high demand for the commodity, or little competition
frhm other p:oducﬁion areas, favor a rapid rate of adoption. Conversely,
the rate of adoptlon is slowed by conditions that 1imit'expansion3 $Qch as
over-production for demand, competition from low cost productlou areas, or
government imposed production limitation,

Increased production accompanied méchanization of processing tomatoes
in California. The market was expanding because of the increésinglper capita
dehand for processed tomato products (109) and the adoption rate was rapid.

Expansion~of production has continued to the point where the industry has
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recedtly experienced several years of over-production and. low prices. Rapid
adoption of the snap bean Barvester was also followed by increased production
and low prices in New York state (ilO). Such prioe decreases compound the
economic diffieulties of the hand harvest sector.

A period of increased demand for cotton after World War II was cited
by Street as a factor 1ead1ng to. mechanlzatlon (111) Ultiﬁately, however,
the market for cotton suffered from competltion from low cost forelgn
'producers and from the development of synthetlc flbers. Producers could
-not- expand productlon at all after acreage restrictions were. set bylthe
.federal government beginning in 1951 (112). Acreage allotmenr waa reported

to have a "strong negative influence on the profitability of machine
oarvest (113)." Thesevractors conrributed to the slow adoptiondrate
for cotton mechanization.. i | |

| ﬁaamussen cites tﬁe ehanges in. the sugar market caused by decreased
_competltion from cane sugar. producers during World War 1I, and the increased
-war-tlme demand as factors which favored harvest mechanlzatlon (114).

Declining domestic per capita demand for canned deciduoua fruits, an
export market which is declinlng ‘due to competition from foreign.producers,.
and supply control programs have prohlbited producer exoan51on in |
California's cllng peach. industry. Productlve orchard land declined 27.4%
between 1969 and 1977. The adoption of shake-catch technology has-

_ proceeded at a very slow rate. _Adoptioa was especially slow‘when the
Californda state “green drop" program regulated production (1969-72).

Mechanical harvest of prunes has also proceded slowly. Declining
- markets and production controls are fae;ors which couldfexoladn this slow
adoption rate. | |

- 53 -+



2. Competitive Position of the Hand Harvest Sector

The adoption rate is also affected by the persistence of a hand—harvest'

sector in a mechanizing . industry. Hand harvested producers may enjoy some

special cost advantages over the mechanized producers in a given industry.

Eastern processing tomato growers have been able to persevere in the face of

low cost California competition because they are closer to market, and

processing labor wages are lower than in California (115).

Table 3-7 : .
Cost Savings of Harvest Mechanization as a Portion of
Harvest Costs and Total Costs of Hand Harvested Producers

_ | ' Cost Savings Adoption |
Crop 5 Area Year | Technology (s) as % of: | Rate Sources
g “Harvest|Total] = (% per
‘Costs |Costs year)
Cafrots Texas 1967 | Pull Type | 62.9 - - ) (116)
. 1 Harvester '
Snap Beans |New York | 1957 | Harvester 61.2 |33.0] 22 - 33 (117)
‘Sugap Beets|Calif. | 1952| Two Row 56.8 | -- 17.5 - (118)

. Harvester [ o
Processing |Calif. ] 1965 Harvester 42,5 | == 19.0 ~.(119) -
‘Tomatoes : ' S ’ o
Cotton - |Calif. | 1949| Harvester 41.8 |13.2] 4.5 . (120)
Potatoes | Idaho. 1957] Two Row 386 | .. | - | @)

: Harvester -
Cling - |calif. | 1973| shake-Catch | 33.0 | 7.1 1.9 (122)
‘Peaches
Prunes Napa Co. | 1958] Pick-up 25.0 | o | - | @23
) Calif. ~Machine

T 4

Cost savings are based on the assumption that mechanized producers has
average yield, operation costs, and sufficient scale for mechanized.
production. Adoption rates are from Table 3-6.
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The operators of fruit and nut ranches may have already fully
depreciated the costs of establishing theif hand harvested vineyard or

orchard, g1v1ng them a compensating cost advantage over newly establlshed

mechanized operations. This may explain, in part, the slow rates of adoption

observed in the older producing areas of these Crops.

Factors that increase the costs savings tend to put the hand harvest
secto} at a competltlve disadvantage. If the cost savings are.s great part.
of production costs, strong incentives - exlst for rapid adoptlon (see Table |
3-7):' Theedata suggest rapid adoption rate and great cost savings are
roughly eorreleted.

The wage rate of hand harvest workers can affect the value of the 1abor

savings. Ris1ng wage rates may be a factor 1nf1uenc1ng the rate of adoptlon.

- This might ‘be especially true in industr1es where a signlflcant portion of

production costs are harvestvlebor. With the exceptlon of the lnfluence of .

unionizetion (discussed in Chapter IV) the_factOrs which affect ris1ng wage

. rates are outslde the scope of ‘this study.

F. Conclusions

There are two concepts which describe the necessary preconditions to

the adoption of new fruit and vegetablevhatvest technology.' Integrated

technology must be developed and proveo before. the harvest.can be successful-
ly mechanized. This new technology involves cultivating the erop so that it

is adapted to machine harvest. It also involves new ways to handle and

- process the crop. Often these changes extend onto the table of the consumer.

The second concept is the substantial cost savings of technology. The -

harvest machine must save cnough labor to pay for,itself, for the direct
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costs of ancillary technology, and for any reduction in the value of the

crop caused by mechanized harvest. Other costs of mechanization are borne
) .

by other segments of the industry, or by society as a whole,

The rate of adoption of new harvest technology is often quite rapid.

OQ
l't'

California’'s processﬁn omato. industry mechanized in about 5 years (114).
Even the relatively slow adoption rate of cotton harvest mechanization'
proceeded at the historically rapid rate of 20 years (125)(126)(127)

A’eomplicated'sefies of factors affects the:adoptlon rate in a
particular locale., They inclﬁde demand for the demmodity, cdmpetition from
other producing areas, controls on production, and the economic viability
" of the sector of the industry still using haﬁd-harvesf.t Therlatter'faetor,

. _the competltlve positlon of hand-harvest producers, is dependent on the
degree to which mechanization can cut costs, and on the cost and avallablllty
of hand-ﬁarvest labor.,

There are soc1a1 consequences characteristic of a ﬁechenizing industry.
Production often ‘becomes concentrated in certaln areas, and within those
areas, emong a few producers who have increased the scale of their farm
Aoperation, Mechanization leads to a decrease in the'ﬁ"mber'cf farm operators
in anviedustry; 1t also results in a sharp decline 1n the employment of
fafm'workers; -This occurs first in areas which are being mechanlzed .and.

later in areas where production declines. due to. the non—competitlve p031t10n

of hand~harvest producers,
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CHAPTER "IV

THE IMPACT OF MECHANIZATION ON THE FARM LABOR FORCE

A. Impact on Farm Labor Demand .

New harvest technology increases farm labor productivity. The operator

of a cotton harvest machine can pick as much cotton in an hour's time as can

a hand-harvest crew of 25 to 30 (1). With a two row machine operating at full

capécity, the operator can produce as much as nearly 100 workers (25. On
electrbnic‘sortef‘équipped tomato harvésters,_the oﬁtput per sorter worker
is 4 tons pér hour:(B)."An-exéellent hand picker could harvest only .24
tons.per hbur 4). |

- Harvest meChanization éliminates all han&-harvest_jobs and replaces‘
- them with fewer jobs in the 6pera£ion, maintenance, fepair,'and manufacture
bf'ﬁaﬁvesﬁ machineé: The cost savings équafion indicates why there are |
'fewer'jobs with hafvest mechanizatibn; For the cost saVingé to be realized,
the cost of hand~harves£‘léb§r is greater than the-total costs of méchahiza~>
tion. ‘0n1y.a small part of the costs of mechanization is the costbof labor

to manufacture, operate, and maintain machines. Farm equipment manufacture

fééntbé ggographically remote from the area where. hand harvest workers have
been»displéced. |

o With.the‘gliminatién-of-héndéharvest work, new machiné'harvest work_
is created. This work involves far. fewer workers. _If is éf a diffgrent
skill level, and is often berforméd in different proéuctién areas, by a
different wdrk fo:ce._'The net effect on the férm 1abqr market is a feduction
in 1a50r demand. |

Thé.nét.reduction in harvest labor demand per unit of production can
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'ee caiculate& by comparing ﬁhe productivity of hand and machine harvest
eerkers. it can be expressed-as a pereentage displacement of hand-harvest
‘labor (5). Calculating this percentage is useful, for it isolates the impaet :
of machiﬁefy on employment (see Table 4-1).

| | Table 4-1

‘Mechanization and Net Reduction in Harvest Labor Per Unit
of Production Caused by a Change in Worker Product1v1ty

_ o : : _ Net o
Crop Area - | Year Reduction | New Technology - Source
S in Demand : : :

Carrots | Texas 1967 . 66-74% T%aetor pulled herVester‘ 6)
: Cotton ' Celif; _19Q9V | - 92-93%° Self-propelled picker | (7,85
>fbtafoes UL s. 1959 50-667% Two row‘towed combiee ' | (9)
Precessing calif. 1965 : -31—74% Self-propelled harvester (10)

Tomatoes _
' S One row hand sort harvester
Sugar beets|Calif. | 1952 .. 67-82% 2 row spike wheel ‘harvester]  (11)

Farm.labor demand in California is estlmated and recorded by the state
Employment Development Department (formerly the Department of Employment) in

its Farm Labor Report 881—A. While there are some reasons to question the

precision of the Report's data, it is the onlyedetailed historical sou
data on California farm employment.

The simplest estimate of the relative importance ef d?fferent harvests
to farm 1eb9r.employment is beak ﬁarvest employment, the maximum numbet of
werkere employed‘ih the harveet at eny given reporting week of the year, For
many Califernia crops, peak harvest does not occur.simultaneously in every

production,district,» In these crops, there may be many more individuals in

the harvest labor force than workers employed at peak harvest. Peak harvest
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employment does not giVe any indication of theAduration of harvest time work,
.wﬁich:varies considefebly emoﬁg various fruit end yegetable crops.

With:fheee cautiens in mind, peek employment in the harvest of selected.
Califernia c;ope has been-graphed‘over time. Each graph represents a labor
market.subseantially influenced bi mechanization. 1In each graph,‘therelis«
an identifiable period in whieh the éeek harvest_labor has declined (see Figures
4;1 through 4-8)., A period of decline in labor demand was defined for a
nemSer of.érops. Three'year avereges in peak harvest employment were. calculated
for the yeers prior to and dlrectly followxng the indicated perlod of feductlon,

a110w1ng a calculatlon of the change in average peak harvest work force (see

Table 4-2). - Table 4-2 |
Periods of'Reduction in California Farm Employment -
A - "~ Period of Net Reduction % Change |

Crop ) Reductiop in in Avg. Peak , in Avg. Peak

S "Labor Demand Labor Demand Labor Demand
Cotfon.(pick) 1949 - 66 86,510 -89.1
Toﬁatoeé_' 1 1964 - 69 24,130 R 'e-49}7
Prunes | 1957 - 67 17,237  -55.6
Apricots 1966 - 72 | 11,197 C -50.4
Cotton (chop) ,1963 -70 -} 9,625 : - 7:' -53.8 !
Walnuts | 1958 - 67 Co7nws | s
Potatoes - 1959 - 68 . | 5,833 | —77.6
SnepiBeens . 1962 - 69 6,647 -87.5
'Almonds e.” 1961 - 66 " 4,980 -55.1
Hops_  - 1958 - 68 | 2,657 | -87.1
Carrots - | 1959 - 66 | 3,063 | 0.9
TFigs 1958 - 75 2,113 - -67.4

| y
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Part of the change in labor demand for the harvest of a given crop is

. attribufable:to,;he chamge in the number of acres of the crop harvested:

This change can be calculated from production reports (12). The rest of ‘the

change in labor demand is due to’ all other factors whlch may affect peak

employment per acre of prqﬂuction. the yleld the weather condltlons at -

harvest, the concurrence of production among'districts, the length of_the'

harvest season, and the productivity of labor as it is affected by work

ofganization, pey scales, and technology.

The effect of the other factors on'eﬁployment can also be considered

the change in peak harvest employment per acre of production. Three year

everages in harvested acreage were calculated for the years prior to and

following the indicated period of reductipn'in labor demand. Change in
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harvested acreage and change in peak harvest work force per acre harvested

are given in Table 4-3.
: Table 4-3
Factors Affecting Employment in Periods of
Reduction in California Farm Employment

Period of % Change % Change in|
Crop Reduction in in Acreage | Peak Harvest Technology _
Labor Demand Over Period Demand per | Adopted in Period
Acre o '
Cotton (pick) :| 1949 - 66 -17.5 ~86.8 hafﬁeéter’
_ : e , , o harvester for
Tomatoes . 1964 - 69 +12.7 -55.4 processing crop
Prunes 1957 - 67 +9.4 ' -59.4 .shake-catch, _
' pick-up machine -
Apricots- | 1966 - 72 -20.3 ~37.8 cutting machine
S ’ » _ in drying yards
‘Cotton (éhop) 1963 - 70 -3.7 -52.0 ‘herbicides and
» cultivators
Walnuts 1958 - 67 +18.7 -58.8 mechanical knock,
: : catch,.pibk—up
Potatoes - 1959 - 68 -17.4 -76.0 ‘harvester
Snap Beans 1962 - 69 +28.3 290.3- | harvester
Almonds. 1961 - 66 +41.3 . .66.2 | mechanical knock,
- catch, pick-up
Hops 1958 - 68 '-73.8 v ~50.8 viner
Carrots: 1959 - 66 44.9 -80.8 topper—diggerv
Figs 11958 - 75 -34,1 -50.5 pick~-up machine

L The_qhange‘ih peak harvest workeré'dgménded per acre may“be interpfeted
aénbeingva’function of scasonal variations in.wcather,_or of ;banging '
pfoduction prégtices. Thé effect of seaébﬁal'variations on net reduction
in labor demandzﬁas been minimized in the table by tbe use of three-year

averages for employment and production. = The change in workers rcquiréd per
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acre harvested tends to. reflect only the change in production practices
such as new varieties, more efficient organlzatlon of tasks, new handling

systems, and harvest mechanization and other new technologles. As would

- be expected; the changes in production practicesfhave had substantial impact =~

on employment. . o o . T
Increasing acreage has lessened somewhat the severity of employment
decline caused by -changing production practices in crops such "as almonds,

snap beans, walnuts, tomatoes, prunes, and carrots. Decreasing acreage has

‘compounded the - employment decline in cotton, . apricots, potatoes, hops, and

figs,

In the perlod of employment change for all of these crops except hops,

the effect of changing productlon practices had far more impact than . the

..changes in acreage. The'declining'acreage itself may_reflect the impact of

mechanization. California was slow to mechanize the potato harvest, and lost

acreage to more mechanized states (13).

Declining production of a crop that is not mechanically harvested can

~come as a'result of mechanization and techhological change. The use of flash

freezing, pea v1ners, and combines to produce frozen peas all but elimi

the market for fresh market peas. (see Table 4-4).

Table 4-4 :
Average Acres of Green Peas Harvested
| Period | Foxr Fresh. Market For Processing | Total U.S.
' Calif. | U. S. Calif. U. §.. Production
1934 - 43 12,820 | 95,780 3,310 | 333,030 428,810
Lo4h - 53 | 10,379 | 26,806 | 7,914 | 429,276 | 454,082
1954 ~ 63 | 5,530 8,199 9,020 | 409,262 417,461
1964 - 73 2,000 2,125 9,180 | 417,262 | 419,387

Source: U. S. D. A, _
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;increased processing pea acreage requires only an addi

An acre of freSh market peas requires 90 hours of labor to harvest,

while processing peas require only 6.5 hours (14). The decline in California

fresh market pea production reduced harvest labor requirements by

approximately one mlllion worker hours per year, while harvesting the

t10na1 40,000

~worker hours per year.

B. Impact on Farm Labor Supply 3

Concutrent w1th the sudden sharp contractions in farm 1abdr'matket
demand come periods of labor surplus in SpeCLfiC farm labor markets. 41n
times of 1ow unemployment and r1s1ng wages, there'is increased mobility :
of agricultural workers into the non—agrlcultural sector, and the possibillty
that workers.dlsplaced by new technology can find a job (15)

Yet harvest mechanlzatlon is more often assoc1ated with hlgh levels of
unemployment. The most dramatlc example of thlS was the 1ndnstr1allzatlon ‘

- of Southern agriculture through adoptlon of tractors, cotton strlppers‘

- .and harvest machlnes, and the reductlons in cotton acreage 1mposed by the

federal government.

A labor surplus was created by the cotton allotment program-hefore the
:adoption~of harvest machines (16). Street found ‘that in many cotton belt
’ateas ”total mechanization pushed its way in'' despite a relatively abundant'
vlabor supply (17) |

: "The potent1a1 impact of adootlng mechan1ca1 pickers is indicated'hy
the fact that the smaller-51zed picker can harvest an acre of cotton in six

man hours compared to 74 man hours of hand 1abdr," noted Dillingham and Sly.
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"The tenant laborer is supporting more than 4 other family members. These
figures make it‘possible to understand how the prééégge of a hundred

mechanical pickers in a county could lead to the emigration of several

hundred, and even thousands of persons (18)."

When harvesters were adopted in the 1950's, Elliot nated thatr peak

K

o

employment in the U, S, cotton haryesf dropped 250,000 wérkers,'or 26%,
between 1959 énd 1961, with the greatest rate of displacemenf in the Far West.
In this éame ﬁime; the number of workéﬁeeks of cotton'hafvest,employmen;
drqpped from 7.6 to 5.4 million wofk-weeks? or 30% (19). Thefgreatef |
decline-in wofk#wééks;méant that the reméiping cotton hgrvest workers
worked'S%'feQer work-Weeké'in a_year.

Annugl‘averagetemployment of cotton workefs‘declined 68% bétweeh’lQéO‘-
~and 1966;,and was abdomingtiﬁg factor in the 18% decliﬁe‘in'the employﬁent :
of farm labor.in the U; S.” over that period (see Table,é-S)..

| .i  _ fable 4—5'
Annual Average Employment of Seasonal Hired Workers

. Cotton and All Crops -- U, 8. 1960 to 1966
' (Thousands of Workers)

. All ' Total | Cotton Employment
Year Other Cotton A1l - as % of Total
" .1 Crops | Crops Employment
1960 550.5 | = 212.1 762.6 | 28
1961 549.1 '190.3 749.4 . - 25
1962 549.4 - 157.5 '} 706.9 ' 22
1963 536.1 - 139.1 675.2 _ 21
1964 576.0 § 129.3 -705.3 18
1965 571.6 101.4 673.0 15
1966 553.7 68.5 622.2 11

" Source: ‘Ainsworth ”Caﬁses,and Effects of Declining Cotton
Employment'" Farm Labor Developments Sept.-0Oct. 1967

The mechanization of the harvest was strongly correlated with'diéplace-

‘ment of Negro tenant fafmers (20). The cotton producing states of Arkansas,
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MiSSlSSlppl, Alabama, and South Carolina had high rates of -outmigration
in the decade of the 1950 s, which Alnsworth attrlbutes to declinlng labor
needs in ‘cotton (21)

Deepite increases in acreage, mechanization of the shap been harvest
elimlnated 2,200 JObS in a 2 year period on mechanlzed farms surveyed hy,the h
New York State Department of Labor. While it was not dlscovered how much
employment declined on hand harvested farms, the study reports that "there
was a good deal- of underemployment among the ‘hand plckers during the. bean
.seasoo. Many more of them durlng 1958 were, sharlng the total harvest work
'_with the mechanical bean plcker and therefore worked con31derab1y fewer
V‘hours (22) " | -
| A reductlon in sugar beet cultlvatlng iabor demand, brought about by

edoptionAof mono-germinating seed, d;splaced workers in- Ohroo in 1961. Mlgrant'
workers had to borrow money or get aid from relief agencies (23) ..In a two
-year period harvest mechanization ellmlnated 31% of the work in the 1daho
potato harvest, 27% in Oregon, ‘and 26% in North Dakota (24)

| The adoption of electronic sorters on harvest machines was reported to
_ heve~disp1aced 50% of the tomato harvest workers in Yolo County, Callfornia

between'1975 and 1977 (25) The remainlng workers were underemployed,

';worklng 20 hours a week instead of the customary 50 or 60

Metzler surveyed farm workers in Kern and Stanlslaus Counties in Calif-
ornia, and assessed the impact ofrcotton and poteto harvest mechenlzatlon,'
and the reduction in labor demand for cotton.chopping. ""Mechanization of
‘cotton: end potato operatlons is changing the mlgratorv labor patterns over

much of Callfornla,” observed Metzler. "The major basis of the pattern in
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‘the past'has been the prospect of from 5 to 6 months of work in the cotton

" fields followed by several months work in the deciduous fruit orchards. As .

the use of hand labor in the cotton fields is eliminated that pattern cannot

continue, only the few workers who can obtain employment in pruning will be

' Mechanlzatlon of the cotton harvest in Kern County ellmlnated 25, 000
plcking JObS between 1949 and 1969 It also resulted.in the progre551ve

curtalllng of ‘the work year for seasonal employees (27), and a shift in

.the peak season from early fall to late sprlng. The county changed from

an area w1th seasonal inmigration of cotton plckers, to one w1th seasonal

outmigration of its,re51dents. Half of the outmigratlon occured durlng the

cotton harvest, when cotton picking had provided'income in the past (28).

- Officials of the Kern County Public Welfare Department stated that seasonal

needs for public assistance mounted as displacement progressed (29).
The impact of cotton mechanization was also felt by workers in areas

that d1d not grow cotton. More than 2/3 of the heads of households surveyed

in Stanlslaus County -reported that they had worked in the cotton harvest in

- -~ 1

1.3

"the past, but by .19 62 few found aﬁy,more work picking cotton (30). The

survey' showed that underempioyment was prevslent among fruit and.vegetable
workers. Though 3/4 of the Stanislaus County domestio farm workers:trevelled
to find seasonal work in other areas, they averaged only 12§ days of work
per year (31) |

C. Impacl on Work Place

Mechanization has other effects besides the displaccment of most harvest

time workeris. Not only does the harvest labor market become smaller, but
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the character of work'is“transformed as well., Changes occur in the methods
of pay, working conditions, and the tasks of the harvest worker.,

Contrary to ‘a popular notiom that farm work is unskilled, hand- harvest
workers often develop special skills and spec1allze in the harvest of a
certaln crop or group of crops (32). They are usually pald a plece rate
(by the bucket,‘box, bin, etc. ) which makes their wage proportlonal to thelr :
productivxty (33). | . ‘

Harvest machlne operators are usually pald’on an hourly baSLS, as are
the sorter workers employed on tomato, potato, and peach harvesters. Whtle'
.it would be theoretlcally p0551b1e for these remalnlng harvest workers to

enJoy increased wages, the oversupply of labor caused by dlsplacementbcan
‘cause a drop in thelr per-hour earnings (34)
The changes in the tasks in the harvest job can cause substantlal
" changes in the character of the farm labor force.. While ‘hand- harvest of
processing tomatoes requlred the llftlng of. 50 1b. lug boxes, there was noh
lifting requlred on.the harvest machine. The elimination of the 11fting
»requlrment .allowed women workers to work the harvest Accordlng to Frledland
and Barton;''the characteristics of the harvest labor force have changed
drastlcally from male to female, from Mexican national to Amerlcan, from
migratory to settled (35)." Thelr observatlons are conflrmed by comparlson
' of surveys of Yolo County tomato workers.in 1966 (36) and again in 1977 (37).
l Whlle the sorting work is less strenuous that hand-harvest.work, the

hazards of machine sorting on a potato harvester were.reported.to be more
dangerous than hand work, according to Elliot. He relates a state agency

~ report that "these people have to be alert to the dangers of the machines as
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there is always the chance of getting é finéet, hand, or:piece of clothing
caught in cﬁains,'gears,blags, or belts (38)5

The impact of mechanization on job safety was described by tﬂe
California state Department of Industrial Relations in its 1966 report on
agricultural Job safety: ' "There has been an unward trend of injuries involv-
ing mechanical harvesters and pickers, reflecting the increased
mechaﬁization of the harvést. When farm machines are used in large
ﬁumﬁérs; ﬁhe‘spéctor'of‘serious injury is alway present. Theitable
below compares the trend of mechanical harvesting equipment LnJurles
'with all 1ost tlme agr1cu1tural 1n3ur1es during the ‘past 10 years (39)“

- (see Table 4-6).

" Table 4-6
Lost Time Agr1cu1tura1 Work Injuries
" California
Year ’vTotal Injurieé Involving
Injuries | Harvest Machinery¥
1956 16,672 221
1957 16,165 231
1958 15,841 243
1959 17,883 214
1960 | 17,121 219
- 1961 16,724 237
1962 | 16,104 253
1963 16,474 226
1964 16,022 255
1965 | 15,843 ‘ 285
1966 15,325 318
% change
1956-66 -8.1% |- +43.9%

Source: California, Dept. of Industrial Relations
Division of Labor Statistics

* includes harvesters, combines, diggers, and pickers
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The.fact that machine can be paced and controlled by a centralized
dectsion maker is seen by Braverman as being as important to management as
the fact that the machlne increases 1abor productivity. Writes Braverman,
,”Machlnery offers to management the opportunlty to do by wholly mechan1ca1
means that which it had prev1ously attempted to do by organlzatlonal ‘and
dlsc1p11nary ‘means (40) "

A cruc1a1_aspect of this control is the role.of farm mechanlzation in
evading unionization. Migrant workers who harvested cucumbers were - organlzed
by the Obreros Unidos in Wisconsin in 1967. When they V@tEd in favor'
of,unlon representatlon at leby, McNe11 and Libby, the area's 1argest
grower, .the company announced its intention to mechanlze its entire
harvesting operation, and refused to negotiate any further with the
union. The unlon filed an unfair 1abor practice, charglng that there was
no‘overwhelmlng economlc Justlflcatlon for mechanleation, that it was
" done only to evade unionization. ' The Wisconsin Employment‘Relations
CommrsSion disagreed‘ saying the decision was economic.A The Commission -
:allowed that Libby should have negotlated the mechanlzatlon issue before
maklng its dec151on. As redress, leby was to glve preference to dlsplaced
workers when hlring machlne harvest operators Though the,unlon had secured
the rlght to represent Libby employees, ‘the union's membership was ellmlnated
‘. by the mechanlcal harvester before the first contract.was 51gned (41)

The Unlted Farmworkers of Amerlca AFL cio (UFW) has been enjoying some
recent successes in organlzing Caleornla farmworkers~ At a unionlzed w1ne
grape ranch in California's central coast, a work stoppage was called to

protest adoption of a mechan1ca1 harvester° A state mediator ruled that the
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thé_companyahéd not violated thé meéhanizétion clause of the labor contract
by usi%g the harvest machine (42).

Processing tomato workefs.in.Yolo and San Joaquih Counties in Northé;h
California wentvon-strike in August of 1974, Since the enactment of the
Agricultural Labér.kelaticps.Act, the UFW has beén>elect_d bargaining
reprgseﬁtative at a nﬁmber of tomato farms. The adoption of electronic
tomato sérters haé elimiﬁatéd much of the harvest time work in the proéessing!
tomato inaustry, and na_épllective bargaining agreements‘have been reached..

A group of Sfockfoﬁ area tomafobfarmers came ciose.to'reaching én accord
-witﬁ the uﬁion, with mechanization the:majorvunresélvéd igsue,* Despife a'
'strike against one of the‘growers in.the‘group iﬁA1977;lno‘contract was
‘signéd. N

A strike and lockout at‘one fresh market tomato growe;-ship§er-company
'in the Salinas Valléy in'1977 resulféd'in a feprésentatiqnal elecfiqn. Thg
workers voted'in'favof of fhe ugion. The hext-yéaf; a majority of the har-
vest jobs had been eliﬁinated by production cut ba;ks and mechanization,
:The‘UFW.filed an uﬁfair labor practices charge with the Agricultural Labor
Reiations“Board; allégingAthat the switch to mechanized harvest was not cbst.
saving But a move to evade ﬁnionization.' |
| Recent interviews wiih'farm wo?kers in Impefiai and Fresno.éountiesf.
in a study.by the'California Commissioﬁ on the Status of Women give a clue

as éé worker perceptions of mechanization. Most of thg'farﬁ workers who
answefed'in-FreSno felt that machihes had affected the crops in which.they’

work,'while most Imperial-respondents did not feel that machines had an

impact. Many of those who felt there was impactvindicatéd that they'd
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rather work without machines (43).
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CHAPTER V

ADOPTION OF NEW HARVEST MACHINES

The‘process of - harvest mechanization contlnues to.displace hand~-
ha%vest workers. The purpose of this study isvto identify the technologies
_whicb_wiil have.a major impact on the future farm labor force.. Several |
criteria have been used to select technologies for the detailed study which
makes up the bulk of this chapter.

