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ABSTRACT

Fruit growers in the lower mainland of British
Columbia are facing a potential labor shortége for hand
harvesting of fruit. ?rices.paid to hand picking labor have
increased by more than 100 percent in the last three years.
These factors have prompted interest in mechanical harvesting
ﬁethods. |

The purpose of this research was to investigate the
feasibility of introducing mechanical harvesting methods in
raspberry production and to determine optimum machine parameters.
vA review of methods used for determining the optimum
size of agriculturél eQﬁipment was conducted and the methods
were summarized. Due to the nature of small fruit production
some commonly used methods were not applicable and modifica-
tions were neceséary.

A fruit yield function and a timeliness function
were developed for Willamette raspberries. The fruit yield
function based on actual yield data, was used for determining
the potential income from a raspberry plantation., The timeli-
ness function, based on the reduction of fruit quality due
to variations in the length of the intefval between subsequent
harvests, was used to determine a suitable charge for
untimeliness ét any part of the harvest season.

An optimum fruit removal efficiency for mechanical
harvesting of Willamette raspberries was determined by assessing

the loss in potential income due to the removal of green fruit



and the production of over mature fruit. This was based on
published results of mechanical harvesting trials.
| Results indicated that the mechanical harvesting

of raspberries could be potentially much more profitable than
hand hapvesting. A machine with a fruit removal efficiency
of 80 percent and with an operating speed of 1.5 miles per
hour, or greater, appeared tb be optimum. At operating
speeds above 1.5 miles per hour, the cost of mechanical
harvestihg was not significantly influenced by the purchase
price of the harvester.

The cost of untimely operation was large. Extending
the interval between subsequent harvests by one day resulted
in an annual profit reduction of approximately~200 doliars

per acre.
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NOMENCLATURE
area over which the operation is done annually,
acres.,
annual implement costs, dollars per year.
effective field capacity, acres per hour.

cost for a specific harvest, dollars per acre.

hand picking cost, dollars per acre, for a specific

three day period.

annual tractor cost for field operation, dollars
per year.,

machine operating cost, dollars per hour.

annual tractor cost for processing operation,
dollars per year.

annual tractor cost for transport operation,
dollars per year.

seasonal capacity of a machine, acres.
annual depreciation charge, dollars per year.

machine output, acres per hour.

field efficiency, percent.

fixed cost percentage.

energy requirement for processing operation,
horsepower per ton - T :

fuel cost, dollars per hour.
hour of operation, hours.
annual interest charge, dollars per year.

gross income, dollars per acre, for a specific
three day period.

gross income, dollars per acre.

timeliness factor per hour.
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the estimated life of machine; years.
percent fruit loss, pércent;

cost of labor, dollars per hour,

sample size.

cost of engine oil, doliars ber hour.
purchase pribe of machine, dollars.

tractor fixeq cqst charge, dollars per hour.
reﬁair cost, dollars per hour,

fraction of grade number 1 fruit.

fraction of grade number 2 fruit.

coefficient of multiple determination.

'salvage price of machine, dollars.

sum of years, digits (1 + 2 + 3....L)

sinking fund, dollers.

- standard error of the estimate.

harvest date, days.
the remaining'value at anytime of machine, dollars,
value of the machine at the end of year n.

weight of material annually transported or processed,
tons per year.

the ratio of the depreciation rate used to that of
straight line method.

picking efficiency, percent.

raspberry fruit yield, grams per plant for a specific
harvest day.

fruit yield at present day of picking, pounds per
acre. : :

fruit yield at previous closest picking date, pounds
per acre.
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ix.,
fruit yield at previous second closost picking
date, pounds per acre.

fruit yield at previous tﬁlrd closest picking
date, pounds per acre.

cumulative yield of raspberry, grams per plant.
cunulative income reduction, dollars per acre.

cumulative income reduction, dollars per acre,
evaluated at date a.

income reduction, dollars per acre for a specific
harvest period.

cumulative income reduction, dollars per acre,
evaluated at date D. '

gross ‘income for specific harvest interval,

+dollars per acre.

gross incomé reduction, dollars per acre per hour.
the gross income reduction in dollars per acre

per day for a four day picking interval as opposed
to a three day interval.

the gross income reduction in dollars per acre
per day for a five day picking interval as opposed
to a three day interval.

the gross income reduction in dollars per acre

per day for a six day picking interval as opposed
to a three day interval.

picking interval, days.

hauling distance, miles.

implement force factor, pound per foot of width.
tractor size, power take-off horsepower.

interest rate, percent.

a specific number of operations.

total number of annual transport operations.

total number of field operations of implement.



n

the age of the machine, years.

" purchase price of implement, dollars per foot

width.

total number of annual processing operation
speed, miles per hour.

timeliness charge, dollars per hour.

date of last picking.

date of present pickihg.

specific new tractor price per horsepower, dollars
per horsepower.

crop value, dollars per bushel, ton, etc.
effective width, feet.
price pér pound of number 1 raspberry fruit, dollars.

price per pound of number 2 raspberry fruit, dollars.
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INTRODUCTION

Small Fruit Growing in the British Columbia Lower Mainland

The trend toward increased mechanization on fruit
farms in British Columbia is the result of two quite distinct
coﬁditions. One is the economic drive for greater productivity
which is expressed by a greater acreagé of land per farm unit,
while the other is a reduced farm labor supply.

Since hand harvesting is one of the most costly
activities of fruit production and since the activity of hand
labor is often acute during harvésting, the survival of some
types of fruit production will depend upon the develépment of a
mechanical harvester. This is espgcially true for the small
fruit growing industry in the British Columbia lower mainland.
In recent years, both the acreage and volume of raspberry
production in the lower mainland has shown a steady increase.
The raspberrv acreage in the lower mainland increased from
1,300 acres in 1962 to over 2,100 acres in 1967 (8)*%, Due to
improved cultural practices, yields have steadily increased
until, at present, average productiqn is about 10,000 pounds.
per acre. As many as 10,000 hand pickers are needed for the
month-long raspberry.harvest season in the lower mainland.

The need for improved harvesting techniques is urgenf if small
fruit growers are to remain in-production.

Scope and Purpose of this Research

The topography of raspberry farms in the lower

Numbers in parentheses refer to the appended references.

1.
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mainland is ideal for mechanical harQesting.'VSince the land
is genefally flat and has enough lafge réspberry plantations
mechanical harvesting is feasible f?). Recent attempts at
developing a mechanical raspberry harvester (2, 4, 6, 17)
_have indicated that although the topography is idéal for
mechanical harvesting, raspberries are not especially suitable
for mechanical handling and.a mechanical harvesting system
must be a compromise among several factors. |

Although the actual cost of mechanical hérvesting
may be less than that of hand harvesting, machine harvested
fruit i1¢ of reduced quality (17},

The purposelof this research is to compare mechanical
harvesting techniques with hand harvesting methods in order to
determine the economic 1imits for machine cost, machine
capacity and the quality of machine harvested fruit. Althoﬁgh
raspberry production is used, the methods developed should be
applicable to the selection of minimum cost harvesting

equipment for any fruit growing enterprise.



REVIEW OF LITERATURE

Development of Mechanical Raspberry Harveéting Systems

Many receﬁt attempts have been made at developing
mechanical raspberry harvesting systems for the west coast
region of Canada and the United States (2, b4, 6). Although
the Willamette variety is very suitable for this_region and
has replaced.most other varities, it is not especiélly
suited to mechanical harvesting methods (17). Due to the
high ratio of fruit retention force to stem strength, fruit
must be more. mature than for hand picking, before mechanical
harvesting is poséible. Similarly, fruit removal efficiency
must be limited to prevent excessive plant damage. Although
the requirements of mechanical harvesting systems to enable
competition with hand harvesting methods have been suggested,
(17) several factors were not considered and a more complete
ecbnomic analysis appears to be necessary.

Field Machinery Selection

Since the introduction of high speed computers,
several methods have been used for selecting machinery systems
to suit specific farming enterprises (5, 10, 14). Simons (20)
developed stored computer programs for solving problems of
‘field machinery selection and cost énalysis. Hunt (9)
_develgped a Fortran program to select farm equipment on a
least cost basis. This program, which is suited for large
grain farming operations, 1is used to calculate the annual
machinery cost for operations where the number and types of
machines are known. It isvarranged to calculate annual

depreciation charges, trade-in value, interest on investment,

3.
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fixed énnual rates for repairs énd lubrication charges and
fuel cdnsumption. In order to use this program, raw data on
farm operations, machine data including.the price and |

- function of all machines and tractors, as well as specific
horsepower requirements and fuel consumption must fifst be
obtained.

For field machinery selections by size and capacity
of all implements, the effective width of implements and the
equivalent horsepower requirement of tractors is used.
Implement size selection on a least cost basis (5,20)
must be adjusted to meet timeliness>and requirements for
maximum profit. Power requirements must be equal to the
maximum amount of power required bv any single implement in
order to complete its operations within an allotted time.

Cost Analysis

Depreciation may logically be divided into two
elements, variable and fixed (18). The variable element
may be termed wear-depreciation and the fixed element may be
considered as time-depreciation. The latter relates to the
maximum number of years or hours over which a machine may be
profitably used before it becomes obsolete. The former
relates to the maximum use in hours or acres that can be
expected before the machine wears out in an economic sense.

Fixed Costs

Depreciation

Depreciation is defined as the reduction in value of

a machine caused by natural wear while in use, obsolescence,
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weathering, accidental damage, rust and corrésion. An-estimatg
4of'depreciation is necessary for the calculation of cost of
‘operation and in determining the service life of the machine.
Naturally the parts of the machine become worn out
. with use and depend on the.operator's skill, maintenance
practices, operating conditions and the quality of the machine
itself. All this will affect the performance of the machine.
The development of more up-to-date machihes, designed to
give higher efficiency and to suit new cultural practices,
results in a rapid rate of obsolescence of machines now on

hand.

Methods of Estimafing"DeDPeciation

Four methods of estimating depreciation costs (13)
are widely used. Theée are the straight-line method, the
declining.balance method, the sum of digits method aﬁd the
sinking fund method. The widely used straight-line method
reduces the value of a machine by an equal amount each year
during its useful life. A machine depreciates less by this
method for the first few years than its resale value would
indicate, while the machine deppeéiation cost of performing
a farm operation remains constant at all ages of the machine.
It is generally assumed when using this method that the
.value of the machine at the end of its service life will be
about ten percent of its original cost. The annual
depreciation charge by the straight-line method is

_
p = B-S [1]




where D = annual depreciation charge
P = purchase price
8 = salvage value
L = the estimated economic . life in years.

The declining balance method is a constant percentage
method. A uniform rate is applied each year to the remaining
value (including salvage value) of the machine at the
beginning of the yeaf. The depreciation-amouht is different
for each year of the machine's life. Depreciation by this

mefhod 1s

b = ¥V, - Yn+l [2]
where v o= P @ -5H"
n L
_ X\n+l
vnfl~' P -3
and D = the amount of depreciation charged for
year n+l
n = the age of the machine, in years, at the

beginning of the year in question

P = purchase price

V = the remaining value at any time

L = estimated service life in years

X = the ratio of the depreciation rate used

to that of the straight-line method
The sum of the digits method permits a higher rate
of depreciation during the early life of a machine. The digits
of the estimated number of vears of machine life are added
together ahd this sum is divided intb the number of years of

- life remaining for the machine including the year in question.
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The fractional part of the difference.betweeh'purchase price
-and thebéalvage value is the amount.of depreciation charged |
each year. This method depreciates the value of a machine to
zero at the end of its useful life. 'Usiﬁg this method,
~annual depreciation is

L - n

D = ——S—a-——- (P - S) [3]
where D = annual depreciation for year n
Sd = sum of years-digits

(1L + 2 +3 + ...+ L)

n = the age of the machine in years at the
beginning ‘ : -
0 L = estimated machine life, years
P = purchéée price
S = salvage value

" The sinking fund method considers depreciation
cost as-an investment which will draw compound interest. The
" accumulation of the fund by the time that a machine is fully
depreciated, plus interest, is used to purchase another

equivalent machine. The initial value of such a sinking fund

is
SF = (P -8) — | [u]
(1 + i)™= 1
where SF = sinking fund
P = purchase price
S = salvage value
i = 1interest rate percent

L = estimated machine life, years



Its value at the end of year n is

: <L <N
V = (P - S) [(l + 1) - (1 + 1)

n — 1 +5s (5]
(L + 1)7 -1
where Vn = value at the end of year n
S = salvage value
P = purchase price
i = interest réte, percent
L = estimated machine life, year

Service Life

In determining the depreciation cost of a machine
its service life must be estimated. The economic life (11)
of a machine is a more pertinent méésure of the period of
time for which depreciation should be estimated because
in actual practice machine life may be extended as long as
the owner wishes to repair or replace the worn parts to
keep the machine operatioﬁal. Unfortunately, the service
life of an implement sometimes is terminated instantly due
fo an irreplaceable or irrepairable part failure. Economic
life is definedias the length of time from pﬁrchase of the
machine to that point where it is more economic to replace
it with a new machine rather thanAto continue with the old
machine,

A machinery schedule for the remaining value, the
wear out life and accumulated repairs, for various farm
machines is listed on page 282 of referenée (1). The reported

values are based on the actual performance records of numerous



TABLE I SERVICE LIFE OF FARM MACHINES
Time to Wear-out Yearly Usage for
Obsolescence Life Wear-out Life to
(Years) (Hours) Equal Obsoles-
: cence Life
(Hours)
Tillage : .
Cultivator 12 2,500 208
Disk harrow 15 2,500 167
One-way disk 15 2,500 - 167
Disk plow 15 2,500 167
Moldboard plow 15 2,500 167
Spike-tooth harrow . 20 2,500 125 .
Spring-tooth harrow 20 . 2,500 100
Planting ‘
Grain drill 20 ' 1,200 60
Row-crop planter 15 1,200 80
Harvesting
Pull-type combine 10 2,000 . 200
Self-propelled
combine 10 2,000 200
Cornpicker 10 2,000 - 200
Cotton picker 8 2,000 250
Cotton stripper 10 2,000 200
Forage harvester 10 2,000 200
Hay conditioner 12 2,500 250
Mower 12 2,000
Side-delivery rake 12 2,500 208
Beet harvester - 10 2,500 250
Self-propelled
windrower 8 2,500 313
Tractor and Miscellaneous
Track tractor 15 12,000 800
Wheel tractor 15 12,000 - 500

Wagon 15 5,000 333
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agricultural implements and power units and are widely used
for machinery cost calculations. Table I is a summary of
some of the service life data included in this reference.

Interest on Investment

In estimating the cost of machine operation,
interest on the investment invthe farm ﬁachine must be
included since money used in purchasing the machine cannot
be used for another productive enterprise. An interest rate
of six percent per year has been commonly used (1) and is

included as one of the ownership costs.

When the straight line method of depreciation is

used, it is more convenient to allocate
charges for each year of machine life.

annual interest charge is calculated on

similar interest
On this basis, the

one-half the sum of

the first cost of the machine and the trade-in value.

[e]

1 = A5
where I = annual interest.