700mmodities were ranked according to the amount of employment they
orovide,co Califoroia farm workers_(see Table 5-1). Only those COmmOdltlES'
tbat have hacvest labor markets’of'AO;OOO work-weeks or more were considered
for study. -

The hlStOflCai analysxs 1nd1cates that mechanlzatlon occurs only if it
is cost saving and 1ntegrated 1nto the production process.. Whlle the

successful test of a prototype may indicate that cost savings are theoretlcal—

1y'possib1e, this study regards commerclal adoption of new technology as the

only accurate goide to its feasibility. Reporte on the mechanlzatlon of the
commodities with large labor markets were'analysed. Thirteen commoditiee
‘were selected For'study'on the basis of meeting any one of three indicators
of commerc1al fea51bi11ty |
SN Commerlcal adoptlon of new harvest machlnes in Californie (Appies,'
Apficots, Ralsln Grapes, Wine Grapes, Ollves, Peaches, and Processing Tomatoes).
| 2y, 1f new harvest machlnee are not in use in California, . then their |
coﬁmerical adop;ion'in.otherietates of -the U. S. (Asparagus, Celery,

Cucumbers, Cherries).
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Table 5-1
Opportunities in California Fruit and Vegetable Harvest
Crop Thousand of work-weeks

of Harvest Employment
Strawberries 323.1
Grapes, Raisin 240.7
Tomatoes, Processing 215.5
Lettuce . 215.5
Grapes, Wine 192.9
Oranges, Navel 155.6
' Grapes, Table S 143.0°
Lemons , 142.5
Tomatoes, Market ©128.7
Oranges, Valencia - 91.0
Celery . . 84.3
Asparagus -76.9
Plums 15.7
Apricots 58.4 -
Peaches, Clingstone ' 56.6
Broccoli 50.2
Olives 49.2
Onions, Bulb 48.3
Cherries 48.3
Pears . 46.0
Cucumbers’ 44.0
Apples 40.7
Melons 40.5 .
Peppers 34.3
Avocadoes 31.8
Peaches, Freestone 0.4
Prunes 27 .9
Potatoes 24.8
Nectarines 23.3
Onions, Green 22.0
Garlic 21.1
Cauliflower . 14.0
Beans, Snap 11.6
Grapefruit 10.6
Bushberries 8.7

Sourcé: "California EDD Pre-Season Farm Labor Reports DE-3416
Estimate based on 1977 reports
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3). If the new machines are for the harvest of a fresh market crop,

then the complete mechanization of the portion of the California crop that

is for processing (Fresh Market Tomatoes, Fresh Market Onions).

While mechanization of these 13 commodities repreéents a large part of

the impact of new technology on farm employment, other technologies which

are not discussed in the Chapter's detail will also have an impact.

Continued adoption of new machines will eliminate employment of hand

workers in a number of crops which are already substantially mechanized.

. These include shake-catch harvesters in prunes, mechanical shakers and

.

pick- up machlnes in figs, snap bean harvesters, and cutting machines now in

use in aprlcot and peach drylng yards.

Conveyor belt harvest aids are in usé in numerous crops. While they

their biggest impact is not in the displacement

may'ihcrease productivity,
éf haqd;harvest workers;vbut in changing the charactér of hand-harvest
wprk.: Hatvést'aids make the work iess skilled, and less t:tenuousl The
workér, tied'to the pace of the machihe? is often paid'on,an‘houriy basist’
rather than a piece rate.

New 1abofbdisp1acing techﬂolag" is ted in other phases of
productlon be31des the harvest.. The focus of this study is on harvest

mechanization because of 1ts more sudden, toncentrated tmpact on the farm

labor market.

A. Wine Grapes

The harvest of California wine grapes is being mechahizéd.- Some 500

machines (1) plcked an estlmated BOL of the 1978 harvest (2). Machine use o

is most common in the state s newly planted vineyards, .and in the Thowmpson's
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Seedless vipeyards of the San Joaquin Valley (see Table 5-2).

Table 5-2
California Grape Acreage and Harvest Mechanization
By County '
: _ % of Prod. Wine Grape Thompson' s New Wine
County . Mechanized Bearing | Seedless Grape

' 1977 ' Acreage Bearing | Plantings

o . 1976 Acreage . 1968-76

e 1976 . :

Kern~ ‘ 40.0 35,065 19,497 34,326

San Joaquin o - 32,441 | 439 16,550
Fresno A 31.8. 30,528 135,550 . 24,944

Madera = " 45.6 25,159 27,664 1 21,154

Monterey 77.7 25,102 - 31,784

Stanislaus | == ‘ 19,144 3,588 1 11,665

Sonoma o 14.5 1 17,993 - -~ - .1 31,784

Napa 1.4 17,198 - 15,286

Tulare S 34.4 15,520 - 28,277 . 11,802

Merced = S -- | 12,153 , 3,002 -} 6,617
San Bernardino T . 9,387 e 9

Mendocino R . 7,556 - C—— 4 4,197

' Santa Barbara - 5,205 R 5,855

San Benito o Cem 4,532 - 1,052
San Luis Obispo " -- o 3,093 | —— N 3,837

“Riverside - 1,923 . 2,704 - 2,222
Kings . . -— |1 1,086 1,123 C 5200

Sources: % production mechanized from Callf EDD Pre -Season Farm Labor
Reports DE-3416
" acreage from California Crop and leestock Reportlng Service
California Grape Acreage 1976

Developed by Cornell Unlversity, the grape harvest machlne plcks most

of the New York state crop (3)(4) The harvester straddles a wire-trelllsed

vincynrd row. Mechanicsl beater rods made of floxih\c mqtv|1n1 stvrike the -

cone, Llollia and  rndd, kuucklnﬁ the berrtea brom the vine, where they fall
onto ‘a catchlng pan and roll onto a conveyor belt. The grapes are then

conveycd over Llw nd)nu‘nt row of vim s oand Into an accompanying ym\dulu o
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tank.

There are seven manufacturers of the harvest machine, with Upright

Harvester Co. and the Chisolm-Ryder Co. predominant. The principle

difference between models of picking machines is in the picking head, where

the length, movement, and construction of the beater rods are suited to

a particular grape variety and trellis.

A new harvester has recently been-deﬁeloped whicﬁ does not use the

Vslapper~beater" principle, but instead shakes thé'viﬁe to remove the grapes.

Called the pulsator picking head, ﬁhis new type harvester can pick many

vineyards that a slapper-beater harvester cannot. The pulsator can harvest.

varieties which are heaVin foliated, or bear their fruit on short spurs.

_ Some varieties which can be harvested by the slapper-beater can .~ harvested .

by the pulsétof with fewer leaves and less yield loss,- The pulsator works

at a faster rate, up to 50% faster than conventional machines. However, the

first'models'have‘béén subject to frequent breakdown (5)(6)(7).

Most of the grapes grown for the California crush are of varietiés

"suited for machine harvest. 15.4% of the tonnage is of varieties suited

only to t

;54.7% is suited to both machines (see Table 5-3),'.

Chaﬁge in Vineyard Structure

The grape harvester can operate only in vineyards which have been

--pruned with machine harvest in mind. Established vines which are cane or.

cordon'pruned-cah be trained for machine harvest. The principle expenée of

this conversion is in replading grape stakes and trellis wires. In most

_vineyérds the costs of conversion are relatively modest (8).
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' Table 5-3 ,
Adoptability of Calif. Grape Crop to Machine Harvest, by Area
9 of Calif, Grape Tonnage Crushed in 1976 According to
Varietal Suitability to Machine Harvest Technology

g
Varieties Suitable for Machine Harvest | Varieties
. - . Not '~ Minor
Area Slapper | Pulsator Both ‘Total | Suited for Varieties |-
Beater | Omnly . guitable| Machine ‘
Only Harvest
Mendocino .& Lake 52.7 1.6 27.1 8l.4 . 14.3 4.3
Sonoma &.Marin 45.5 - 0.8 36.9 83.2 - 14.9 1.9
Napa 41.3 5.6 39.0 85.9 9.4 4.7
No.. Centr. Coast 39.5 6.1 24.5 70.1 17.3 - 12.6
so. Centr. Coast 35.6 9.3° 32.5 17 .4 16.8 5.8
Lodi- Area : 12.6 1.0 8.0 21.6 77.8 0.6
Modesto Area = 19.9 . 10.8 50.5 81.2 17.8 1.0
Cent. San Joaquin 10.8 4.8 70.4 86.0 9.2 4.8
g§o0. San Joaquin 12.9 8.4 - 54.8 76.1 18.5 5.4
SOuthern calif. | 51.5 - 1.7 3.3 56.5 35.2 8.3

~Source on grape tonnage: Calif. Department of Food and Agriculture

Flnal Grape Crush Report 1976 Cr_g (Sacramento, March 10, 1977)

Different methods-of training the vine are used with differeht harvest

~machines. The system needed for the pulsator harvester has not yet been

perfected,_but it 1nvolves ralslng vine helght, and block eruning the vines

" so the growth is narrow enough to pass under the harvest machine. Head

' pruned vines may be harvested by the pulsator. .

For the slapper—beater harvester, the importent,part of vineyard

- restrueturing is prunlng so that the fru1t w111 be borne in the area which.

can be reached by the beater rods.  This requlres ralslng the vine helght.-
ihe crossfarm.w1dth of a trellls may also have to be narrowed to accomodate
the machine..

The Vlne and trellls stake must be close together to allew_a tight seal

of rhe leaves (or paddles) of the catching pan around the girth of the vine.
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0ld vines with gnarled, off-center ‘trunks may have to be cut off, and new
wood retrained, a process vhich requires three years before norﬁal vield'
is re=establiShed. End vines must be retrained_so that the fruitvis on the
wire trellis, and not on the end post, In‘some vineyards, the end post must

be shortened or replaced with a deadman anchor.

Whichever machine is used, the harvester cannot g0 over in-~the~row

. obstructions such as standpipeS‘and'telephone poles. Vines must .be pulled

.

“to allow a path for the machine. to go around these obstacles.

The harvest machine breaks vineyard stakes. 0ld stakes must be replaced..
New v1neyards are being staked with hardwoods or steel. Sprinkler irrigation
risers must also be protected with steel or wood. In the process nf picklng
grapes, the mechan1ca1 harvester also strips the 1eaves off the vine, breaks
eanes, and occasionally sta&es, trellls wlres, and even irrlgatlon risers
and v1nes. As grape growers galn experlence, this damage is llmlted by
proper vineyard preparatlon and training of the harvester operator.

Some v1neyards are planted thh rows which are too narrow to accomodated-"
the harvester -or they are planted on grades too steep for the machlne. New
harvester models can overcome these problems. While early models can work
only on hills with 1ess thao_ao 8% side grade (9), newer machines have a
leveling system which allows them to work on a 29% slope (10). A narrow
model harvester is heing manufactured and used where standard~sized
harvesters cannbt,fit.l It was developed for the European industry (11).

New eng1neer1né developments such as new materials for the beater rods,

and a "floating'" picking head are allowing older vineyards to be successfully

‘harvestedlhy'machine (12).



‘ Change in Handling Systems

e 1 to 3 ton field gondolas

Machine picked grapes can be 1oaded into th

-harvest. A fork 1ift is used to put the

which are already used in the hand

f the winery is a short distance away,

gondolas on over-the-road trucks, or if

_;he’gondolas are’unloaded at the winefy._
With:machiﬁe harveSt, many growers arebswitching to larger (5 to 6 ton
capa01ty) self .dumping gondolas. These gondolas tip thelr'load into ‘the

road truck ellminatlng the need for a fork 1ift and

tank of an over-the~

fork 1ift operator.

Machlne harvest of wine grapes breaks up the grape cluster, and the -

grape skxn. To avoid oxidation of the white wine grapes, and the resu'tant

~ loss of flavor and browning. of wine, various field crushing and juice

n 1ntroduced. Fleld crushlng allows the use of

handllng systems have ‘bee

closed tank systems and carbon d10x1de blanketlng to exclude oxygen from .

, the must (unfermented grape 3u1ce) Fleld crushing has been in commerc1a1

use in Callfornla for as long as the harvest machine,-sihce:1969 (13). There

are three klnds of field crushing systems. Most of these special handling

systems have been.lntroduced by w1ner1es for use w1th premium wine grape

varieties.
The harvester -includes a stemmer-

1). On machine stemmer-crusher.

crusher ahd tanks to hold'the must. A tractor draWn nurse tank ferries the

must from the holding tank to a waxting' tank truck at field side.. One

s that it makes the harvester heavy and unmaneuver-

problem with this system i

,able (lh)
In this system,

stemmer-crosher tank trailer unit.

2). Seperate
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the harvester conveys the grapes to a seperate unit, which includes a
stemmer-crusher and receiving tank’'pulled by a tractor. Two such units are

1arvester., The tank may be either fork-lift loaded for a
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ort haul to the winery, or the must may be pumped to a waiting tanker
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truck, which is more economical for a long

| SRnoueay

'3). Field side crushing. One large scale grape grower is using a large

but mobile field side stemmer-crusher. The grapes are transported to‘the

winefy in a juice tank truck (16).

Cost Savings
'fvwhilé it ichlear that hgrﬁesﬁ méchinery subétantially»reduces labcw
qosts,'much less certaiﬁ iéAhoﬁ,much totallha;Vestvcostg are cut. Johnson
and Grise.foﬁnd machine harveéting'of Thompsqnfs Segd1ess graﬁés to be
slightiy.cost saving over hand-har?est, Their-study doeé nqt iﬁclpde tﬁe_
. ‘cost of vineyard festructufing orvfhe value of the yigld 1053 in calcqlating
the cost savings (17). | |
. The harvesterris éconoﬁical only if it is used.on more than‘200 acres
‘per season. Substantial economies can be achieved by double-shifts, or by
‘using the harvester in tﬁe long rows of large scale yineyafds. Sméll or
irreguiar vineyardsaof short rows are not economiéélly harvestedfby.machine,
~for too much timé is spend in maneuvering‘the machine in order to turn around;'
'Hafvesters are being used in the non-harvest season as over;the~vine
" tractors which cén spray agricultural cheﬁicals or do‘rOuéh pruning. These
multiple uses aliow the costs of the machine to be depreciated across othe:
tasks;'an important cost consideration for future economic Stﬁdies, A

mechanical harvester is being used as a pruning aid in Kern County, where
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it has reduced hand pruning labor requ1rements up to 43A (18).

The pulsator~picking head was first used on a multl-row harvest machlne
in the San Joaquin Valley. >Both'two-row and four-row harvesters are in use.
Toey carn douole or quadruple’ooerator productivity, however; few present -

. day vtoeyards are 1erge and straightoenough to accomodate,a‘multi~row
machine (19). |

The cost sav1ngs of harvest'mechanization is dependeht on the value‘of
the yield loss. With great yield loss, or.a high valoe Qeriety, it is still
ﬁore_economical to hand harvest. . | | | |

Lose of quality has beeo a crucial aspect to‘winery acceptanoe'ot.macbioe

‘harvested grapes.

: Yield Loss
Mechaniiation'can reduee vineyard yield levels io‘foor different'waysi
Improper training may cause . the frult to be borne out -of the'harvest zone,
" and missed by the machlne. Y1e1d loss occurs when old gnarled v1neyards
prevent A proper seal of the collectlng plates, causing the fru1t to fall
on the ground
The pr1nc1pa1 eources of yleld loss are the'juieing and berry'reteotioﬁ
of certain varletles. Concord grapes (grown in New-York) -and Thompson 5
.Seedless are plcked w1th the least juic1ng loss. Vlneyards in New York state
have an average of lO% y1e1d loss (20) . Tests comparlng ‘the ylelds of machine
nd hand pxcked Thompson ‘S Seedless grapes in Madera County indicate
51m11ar levels of loss (see Table 5 4y). Thln—sklnned -varieties such as
Burger, Zinfandel and Grenache suffer so much 1oss that they ere more

economlcally plcked by hand.
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. Table 5 4
vield Loss in the Harvest of Thompson's Seedless Grapes for the Winery
Percentage of Wine Grapes: Hand Picked Machine Picked
Left on Vine : : 0.9% _ 3.9
- Shattered (Left on Ground) . |
or Juiced - 3.6% 9.2%
Weighed in at Winery - 95.5% - : 86.9%

Source: (21)

An additional source of yield iess is the'uncaleulated damage the

harvester does to the vine v1gor, Though . seven years of mechanization

reportedly caused no- y1e1d loss in New York v1neyards (22), cane breakage,
defollatlon, and the loss of frultlng wood may be depresslné ylelds in
California v1neyards accordlng to studies in- Madera County (23) and at
the Kearney Field Station'(Zh).

- This loss‘seems’to be cumulative, but can be‘reversed by.haﬁd picking

the vine and allowing vigor to return,

Quality Loss

The impact Qf_mechanizationfon quaiity has kept many Californiav

wineries from accepting machine harvested grapes. The machine incorporates

"matter other than.grape” (MOG) such as leaves, petioles, and canes into

the load of grapes. 1t harvests a rela 'vely higher proper;ion.of secohdary"
clusters than do hand harvesters, which'means that machiee.harvested musts |
can be of a 1ower sugar content. The crushing andvmaeefatioe'eaused by the
harvester can lead to overextraction and ox1datlon, especially of the

premium whlte wine grape varieties. A new quality problem is the'conﬁaminan -
tion of grapes with 011 and diesel fuel from the harvester (25). |

The loss of quality is becoming less serious over time. Field crushing
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_is profiding e feasible meehs of reducing oxidation (26). A fieldvpress has.
been ‘tested. It prevents the overextraction.of white varieties that

occurs when maehine‘harvested grapes are being transported to the winery
press (27)(28)._ The high cost of field crushing and pressing has limited
their adoprioh, hoVever. A simple meens of reducing oxidation is now widelyl
practieed; Meta-bisulfate is added to éondolas»of machine harVested grapes.

'Operators'aﬁd manufacturers claim success in increasing the ability of
the machines to remove 1eaves from fruit. MOG levels consistently below;l% ;
are ﬁoﬁ at;ainable.' Leaf tresh can be kept out by operating the leaf fans at
higher sﬁeed._:This sacrifices yeild, as some berries are blown out.with.‘
Aleaves._ Wirh experience,-leaf inclusion seems to be of deereasing cencern
.to the‘winemaker.. Evaluatiens'ef wines with added leaf material revealed no
effect on wine quality (29).

The pulsator harvest1ng sysrem may- have-the greatest 1mpact on'quallty,
ahdvon-winery‘aeceptance of machine harvested grapes,. The pulsator-dqes not
beat leaees.inte the fruit as rhe'siapper-beater harvester does. Instead,

. the berrles ara shaken from the vine, and MOG levels are very low.,

The statels 1argest w1nemahers, Ernest and Jullo Gallo have refused to
purchase‘grapes harvested by the slapper- -beater machine (30) They will now '
~ accept pulsator harvested grapes (31) Gallo produces 100 m11110n gallons
of wine a year (32), about 30% of Callfornla wine production. Gallo.s
‘dec131on should_have major impact on harvester adoptlon in California,
vapoeed éql {); An 1 I;i!v Modento :!If(';\ (Btandfwlann and hi<'1‘n""! Count ien) whoere | f\(':‘(~
is noh little or no machine use. | |

Quality reduction is still a concern to North Coast wine producers,
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especially for premium yvarietals such as White Riesling and Pinot Chardonnay.

The value of these varietles is so high that the extra yield of hand harvest

more than pays for its higher cost. Despite these factors, harvest machines

have even.been adopted in the Napa Valley, where grape prlces are highest

in the state.

Increased Scale of Productlon

A boom in consumer demand for table W1ne caused growers to plant more

than- 200 000 acres of wine grapes between 1970 and 1975, causing Callfornia

'w1ne grape acreage. to triple. 85% of these new plant1ngs were of wine grape

. varietles "which are su1ted to mechan1c31 ‘harvest. In.Monterey County, and

~ on the west 51de of the San Joaquin Valley, giant tracts of new, machlne

harvested v1neyards have been establlsheu.

The surge in producti

on of w1ne grapes has caused a decllne in the ’

relative importance of ralsln muitable grape varletles to the Callfornla

- grape crush {see Table'S-S)°

- Mo

- ' Table 5-5 . :
California Grape Crush, Tonnage by Variety Type as % of Total

3 Year Wine Table ‘Raisin

Period Grape Grape Grape

» . Varieties’ Varieties Varieties¥

1975-77 58.9 10.3 30.8

197274 b5 12,5 43.0

1969-71 33.7 15.5 50.8:

* more tha
Calif. Crop & Li

Source:

n 90A Thompson's Seedless
vestock Reporting Service

Calif. Fruit and Nut Statlstlcs 1965-717

st commercial California grape farms
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acres;‘ These farms include 39.7% of the gstate's vineyards (335. " Though

too small to justify a single harvest machine, many small scale growors

are mcchunlzlng hy contravting wlth havventiog anpunl«n. Hy'wnrklng lor
several groﬁers, contract harvesters have been able to achieve economies of
scale and use a singlehmechinc Lo harvcst up to 500 acres c[ grapes in a

single season (34)(35).

,Viability of the Hand-Harvest Sector_

The high demand for California w1ne ralsed the price for grapes to

' record levels. As the new. plantlngs came 1nto bearing, prices have fallen.

_An ant1c1pated glut has not yet materialized.

Many_producers will not be able to ‘mechanize because their vineyards
are too old, 'tco:small' on too steep a slope, or are of an unsuitable

_variety, -As their vines grow older and ylelds decllne, their vlneyards will

no longer be profltable to operate. If nevw plantlngs overproduce, low prices

will accelerate the demlse of those v1neyards. Urbanization is causing

'vineyardslto,be pulled out in Napa, Alameda, Santa Clara, and San Bernardino-

~Counties. -

The age, lay-out,.and variety of a vineyard affect its suitability for

machine harvest. Most of the grapes grown for crushing in California have

: ,the poteﬁtial to_be machine harvested. About 207 of the state's grape crush

is of -varieties Which'cannot be machine harvested.- Some'of these vxneyards,

~such as the Tokay grapes of. the Lodi area; are quite old, 'ahd are gradhslly

being'taken from productlon. The varietal suitability varies from reglon to

region (see Table 5-3).

The maJorlty of the grapes grown for crushing (76.1%) is of varieties:

- 99 -



suited to machine harvest. Most of the state'é acreage in these sultable
va;ieties (73.5%) have been planted in the last 10 years., - These vineyards
have been planted with machine-harvest in mind. On the other hand, most

Thompson's Seedless vineyards (91.7%) are more than 10 years old.  Because

theiThompsmfs_Seedless vine is so weil-suited'to mechanization, even these
old vines can be readily adapted to machine harvest.

: The high preportion of suiteble varieties in the Napa, Sonome, and
Mendocino_ateas is somewhaﬁ misleading, for many of the vineyards cannot be
mechanized due to small scale and hlllSlde terrain.

With time, V1neyard plantings are shlftlng to mechanlcally harvestable
varieties: 85.1% of the'wine grape vlneyards planted since 1967 have been
_varietiee suited to ﬁechaﬁization._ However, adoption of harvest machinery
has proceded at a slow rate. The major reasons for thie slew rate are the.
' nghvalue of the lost yield, and the disecoﬁomies'of mechanizing small
operatlons.

The pulsator harvester will allow the mechanlzatlon of varletles which
formerly sdffered too much yield loss and vine damage when harvested by the
ter harvester. Wine grape harvesters should be adented at‘an

'increasing rate. Adoptlon could contlnue until 70 to 80% of the state' s

v1neyaras are ﬂauhlne harvested The last portxon of the 1ndusfrv will be
mechanized very slowly as hand harvested vineyards are femoved from produc~‘
'tion. Hand harvesting.may-persist for a long time for vineyards producing
prcmium grapes which cannot be mcchanicully chkod ,Varictiée such . as
Zinfandel and Gfenache continue to be heav11y planted even though they

'% cannot be.machine harvested. If the prlce growers receive for these varietieg
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remains high, at least this small part of the wine grape industry will

1.

gontinue to be hand picked.

4Notes.

Approximétely 600 harvest machines have been sold in California,
according to a survey of manufacturers by Mark Epstein of the ‘
United Farmworkers of America in July, 1978. Assuming that the

‘life span of a harvester is 5 years, the 100 harvesters in use in

1972 must now be fully depreciated, leaving 500 harvesters working
in 1978. : - : : : :

Assumes 250 acres per harvestér, and a harvest o£1420,000 acres of

. grapes for crushing. -

Ed Ralph '"Experts evaluate machine perfdrmance in vineyards”-
Western Fruit Grower March 1971 p. 24

"Olmo talks mechanical harvest" (California Grape Grower March 1973

p. 10

Harry Cline "Multi-row concept employed in California vineyardS"

. California Grape Grower December 1977 p. &4

10.
11.
12.

13.

"Upright Update: A quarterly Upright Harvesters publiéafion.on._
mechanized viticulture" California and Western States Grape
Grower January 1978, Insert ' T - '

© Mighaking' grape off vine: new mechanical harvester" C

California and Western States Grape Grower January 1978 p. 7

~ "Art Seriman Likes Machine" California Grape Grower December 1970 p. 7

"Mechanical harvesting of grapes in Northern‘Californié"
Redwood Rancher September 1972, p. 62

‘"Upright'Update .o op'cit;

"SpeciallyAdésigned grape harvesters go to France'

Redwood Rancher September 1973 p. 37

Dan Weldon "Spotlight on grape harvesting: 70 yudf old vines mechanical-
ly picked" galifornta Grape Grower September 1972 p. 10

“Capturing the [ragrance for winc: Upright Harvesters work towards

~ complete field crushing of -grapes'"  Western Fruit Grower June 1972

p. 28
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16.

17.

18.
; 19.

20,

21.

22,
23§'

24,
25,

26..

27.

28.

29,

- 30,

31.

Erlc P. Wente "Mechanical harvesting- and field crushing: eight

'years of Wente experience" Wlnes and Vines February 1977 p. 21

vMichael 0'Brien '"Closed and open transport and sampling of wine

grapes" Transactions of the American Society of Agricultural

Engineers 1977 p. 631

Benjamin Falk “Callfornla s largest TeJon Ranch's field crusher”.
Ca

am
1ifornia Crape Crower Februarv 1677
ailio

Stanley 8. Johnson ''"Mechanical harvestlng of wine grapes”
U. S. Economic Research Service, Agricultural Economics Report ‘No. 385

~ (Washington, 1977 28 p.)

Falk, op cit,.

'Cline,_op-cit.

5. C. Mendall "An eastern view of mechanlcal picking"
Wines and Vines February 1975 p. 24 ‘

"Watch Dellvery Total" Californra Grape Grower December 1970 p. 6

Mendall, op cit.

"Watch Delivery Total" op cit.

Harold Olmo, Department of Viticulture and Enology, Unlverslty of

~Californisa at Davis. 1978 CIRS Intervxew,

Harry Cline "Mechanical grape harvestlng:.state of the art"
California Grape Grower July 1977 p. 6 :

C. 8. Ough "Does mechanlcal harvesting affect wine quality?" Excerpted
, from a speech Redwood Rancher October 1972 p, 11

"Mechanical harvesting: Redwood Ranch and Vineyards takes to field
pressing'" Redwood Rancher Summer 1976 p, 24

"Unique Field Press" California and Western States Grape Grower
January 1978 p. 2 i : . '

A, C. Noble et al "Effect of leaf content and mechanical harvest on
wine quality" American Journal of Enology and Vltlculcure Vol. 26,
No. 3 1975, p. 158 ‘

”Mechanlcal harvestlng showcased at Stanlslaus Grape Day” California
Grape Grower June 1976 p. 41

Jerry Seper "Tulare custom picker: future bright for mechanlcally ‘
harvested grapes” California Grape Grower July 1976 P 6
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32, ''u. S; Wine Market: Estimate sales and market shares"

~The Blue Anchor August/September 1975

33. U. S. Bureau of Census 1974 Census of Agriculture' Vol, 1 No. 5
-California Table 25

34, '"Tutunjlans aim for harvestlng record” _California'Giape Grower
December 1973 page 25 ' : :

35. 'How one custom operator approaches harvestlng California
'Grape Grower September 1974 p. 6

B, ,Raisin Grapes

"There has been m1n1ma1 mechanization of California's. raisin grape

E .harvest. Less than one percent of the crop is harvested by machine and

dried on continuous paper trays. A dried-on-v1ne (DOV)lmachlne'harvest

system is more w1dely used in Australla

>

- Most California.raisins are sun-dr;ed. The grapes are hand harvested

Jand spread to dry on 2 by 3'foot paper tra§s'set out in the viheyard. The

grapes are turned after 10 to 14 days, to fa01litate uniform drying. Tbe
Araxslns-are rolled into ad”blscu1t" orv”c1gaxette roll after another 6 to
10 days,- and allowed to dry further. When the'moistufe content_drops 1ow ‘
enough, the raisins are dumped into "sweat" boxes, and then taken to a

processing'plant. Some of the crop is too moist to be packed, and must. be -

'further drled in a heated air tunnel

A small part of ‘the California crop is harvested and taken to'a

' processor where_the_fresh fruit is washed and dipped in a hot caustic. ‘The-“‘
‘caustic diSrupts the waxy cuticle, permitting répid dehydration in an air

~tunnel. Many of the dipped raisins are also sulfured, to become tbeAﬁgolden

bleached" raisin.

Raisin dipping is more common in other countries of the world. Olive
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0oil and ash is_hsed on grapes in Greece and Turkey. The Australian ”su;tana"v
raisin is either dipped or dried on the vine. Dried on the vine sultanas
are'machine_harvested in‘Australia.

The DOV concepf has‘been tried in Qalifornia, so far wifhout commercial
success (1). The California system involves cuttlng the canes of the vine.
and spraying the vineyard tw1ce with a carbonate and methyl or ethyl oleate
solution. The drying period is 1onger than the natural method because itl
is cooler on the vine than'on the ground (2). The advantage of thls’-
system is that the vine canopy protects the raisin from early ralns (3).

Two Callfornia growers have adopted the contlnuous tray harvest system

developed in a joint research effort by the University of California,

California State Univetsity at Fresno, and the U, S. D. A. The_oanes of the

‘vine aré cut 4 to 6 days prior to harvest. This pre-cutting reduces grape.

juicing-at harvest ké).‘ A standard slapperebeater type wine 8rape harvester

is used to-harvest the grapes. The 51ng1e berrles are spread 1n an even

layer on a continuous roll of paper. The grapes dry in lO to 12 days. A

.spec1ally de51gned pick—up machlne is used to brush the raisins from the

paper tray and into a sweat-bin, where they are ciured before belng sent to
the packing plant. Thls means the raisins are plcked up sooner than are
hand harvested ralslﬁs, whlch remain on the ground for 2 to & weeks, ‘where

they'are'vulnerable to damage from rain, insects, and rodents (5).

Changes in Production Practices
The vineyard structure requirements for machine'harvest of raisin grapes

are v1rtually the same as those for wine grapes. The Thompson's Seedless

~accounts for 94% of the acreage of California raisin varlety grapes.
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Thompson's.Secdless vineyards are cane prnned, and can be machine harvested
with few modifications.