P = purchase price

S = tradé—in value

i = annual interest rate, percent.
Taxes

The rate of tax charges on the overhead cost of
operating farm machinery varies widely in different locations.
A rate of two percent is commonly uéed (1).
Insurance | |

e s

It is justified to charge one

percent of initial
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cost of machine (1) for insurance against loés of the machine,
Annval insurance rates for farm equipment vary from $0.60 |
to $l.20 per $100 éoverage. Most insurance companies will
insure equipment to'up to two-thirds of its replacement value.

- Shelter

While the average total expected life is consistently
greater for Sheltefed machines (11), the average annual
estimated repair expenses are alsoconsistentiy?smaller with
the observation that sheltering goes along with better care
and management. Sheltering also aids in making repairs during
“idle pefiods. An average shelter charge of one percent of the
initial cost of the machine is recommended (1).

Fixed Cost Percentage

Since all\the items included in the annual fixed
cost of a machine are constant with use, it is more convenient
to combine them into one single constant that is related to
the purchase ﬁrice of the machine. This constant, called the
fiﬁed cost percentage, has been used by many researchers
(10, 13, 1u4).

Hunt (10) calculated the fixed cost percentage by
using the straight line method of depreciation as follows:

Using equation [1] and letting S = 0.1P, then for
- L = 10 years, the annual depreciation charge is, D = 0.09P.
Using equation [6] with i = 0.06, thelannual interest charge
is, I = 0.033P., Considering annual tax charges as 0.020P,

insurance charges as 0.01P and annual shelter costs as 0.01P
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TABLE II. ANNUAL FIXED COST PERCENTAGES FOR FARM MACHINES

Machine Fixed cost

percentage
Tillage-
Cultivator 15% Pp*
Disk harrow ’ 13% P
One-way disk ' 13% P
Disk plow 13% P
Moldboard plow 13% P
Spike-tooth harrow ' 12% P
Spring-tooth harrow . 12% P
Planting
Grain drill 12% P
Row crop planter “ 13% P
Harvesting '
Pull-type combine 16% P
Self-propelled combine : 16% P
Corn picker : 16% P
Cotton picker o 18% P
Cotton stripper 16% P
Forage harvester 16% P
Hay conditioner - 15% P
Mower 15% P
Rake side delivery 15% P
Beet harvester 16% P
Self-propelled ' :
windrower 18% P
Tractor and Miscellaneous
Track tractor 13% P
Wheel tractor 13% P
Wagon ‘ o E , 13% P

Z

* P = The purchase price of a machine
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and summing these five fixed costs, the annual fixed cost is
0.163P and the annual fixéd cost percentage is 16 percent.

Using this method, the annual fixed cost percentage
for all the machines shown in Table I has been calcqlated,
based on the estimated life of the machines. Thése values
are given in Table II.

Purchase Price of Tractors and Equipment

Specific price information for a particular machine
often is not available. A reasonable estimate of the purchase
price of machines may be made by using Table III. This table
which is a éompilation of data presented by Hunt (11) is
based on 1864 selling prices of impiements and expresses
purchase price on a foot of width basis.

The specific price of tractors has been tabulated by
Southwell (21). Some of tﬁis data, which is bésed on 1866
prices, is presented in Table IV and expresses the purchase
price of tractors on a per-pound-basis and on a per-horsepower
basis. The latter figure is based on Nebraska Test data.

Variable Costs

Repair and Maintenance Costs

The costs of repairs,‘maintenance and lubrication
are proportional to the amount of.time a machine is operated.
They are fairly low in the early life of a machine but
increase as a machine gets older. Maintenance costs, the
cost of maintenance labor and the cost of-peplacement parts
all must be included in repair éost.. Information about the

exact rate of repair costs throughout the life of a machine
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TABLE I1II. SPECIFIC PRICE OF NEW IMPLEMENTS
Implement Price Range
Tillage
- Cultivator 38 - 54 dollars/ft
Disk harrow 60 - 90 "
One-way disk 44 - 55 "
Disk plow 160 -250 dollars/disk
Moldboard plow 100 -250 dollars/bottom
- Spike-tooth harrow 15 . dollars/ft
Spring-tooth harrow 18 - 25 "
Planting
Grain drill 56 -~ 65 - - . "
Row-crop planter 100 -180 dollars/row
Harvesting
Pull-type combine 300 -400 dollars/ft
Self-propelled combine 500 -650 "
Corn picker ’ 1500-1700 dollars/row
Cotton picker 7300-10000 "
Cotton stripper . 1000 "
Forage harvester 350 -625 dollars/ft
Hay conditioner 900 dollars
Mower 75 - 90 dollars/ft
Side-delivery rake 400 ~500 dollars
Beet harvester 3000 dollars/row
Self-propelled windrower 300 -450 dollars/ft
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- TABLE IV SPECIFIC PRICE OF NEW TRACTORS

Effect of Engine Type Effect of Tractor Size

S e .f' C . . r o]
pecific Cost  g.soline Diesel - Tractor Tractor

Tractor Tractor over ' under
50 PTO hp 50 PTO hp

Cost per pound
_ average 80.0 85.0 92.0 895.0
range 72 - 123 74 - 136 72 - 136 72 - 120

Dollars per
PTO horsepower

average 91.4 99.8 9y, 9 98.1
range 75 - 108 79 - 134 75 - 120 82 -~ 13u

Dollars per
drawbar horse-
power

average 109.6 116.7 111.0 117.6
range 91 - 133 96 - 153 91 - 1uh 96 - 1563
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‘uSUally are not available. Curves of the accumulated repair
cost of tractors and implements, as a function of retail price
and hours of use, are given in the Agricultural Engineers
Yearbook (1). Hunt.(ll) reports repair cost as an average

- constantkpercentage per hour of use over the life of the
machine., Some of'the data given by Hunt is included in Table V.
The second célumn in Table V is the percentage of the purchase
price of ‘a machine which can be expected as repair cost per
hour of machine usage. The third column is the total percentage
of the purchase price of a machine which can be expected as
repair cost if a machine is used until obsolete.

Fuel Costs

In detefmining the fuel consumption of a machine
fdr a specific operation, the power consumption for that
operation must be considered. An equivalent power take-off
horsepower may be obtained by dividing the requiréd drawbar
horsepower by avtraction—and—transmission coefficient. This -
equivalent'power take-off horsepower may then be used to |
select the proper fuel consumption from Nebraska Tractor Test
data for the particular tractor under consideration. A more
convenient method of estimating fuel consumption is by the
use of Figure 1. Figure 1 is taken from the Agricultufal
‘Engiﬁeers Yearbook (1) and is based on the averagés of all
Nebréska Tests from 1961 to 1965.

In order to use Figure 1, the eqdivalent power

take-off horsepower must first be estimated, as was described
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TABLE V REPAIR AND MAINTENANCE COST, PERCENT OF PURCHASE

PRICE
Average . Total During
. per Hour of Use Wear-out Life
Machine (percent of (percent of
retail price) retail price)

Tillage

Cultivator - 0.060 150

Disk harrow 0.065 168

One-way disk 0.050 125

Disk plow 0.0u5 113

Moldboard plow 0.070 175

Spike-tooth harrow 0.040 100

Spring-tooth harrow 0.060 - 120
Planting ' -

Grain drill 0.080 96

Row-crop planter 0.070. 8L
Harvesting .

Pull-type combine 0.0u5 30

Self-propelled combine 0.027 Sk

Corn picker 0.032 6u

Cotton picker ~0.026 52

Cotton stripper +0.020 40

Forage harvester 0,02y 58

Hay conditioner 0.040 _ 100

Mower , 0.120 240

Side delivery rake 0.070 175

Beet harvester , 0.025 63

Self-propelled windrower 0.040 100
Tractor and Miscellaneous

Track tractor . 0.008 : 78

Wheel tractor 0.012 120

Wagon : 0.018 90
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‘Figure 1. Graph for Estimating Tractor Fuel Consumption

above. A traction and transmission coefficient may be used
to express the ratio between draw bar horsepower and power
take-off horsepower., Table VI shows the traction and
transmission coefficient calculated from the effects of
“tractor rolling resistance, drive wheel ob\track slippage,
and losses in the powér train between the engine and the
axle, under various operating conditions. . This table is

taken from the Agricultural Engineers Yearbook (1)
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TABLE VI. TRACTION AND TRANSMISSION COEFFICIENTS FOR
WHEEL TRACTORS

Traction and Transmission Coefficient
Iight load Medium
(pull = 10% drawbar HModerately heavy

Surface Condition

of weight) load drawbar load
Concrete 0.75 0.85 0.9
Firm, untilled
field 0.6 0.75 0.8
Tilled, reasonably
firm soil 0.4 0.6 0.65
Freshly plowed

“soil -0.25 0.4 0.u45

0il Costs

0il consumption includes both the amount of oil
consumed by an engine and the amount of oil required for
regular oil changes. Consumption is defined as the total
volume of new o0il placed in an engine in a given time period.
The recommendation of oil change period varies among manu-
facturers. Hunt (11) has determined average oil consumption
figures based on Nebraska Tractor Test. data and manufacturer
recommendations on oil change periods. Some of this data is
included in Table VII. Another method of estimating the
cost of oil consumptioﬁ is by considering it as fifteen

percent of the cost of fuel (1).
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TABLE VII 011, CONSUMPTION OF TRACTORS

Tractor Size 0il Consumétion (gallons per hour)

(Maximum PTO Gasoline L-P Gas Diesel

Horsepower) Engine - Engine Engine

30 - . 009 : . 010 .008
40 010 oo .01y
50 012 L0011 | .016
60 .013 .012 .019
70 .01k L014 . .019
80 L 015 : Lok . 025
90 | .016 .015 .023

over 90 .016 . 015 .023

Power and Energv Considerations

,Force Factor

A force factor is commonly used to determine the
gross energy requirements of field operations (1, 11). TForce
factors usually are éxpressed as pounds of force per foot of
effective width of a field méchine,.and are based on published
“draft and power requirements with the éﬁxiliary rolling
resistance, if any, included. Since the capacity. of a field
implement may be designated by its effective width,vthe power
requirement of a machine may be determined from its force
factor and its effective width. This also facilitates the

determination of the necessary tractor horsepower capacity to
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operate a field machine.

Table VIII is taken from data presented by Hunt (11)

and in the Agricultural Engineers Yearbook (1) and may be used

to estimate the power requirements of field machines. Since

much variation in power requirements may be expected due to

field and crop conditions, the resulting power requirements

are only rough estimates.

TABLE VIIT TYPICAL FARM IMPLEMENT FORCE FACTORS

Force Factors,

Machine 1bs per ft width
Tillage
Cultivator 240
Disk harrow 250 - 280
One-way disk 400
Moldboard plow 4 850
Spike~tooth harrow 105
Spring-tooth harrow 180
Planting
Grain drill 115
Row-crop planter 110
Harvesting '
Combine 375
Corn picker 650
Forage harvester 400
Hay conditioner 140
Mower 130
Side delivery rake 80

Field Efficienéy

The efficiency of performing a field operation must

also be considered in estimating the cost of operation.

Field efficiency may be defined as the ratio of the

useful time used in performing a field operation to the total
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“time (useful time plus lost time) used in performing the
operation. Useful time includes only the productive time
spent in actually performing the opératibn while lost time
includes the time spent in turning at row ends, travelling

" to and from the field, filling seed and fertilizer etc. (14).
Typical field efficiencies, taken from the

Agricultural Enginéers Yearbook (1) are bresented in Table IX.

TABLE IX. TYPICAL FIELD EFFICIENCIES

Operation _ o Field gfflclency

Tillage
Harrowing : 70 - 85
Most other tillage operatlons
(plow1no, disking, cultivating, etc.) 75 - 90
Planting
Drllllng or fertilizing row crops or
grain 7 60 - 80
Check-row planting of corn 50 - 65
Harvesting ,
Combine harvesting 65 - 80
Picking corn 55 - 70
Picking cotton (qundle type picker) 60 - 75
Mowing 75 - 85
Raking ' : 75 -.90

Direct windrowing of hay or grain
(self-propelled windrower)

In field with irrigation levees 65 - 80

In field with no levees _ 75 - 85
Baling hay

Bales discharged onto ground 65 ~ 80

With bale wagon trailed behind : _ £5 - 70

Field chopping 50 - 75
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Timeliness Charges for Field Operations

Timeliness factor

Hunt and Patterson (12) defined timeliness as the
state of being opportune or optimum in field operations. They
evaluated the economic benefit of timeliness by considering
the cost of being untimely, that is, the cost experienced as
a result of reductions in crop value due to yield losses or
quality reduction. .

Figure la shows one of the patterns of curves
which may occur in operations where aﬁ optimum time exists
and where a penalty occurs if an operation is premature or
delayed, in accordance with the allowable number of working
days. The slope of such a curve may be e#pressed as a
decimal reduction in income per unit of time. For example,
if the slope is known to be 0.5 bushels per acre per day of
delay (or prematurity) of. operation and the potential income
is_lOO bushels per acre the slope would be 0.0002 dollars
per acre per hour, when considering a value of one dollar per

bushel.

%hé_éiope-gf—the tgﬁelinéég cufve alléwsré charge'
to be made for untimely operations. A further correction (12)
must, however, be made. It has been shown (11) that there
is a 95 percent probability that only forty percent of the
total. available time is actually used for an operation.
Adjusting the value of the slope, on this basis, the timeliness

charge in the previous example becomes 0.0005 dollars per acre
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per hour.
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Figure la. . Total Cost of Timeliness
- TABLE X. TIMELINESS FACTORS
Operation ' _ , Timeliness Factor
Tillage ' : 0.00005 to .0003
Seeding : .0003
Cultivation : .0002
Small‘grain harvest .0002
Soybean harvest .0005
Corn harvest ‘ .0003
Hay harvest | .0010

Green forage harvest : ' .0001
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Values of timeliness factors for various field
“operations as determined by Hunt (11) are presented in
Table X.

Determination of the Minimum Cost
of a Machinery System

Hunt (9) in developing a Fortran progfam for
determining a suitable system of machines for a farm enterprise,
used a minimization procedure to select the economic size of
implements and tractors. This was déne by writing an expreséion
for the total annual cost of using an implement or tractor,
differentiating it with respect to  the pertinent variable (the
-width of the implément4or the horsepower of the tractor)
equating it to zero and solving for the variable.

Implement Selection

.The effective field capacity of an implement may be
written as

C = (swE)/8.25 ' ‘ [7]

where C = effective field capacity, acres per hour
s = forward speed, miles per hour
w. = effective width, feet -
E = field efficiency, percent (Table IX)

Using equation [7], the annual cost of a specific implement

may be expressed as

m 8.25 A,
B = Fpw+5I (———=d (R, + M, + 0, + H, + Q. + t.)) [8]
.2y Si W E. j j 3 j -3 3
J ] J
where B = annual implement cost, dollars per year
F = implement fixed-cost percentage (Table II)
p = purchase price of implement, dollars per

foot width (Table III)
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effective width, feet

number of acres over which a specific
operation is performed annually, acres

forward speed, miles per hour
field efficiency, percent (Table IX) -

repair costs, dollars per hour (Table V)

cost of labor, dollars per hour

cost of engine o0il, dollars per hour
(Table VII)

fuel cost, dollars per hour (interpreted

from Table VI and VIII and Figure 1)

tractor fixed cost charge, dollars per hour
(interpreted from Table II, purchase price
and annual use)

timeliness charge (equation [81])

the specific implement operation

the total number of implement operations
in one year

The timeliness charge, t, in equation [8] may

be expressed as follows

where

t.

t

J

K. A; . V.
J 3 yJ ]

= timeliness charge, dollars per hour

= timeliness factor (hour*)—1 (from
Table XI)

= number of acres over which a specific
operation is annually performed, acres

= potential crop yield, bushel, ton, etc.
per acre '

= crop value, dollars per bushel, ton, etc.