The maJor change in production practices is the cane- cutting which must
be done several days prior to harvest. -Cane cuttlng must be done with'
continuous. tray harvest so the cane 1oses enough m01sture that the rachls
(the berry s stem) shrivels. When the machine strlkes the cluster, the
berries arxe shattered from the vine w1th the captem intact, reducrng
juice damage (6) . Cane cutting is also needed for the DOV method to
.help-desaicate the clusters. |

The fruitlng cane is hand cut between the trellis and the head of the
Vine. Even with a unlform trellislng system, the cane severlng is a difficult
- task requlring 5 hours of 1abor per acre of v1neyard Pneumatlc pruning .
shears can 1ncrease worker productiv1ty in this operation by SOA (7. .The
grape clusters on canes that are not cut w111‘3ulce when harvested by the
-contrnuousntray method.' Clusters on uncut canes do not completely dry in

the DOV system.

Changes in Product and Handling

Mechanically harvested.raisins nrodnced.on a continuous tray system
~are very similar to hand harvested ralslns."DOV raisins are different.from
natural raisins. They are a greenish amber color, and more diverse 1n.
.color and morsture content than natural raisins (8). '_The DOV_fruit looks
1ike confett1 compared to the uniform blue-black color of natural raisins,
Consumers.prefer natural raisins to the DOV fruit, although a stndy ef
Michigan consumers indicates that‘this preference is not.pronounced. Foreign

buyers did not respendvfavorably tq'DOV-fruit 9).
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Adoption of a field side drying tunnel is a handling innovation that
is occuring independent of harvest mechanization. The portable raisin’
dryer is used to lower the moisture content of field dried raisins to meet

U. 8. D. A, standards. The raisins are dried in pallet‘bins. Thisvbulk

' handling saves a great .deal of labor over the air tunnels used by processors,

which require that raisins be spread on a tray. Five workers at a field side

unit are reported to produce as much as a 22 member crew at an air tunnel

dryer (IO)f

_ Cost Savings

”An‘economic study by U. S. D. A. researchers ih 1974 fohnd;the cqntinu;'
ous tray harveSt'methods to be only slightly cost saving over hahd-harvestﬁ

Total'Savings_were,estimated to be $26.i6 an acre, or $11,63 a ton (11).

'This is a savings of qnly 10.6% of harvest costs. 'Thaf study did not consid-

er possible yield loss of machine harvest in calculating the cost savings. -

Cane cutting has been repbrted to reduce yields in Australian vineyards

by 7vbf 8% (12). Vine damage by the slapper-beater harvester may harm

“future fruiting spurs and decrease vine vigor and yield as well.

The DOV system was found not to be cost saving over hand-harvest and
natural.drying systems in the U. S. D. A. study (13). Researchers at
California State University Fresno have reported a $34 an acre cost saving

with tbis'methbd,'or'a 17.2% saving in total harvest costs (14).

- Both systems require substantial investment in machines. A harvester

" equipped with a spreader and trailer to lay the paper tray, as well as a

pick-up machine, are used in the continuous tray system. An over-the-row

spray rig and a harvest machine are required for the DOV system.
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Factors Affectlng the Rate. of Adoptlon

The small cost savings of mechanlzatlon of the raisin harvesL 1nd1cates
that adopt1on of new technology will proceed at a slow rate. The small

scale of most raisin producers will make mechanlzatlon impossible without

.use of the harvest system on contract or through cooperative ownership, or

by consolidation of vineyards into larger farming units.

The California raisin. district, centered in Fresno County, is also an

‘area of ‘widespread use of wine grape harvesters. It will be possible for-

the'harvester to be used to harvest raisins in parts of the season, and

then to harvest late maturing wine grape varieties the rest of the season.

‘Should this alternate capacity be utlllzed, the lncreased output of the
' harveStimachine1WOuld increase the cost savings of mechanizatlon_by,reducing

the flxed cost per unit of productlon.

Because of a dlsastrously small harvest 1n 1972, average annual. raisin-

production dropped to its lowest level in more than 30 years (see Table 5~ 6);

: Table 5~6 : ,
Average Annual U. S. Raisin Production¥, Exports and Imports
‘| Annual Average Total Domestic Imports .
For Five Year Production | Exports (tons)
" Period: = (tons) | . (toms) '
1930 - 34 197,800 - 58,600 - 758
1935 - 39 233,400 67,020 279 .
1940 - 44 - 269,000 83,540 " 51
1945 - 49 . 246,200 85,100 275
1950 - 54 . 217,400 66,540 | 77
1955 - 59 201,200 48,700 197
1960 - 64 : 222,200 61,080 349
1965 ~ 69 249,200 - 76,280 © 739
1970 - 75 191,000 . 57,280 | 1,801

*the entire commercial U. S§. xaisin crop is grown in California
Source: U. S. D. A. Agricultural Statistics 1946, 1956, 1966, 1976
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jCalifornia produces 25 to 40% of the world's raisin production (15). A

substantial portion of the crop is sold for export.

Notes.

l.

10.

11,

12,

13.

14.

15.

Carter Clary, Department of_Viticulture, California State University
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~Henry E. Studer, Harold P, 01mo "Vine-drying of Thompson Seedless
. Grapes" Transactions of .the American Society of Agricultural

Engineers 1973 p. 944 '

Henry Studer, Dept. of Agricultural Engineering, Unive:éity of

.California at Davis, 1978 CIRS Interview

Hehry E.-Studer, Harold P. Olmo '"The severed cane teéhﬁiqe and

" its application to mechanical harvesting of raisin grapes'

Transactions of the American Society of Agricultural Engineers
1971 p. 38 _ ' ' : : o

Studer and Olmo "Vine-drying of Thompson Seedless Grapes'" op cit.

. Studer and Olmo "The severed cane technique . . Rl op cit,

‘Henry E. Studer, Harqld P. Olmo, Earl Roécé ”MeChanicéi‘harvesting
of raisin grapes . . .. an evaluation_of methods for severing
fruiting canes" California Agriculture March 1973 p. 10

Robert V.vEnochian, et al "Production Costs and Consumer Acceptance
of Dried on the Vine Raisins" Agricultural Economics Report No. 337
U. 5. Economic Research Service 1976 ' P. 5 ' S

Ibid. p. 10, p. 20

- Liz Luckett ‘'portable raisin drier proves cheaper, faster"

California Grape Grower April 1978»p. 10
Endéhian, op cite‘p,'G

Studér; 1978 CIRS Interview, op cit.
Enochian, op cit. p. 5,“ |

”Raisins-on{the—vine: 'Possible and Practical'™ 'California Grape
Grower September 1974 :

Enochian, op ecit. p. 1
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C. Clingstone Peaches

’

An increasing pqrtion'of‘the California canning peach crop is being _ ' \
mechanlcally harvested. Sihce 1968,.tree shakers and catching frames have
been dlsplac1ng hand pickers (Table 5- . ;Adoption of machihe harvestrag
has been greatest in the counties with the greatest production. Mechanical
- harvesting has been.reported,ln Stanislaus, Butte, Sutier, Yuba; and Merced

counties. (1).

- ~Table 5-7 T
Percentagegof'cling Peach Crop Tonnage Harvested by Machine

- % of Crop | Source

Year ° | Machine of

: ‘ Harvested ‘Estimate

11966 0% (2

1968 2% )

1969 1% o)

1970 10% (2) -

1973 - | 1% - (5)

1975 C12% (6)

1976 16% , an

1977 .22% N

1978est{ 30% 1 M

. Shake and: catch- frame technology for the canning peach harvest was
thoroughly Studled by Unlversity of California researchers durlng the 1960's
V(B)..’Peach harvesters can be categorlzed 1nto two - types: the two unit and
.the single unit machine | ‘ -
| A twe anit harvester was de51gned by UC screntlsts. hTwe unit hargesters
con51st of two catching frames, each self- propelled w1th its own operator..
The two frames work together, surrounding the ‘tree. One unit includes
the shaker arm, whlle the other unxt has the conveylng, grading, and bin
£illing equipment. The two unit harvester operates more rapidly than a one

unit harvester. because it moves straight down the row of trees. The Kilby
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machinetis the most popular model. 58% of peach harvest machines were
Kilby models, according to a survey by the California Canning Peach
Association in 1975 (9).
| Single unit harvestersvhave.only one operator.l'The‘harvester'must

be drivenbtowards the tree at au.‘ffset angle, then the shaker rlamp'lc
ettached to the trenk A catching frame shaped like an inverted umbrella
then uhfelds, and the tree is shaken. Two fruit conveyors, one at elther
slde of the shaker, convey the frult to the bin loader.‘ After shaking, the
umbrellajlxke catch frame is removed, and the machine backs away_from the
tree. A SLngle unit harvester usually alternates between trees in adJacent
rows (10)(11) The Adrian machlneAis the most popular. The 1975 survey
found that 28% of the peach harvesters in use were Adrian machines (12).
" Orchard Machinery Company's ”Catchall” harvester is also a single unit
machihe, andvaccounteaffor 8.3% of the harvesters in the 1975 survey.
Single unit machlnes Wthh can be driven stralght down the row have been
developed by Ro-lon ‘and FMC but as of 1975 they were not yet in w1despread'
use (13).

'Peech harvesterﬂengineerihg has concentrated onvthe>cr-c1al question ef
loading only full-sized, fglly colored and undaﬁaged fruit. Sizing belts
on the conveyor efficiehtly remove undersize_frrir The mechlﬂe Can be |
used as a scrapper to harvest orchards s0 full of undersized frult that they‘
cannot be hand plcked (14)

Hand 1abor is requ1red to sort out undercolored and 1nnured fruit. The
single unit harvester has a trailer. type loading device w1th fac111t1es for
four sorters., The two unlt harvester requires two or more hand grading

workers (15), Electron1c sorters that can assess the maturity of peaches
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by theirbeolor are being tested., The soreers could be usedlto replace -
hand graders on harvest machiﬁes (16) (17). | |

Other qeallty control features are included on harvesters to lessen
impact damage. Decelerator strips or tubes above coneeyor belts, and
autematic bin filling equipment reduce fruit against fruit imPact.‘Proper
padding; wide slow conveyor belts, and little or eo drop at tranSfer pbiﬁts

are reqﬁired to minimize the impact of fruit against the machine.

Changes in Production Practices

Peach_treeS'are ordinarily'fhinned by haed in thelepring; The hand
thinner'kﬁocks some of the_gteeﬁ fruit frqm'the tree, so that the remaining'
'ftuit wiil‘develop to a iarge enough size eo'meet‘gféde. The harvest
'machine has been uSed to Sﬁake the.tree eeriy in the season in,order to
reduce the . amount of hand labor requlred to thln .the crop (18) LaBor.costs
were reduced by 25% at one ranch (19) ‘

Research bas’been directed toward thinning the treesvwith chemicel
sprays. NoAcoﬁpound has been perfeeted t0 the point where.it will work'.

. consistently frbmlyear-to-year and variety-to-variety (20).°

As the harvest'machine has been desigﬁe& foﬁfif the ﬁeach tree, peach
trees arefbeiﬁg ;estructured to Be suitab1e>for_shéke catch harvest, »Earlf
stﬁdies_revealed that fruit impace'with lower branches of the tree Qas-the“
pfincipal,soﬁrce qf damage invmeehanical‘hafvest. The goal of tree restruc- -
turidg is to p;hne.thcvtree so'that.no'fruit is.borhe directly ébove another -
bganch-é that ié, nd‘fwo branches are in thevSame verticel plane.

The ideal tree structure for mechanical harvest is a vase shape.

Grdwers'are advised to train young trees SO-tha; they are headed at 32", with
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three maiﬁ scaffolds branching from the trunk, eacﬁ 30”.in lenigth and

branéhing'into secondary'scéffolds‘angled 30° from the vertical,
 Approximately 41% of bearihg Califofnia peach orbhard'acreagg hés

been planted since 1968, when shake-catch harvesters were introduced.

When 1977 plantings come into bearing in 1982, Z/3 or more of the orchards

will have been pianted sinée 1968 (see Table 5-8), These new trees

'_are being.trained with ma;ﬁine harvest in.mindf |

, : . Table 5-8 o
California Clingstone Peach Tree Acreage Standing 1977

Bearing acreage planted since 1968 | 18,959

Bearing acreage planted before‘1968 26,945

Totalvbearing_acreage o . 45,904>

Noﬁ-bearing;acreage (planted since 9,103 T
' ' 1974) ' -
Total acreage standing 1977 55,007

Source: California Crop and LiVestock §eporting Service

Older trees may also be pruned for mechénical harVest{> Trees_trained
ﬁithvtheimodified'leader (Univergity of California)'syétem, which predéminates
in tﬁe'San_Joaquin‘Valley, are more easily converted to”méchaﬁical harvést
than,trees:traiﬁed according to verSions of the Déhlgrgn s&sﬁem; The.latter
systeﬁ; which is used in thg Sacrameﬁto,Valley, permits the tree to develép
with more locations where;Iimbs are directly above other 1imbs;l

Tree»testructufing involves eliminatihn of low hanger wond and horizontal
branches, and  Lf necessary, 'rvduct‘lo;\ iﬁ the number-of primary and sceondary '
scaffolds‘(Zl)(ZZ).'-Pruning results in yield loss proportional to the amoﬁnt

~of fruiting surface removed. The restructurcéd tree rogains'this loss in
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yield after one or two seasons (23).

Ultimately, almost all old trees can be modifled for machine harvest
prov1ded that the trunk is 1ong enough for the shaker clamp to grasp -(24).
An estimated 90% of the state's cling peach orchards have the po tential

to be restructured for machlne harvest (25).

Changes in Handling and Product-

' ~To malntaln the quality of the canned product mechanlcally harvested
peaches must he handled and processed rapidly. Several canneries give
vpreferential treatment to machine harvested loads, process1ng them
1mmediate1y (26) As an increasing portion.of the crop has become mechanized,
however, - there is too much machine harvested fruit for thlS spec1a1 handllng :
to be practlcal - Producers have turned to other methods to help maintain |
quality.A | | | |

Growers are attempting to handle blns more qulckly in the orchard
and to carry the bins only on trallers with sprlngs (27) quck handling
of bins malntalns fruit quality. When the receiving bins are not being
'prov1ded rapldly enough for the output of the harvester, the harvest
operator carrlesvfrult on- the catchxng -frame 1nstead of conveylng it to an
empty bin.‘ Fruit is shaken onto fruit, resulting in high damage 1evels (28). -
" Quick handling of the fruit to the'processor has been £ac1litated by |
the general ‘trend of new canneries locatlng out31de of urban areas, closer
" to the orchards. Funglcldes have been used to llmit post-harvest decay.
Pre~harvest spraying of Benlate and post-harvest dipping of fruit in Benlate
have been tested in th1s regard (29). | |

Although it has been proposed that machlne harvested peaches be subJect
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to special sorting at the cannery or at a central sorting facility, it is

geheraliy conceded that the sorting should be done on the harvester because.
it is less costly, and results in fewer bruised frult (30)(31)
A portion of the ‘canning peach . crop is made .into a concentrate Juice..

Concentrate nroduction has evidently occured as a Dy-proauct of mechania tion,

because of the need to make use of peaches damaged in machine harvest.

Cost SaVings

An economic study by the University of Califcrnta in 1971 discussed,'i
the impact of yield loss, total'yield,.and harvest machine output.oh‘the:
. economic feasibility of machine harvesting cling peacﬁes. >The yield lost
.due.to machlne 1nf11cted damage has the greatest 1mpact on whether or not
mechanization is cost saving. Assuming 16 tons/acre yield and lOA 1oss,
mach1ne cost would break even w1th hand-harvest costs 1f the machlne
was used to harvest 80 aCres. Orchards greater than 80 acres.would
realize cost saﬁiags (32). .
Hand~harvest accounts for only-16% of the total productidnicoSts (33).
.FWH n yield loss exceeds 10%, the har?est costs saved by the machine are
small when compared to the expense of the yield 1oss.v Thevharvester is
feasxule only when low 1evels of yxeld loss are mainta1ned 1f the vield
1css rises to 15% or more, hand harvest is always 1ess expensive (34)
:Alternative;uses“cf‘the“machinedare enabllng the depreciatiqn-of the
machine‘s:fixed costs in other fatm jobs. .Growets are asing the machines
for bulk thinning. By changlng the sizing belt, peach harvest machlnes
can be used to shake~catch harvest prunes, pecans, walnutS, almonds, ollves,

apriccts,_aﬁples, cherries and plums (35).‘ Olives, prunes, and nuts are
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are common crops in the cling peach areas'of the Sacraﬁento.Valley, while
apricots, plums and nutsg are common in the San Joaquln Valley peach areas._
This additibnal use of the machine may figure strongly in the economy of
its adoptlon.

" Peach harvest machines have been operated at 1ess than their potential
utput The average machlne harvested cnly 552 tons in the 1975 harvest,
though ‘the capacity of a srngle mach1ne is 1750 tons per seasoh. The o
: state s 157 shake-catch machines picked 12% of the 1975 crop, although
they had the capac1ty to harvest 38% of 1t (36). " Each machlne'harvested

approx1mate1y 40 acres, -far below the break even p01nt calculated in the

U.. C. study (37)

Y1e1d and Quallty Loss

Marketable peaches arellost or damaged in shake-catch harvest. Semev
freite are net shaken fromvthevtree, ‘while others mlss the catchlng frame
‘and,fall-onto the ground.

| The harvest machlne can pick a tree once. Tests were conducted to
A see lf selectlve shaklng would permit a second: machlne plcking. They
revealed that the shaker cannot discriminate between rlpe and unrlpe fru1t
{and that ih any case; unrlpe fruit that remains on the tree is rulned
by the firet.ehaking (38) Where there is considerable var1ab111ty 1n‘£ru1t
"maturlty from tree to tree, ‘the- machlne operator canbharvest selectivly by
. shakrng only the trees with a high proportion of mature frult (39) This
tree to ‘tree select1V1ty makes the harvester less productlve, however, as
more time is ‘spent movrng the machlne in the orchard

Uneven ripening of peaches is not a problem in California.  Many
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orchards are harvested with a singlo_hnnd plcking (AO); glthough twé
and sometimes three pickings are done to increase the yield (413!

" Proper tree restructuring contributes to uniform fruit maturity. fhe
pruning of low haﬁgerbbranéhes reduces.the branches which bear iate maturing-
fruit on the undersidé of the tree.

Although California.peaches ripen uniformly, there is a vexy short
period when a given tree can be harvested (42). If harvested too eérly,'“
thé machiné piéked‘fruit will be.too green;aﬁd will fail to-meet’colof

standards. If’harvésted too late, the fruit will be too soft, becbme '

" damaged and fail to meet grade (43). Impropef'timing of the harvest can

: Bave.devastéting impact on yields.

Yields are depressed by loss of fruiting wood during treé:restructuring.

»Older trees are affected by the shaklng, and orchard life span may be

shortened. A number of studles 1nd1cate that in general, machlne harvested
peaéhes are of poorer quality than hand harvesfed onés (44). Some of fﬁe_'b
damagé cauégd by machine harvesf can be seen immediately after harvest.
Curly noticed 5—10%’fewef choice grade fruit at initial inspéction.

Most machine harvest damage shows up after 24 hours (45) (see Table'5¥95

K  Table 5-9.
Quality of Machine and Hand Harvested Fruit

% of Choice Fruit

Hand Harvest Machine Harvest
At Arrlval at 1 90% _ - 85%
Processor 1
Within 24 Hours Holding| 82% 687,

Source: (46)

Quality dahage»is expecially severe in the early and extra-carly
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e
varieties of peaches, which are softer than late varieties at the_same
" maturity (47)(48)(49). The extra early varieties show two to three times

as much damage'as the late varieties (50). The quality inspection

,-con&ucted by thevscate of California is not able to assess all of the

quality damage which becomes apparent in the canned product (51)

Part of the cannlng peach crop, approximately 10%, is put in cold storage _

to be held until the cannery can process 1t. Mechanlcally harvested peaches '

which are; held for any 1ength of time show machine cuts “and bruises. ‘Only
the hlghest quallty machine picked frult mlght be put in cold storage,
and-then only for a very short whlle,'if at all Th1s lnabllity to be

held for proce551ng puts a limit on deliveries of machine harvested fruit

at peak season. . .

- Factors Affecting the Rate of Adoption

' The production of canned peaches in California has been_declinihg”
(see Table 5-10), Both clingstone and freestone peaches are canned
with cllngstones accountlng for 94% of the Callfornla canning crop.

The acreage of bearing cllngstone peaches dropped from 63,770 acres in 1969

down to 46, 320 acres 1n 1977

The.Callfornla canning peach industry is suffering from declining per

capita consumption of canned fruit and from the loss of export markets to

foreign competirors,‘inclpding the Republic of South Africa.

The'proportion of the California canning crop exported has fallenj
from a 14.3% average over 1962-65 to an average of 6.7% over.1974-76 (54);
Virtually the entire U. '§. canning crop is grown in California. The

decline in exports has occured particularly in the shipments of peaches to
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Table. 5-10
Callfornla Canned Peach Production in Tons

Period - Annual Avg., . v .
Production e ’

1955 - 59 | 624,200
1960 - 64 | 781,680
1965 - 69 | 810,140
1970 - 74 |. 675,120
1975 - 77 '} 686,666

Source: California Crop and Livestock Reporting
Service ‘ : '

- Table 5-11
Exports of Canned Peaches
- (000's of Pounds) '

From the From the United States of America
Year Republic of | Total - Exports Exports to
: South Africa Exports to Europe | the United
o Kingdom
é' 1963 f 158,985 ' 215;056 - 177,138 20,224
» 11964 154,710 236,595 ©192,800 | 13,450
1965 192,735 201,119 163,940 2,768
§ 1966 209,160 229,094 180,802 - 3,795
1967 - 221,040 88,861 /53,613 ! 909
1968 | 204,345 - 114,887 64,593 | - 175
1969 . 221,715 1 227,261 140,275 2,819
1970 . 212,850 168,151 117,780 1,801
1971 - 248,670 119,646 - 69,003 ' 1" _288
1972 246,240 © 111,353 54,291 ~ 498
1973 239,895 - 127,934 67,839 4,734
1974 274,725 96,615 32,895 : _”765
1975 281,295 . 93,465 32,040 360

Source of South Africa data:  State of South Africa: Economic
Financial and Statistical Year-Book for the Republic of

- South Africa DeGama Publishers Pty. Ltd. (Johannesburg 1977)

Source of U, §. data: U. S. D, A Agricultural Statlstlcs
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Europe and the United Klngdom, during the same time perlod that South
African export of peaches has 1ncreased (see Table 5-11). The United

Kingdom is the most important market for canned fruits and vegetables
produced in South Africa.
The oversupply ‘of canning peaches, and the restriction on production-

imposed by a cling peach marketing order have slowed the adoptioo of

machlne harvesters. Average size of cllngstone peach farms in several

' counties is less than the 50 acre minimum needed to justify a , harvest

machine.(see,TableAS—IZ)(SS).

S o Table 5-12 | .
Californie'Commerical'Clingstone Peach Farms, Number and Average Size
, Number Acres of - Average
County ~ of ] Clingstone Number of
. | Farms Peaches Acres Per
Farm '
Butte : 1 69 - 3,288 - 47.7
Fresno . 115 2,656 23.1
Kern . 5 1,244 248.8
Kings . 41 : “1,414 34.5
Madera Lo 770 192.5
Merced : 128 8,272 64.6 -
San Joaquin 109 4,259 39.1
Stanislaus 433 18,849 ~ 43.5
‘Sutter ' }252 ‘ 14,382 57.1
Tehama 3 | 701 233.7
Tulare 98 ' 2,238 - 22.8
Yuba | 72 . 7,320 : 101.7

Source‘ U. S. Bureau of Census 1974 Ceneus'of Agricultore
Vol. 1 Part 5 Callfornla Table 11 p. III-14A '

Processors stlll prefer hand harvested peaches to mechanlcally harvested -

ones, but producers are beginning to realize the qualxty potentlal enuorsed
by Unlver51ty of California sc1entlsts by machine harvestlng frult w1th

no more damage than 15 found in the average hand harvested 1oad
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Now that mechanization is underway, the machine harvested producer
will be better able to survive continued overproduction and low prices,
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ﬁ. Apricots
‘Experiment use off‘shake—catcn machines to harvest apricots was reported
in San-Benito County im 1959 and again in 1967v(1). An estimated 9.8%
of Callfornla apricot rtonnage was machine harvested in 1978 (2). |
Peach harvest equiipment, fltted with a different 81zing belt, ‘can be

used<to harvest aprlcotts. The use of harvest machinery to pick aprlcots

- was reported only in Scanislaus and Merced Counties.i_Tﬁese countics have

tne'greatest cling pearch acreage among the apricot producing areas. The

adoption~of'shake~catcﬁ1 technology in the apricot harvest appears as a by-
product of. the mechanization of processing peaches. The changes in handling
and production practices requlred to machine harvest peaches are very Simllar

to " the changes made in the canning peach 1ndustry.-

Cost Savings ' o -

Mechan1zat10n of the apricot harvest is notvas cost savings as .
mechanization of the cling peach harvest. Unlike PeaChES,Aapricots do not
mature uniformly. Yield'losseé are consequently much higher., Apricots are -
‘also verv sofesand suscepcible to damage.

The lack of uniform maturity of fruit in a ripening apricot orchard

- occurs among different trees in the same orchard, and even between fruit onm '

the sane tree.'.At.optimum amtnrity, 80i of ﬁhe.fruit on a single.tree is §f
PrOPeT maturity. :fhe remaiﬂdﬁr’18~inmature or overripe._ As with peacnes;
the mature fruit cannot be shaken from the tree w1thout removing or
dahaging immature fruit as well. |

Considerable variation exists among trees within the orchard. If the’

entire orchard is harvested in one opcra;ion, much less than 80% of the fruit
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is recovered. The variability in maturity from_tree to tree can be overcome
by a.system of.selectively harvesting only the trees contaiding a high
propoftion,of mature fruit. The harvester crew ls preceded by a worker
" who selects the trees which are ready for harvest (3)(4) This selectivity
ls-limited, however, by the economics of machine use. Tyler reports thet
‘an orchard can be'hervested‘only twice.in e 15 day,le hours per day harvest
season without reduc1ng the acresge capacity of the mechine (5).

| The lack of uniform matnrlty is respon81b1e for a yleld 1oss of approxi-
mately 20%. SADH was tested in Israel as a growth regulator, but the only |
maturlty character whlch it enhanced was frult color (6). 1In the U, S
growth regulators such as- dimazide (Alar) and ethephon (Ethrel) are belng o
used to encourage uniform matorlty of peaches (7). If successful gtowth.
tegulators are rcgistcred for.use on'California.epricots, the_Qalue of the
. yield 1ossACOuld.be substentially reduced, | _

Mature:apricots are.softerbthan peaches,land therefote'more'suSCeptible'

to machine damage (8\. Most of the'damaged fruit suffers from'flesh cuts,
" not bruises (9) Yleld loss because of maturity defects and mechanical

damage was analyzed in a study publlshed in 1970 (see Table 5~13)

Fectors Affecting Adoption

Although most Callfornla apricots are for canning, an lncrea51ng
vportlon of- the crop is belng used_drled frozen, or fresh. (see Table 5~14). :,
The‘proddction of canning apricots, and total productlon of apricots |

hsve been declining.(see Iable.5~15>.' The declining market makes it
difficult for a prodocer to increase -production to more’fully utilize the

capacity of the harvest machine.
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Table. 5-13

iE ; Comparison of. Yield Loss in Machine Ha;vested and Hangd Harvested Apricots
a° 9 of Fruit Received by Processor by’Maturity Defect and Degree of Damage
Machine Harvest Hand Harvest | Hand Harvest
Bin Handling Bin Handling Box_Handling'
Maturitvaefecﬁs ’
Green / 12.24 | 11.16 9.02
_Qver-ripe : - 7.33 5.02 5.04
Mechanical Damage: .
Severe: o o 2,42 , ' 0.62 | 0.24
Moderate : _ v 4,73 . ‘ '1.68 0.47
Slight A . 7,75 5.00 _ 3.76
Total Loss (Excepting slight |  26.72 - - 18.84 - 14077
Mechanical Damage) =~ : , L o
Total Loss in Delivered Load. | - 34.47 ' 1 23.48 - | 18.53
source: (10) .
R _ ) Table 5-14 : .
Utilization of California Apricots % of Crop According to Use
Years " |Fresh | Canned | Dried Frozen
1970-71 | 7.2 68.4 19.9 | 4.5
‘1972-73 | 5.6 75.1 - 3.5} 5.8
1974-75 5.0 70.2 17.3 7.5
1976-77 6.3 59.9 | 25.9}| 7.9

_Source: California Crop and Livestock Reporting Séfvice'

Table 5-15 ‘ :
california Production of Canned Apricots
Annual. Average, in Fresh Tons

| .1970471 1972-73  |1974-75 1976-77

l#0t canning 214,100 . | 208,800 184,500 | 157,000

Total 313,000 | 278,000 {263,000 262,000

‘Source: California Crop and Livestéck Reporting Service
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The Brentwood and Winters districts ship apricofs to fresﬁbmarket.
Harvest labor displacement will be the smallest in these~distticts, as the
f;esh crop>cannot be meqhanically harvested,

. The small scale of>many California apricot producérs indicates that
ha*vest'mechan*zatlon w111 occur in conjunction with consol;datlon of farms,

qr'contrac;_or cooperatlve arrangements for harvaster'use (see Table 5416)J

: Table 5- 16
Callfornia Commercial Apricot Farms, Number and Average Size
o _ Number ' Acres Average -
County o of" of Acres of
: Farms Apricots| Apricots
: ) ‘ per Farm
Contra Costa 55 1,546 28.1
"Fresno ' 25 2,065 - 82,6
Merced T 34 1,676 | 49.3
"Riverside : 7 392 56.0
San Benito 123 2,354 '} 0 171.7
San Bernardino . 9 218 24,2
San Joaquin - 54 4,465 - 82.7
Santa Clara 113 . 1,992 17.6
~8olano ' .91 1,913 - 21.0 |
Stanislaus 180 8,450 . 46.9
Yolo o © 22 1,453 66.0
other 114 1 1,310 11.5 -
Total. - 827 27,834 33.7

Source: - U. 8. Bureau_of Census 1974 Cehsus‘of Agriculture Vol. 1
' Part 5 California Table 11 page III-19

Notes.