[9]
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To determine .the optimum size of an implement,
equation [8] may be differentiated with respect to the
effective implement width. It should be noted that R,

0, and H may be considered as proportional to the annual
aréa of a field operation_and will be constant, regardless
of the size of field machine. Differentiating, equating
to zero and solving for w, the optimum size of field

machine 1is

1/2
8.5 ™ A
p 3=1 7373 |
where w = implement effective width for minimum cost

and other symbols are as previously defined.

Tractor Selection

In selecting an optimum size tractor for a certain

-farm enterprise, Hunt (9) considered three ‘specific
tractor operations, field work (when the tractor is used
to pull a field implement), transport work (when the
tractor is used for transporting products such as grain,
hay, etc.) and pfocessing work (when the tractor is used
for stationary operations- such as feed gfinding).

The annual fixed cost charge for a tractor is

C = Fuh : [11]

a
where Ca = énnual fixed cost charge, dollars
per year
F = fixed cost percentage (Table II)
u = specific price of new tractor, dollars

per horsepower (Table IV)

h =  tractor size, power take-off horsepower
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Aé'ﬁés previously discussed, the costs of repair,
mainténance, fuel and‘oil are a direct function of acreage
for field operations or of gquantities handled for trans-
port and processing operations. Hence, only timeliness
costs and labor costs need be considered in selection
of an optimum sized power unit..

The annual cost for tractor power used in field

operations, when neglecting repair costs, fuel costs and

oll costs is

m
cp = = L2077 A5 v, v 1)) [12].
j=1 E. h J J
J
where Cf = annual tractor cost for field operations,

dollars per year

f = implement force factor, pounds per foot
of width (Table VIII)

and other symbols are as previously defined
The annual cost for tractor power used for
transport operations, when neglecting costs of repair,

fuel and oil, may be written as

k Mj _ :
- ) 1

Ct = .§ [h (1.1 dj Nj)] [131]

i=1
“where Ct = annual tractor cost for transportation,
» dollars per year . -
M = labor cost, dollars per hour
h = +tractor size, power take-off horsepower

d = hauling distance, miles



weight of material annually transported,
tons per year '

a constant (considering average rolling
resistance as five percent of weight),
horsepower-hour per ton-mile

a specific transport operation

the total number of annual transport
operations

Finally, the annual tractor cost for stationary

processing operations when neglecting repair, fuel and

o0il costs, is

where C

j
qQ

it M0

[G. W.] ' (147
3 J

annual tractor cost for processing

energy requirement for prdcessing,
horsepower-hour per ton (Reference (1))

weight of material annually processed,
tons per year

a specific processing operation

the total number of annual processing
operations

Adding [11], [12], [13] and [14], differentiating

the sum with respect to tractor size (h) and solving for

tractor size, the minimum cost size of tractor for a

specific farm is

' mo0.022 Af, | ko 1.1 MdH,
h =[ L (M, + t.) + % :
5=1 Fqu 3 3 5=1 Fu e
5
q M.G.W. 41/?
+ 5 3]
- Fu
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_where h = optimum tractor size for a specific farm,
power take-off horsepower

and other symbols are as previously defined.
By the method outlined above, it is possible to
select implement sizes and tractor sizes to obtain a minimum

cost machinery system for a specific farm.



ECONOMIC ANALYSIS OF RASPBERRY HARVESTING

Introductory Remarks

As it was previously mentioned raspberry harvesting
will be used as an example of a fruit growing enterprise for
studying mechanization alternativeé. In the previous pages
‘a minimum cost method, for the selection of implements and
power units was considered. This method was originally
developed for.selecting machinery systems for large grain
farming enterprises. The\method needs médification before it
can be adapted to a small fruit growing enterprise. For
example, the method assumes that machinery width (equation
[10]) is limited only by economic considerations whereas,
in the case of raspberfy growing, machinery width is determined
by cultural practices since raspberries are grown in rows of
a fixed spacing. The method also uses specific price data
(Table III); however, since most fruit harvesting equipment
is still in an experimental stage, such data does not exist.
Finally,.the method uses timeliness cost factors (Table X)
based on once-over harvesting methods. Since raspberries
must be harvested a number of times during a harvest season,
this type of timeliness factor is not appropriate.

Marketing Conditions

' The end product of the harvested fruit depends upon
‘the available market for different grades of fruit. High
quality fruit may be marketed fresh or frozen or may be pro-
cessed prior to mﬁrketing. Fruit of lover quality must be

processed as jam, canned fruit or frozen fruit to prevent

31.
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deterioration. During the past decade, from 95 to 98 percent
of the raspberry production in the lower mainland (8) has been
sold for processing rather than for direct consumption. This
indicates that even if a machine is incapable of harvesting
fruit suitable for the fresh market, it can still sérve 95
percent of the industry. The income to the producer will,
howevef, be reduced as processing fruit demands a lower
market price. Market prices in 1970 (19) ranged from 33 to

35 cents per pound for number 1 fruit (sﬁitable for fresh
fruit market) while prices for number 2 fruit (suitable for

processing) ranged from 19 to 22 cents per pound.

Cultural Practices for Raspberry Growing

The most popular raspberry variety grown in the
lower mainland is the ‘Willamette variety. (Figure 4). Most
of the experimental work on raspberry harvesting (2, 4, 17)
has, therefore, been conducted on this variety.

The following description of cultural practices
is a consolidation of that presented by Nyborg (17). Figures

3 to 5 were also obtained from this source.

The raspberry ﬁlant (Figure 2) has a perennial
root system with bignnial stalks. The plants begin to bear
fruit in the second year after planting and are productive
in the succeeding years, for twelve or more years, when it
is rniecessary to destroy them and plant new root stock.

Raspberries are planted in parallel rows spaced at
ten feet. Individual plants are sbaced in the rows at a
distance of two and one half feet, resulting in hedge rows
(Figure 4) once the plants mature. A supporting system is

necessary to prevent the plants from lodging due to rank growth,
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- weak and flexible canes, weak root systéms and a heavy load
imposed on the canes by fruit aﬁd leaves. Most growers use

a trellising system compoéed of wooden posts and steel support
wirés placed within the rows.

Raspberry fruit is an aggregate fruit éompésed of
loosely bound drupelets attached to a central core (Figufe 3).
Raspberries mature unevenly over a thirty day period, with
peak production occurring approximately midway in the harvest
season. Picking is required at least once every three days
thtoughout the harvest season to avoid overmature fruit. As
the length of the picking interval is increased beyond three
days, the quality of the resulting fruit is reduced. If the
picking interval is extended bevond approximately six days,
fruit loss occurs .due to natural abscission.

Hand picking represents one of the largest costs
associated with raspberry production. The price paid to hand
pickers has increased from five cents per pouhd in 1967 to
ten cents per pound, or more, in 1970. Additional expenses are
also incurred. In recent-years, to ensure the availability of
picking labor, many growers have invested in buses for the
tranéporation of pickers to and from the picking field. In
addition, some growers supply living quarters on the farm for
the pickers; The rising costs, associated with enticing
picking labor and the difficulty in procuring suitable labor
have directed efforts towards the use of mechanical harvesting

methods.
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Figure 2 Figure 3

Figure 4
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Scope of the Analysis
The machinery system fequired for establishing a

raspberry plantation and fbr operating associated enterprises
on a raspberry farm can be selected by the previously.outlined
minimization techniques. The costs involved for'thege enter-
prises should be similar for farms using hand picking methods
and for farms using mechanical harvesting methods. The only
difference in production costs should occur in the harvesting
operation. For this reason, in the following analyses, only
harvesting is considered .

- Determination of a Timeliness Function for
Raspberry Harvesting

Timeliness Factor for once-over Operations

The values 6f the timeliness factors (Table X) weré
determined from thé adjusted slopes of yield-timeliness
curves (Figure la) for specific operations. On this basis, K
represents a decimal reduction in income per acre for every
hour of actual machine operation.

This mefhod of determining a timeliness factor is
suitable foronce~ovef'operations such as grain harvesting,
hay harvesting and tillage but it is not suitable for multiple
operations such as small fruit harvesting. For a crop such as
raspberries, the field must be harvested a number of times
during the season and timeliness becomes a function of several
variables, as is described below.

Raspberry Yield

As a first step in determining a timeliness function,
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TABLE XT. ' RASPBERRY YIELD DATA
- Date ' Row Plant Fruit Yieldd Cumulative
(July, 13870) . : (gms/day) Fruit Yield
' (gms) .
3 A 1 29.2 87.5
3 A 2 62.0 185.2
3 A 3 29.2 87.5
3 A Y 31.5 ' 94 .5
3 B 1 36.2 108.5
3 B 2 54.8 164.5
3 B 3 56.0 168.5
3 B- L 35.0. 105.0
3 c 1 25.7 770
3 C 2 42.0 126.0
3 C 3 38.4 112.0
3 c I 36.2 .108.5
6 A 1 2.4 254.0
6 A 2 42,3 253.0
6 A 3 45.6 273.0
6 A L 67.5 - 404.,0
6 B 1 94,0 563.0
6 B 2 67.0 402.0
6 B 3 104.,2 625.0
6 B 4 80.3 481.0
6 C 1 87.5 525.0
6 C 2 141.0 8u7.0
6 C 3 113.2 681.0
6 C b 87.8 526.0

1 These values were obtained by dividing the actual fruit yield
by thée number of days between picking intervals. June 30 was

considered as day zero.
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- TABLE XI (Continued)

Date | Row Plant Fruit Yield Cumulative
(July, 1970) : (gms/day) Fruit Yield
. (gms)
9 A 1 160.0 736.0
g A 2 101.0 556.0
9 A 3 101.0 576.0
9 A Y 139.0 821.0
9 B 1 177.0  1095.0
9 B 2 ©199.0 998.0
9 B 3 213.0 1262.0
9 B Y 187.5 10440
9 C 1 - 134.8 829.0
9 C 2 159.1 1325.0
9 C 3 197.5 1273.0
9 C m 155.8 993,0
14 A 1 133.0 1401.0
14 A 2 81.5 963.0
14 A 3 90.5 - 1028.0
14 A y 123.0 1436.0
14 B 1 138.2 1786.0
1 B 2 T123.8 1617.0
1Y B 3 164.5 2085.0
14 B y 111.2 © 1601.0
14 C 1 123.5 1546.0
14 C 2 111.0 1880.0
1 c 3 166.5 2105.0
14 C Y 115.0 1567.0
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TABLE XI (Continued)

Date Row Plant Fruit Yield Cumulative
(July, 1970) ‘ (gms/day) Fruit Yield

' (gms)
17 A 1 126.1 . 1780.0
17 A 2 121.0 1326.,0
17. A 3 107.6 1451.0
17 A m 164.5 1927.0
17 B 1 117.2 2138.0
17 B 2 91.1 1890.0
17 B 3 145.5 2522.0
17 B Iy 105.0 1917.0
17 C 1 131.2 1942.0
17 C 2 99.0 2177.0
17 c 3 132.1 2502.0
17 C y 143.6 1998.0
22 A 1 72.0 2140.0
22 A 2 51.0 1611.0
22 A 3 62.8 1764.0
22 A m 9y, 1 2397.0
22 B 1 79.7 2536.0
22 B 2 83.3 2307.0
22 B 3 109.6  3081.0
22 B Y 68,7 2260.0
22 C 1 139.0. 2637.0
22 C 2 70.6 2530.0
22 C 3 1135.0 3176.0
22 C Y 127.9 2638.0
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TABLE XI (Continued)

Date Row Plant Fruit Yield Cumulative
(July, 1970) - (gms/day) Fruit Yield
: ’ (gms)
27 A 1 49,2 2386.0
27 A 2 36.2 1782.0
27 A 3 63.1 2080.0
27 A L 66.4 2729.0
27 B 1l L7.4 2809.0
27 B 2 uy, 0 2527.0
27 B 3 72.5 3u443.0
27 B L 32.0 2420.0
27 C 1l 120.0 3237.0
27 C. 2 59.0 2827.0
27 C 3 86.0 3606.0
27 C Y 104, 2 3160.0
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for raspberry harvesting, a yield distribution function was
determinéd by analyzing raspberry yield data for the 1970
harvést season. Table XI presents the yield data for twelve
raspberry plants of the Willamette variety grown in three
different rows at the Canada Department of Agriéulture Small
Fruit Substation, Abbotsford, British Columbia. (These data
were obtained from P.A., Jolliffe, Plant Science Department,
and E.O0. Nyborg, Agricultural Engineéring Departmenf, U.B.C.
and is data for the check plots in a field experiment).

Using the method of least squares and a stepwise
vregression procedure, the best fit polynomial of daily fruit
yield versus harvest time was determined. The selected level.
of significance for inclusion or exclusion of independent

variables was 0.01. The polynomial describing fruit yield was

Y = -8.54 + 20.16T - 0.07T° + 0.13 x 107° T°
- 0.2y x 107> 1° [16]
RZ = 0.79, N = 108, Sy = 27.18
for the range 0 < T.< 33
where Y =  fruit yield, grams per plant, for a
specific harvest day
T =  harvest time with July 1 considered

as the first day.
Figure 5 is a plot of the raw data given in column 4 of Table
XI and of equation [161].

By integrating the equation [16] with respect to

time a cumulative yield function was obtained
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Figure 5. Daily fruit yield for Willamette raspberries
s
Yo = (Y)
Y

= [-8.54 T + 10.08 T2 - 0.17 TF + 0.21 x 10”"

. t [171
8 ~ 0.35 x 1078 773
t
1
Where Yec = cumulative yield, grams per plant
T = harvest date, with July 1 considered

as the first day.
By evaluating equation [17] bgtween suitable limits
of integration, the total yield for any harvest interval may
be obtained. Figure & shows the cumulative yield function

for the complete harvest season.
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Figure 6. Cumulative yield for Willamette raspberries

The Dependence of Fruit Quality on Time of Picking

The quality of raspberries depends upon the stage
of maturity at which the fruit is harvested. It has been
shown (17) that in order to obtain top quality fruit, suitable
for fhe fresh market, raspberry plants must be harvested at
least once every three days. If the harvest interval is more
than three days, a portion of the fruit becomes over-mature
"and is suitable only for processing. If the harvest interval
is gfeater than six days fruit loss occurs due to natural
abscission. Since the gross incomé received from a raspberry
acreage during a certain harvest interval depends upon both the

yield and the quality of harvested fruit, a timeliness function
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must be based on both these factors. The effect of picking
‘intefval on gross income is large since, at present, number
1 fruif has a selling price of 33 to 35 cents per pound'(l9)
while number 2 fruit has a selling price of only 19 to 22

- cents per pound. |

The Timeliness Function

In’determining a timeliness function for raspberry
harvesting, it was assumed that if the picking interval were
three déys, only number 1 fruit would be obtained. If the
picking interQal were more than three days, it was assumed
that the fruit yield théined in the first three days of the
picking interval Qould be number 1 fruit while the fruit
yield obtained from the portion of the interval greater than
three days would be number 2 fruit. In making this assumption,
it was assumed that the processor has the capability of
mechanically sorting fruit according to quality (17).

| On this basis, using equation [17], the gross income

of a specific harvest operation becomes

t1e3 s
vi = | (Y) (x) + 0 x| AE (18]
t Ti43
wﬁere Yi = gross income for a.specific Harvest
interval, dollars per acre
ty = date of last picking
t, = date of present picking
. X, .= price per lb. of number 1 fruit
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X = price per 1lb. of number 2 fruit

A 2
and ‘ 3 < (t2 - tl) < 6
- : 1742
(The factor (—Egﬁ) converts grams per plant to

. pounds per acre). -

Figure 7 shows the cumulative gross income ébtained
from equation [18] for four different picking intervals using
X, = 34 and x, = 22. The computer program uséd in aetermining

1 2
figure 7 is shown in Appendix A.

©
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Figure 7. The effect of picking interval on the gross

income from raspberries.
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As a further step in determining the timeliness
function, the reduction in gross income due to the length of
the picking interval was obtained by subtracting the ordinates
of the U4-day, 5-day and G—day gross income curves (Figure 7)
from the ordinates of the 3-day curve and dividing each result
by the harveét date. These data were then fitted using the
method of least squares and a stepwise regression analysis
procedure. The selected level of significance for inclusion
or exclusion of an independent variable was 0.0lf The
resulting regression equation representing gross income
reduction per day for a specific harvest date were:

1 T2 + 0.76 x 10—2 T3 [19]

Y, = 0.20 + 1.65 T - 0.66 x 107
Rr? - 0.95

N = 33



Sy =

6.

0.72

(for the interval O < T < 33)

1 .2 8 .6

Yo = 4.06 + 1.95 T - 0.58 x 107~ T° + 0.98 x 107" T | [20]
R? = 0.83 |
N = 33
Sy = 1.89

(¥or the interval O < T < 33)

Yo = 3.97 4 3.24 T - 0.15 T + 0.21 x 1077 17 - [21]
R? = 0.87
. N = 33
sy = 1.99

(for the interval 0 < T < 33)

where YHA =

the gross income reduction in dollars
per acre per day for a four day picking
interval as opposed to a three day
interval

the gross income reduction in dollars per
acre per day for a five day picking
interval as opposed to a three day
interval

the gross income reduction in dollars -
per acre per day for a six day picking

“interval as opposed to a three day

interval

harvest date with July 1 considered as
the first day.

As a final step in determining a timeliness function,

the harvest time and_picking interval were used as independeht

variables with gross income reduction as the dependent variable

and the above data were analyzed using a stepwise multiple

regression analysis procedure. The final expression for gross
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income reduction as a function of haprvest time and picking

interval was

2 .2

Y, = - 1.47 + 0,11 T - 0.48 x 107 T+ 0.66 x 107" 73
+0.32 7 - o.uz;x'lo“5 s | | (22
R? = 0.97
N = 93
Sy = 0.05

(for the interval 0 < T < 30

3 <Z < 8)
where ° Y. = gross income reduction, dollars per
' acre per hour
T = harvest date with July 1 considered
as the first day
Z . = picking interval, days.
_ 2 3 -3 .U
Yd = |- 35.19 T + 1,31 T® - 0.04 T 4+ 0,40 x 10 ~.1T
t
+7.79 T (Z) - 0.10 x 10°° T (26)] 2 [23]
t
where Yd = cumulative income reduction, dollars
Z per acre
T = harvest time
Z = picking interval
t, = date of last picking
t, = date of present picking

Equation [23] is a timeliness function for raspberry
harvesting. The reduction in income due to extended picking
intervals (intervals greater than three days) at any time

during the harvest season, may be approximated with this



48.

equation.

The Effect éf Picking Efficiency on Gross Income

The ultimate goal in design of a harvesting machine
is achieving a design with the maximum possible picking
efficiehcy. It has howevér been shown, that for Willamette
raspberries, due to a'high.rétio of fruit retention force |
to fruit stem strength, high picking efficiency may not be
feasible. In mechanical harvesting.trials (17), stem
failureband green fruit removal occurred at picking efficien-
cies above fifty percent. This removal of green fruit would
reduce yield‘in subsequent hérvests, resulting in reduced
income.

In tests using a mechanical harvester (17) no green
fruit was removed when only fifty percent of the mature fruit
was removed but ten percent of the harvested fruit sample
was composed of green fruit when fruit removal efficiency was
eighty percent. 1In order to estimate yield reduction due to
green fruit removal,~it was assumed that the relationship
between green fruit removal and picking efficiency was linear.
Considering a linear relationship and using the results
_reported in reference (17), green ffuit removal is
L, = (- 16.7 + 33.3 X_)/100 | | [2u]

s
(for the range 0.5 < Xe < 1.0)

" where LS = the percentage of green fruit in a
sample of mechanically harvested fruit
Xé = picking efficiency of the mechanical

harvester, decimal quantity of the
mature fruit on the plant at time of
harvest.
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In order to estimate the effect of fruit removal
‘efficiency on gross income, for various lengths of picking
intervals, equations [17] and [24] were combined in the
following form
J = (Xe} (xl) (Rl) [(YA - YB) - (Xe) (LS) (YB - YC)]

X)) (x) (R DY, - ¥p) - (X)) (L)) (Y - Y)]

+ (1 - X)) (k) LYy - ¥ = (X)) (L) (Y, - Y]

where J = gross income, dollars per acre

Xe .= picking efficiency of the mechanical

harvester, percent of yield
; xl' = price per 1b. of number 1 fruit, dollars

X, = price per 1lb. of number 2 fruit, dollars

R1 =  fraction of grade number 1 fruit (i.e.
when picking interval = 5, R1 = 3/5)

R, = fraction of grade number 2 fruit (i.e. -
when picking interval = 5, R2 = 2/5)

LS = percent of green fruit in a sample of
machine harvested fruit (from equation
[2u1)

YA = cumulative fruit yield at present day of
picking, pounds per acre (from equation
(171

Y = cumulative fruit yield at previous closest

picking date, pounds per acre (from
equation [17])

Y = fruit yield at previous secpnd closest
plcklng date, pounds per acre (from
equation [171)

Y = fruit yield at previous third closest
picking date, pounds per acre (from
equation [17D).

[25]



Several assumptions were made in formulating
equation [25]. It was assumed that for a three day interval
between picking, only number 1 fruitbwould be removed. For
a picking iﬁterval éf n days, fof 3 < n <6, it was assumed
xthat the fraction of number one fruit would be 3/n and the
fraction of number 2 fruit would be (n-3)/n. This assumption
appears to bebreasonably valid on the basis of observations
during the 1970 harvest. It was further‘assumed that for
a fruit removal efficiency of x percent (1 - x) percent of
the:fruit would remain on the plants and would all be removed
as number 2 fruit on the following harvest date. The percent
of green fruit loss at'one harvest date was subtracted from
the gross yiéld on the following harvest date to account for
the effect df-green fruit removed on subsequent yields.

Results of this analysis, based on Xy = 34 cents per
pound and X, = 22 cents per pound,'ére presented in Table XIT.
The computer program used for calculating the values is given
in Appendix B.

The effect of fruit removal efficiency on gross
annual income is illustrated in Figure 9. It is seen that
when fruit removal efficiency is one hundred percent of the
mature fruit on the plants, gross income 1is not maximum
‘due to the fact that the removal of immature fruit results in
an errall vield reduction.‘ Curves for 3-day, 4-day, S5-day
and 6-day picking intervals all are maximum at approximately

80 percent picking efficiency. This indicates that for
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Willamette raspberries, the fruit removal efficiency of a
mechanical harvester should be'approximately 80 percent in

order to maximize gross income.

3000

2800

2690

Gross Income (dollarssacre/year) .

1
Lll | 1 i 1 )
'50 60 70 ~ 80 90 100
Picking Efficiency ( percent)
Figure 9. The effect of fruit removal efficiency on gross

annual income for various picking intervals.
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TABLE XII.,THE EFFECT OF PICKING INTERVAL AND PICKING EFFICIENCY

ON INCOME FROM RASPBERRIES.

Picking Cumulative Income (dollars/acre)
Date Interval Picking Efficiency (percent).
50 60 70 ‘80 90 100
July 3 days 41.60 49,93  58.25 66.57 74.89 83,21
" 6 " 216,64 2“8.20 279.04 309.00 337.90 365.58
" 9 " 539.50 593.32 6u43.96° 6S80.77 733.10 770,31
" 12 " 954,70 1025.82 1090.22 1146.72 1194.14 1231.31
" 15 " 1399.79 1481.70 1552.83 1611.52 1656.11 1684.93
" 18 " 1280.77 1907;33 1879.10 2034.,03 2070.07 2085.16
" 21 " 2184,u43 2271.55 2340.32 2388.43 2413.55 2413.33
" 24 " 2483.50 2569,93 2635,11 2676.53 2691.67 2678.01
ﬂ 27 " 2730.36 2816.98 2879.99 2916.74 2924.59 2900.8¢
" 30 " 2935.48 3022.05 3083.02 3115.64 3117.13 3084.71
Aug. 2 " 3065.09 3144,79 3196.27 3217.67 3206.09 3158.68
July U days 73.13 87.75 102,38 117,00 131.63 1u46.25
" n 356.70 1405.77 453.37 499,41 543,60 585.65
" 12 " 841,05 91u.54 982,95 1045.28 1100.51 11u47.63
" 16 A "1393.55 1476.52 1549,.54 1610.98 1659.20 1692.58
" 20 " 1899.,02 1979.19 20hu.68 2083.46 2123.51 2132,79
" 24 " 23b3.50 2376.43 2430.84 2464,55 2475,35 2u461.04
" 28 " 2617.21 2685.18 2731.78 2754,76 2751.85 2720.81
Aug. 1 " 28#5.79 2906, 36 29“3.30‘295H.30 2937.03 2889.16
July § days 111.58 133.90 156.22 178.53 200,85 223.17
" 10 " 516.54 583.54 648,61 711.30 771.18 827.78
" ﬁ15‘ " 1147,.31 1234,73 1315.00 1386.72. 1448,50 1498,96
" 20 " 1772.44 1854,45 1923.54 1977.73 2015.03 2033.47
" 25 " 2262.,18 2329.44 2379.19 2409,30 2417.65 2u02,08
" 30 . " 2618.07 2675.,75 2711.78 2725.07 2713.52 2675.04
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TABLE XII (Continued)

2522.95 2576.85

Picking ~Cumulative Income (dollars/acre)
Date Interval Picking Efficiency (percent)
50 60 70 80 90 100

- July 6 days 156.24 187.49 218.74 249,98 281.23 312.u48

" 12 " ' 686,91 771.45 853.27 931.77 1066.31 1076.28

" 18 “ 1433.01 1526.82 1611.35 1684.84 1745.53 1791.6Y4

" 24 " 2073.26 2146.04 2203.44 2243.30 2263.42 2261.62

" 30 " 2611.43 2624,.61 2614,.33 2578,51
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Cost Analysis of Hand Harvesting of Raspberries

Cost of Hand Labor

The price paid to haﬁd pickers in 1970 varied from .
10 to 12 cents per pound of harvested fruit (19). As was
previously discussed, the price paid to picking labor has
increased by»more than 100 pefcent in the last three years.
An additional cost due to fruit loss must also be charged
against hand picking as it has been shown (17) that the
overall fruit removal efficiency for hand pickers is approxi-
mately 80 percent. vIn order to obtain fruit of the optimum
mat?rity, each field must be'picked at least once every
three days. If the picking interval.is greater than three
days, income will be lowered due to reduced fruit quality.
Appropriate corrections for income reduction over the harvest
season, due to varying lengths between pickings, may be made
by applying equation [23].

In the following cost analysis of hand picking, it
was assumed that fruit removal efficiency was 80 percent;
'the pfice paid to hand pickers was 12 cents per pound; fields
were picked once every three days, resulting in only number 1
fruit; the selling price of number 1 fruit was 34 cents per
pound ..and the potential yield of a faspberfy field was as
given by equation [17].

Additional Costs Incurred in Hand Harveéting

As an incentive in maintaining hand picking labor,

growers may provide daily transportation to the farm from the
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" nearest town. Used buses are often purchased for this
purpose. For lower mainland growers, daily one-way trans-
portation distance could be up to 50 miles. In addition, a
second vehicle, usually a pickup truck; is required to
collect fruit in the field and transport it to a central
iocation.

_Assuming that the combined purchése price of both
these vehicles 1is 7000 dollars and assuming a fixed cost
percentage (Table II) of 15 percent, the annual fixed cost
is 1050 dollars. Assuming a 30 day harvest season and an
average farm size of 15 acres, the fixed cost is 2.34 dollars
per acre per day.

The variablé costs associated with these two vehicles
may be determined'as follows: Assuming that the bus is used
100 miies each day and that the truck is used 50 miles each
day, that each averages 10 miles per gallon of fuel and that
fuel costs 40 cents per gallon, daily fuel cost is 6 dollars.
Assuming that avdriver is- employed 8 hours per day and is paid
2 dollars per hour, aaily labor cost is 16 dollars. Assuming
an hourly repair and maintenance cost of 0.012 percent of
purchase price (Table V), daily repair and maintenance cost
is 6.72 dollars. Finally, assuming an oil consumption of
0.016 gallons per hour (Table VI) and a coét of 2.50 dollars
per gallon, daily oil cost is 0.32 dollars. Adding these
daily costs and considering a farm size of ‘15 acres, the

variable cost is 1.94% dollars per acre per day.
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Adding fixed and variable costs, the total operating

cost of these vehicles is 4.28 dollars per acre per day.

Income, Cost and Profit

Using equation [17] for cumulative yield and apply
the previously mentioned assumptions, the gross income for

a specific harvest is

Ia > p (Yb - Ya) (Q.3u)(0.80)(17u2/u5u)
where I = gross income, dollars per acre,
a+b 2 . o3 : N
for a specific three day period
Yy = equation [17] evaluated at date b
; Y, = equation [17] evaluated at date a
and (b-a) = 3.

The cost associated with this harvesting is

Ca > b " (Yb - Ya)(0.12)(0.80)(17H2/u54) + (3)(4,.28)

where C = hand picking cost, dollars per acre,
a=b e 2 .
. for a specific three day period

~and all other symbols are as defined in equation [261].