S California Department of Employment.- California Annuai'Farm Labor
Report "Trends in Mechanization and Farmlng Methods" p. 12 1959;
P. 8 1967 : S .

2. This is 13 925 machine harvested tons of 141,255 tons production
. . as reported by California EDD in 1978 Pre-ueason Farm Labor
% :  Reports DE-3416 ~ : :
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Experiment Station Bulletin 851 June 1971 :

‘Ronald He Tyler "Mechanical Harvesting Costs for Apricots" unpaged
(Hollister 1968) University of California Cooperative Extension.

Sylvia"Guelfat-Reich "Maturation and ripening of 'Canino' apricot as
affected by combined sprays of succinic acid 2,2~ dimethylhydrazide '
(SADH) and .2,4,5 tri-chlorophonoxyproprionic acid (2,4,5-TP).

Journal-of the American Society of Horticultural Science 1975 p. 517

L. Van Heek "Mechanical harvesting'of peaches in California"

Fruit World and Market Grower May 1975 p. 19

M. O'Brien, R. B. Fridley, L. L. Claypool "Food-losses.ih harvest and
handling systems for fruits and vegetables" Transactions of the

American Society of Agricultural Engineers 1978 p. 386

Clayton L HaWS'"’Coming of age' is cannery view of mechanical harvestiﬁg"_
Western Fruit Grower January.1970 p. 16 ' - .

1bid.

E.vCherries

- There are two. species of cherry‘grown in the United States. Tart

chexrries (Prunus Ceraéus)'are grown principally in Miéhigén(énd-the3Great

Lakes States. There is some additional acreage in the Pacific Northwest.

sweet cherries (Prhnus Avium)‘are grown principélly in ‘Oregon, Washington,

California and Michigan.

Tart cherries are generallylfrozen or canned. Only a very small-

poftion of the cfop is sent to the fresh market. Sweet cherries, on the -

other hand,'are used primarily as a fresh market fruit. A large portion

of the crop is brined. Some of the érop is canned (seé~Tab1é 5~17);
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Table 5-

17

U. S. Utilization of Cherries¥
Average Annual Prcductlon (Tons3

- 1950-54 | 1955-59 | 1960-64 |1965-69 - |1970-74
Sweet Cherries - , ' o ,

" Fresh 36,346 | 31,682 | 34,513 | 38,887 61,602
Canned . 16,163 | 16.168 |. 14,462 | 14,097 15,324
Frozen 542 488 437 431 ~0-

‘Brined 1,07 36,774 | 42,062 | 50,243 53,821
Total ‘84,122 | 85,112 | 91,474 lio3,e59  l130,747

Tart Cherries .
 Fresh 7,675 | 6,228 5,498 b hh3 3,910

 Canned 70,627 | 62,041 | 64,335 | 49,387 41,665
Frozen 47,35 | 55,779 | 78,535 | 70,360 | 76,775
Brined 032 | 1,147 ‘| 1,060 .. 45 | -0-

Total | 126,590 | 125,195 |149,428 124,535 |122,350

*does not include on-farm use

Source: - U. S. D. A. Agricultural Statistics 1972 1976

More than 98% of the Callfornla cherry orchards are sweet varieties.
About 2/3 of the Callfornla cherry crop is shlpped fresh to command high
prlces as the first dec1duous fruit of the year in the U. S fresh market.

About 30% of the’ crop is brlned

A small part of the crop (3%) is canned,

Table 5-1

princ: pally in fruit cocktall (see Table 5= 18)

18

Utlllzatlon of California Sweet Cherries#

Average Annual Production (Tons)

1950-54 | 1955-59 | 1960-64 [1965-69 | 1970-74

Fresh 13,300 11,560 10,920 15,280 | 19,420
Frozen 60 -0~ -0~ -0- R o
Brined 8,420 9,520 9,640 8,400 8,628

. Canned 6,020 | 6,120 3,760 2,740 1,032
Total 27,800 | 27,200 | 24,320 26,420 29,080

%excludes home use or unsold fruit
Source: California Crop and Livestock Reporting Service

" Calif. Fruit and Nut Crops:

Acreage Production Utilization

and Value
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Most of the U, S§. tart cherry crop is shake-catch harvested
Mechanization occured flrst in Mlchlgan where aJOlnt research ahd development
effort had been initiated by Michlgan State University and the U. S. D. A.>
in 1956. vThese researchers developed harvest, handling, and process1ng
equlpmentl(z). Byll97l, approximately 907 of Michigan's tart cherry crop u
was machine harvested 3).

Several factors~11m1t shake-catch harvest of sweet.cherries;A Machine
harvested cherries are brulsed and stemless, and cannot be sent to.the
fresh marhet. Brlning cherries must be harvested before full maturlty,
when they are still llght enough in color to be bleached.' Immature frult'
is tlghtly attached, and dlfflcult to shake from the tree (4) The large

size of older sweet cherry trees also makes them dlfficult to machine

harvest.'

New production practices and handllng:methods'haVe'enahled'mechanizatiou‘
of part of the-sweet cherry crop for brlnlng. In Michigan?‘where most sweet
cherries are brined, an estlmated 604 of the sweet cherry crop was machine.
harvested ih 1571'(6). An estimated 5% of the California cherry crop was

machine harvested‘ih.l978‘(7).

. Change in Production Practices -

Cherry trees are restructured for mechanical harvest in much the

same way as other fruit trees. ‘The number of scaffold branches is reduced

'd 3 or 4, 1ow hanging branches are removed,_ahd branches are prunedfto
permlt easy attachment of the shaker clamp (8.
Pre-harvest sprays of ethephon ‘are being used to 1nsure uniform maturity :

and easy abscission of cherry fruits to be mechanlcally harvested. When
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%;
ethephon‘is sprayeﬁ before maChine-harQest, yields of both sweet and sour
cherry trees are increased (9). Ethephon cannot be used undef_Californi;
growing cpnditionsiﬁecause the ripening égent is phytotoxic to cherries.
It causes gumming of the QCaffold limbs as wéll as on.the current seasénﬁs

growth (10).

Changes in Handiing and Processing

Tart cherries are handied in pallet tanks of Qater. 'Fiéld side
hydrocooling maihtains.fruit”quality (115. Stems are removed from-85-98%_
of the fruit dﬁring shake—catch hérvest.(li). The rest of thé stemslare_
remerd at thg.prpcessing ?lant, where ofbiting belts cérry the fruit pas§
blades which_femové the s;ems. 'Tﬁe cher;ies.aré scanned by électféniéi_
sorters which -cull deféctiﬁé'ffﬁit'(13);l

The Qualify of meéhanically harvestéd sweet cherries for brining can.

be maintained at a high level if the fruit is brined immediately after

‘harvest'(14)<15). - Even with immediate brining, the étémless machine harvest-

ed fruit cannot be used to make the cocktail pack of maraschino cherries.

The péck, which is an important part of Ofegon production, requires fruits

with<stems_s£ill attached  (16). qut bfined fruit is packed stemless in.

California.

CostvSavingS‘

Fresh market cherries cannot be successfully harvested By machine.

Sweet cherries for brining are harvested by machine in both the Pacific ..

Northwest and in the Great Lakes States. Machine harvest of the California

brining crop is limited. The cost savings of mechanization are not
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realxzed because of the high- 1evelsvof yiela loss.
or 1oosening agent re

Muc
Royal Ann variety.
harveet,'and cannot b

remainde

cherry growers w1sh to sell thelr crop t

‘Brining is an occasional o]

The trees

r of the Callfornla brinlng crop is Bing cherries.”

fresh market is oversupplied.

There is no ripening

commended for use in California.

h of the Callfornla brinlng cherry crop is in old orchards of the

are too. 1arge for successful shake-catch

e restructured to adapt to-the machine (17);» The .

Most’Bing

o] the more. 1ucrative fresh market.

utlet for undersize fruxt, and for when the :

Factors Affecting the Adoption'Rate.

Average annual productlon of Callfornia cherries increased 20% in

the period,1970-

fresh market productlon

T4 from the perlod 1960-64.

Whl

w1de1y, average productlon has not changed appreczably

portion of the ¢rop is canned

Average Siz

ﬁxpaﬁaion has been great in the
1e use of cherrles for brlnlhg has.fiuc;uated

A sharply declinlng
(see Table 5-18).

Table 5-19 .
e of Calif. Cherry Orchards (acres)

County Number | Total Acres of Average Acres of
o of Farms Cherries per Farm Orchard per Farm
Sweet Cherry Farmsj = '~ :
Contra Costa | 19 304 ' 16.0
- Fresno 7 151 . 21.6
San Benito . 10 335 - o 33.5
San Joaquin 349 9,634 ' 27.6
Santa Clara - 79 1,189 - 15.0.
Solano 16 136 - 8.5
. Stanislaus 24 368 - 15.3
othex 110 . 646 5.9
Total 614 12,763 . 20.8
Sour Cherry Farms 42 245 5.8

; ; ‘ d - i . St 1

Source:

U. S. Bureau of Census, 19
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Current'teChnology cannot successfully_machine-harvest cherries for
ffesh market. Harvest mechanization'of the processing crop can be adopted
only on young eweet cberfy‘orchards. 1f a cherrj ripeoing and loosening
agent werevregistered for use in California, ﬁechanization of the hafvest
of new orchards would be cost effectlve

At the correntv*ime, several factors limit ney plantings'of California -
sweet cherry orchards for the processing market Cherry producers can
double thelr returns by sale to the fresh market._ There is strong competitlon
from already mechanlzed production areas, and productions of Callfornla
cherrles for proce551ng has been decllnlng. New orchards w111 be planted
however, as Royal Ann orchards are pulled from production. Another factor
_that may‘have limited adoption to date is the sma11 scale of most Callfornia.
cherrf farms (see Table 5-19)..

Notes.
1., 12,763 acres out of 13 008 acres, -or 98,1% are sweet cherries accord—

ing to U. S. Bureau of Census 1974 Census of Agriculture Vol. 1,
Part 5 California Table 11, p. III 15-16

2. Jordan H. Levin, H, D. Bruhn Everett D. Markwardt p. 678
~ ¥YMechanical Harvesting and Handling of Cherries' in Frulf and
_Vegetable Harvest Mechanization: Technological Implications
by B. F. Carglll G. E. Rossmiller, Eds., (Michigan State Univ. 1969)

3. B. R. Tennes, J. H. Levin, B. F. Cargl” ”Testb on pallet tanks for
the cherry industry" Transactions of the American Socxety of
Agricultural Engineers 1975 P 623

4, Levin et al, op eit.,,p. 679 -

5.. Ibid;, p. 672 |

6. Tennes, et al. op cit..

7. Werren Micke, University of California Pomology Extension

1978 CIRS Interview
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8. R. Paul Larsen "Cultural Practices for Cherry Mechaniz ition" in
Fruit and Vegetable Harvest Mechanization: Technologic Implications
Cargill and Rossmiller, eds., op cit. pp. 687-697

9. "A better cherry harvest courtesty of ethephon'"  Western Fruit Grower
May 1978 pP- W-6 : :

10. W. C. Micke, W. R, Schraeder, J. T. Yeager, E. J. Roncoroni

" "Chemical loosening of sweet cherries as a harvest aid" California-
Agriculture  August 1975 p. 3

]

11. Michael O'Brien "Deciduous Treée Fruits-- Cherries' Introductlon" in’
Cargill and Rossmlller, eds,, op cit. p 675-76

12. Levin et al., op cit. p. 677

13. O'Brien, op cit. p. 675

14, Lev1n et al., op cit. p 680

15, Robert T. Whittenberger, Robert L. LaBelle "Effects of Mechanizatlon and
,Handllng on Cherry Quality in Carglll and Rossmiller, eds., op cit. -
pP. 708 .

16. Levin, et al. op cit. p. 680
Larsen, op cit. p. 692

17. Micke, 1978 CIRS Interview, op cit.

F. Oiives
dlives must be processed before they can be eafén. Mosﬁ California
olivés, approxiﬁately 80% of'the crop, are.canned (1)(See TabieAS-ZO).
bli&eé for canning are picked at a pale green colOr,'and ﬁurn.black during”
processing (2). An average of 14% of'the crbp'isucﬁopped ,ﬁinéed, made into
Spanish style green.r1pe olives, brined, or otherwise cured (3) Olives for

oii account for 6% of the crop. The‘growér return on olive oil is less than

- half of the return on canning-grade fruit. These olives are harvested

late in the season, when fhe fruit has turned black on the tree. This

harvest is‘principally a way to_salvage small fruit.
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i California growers have harvested oil olives with shake-catch frames
- " and shake with roll-out canvas for at least 10 years (4)., An estimated

10-15% of the California olive crop was mecﬁanically harvested in 1978,

‘Mechanization of the[canning_cfop began 4 years ago, and is limited to
g!‘ 8,000 acres of new olive orchards planted on the west side of the San

Joaquin Valley (5).

Olive'branches afeethin and willow—like, and do not transmit the
i . energy of the shaker to the fruit w1th much efficiency. Te shake olives
from a tree requlres more shaklng force than is required for declduoes
fruits. The small mass of the fruit their strong attaehmenf to the tree,
and the thin and willow-like branches Of_the tree allHCOgtribute to the
difficulty in shaking olives for hatvest (6). |
| 'Shake}catehvfremes designed for the prune harvest have been tried‘on
olives, but they cannot shake theetree.hafd_eﬁough to remove'allbef the
fruit. " Specially designed long-stroke, high-impact shakers are being used
to knock the olives from the tree.‘ The fruit is fhen caught in avcanvaé
catchlng frame and conveyed to a &' x 4’ field bln. | | |
Orcnard Macnlnery Co,.is the pr 1uc1pal manufaeeurer of fheishake?catch

olive harvester.» Thelr'"shockuwave shaker" can be. adjusted so the machine

can be used to. harvest other fruit as well

: Chenge in Production Practices

A mature olive tree must be restructured for mechanical harvest.
Restructuring is necessary so that the.shaker can be easily attached to
the limbs of the tree, and to provide clearance for a catching frame to

fit undeér the trece. The tree is pruned so that the shdkcrevibration will be
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Table 5-2
U. 8. Olive Production

and Imports

‘ Average for Five Year Period

1960-64 1965-69 1970-74

O9Total U, S. Production (tons) 53,720 56,020 51,320

*Crushed for oil (tons) 7,000 4,074 3,420

Canned (tons) 36,940 41,606 39,960

4+0ther (tons) -. 9,780 10,340 7,940
Imports to the United States. : .

Edible olive il (1,000 1bs.) 52,301 55,666 58,195

Olives in brine (1,000 gallons) 14,381 14,834 | 16,312

Dried (1,000 lbs.) ‘ 1,005 | - 1,096 1,401 .

in yield..

°u. 8. Productlon is in California. only _
‘A*About 40 gallons of oil are obtained from 1 ton of Ca11f ollves
_+Includes Spanish, Greek and Sicilian styles, and chopped minced
brined, and other cures..

Source:” u. S. D. A. 1976 Agricultural Statistics

trénsmitfed to tﬁe fruit.

.Restructuring takés 3-to 4 years and causes a small,.temporary reduction
The tree.is.pruned so thaﬁlthere aré four‘ortfive primary |
scaffold branches. - These pright branchés are selected soAthat the treeb
is vase shaped. Low hanging branches aré fe@ovedAso that the shaker clamp
has access to the‘primary scaffolds. - ‘Long dowﬁward hanging secéndary brancﬁes

are removed because they do not transmit'the'shaking force. Since fruit on

these branches are not harvested, the secondaries which do not transmit the

" ghaker force cah’be*tdenﬁifiéd’afterfharveét; and be tagged for removal (7)

{(8). The 1oss of the fruiting wood .of the willowy secondafy branches- can
be offset by allowing the tree to grow taller. The goal of tree restructuring

is to have the fruit borne on short twig like growthvafound the tops of the

-primary scaffolds. This festructuriﬁg makes the tree more difficult to hand

o= 135 -



harvest.,

Young trees are pruned for mechanical harvest with the same goal of an

upright vase shaped tree. The_pruning migt be done gradually, as substantial

_pruning will retard growth and delay development of the young tree (9),

Hartman estimates that'approximately half of the state's OILVE growers

are beginnlng to restructure their orchards for machine harvest (10)
Mechanizatlon studies by University of California scienfists have -

focused on the: development of a chemical spray that would loosen the olives,'

enabling them to be easily shaken from the tree. A number of ethylene

generating compounds were tested which succeeded in loosening frult but

they caused . leaves to drop as well (11). The average leaf remains. on

anvollve-tree for three_years. The production of flowers (and ultimately

of fruit) is reduced if more than 25% of the leaves are removed. Researchers

in Israel dlscovered that by ralsing the .pH of the formulation of one

ethylene generating compound, ethephon, that fruit abscission could be

obtained without excessivelleaf drop (12). No loosen1ng agent has ;e*

_be_registered»ﬁor use in California.

Changes in Handling

~Olives are picked from the tree using ladders; 'Harvest workers rick
into strapped-on plcklng buckets, which they empty into 35 to 40 1b. capacity
field boxes.v The picker is. pald on the basis of the number of field boxes
pleed. A few ‘growers use 1,200 1b. capacity bulk bins (13).

Machine plcked olives are conveyed into bulk blns Handling machlne

harvested olives in tanks of acetic acid or brine did not improve quallty

in one test (14). New studles are underway to asses the use of sulphur
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~dioxide and ascorbic acid to prevent fruit darkening.

4 ‘ ; : g ] : . [ | S 3 : i J i ¥ i g : 1 4 b
o o - ? : R - R e e e P
| o ol B : , ‘ g

Cost SaVings V

-Olive orchards require‘no fhinning,?and'iittle pruning. 'Harvesting
accounts for 50 to 70% of the totai cost'of'olive prdduétion; and ﬁsually
amounts to 35 to 45% of the grower's gross return (15), Harvest méchaniia-l

tion can eliminate most of this labor cost,. and has the potential to

substantially reduce total production costs.

The value of the yieldiloss caused by the machine is neafly as large as
the cost'saviﬁgs. Yieldvloss-isﬁeépecially high,in orchardszwhichuAre_not.-gf
sufficiently modified for machine harvest, and in orchards of small fruited

varieties. Even with optimistic assumptions about yield, the machine

' must harvest at least 75 acres before it can pay for itself ;(16),

Yield Loss
Yield is lost because fewer olives are shaken from the tree than can

be harvested by hand workers, and because the harvester can damage the tree.

" Even with a well-trained orchard and a shaker designed for harvesting olives,‘

20% of the fruit can be left on the treesA(17). In>one study, the mechanical -

harvestef shook an average of 85% of the fruit from the trees, épmﬁéfed to
95% ﬁicked by hand'harvesters (18)a; Ano;hef study showéd'machiﬁe recévéiy
to aQerage almost 80%. The yield loss is_néi asvseriqus°for'tﬁe IArgef
olive varieties such as Sevillano. »Thellarger masé of.the,frgit allows.itA
to be more'gasily shaken from the tree, |

Yieldildss is much more significang for small fruite& varigties such as

Manzanillo .and Mission.  These varieties are predomihant-in.California (see
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Table 5-21). Manzanillo olives have been.heavily planted since 1965.

Ascalano olives are a large and more éasily shaken variety, while Barouni
is of an intermediate size.. ' : :
o Table 5-21°
California Olive Acreage, By Variety
Acres Standing in 1977

Variety Acres Planted Acres Planted Total Acres
1965 or Earlier Since 1965 Standing
Manzanillo 11,640 | 13,568 - 25,208
Mission 4 4,995 : S 54 - 5,049
Sevillano : - 8,046 - 2,511 10,557
Ascolano. 904 367 1,271 -
Barouni 3¢ - 38 432
Other varieties |’ _ 110 ‘ 153 . 2537
All Varieties 26,089 16,681 42,770

Source: California Crop and Livestock Reporting Serﬁicé
California Fruit and Nut Acreage 1977 p. 15

 lf an abscission cOmpouﬁdAis'registered for_éommercial'use by govern-~
ment regplatory agencies, gfowers'could'use it to shake a,mucﬁ greater |
proportioﬁ,bf fruit from the tree, which’would resulé iﬁ a substéhtial
iﬁcreése in the cost savings of mephaniziﬁg.the harvesf;

_ Yiéidlis also depressed éo a ceftaiﬁ‘extént by'machine daﬁage to thé’f
frees, ,Mecha;ical shaking_can break limbs and shakef clamp ipjuries canA
£ entry fér the bacteria:which causes olive knof;.:Thése'
proﬁiemS.céﬁ 5e ﬁinimized by proper harvester Qperation,,tree restructuring,

"and chemical sprays.

‘Loss of Quality

Olives are damaged in shake-catch hafvest, The fruit impacts against
foliage, brahches, and catching surfaces. Some'of the fruit suffers skin

breaks or bruises. The most prevalent injurty is less severe, cohsisting of
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snperficial scars which areqreadily apparent on green ripe olives. When

. processed black ripe, however, the scarring is completely obliterated (20)..

Despite studies which show that there is little difference between

black-ripe olives which have been hand picked and those that have been

shake-catch harvested, processors are still ‘reluctant to accept machine

harvested fruit,

Factors Affecting the Adoption Rate

For a period of 25 years the total bearlng acreage of California olives

remained falrly constant

between 27,000 and 29,000 acres. There were some

shifts in productlon areas, with Riverside, Sacramento and Butte Counties

suffering declining acreage, ‘and Glenn, Tehama and Tulare Counties enjoyingA

increasing acreage.

Table 5- 22
Average Number of Acres in Olives on Calif. Olive Farms, By County 1974
County Acres of Number | Average Number of Acres
: ~ Olives of Farms of Olives per Farm
Butte 2,834 . 72 39.4.
Fresno 1,627 b4 37.0 -
Glenn 1,641 70 23.4 J
Kern - 5,941 8 " 742.6
Kings. 1,358 4 339.5
‘Madera’ 1,492 ‘12 . 124.3
- Tehama 3,689 174 © 21,2
Tulare 13,100 ‘476 27.5
Other Counties 1,693 - 63, 36,2
All Counties 33,375 923 - 26.9

Source: U. S. Bureau of Census 1974 Census of Agrlculture Vol. 1,
' Part 5, California page 11I-20 Table 11

A sudden jump in olive prlces in the late 1960's spurred the. planting

of more than 11 OOO acres of new olives between 1968 and 1971, As it takes
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|

now coming into production.
Most California olive farms are very small scale. Statewide,.the
“average farm had 36.2'acrés of olivés. The new'plantings, however, g?e
R e
on a muéh larger scale, as eﬁiden¢ed-by-average sizes of 742 and‘339 acres
in Kérn énd Kings Qountieé.(respectivel?)(see Table 5-225.- In these two
counties virtually all of the orchards have beén_planted in the last 10
yea?S; By'1§80, newly planted orchards will account for an egtiméted'l/B
of_Califérnié olive-productioﬁ. It_is:in thesg new iatge scale orchards
“that the harvestiﬁachine is being used.r
| " The market for the expanding CaIifdrﬁia production'isiiimftéd by’the:'
increasing iméortation of-olives aﬁdvolive products from overseas. TwelQe :
othgr‘qounﬁrieé produce moré olives ahd 0il than the U.vS. California - |
produces the entire ﬁ.”S.‘crop; which was 0.6% of the 1971-73 world
p;Oductidn (21)._ All bﬁt a fraction of the brined olives and oil bli?es
consumed in the U.-S;~are.impoffed (éee Table 5-20). ' .
With.;his foreign co@peﬁition'and increasing domestic'production looms
the possiﬁilitytof cverproductioﬁ and low priées. Low prices will hasten
adoption for they will 1dwer the value of the yiéld 10SS, and.ﬁake it diffi--
cult for hénd-ﬁarvest pgoducers to’perééveté.. $he only coﬁpenéafipg qqmpetil_
tivé advantége of the hénd-harvest producefs is’their abi1ity to ﬁarﬁest
gfeen«ripe olives when machine harvested préducers cannof.' M
Tﬁe'most significant factors affectihg‘thérdegréebpf ébst.savings is
use Qf the machine on a sufficientiy'iarge scale, and the pfoblems of yield
.1pss. Both-the small scale of most producers, and the erratic yieldé

of olive orchards make it difficult to consistently harvest enough fruit for .

the full 6apécityvof the machine to be used.

4
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5, thson T. Hartmann, Pomolo

7. -~ R. B, Fridley, J, J. Mehlschau, H. T, Hartmann,

9. Fridley,'op cit,

11, H. 7. Hértmann, W. Reed, J, E, Whisler,

4. Fridley, op cit.

Registration of an economically feasible abgcission agent for olives

will éolye much of the yieid loss prbblqm, and give machine-harvest

producers a sharp competitive advantage.

Notes,

1. 1975-77 average according to California
Service California Fruit and Nut Statist

2. R, B, Fridley, H. T. Hartmann, J. J, |
© - "Olive harvest mechanization in Califo

Experiment Station Bulletin 855 (November 1971)
3. - Ibid.

4. R. B. Fridley, p. A, Adrian "Mechanization a

Olive Production" in Fruit and Vegetable Har

" Technological Implications B, F. Cargill, ¢
(Michigan State University 1969).

nd Cultural Practicés iﬁ

' : 8y Dept., University of California at-.
Davis 1978 CIRg Interview : »

- R, B op cit.
P. 4

. Fridley, et al. "Olive harvest mechanization in Calif, "

S. H. Logan
"Mechanical Harvesting of Olives" Iransactions of the American
"~ Society of Agricultural Engineers 1973 p. 58 .

8. . "Olives:-can they be machine hafvested?"
"~ November 6, 1976 p. 8 .

California Farmer -

"Mechanical Harvesting‘of'OIiVes"’
10.. Hartmann, 1978 CIRS_InterView, op ‘cit,

K. W. Opipz "Mechanical

“harvesting of olives" ‘Lalifornia Agriculture June 1975

12. Hartmann, 1978 CIRS Interview, op cit,
13. Fridiey, op.cit; "0live Harvest Mechanization in California"
"Mechanical Harvesﬁing of Olives" p, 60

15. Fridley, op cit. "Olive Harvest Mechanization in California" P. 3
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16. Fridley, op eit. "Mechanical Harvesting or Olivee”

17. Fridley, oe cit. UQlive Harvest Mechanization in California" p., 24
18. Fridley, op cit. ”Meehanieal'ﬂarvesting of Olives" P 61

19. Hartmann, op cit, - hMpohani-al Harvesting of 0lives"

20. Fridley, op cir. "Olive Harvest Mechéhiiarion in California: p. 9
21. :H. T; Hartmann, K, W. Opitz p. 4

"Olive Production in California" Celifernia University Division of
Agricultural Sciences Leaflet 2474 (Revised April 1977)

G. AEEIes'." »

" Only a small portion of the U. S. apple.crop.ie shake-catch hervested.
Mechanically harvested fruit show too many bruises for the fresh market?'and*
can only be used for.precessing. Machine use,hes been reported in:New York,
Michiganstenneylvenia, Virgihia, West Virginia, Mérylénd; and’Calif ‘(i)(Z),

| A low proflle harvester is the most widely adopted type of machine.
The two unit shake-catch harvester has three tiers of foam deceleratloh
strips. The fruit falls through the decelerators onto four transverse . .
conveyOre, which_qarry the apples to a’leng side conveyor. They are then
cohveyed into a pallet bih 3). The hasic harvester design was deﬁeloped
at Cornell'Univereity, and hahhfactured eommercialiy in_New:York stete 4).

This type of machine is no longer manufactured in New York (5). However,'

‘a U. s. D, A researcher has recently tested a 51m11ar 1ow profile transfer

conveyor harvester in Washlngton state (6)
. Modified cherry harvesters are harVesting apples in Michigan (7). A

California-manufacturer has introduced a roll-out air cushion harvester (8).

About 2% of ‘the. New York state crop was machine harvested in 1968 (9) By

1978, only 1% of the crop was shake-catch harvested (10) .
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Some California apples for crushing’(juice, wine, and vinegar) are

being machine harvested. Machine harvested fruit accounted for an estimated

- 1% of the 1978 crop (11).

There has been extensive research and development of apple harvest
machinery. Engineers have developed harvesters that dislodge the fruit v
with air blasts (A2)(13)(14), machlnes W1th multi-level catching frames (15),

and v1brating tines (16), over-the row harvesters an, and a machine that

~ surrounds the tree and fi1ls its canopy with plastic spheres to cushlcn the -

fall of fruit (18)(19). Despite these ingenious innovations,japple harresr'
machines either cause too much damage to the.fruit, or they'are'toofeXPenaive-

to be cost saving.

'Change in Production Practices

Mach of the'fruit which is damaged in shake~catch harvest is injured
in its fall through the tree hefore‘it‘reaches the caféhing frame, Even with

a perfect catching frame, the characteristic structure of the apple tree is

. ill-suited for mechanization.

'iMost of the fruiring branches are above other branches.: ﬁheﬁ'shaken,
fruit_ia'bruiaed'as it‘iﬁpacts on lower branchea. Restructurlng a tree‘by
removing lower branches reduces somehof this damage,'and'gives uaderAtree
clearance for the.harvest'machine (20); Damage from‘fruitlhirtihg hajor
branches can be reduced by padding major limbe with plasric foam; but this
is economicall& iﬁpractical (21). |

Apple trees trained with the central leader system have a splndle bush,

, or Christmas tree like habit. Fruit is borne in the same vertical plane.

, When the tree is shake harvested, this vertical stacking results in fruit on
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fruit impact on the catching frame, and serious bruise loss, Trees can

be pruned away from a central leader system and towards an open center

~ habit. This lowers the average height ofﬁruitingwcod,-and'distribﬁtes_

‘the fruit more horizontally,

The c0ﬁv¢rsion of McIntosh trees in New York,state'gaused'no loss in
yield, butvtﬁére was still substantial brﬁise damage when restructured trees
wére shake-catch harvested (22)(23).

‘Tree~restructuring and limb padding are-only»partially successful in
reducing bruising in the:machine hafvest of apples'becapse much of the
damage is caused by branches'ghat'sufréund the ripéﬁing fruit (24).

Smaller trees can be machine harvested with less-b:uise damage to

fruit (25). New apple trees are Being plantéd at closer spacihg on

dwarf.;ootétocks. The short, high?densifyfo;dhards have é number of
economic #dvantages. VThe,trgeé béa? earlier than standard'trees; The
orchéras are higher yieldingvaﬁd mbre‘uniformly maturing tﬁan standa;d‘
ones, and the frﬁit'is easier to'héf?eét by handvas well as by machiné.
Short tree'staguré allows hand-harvest workers to work without ladders.
Because_wprkers"féet remain on the ground, pféductiVity has increased by
50% (26)(27). I

| Growth reguiators ﬁaQe been tesﬁed‘to reéul#éevapple ripening. Ethepﬁon
‘is used to promote.fruit‘achission, reducing the ghaking fqrce needed to
‘mechanically Harvest apﬁlés. _SADH has,been uéed to'incrgase the.firmness

of fruit, making fhem more resistant to bruising>(28)(29)(30)(31).

Changes in Handling and Product

Mechaniéally harvested apples must be used soon after harvest. 1In New )
York, they are used to make sauce and slicer apples at cannery and‘freezer.
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| Off-grade fruit is crushed for juice (32). In California, machine harvested

“fruit is.crushed.

At peak harvest much of the processing crop is put into cold storage
to be processed later in the geason. Experiments with post- harvest dipping
of apples in Benomyl indlcate that the fungicide might successfully allow a

2 to 4 month storage of machine harvested frult (33)(34)

jCoSt'Savings

~Michigan State University researchers analysed the effects of- machine

induced 1mpacts and product .price on the potential cost savings of apple

~ harvest mechanization (35). They found that 1ow prices and high ylelds would

make mechanization more economic under conditions prevailing in Michlgan.
Modified cherry harvesters and moderately priced catchlng frames are
more feasible than the more expensive low-profile machine, which is practice'
al only in'large scale , high yield orchards; With a skilled operator»
and an orchard modified for mechanical harvest the harvest machine can_
operate at a rate fast enough.to be economic.

- Harvestiloss was found to be "a highly‘significant factor:injthe-
feasibility of’the apple harvesting»system." vAssuming that the
harvester is moderately pricedb($20,000) and that there is a highermthan
average pervacre'yield (400 bu./acre), there must be}less than a 10% machine
vield loss for.mechanicalvharvest to offerva'cost saving. Even in extremely
high yielding orchards, machine yield loss can be no more than 26% if‘r
mechanlzation is to be cost saving (36).

l .
Shake-catch tests of McIntosh apples by scientists at Cornell Unlversity

indicate that while special pruning and dwarf stature reduce'mechanical
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bruising of the fruit, damage can be reduced under typical conditions to
a level of 25% (37). Tests with a low-profile harvester in Washingtonv
showed 14% cullage for Red'Delicions (38)

Excess cullage has been the pr1ncipa1 reason for the cut back in -
shake-catch harvest of proc ssing app‘es in New Xorke The. prlce received
by apple growers is based in part on the amount oﬁ damage in the load.

Processors have been reluctant to take any machine harvested apples (39)

Factors Affecting the Rate of Adoption
| Apples are grown- in 34 states in " the U .S Washington, New York

Mlchigan, and Pennsylvania are 1eaders in fresh market production, while
Washington, New York, Michlgan, and'Californla are the top proce351ng states.>
:California.is the fonrth_largest‘apple producing. state in the'U,7S. Although

there have been significant yearly variations in total California appie
| production, the annual average of production has not changed very much over
_the last 20 years (see Table 5-23). With stable production, there is

little opportunlty for producers to expand their scale of operatlon.

‘Table 5- 2.)
‘Production and Utllizaticn of Calif. Apples, Average Annual Production*(tons)‘
_ Utilization ’ 1855-59 1960-64 1965-69 8 1970-74,
Fresh Market 61,780 | 66,590 | 71,580 | 61,000
Canned. | 50,580 61,960 61,510 | 69,160
‘Crushed - - | 28,970 - | 40,950 | ‘47,390 74,280
Frozen ' 27,910 . 28,310 © 25,700 +
Dried (On Fresh Basxs) 49,856 42,190 46,320 - 31,560 |
Total -~ 219,096 | 242,000 | 252,500 | 236,000

*does not include on farm use +in this period included With canned
Source: Calif. Crop and Livestock Reporting Service
Calif. Fruit and Nut Statistics
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There are, however, two trends which favor harvest mechan1zation.
An increasing portion of the California crop is being crushed. Quality
requirements of loads to be crushed are not as stringent as they are for
canning and freezing. 43. 5% of the 1976 California apple crop was crushed

" The other trend is the planting of dwarf and semi- dwarf orchards,

'which accounted for 19.7% of California apple acreage in 1974 (40).

Even though they are not yet harvested by machine, orchards planted on’
dwarf and semi—dwarf rootstocks decrease harvest labor requirments for they o
are easier to harvest by hand.
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H. Processing Tomatoes
The harvest of California processing tomatoes hag been meehanizedvsincef
1969. " The machine cuts theventire tomato vine, then shakes thebspecially

bred fruit frem‘the vine'snd-onto ¢onveyor belts, where dirt, vine35 and

green or overmature fruit are sorted out. The desirable fruit is conveyed

to a bin for hauling to the eannery.

A second generatioh of tomato-harvest maehine teehnolegy is‘how being
adepted reduc1ng the demand for harvest labor even further High‘eapeeity
harvesters with photoelectric sorting systems are eliminating the need for

sorter workers, while tank.handling has_reduced handling labor.

The electronic devices automatically discard_green fruit and dirt clods
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from the conveyor belt, displacing up to 75% of the hand sorting workers.

Ten to twelve channels of infrared lamps and photoelectric cells evaluate’

fruit as it passes over a drop in the conveyor belt. When a green fruit

is detected by the electric eye in a channel the electronic message is

relayed by a solid state circuit to trip a pneumatic plunger, and the

fruit is rejected. Though each channel hasvits own 1ndependent ~sensory’

and reJect mechanism, all of the channels use the same electronic circuitr
The multlplexing electronics permit ellmination of redundant circuits;,and
are an'imnortant feature, for they keep down the cost of a sorter.  Hand
‘.sorting workere are still needed to remove vines, and overripe,.sunburned
or moldy fruit. | *
The first cohmercial:uee'of.this type of sorterbwes in l9?5,hﬁhen 12
electronic sorting equipped harvesters were put into operation‘(l); By

the next year, and estimated 240 of Callfornia s tomato harvest machines

T R EER O Oy

were equipped_for electronic sorting (2). By 1977, some,SOO machines

‘equipped for electronic sorting were in operation (3).

—

‘The Widespread adoption of sorters was fac11itated by the development

of rugged, easily adgusted solid state electronics, and the new high-cap301ty
harvestersel With broader:hclt and faster operating epeed, tneee macnines
make it possible to use expensive electronic equipﬁent on e'large enough
,volune that fixed costs are reduced, and the sorters are cost saying. The
nen model harvesters also have more ﬁigorons eheking mechanisms. Even

without electronic sorting, these machines can increase sorter worker

productivity

01d model harvesters are quickly made obsolete by new technology. . The

first models of'the_hérvester had a lifespan of 3 years (4). A 1977 survey
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found 60% of the harvesters in operation were less than 5 years old (5.

'Tﬁis rapid obsolescence is translated into a correspondingly rapid rate of

adoption of electronic sorting and high capacity harvesters in the tomato'_

industry.

Change in Production Practices

4 1 ~, 1 : 9 ; v - : 3 = - 4 IR i
i “ . : : ]

A whole new production‘system was developed to grow tomatoes for

nmchanical harvest. This technology has been des1gned to produce h1gh

3yie1ds of uniform maturing, damage resistant fruit and cut down on sorting

labor. Herbicides and prec1sion 1ist1ng and plantlng have made it possible
for growers to-provide'a nearly uniform environment for all tomato vines in

the field. Early and uniform fruit maturity can'be eided by spray applica~

“tion of ethephon (2—chloroethanephosphonic acid)(6) Tomatoes ripened

early by ethephon contain’ lower 1eve1s of soluble solids than unsprayed

tomatoes (7). The spray breaks down into ethylene, a gas produced at low

: rates by tomatoes that encourages fruit ripening

The most crit1ca1 change in productlon practlces was the development

of a durable, smalllvine variety that set all of its fruit simultanebusly

i ;(determinate habit)."The first successful mechanically harvestable

variety was VF;145, the result of a.20 year'breeding program at the ﬁniverSity

- of California at Davis (8).. VF—lAS was not, however;_durable enough for

machine harvest. About 25% of the fruit was delivered to the cannery with
impact cracks (9).
New varieties of tomatoes have been developed with fruit which are pear

sﬁaped, elongated, or blocky. Studies showed these shapes more resistant to
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impact damage (10)(11), The blocky shaped (or'sduareéround) tomato has

proven the most regsistant to the damage caused by bulk—handling; The

"square~round varieties have also proven difficult to shake. from the vine.

This has een one of the reagong that new model harvesters have been
equipped.with a more vigorous shaking mechanism; ‘Square-round varieties
now account for 40-50% of California canning ‘tomato produetion. .The first .
square-round varlety was UC 134, introduced in 1970 (12).

In 1977, the University of’ California introduced UC 82 a varlety that

-

is'square-round firm fleshed and has a better vine canopy to protect the
~£ruit from sunburn (13). The ability of the vine to."store" ripe fruit means
that more fruit can reach maturity before the ripest fruit burn in the sun;
vThis means there are both fewer green as well.es.fewer overripe fruit'to

be sorted out at harvest time, displacing a certain amount of labor needed

~on the»harvest machine. About 15% of the 1978 crop was planted to UC~82 (14).'”

» Changes - in Handling, Processing, and Product

With the advent of'the harvest machine, tomatoes could no 1onger be.
handled in 50 1b. lugs. Instead the 900 1b. capacity paliet bin was used -
to handle the fruit. The empty bins are set on a trailer whlch is pulled by '
a tractor down the TowW with the harvester.- When full the hins are Loadeo by

forklift onto an over-the~road truck.

The pallet bin has been supplanted by the 12-ton ‘capacity tank mounted

.on a standard over~the-road tandem axle trailer. A’ 1arger tractor is needed

to haul the‘tanks through the field, but this bulk handling ellminates the
, need for fork 1ift operators on farm, inspection Station; and cannery (15).

Adoptlon of bulk handling has proceeded rapidly (see Table 5- 24)
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Table 5-24 A .
Adoption of Tank Handling of Calif. Processing Tomatoes

Year | % of Production [Source
Handled in Tanks . .
1969 | 1% | an
1972 209 o las
1013 | o | a9
1977 | More than_6OZ'A | 20

The'tomatoes are flushed out of the tanks with chlorinated water (16)

"The problem w1th tank handling is that ‘the tomatoes are dumped: directly into'

water flushed receiving systems, and_must be processed 1mmed1ate1y (21),

‘Bins, on the other-hand, may be unloaded and stored at the cannery; giving

the canner'the capacity to accept a snrge in tomato deliveries.

Several new Californla canneries are’ "part1a1 proce351ng canning
tbmatoes.- The tomatoes are graded chopped, and boxled to a paste, then'
handled 1n large cans, 55 gallon drums, or refrigerated tank cars (22). The
concentrated product is then shipped to eastern processors_wherea1t 1s_canned

or added'to'otherdfood.prodncts (24) .

Cost Savings

Mechanical harvesters can pick the Californla canning tomato crop at

substantially less cost than can hand pickers (25). The second generation of .

technology is, in turn, cost savings as compared with the original harvester,

variety, and handling system.- The value of the labor savings, and the cost

savings for the new technologies were estimated by Mel Zobel in 1977 (see

‘Table 5- 25).

Tank handling requires 1arge high horsepower tractors, equipment which
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Table 5-25
Processing Tomato Harvest Costs

Harvest System Harvest Labor Cost | Total Harvest Cost
' 1 ~ (§ per ton) K ($ per ton)

Electronic sorting-- ‘ ’
Bulk tank handling 3.39 1 . 10.02

Manual sorting-- : o - ‘
Bulk tank handling 5.92 ] : 10.74

Manual sorting-- . ' T
Pallet bin handling 7.0 B 12.22

Source: (26)

is economical only on large acreages. The new gmeration of tomato harvesters

require larger and larger scales to realize potential economies (see Table

5-26). o
‘ A Table 5-26 L 7
Average Output of California Tomato Harvest Machines in Acres and Tons

19611 1965 | 1969 | 1977
Tons/Hour : 3.7 6.8 ] 11.6 | 22.1
Tons/Season - | 1000 2537 3276 | 5052
Acres/bay . | 2.2 3.1| 3.9 6.2
Acres/Season -~ 180.0}122.0 }133.0 |220.0

. Source: (27)
Photo-electric sorting equipment adds $40,000 - $50,000 to the cost

of a tomato harvester. Many growers are using this type of sorter in two

‘shifts, with floodlights making night harvest possible. Double shifts afe
.needed so that the high costs of thgvelectrénicAunits are borne by a large.

. enough production volume to be economical (28)(29). Cannery impoéed quotas,

necessitated in part by the lack of surge handling of tank loads, have

often prevented the full utilization of electronic equipment.
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There have been a number of problems ‘with the quality of California
machine harvested tomatoes. None of these quality factors have significant-
'iy detracted from the overall cost savings of tomato technology.

All determinate varieties are 1ou in soluble solids. The new squarefl
rouud UC—82 is especially low (30). Ethephon spray-aiso decreases soluble -
solids. ' This represents a yield 1oss to processors, for>some‘tomato
products are sold on the basis of the soluhle solids content. 4Research is
underway to breed tomato varieties with more sugars. |

- Though firmer fruited varieties are belng planted mechanical damage
to tomatoes remains a problem._ The increased speed of the high capacity
harvester causes greater mechanlcal damage (31). The cohveyor drop in the'

electronic sorter causes more damage (32). Tank handlihg causes'greater
damage to tomatoes than bin handling (33). 3,— 8% of the total ioad hy
weight is lost as juice 34).  Soluble solids and’ pectin are 1ost as a
result (35) |

The tomato harvester plcks up dirt as well as tomatoes. Michael

0 Brien estimates that tomato loads contain on the average 0. 5% dirt (36)

‘It has been estimated that dirt and trash removal cost the California

processing tomato 1ﬁ_dustry'$75 million in 1975 (37).

' Factors Affectlng the Rate of Adoption

With mechanlzation of the harvest, proce331ng tomato production has
become concentrated in Californla? and among ‘a small number of farm

operators 1ocated in a few specialized districts (see'Chapter 111),

accompanied by a consequent increase in the scale of California tomato

ranches.
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Only 30% of Easterd and Mid~westerﬁ,acreage was machine harvested as

of 1975 (38). Frequent and prolonged summer rains in these areas make

mechanization of the harvest difficult. The harvester cannot operate in
wet fields, and there is mold damage to ripe tomatoes (39).

Decrease competition from eastern producers has not been the only

‘factor enabliﬁg.Califbrnia tomato producers to expand acreage.: Per-capité

‘consumption of processed tomato products has been rising for at least

‘the last 15 years (see Table 5-27),

, Table 5-27 N - -
U. 8. Per-Capita Consumption of Tomatoes and Tomato Products
' ' Lbs. Consumed 1959-75

Canned Tomato Products L -

Whole .| Catsup| Paste | Pulp [Tomato & . " Fresh
. Year | Tomatoes | & Chilij. and. .and |Vegetable | Total Market

' ' Sauce S8auce | Pureel Juices+ Tomatoes

1959 4.6 3.6 - 3.5 0.7 5.1 17.5 12.8
1960 §{ 4.6 3.8 3.8 - 0.7 4.7 17.6 - 12,6
1961 § 4.8 - 3.9 3.7 | 0.8 4,6 17.8 12.6
- 1962 4.6 - 4.1 3.9 0.8 4.7 18.1 12.7
1963 4.6 4.3 4.0 0.8 5.4 19.1 12.0
1964 | 4.5 4.6 3.9 0.8 1 4.5 18.3 12.2
1965 4.5 5.0 3.9 0.8 4.7 18.9 12,0
1966 4.6 - 4.8 4.2 1.0 4.4 19.0 12,4
1967 4.6 4.7 - 5.0 1.0 4,2 19.5 - 12,4
1968 4.9 9.8° 1.1 4.0 19.8 | 11.9

. 1969 4.9 10.1 1.0 4.1 20.0 11.7
1970 4.8 - 10,1 1.0 4.1 20.0 12.2
1971 4.9 9.9 1.0 3.9 19.7 11.4
-1972. 5.1 £ 10,2 1.1 3.7 20.1 11.9
1973 5.8 11.3 1.1 3.3 21.5 12.6
1974 5.0 12,0 1.2 3.6 21.8 11.8
1975%F 5.6 13.7 1.4 3.0 23.7 11.5

+ principally tomato juice *preliminary

© beginning in 1968 classified as “other concentrated products"
Source: U. 8. D. A. Agricultural Statistics 1976 Tables 264, 266
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1. Fresh Market Tomatoes

L

Ever since the sUccessful machine harvest of processing tomatoes;'tests

have been conducted to determine whether the fresh market crop could be picked

by machine. . From the first tests conducted in 1965 it was discovered that

the machine would have to be specially padded to avoid bruiSLng and scuffing
the fruit, and that a special mechanically harvestable fresh tomato variety

would be neéded (1). New varieties'such as Pakmor,~Calmart, and Castlemart=

- have been harvested by machines fitted with a washing system and padding.

Cushioning materials have been put on shaker chains, cross conveyors, and

_other p01nts where the fruit impacts with the machine. With each new test,"

englneers and horticulturalists have come closer to - developing the.

suitable tomato variety, and the 1deal desxgn of machine (2)(3)(4)(5)(6)(7).
(8)(9)(10) Harvest machines and ‘tomato varieties have also been developed,
at the Univer51ty of Florida (11)(12)(13)(14)(15)(16) A narvester has

also been built at Clemson University, South Carolina (17). dlhe first
season—long commercial use of a fresh market tomatoyharvester occured during
the 1978 season in ‘the Salinas Valley. ihough the cost savings are'uncertain;

the grower-shlpper had converted its entire production to machine harvest

_claiming success in marketing the fruit (18).

Changes in Production Practices

In most respects, production of fresh market tomatoes for mechanized
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harvest involves the same technology of uniform maturity used to produce
the processing,crop (19). The key part of the fresh market system is breed-

ing a variety suited to machine harvest. The ideal characteristics of

such a varieiy includes even saturity, a small vine, consumer appeal, and

easy detachment from the stem (20).

The stem (pedicel) of the tomato is usuaily removed when Lhc hand pick

dharvests the fruit. By contrast, When the-machine'shakes tomatoes from the:

vine the stem usually remains attached to . the fruit Stem bearing fruit'

'conveyed to a trailer puncture other tomatoes. This is a serious source of

damage. - Undercutting the vines so that they wilt before harvest allows

greater stem removal, but at rlsk of sun damage to the crop (21). The stems

.¢an be removed by sorter workers on the machines, but the machiﬁe must be

' operated at such " slow speeds that the harvest system is no longer cost=-

savihg.

The current focus of varietal development. is to lncorporate the

'"jointless" character into a_commerC1a11y acceptable variety. When

shaken by macnlne, the fruit detaches from the vine, leaving the jointless

. pedicels still attached to the vine. New varieties tested by the University

- of California'in 976 separated from the vine with QJA or more fruit still

retaining their pedicels (see Table 5-28).

““The}jointleSS"character s much more pronounced in the MH-l fruit

'released by the University of Florida in 1971. Only 10—15% of the MH- 1

fruit retain their stems (23). Quality of the Mi-1 was reported to be as

" good or better than the prevalling Florida varleties'(Walter'and Homestead)

(24)(25). The Salinas Valley tomato grower—shipper that harvested by machlne
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.Table 5-28 o

Stem Retention in Machine Harvest of Tomato Varieties

Variety . ' ' geed Company % of Fruit

' Retaining Stems

Hybrid #9 = Ferry Morse Seed Co. 82
Castle Hybrid 101 A. L. Castle Inc. ' 73
VFN 133 GoldsmithASeeds, Inc. , 59
VFN 101 vGoldsmith~Seeds, Inc. 56
Castelmart | A, L. Castle Inc, ‘ 43 .

Source: (22).

in 1978 used an MH 1 type varlety developed by the Petoseed Co., but it
was reported to have a rough shoulder, a quallty defect (26)

Velmar Dav1s estimates that a mlnimum of 10 years are needed to breed

. a new variety.- Hanna's development of the processing variety VF=- 145 took

'19 years, but con31derab1e time was 1ost 1n developlng the concept of what

'characterlstics of a tomato variety could make it suitable for machine

.hervest (27). The characterlstlcs needed for a machine harvestable fresh

" market tomato have been_ldentifled since 1968, when at 1east one breedlng

program was well underﬁay (28).

. Changes in Handllng and Pacqug

Hand harvested tomatoes are placed into buckets, which aredpoured into

"a trailer. The trailers are tipped and the tomatoes roll'ioto a

ehiorinéfed'water bath at the packing house.
The Salinas Valley grower- shipher that used'a mechanicel harvesrer'int~

‘1978 handled the fruit in 12% ton processing tomato tanks. - dThe tomatoes

were flumed from the’ tanks with cholorinated water, and: then conveyed onto.

a highly automated packing line.- ‘While the mechanlzed.packlng_llne is not
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integral to mechaniaed harvest, it is quite labor saving“on tts own,
Sizing, volume fillingg and carton lidding were all done automatlcally.
The ‘use of funglcides has been cited as an "absolute necessity' in
packing machine harvested tomatoes for fregh market (29)'> The fungic
" retards spcllage by organisms introduceu w1tn mechanical damage, . Fungicide ;

and wax sprays are already in widespread use in tomato packing sheds.

Cqst'Savinge

The value of.the»labor saved in mechaniCal harvest_is‘depehdent on
hsofter worker productivity, Unless a jointless tomato variety is being
harvested, productivityhis Very low. Jbihted or parﬁially jointed varieties
ﬁust be sorfed with a iarge number of workers destemming the tomatoes. The ‘
harvester outbut is limited, as maehine pace must be. slow enough for
desteﬁmers‘tb handle the ffuit,A Test harVeets with Castleﬁart in Merced
.County in 1976 requlred 12 sorter workers on a mach1ne that harvested 3 8
- tons per hour. This is only 3 tames as productive as hand-harvest wor ersl
. Studer and Chen found thls system more exﬁen31ve than hand- -harvest (30).

The 1978 harvest of MH-1 type tomatoes in the Sallnas Valley requlred
15 sorter workers on a machlne harvesting an estimated 10 tons per hour (31)
Wnile this would mean that the machine system is substantlally cost saving
(more than 50% of harvest costs), this estimate must be used with caution as
there was no evaluat;on made of the'fruit_when it arrived at market.

Quality is an'important ebnsideratioh'fof the fresh mafket tomato
industry. ‘MacLeod, Kader, and Morris studies the changes in quallty over
the shipplng and handllng period Thevpart of.the pack that was unmarketable

in the "vine rlpened" (actually picked pink) tomatoes increased‘from 11% af
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the shipping point_£;.17%.ét retail. There was 30%‘1088 in a sample of
fruit pickea mature greénv(32). With Eucﬂ high levels of damage, retail
receivers.are unlikely to accept machine'harvésted frgit with evenbgreater
amounts of fruit iﬁjufy.. | |

In early mechanization trials dus; énd dirt»in the machine harvested
tométo packvshorteﬁed the sﬁelf life of the fruit, Waéhing units installed
on the harvester have been:suéqeséfgl in éliminatiﬁg this source of’
damage (33). . | |

Post-héryest e#alqation:pf.mechanically pickedvﬁature green Céstle 29
tomatoes showéd_an increase in.thé 1eveis of unmarketable fruit»o;;r the
hand-picked control. The total loss was only 7.8%,;however, an amount
considered to be 1ow‘for mény mature g?eeﬁ oﬁerations (34); fruit harvested "'
at a stage more mature than green—ripe»wiil éﬁffér'more quality damage.
The machine can harves£ mature-green ffuit,.and damage can be'held to a

commercially acceptable level.

1

Factors Affecfing thé Ratebof A&option'

Ihougﬁ ber capita consumﬁtion of fresh market tomatoes in the U. S,
has declined since 1948, popplation gfowth.haé been large enough thdt tﬁe
total marketISupplies continue to increase (35). Fresh market tbmaﬁé
acreage in the U. S. has declined, in pé:t because of competition frbﬁ
tomatoes imported from Mexico.

Califofnia acreage remained fairly cdnstant betweén”l948 and 1972,
Edward Jesse‘noted shifts in the loéation'oflfreéh mafket tométq acredge

in California (see Table 5-29).
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Table 5-29 : :
‘Distribution of Fresh Market Tomato Acreage Among California Districts
- 1948-52 and 1968-72 Averages '

District c " | 1948-52 |1968-72. %
- - Change
Chula Vista-Oceanside 5,320 4,618 -14 .
Imperial Valley 4,020 2,240 -44
Oxnard - 5,810 3,154 ~46
Cutler-Orosi ' 3,380 2,860 -15
Gonzales-King City 2,140 24,190 +96
Merced D ‘ 2,740 5,262 +92
No. San Joaquin Valley 4,510 8,720 © 493
Other 2,540 636 -75
Total . e - 130,460 - 31,680 + 4

_ Source: (36)

He reported that:

_ "Increased acreagé in the’mature green districts (Northern San
"Joaquin Valley, Merced and Gonzales-King City) and the
corresponding drop in acreage in the vine-ripe districts

~ (Cutler-Orosi, Oxnard and Chula Vista-Oceanside) are consistent
with the national trend toward mature green production.
Underlying this trend is better control of ripening through

" (ethylene) gassing and the inherently lower costs associated
with mature green production and packing (37)."

Jesse noted that reduction in Imperial Valley acreage was caused by
early season competition from Mexico and Florida.

Sensory evaluation in repeated trials has documented consumer
preference for vine-ripened tomatoes over fruit harvested mature-green and
ripened off-vine. Vine-ripe fruit are sweeter, contaih more Vitamin C,

" and are perceived as more "tomato-like'" (38). Opinion surveys have .
documented consumer dissatisfaction with the price and quality of

fresh'market tomatoes now available (39).

'g0 far vine-ripe and pink tomatoes cannot be harvested by machine. The

- 164 -




harvest of mature green tomaroes is more amenable to mechanization, If '
harvest machines are adopted, they will most likely be ueed in the mature'
green distriets. The shift in acreage would be expec;ed to continue ’
.te follow rﬁe trend identified by Jesse. Tﬁe vine-ripe districts, if |
still hand harvested, woula‘Be at an even éreater competitive dieadvantage
with maturelgreen producers.
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J, Asparagus

Only a small portion of the asparaguse crop is mechanically harvested.

X
7 AieR

Mechanization is limited to the processing cfop. In California, about 1.2%

-of the total crop is harvested by machine (1). This asparagus is sent to

the dehydrator for use.in soups (2). In Michigan, Washington, and New
Jersey about 407 of the crop is picked by machine and sent to processors (3).
-InvMiéhighnj”maChine”harVésted asparagus is sent to the freezer,

The simple sled-box harvester is in widespread use in that state (4);-'it

uses band saw blades or another sharp edge set in a shallow "v' on' the

harvester. ﬁy moving rapidly through the field; the traétor drawn sled- -

box blade snaps the spearé off cleanly, and the forward motion causes

them to accumulate at the back of the sled. Some systems include fork -

'11ft handling of the full sled-box.

More refined asparagus harvésters include a mdving band saw blade to

cut the spears, a fan which separates trash from the spears as they are

.bloﬁn into a collecting pan, conveyor belts that load the aspafagusbinto’

an accompanying bin, and multi-row operation.

The horizontal blade cuts all of the spears'in’the bed. It is non-

‘selective. It cannot discriminate between short and long spears, as can

 the hand-harvest worker, Because of fhisllack of seieétivity, short

spears are not permitted to develop, and approximateiy_S&% of the yield
‘is lost (5).

Engineers have developed a selective harvester with the goal of reducing.

“this loss in yield. The harvester selects only the large spears. Despite

highly developed sensing and cutting mechanisms, the selective harvesters'
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are able to reduce yield loss to only 47%.

&

One cause of the yield reduc-

tion ig the injury to the short, unselected spears. The selective machine

‘has higher operating costs than the non-selectlve harvester rendering it

economically infeasible. .

Changes in Productionvfractiees
" Asparagus is'a'perehniai crop; anhfspring the asparagus.speers develop
from buds that are on short rhizomes of the ‘cxown. The spears must be cut
before they opeﬁ to fern. By 1ate spring, the harvest is over, and the
plant iS'allowed to.grow.> The fern is mowed.or burned in the fall, in
preparation for the next spring s harvest. | | |
gronomists and englheers have 1dent1fied several characteristics-of’

an asparagus planting which would be ideally suited to non—selectlve harvest.-

These characterlstlcs include:

1. 'Increase in plant population to give higher yields (6)
._2. v‘Delayed opening of heads‘so spears can grow taller before
3opening to fern (7)
3. Cycling of the production of spears from the crown of the-plaﬁt;7
The goal of the cyclio growth is to produce the emergence of a
Avflush of spears . of similar height which all. could be. harvested at
‘once by a non-selective cut. TWO strategies have been suggested
to ach1eve cyclic growth One is to use growth regulators to
eliminate the. effect of apical dominance of growing ‘spears (8).
The other is breeding varieties with the cyclic character.
Higher planting density was used to facilitate machlne harvest in

Delaware. Crowns were spaced 6 to 8 inches apart, doubling the plant
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populetion (9). 1In California high density stands have high initial
yields, but as the planting grows older, normal vields soon return. The
high initial yields.include many more spears, but they are smaller in
-sise (lb)(ll);v

Agriculﬁurel scientists ste concentrated most of their efforts on

breeding new asparagus varieties suited. to machine harvest. One new variety,

uc 157, has been‘ bred at the University of California, Its'deveiepment ha}
'eontribute to the adoption of harvest machines.-vThe.variety hes two
characteristicsvwhich make it adaptebie to machiee hsrvest University
plant breeders estimate that the variety will yield 40 to 100% more per

acre than current varieties (12) The variety also has a strong tendency

to inltiate elusters of 3 to 5 spears at a tiﬁe. sThis'is.the cyclic
psodsctien character (13), Pfoductiqn of _spears in ¢1usters preciddes,_~

' however, the use of selectlve harvesters. Current models ‘cannot recycle

their selectlon mechanisms rapidly enough to cut the adJacent spears (14)
The rate of adoptlon of any new asparagus variety w111 be slow because

asparagus is a berennial crop which has a productive life of 8 to 15 years,

" A new variety can be introduced only as older fields are retired from

production, or with increased markets and hence increased production of the

Crop. _ v

The rate of adoption of UC 157 1is also limited by the difficulty in
propogsting‘the hybrid seed, Asparagus is a diocecious plant (male and
female'flowers afe borne on seperate plenis). The hybrid;s parents mest be

' propogated asexually, then the cross is made. Production of the hybrid seed

have been llmited to 1,200 pounds per year, not enough seed to keep up with

orders. The University is filling only California orders until enough seed-
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is available.