The gross profit for a specific three day period
from date a to date b is determined by subtrécting Ca > b
from.Ia + b. The computer program, used in evaluating the
cost of hand picking over the whole harvest season, is given
in Appendix C. Table XIII and Figure 10 give the results

of this analysis for a 30 day harvest season with specific

harvests spaced at 3 days.

ing

[261]

271
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Figure 10. Cost Analysis of Hand Harvesting of Raspberries
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TABLE XIII. COMPARISON OF HAND HARVESTING COST AND INCOME
_ : FROM A RASPBERRY PLANTATICN

Harvesting Income’ Profit#

Harvest Date Cost j _ :
(dollars/acre), (dollars/acre) (dollars/acre)

July 3 36.33 66.57. 30.23
July 6 96.48 236.98 140.50
July 9 o oaml.on 363.24 222.20
July 12 164,35 429,28 : 264 .93
July 15 166.15 43y, 37 268.22
July 18 151,37 392.51 241,14
July 21 128.57 327.89 | 199,33
July 24° 106.84 266,33 159.49
July 27 91.42 : 222.65 ©131.23
July 30 77.83 . 184,12 106. 30
TOTAL: 1,160.38 2,923.94 1,763.57

ofa
b

The values in this column are the differences
between income and hand harvesting-COSts. They do not include
the other costs involved in maintaining a raspberry plantation.
Since the other costs are assumed to be constant for both .
mechanical harvesting methods and hand harvesting methods,
these values may be used comparing harvesting methods. Similar
values for mechanical harvesting are presented later.

Cost Analysis of Mechanical Raspberry Harvesting

Since mechanical harvesters .are still in an experi-
mental stage, the purchase price and capacity of such machines

is not known. In order to compare the costs of mechanical

harvesting and hand harvesting, ranges of purchase prices and



‘capacities were investigated in an attempt to determine a
suitable machine and machine capacity.

Tixed Costs

Using"a fixed cost pefcentage (Table II) of 16
percent, the annual fixed cost is 0.16P, where P is the
machine purchase price. Considering a 30 day harvest season,
the daily fixed cost is 0.00533P dollars per day.

Operating Costs

Hourly operating costs may be estimated as follows:

Repair and maintenance (Table V) .00025P dollars/hour

Labor (assume 2 men at 2.00 .
dpllars/hour) ‘ ‘ = 4,00 _ "

Fuel (assume 3 gallons/hour
at 30 cents per gallon) = 0.30

14

0il (assume 0.01 gallons/hour
(Table VII) at 2.00 dollars/
gallon)) = 0.02 "

In analyzing the cost of hand harvesting, it was
assumed that a truck was necessary to transport fruit picked
by hand pickers to a central location. A similar charge is
not applied against fhe mechanical harvester, since 1t is
assumed that it has sufficient storage capacity to eliminate
this handling problem. Loss of operating time due to
unloading fruit will be included in the field.efficiency factor
for the harvester.

Summing the above costs, the total hourly operating

cost of a mechanical harvester is
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Ch = 0'00533P/HP + 0,00025P + 4,92 [28]
where Ch = machine operating cost, dollars per
hour
P = machine purchase price, dollars
Hr = daily operating time, hours.

Machine Capacity

Since raspberry rows are spaced at 10 feet, the
output for a single row machine 1s 1.21ls acres per hour,
where s is the forward speed in miles per hour. Assuming
75 percent field efficiency (Table IX), the output of a

machine is

3

D, = 0'907.8 ‘ [29]
where Do = machine output, acres per hour
s = forward speed, miles per hour.

Similarly, the seasonal capacity of a mechanical harvester is

Cy = 0.907 (s) (Hr) (z2) | [30]
where ‘/Cy = seasonal capacity of a machine, acres

s = forward speed, miles per hour

Hr = opefating time, hours per day

Z = picking interval between subsequent

harvests, days.
Combining equations [28] and [23], the cost of mechanical
picking, for each specific harvest, is

C
a

(0.00533P/H, + 0.00025P + 4.92)/0.907s [31]

where C cost for a specific harvest, dollars per

a .
acre and all other symbols are as previously defined.
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Method of Calculation

A computer program QAppendix C) was developed to
calculate the cost of mechanical harvesting gross incomé
and the fesulting gross profit, in order that mechanical
harvesting could be compared to hand harvesting. Machine
purchase price was varied from 1000 to 15,000 dollars while
machine speed was varied from 0.5 to 3 miles per hour to
determine the effect of machine cost and machine capacity
on operating costs.

Fruit removal efficiency waé assumed to be 80
percent, while picking interval length was varied from 3 to
6- days and the daily length of operation Qas vafied from
8 to 10 hours.

Gross income for a specific harvest date was
determined using equation [26] with the modification that
3 < (b - a) < 6, to account for varying lengths of picking
intervals.

Operafing cost for each picking was determined
using equation [31]. The length of picking interval does
not affect the cost for each specific harvest but does affect
~the cumulative cost for the whole harvest season as with a
large® picking interval, a machine will be used a fewer numbef
of times on each acre.

For picking intervals of length greater than three
days the timeliness féctor (equation [23]) was used to

determine the cost of reduced fruit quality. This equation
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was evaluated between the same limits as used for the gross
"income equation in order that timeliness costs applied to

the same interval.

Ydasp = (Yg)y, - (Y, ' [32]
" where (Yd)a+b = income reductiop,.dollars per
acre for a specific harvest period
(Yd)b = equation [23] evaluated at date b
Yy, = equation [23] evaluated at déte a

and 3 < (b -~ a) < 6.

Gross profit for a-specific harvest was determined
by subtracting the operating cost and timeliness cost for
th;t harvest from the gross income. Cumulative gross profit
for the whole harvest,séason was determined by summing the

profits for each specific harvest.

Machine Cost and Gross Profit Variation over the Harvest
Season

Figures “11, 12, 13 and lulshow the variations in
gross income, operating cost, timeliness cost and gross profit
over the harvesf season for 3, 4, 5 and 6 day harvest interQals
respectively. These figures are based on a machine purchase
price of 5,000 dollars, a machine speed of 1.5 miles per hour
and an 8 hour working day. Since the gross profit curves are
based on only operating costs, and do not conéider the costs
‘of establishing and maintéining a raspberry plantation, these
profit curves may be directly compared to the gross profit

curves for hand picking (Figure 10). Comparison to Figure 10



COST AND PROFIT (DOLLARS PER ACRE PER YEAR) OF RASPBERRY MACHINE PICKING

TABLE XIV.
PER ACRE 8 HOURS PER DAY.
Acre ; PURCHASE\?RiCE (dollars)
Speed ..~ Capacity 1,000 5,000 3,000 13,000
mph. hour (acres) Cost Profit  Cost Profit Cost Profit Cost Profit
3 DAY PICKING INTERVAL
0.5 0.u45 10.88 128.69 2795.25 209.51 2714.44 290.32 2633.62 371.1% 2552.80
1.5 1.36 32.65 42.90 2881.05 69.84 2854.11  96.78 2827.17 123.71 2800.23
3.0 2.72 65.30 21.45 2902.50  34.92 2889.03 48.39 2875.56  61.86 2862.09
4 DAY PICKING INTERVAL
0.5 0.45 10.88 96.52 2517.10 157.13 2456.49 217.7% 2395.88 278.36 2335.27°
1.5 1.36 32.65 32.17 2581.45 52.38 2561.25 108.87 2541.04  92.79 2520.84
3.0 2.72 65.30 16.09 2597.54  26.19 2587.u4  26.29 2577.33  46.39 2567.23
5 DAY PICKING INTERVAL
0.5 0.45 10.88 77.22 2337.72 125.71 2289.23 174.19 2240.74% 222:68 2192.25
1.5 1.36 32.65 25.74 2389.20 41.90 2373.03 58.07 2356.87  74.23 2340.71
3.0 2.72 65.30 12.87 2402.07  20.95 2393.98  29.03. 2385.90  37.11 2377.82
6 DAY PICKING INTERVAL
0.5. 0.u5 10.88 64.35 2211.27 104.75 2170.86 1u45.16 2130.45 185.57 2090.0L
1.5 1.36 32.65 21.45 2254.17 34,92 2240.70 48.39 2227.23 . 61.86 2213.76
3.0 2.72 85.30C 10.72 2264.89  17.46 2258.16 2251.42  30.93 224L4.69

24.19

‘€9



TABLE XV.

COST AND PROFIT (DOLLARS PER ACRE PER YEAR) OF RASPBERRY MACHINE PICKING
PER ACRE 10 HOURS PER DAY

PURCHASE PRICE (dollars)

Acre

Speed .. Capacity 1,000 5,000 9,000 13,000
mph. hour (acres) Cost Profit Cost Profit Cost Profit Cost Profit
0.5 O.HS‘ 13.60 125.76 2798.19 19u4.82 2729.13 263.88 2660.07 332.94 2581.00
1.5 1.36° u10.81 41.92 2882.03 64.94 2859.01 87.96 2835.99 110.88 2812.97
3.0 2.72 81.63 20.96 .2902.99 32.4%7  2891.48 43.98 2879.97 55.49 2868.46
4 DAY PICKING INTERVAL »
0.5 0.u45 13.60 94,32 2519.31 146.11 . 2467.51 197.91 2415.71 2u9.71 2363.91
1.5 1.36 40.81 31.44  2582.18 4g.70 2564.92 65.97 2547.85 83.24 2530.39
3.0 2.72 81.63 15.72 2587.90 24.35 2589.27 32.99 2580.64 41.62 2572.01
5 DAY PICKING INTERVAL
0.5 o.u45 13.60 75.45 2339.48 116.89 2298.04 158.33 2256.61 198.77 °2215.17
1.5 1.36 40.81 25.15 2389.79 38.96 2375.87 52.78 2362.16 66.59 2348.35
3.0 2.72 81.63 12.58 2402.36 19.u48 .2395.45 26,39 2388.55 33.29 2381.6u4
6 DAY PICKING INTERVAL A
0.5 0.45 13.60 62.88 2212.79 97.41 2178.21 131.94% 2143.67 166.47 2109.,1u
1.5 1.38 40.81 20.96 225L4.66 32.47 2243.15 43.98 2231.63 55,49 2220.12
3.0 2.72 81.63 10.48 2265.14 16.23 2259.38 21.99 2253.62 27.75 2247.87

“Hh3
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indicates that for 3, 4 and 5 day picking intervals, the
profit curQes for machine harvesting are higher than for hand
harvesting, at all stages of the harvest season. Comparison
of Figures 10 and 14 indicate that the gross profit from hand
picking and machine picking, for a 6 day picking interval,
are similar at the first and last of the harvest season but
at the peak of the harvest season, gross pfofit from hand
harvesting is only 80 percent of thatbfrom machine hafvesting.
The above comparisons indicate, that for all the combinations
considered, machine harvesting is more profitable than hand
hénvesting.

Machine Capacity and Purchase Price

In order to.defermine the effects of machine purchase
price and machine speed on harvesting costs and subsequent
profits, the total costs and profits for each season were
calculated by summing the costs and profits of the individual
harvest operations. The results of the complete analysis.
are tabulated in Appendix D, while results are summarized in
Table xIV and Table XV. Results.are reported for machine
purchase price variations from‘1,000 to 15,000 dollars, for
machine speed variations from 0.5 to 3 miles per hour, for
picking interval variations from 3 to 6 days and for daily
operating times of '8 hours (TableXIV ) and 10 hours (Table

XV).
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MACHINE PICKING
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400 - Profit
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Graph of cost, 1n;omb, profit and yield reduction

of racpbeﬁry machine picking operating 8 hours per day
purchasm price $5,000, speed: 1.5 mph with 3 day
picking interval.
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. 'Figure 12,

Graph of cost, income, profit and yield reduction

of raspberry machine picking operating 8 hours per day
purchase price $5,000, speed: 1.5 mph, with 4 day
picking interval.
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Figure 13. Graph of cost, income, profit and yield reduction

of raspberry machine picking operating 8 hours per day
purchase price $5,000, speed: 1.5 mph, with & day

picking interval.
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MACHINE PICKING
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Figure 14. Graph of cost, income, profit and yield reduction
of raspberry machine picking operating 8 hours per day
purchase price $5,000, speed: 1.5 mph, with 6 day
picking interval. :
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Figure 15 shows the effect of machine purchase
price and machine speed on annual profit for a three day
picking interval while Pigure~16 shows the effect of machine
purchase price and machine speed on annual profit for a five
day picking interval. From the figures it is apparent that
gross annual profit is not gréatly influenced by machine
purchase price, if operating speed is 1.5 miles per hour,
or greater. On this basis an optimum maéhine speed for
mechanical raspberry harvesting should be at least 1.5 miles
per hour. This indicates that machine capacity will be 1.36
acfes per hour and daily outbut will be 10.9 acres. The

" annual capacity of such a machine woﬁld be 32.7, 43.5, 54.u
and 65.3 acres per year for 3, 4, 5 and 6 day picking

intervals respectively.

o © _8 HOURS PER DAY
'3 DAY PICKING INTERVAL X

2900+ 3.0 mp
o i 1.5mph.
é 2700t
o .
9.
% 0.5 mph
o. .

25001

. L J i
50004000 6000 8000 10000 12000

Purchase Price, dollars

‘Figure 15. ' The effect of machine purchase price and machine
speed on gross’ annual profit.
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- 8 HOURS PER DAY

. - .5 PICKING INTERVAL
2400 F L > DAY 3.0 mph

1.5 mph

2300
2200 _
‘ 0.5 mph
i I » L 1 | 1
2000 4000 6000 8000 10000 12000
- Purchase Price, dollars |
"Figure 16. The effect of machine purchase prlce and machlne

speed on gross annual profit,

Effect of Picking Interval on Gross Profit

Figures 17, 18 and 19 show the effect of picking
interval and machiﬁe speed on gross annual profit for machine
purchase prices of 5,000, 9,000 and 13,000 dollars
respectively. As is seen, in all caseé, the effect of machine
purchase price is nbf significant at machine speeds of 1.5
mileé per hour, or greater. At this operating speed the
Vrelationship between gross annual profit and picking interval
is neérly linear and the gross annual profit decreases by
approximately 200 dollars per acre each time the picking
interval is lengthened by one day. This, of course, is not

neceséarily applicable if the picking interval is extended

beyond 6 days.
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2900} |
PURCHASE PRICE 5000 DOLLARS
8 HOURS PER DAY
Y2700}
) 9]
. 0.
~
0
K
" 2500}
g
o
- 2300}
1 1 | 1

3 4 . 5 6
Picking Interval, days |

Figure 17. Gross annual profit of raspberry machine picking
versus picking interval for different speeds of
operation. '
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PURCHASE PRICE 9000 DOLLARS

'8 HOURS © PER DAY

3 4 - S 6

" Picking Interval, days

Figure 18. Gross annual profit of raspberry machine picking

versus picking interval for different speeds of
operation, _ : :
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Profit , doI'Ior/ acre

2000k PURCHASE PRICE 13000 DOLLARS
8 'HOURS PER DAY
27001
25001
2300}
2100-
| I 1 1

3 4 . 5 6
Picking Interval, days

Figure 19. Gross annual profit of raspberry machine picking
versus picking interval for different speeds of
operation.
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- Comparison of Hand Picking to Machine Picking

Summing the profit column in Table XIII;.the gross
annual -profit for hand harvesting is 1764 dollars per acre.
Similar gross annual profits for mechanical harvesting
(Appendix D) varied from maximuh of 2903 to a minimum of
2069 dollars per acre. This indicates that any of the
combinations of machine purchase price, machine speed and
picking interval used in the mechanical.harvesting‘analysis
are more profitable than hand picking methods.

Considering a machine purchase'price of 5,000 dollars
as.a reasonable price, and using a forward speed of 1.5 miles
per hour, as discussed previously, and an 8 hour working day,
ﬁhe'gross annual profit for machine harvesting was 285k,
2561, 2373 and 224l dollars for 3, &, § and 6 day picking
intervals,'fespectively. On this basis, the annual increased
brqfits due to mechanical harvesting are 1090, 798, 609 and
477 dollars ﬁer acre for 3, 4, 5 and 6 day picking intervals,

respectively.



SUMMARY AND CONCLUSIONS

Methods for analyzing the costs of agricuitural
machinery systems and methods for determining optimum sizes
of implements and power units were reviewed and summarized.

As commonly used me{hods for determining least cost machinery -
.Systems for agricultural enterprises were not directly
applicable to fruit growing, procedures were modified.

Thé mechanization of raspberry harvesting was used
as an example for a cost analysis study énd the modified
procedures were used to determine suitable limits for machine
sizg and capacity and were used to compare present harvesting
practices with a proposed mechanical harvesting system.
Methods.and results méy be summarized as follows:

(1) A description of fruit yield through the harvest
season was obtained by analyzing actual yield data based on
hand picking of several test plots of Willamette raspberries.
The resulting fruit yvield function was Qsed as a basis for
analyzing both hand harvesting and mechanical harvesting.

(2) A timeliness function, expressing the reduction in
fruit value as a function of the length of time between
subséquent harvests and as a function of specific harvest
date, was obtained for Willamette raspberries. The timeliness
function was used to determine a suitable timeliness charge
~against mechanical harvesting.

(3) N An optimum fruit removal efficiency for mechanical
raspberry - ~ harvesting was determined by investigating

both timeliness costs and fruit yield reduction due to the

76'
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removal bf immature fruit. Results indicated that a fruit
rémoval efficiency of 80 pefcent is optimum for picking
intervals ranging from 3 to 6 days.

(4) The costs of hand harvesting were investigafed

over tﬁe harvest season, based on current prices. Gross
annual profit, defined as the difference between the income:
from the sale of fruit and the coéts of harvesting, was

‘used as a parameter for comparing hand harvesting costs to
machine harvesting costs. The gross annual profit for hand
harvesting was 1764 dollars per acre.

(5), Cost analysis of mechanical harvesting was conducted
by considering fixed costs, variable costs and timeliness
charges for a range of machine prices and machine speeds.
Results indicated that for operating speeds of 1.5 miles per
hour, or greater, gross annual profit was not significantly
influenced by machine speed. A machine speed of 1.5 miles
per hour was therefore considered as an optimum machine speed.
On this basis, a single row machine will have a capacity of
1.36 acres per hour and will have a daily output of 10.9
acres. The annual capacity of such a machine would vary from
©32.7 to 65.3 acres per year for picking intervals from 3 to

6 days, respectively. |

(6) The effect of the length between subsequent harvests
on gross annual profit from machine picking indicated the the

gross annual profif decreased by approximately 200 dollars
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'pér acre each time the interval between subsequent harvests
waé iﬁcreased by one day.. This applies for a range of
picking intervals from 3 to 6 days.

(7) Comparison of gross annual profits from both methods
of harvesting indicated that profits from hand picking were
substantially less than those from machine picking. Using

a machine with a purchase price of 5,000 dollars, with a
fruit removal efficiéncy of 80 percent, with a forward speed
of 1.5 miles per hour and an 8 hour working day, gross annual
prqfits varied from 2854 to 2241l dollars per acre for picking
intervals from 3 to 6 déys, respectively. Comparing these
values to the gross annual profit of‘l764 dollars per acfe
for hand picking, it is seen that increased annual profits
due to mechanical'picking varied from 1090 to 477 dollars

per acre.
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SUGGESTIONS FOR FURTHER STUDY

The methods used should be applicable to other
types of fruit harvesting enterprises. Since yield data,
the variation of yield ovér-the'harvest season and the effect
of untimeliﬁess on reduced quality are not known, such data
are required_for other crops before analyéis may be

conducted.



10.

11.

LITERATURE CITED

American Society of Agricultural Engineers, St. Joseph,
Michigan: Agricultural Engineer Yearbook, pp. 2738-28kL
(1970) and pp. 227-233 (1963).

Baehr, B.E., An Experiment 'in Mechanical Raspberry
Harvesting. Vancouver: University of British Columbia
Department of Agrlcultural Engineering, pp. 2, (1966)
(Mimeographed).

Carne, I.C. Observations on Raspberryv Varieties as
Grown in the Fraser Valley. Victoria, British Columbia:

British Columbia Department of Agriculture, Horticultural
Branch, (1965).

Challenger, B., 1967 Report Mechanical Raspberry Harvester
Trials. Victoria: Agricultural Engineering Division,
British Columbia Department of Agﬂlculture (1367)
(Mimeographed).

Chancellor, W.J., Selecting the Optimum-Sized Tractor.
St. Joseph, Michigan: Transactions of ASAE 12: (u),
pp. 411-414%, (1969).

Crandall, P.C., George, J.E. Jr., Roberts, J.,
Chamberlain, J.D. and Wolf, G.D. A Red Raspberry
Harvester Circular 457, Washington Agricultural Experiment

Station, Washington State University, December (1965).

Dawson, G.R., Cost of Owning and Operating Farm Machines.
Bulletin No. 493, Agricultural Experimental Station,
New Mexico State University, March (1965).

Dorling, M.J., Raspberry Growing in the Abbotsford Area
of British Columbia. Vancouver: University of Britaish
Columbia, Department of Agricultural Economics, (1967).

"Hunt, D.R., A Fortran Program for Selecting Farm Equip-

ment. Paper No. 66-154 presenfed at the 59th Annual
Meeting, American Societv of Agricultural Engineers,
Amherst, HMassachusetts, (June 55 29, 1966).

Hunt, D.R., Efficient Machinery Selection, Implement

and Tractor. St. Joseph, Michigan: Transactions of
ASAE. 16: (13) pp. 78-80 (1963).

Hunt, D.R., Farm Power and Machinery Management, Iowa:
Iowa State University Press (5th Edition) (13968).

80.



12,

13.
1,
15.

16.

17.
18.

19.

20.

21.

81.

Hunt, D.R. and Patterson, R.E., Evaluating Timeliness
in Field Operations. American Society of Agricultural
Engineers Publication Proc-468 presented at Sherman
House, Chicago, Illinois, pp. 18-21 (December 1968).

Larson, G.H., Fairbanks, G.E. and Fenton, F.C.,
What It Costs to Use Farm Machinery, Kansas Agriculture
Experimental Station Bulletin No. 417 (April 1960).

Link, D.A., Farm Machinery Selection from System
Economlcs, Towa State University Library, Ames, Iowa.
(1.5 The81s) (1966).

MacHardy, F.V., The Mechanization and Control of Farm-
stead Operation, Canadian Agricultural Engineering Uu:
(1), pp. 18, 19, 29 (January, 19627).

McLeod, C.D., Progress Report on Mechanical Harvesting
of Raspberries. Vancouver: University of British

’Columbla, Department of Agricultural Engineering (1967)

Mimeographed).

Nyborg, E.O., Mechanical Raspberry Harvesting, University
of British Columbia, Mechanical Engineering Department
(Ph.D. Thesis) (1970).

Parson, M.S., Robinson, F.H. and Strickler, P.E.,
Farm. Machinery-Use, Depreciation, Replacement. U.S.D.A.
Statistical Bulletin No. 269 (October 19607

Quan, T., B.C. Coast Vegetable Co-operative Association,
Richmond, British Columbia (Perscnal information).

Simons, M.D., Field Machinery Selection Using Stored
Programs, Oklahoma State University lerary, Stillwater,
Oklahoma. (M.S. Thesis) (1962).

Southwell, P.H.; An Analysis of Tractor Purchase Costs
and Efficiencies, Canadian Agricultural Engineering
10: (1), pp. 33-37 (May 19t3).




COMPUTER PRC
DN INCOME

82.

APPENDIX A

THE EFFECT

CF PICKING

ITNT ERVAL

YLD(T)I=({-8.541 4"
10, CCOai034814%7
Pl=0.34

P2=0le22

D=0,0

T+'|(
w7) s

N7 7654 T4E
{1742 ’“/4

GLE85%THH 440, CO0G20916% TH#6~

1]

G
SUM=SUM4GT

WHRITE (543}
FORMAT (13X,
A=(+2 .1
IF {A.LE.
D=0+1.0
IF (DJLFe3.0)

Ay

W

?
_)

.o)”éa

G0 70

RY C? D, Sly

LF T, 7 Zrlc cc)

&

SuM

S
END
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APPENDIX B

4C
0

[CCING EFEFTCIENG

EFFECT OF PICKING INTERVAL
NOINCOME FRCM RASPBERRIES.

\/L (T

LOrOCIARLARTERT) (1742,

)= (=3 .5414xT+10.077

6EHTH%2=0, 01685% T4+ 0, DO002091 6% Taks -0
G/453,5%)

GO

XL(AI={ =164 650433 ,3%8) /100, 0
RIAV=3.3/(2.0+A0)
S(AY=A/{3.0+4)
sUW‘Q.Y
Ol =0.34
.D'.’.=<.4‘.¢?. i
D=0,
4 X=0, 50
2 Y=1, 0=
Z\: 34D
2 B=A-3,0-D
C=A=2.0%(3,0+0) _ o o B -
IF(C.LT.Q.O) C=0.0
E=A=3,0%(3.03+D)
IF (u.lT.i.,) =)l 0
GT=XZPY=R(D)T (YLD (A =YLO(B) I =A=EXL(XTH(YLD(BR)=YLDI{CI})
THXEP2HES(D) L (YLD (A =YLO(B) ) =X=XL(X)H(YLDIB)=YLD(C)))
C2HYEP 2 (YLD(B) - YLDOC) Y- XEXL (XY= (YLD(C)=YLDLEY ) )
SUM=SUM+G |
P=XL{X)
Q=R (D)
\A-S( by '
WRITE (695) AyB CeEDy XY P 30 4RA,GT,SUNM
5 CFORMAT(5X,12F10.3) e
A=p+3, 040
JEFLALLEL32.0) 59 TD 2
SUM=Q 0 '
X=X+.13
IFIX.LFeLeD) 50 TO 2
D=D+1.0 i i - e
IFEDLLES3.T) GO TO 4
G9 SToe

EMD
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APPENDIX C,

Computer Program for Cost Analysis of Mechanical Harvesting

DIVENSTON CU1A) 4 (16G), EQ10)

YL(T) (=P8 a1 a5TH 10, CTTE5% % 2-00 016655 TS 440 ,000020916%T4% 6~
100030003481 43T #2714 (1742,0/453,59)
YR(T,F)==35,1636%T+1,31048T#%2-0,036112%T#%340,000236522% 454

[¢7 . TC2EX AP TOCIC LA T FTFPFFE
CSTUP,EyS)I=(0 00533 P/KE+4,92+0.00025%P)/(C.G0748)
T{S)=C, CCT%S
CALS F)=0,9C 7S 4k
CPUSyHF )=0 GL7RupExRE

I::

F=C .0

B=3.C :
CCUII=(YL{BY=YLUA) ) =0 1250,8C +2.0%4,28
DEI)=(YLIR) =YL (£} )0, 3450 ,8D

FLIVy=C(1)=-C(T)

=141

E=A+32.0

B=B+2,0

IF (B.LE3G.C) €6C TC 1
>W),.,RITC({~ ?) o T o - ot oo -

FGRMAT( 20X, *HANT P[CKINC ///71CX 3 'COST® y10X, *INCCONMESY 10X, YFRCFIT )
DG 3 I=1,1%

WRITE(E,4) T4CUTT0(TT,8( 1] ~
FORMAT (5%, 12,2X43(FG,3,6X))

WRITE(6,5)

FORMAT (20X, *MACKFINE PICKING',///)

CC 10 I=3,4

WRITE(E,6) 1

FGRMAT(2GX,IZ,?X,'DAY PICKTING INTERVALT,/)
x=1 .
DO 10 T1=1006,15000,2060

P=11 '

WRITE(&,8) F .
FORMAT({ 28Xy 'PURCHASE PRICE =%',FG.2,/)

BC 10 J=8,10,2

H=J

WRITE(£,G) J o - S S _ o
FCRMAT{4OX,; 1242X%y "HCURS PER DAY Y/12%X, *SPEED Y, 2X, 'ACRE/ECURY 43X,
1¢ ACRF/CAY'tﬁ)("(AOACITY‘96X"CCST'IK3\(7'I'\{‘CNF' 4X4 YLD RECY 14X,
ZIPROFITY)

s 10 K=1,6
vv=c.c
C27=D.0
Wh=C.C
R=K

S=R/2.0
L\=CQC
B=2.C_ .
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APPENDIX C (Continued)

15 Ce=(YUIR) =YL (A V1%6, 345080 77 T
DE=CSTIPH,S)%(3.0/%)
IF (X.LE.3.0) 60O 7O 12
ER=YRI(B,XV=YR(5,X]
GO TC 12
L EAT

“vﬁfgw_w»

C=T(S)
HE=DA(S ,H)
R=CP{SsHyYX)
F=CA-TE-EA

XX=XX+C A
YY=YY4DE
2I=27+80 ,
bR W F o
A=A 2,0

B=B+3,0

V14

1¢C

Qg

IF(R.LELBD.0) GO TC 15
WRITELE,14) SeGyHESP e YY 4 XXy27 Uk

CFCRMAT (10X FE a2,y 3%, Fb,2,5X,F8a2,5X,FR.2,4(2XFS
CONTINUE R

i

STCP
ENE

«2))




APPENDIX D-

COST ANALYSIS OF MECHANICAL HARVESTING

3 LAY PICKING INTERVAL

PURCHASEYQRICE

]

1CCG. 00

8 FCURS PER

DAY

SPFER ACRE/FZUR

AURE/TA

Y CAPACTTY

COcsT

INCCME

PROFTIT

; 0.50 0 .45 3463 10.88 128,69 2623465 o) 2755425
; 1.0¢0 C.S1 7.26 2177 64 o35 2523,.65 C.0C 2859 ,6C

1590 S 1.326 1c.88 22.¢5 42,60 26232.95 0.0 2881.05 .
§ 2.00 1.81 14451 43.54 L 32.17 2572.65 G0 28691.77 |
i 2.5¢C 2427 18,14 54,42 25.74 2923.95 (s 2898.21 i
i ERNLE 272 2177 5. 30 2145 7%23.65 Ly 750750 :
§ 2 10 FCURS PER DAY ‘ ;
§ SPEED  ACRE/KGUR  ACRE/DAY  CAPACITY CCCST  INCOME  YLL RED PROFIT :
j 0,50 Q.45 4,52 12.60 125.76 2$23.95 0.0 2798.19 5
! 1.00 2,91 5.07 27.21 62 .88 2G23.55 C.G 2861.07 i
% 1.5% 1.2¢ 12,60 40,81 41 .62 2923.95 0.0 2882.03 :
; 200 1.6 TA. 1% 54 .47 1.44 2%22.65 . G 2892.51 !
i 2.5¢C 2.27 22,67 62,02 25415 2023.95 0.0 2868.80 |
| 3.00 0 2.72 27.21 81.62 720,64 2622.95 .0 - 2502.99 j
; PURCKFASE PRICE = 3000.00
s : : |
; £ HCURS PER DAY :
i SPEEDN ACPE/FLUR  ACRE/TAY TAPACITY TUST TNCTIME YLT REC PRUFTT ;
{ 0.50 C.45 3.63 10.88 169,10 2923.95 0.0 2754.85 ;
f 1.00 f.51 - 21.77 84,55 2623.95 GoD 2539 .40 é
§ 1.5¢ L.36 1C .28 C32.65 1 S6.27 0 2622,95 0.0 2867,53 i
E 2.00 1.81 14,51 43,54 42,28 2923.95 0on 2881.67 i
| 2452 2.27 18.14 She&? 23.82 2523.65 0.0 2890 .13 |
i .00 777 1. 77 530 7F.18 79232.95 T.C 78G5, 76
! 10 HCURS PER DAY

SPEED  ACRE/FCUR  ACRE/CAY CAPACITY cnsT INCCVE YLD REC FRCFIT |
i 6.50 C.45 4.5 . 13.60 160,29 2622.95 0.0 2763.66 }
: 1.06 G.51 S.07 27.21 20,14 2622,65 0.0 2843 ,80 |
i 1.50 1.3¢ 13.60 40,81 £3.42 2522.55 A 2876452 i
- T -3 U - D R 54,42 45,07 2623,95 0.0 2833.67 :

2.50 2427 22.671 68, C2 22.06 2622.95 D, 0 2651.85 .