The seed is being sold at high cost, $50 per pound as compared to _ ' n
$10 a pound for ordinary varletles. Growers are sewing the seed in green-
houses, and tnen transplanting young plantsﬁto the field. While more
expensive than direct seeding or planting asparagus crowns, this system

ermits the scarce seed to be used in planting a 1arger acreage. A pound
of seed can establish 2% acres of plants. At current productlon rate; no
more than 3 000 acres a year can be planted to the new variety (there are.
37 000 acres of aspragus in California). U, C plant breeders hope to
produce 3, 000 pounds ‘of seed a year by 1981, which would allow some 7, 500
acres a year to be planted (15). ' ‘

One problem of uncertain magnltude is that the new variety is not
re31stant to fusarlum wilt. Fusarium infections could reduce or ellminate
the expected yield increases. Plant breeders clalm the narlety is vigorous _

enough to outgrow the damage caused by the pathogens (16)

‘Changes in. Handling

Hand harvested asparagus is 1oaded onto tractor drawn sleds, then taken o

- to aifield shed where it is washed and trimmed. If the asparagus is for '//~'

.processing,'the spears are trimmed to a 7" length and stacked neatly into
field lugs for transport to the cannery. Asparagus for fresh marketAis cut
mﬁch‘longer,iand trimmed‘twice'to yield a 9"'spear. The spears are size
graded by hand and packed in the standard pyramld crate.

Machine harvested asparagus consists of spears of various lengths
which are loaded ungraded and jumbled together in. a palletvbln. For a cut

‘spear product, such as frozen asparagus, few changes are needed to process
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the crop (17). 1In fact, the presence of short spears increases the

percentage of tips in the product-fhereby'increasing the quality of the

pack (18).

Moet Californisa asparagus for prbcessing consists of whole spears
packed in a can; Machine harvested asparagus which is to be spear packed
must be size graded, aligned, and oriented in the same direction. A use
must also ‘be found for the short spears.v

1f machlne pleked spears are flumed or eonve§ed pasf processing workers
so that they can be reoriented by hand, the cost is 2 - 2% ¢ per. pound (19)
This is a signlflcant cost when compared to 8¢ per pound paid to hand-harvest
workers., A number of inventions have been developed to Solve the problem
of grading and'orienting machine hafvested asparegus,(ZO),. The orientere
all use a system based onbthe»fact that the center of gravify of a epeer is
closer.to the basetthan.to the tip end.

“The mechanicai devicesvthatvalign-end orient the spears can be installed
on the harvester itself, or in the processing piant {(21). The mechanicel
systemS'cen.reéorient 80 ~ 85% of the spears. Stationary systems 1ntended
for use in the processing plant have received the most attentlon.y One
Northern'California‘canner has elready installed an orienting maehine.to
align asparegus for a epear paCng This macﬁine allows the hand harvesCed
crop to be brought from shed to cannery‘in a4’ x4’ pallet.bin inSteadf
of the custonary field lug.

Desnite the development of mechanical'aSparegus orienters, a high'
proportion of the crop harvested by a non-selective machine is too short
for a spear pack. Only a small portion of California canned. asparagus is
a cut spear product. |
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Mears, Carpenter, and?Stamner have‘developed a possible use for the
short snears. They washed and graded the asparagus, and packaged it for the.
fresh market in paper trays overwrapped w1th clear plastic.‘ Though a
marketlng study indicates consumer preference for the product (22) and
an economic study shows the system might.be cost_eff1c1ent (23) the

question of machine induced damage has not been satisfactorily answered.

Cost Savings

In each sween of thegselective machine through the field it selects

~-only the tallest spearsi -The selective harvester must return every ome

or two days. The non-selective harvester cuts all of thevspears and
returns in A to 5 days to harvest.the next flush of growth.

~No matter which machine is- used most of the harvest labor is displaced
But because the selective machlne must make many more trlps through each
field it cannot hdarvest as much aereage in a- 51ngle season. "The costs of
the machine per unit of productlon are too high for the selective mach1ne

_to be practical. Kepner calculated the seasonal capacity of the harvest

- machines (see Table 5-30).

Table 5= 30
Seasonal Capacity of Asparagus Harvest Machlnes
Maohine : o - Capacity |
Selective Haivester 1 row }|. 33 acres
’ 'SeleotiveTHarvester 3 row 100-acres

Non-Seleetive Harvester ] 1 row"~105 acres

Non-Selective Harvester |3 row | 315 acres

Source: (24)

Calculated on a per acre basis, the selective harvester requires 5
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timgs the laBor, and has 3 or 4 times the.bverhead and operating cost of a
non-selective harvester (25). Tﬁé yield difference bétween-the harvest
machines is not large énough to justify the greafer costs of the selective
méchﬁne. The selective machines harvest about 53% of the-mérketable
spears, whilé non-~selective models ‘can coilect‘about 46% (26),. In well

managed fields the non-selective harvester is proving capable of Qields‘,

" nearly as high as the selective machine 27).

Whichever machine is used, the value of the yield loss in California -
fields remains so substantial that it remains more economicalqu harvest by
hand. Yield is lost in non-selective machine harvest in a number of ways.

There are fewer cuttings in a machine harvest, resulting in a doubling of -

‘the number of ‘unmarketable spears because of opening heads. There is also

some mechanical- damage to the spears during harveSt; The greatest yieid

loss occurs because the machine cuts. spears before they are ready to

: harvest (28). Although thé selective harvester does not:céuse this.sort‘

of yield loss, it does damage some of the unselected spears, and they are

lost anyway.

The University of California asparagus breeders believe that a high

‘yielding, cyclic producing variety will encourage mechanization through

compensation for the loss of yield. No planting of the new UC 157 variety

has yet been harvested by machine, so it is not known whether this variety
will.give mechanized producers a cost savings. Frénk'Tékatori_has observed

that the new variety tends to produce a cyclic flush of growth only at the

'

"beginning of the season, and that the cyclic character is not very

pronounced (29).
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Another cost consideration is the factithat the high yielding variety
.will also increase the productivity ‘of hand-harvest workers. Asparagus
piantings of ‘high yielding varieties may.still be more economically harvested
hy hand, especially if workers are naid a lower piece rate for harvesting
high yield plantings. | S |
The 1oss of qnality of machine harvested asparagus is a serions'barrier

to the mechanization of the fresh market crop.

_Factors Affectlng the Rate of Adoption

The adoption of new asparagus varieties is limited by the fact that
,hybrid seed production is a very slow process, and that, as a perennial only
a small part of asparagus production is planted ‘anew each year.
Asparagus is a declining 1ndustry 1n California, and . 1n the United
States. U. S, production of both fresh market and process1ng asparagus
is declining. In California, asparagus production for fresh market has
not changed‘sobstantially. California now produces 75A'of_the fresh market
‘crop in the ﬁ. S. (see Table 5-31).‘ |
'Production of California processing-asparagns has declined at.a faster
rate than total U. S. proauction‘ Cne cause of this declining production
‘has been the 1oss of the European'export market for white asparagus (see
Tahle 5-32). Whlte asparagus is a 1abor 1nten51ve crop. The spears are
grown on a raised bed. At harvest they are cut 8" below. the top of the bed,
just as the spear breaks through the surface. A great number of selective
. hand harvests are required to pick the spearsvat exactly the right noint,
;,hefore the‘tin begins to turn green in the light. Meaico_and Taiwan now

produce a white asparagus crop.
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i Table 5-31
U. 8. and California Asparagus Production
Annual Average Production for Five Year Periods

1956-60 1961-65 |1966-70 |1971-75

Production in 1,000 th}

_ California - ' '
i g Fresh Market 664 604 560 645
-ll | " Processing 1,202 1,274 867 663
| Total Production 1,866 (1,878 |1,427 |1,308
United States ' . o =
 Fresh Market S 1,252 |1,043 862 | 860
‘ " . _Proc"essing ' 2,355 2,551 2,166 1,732
Total Production’ 3;607 3,594 3,028  |2,592
California as % of U. s. Production : : :
Fresh Market 53.0 57.9 65.0 75.0
. Processing S 51.0 49.9 40.0. 38.3
. Total Production | s1.7 |s2.2 }ar.1 |s0.5
"% of california Production for | 35.6 32.2  |39.2 {49.3

Fresh Market

- Sources: Calif. Crop and leestock Reporting Service
' California Vegetable Crops: Acreage, Production and Value
“yU. 8. D. A, Agricultural Statistics.

Table 5-32
Exports of Canned Asparagus, Calif. & U. S,
California United States
Year Quantity - Value . Quantity "Value
(1,000 1bs.) | ($1,000) (1,000 1bs.) ($1,000)
1962 58,000 12,700 64,107 14,077
1963 ' 53,000 12,250 62,246 - 15,100
1964 51,700 12,300 61,745 15,571
1965 ..38,300 .} 9,810 | 46,443 12,482
' 1974- 75 1,368 : 514 | * 1,892
11975-76 | 375 194 %* 1,322

" Source: Calif, Crop and Livestock Reportlng Service Exports of
Agricultural Commodities Produced in Callf., 1962-62, 1963-64, 1964- 65
Fiscal Year 1975~ 76

% information not given ,
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Table 5-33 ,
Harvested Calif. Asparagus Acreage, By Counties
Annual Average for 2 Year Period

County 1955~56 1966-67 1971-72 1976-77
Contra Costa 10,020 4,305 1,640 | = 1,290
Monterey * 2,560 3,250 . 2,740
Yolo ~ 2,245 1,800 1,310 820 .
San Joaquin 57,690 32,400 27,615 18,990
Imperial 280 1,955 . 3,705 3,840
Orange 475 395 1,245 1,180
Riverside 75 . 2,630 1,935 300
Other Counties . - 5,665 5,005 . 3,650 -2, 940
Total 76,450 51, 050' 4ty 350 ‘323100

Source' Calif. Crop and leestock Reporting Service Calif.
Vegetable Crops, Acreage,Productlon and Value

% less than 50 acres

~California asparagus acreage has declinaito 1ess than half of what was

’ harvested 20 years ago. Much of this change reflects the 1oss of the whlte

asparagus market, but productlon of green canned asparagus has dropped as
well Freezer asparagus productlon has increased Production has declined

most in the Sacramento-San Joaquin Delta area, and the surroundlng counties. _

This decline-has been greatest in San Joaquln, Contra Costa, Yolo, Sacramento,

and Solano Countles (see Table 5-33).
The decrea31ng productlon makes it less 11kely that there w111 be 1arge

scale plant1ngs of the new asparagus var1ety for machine harvest However

-a Kern County farm operator is plannlng to seed 3, 000 acres of UC 157 (30)

Notes.

1. Cdlifornia Employment DevelopmentvDepartment. ' Pre-Season Farkaabor
Report DE-3416 Imperial County Asparagus, 1977 . Unpublished.

2. Brian Benson, Dept. of Vegetable Crops, Universitonf California at
' ~ Davis. 1978 CIRS Interview :
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3. Ann Amioka '"UCD desvelops asparagus hybrid"
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Democrat June 2, 1978 p. 7
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American Vegetable Grower June.l974
p. 11 .

5. R. A. Kepner 'Sellective versus non-selective mechanical harvesting of
green asparagus" iTransactions of the ASAE 1971 p. 405 :

6. "Asparagus most ptbfltable when harvested- by hangd"
Shipper February 1970 p. 32

Western Grower and
7. Kepﬁer,'op cit.

8. "Streamling asparagus production" 6p cit., p. 12

- 9. Amos Kirby "Harvesters for 1200 acres'

: ‘American Vegetable Grower
February 1970 P. 24 ' . :

10. Benson, 1978 CIRS lntefview,.op cit.

11. Frank Takatori, Dept. of Plant 801ences,

: University of California at
: Rlver31de, 1978 CIRS Interv1ew ‘ ' :

.12. Amioka, op cit.

13. B. Benson, F. Takatori "Meet UC 157"
May. 1978 p. 8 :

American Vegetable Grower-

14, Amioké; bp cit.
15. 1Ibid.

16. Benson "Meet-UC 157" op cit., p. 9

17, Dav1d R. Mears, Lih Yen Shiao, Mark E, Singly "Simulation of a

fresh market asparagus packing line" Transactions of the ASAE
1977 .p. 189

18. ”Streamliniﬁg asparagus production" op cit.

-19,:.6ajendra Singh;: Milo J. Moore, David R. Mears ”Mechanlcal orlentatlon

of asparagus spears and related physical properties' Transactions of
the ASAE 1971 p. 985 '

20. "Streamllnlng asparagus'production".op cit.

21, 8ingh, op cit,
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22. David R. Mears, Harold E. Carpenter, Richard W,»Stammef "Serting and
sacking machine-harvested asparagus for the fresh market"
Transactions of the ASAE 1974 p. 876

23. Mears "Simulation of a fresh market asparagus packing,line" OP cit.

24,  Kepner 'Selective versus non-selective mechanical harvestlng of

green asparagus“ op cit.

'

25. '"Asparagus most profitable whep harvested by hand" op cit.

" 26. Kepner, op cit.

27. Mears "Sorting and packing machlne-harvested asparagus for the
fresh market'" op cit. :

28. Kepner, op cit., p. 407
29. Takatori, 1978 CIRS Interview, op cit,

30. Benson, 1978 CIRS Interview, op cit.

A whole range of technological innovatlons ‘have been used in attempting
to reduce the labor required to harvest and pack celery.' Conveyor belt
harvest aids, mechanical cutters? &arious packlng systems, mechaaieal
trimming; and.autdmatic'ﬁeight=sizingvmachines have been adopted for
commerc1a1 use in the U S. = Most of these innevations have been tried and
subsequently abandoned for the harvest of fresh- market celery in Callfornla,
where more than half of_the U. S. crop is p;oducea,v

Celery is mechanieally cut in Florida‘and'Michigaﬁ; the secoad an&
third raﬁking states in celeryhpfbdﬁction. ‘The basic harvesteflisla:tfactor,
mounted ﬁachine which cuts_the ee}eryvat et below ground level, and g?asps
the head with opposingAelevator belts which 1ift it to a‘horizoetal belt.so;
that it may be cqnveyed into a trailer for hauling to the packing shed.

More advanced models. are self propelled, and.may be capable of harvestiﬁg
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several rows at once.
' The small part of the California celery crop.which is used for
processing is entirely cut by machine (1). The fresh market cfep, however,

is entirely hand cut. Most of it is packed in the field.

Changes'in Produetion Practices

: The cultural end'phyéical Characﬁeristics of eelery makeﬂit ideally
suited for mechanical harvesﬁ.b Tke crop grows to a unifqrﬁ height, and it'
is hand harvested‘ln a single cetting. Thls is possible Becaese thefe is'a
market for a variety‘ef sizes bfmcetery'heads. Other attributes which give
celery the potential for machine harvest include the fact that stalks are cut .
at ground level, making it easy to position the cuttlng mechanism, and that _'
the buter_?etioles (or stalks)iwhich”éaﬁ be damaged by a mechanized. system
are‘stripped ffoh the ﬁead_before it is packed for market‘(é). vThere
are evideﬁtly_no special ﬁroduction practices reqﬁired'toegrow a crop for

mechanical harvest.

Changes in Cutting-Packing System

The celery harvest 1nvolves sevefal operatione._ The celery islfirst
topped by a tractor mounted blade which mows the entlre field to 16" - 18"
“high (3). rThe crop is cut, the outer petloles trlmmed off, and'the heads_are
packed into a shipping crafe; Paeking_may be done in the field; or in a
Apacking shed. | |

Harvest aids have long been used to save the labof’needed to load the

m Em Em m

celery that.has been hand cut, Most harveStbaids<include long, wéiétfhigh

conveyors which run perpendicular to the row. The harvest workers cut and
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trim the heads,‘and set them'on the conveyor,_which carries them to a
bulk bin,

AIn an attempt to minimize the handling of celery even further, a "f"
shaped arrangement of 3 conveyors_vas attached to a mobile packing house
called a "mule train" (4) The mule train”was used both in California and

Florida and employed a crew of up to 45 workers (5) Though the handllng

- .0f cut celery was mechanized on the mule train, it remalned a labor 1ntensive

operation requirlng workers to cut and strip the heads. One of the earliest
mechanical celery cutters was a 10-row machine built by Boots'and‘Son Co.
(Belle Grade, Florlda) for use with the mule train mobile packlng house (6)
The mule train is no 1onger used in Callfornia, and is being abandoned in
Florida as well (7). The blg machine is prone_to breah down, and worher.time:
is lost as thé machineuturnSVfrom one row»to the next (8). ‘

-Mechanical celery cutters are used with shed packing»in Florida and

. Michigan. Slngle row, tractor mounted harvesters are manufactured by Roy M,

Lane and Sons (Belle Grade, Florlda) and Lakewood Mfg., Inc. (Holland,
Mich1gan)(9)(10). These machlnes bulk load the crop forvdelivery to a
statlonary packing shed where it is trimmed washed,.and packed for
shipment (11). | | .

Mechanical cutting and loading'have also heenhused by Callfornia
producers. A self-propelled, two-row harvester was developed by Poly-Ag Co.
(Hayward California) A 51ngle-row, self-propelled model bullt by the'.
High- ~Gear Harvesting Co. (Guadalupe, Callfornla) has harvested celery for

shed packlng in several California dlStflCtS, but it is no 1onger used to

" harvest the fresh market crop (12).
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Qne crucial advantage of the mechanized producers in Florida and
Mlchigan.is that they are harvesting on organic muck soil, which does not
adhere to the celery. California croducers harvest on mineral soil, which
sticks to the celery.harvested by machiner Although‘the dirt can be
washed from the load, itbecomes edstlyvto remore the dirt from the_packing'
shed, | |

Additonal petioles are stripped.from machine harvested celery, reducing
yield and 1ncreasing the amount ofwastecelery which must be handled
Although the machine ellmlnates most of the cuttlng 1abor this is but a
portion of the harvest work When machlne harvested celery is sent to the
shed, it arrives unoriented and tangled in a bulk_loads_sc additional_shed
labor is required. These extra coets,'and the’inaccuracy of the-
harvest cutter component when the fields are wet hahe'prevented mechanization
of'the Californie'celery harvest.,

| At the close of the Bracero era, the Californla celery 1ndustry switched
from fleld packlng to packing in a shed In the past five years; the trend
has been reversede, Now most of the state'é'celery'ie oﬁce_agéih packed in
the field;'A |

Hahd cutters work ehead of a three-wheeled mobile.packing élatform
called a "hump." Three cutters work with each pletform,'cutting, trlmming,
ahd‘strihping celery heeds. Three packing workers segregate the heads
piled in front'of'them by slze, andvpack them into crates or cartons ih
3Ito 5 different:siZe packs. .They puéh the wheelbarrow4like huﬁp ahead'as
they work dowr the row. A 11dd1ng worker closes the’ pack which is then

loaded on a truck for dellvery to the cooler (13)(14)(15)
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Some of the heads are too small for the smallest pack. These are often
put in field boxes for trimming and bagging as celery hearts. 'Most California
celery is now field packed Estimates of the part of the crop that was

field packed in 1978 varied from 75% in Ventura County, where two or three

packing sheds operate, to more than 90% in the Salinas Valley, where only

celery’hants are packed in the shed (16)(17)(18)
Some 5% to IOA of the celery crop is machine cut for processing. The

High- Gear Harvesting Co. mechanically harvests v1rtually all of Californla s

'processing crop on contract The machines are set to cut the celery above :

the ground, causing the head to fall apart Theheartis dropped in the fleld

The heart is a defect with respect to the dehydrator because it turns grey

when dried Hearts cannot be fed through the sllc1ng ‘machines, and S0 they
cannot be used for soup, "juicing, or freezing either (19). N

Mechanical harvest1ng of proce531ng celery has a hlstory of some 10

years, occuring "handf;nuglove" with the growth of the dehydrated celery

‘industry. The product -is used for soup mixes and other processed food items.

Cost Savings

" Of the various harvest systems, each of which has been commerc1ally tested
in California, the system of hand cuttlng and field packing has proven to

have the lowest cost. .Addltonal labor costs 1ncurred in handling and'

- packing machine harvest celery, the necess1ty of an expensive packlng shed

and the loss of y1e1d caused by machine damage ‘to celery petioles, are a11
facbors wh1ch reduce the potentlal cost sav1ngs of the mechanized system.,
Changlng quality appears to have 1itt1e or no effect on the degree of cost

savlngs. With only a'portion of the labor costs being saved (the cutting work),
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the mechanized system is not cost saving in Califormnia.

™1

There is a net cost saving, nowevex, in Florida and

o
=
r-l
¢l
joiag
r—l

oo
[+3]
]

v

T
g
aiad
=
[¢]
’-h

o
ja¥}
P.J

]

ly because the extra costs of handling‘and washing machine harvested celery

are not as great as they are in California.

Factors Affecting the Rate of Adopfion »

| The celery industry has undergone‘rapid chapges in harvest technology
over the pest 20 years.  It has shown a bredispositionitewards rapid |
'adopeion ef labor saving and cost reducing ﬁechnology. | |

Celery production_has become concentrated in Florida and California,

which together produce more than 85% of the U 8. crop (see Table 5- 34)

: Table 5- 34
Commerical Production of Celery, Acreage by States as a % of U. S. Production '
"State 19341943 1953-1954 195971963 1969»1970 1973—1974.
Avg. Avg. Avg. Avg. “Avg.

California =~ ‘34,1 43,0 - 46.7 51.3 54.7 .
Florida 18.2 28.1 33.7 35.7 30.7
Michigan 16.1 9.0 6.8 5.9 7.1
New York 11.6 6.3 5.9 3.4 3.1
Washington 1.3 1.3 0.9 0.9 0.7

14%11 Othér States §  18.7 12.3 6.0 2.8 3.7

Source: U 8. D. A. Agrlcultural Statlstics

Within California, celexy productlon is being coheehtrated.in Yeniura
and:Monterey Counties (see Table 5-355;_5P:eduction in these two counties
is dominated by eeveral large growernshipper fifms such as Bud Antle, Inc.;
and Sun Har?est inc., whieh maintain_yeer-round operations in both prodﬁction
areas, harveseing the'Saiiﬁas Velley cropefrom July to’DeCember, and ﬁarvest-
ing the crop on'fhe Oxnard plain from January to June,

Such large operations may inevitably adopt'mechine hervesting in
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] Table 5- 35 . T ;

Callfornia Celery, Annual Average Acreage Harvested By County

_County . g 1955-1956 1966-1967 1971a1972 1976-1977
Orange : : 1,875 1,470 . 1,165 1,265
San Diego . ‘ 1,785 1 1,210 525 | " 545
Ventura . 1,280 L 4,275 © 6,655 1 8,999
Monterey : 3,320 5,330 | 5,685 6,350
San Luis Obispo 1,370 - 1,570 1,535 1,235.
Santa Barbara 1,300 | 1,050 1,330 1,420
Los Angeles o 1,825 * * - %*
San Joaquin = 1,700 S * 0l %
Santa Clara : 1,535 4 * * %
Other’Counties, , 760 ‘ 745 255 - 295
California total 16,750 15,650 17,150 | 20,100 -

Source: Calif, Crop and Livestock Reporting Service .California
Vegetable Crops' Acreage, Production, and Value '

* productidn iﬁcluded in other counties

.conJunction w1th ‘highly mechanized packing sheds, such as are now being

used lanlorla. Machlne.cut celery is unloaded by dumping in a water bath
Mechadized.trimming-and automatic welght sizing of heads e11m1nates much of’
the trimming, stripping, and grading labor.

1. Bob Raymond ngh -Gear Harvestlng Co., Guadalupe, Callfornla
1978 CIRS Interview

2. W. W. Deen Jr., R, K. Showalter '"Celery and Sweet Corn Harvest Mechan—
ization dnd Post-Harvest,Handling in Fruit and Vegetable Harvest
Mechanization: Technological Implications B. F, Cargill, G. E Rossmlller
Eds. (Michigan State University 1969) pp. 369 377

3. William L. Sims, James E. Welsh, Vincent E. Rubatsky p. 14
"Celery Production in California' California University
Division of Agricultural Sciences U. C. Leaflet 2673
(Revised September 1977) '

4. Deen and Showalter op cit., p.'369d<
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5. Charles Johnson "The Callfqrnia Hump: a brand new way to harvest
' celery" Florida Grower and Rancher March 1976 p. 14

6. Deen and Showalter, op cit., P. 371

7. "Rig machines disappear from celery harvest'" Western Grower.and Sﬁipper
October 1973, p. 23 :

8. Johnson, op cit.

9, Deen and Showalter, op cit.,.p. 371

10. "Celery Harvester Cuts Labor Costs" American Vegetable Grower
' June 1974 p. 25 S

11. "Celeiy’is their specialty" American Vegetable Grower October 1974

12. Raymond, 1978 CIRS Interview, op. ‘cit.
"13. Sims et al. op c1t. PP. 13~14

t14.' "Blg machines disappear from celery harvest"‘ 6p cit.
15. Johnson, op cit.

16. Bob Brenler, University of California Cooperative Extension, Oxnard
1978 CIRS Interview . ' . ‘

17, J. W, Hﬁffman, University of California Cooperative Extensior.
1978 CIRS Interview ‘ ' : .

18. John Inmaﬁ; University of California Cooperative Extension, Salinas
1978 OIRS quor\ﬁpw ’ ‘ ’ '

19. Raymond, 1978 CIRS Interv1ew, op cit.

1. Cucumbers.

Cﬁcumbers for procéséing are mechanically harvested in Michigani - In -
1974, approximatelyZS,OOO acreé or 90% of the state's plckle acreage was
picked by various models of once-over harvesters. Only 9,500 acres were
mechanically harvested that year in the rest of the United States (1).

Machine harvest fechnology was developed at Michigan State University, where
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research began in 1957 (2).

Once-over harvest machines cut the entire cucumber vine from the

Cow e

ground then seperate the fruit from the vine with rubber pinch rollers.

Self-propelled and tractor mounted machines have been built by at least
l! six ﬁanufacturers. " The tractor mounted Wilde pickle harvester is the .

most popular (3)(4)

Researchers at North Carolina State University have developed a
I! . mltiple pick harvester, one that is not v1ne-destructive. The harvester

runs its long tapered "fingers" under the vines, then snaps the»cucumbers'b

off as the vine is drawn over a curved bar (5). The multi-pick machine

has been commercially manufactured (6).

Once-over harvest machlnes have been used in California. An estimated_
20% of the Callfornla plckle crop was mechanlcally harvested in 1967 a.
No new harvest machines have been,sold since that time, and adoption

remains at 20% of the crop (8).

Change in.Production Practices
A new production technology of uniform fruit development has' been

created to make once-over harvest economically feasible. Precision planting

/ 1 4 4] =
s m s = =

provides a uniform environment’for all of the:vines in a single field. High

density plautings of special varieties provide for a more uniform fruit set,

e

Hybrid cucumber varieties have been developed with dwarf and gynecfous
(all female flowered) characters (9). Since fruit eevelop from female:
flowers, gynecious plants produce a large number of fruits‘per‘plant Seed
suppl1ers blend in 10- 15/ monoecious (male and female flower) polllnatorvt

variety with gynecious seed (10). Bee hives must be set in the field
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during flowering to iﬁsure concentrated and complete pollination, f%ollination
must be eomﬁ te within four to seven days for -fruits to be uniform enouéh
for once-over harvest (11). » ' o

The dwarf character is one of shortened internedes. Flower bearing
axils are closer together on dﬁarf1Varieties, increasing the number of
fruif produced in a given area of soil.

Dense pian ﬁopulatione“are integral to the once-over.pfoduegion system;
Growers plent and thin fo.atiain a stand ef 60,000>to 80,000 or more plants
per acre (12)(13). | | |

Growth regulaters have been tested with the goai of concentrating fruite
production. Ethephon; SADH, and maleic hydrazide iﬁhiet'growth and induce .
production of female flowers (14). ‘Chlorflurenol sprays can inereese‘the‘

number of fruit per plant (15).

Changeé iﬁ Handling and Product

California processing.cucumbers heﬁe been handled inbpailet bins,
‘This is now ehanging.- Bothvhand ena machine harvested cﬁcumbere are now
‘being handled in bulk tanks mounted on étandard>09er the roed trailers;'
such as those now in widespread.use in the process1ng tomato 1ndustry (16)
' The once-ovef harvester recovefs relatively few of the smaller sized
fruit. Mechanlzation has encouraged eroductlon of 1arge size Kosher d111
pickles at the expense of small gherkin plckles° Researchers at Mlchlgan»
‘State are developlng é "small plckle" productlon technology " By planting
gynecious varletles that set fruit without pollination (parthenocarpy) and

spraylng w1th Curblset researchers have reduced the frult lnhlbltlon effect

whereby early fruit 1nh1b1t the set of additlonal frult The resultant
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concentration of fruit set raises yields for once-over harvest, and may

make production of "small pickles" for mechanical harvest economically

feasible (17)(18) (19).

Cost Savingg

A number of factors 1imit the cost savings of multiple pick harvest .

resulting in decreased

machines. The repeated harvest damages the vines,

ylelds with each subsequent picking.. It also llmits the acreage capac1ty

of the machine, increasing the fixed costs per unic of productlon. The

cucumber vines must be planted at a wide row spacing to acccmodate the

harvester, decrea31ng per acre yeilds (20) The most persistent problem,

however, iS‘theCTOWn'frUIt, those cucumbers borne on axils within 12 - lS cm,

of the base of the plant. These fruit must'be hand picked, so that they

will not inhibit set of addltional fruit on the vine (21)(22).

The high yield loss and hlgh costs make multi- plck machlne more

expensive than hand harvest. A variety that does not set crown fruit might

be harvested by a multi-pick machine at a cost sav1ngs as compared w1th

hand-harvest (23).

Cucumbers are harvested long before the fruit is botanically mature.

They are picked while the fruit are still small, immature, andurapidly

growing. At harvest time, cucumbers can increase their weight bv'ho% in

24 hours. Processors buy plckllng cucumbers on a prlce schedule that

varles w1th fruit size, ‘with small frult belng the most valuable. Hand
harvested fields are picked several ti

while still small. Oversize fruit cannot be made "into pickles. 1f left on

the vine, they will prevent the set of any additional fruit,
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Early studies showed that the value of yield loss is tue most important
factor in whether a cost savings‘could be reaiized in once-ovef harveétb::
mechanization. Yield is reduced in avnumBer of ways. Once-over harvesé
resulfs iu yield loss because some fruits are never allowed to develop
while others become oversize. The harvest date is a compromise between the
optimal harvestidate for early'and late deueloping fruit., Yield is also lost
_because the harvest machine recovers fewer smaller fruit than can hand
pickers, while including more.oversize cucumbers, decreasing the yalue of tue

load. ‘Machinevhafveeted'loads contain.more fruit with'stems_as‘well as more
broken and smashed'cucumbers (25); |

With mechanization, the yield per acre for Micuigan urccessing cucumbers
declihed.' Average ylelds were 5.8 tons pec acre in the five year perlod
preceeding mechanization_(l960-64). Mechanlzation,begen in 19657 By 1972
more then 90% ovaichigan ecreage wes'machine héruested.- Average yield for
'the period 1970-74 was only 4 O tons per acres (26) In more recent years,

improvements in production practices have increased yields (27)

yield losses in once-over harvest mechanization are relatively greater
fcr California producers. Hand Harvested cucumber plantings yield 15-20
’tous éer acre, while machlne harvested flelds y1e1d only & 5 tons per’
acre (28). The:high 1eVe;s of yield loss indicate thet.orce=ov v harveet

mechanization technology is not yet cost saving in California.

AFactors Affectlng the Rate of AdoEtion

" Hand- harvest producers have been able to compete with mechanized
producers of processing cucumbers, Mechanlzatlon of the cucumber harvest in

Michigan has not yet reversed the long term decline in that state's share of
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e Table 5-36
Michigan Processing Cucumber Production as a % of U. S. Production

_ Michigan % of U.S. 5 Year Avg.
5 Year Period Tonnage - Acreage
1955 - 1959 51.7 = 27.4
1960 - 1964 33.8 . 23.1
1965 - 1969 - 19.6 , 15.8
1970 - 1974 17.4 19.6

Source: U, 8. D. A. Agricultural Statistics

U. S. pickle tonnage (éee Table 5-36).

Hand harvest hés_femained.comﬁétitivg becéuse of'high'yieldé and
because small pickles caﬁnot Befmachiﬁé harVésEed" Imports from Southern
Europe, Northern Africa, and Central and South America account for an
estimated 46% of U. S.'small pickle'consumption (29). Increasing'imports
may harﬁ the cémpetitiﬁe pbsition of tﬁe héﬁd-hafvest seqtdt.‘

Néw_cucumber vérieties'with.more cdnceﬁtrated fruit set énd/of the
dévelopmeht ofléﬁcumber gfowth’regulators will inc¢rease the coét Savingé
of once-over harvest and result in moreiwidesprgad adoption of hérvestj
. machines, |
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M. Onions
In order to bring the harvest to market onions must be undercut

allowed to stand in the f1e1d for 5 to 10 days so that the tops may dry

before they are cut. Hand harvest workers use shears to cut the tops and

_roots from the bulb, which is plaeed in a basket. The basket is emptled

1nto a burlap sack, which is tied shut and allowed to cure in the fleld

for another 5 to 10 days (1.

In'M;chlgan, Colorado and Idaho, machines underdig, top, pick~up, and

trim the crop. The onions are bulk cured and stored before being sent to.

market. The mechanlzatlon process began when . growers loaded thelr mechanlcal-

1y t0pped crop with potato diggers (2)(3) Specxally des1gned harvesters i

are now used They can load the crop w1th less damage, and incorporate a-
pinch roll or rotary blade to trim the tops missed by the mower.

Long day onion varieties are planted in- these reglons. These varieties,

whlch are adapted to plantlng areas north of 36° latltude in the U. S., are

seeded in early spring for late summer or fall harvest. The tops are dry

when the onions are harvested. When properly cured, the crop may be stored
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for sale thxoughout the winter and into gpring.

Callfornia and Texas raise onions for the early fresh market. These
onions are medium and short-day varieties (grown in Californiakand Texas
respectively). Planted for sprihg and summer hervest,ltﬁese varieties
ere.not as adaptable to mechanicai harvest as the 1ong~day'types} Growers
try to harvest their crop early,.fof.the premium early season market.v |
Many'ohibds are cdﬁsequently harvested when the toés are still green,
making ‘them difflcult to top mechanlcally | The green tops are bulky aﬁd
succulent, and clog the mower with a mud made of onion Juice and dirt,

The short and'mediUm-day_onionsdare also mere susceptible to machine
damage than are the lonéfday varieties (4).
ﬁore than half of the'California onion crop is sent to the dehfdrator
to be made into onien fiakes and powder; Virtually all'ef this part of the
crop is harvested by processor-owned machines. Thevonioﬁs are undercut
several days before they are topped w1eh a flail er rotary‘moﬁer., They'ere

;then w1ndrowed for a curing period. The windrow is picked up by a grading

machine, which has approximately 10 sorting wdrkers who pick out dirt clods

- and "seeder" oﬂions (onlons which have bolted to seed and are hence not
'vsuitable for dehydration). The. crop is then trucked in bulk to the
dehydratibn'pleﬁt. vThe mowers used on the dEhjdLae‘? crop are too rough for
uée‘on_ffesh market onions. " They do.an’insufficient job of trimming the
tops; which can be especiall§ green as the grower friee_to get the croﬁ to
an early market (5)(6)(7)
Grading machines have been used in the harvest of a portion of

California's fresh market onion crop at least since 1951.(8),- The onions
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are maghine undercut and hand topped, then placed in windrows for curing.

*The windrows are picked up by the machine, which conveys the onions past

sorting workers, who remove clods and culls, and on to stations where the
crop is put into burlap sacks (9).

Engineers at Texés‘A & M and the University of California have developed

_prototype‘machinés which can top, load, and trim the difficult to harvest

early fresh market crop, bﬁt none arelyet in commercial use. The new
harvest system 1nvol§es using a tractor pulied rod-weedervbaf to undercut
the onions. A tractor ﬁountedIrotarilmowerAthen topsfthé oﬁiOns. ‘Even
w1th rubber flngers and liftlng rods operatlng to lift lodged - tops; this
topping operation successfully trims only about half of the bulbs. Many tops
which fall inpo the furrow are not lifted by the mower and are missed
altogether (10) |

- A mobile or statlonary bulb trimmer is the kéy part of the system, for
it clips the tops and roots so that ;he onions are up to_market gtandards,
fhe bulb trimmer consists of a series of parallel.rods,_spaced aBout l% inches
apart. The oﬁiﬁns.afe rolled over the bed.of these rods;Abéheath which
a séries'of closely adjuéted rotary blades qliﬁ roots and topé which
project Beloﬁ tﬁe béd (115. | | |

| Tests of the'harveStbéysteﬁ on c0mmefical,élantings in thé Imperiél
Valley, Lancaster, Edison, Bakeréfield ‘Frésnd,'and Stockton show little
impact on y1e1d and quality, but the system remalnsyln the profotype sfage. 

Texas researchers noted that working conditions on the harvest machine

were "extremely poor," adding "workers had to stand on the moving machine-
and wefe expo#ed to an unpleasant envifonment caused.by.dﬁst,aﬁ&‘onion,'

juice (12)." .
. - 195 -



Changes in Production Practices and Handling

Onion harvest mechanization is racilitated by complete weed control
through herbicide application and precision bed formation (13). Tops are
more ea511y mowed if they are on weed free, precision formed beds; |

The high output of harvest machines requires Bulk handling and bulk
curing. Bulk_methods are in widespread use in the noftherﬁ districts
which produce long-day varieties. The onions are 1oeded'intc.a truck,
then transported to a curingished, where air is forced through the bulBs
to bring them to an even moistcre content for storage thfough the wincer;

In spring onion areas such as Callfornia, the speciflcs of bulk curing
have not been- commerc;ally developed° Successful experiments have.been
conducted with forced air curing of onicns in buriap bags set oh pallets,.
and of onions in slatted date and petaco bins, and in solid wood bins
with.sletted boctoms (14). Curing%occurs within several days whether the

onions are left outdoors or put in a shed with forced air ciculation.

Cost Savings

or accounts for some 60% of the cost of producing fresh

"
i
g
e
j

market onions (15);‘>Williaﬁs and Frankiin reported in 1971 that Idaho

growers paid 70¢ per hundredweight fcr hand harveSted'onions which are

handled an& stored in sacks. Mechanizaticn of the topping operation would

save 15¢ a hundredweight, whilevbulk handling and curingAwouid save
approximately 35¢ a hundredweight. fully mechanized producere in Mia—
western productlon areas had reduced harvestlng and storage costs to, as
low as 20¢ per hundredwelght (16).

Whlle mechanization has proven very cost saving in the 1ong~day
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districts which produce storagé variéties, yield apd-qualify considerations’
have so far keptithe spring production districts from mechanizing ihe fresh
market,crép. Machine harvest‘can damage the spring onions because they are.
1ow.in solids, high in water cdntenf, and hence more eésily dahéged than
long~-day varieties (17). It is also more difficult to trim the tops ana 
roots from sﬁring qnions than it is fo: long-day varieties. None of the
harvest méchines now in commeféial manufactufe are capable'df.trimh#hg
spring onions to the level demanded gy'the market. | |

Although if is not yet in commeréial production, tests on the Texaé
A&M bulbltrimmer and harvestISYStem in California have shown that the
machine can trim the topé éff of more than 90% of the crop. This equalied
or exceeded the results in several saﬁpiings of ﬁulbs trimmed with:hand
shears (18). The machine ié'not as sﬁccessful'iﬁ trimming the féots off
of the bulbs, because.the robts_offer 1esé resistance to tﬁe cutting blades.
(19), but exéeséive-roots are thought'to be of no hindrance to the marketiﬁg
6f the crop (20). | |

In the.Céliforﬁia tests a small portion of the crop was damaged by
the undercuttihg'méchanism, and by the trimmer;” Notstudies were done to see
ii ghere wés any additibnal damagg which might.nétAbe apparent unﬁil-thé

crop is marketed.

Factors Affecting the Rate of Addption

Should a commercially manufactured machine prove capable of harvesting
spfing varieties wifh little damage, harvest‘adoption should be rapid.
Burkner and Perkins project that the harvest system could be used -

optimally on 250 acres (21). The average California onion farmer planted
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83 acres.of onions in 1974 (22). 1In Imperial County, a principal production
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area, the average farmer planted 215 acres. As
production restrictions, onion plantings of individual farmers could

easily be expanded to make full use of a harvest machine,
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CHAPTER VI

THE IMPACT OF NEW HARVEST MACHINES ON FARM LABOR

From the point of view of hand-hervest workers, the most important
effect of adopting new fruit and vegetable'hsrveSt mschinery is that it
displaces labor. Mechanization eliminates hsndfharvest jobs’doring ther':
period of adoption. They are replaced with far fewer machineeharvest johs.

Machine- harvest work consists of new tasks of dlfferent sk111, strenuousness,

Aand safety. The work may be performed by a dlfferent work force in a.

dlfferent area. The maJorlty of hand-harvest workers do mnot find. work in-

the mechanized sector. R131ng unemployment, and the concomitant increased

incidence of crime, alcoholism, mental illneSS,'heart disease, and suicide

are the impacts felt by society as a whole'(l)
One measure of the impact of new harvest machlnes on farm labor is the
net dlsplacement in harvest 1abor demand.

Displacement represents the

decline in demand over a glven period, and can be expressed by a measure of

employment such as work-weeks, or number of peak harvest workers., It must
also be defined by a geographic area, a specifled period of time, as caused
by a. particular technology. Displacement is the difference between empioye'
ment at the beginning and end.of'the period:l

D= 'Ef“"‘Ei

D#_ Net_ Displaceme‘nt'

| Efé_ Final Emplowment
Ei= Initial Employment
Two projections of farm labor displacement are constructed in this

chapter. They project the displacement which is expected to fOIIOW‘adoptionv
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of the new harvest technologies discussed in Chapter V. Initial employment
is regarded as the/aﬁnual average employment for the period 1975 - 1977
(see Apoendix A).

In the first projection, conservative assuﬁptiohs are made about the'
adootioh'of these teehnologies,_and'estimates are constructed of the

resulting impact oﬁ employment in the 5 years following the base period,

that is, by 1982, This 5 year projection estimates the minimum iﬁpact of

these technologies in'the short term. In the second projection, less
restr1ctive assumptions are made about adoption in order to estimate the

maximum impact of these technologies during the 10 years following the base

perlod i. e., by 1987

A. Estimates of Current Employment‘

Farm labor demand in California is estimated by the state's ‘Employment

:Development Department (EDD) in its semi-monthly Farm Labor Report 881-A.°

Demand is reported on a county~by-county basis. If more than 100
workers are employed in a single seasonal job'in»a:given county, then the
work is listed by crop and by activityf All other emplo yﬁent is ciassified
as Yall other agriculture." Employmeﬁt*is reported.as the number of work-
weeks of 1abor performed in the week preceeding the report date.

The data in this report are derived from production data and productiv-

ity estimates. The total number of work-weeks of harvest labor demanded in

a year is derived from this information using the following relationship:

T . E= Employment in the Harvest of the Commodlty in
E= H in the Year (work-weeks)

T= Tons of Commodity Produced in the Year

P= Average Productivity of Harvest Workers
(tons/work-hour)

H= Average Mumber of Hours of Employment per Work-Week
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Production information used in preparing the report is obtained from
statistics prepared by government agencies. An informal survey of farm.
advisore and gtowers is used to estimete productivity, and the hours of
weekly_emnloyment. | |

When both machine and~hend harvest workers are employed; this employ~

ment equation becomes compounded as follows:

: . A= Portion of Crop Harvest by Machine-
g- (0 —AXT . (AT " ep e
PhHp  PmHm P= Productivity of Hand-Harvest Workers
Hand Machine ' '
£=] Harvest +] Harvest [ )y Productivity of Machine-Harvest .
Employment Employment R Workers

'I{h= Hours of Weekly Employment of Hand-
Harvest Workers .
Hm~™ Hours -of Weekly Employment of
Machine-Harvest Workers '
The total work-weeks of labor demand.ére then. allocated to the

apprcpriate time of year -according to estimates of\how much is produced in

each week of the- season. - Data from only 24 of the 52 weeks of the year are

recordedhin the published Ferm Labor Report 881-A.

Peak seasonalabor demand is the 1aréest number of work-weeks reported‘
in any‘ofrthoee'Za reporting work-weeks. -This sometimes underestimates
the actual'peak seaeon employment;if it 0ccnrs.between reporting neeke.
Peak labor demand is in effect derlved by the same formula and assumptlons
used to calculate total employment, except that " 5 " represents_peak labor
demand in work—weeks; and " T " represents the tons of commodity produced
in the peak reporting week.

‘Peak season labor demand is sometimes regarded as a count of the
maximum number of individual workers employed. vThie is an'errcnecus use

of the 881-A Report; for it does not take into account turnover among farm
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employees. - ) .

The methodoicgical flaws in the ?reﬁaratiOn of the 881-A Report are
discussedvip Appendix B. Despité tﬁese flaws, the report coﬁpared
févorably with data from Disability_Insurande reports (see Tabie 2-5, p. 13).
The decision to rely on ﬁgis report for information on currént ehplbymeﬁt
was'simplifiéd by the fact thét it is the only statiStiéal source on

current California farm'employment by crop, acti§ity, and county.

_:B.bEstimates of Labor Displaéémént
An estimate of future employmént‘caﬁ be>méde witﬁ the same éata used
by the EDD to eStimatelcuffent émployment, i.le;; toﬁs of production, wquer
productivity ih.hand and maéhine-hafﬁest, héurs-qf“weékly employment, and
portion of the cfop'which is harvested. by machine. HThe prajéctions whic
follow are én estimate of the decline in farm employment which may be
caused bj adoption of néﬁ7farm technology. The effects of other factors

on employment are not included in the estimate.

Tons of production. Since the projection seeks to estimate only the

‘ effects of new technology on employment, production is assumed to remain

constant over the pefiod of displacement. Changing levels of production

do, however, affect b#th employment, and the adoption of new farm téchﬁélogf.

‘Inksome CYops productibn will decline, and.thé‘éffect will Be't6 £educe ﬁand~

harvest employment and impede mechanization. Production decline might also

come because of the inability of California'pfbducers'to mechanize the harvest.
In other crops, production wili increase,'buE this can alsé lead to

more rapid adoption of new technology. The genéral trend has been for

California farm production to increase. In this respect, the assumption of
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no change in the level of.uroduction may mean that the displacement projec~

tions are overestimates, However, the historical analysis of Chapter IV

indicates that the change in productive»acreage has alrelatively minor -
effect on employment in labor markets undergoing mechanization (see Table
4-3, pase 73).' | |

This assumption'also negates the impact of shiftsiin production
districts which will make it difficult or imnossihle for hand-harvest
workers to find machine~harvest work. In this respect the assumption
of no change in production makes the displacement prOJections underestimates. d

WQrker Product1v1ty. "Estimates of harvest labor productivity include

all workers in the harvest crew, 1nc1ud1ng superv1sors as we11 as loadlng

~ and hauling workers. Over time, the productivity of hand-harvest workers

increases because of new production practices and 1ncreased yields. Machine-
‘harvest worker productiV1ty 1ncreases as mechanized technology is perfected,
and the output of harvest machines increases. These'increases are

dependent on new technological discovery. Without _any way to estimate

these projected productiv1ty 1ncreases, the product1v1ty of hand harvest

-and machine-harvest workers is assumed to remain unchanged over the displace-.

ment period. Thls assumption makes the projections of displacement

underestimates.
In crops which are not yet machine harvested in California, machine-

harvest worker productivity has been estimated from reports on machine use

in other states, and from reports on tests of harvest mach1nes in Californla.

Adoption of Harvest Machinery.

Two sets of assumptions have been made

regardlng the adoption of new harvest technology in the 13 prlorltized crops.

- 204 -



Because there are so many cnknown factors involved in projecting future
adoption of farm machinery,eit is impossible to know exactly. which
technologies .will be adopted, and when. By making conservative and less.
restrictive aésumptions about edoption, however, thie study will set a
range of the enticipated impact of these technologies on emﬁloyment.

The conservative assumption is that only those crops currently being

mechanized in Callforn1a w111 be mechanized in the flve years following the

5 3 3 3 i 3 £ p s )
dlll ~ill' illl[ dll' JII' Jll'

base period used to calculate 1nit1a1 employment. Adoption of new harvest
machlnery in those crops is assumed to follow a sigmoid curve. - Recent
information on edoption levels has ~ been used to oroject the.leVels of
adOption;inf1§82,(see Table 6-1).

_The l€ss restrictive aseumption is that new narvest technology which
has proven commercially feasible anywhere in the U, 8, will be adopted ln
Callfornla in.the 10 years following the base period, i. e., by 1987..

Adoption levels under this aesumption are also given in Table 6-1,

It should be noted that for most of the 13 crops, new meChanization will
occur only in the harvest of a partlcular segment of production, such as the

fresh market or the processing crop.,

Calculation of Labor Displecement, By def1n1tlon, dLSplacement is the

difference between employment at the beglnn1ng and end of a defined perlod.

The displacement caused by the mechanlzatlon of the 13 prioritized crops

is estimated with the assumption that:the tons of production ( T ), hours

per work-week ( H ), and the productivity rates (P"andP"Q remain unchanged

over time. With these assumptions, displacement may be calculated from
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Adoption Projections and Productivity Estimates for New mwcwn and <mmmnmvwn Harvest Technology

Table 6~1

% of Calif. Production - :
‘ . "Harvested by New Technology %. Net
Crop Technology Current Adoption Adoption Displacement]"
Level of, Under Under Less. of Harvest
Adoption Conservative | Restrictive Labor
According Assumptions | Assumptions
to EDD -~ 5 Years 10 Years
Grapes, Wine. o<mﬂ.nwm row harvester 26 ‘58 76 - 90
Grapes, Raisin oo:nwuﬁotm.nﬁm% system 0 0 100 - 83
‘Peaches, Clingstone ‘Shake-catch harvest 20 . 63 100 - 85
Apricots, Canning mmemnomnwd harvest 15 40 100 - 90
Cherries, Brining Shake-catch harvest 0 0 100 - 83
Olives Shake-catch harvest 0 30 90 - 95
Apples, for Crushing .mrme:nmnms wmwdmmﬂ, 0 0 100 - 89
Tomatoes, Processing High nmvmnwnw.wmn<mmnmﬂ 0.1 100 100 - 70
Electronic sorting :
Tomatoes, Fresh Market Once-over harvester o.. 0 90 - 85
Asparagus, Processing Non-selective harvester 1 1 100 - 92
Celery, Fresh Market Mechanical cut . 0 0 100 - 90
and loading
Cucumbers, Pickling Once~over harvester ., 0 0 100 - 92
Onions, Fresh Mkt. Bulb } Mechanical top, lift, 0 o 100 - 90
trim .

v . R - N N
;--_ _--m i F 4 & & 5 B ¥ v o o o of o of = =
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information on initial employment, adoption, and productivity as follows:
D= Ef—- E]

fapT a-apr\  fapT 1 -ADT
TN ol LS et GO NP Tl AN

Ag= Flnal adoptlon (portlon of crop machine harvested at end
: of period)

Aj= Initial adoption (portion of crop machlne harvested at
beginnlng of period)

which may also be expressed as:

b= (1 -ApDT ( Af — Aj )Y {Ph -1
PpH (1L =Ai )/ \Pm )}

The first of the three factors in the final‘equétion above is hand=~

harvest employment at the staft bf’thé displacement peridd, which can be.

derived from the EDD ‘pre~season reperts{ TheeseCOnd factor may be .

calculated from the assumptiens>aboﬁt.edoption in Table 6-1, The third

facto; is the net dispiacement caused by increased productivity.’ This

factor for the 13 crops and technologies is estimated in Table 6-1 as well.
The final equation may be ‘further simplified if Aj=0, or if A15=1.

These simplifications are as follows:

1. If Aj=0, then D—, s (At )( —-'1)
) - P . Y - V . P A
2. If Aj=0, and Ag=1, th_en D= — ' PhH ( : 1)
=1 , TQ -A})
3. 1f Ag=1l, th D=. : -1
TSRS, Hhen PRH (~ )

In the first and second of these Simplified displacement equations,
there is no machine-harvest employment,’so ifbdoes not need to be calculated.
Machine-harvest employment ‘does need to be calculated if Aj >0, so that
hand-harvest employment may be derived for the first factor of the equation,

The range of labor displacement expected.from the mechanizatioﬁ of the
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13 prioritized frult and vegetable crops is broken down by crop in
Tables 6=2 and 6-3, and by county in Table 6~ 4 |

| The displacement prOJection indicates at 1east 38, 126 peak harvest jobs
will be eliminated by 1982, and that no more than 128, 176 jobs will be
eliminated by 1987, These peak harvest figures are not a count of
individuals who will be displaced. Some farm workers»will loge more than
a single job, To regard fhese figures as a count of affected individuals
w0u1d be to double count workers who harvest more than a single crop, and .
those who work in more than a single county..

- Dlsplacement can also be expressed~1n terms of work-weeks of e@ploymentl
The mechahizatibn of the 13Vcrops is-likely to cause labor demand to-oecfease
by at least 226,060 workyweeks by 1982 which is l 51% of average annual
California farm employment (for the years 1975 ~77). The reductlon' in 1abor
demand is not likely to exceed 742,120 work-weeks by 1987, which is 4. 97%
of annual farm employment.

The duration of the harvest jobs that will be eliminated varles from a
week or hwo, as in the cherry harvest, up to. the six months that celery
harvest work may last in .a glven county. On the average, each of the
jobs is about 6 weeks long. |

Although the'reduction in farm labor demand is'small,for.the state.as
a whole, it is anticlpated that its impact will beleohcentretediih certain
labor markets (see Tables o-Svand 6-6). The expresslon of displecement as
a percentage of average annuel peak harvesh labovbdemand ls qulte high. This‘
is in part becaose of the double counting inherent in addihg peak harvest

obs, and because fruit and vegetable harvest‘mechanization eliminates a
, .
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. Table 6-2
Projection of Minimum Labor Displacement from
' Calif. Fruit and Vegetable Harvest Mechanization 1978-82, By Crop

_ Peak - Work-
Crop ' Harvest Weeks
i | B Jobs o
!l; Tomatoes, Processing 19,890 144,620
o Grapes, Wine = - 8,040 - 26,180
l Peaches, Cling 5,700 37,280
_— Apricots, Canning . | . 2,268 - 7,380
Olives - 2,228 10,600
. ‘Total D"isplacementb . .38,126 | 226,060
. _ o ~Table 6-3 o
o : Projection of Maximum Labor Displacement from
. Calif, Fruit and Vegetable Harvest Mechanization 1978-87, By Crop
Crop . ' : : " Peak - - Work~-
Harvest Weeks
Jobs »
Grapes, Raisin - 38,903 167,290
Tomatoes, Processing 10 19,890 144,610
Grapes, Wine 12,955 ¢ 41,990
s Tomatoes, Fresh Market 12,235 95,060
. ‘Peaches, Cling 10,533 70,050
-~ Apricots, Canning 9,062 30,430
Olives o 6,350 -~ 30,780
Cucumbers, Pickling . 4,628 32,030
Onions, Fresh Market Bulb | 4,450 34,300
Cherries, Brining 2,501 8,810
Asparagus, Processing 2,336 © 24,440
Apples, Crushing , b 2,266 13,680
Celery, Fresh Market 2,067 48,650
Total Displacement - 128,176 | 742,120

s
. .
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_ ] Table 6-4 ,
Projection of Labor Displacement From Calif.

" Fruit and Vegetable Harvest Mechanization, By County

Minimum Displacement Maximum Displacement
. 1978-1982 _ 1978-1987
County < Peak Harvest Work=- Peak Harvest Work-
Jobs Weeks Jobs Weeks
Alameda 67 190 594 3,550
Butte 400 . 2,020 829 4,720
Colusa 431 3,720 - 431 3,720
Contra Costa 544 4,180 . 1,532 © 9,040
Fresno 7,441 55,730 44,825 226,420
Glenn 129 690 368 1,960
Imperial 83 550 1,192 8,030
Kern 1,761 - 9,440 4,474 32,540
Kings 822 4,070 2,726 - 8,580
Los Angeles - L e- 522 3,990
Madera 851 2,750 - 4,400 15,690
Mendocino . - 396 : 740 847 3,530
Merced - 2,098 - 14,210 4,320 26,820
Monterey: SN == 1,754 22,240
Napa 652 . 1,890 - 842 2,430
Orange 333 1,980 - 806 8,690
Riverside 380 1,510 802 3,660
Sacramento » 424 3,170 . 485 3,840
San Benito -1,388 6,510 2,295 12,090
San Bernardino 150 340 342 ’ 770
- 8an Diego - Cm- 2,387 35,230
San Joaquin - 4,360 20,750 14,208 81,200
San Luis Obispo - - - 81 1,560
Santa Barbara . - -- 119 . 2,780
‘Santa Clara 1,415 ~ 7,240 4,423 23,930
Santa Cruz - S a- 764 5,770
Solano 1,075 7,270 1,425 9,050
Sonoma 448 1,060 - 2,285 8,680
Stanislaus 5,162 27,430 10,234 50,920
Sutter . 1,686 12,130 2,219 14,820
Tehama . 181 790 464 1,910
Tulare 1,751 7,900 09,337 40,630
Ventura " 396 2,650 2,093 35,150
Yolo 2,893 22,800 3,138 24,570
Yuba 399 2,350 . 613 3,610
~Total, All Calif 38,126 226,060 128,176 742,120
Counties .
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Table 6-5
Projection of Minimum Labor Displacement from Calif.
Fruit and Vegetable Harvest Mechanization 1978-82
for Selected Counties

As % of Average Annual Peak Season Farm Labor Demand in Base Period

Stanisiaus 34.3
Yolo 32.2
- 8an Benito : . . 30.9
Contra Costa 27.3
Solano 24.9
Sutter - : 22,3
San Joaquin 18.2
Napa = : 17.0
Contra Costa 16.4
Mendocino o _ 16.2

* As % of Average Annual Total Farm Labor Demand in Base Period

Yolo C : : 10.4
Contra Costa ' - - 7.5
Sutter 7.0
- Stanislaus 5.4 .
San Benito 5.3
Solano 5.3
Colusa 4.5
Yuba 3.6
San Joaquin 2.8
Merced 2.8

.1arge number .of jobs that are of relatively short duration.

o

B OB B B A A A A

The -estimate of aisplacement repregents oﬁly part of the effect of new
farm techﬁology onvCalifornia farm employment,: It does représént most of the
expected employment decline from the mechéniia;ion,of the hafvéét of fruit
and vegetable crops which employ morevthan 40,000 work~wéeks of harvest labor.
These labor markets accounted fof an estimated 17.0% of California farm
employment i; 1977. Displacement in these 1arge>1abor marketsvwill also be

caused by other technological changes in the fruit and vegetable harvest

“such as harvest aids, dwarf rootstocks for fruit trees, increased yields, more
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_ Table 6-6 .
Projection of Maximum Labor Displacement from Calif.
Fruit and Vegetable Harvest Mechanization 1978-87
. for Selected Counties

As % of Average Annual Peak Season Farm Labor Demand in Base Period

Contra Costa ' 76.7
Stanislaus ’ . 68.0
San Joaquin 62.5
Fresno. » : , 56.0
San Benito 50.9
Santa Clara - . . 47.5
Madera ' o 44,3
Yolo _ o 35.0
Mendocino ' ' 34.6
Solano ' - 33.0

As % of Average Annual Total Farm Labor Demand in Base Period

Contra Costa , . 16.2
Yolo C11.2
San Joaquin » 10.9
Fresno - = : o 10.7
Stanislaus ' - 10.0
-San Benito - 1 : 9.8
Sutter - - 8.6
- Mendocino 7.2
Solano - ’ ' © 6.6
San Diego 6.5

efficient 6rganization of harvesﬁ tasks,.anﬁ new haﬁdliﬁg systems. An.

l -unknown; additional quaﬁtity of d.is‘pbiaéemeht may be caused by tﬁe development

““““ | and adoption of harvest technology in crops not‘prioritized_for'Qetailed
study, i. e., those.in which.harygst meéhanization hés.ﬁptﬂyetbbéeh
cémmercially adopted. Researchefé a?_thelland-grant ¢011ege§ and the

‘U, s. D.'A;-haQe done extensiQe wak towards the ﬁechanizéﬁion'of the harvest
of these c?éps. |

New téchnology4will cauée displacement in the remaining 83;0% of Calif-i

ornia farm work. Reduction of labor in the thinning, pruning, irrigation, and
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cultivation of California crops will occur as labor saving technology

continues to be adopted in these operations. Displacement will also occur with

‘the mechanization of fruit and vegetable crops with labor markets smaller

than 40,000 work-weeks .

Kumar, Chancellor, and Gartett projected changes in iabor depand for a ‘
number of California crops (2). 'While,tbefe‘are serious questions about their
methodology (3), it is interesting that they project that new technology
in field crop production will have a signiflcant 1mpact on employment
Assuming no change in acreage and_yields? they project the greatest reduceion '
in labor demand in the period 1976-81 will'be:in the production of wine
grapes,‘followed by COtfon, processing tomatoes, and sugar beete.

The productivity of labor*in'livestock operations will also continue
to increase ‘as ponltry ranches, milking parlors, and.cattle feedlots grow
larger and more automated.

Mamer has suggested,that 1aborv"stabilizatiOn" will have a large impact
on employment (4). This etabilization ﬁroeess is a tfend of fewer individ-

uals performing the.samebamount of work by working for a greater number of

- days each-season. It is brought'about.by seniority systems, and new labor

management practices, Other data indicate that the trend'is in the opposite
direction, that temporary workers perform an 1ncrea31ng share of farm

emp loyment (see Figures 2- 1 and 2- 2) ' In»the absence of any comparitive
survey data, there is no accurate measure of this.trend in California.
Mamer asserts that labor stabilization,mey cause .as much displacement of

farm workers as new technology.

The impact. of technologieal displacement of farm workers on rural
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California employment will be compouﬁded by the impact‘of technology on
non-farm. empioyment in California cannerieé and-packing shedé. An example
of this non-farm displacement is the decision by the Tri Valley Growers
cannery in Modesto to undertake ; mechanizatlon program that will ellminate
70% of the work in the cannery in 3 years, causing the displacementVOf 5,000

workers (5).

C..Conclusion

A displacement projection was made to estimate the impact of new -

fruit and vegetable harveét-technologies on California farm employment; " The

projection anticipates ‘a net reduction of at 1east 38, 126 peak harvest JObS

by 1982, but not more than 128 176 jobs by 1987. On the average, each.of
these jobs provides‘6 weeks of employment. This dieplaceﬁent'represencst
157 to 5% of Califdrnie farm empioyment, and ﬁill’be copcentrated in
certain ceunties. | -

The pfojecfion includes most of the displacement which may occur from
the adoption of pew machinery to harvest fruit and vegetable crops which;
employ more than 40, OOO work-weeks of labor in California. Thie type-of work
accounted for 17% of Callfornla farm employment in 1977, cher'technologies

are expected to reduce the remalning 83% of'Callfornia farm work.

Notes,

1. "Michael Linfield "Agricultural Mechanization in Galifornia: The.

Social Costs of Mechanization, Displacement, and Unemployment'
United Farmworkers of America AFL-CIO December 12, 1977
unpublished paper

2, Ramesh Kumar, William Chancelior, Roger Garrett ”Estimateeﬂcf che impact
" of Agricultural . Mechanization Develcpments on In-Field Labor Requirements
- for California Crops" in Technological Change, Farm Mechanization, and
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Agriculturél Employment California. University. Division of

Agricultural Sciences. Priced Publication 4085 1978 Ny

Their projection purports to estimate future changes in demand for
in field labor requirements for California crops. One basic problem
with their projection is that it does not include the labor required
in the production of a number of crops, including strawberries, valencia
oranges, olives, .cucumbere, melens, peppers, avocadoes, petatoes, sna#’
beans, brussells sprouts, and sweet potatoes. These crops provided
an estimated 664,400 work-weeks of harvest time employment for '

California farm workers in 1977.

John W. Mamer, Varden Fuller - "Employment on California Farﬁs"'
California Agriculture pp. 10-12 Vol. 32, No. 11 November 1978

Gerald Perry '"High Labor Costs Seen as Threat to Cannery Jobs"
Modesto Bee August 27, 1977 :
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CHAPTER VII

POLICY RECOMMENDATIONS

As has been made ::clear in previous chapters there will be a continuation
in the decline of anmrmal average farm employment in California. The state's
fruit and vegetable fz=rms that will mechanize their harvest operations

will lose as many as -128,000 emploYees by’1987._ Because of the pattern of

‘multiple Job holdlng =y some workers participating in the harvest of several

crops,’ it is llkely tirnat the number of individuals, affected by thls labor

dlsplacement w111 be ssmaller than the flgure quoted above.- Nevertheless,

the magnitude of the gnredicted job dlsplacement is large enough to substan—

tially contrlbute to ;unemployment.in a. number of counties in the state.
For.this.reason, we h=mve considered various policy recommendations intended'

‘to address this problesm of job elimination in Célifornia agriculture.

A. Job Security

V‘As has been poin—ad out by Martin and Hall, the impact'of mechanization
(or: automatlon) upon the Amerlcan labor force is not addressed in the

ex1st1ng body of publfc law, whether federal or state (1). The concept of

njoB property rights,"” whlch are employment related interests protected by

1aw or'contracﬁ is alien to public law in the United States In contrast

with the situation in this country, most European nations have an extensive
“body of law adresslng this . subject. These European legal systems provide a
comprehens1ve framework of job property rights. The following characteriza=-"

rion of American 1aw describes its lack of such protection:

“The primary standard of American employment relatlons is the
' master~servant rule of a previous non-industrial era .

.
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There is no recognition of job tenure as an interest protectable
in its own right (H." . '

Not only does the Américan legal structure fail to provide-job protection

for employees displaced by automation, the éoﬁr;s have estabiished that

wt protected by i
at will " .. ; for good cause, for no cause, or even for caﬁse morally
wrong (3)." The‘extent of job sgcurity»rights in FEurope was sumﬁarized_in a.
recent article by Yemin (4),

Eurépean nations thatbprovidevjob{proteéfion through the legal system do

- so by two mechanisms. First, eﬁployers"afévréquired to éo;qperape with'repre-
éenfa;ives of workers fo avoid or minimize work force :éduction$.  Secbna,

“and 6f possibly greater impoftancé, employers'aré required_to'prOVide a series
of benefits to dismissed workers. Thesg iﬁtlude;_ |

a). Advance nétice or ﬁages in.lieﬁ Qf,notice'fér all dismissals

(Witﬁ or without_éaﬁsé);

b). Requireﬁeht tﬁat.empléyeré make a substantial céntriﬁpﬁion to

providg wofkers witﬁAa_miniﬁal-énnu31'COmpeﬁsation§

c). ~Severance or redﬁnaancy‘allowancé paid'bi the employg; in the form

of defefred compéhsétiop or supplementallunémployment benef;ts.

In the United Sﬁatés3 such employer guaranteed benefits, if they exist
at all, are includéd in collectivé bargaining agreéments betweéﬁ employers and
organizations fepresenting.employees. For this reasoﬁ theyvére continually
subject to renégotiatibn.

Those few instances of U. 8. collective bafgaining agreements prOviding

assistance to workers displaced by mechanization or automation have provided

only a limited range of benefits as contrasted with the extensive protection
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provided by law in most European'nations}, Of particular note are the two
collective bargaining agreeements cited here:

a). Pacific Maritime Assqciation and the I, L. W. U. Modernization and

Mechanization Agreement in which employers contributed some $29,000,000 to

an assistance fund over a 5% year period as the "workers' share of the.

machine' (5);
b). Armour Automation Committee and Fund Agreement with the Amalgamated
Meatcutters and Butcher Workmen in which the employer provided advance notice,

severance pay, early retirmement, and'supplemenfal unemployment benéfit.payf.

ments (6),

These agreemeﬁts, together with a number éf others, have bgeq reviewed by
the Diebold Institute for Pubiic Policy Studies (7).

Although collective”bargaining agreements remain the only examples in
which the‘job_rights‘of~wofkers are addressed in the context of displacément
of labor‘by'ghtomation, there are a considerégle number of instances in
which "job proﬁerty rights' have been addressedvin other circumstahceé. Most
recently, 10ggers,anﬁlsawmi11 eﬁployeeS’in Northern Califbrnia wefé'provided
special assistance as é‘reéﬁit bf‘the Redwood National ParkiExpansion‘Act;
Because park exbansion,was intended to curtail timber Qperations; job displace-

ment was perceived by the Congress to be a direct and immediate consequence of

Federal action.

Again, the Trade Act of 1974 explicitly recognized that one side effect
of relatively free trade might be layoffs in domestié industries that proved
unable to compete with imported goods. Thus, certain benefits for employees

facing this possibility were written into law. There are a number of other
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such instances wherein public law recognizes. job property rights as incident-

al to some larger public policy objective.

When seen in this larger context of job property rights, employees

experiencing lay-offs due to unrelated causes have, in fact, 'a common

ne cause of the problem. For

example, the continuing large-scale movement of industrial enterprises out of

Northern and Middle-Western states has had a seriouseimpact'on the work.force

of those states. The impact has been so great .that severe repercussions have

'alreadyebeen felt in the reduced tax base for the communities. where shops had

been located combined with sharply 1ncreasing demand for soc1al services (8).

Proposals have emerged from communltlesseverely affected by thls phenomenon of -

"runaway‘shops." _Foremost'among ‘these are suggestions aimed at_esceblishing
some form of Job property rights for workers adversely affected. The ‘striking
51m11ar1ty to the problems faced by workers olsplaced by automation suggests
that Federal action de31gned to prov1de ‘some mlnlmal level of job protectlon
would address a‘ broad range of seemlngly ounrelated ‘issues.

RECOMMENDATION I: "JOB SECURITY LEGISLATION
That proposa;s be drafted on the Federal level to establiish a basic
standard of job property rights for. all employed persons. These
rights  include the right to a livelihood as well as substantial
unemp loyment benefits and tralning, irrespective of the immediate
cause (automation, runaway shop, labor dispute, or other factor).
This approach is more far-reaching that the. 1ntent of the Full
Employment and Balanced Growth Act of 1977 but aims at the root of

~ the problem. As part of this approach, employers should be

. required -to bear a substantial portion of the cost of benefits which
accrue to their employees. At the same time, the degree of benefits
to which workers are entitled could be regulated according to such
measurable need factors as family income, education/skills, and
age/employabllxty.
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E, Uhionizetion.‘

In the United States job propertyirights relating ;o'mechaeizatioh
have been recognized. only through collective bargaining agreements which
include some spec1a1 provision, to prov1de benefits to dlsplaced employees.,
Relatively few farm workers on a national scale are members of unions,
HOWEV@T,‘lp Callfornla there is a substgntial number of unionized farm
employees. For this reason it is'not at all,eurprisingAthat the issﬁe of
job proﬁerty rights for farm employees should be raised wifh codsiderable_'
force in that state. | | | |

While no collecti&e'bérgaiﬁing‘agreements‘recOgnizing'such fights HaQe
yet been sighed, there are instencesiin which the United Farmwofkers.ef‘

America AFL-CIO has contracts fequifing the employer to limit

“the employment of workers to certéinvagreed upon job categeries 9.

Preéumably,.such'contrécts would»prohibit replacement of workers in existing
categofies ﬁith personsbwofking in newly created categories (i. e., feplace-
ment of hand-harvest workers by machine epefators). Thus it is possible

that in future laBorrmanegemeﬁt contracts'affectiﬁg Ca1ifornia ferﬁ employees,
a pro?ision recognizing job seeurity righté might Se includea. Th1s approach
to establishing such employee rights .on a. natlonwide scale requires that farm
employees enjoy basic rights of free<speech and asSOCiatiOn that‘are'routineky
the case in theliﬁdustrial wbrk pléce,' | |

RECOMMENDATION II: PROTECTION OF THE RIGHT OF -FARM EMPLOYEES
FORMING EMPLOYEE ADVOCACY GROUPS

That Federal legislation be prepared, modeled on the California
Agricultural Labor Relations Act, securing the right of farm

. employees to form and join employee advocacy organizations of
their own choice through secret ballot union representation
elections. The special characteristics of farm employment
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recognized in the exclusion of farm workers from the provisions
of the National Labor Relations Act, require that legislation be
developed that takes account of these characteristics, - The
California ALRA is a useful model for the peaceful resolution

of disputes involving farm employees and at the same time '
recognizes the special needs of these workers.

C. Elimination of Investment Tax Credit for Employment Reducing Equipment

The 10%.investment tax credit, widely used to stimulate new investment
since the early 1560‘5,vhas been. established con a permanent Easis in ﬁ. S.
law as a result of the Féderal Tax'keform Act of 1978. Inténéed té stimulate
new invesfmeﬁt,in the iﬁdqstfiai sector, tﬁis one~time.spe?iai tax reduction

in fact encourages the replacement of labor by machine in agricultufe.A Thus, o

while designed to-stimu}ate industriai employment; the effect on agricultural
employment is, in the short-term, certainly ﬁegative. 'Padfiéld and Martin
have observed that Capital is being utilized to replace Labor as parf.of an
ongoing conflict over control of the production proceés (10). Thgy'point out
that the fé;tors_infiuencing this.tendeﬁcy to replace Labor byFCapital are:

a). The relative cost of capital and labor;

b). Replacement of ékilledllabof by unskilled»labor, which leads £o
a work force that is easiéf to obtain and cpn;fol.

1if 5pecial tax greaks'accrue to tﬁose'replacing labor by”cépitél,
ihen suchlbenefits clearly affect the relative. cost éf iabpre

In thisbcontexts it is worth noting that thé cést of hired labor on
California fruit and vegetable fafﬁsvhés céntinubuSly décréased as a
proportion of farm production expénse over the pagﬁ 15 yeérs (11)} Trédi~
tiénal economic analysis would suggest that this decreased reliance upon

~labor would contribute to a surplus of labor supply, thereby leading to a
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reduction of-the price of labor (wages). While this ls in accord with
thelfacts regafding wage rates for hireo labor,lit is important in the

preeent context to note that the availability of-special'tax credits.on new -
eapital eqnipment purchases tends to contribute to the Aecteased use of |
labor. .By withdrawing this special incentive to purchase new machinery, .

it mlght well'be»possible to actually stimulatelmore employment.in agriculture
rather than 1ess.‘ “ | |

RECOMMENDATION III: ELIMINATION OF INVESTMENT TAX CREDITS
FOR EMPLOYMENT REDUCING EQUIPMENT

That the 10%- investment tax credlt be disallowed if an enterprlse
employs fewer persons after the purchase of items for which the
credit is sought as compared with the number of persons employed:
before such purchase. . :

D. ‘Role of Public Agencies ianeveloping New Technologies

"~ Both the U 8. Department of Agrlculture and land grant colleges
throughout the natlon have made 1mportant contributions to the development
of new.technOIOgies in agriculture.. Traditionally, agricultural colleges
have Viened their responsibility to the larger society to include research
intended-to increase the productivity of the nation‘s_agricultural sector.
At fitet eight it.might appear that such research is "neutral” or ”valoe
free." However, effottato evaluate the imoact:of this typeof research indicate
that immeaiate, short-term benefits have aCCrued‘only to a smallvsegment of
Soclety and have not been widely shated; |

‘A'well documented study of_the-development of processing tomato_mechaniz~
ation by land grant college tesearchers placed the rate of return on
the investment‘in research at'930%.to'l,3001 per year {12). This_retufn

accrued primarily to the private sector, although the University of California
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today continﬁes to defive”patent income from ﬁhe more recent variants of

the original tomato harvest machine (13), HoweQef, there has not been‘a
complete éccouﬁting of the total social costs. Whether as welfare payments,

or "as other costs ancillary to the problems of. displaced employeES, these costs

are paid by society as a whole, as were the costs of the crucial development

"work at the publicly supported land grant 'college‘system=

Various soc1a1 critlcs have argued that the land-grant coliege system is
in need of reform because its research programs tend to benefit only certain
segments of rural soc1ety,(14).; While the direction of guch :eforms is open
to coﬁtineiné diseuésion,'therevseems 1it£1e doubt that faim employees heVe noe
received'iﬁmediate% short-term beﬁefits from'the fesearch programs ofvthe
land-grant college sSystem. Beeeﬁse:éheseecoileges receive subs;antiai
support from Federal agencies, there is a Federal ipterest in the‘Operation of
fhe colleges. Federal agencies couid cBOESe,Ffor'example, to require that
land-grant colleges initiate pregrams to provide immediate benefits to farm
worker’s dispiaced by Federallyfsupported reeeareh pfograms.

RECOMMENDATION IV: LAND-GRANT COLLEGE PROGRAMS TO ASSIST FARM
EMPLOYEES :

That continued Federal funding of the  land- -grant college system

be contingent upon development of substantial programs designed

to provide immediate benefits for farm employeces. Assessment of
the needs of farm employees should be developed by advisory
comnittees composed entirely of persons with substantial
experience as farm employees. Such needs might include technical
and non-technical classes as well as services normally supplied to
farm operators through the Agricultural Extens1on Serv1ce.

i

E. Adjustment Assistance and Retraining Programs

Padfield and Martin noted that training_alone cannot solve the problems

- of the unemployed:
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" . . to retrain the unemployed who have been replaced by
1abor reducing technologies without at the same time adding
more jobs to the total market,tends to aggrevate the condition
‘retraining seeks to alleviate by incre351ng competition for the-
available jobs (15)."
Title IIi of the Comprehensive Emtloyment and Training Act (CETA)A
authorizes the Secretary of Labor to establish manpower services to
special target groups. Under Section 303, the Div151on of Farmworker
‘Programs administers program funds designed_to meet the needs of migrant
‘and seasonal farmvworkers. Implicit,in these programs is the notion that
farm rork is undesirable. and that training for non- farm jobs_is the most."
important'objective. Moreover,‘the sqh-éroup "migrant farm Qorhers" is seen
as especially in need of assistance'to enable sdch persons to "escape" from
the migrant farm work cycle. On the:administratiVevlevel this unwritten
agenda is. translated into rules and regulatlons establlshlng ellglbllrty and
- defining desirable actiyities for particxpants.‘
Examination of what little inforﬁation is available’concernihg the
hired farm 1abordforce in California<suggestsAthat:
- a). Mostvfarm'worhersvreside in the commuhities where thej are employedy
,b); A very substahtial fraetion of sueh workers are'empioyed for only
a short period in farm.work and are.either unemployed or worh in other

1ndustries for the balance of the year.

For example, persons employed in the proceSSLng tomato harvest mlght

work most of the elght week harvest 'season and thereby earn the major share
of their annual income in this period. Such a worker is 1ike1y'to be either
dnemployed or employed in other inddstriesffor some 44 weeks.of the year.
Whether or not such a worker is a "genuine" farm worker cannot be decided by

’.‘administrative regulation. Rather, elimination of the job that worker




depended on for the major share of. his/her livelihood faces the whole society

with the problem of adJustment assistance,

What is suggested by this analys1s is ‘that programs that seek to
identify farm workers as "special" may be - narrowly de51gned (although we
do no e.s" his is in encxonarry the case). In order to more

clearly meet the needs of persons employed as hired farm workers, it may

be necessary to re-think the whole approach. That is, it may prove to be more

useful to speak of "rural workers," referrlng thereby to persons who . 11ve

or work in a predominantly rural setting and who derive a substantial part

of their livelihood from farm employment With thls approach, programs of

adJustment assistance and re~training can be de81gned to more clearly
correspond to_the lives of rural people.

Programs of adJustment assistance have been advocated by rural beople
in California over the past several years, 1arge1y in response to labor

d13p1ac1ng technologles. Comparislon of these demands with current Section

303 migrant programs indicates that there is substantial room for incorpor-

ation of ideas and programs articulated by some organized groups of rural

people. This suggests that re-design of Section 303 programs might well be a

high priority- Rural advocacy groups composed entirely of rural workers

should play a central role in this re-design process. Groups that have

exhibited autonomy, such as farm worker producer cooperatives, farm worker

service centers, and farm employee advocacy organizations would appear to be
1dea11y suited for this purpose. By contrast, CETA prime sponsors or other
groups playlng a brokerage role between Federal agencies and rural people would
be eSPEClally ill-suited for this task, 81ncerthey'have a vested interest in

maintaining this brokerage relationship.

- 225 -




RECOMMENDATION V: RE-DESIGN OF ADJUSTMENT ASSISTANCE PROGRAMS
FOR RURAL PEOPLE ‘

That Section 303 CETA programs be re-designed to more closely
correspond to the needs of rural people. That this process of
re-design be directed by representatives of the consitutencies
that such programs are intended to serve, as opposed to such
intermediaries as Section 303 prime sponsors., The intent of the

_re-design process is to broaden the definitions utilized to more

realistically take account of the actual employment history of
rural workers, .

Over ‘the past several years autonomous advocacj groups of rural
people-in California have responded to labor displacing technologies
with proposals that appear as worthy of support as any of the existing

.Section 303 mlgrant programs. These proposals include: -

L ]

a). Emergency assistance to dlsplaced workers without regard to
c1t1zensh1p status or other 811g1bllity criterion;

'b). Tralnlng programs tied to ex1st1ng job openings as opposed to

"training programs'" that consist entirely of classes in
Engllsh as a secondllanguage,

c); Citizenship. classes offered by bi-lingual instructors to
' enable- non-c1tlzens to obtain c1tlzenship status;

d). Making publlc farmlands available to farm worker producer
co-operatives (these croplands are owned. by Federal, State,
and Local agencies);

. ’ . . \
e). Making funding available to new farm worker producer co-operatives
~ in the form of short-term (production) loans;

f). 1Improvements in housing and health facilities designed to
‘benefit rural people, e. g., maintaining state-~owned labor -
" camps on a year-round basis (as opposed to the current six-month
open perlod)

F. ’Compreheﬁsive Field Surﬁey of Hired Farm Employees in California

The most recently conducted comprehensive study of California hired

farm workers was conducted in 1965, hearly 14 years ago. While several
important studies of some components of this work force have been carried
out in recent years, most notably the study of women farm workers in 1977,

we have only a very sketchy and incomplete picture of this sector of the
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labor force. G&ince intelligently designed programs intended to address the
L y prog ,

problems facing such workers must be based upon an accurate knowledge of this

work force, a large scale study is clearly in order. Such a study should rely

‘ primarlly upon field interviews conducted at work places throughout the

state at various times of the year. Slnce interviews with thousands of workers

will be required to obtain aopicture that is valid, the effort required will
be substantial. Properlyvdeéigned questions would also enable comparisions'tol
be made with the 1965 study to identify major trends in the farm work force.
RECOMMENDATION VI: FIELD STUDYVOF CALIFORNIA HIRED FARM WORKERS
That the Department of Labor sponsor a comprehens1ve ‘statewide field
survey of California hired farm workers. That the interview
techniques follow the pattern set by the 1965 study by the California

Assembly, and that of the 1978 study by the Callfornia Commission on
the Status of Women._

G, Environmental Impécts'of‘Chemical Use .

The Succesoful use of chemical oprajs that Set; ripen, harden, or
1oosen derlopiog fruit is crucial to the'meohanizationvof the harvest
of some crops. Before these compounds can be used in California, they must-
Ee evaluated and registered by two government regolatory agencies: -the
U. s. EnyironmentollProtection Agency,-and the California Department of
Food and Agriculture. The use of these COmpoundo has onvirooﬁental imoacts
beyonds the immediate fate of the chemical itéelf. in facilitating hatﬁést
mechaniiation,'the_deloterious offects of tﬁese'chemioals can include: |

a). Soil'compaction ftoﬁ harvest machines;

b). Less dlver51fied cropping patterns as a‘result of the 1ncrea51ng
vscale of production needed to use harvest machlnes efficiently;

c). Increasedteliaﬁce on fossil fuels needed to operate machinefy;

- 227 -




d). 1Increased solid waste disposal as packing sheds and processors

handle machine-harvest loads of produce which often contain more dirt and

debris than hand harvested ones.

RECOMMENDATION VII: RECOGNITION OF THE INCREASED ENVIRONMENTAL
IMPACT OF AGRICULTURAL CHEMICALS ANCILLARY TO MECHANIZATION

That the Environmental Protection Agency and the California
Department of Food and Agriculture consider the increased
environmental impact that is concomitant with the reglstration

- of chemical ‘compounds that facilitate harvest mechanization..
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| APPENDIX A

CALCULATION OF INITIAL EMPLOYMENT

To estimate the harvest employment ( Ei) in the 13 prioritized
crops on a county by county basis, the total annual work-weeks of harvest

employment reported in the Farm Labor Report 881-A was tallied for these _

crops over a 3 year period (1975-77) and then averaged. Since only 24

weeks of the year are reported, the estimate of the actual aVeragé work-~

weeks of-employment‘iﬁ'the 52 weeks of'the years was derived by multiplying

tbtél wofkdweeks reported by 52/24, or 2,133, Peak harvest empioyment
was averaged on a county by county.bésis for the same -3 year period.

Harvest employment reported in broader activity categories was

estimated by using averages of data in three years of Pre-Season Farm Labor

Reports DE-3416., 1In crops where machine-harvest employment was to be

calculated, the 3 year average of Pre-Season data was also used. To

estimate the portion of harvest labor required to harvest only the

processing sector of a crop, Pre-Secason data yere used if given. Otherwise,

 emp1oymgnt was pro-rated on the basis of 3 year average tonnage of production

given by the California C:op'and Livestock Repbrting Service.
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APPENDIX B

ANALYSIS OF THE CALIFORNIA EDD FARM LABOR REPORT 881-A

The data used to prepare the Farm Labor Report 881-A is recorded in
b

the Pre-Season Farm Labor Renorte DE-241
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Analysis of the EDD survey methodology, and of the data in these "Pre-

Season’ reports-reveals limits to the accuracy of the Reportv881-A.' 

Worker Productivity. ihé EDD "Agribusiness Representatives’ who.
cémpile the_report do not rely on scientific measurement of worker ﬁrodué_-ﬂ
tivity, but instead uée their informal survey of farm advisors and growers to
make their estimates. The jobs themsélves»are'émbiguously defined;vwifhoht

a precise definition of what tasks are included-in the productivity estimates,

Hours of Weekly Employment. Because this estimate is not based on worker
interviews, employment records, or other accurate source, it too is only a

rough approximation,

Adoption of New Technplogy. The 1977 Pre-Season Teports of employment in
the harvest of processing tomatoes, peaches, wine grapes, and olives‘were

.
based on ectimatec of h

PPN PR
i

nat were smaller than those
given by commedity associations, machinery manufacturers, and researchers at
public agencies. The Report may be slow to reflect changes in employment

caused by adoption of new technology.

Classification of'Employﬁent. One difficulty in utilizing the report' is
the lack of standardized'job‘categOries. Jobs of different activities in the

same crop may be jpcluded together. Harvest employment includes hauling and

~on-~farm packing-shed workers as well. More than half of the employment

reported is not classified by a specific job, but listed as "All Other

Agriculture."
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vCalifornia agriculture.

Modification of Data. All of the data is subject to review and

‘modification by the EDD Agricultural Reporting Unit, which prepares the
published report. The administrative manual calls for the "Agribusiness
Representatives" to review their employment estimates once a year. No

changes in the basis of their estimates are to be made without clearance fromr-

the Agricultural Reporting Unit. According to the manual

"This is done in order to achieve the smooth 1ntegrat10n of the
new data into the .total labor force statistics. Proper timing
of the introduction of the new employment levels is a vital
element in this coordination.” (EDD Administratlve Manual for-

Preparation of the Pre-Season Farm Labor Report DE-3416, Section 357.32
Amendment No. 585, February 24, 1976). - '

This procedure of adjustlng the data does not rely on any more accurate
concept of employment held by the Agricultural Reportlng Unit, but instead

the intent to retain the continuity of the report

‘Not a Count .of Indiv1duals. The data in the Farm Labor Report 881-A

cannot be regarded as a count of.the number of individuals employed in

This is best explalned by an example offered in

the administrative manual for those who prepare the Report:

"A crew of 100 men are cutting lettuce on Monday and Tuesday,

~ On Wednesday, 50 of the men quit and are replaced by 50 others.
At noon, Thursday, cutting is complete and the crew moves inte
harvest activities in another crap. The total number of individuals
working during the week was 150 but the number of man-weeks was 70."

(EDD Administrative Manual for Preparation of Report DE-881,
Section 358.15)

The number of work-weeks was calculated by dividlng the total number of
work-days of harvest work done in the week 350 in the example, by the -
average'number'of working days in a week, 5 in the example. Although 150
ind1v1duals worked in the harvest during the example week the Farm Labor

Report would record: only 70 working (i. e., 70 work-weeks)
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" The erroneous reliance on the Farm Labor Report as a count of individ-
uals in the farm labor force is fostered, in part, by the EDD methedology

which classifies labor demand as being filled by "Farmers and'family,"

"Hired regular,” or "Seasonal domestic" workers. The EDD is using the

demand data, in effect, ag a description of farm labor supply.
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