C3.00 2472 2742 ... .Bl.63 26471 . ..292295 . 0.0 (2E8GT,23

'98



APPENDIX D (Continued)

PURCHASE PRICE = 5(0C.CC
2 FCURS PER DAY
SPEED ACRE/RQOUR  ACRE/DAY CAPACITY CosT TRCONME YLC REC FROF LT
0.50 0.45 3,63 10,38 200,51 2€23,65 0.0C 211444
1.0C €.G1 7.76 2177 104,75 7522.95% o.e 281619
1.50 1.3¢ 1¢ .88 22,65 65,84 2622.65 0.0 2854 .11
2.00 1.81 14.51 42,54 82,28 2622,¢5 0.0 2871457
2.5C 2.27 2,14 54,47 41.90 2023.95 e 2882.0G5
3.00 2.72 2177 £5.20 34.G7 2C21,65 G0 ZE89.03
' 12  kCURS PER DAY g
SPEED ACRE/FOUR  ACRE/LCAY CAFACITY CCST . INCEME YLD REC FROFIT :
Q.50 N.&5 4,51 12.€0 164,82 2623.05 0.0 2729413
1.00 £.91 9.67 27.21 S7 .41 2923.95 0.0 2826454
1.5¢C 1.3¢ 12,6C 40,81 £4 .54 2623,95 G0 2859,.G1
200 T.81 T8.14 54 .42 4RI 522.585 A 28715.24
2.50 2.27 22.67 68.02 . 32.96 2¢23,85 0.0 2884.,66 :
2,00 2e72 - 27.21 81,62 22,47 2¢23.65 0.0 2891 .48 ;
PURCHASE PRICE = 70070.00 ‘ ' ' !
: g8 HCURS PER DAY : , §
SPEED ACRE/FCUR  ACRE/LAY CAPACITY CasT INCONE YLT RED PROFIT ;
G.50 fa4s 3.63 10.88 249,92 2922.95 0.0 2674403 ;
1.00 C.S1 71.7€ 21.77 174,56 2623.65 Ga0 2798.99 i
1.50 1.36 16.38 32.65 0 B3.21  2623.65 a0 284C. ¢4 |
2.00 1.81 14.51 41,54 £2.48 2927 ,95 0.0 2661l.41
2.50 2.27 18.14 S, 42 45,68 2622.65 0.0 L 2873.96 !
T.00 272 177 £5.30 Z1.65 7923.95 en ZE3Z2.2%
1C HCURS PER DAY ' \
SPEED ACRE/FCUR  ACRE/DAY CAPACITY CosT INCCOVE YLD REC FRCFIT
C.50  R.45 " 4.53 ©12.60 229,35 0 2923.85 0.0 26544 60
1.00 G.91 S.C7 27.21 114,67 2023,95 G0 2809.27
1.50 1.26 12.6C 43,81 76445 2622.65% D.C 2€47.50
2.00 1.81 18.14 54442 5T .24 267%.55 T.0 Z86E.61
2.50 2.27 22461 0,02 45,87 2623,965 C.C 2878405
3.0 0 2.72 27.21 81.63 IR.22 2622.,65 n.0 2885,72

"L8
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PLRCHASE PRICE =

&8 FOURS PER DAY

r PRGFIT

SFEED ACRF/FOUR ACRE/TAY CAFACITY COST INCOVE YLE RE
0450 £.45 2,673 10 RE 260,22 2623,65 0.0 2633.62
1.06 a,91 CT7.26 21477 145.1¢ S 2622,¢6¢% SN0 2776.178
1.50 1.2¢ 10.88 22465 <6.78 2923.95 Q.0 2827417
2.00 1.81 14.51 2,54 72.58 2623,65 2.0 26851 .36
2.5C 2427 18,14 . 54,42 €Q .07 2622,65 Ol 2865. 88
i EPSALS 217 21. 77 £5.20 T 48,30 25731.95 G.0 ZETS.S¢E
} g 10 +COURS PER DAY
' SPEED  ACRE/HCUR ACRE/TAY CAPACILTY S CNSY INCOME YLC RED CPROFIT
{1e50 C.45 44532 13.60 263,88 2623,.95% 0,0 2660.37
% ©1.00 0,01 S .07 27.21 121.94 26z2.6G¢8 0.0 2792.C1
i 1.50 o2 13.670 4C .81 27 .96 2673.95 0.0 2835.65
= 2.00 1.71 Te. .14 €4, 47 £5.G7 2¢23,65 .0 2857.98
2.50 2.2 22 .67 HR.02 £2.7€ 2622,65% ST 2871417
2,00 2.72 27.21 81,63 43,28 2922,95 0.0 2879.97
PURCHASE PRICE = 1100€.00 ' ' :
. 8 HCURS BER DAY o .
SPEED ACRE/ELUP ACRE/CAY CAPACITY CoST INCCNME YLE REC FRGELT
.50 n,45 3,63 10.88 320,72 29232.95 D.0 2592.,21
1.00 .1 7.2¢ 21.77 165,37 2023,65 L Cal 2758.58
1.57 1.2¢ 10.88 22,65 115.24 2622,6¢8 aPRe 2813.7¢
2.00 1.91 1451 43.54 R2.E7 2623,65 e 2841.26€
2.50 2.2 18.14 B4, 42 £he 15 2623.55 (e 3s) 2857 .80
2,00 272 71.77 A5, 30 L RAYEN:E LAY Z858. 52
, 16 HCURS PER DAY
SPEED ACRE/EDUR ACRE/TAY CAPACTTY cneY [NCCME Vi & RED PRCFIT
£.5¢C Neas 4,53 13.606 2%8.41 2923,95 Con.0 2625453
1.00 .61 5. .07 27,21 140,21 2¢23.95 Go0 2774 .74
1450 1.36 12,68 4G .31 . 85.47 2622.6G5 0.0 282447
200 1.21 13.14 54 <470 TG 65 20232.93 Tl 2545,
2.50 2,27 ZZa87 £8,02 TG, 68 2€22,95 0.0 2564426
2.00  2.72 27.21 Rl.83 49,74  26723,6% 0.¢ _28T4.21
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APPENDIX D (Continued)

"PURCHASE PRICE = 13000

Y S

S e eem

, 8  FOURS PER DAY :
SPEED  ACRF/ECCR TCRE/TAY CAFACTITY CosT TNCOME VLT REL PROFIT ;
Q.50 N .45 2,67 1r, 89 271,14 2G622.95 D0 2552 .89
1.00 f.91 7.26 21.77 185,57 26z2.,¢% .0 2738, 26
t 1.50 1.2¢ 1C.28 22,65 123.71 2923.95 G0 28GG.23
% 2.00 181 14.51 43,54 €2.7G 2623.95 0.0 2831.16
; 2.56 2.727 18.14 54,42 T4.23 2923.95 0.0 2846472
: 200 P12 Z1. 77 _ €5, 30 &1 .36 TT7E.O5 g JBC2.TS
' ‘ 10 FOURS PER DAY
SPEED ACRE/ECUR ACRE/CAY CAPACITY COST INCOME YLD RED PROFIT
" 0.50 0 .45 4,53 . 123,60 332.94  2623,95 0.0 2591400 |
100 .91 9.C7 27.21 l1e6.47 223,658 Go0 2757448 g
; 1.50 1.2¢€ . 13.6C 40 .81 110498 2922,95 0.0 2€12.97 f
; 2.00 T.81 T8, T4 54,47 €3.24 2G522.95 a0 YA B
| 2.50 2.27 22 .67 6R .02 /' £645G 2523.55 D.0 2857, 26
: 3.00 2472 27.21 £1.63 55,49 2922.65 D0 2868.4¢€
f PURCHASE PRICE = 15C0G.CC ' ’ ‘ ’ '
: 8 ERCURS PER DAY
) SPEFD  ACRE/FOUR  ACREJTAY CAPACTTY CosT TANCTFFE YLT REC FRCFIT .
3 0.50 N.65 3.63 1N.88 411.55 2623,95 0.0 2512.4C ;
; 1.00 £.61 7.256 21.77 205,77 2922.95 G0 2718417 ;
} 1.52 1.36 10 .88 22,65 127.18 2623.65 0.0 2786 .76
; 2.00 1.81 14.51 43,54 102 .89 29722,95 0.0 2821.C¢ ]
f 2.50 2.27 17,14 €4.42 82.31 2922,95 Ge0 2841 .64 '
TL00 272 Z1.77 T €8.59 7C22.G5 Tel T Z855.36
: 10 KECURS PER DAY
SPEEDN ACRE/FCUR ACPE/CAY CAPACITY cosT INCCME YLE REC FROFIT
f.50 C0.45 4,53 123,60 3€7.47  2522.G5 I O 2556.47
1.00 f.51 G.C7 27.21 183.74 27923.G5 0.0 274G. 21
1.50 1.3¢6 13,60 4C,81 122449 2623.65 Go 2801 .45
Z2.00 T.81 1514 54,47 ST, %7 25.32.G5 7.0 783¢. LG
2.5C 2.27. 22.67 £8.0G2 72,49 2923,65 Gal 2850045
2300 272 27.21 Bl.€2 JEr.28 0 2922.958 0.0 2862470 .
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APPENDIX D (Continued)

4 CAY PICKING TNRTERVAL CT )
PURCFASE PRICF = 16CC.0C
: . 8 FCURS PER DAY §
SPEED ACRE/FCUR  ACRE/DAY  CAPACITY CosT INCECVE YLD REC PROGFIT g
N.50 Ca45 .63 14.51 G6.%2  2623.9% 210,32 2517,19 |
1.00 £.91 7.26. 29.02 LR, 26 2523,95 210,32 2565, 26 i
1.5¢ 1.3¢6 1C.88 42,5 32.17 2¢€22,95 210.32 2581 .45 |
2.00 1. 81 14.51 58,05 24, 2523,4989 310,32 2585.48 )
2.50 2.27 18,14 7256 1,.3P 2G23,65 310.22 2594,32 ]
3.00 2.72 21.77 17.07 16.09 2623.55 210,32 2597.54 %
1 HCURS PER DAY - :
, SCEED  ACRE/FOUR ACPE/DAY CAPACITY COST INCOME YLD REL FRCFIT
{ N.50 A 4,53 .14 C4,.32 2023,95 210432 251G, 21 .
1.Cv f.e1 5.0 16,28 47.16 7923.95 T10 .27 JECELAT g
; 1.50 1.26 13.60 84,42 21,44 2623.56% 310.32 2582.18 j
! 2.00 1.81 1R.14 72.56 23.58 2622,98 210,32 256U, 04 ;
: S 2.50 2.27 2. b1 L. 75 18.86 20232,65 310.32 2554 ,76 ;
! 3..00 2.72 27.21 108.84 15,72 2522.G8 310432 2557490 {
' PURCHASE PRICE = 3000,00 ' !
8 FGURS PER DAY
SPEED  ACRE/HOUR ACRE/DAY - CAFACITY cosT INCOME YLL 2EC PROFIT ,
NG5 .45 3,42 14.51 126482 2523,4%5 310022 2486480 |
1.00 5.91 726 29.07 £3.41 2%z2,6% 210.32 ZESU. 21 §
1.56 1.3¢ C.r8 43,54 42,28 2523.65 318432 2571.258 |
_ 2.0C 1.61 4,51 RE.05 F1.71 7¢23.65 ITn.30 Z581.52 s
i 2,50 " 2.27 18.14 72455 . 25 .37 2622.05 210,327 2586, 26 ?
[ 2,00 2.72 21.77 87.07 21414 2623.65 310,32 2592,.4% ;
1€ ROURS PER DAY A ;
SPEEND  ACRE/HCUR ACRE/CAY CAFACITY CoST INCOME "YLC REC PROFIT
£.50 £o4s 4,52 18,14 120.21 2523.95 310.32 2493.41 ’
1.00 £.91 .07 36.2¢ €011 75773, 210,37 2503.57
1.52 1. 3¢ 13.46¢C 54,42 40 07 2923, os 210,32 2872,55
2.00 1.81 C18.14 12.5¢  20.0S 2623.55 316432 283,57
2.50 2.27 22.67 0,70 24.C4 2€23.95 210,32 258G, B¢
3.0 2.72 27.21 108,84 20,04 2923.95  310.22 L2863 ,584G
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APPENDIX D (Continued)

PURCEASE

PR-I‘.C.E”:

HCURS PER DAY
SPEEC  ACRE/FQUR - ACRE/CAY CAPACITY COsT - INCONF YLD Qsc. C PRCFIT
050 045 ' 3,63 14.51 157.13 2923.95 2458045
1.00 £.S1 7.2¢6 26,02 78.57 2622,95 2535,0¢6
1.50 1.3¢ 10.858 42,54 €2.38 2627,6¢ 2561425 -
. 2.00 1.81 164,51 55.05 39,78 2922.95 2574, 34
2.50 2.27 12.14 72.54 31.43 2923,65 2582 .20
3.00 2.72 21.77 87,07 26419 2622.65 2587.44 :
' ' HCURS PER DAY |
SPEF ACOE/+QOUR ACRE/CAY CAPACITY CCST INCCME L REC FRCFIT :
G.50 N.45 4,53 1814 146.11 2¢23,65 210,22 24€7.51 '
1.00 .Sl S 7 3€.28 73.06 2623.95 310 .32 2540457 :
1.5% 1.36 13.60 54442 4e, 70 2623,95 310.32 2564492
.00 1.81 18,14 72.56 36,53 2923.65 2104232 25877. 15 |
2.50 2.27 "27.67 €G.7¢ 29422 2923.95 310,32 2584 4,40 !
3 .00 272 27 .71 1CR, 8¢ Z4.26 2623.S5 210,32 2589.27
PURCHA PRICE = 7200.70
FCURS PER DAY
SPFED ACRE/HCUR  ACRE/CAY CCABACTTY - C0ST INCOME PROFIT
N.50 fe6S 3,63 14451 187,44 2©23,95 2426419
1.00 0,91 7.2¢6 20,072 ¢3,72 2622,6¢ 2519.9¢
1.5¢ 1.36 1G.88 43.54 62448 2923.95 2551.14
2.00 .91 T4.51 N 45, BE 2622.55 2565.76
; 2.5C 2 27 18.14 T72.56 27.49 2622.95 2874, 14
i 2,00 2.72 21.77 87.07  31.24 2G23,05 2582.38
'f HOURS PER DAY
i SPEEN  ACRE/KCUR ACRE/TAY CABACITY cNST INCOME YLE RED PROFT
; CL.50 S L.4S 4,52 18.14 172.01 2923.95 310,32 2441,61
1.CC RIS 9,n7 EVNY .01 26z2,95. ERESNCY ZE2 7. 67
1.5¢C 136 13.40 S5 442 87 .34 2623,25 310.32 2556429
2.00 1.81 18.14 12.56 43,00 2523.95 315,32 257G .62
2.50 2.27 224567 30,74 24440 2923.95 210.22 2576,22
3.00 S2vT2. ... 27.21 102,84 28.67 29232.,95 3101.32 2584,95
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APPENDIX D (Continued)

FURCFASE POICE = §ecc.no

HCURS PER DAY

2721 ..

i
|
SPEED ACKE/KCUR ACRE/DAY CAPACITY COST INCCNE YLD REC FRGFIT !
0.50C 0,45 ' 3.63 14.51 21774 2923.85 210.32  2365.84 ;
1.00 .91 7.0¢ 26.02 108.87 2923,95 210,32 2504 .75
1.50 1.26 1€ .08 42,54 72.5€ 2522.65 210.32 2541404 |
2.00 1.21 14.51 5875 54 .44 7GC3.55 FI.37 7559, 19 {
2.50 2427 18.14 72.5¢ 42,55 2623,65 310,32 257CeU7 |
3.00 2.72 21.77 37.07 26429 2622.65 L 216,32 2577423 N
' o : HCURS PER DAY T ' |
SFEED  ACRE/FOUR ACRE/CAY CAPACITY casT INCOME YLC REL PRCFIT :
0.50 .45 4,573 18.14 17.91 2C¢23,95 210,27 2n18%.71
.07 .91 9.7 TEL 78 “TRLO5 EVETEE TTTL 37 TEIG,C7
1.50 1.26 12.6C £4,42 65,67 26232.65 210,32 2547.65
2.00 1.81 18.14 72 .56 49,48 2923.95 210,372 25€4,15
2.50 2.27 27467 SG.7C 39,58 2923,98 310,32 2574 .04 i
2.00 2.72 27.21 128.84 22.59 2G622.¢5 216Ge32 2580, 54 X
PURCHASE PRICFE = 11€0C.0C : !
. : ! FQURS PER DAY . i
SPFED ACKE/HCUR ACRE /DAY CAFACITY CGST INCOME YLC REC PROFIT
0.50  n.45 0 3,62 14481 248,05  2S22.9% 310,32 2365457
1.00 .91 7.2¢6 29.02 124.G2 2622,G5 210.37 248G.6C i
1.50 1.2¢ 1,88 43,54 R2 .68 2923,85 2104372 253G.54
2N T.F T T4L.51 EF. 05 E7 0T PV RS ITTL30 7551.567
2.50 2.27 18,14 72.56 49,61 2623,95 210.32 2864401
3.00 2.72 21.77 87.07 41 o34 29723.95 216,32 2572 .2¢ ;
_ ' o h RCURS PER DAY ' I
SPEED  ACRE/HCUR ACRE/CAY CAPACITY CnsT INCOME YLC RER PROFIT
£.50 Le4S 4,52 18,14 223.81 2622,85 210.322 2389.81 .
1200 L. o1 .5 5.8 T11.57 EVEDNEE TIT. 37 ZEGL. T .
1.50 1.3¢ 13.60 54442 T4.60 2G23.95 210,32 2536402 '
2.00 1.81 18.14 72456 §5,G8 2623.95 310,232 2557.67
2.50 2.27 T 22.67 LOn 70 44,76 2923.¢5 2100322, 2568, €¢
3.03 2 72 1¢8.84 37,30 26823.95 210.32 257¢.22

A



APPENDIX D (Continued)

FURCFASE

PRICE = 13CCK

8 HCURS PER DAY

| SPEED A(RP/FCUR ACRE/DAY CAPACITY COST INCONME YLL REC PRGFIT
) 0.50 fe45 T 3.63 ‘ 14.51 278.36 2623.95  210.32 2335, 27
3 1.60 t.01 T.2¢ 2G.02 139,18 2923,95 310,37 2474 44
| 1.50 1.36 10 .88 43,54 2,75 2622,65 210.32 2520. 84
: PINVES .81 T45.57 5.5 69.59 7G73.95 *Ln,,_ TS4G .03
| 2450 2427 1e.14 72.5¢ 85,67 2622,95 310 .3 2557495
: 3.00 2.72 21.77 87.07 46,39 2672.65 310.34 2567.23
; - i 107 HGURS PER DAY '
i SPEED ACRE/FOUR ACRE/CAY CAPACITY - COST INCOME YLD RELC FRCEIT
§ G.50 AR 4,53 18,14 © 249,71 2923.55 310422 2362,61
i 1.00 .ol TG. (7 T€.78 T74.65 TU23 G5 10,37 JGEE LT
1.50 1.36 12.60 54,42 £3.24. 26722,95 1210.32 2530.3%
_2.00 1.81 " 18.14 72.56 62 .43 2922.65 31G.32 25681.2¢C
i 2.50 2.27 22467 ) 9C.T7C T 46,94 2023.95 310.320 2563.68
i 3.00 2.72 27.21 108.94 41.62 2$23.95 210,22 2572.41
? PURCHASE PRICE = 15000.
. 8 KCURS PER DAY
SPEEN  ACRE/KCUR ACRE/DAY ~ CAPACITY - cCsT INCOME YLE RED PROFIT ’
0.50 GetsS 2,62 14051 308,66 2623.65 210,32 2304456
1.00 0.0l 7.26 29.02 154 .33 2923.95 210422 245G4 268
1.50 1.72¢ 1. 88 43,54 102,89 2923,9% 316,32 2510.74 |
200 1.61 T4.51 58.05 T7.17 R VENCE TI0. 30 2536+%6 §
2.50 2.27 18.14 72.56 6173 2623,95 310,32 2551.865 ;
3.00 272 Zl.77 £7.07 El.44  2S22,95 210432 2562418 ;
. , 10 FCURS PER DAy ' - ‘
SPEED ACRE/KGUR  ACRE/LAY CAPACITY CCsT INCOME YLL REC PROFIT
0.50 0.45 4,53, 18,14 275.61 2223.95% 310.32 2328,02
1.7¢ (.91 9.07 EYWA: 137.680 2922.G65 21C. 32 24715.82
1.50 1 3¢ 12,67 B4, 47 S1.87 29?3.95 310.32 2521.75 ;
2.00 le£1 18,14 72,5 £8,GC 2¢23. 210, 2544 .72 .
2.50 2.27 22.67 SN.70 55,12'”"?¢22.qs "aln., 558,50 |
3.00 2.72 27.21 108,84 45,93 2922.95 .31@,32““_m25h7lésm;”0&
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APPENDIX D (Continued)

5 [AY PICKING INTERVAL

PURCHASE PRICE = 1{CC.CC

: 8 FCURS PFR DAY
ACRE/FOUR

SPEED ACRE/DAY CAPACITY oSt INCCVE YLC REC FRCEIT
G.50 £.45 3.2 18.14 77.22 2622,95 566, G1 2337.72
1.095 C.C1 T 76 €. 78 38.61 2¢723.95 5AS. 01 ERFPEE
1.50 1.36 1¢.928 S4, 42 25074 2622.65 509,01 2389 ,23
2.00  1.81 14.51 72.56 19,30 2922.95 505,01 2395, €3
2.50  2.271 AR U - T Y oy X's 15044 7023,65 509,601 2359 ,4%
2,00 2.72 21.77 108,84 C12.87 7€22,9¢ 5CG.C1 2402407
’ 10 FCURS PER DAY
SPEFD  ACRE/FOUR ACRE/LAY CAPACITY COST TNCCHE ch DEC PEUFIT
0.50 D45 4.53 22.57 75,45 2023.95 £9.01 2339.48
1.00 G.61 S 07 ' 45, 37.73 2623.95 509.0 2377.21
1.50 1.36 S 13,600 "é‘.vg'"’ © .25.1¢% 26232.,95 509,01 2289.79
2.00 1.81 18.14 .70 18,86 26232.95 509,01 2356.07 -
2.50 2.21 22,67 11_._ 15.C9 2922.65 509.01 2399 .84
3000 2.72 2701 136,05 17.58 7¢73.55 579, 01 PEATVANEY
DURCHASE PRICE = 35450.00 ‘
o 8 FOURS PER DAY
SPEED  ACRE/HCUR  ACRE/CAY CAPACITY . COST INCCME YLC RF PROFIT
0.50 £.45 3,42 13,14 101.46 2622.%5 509.01 2313447
.00 .91 T7.26 36.28 Y. 732 VRS ST, U] 2304.20
1.50 1.23¢6 1¢.98 54442 33.82 2923.95 509 .01 2281412
S 2.00 1.8 14,51 _72.56 25.37 223,905 509,01 2389,57
2.50 7 2,27 7 T 1g.ls 90,70 20,29 2923.65 C 506401 2354, 4
3.00 2.72 21.77 lCS.Ré 16.91 2923.95 509,01 2368,G3
10 KOURS PER DAY ~
SPEED  ACRE/HCUR ACRE/TAY CFFACITY COST INCOUE YLT RED PROFIT
n.50 £.4¢ 4,872 ’ 22467 56,17 2623,05 589,01 2318.7¢
1.00 .91 5.07 45,135 4R 0G 2823.95 E0G. 01 2306485
1.50 1.2 13,60 AB.02 32,06 2923.95 rG, 01 2242.€
2.00 1.021 18,14 °C,7¢ 24,04 2G23.¢5 500,01 2390 .95
2.50 2.27 22 112.27 10,232 2622.95% 5(¢GC, 01 2EGE. 70

3.0C 272 21.21 134,05 16,03

2922.95
: 7O L

509,01

Z2298.91
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APPENDIX D (Continued)

PURCFASE

PRICF = 5CO0.0C

8 HCURS PER DAY - -

SPEER  ACRE/FECUR ACRE/CAY CAPACITY OST INCOME vyt C REC PRCFIT
. n.50 Cots5 3463 18.14 125.71 2922%.9 5C9.,01  2286.23

1.00 .1 7.2¢ 3¢€,2€ £2.85 29523.65 509,01 2352408
1.50 1.26 17,88 54442 41,90 2523.95 566,01 2373403
2.00 1.81 14451 72.56 31.43 2923.65 509,01 2332,51
2.5¢C 2,27 1R.14 SC. 70 25. 14 2G23,95 50G.01 2389.79
3.00 2.72 21.77 122.84 20,65 2622,65 8(%.01 2351,6¢

15 HCURS PER DAY
SPEELR  ACREJFCUR ACREJUAY CEPACTTY TOST TRCTPE “YLLC RF¥C FRCFTT
0,50 £.45 4,53 22.67 115.89 2923.95 506,01 229€e G4
1.00 £.61 S 07 45,35 58445 2923.95 509,021 2356449
1.59 1.36 13,60 . e8.02 23,96 1 28232.65 5(36.01 2375.57
2.00 l.81 18.14 60,70 22422 2923.95 50¢.01 2385.71
2.50 2.27 72467 112, 2 22,38 523.%95 500,01 2351.55
T.GQ 2.72 ?27.21 13€.05 19.48 7GZ23.GE SCS. 01 2395, 45

PURCKASE -PRICE =  T7C0Q.00
: . 8 FOURS PER DAY

SPEFD  ACRE/KOUR ACRE/DAY CAFACITY cosT INCCME YLE REC PROFIT
o550 u.45 3,63 18.14 146495 2623,55 5G0,01 2264499
T.00 o1 T.75 1620 74,08 7GZ3.95 STC.T 1 232G, G€E
1.5¢C A.,c 1(.88 54442 49.98 2923.95. 500,01 23£4,55
2.00 1.81 4.5 72.56 27,40C 2623.95% 509,01 2377.45 :
2.5C 2.27 18.14 9070 - 29.99 2623.95 5CG.01  2384.9F §
3,00 2.72 21.77 1C8. 84 24499 2923,95 506,01 2239,94 i

10 FOURS PER DAY |
TPEFD "OF /HCUR ACRE/TAY CEFACITY rmosT TRNCOVME YLU RFD PROFIT |
0.50 Lot = 4,52 22.67 137.61 2223,65 5G9 .01 22T Te33 i
1.00 0.91 ¢.C7 45,135 £R. A5 2523.65 5CC.01 234¢413 |
1.5€C 1.3¢ 13.60 58.02 45,87 26723.95 526,01 2255 .07 ?
2.00 l1.81 18.14 Sh, 1% 24,40 2523,95 509,01 23580.53 '
2.50 2.27 " 22.67 113.27 27052 2622.55 RCG,. 01 2337,41
T. 00 T 12 27.21 136,05 AL 79723.55 B09.01 2397k

)



APPENDIX D (Continued)

PURCHASE PRICE =

9COC.CC

'8 HCURS PER DAY
CSPEEC  ACRE/FOUR ACRE/DAY CAPACITY €OsTy INCOME yLC REC PRCFIT
0.50 N5 .53 1R .14 174.16 26232,65 5C9.01 224Ce 14
1.00 ~.cT T.2€6 EY A B7 .10 2973.65 50001 Z327.64
1.50 1.36 0.R8 S4442 50.07 2523.55 509.01 2356, 87
2.00 1.81 14,51 72.56 43,55 2922,95 9.C1 2271.3¢
2450 2.27 12,14 50,70 % B4 29232,95 506,01 2330L.1C
3.00 2.72 2l1.771 108.84 29,673 2672.95 8CC. 01 2385.90
10 KCURS PFR DAY
SPFED ACRE/FCUR ACRE/LAY CAPRCITY TosT TRCCOFE YLT RET PRCFIT
0.50 0,45 4 .53 22.67 158,32 2622.95 509.01 2255.61 :
1.00 .Sl Q.07 5.35 79.16 2023.95 509 .71 2235,77 :
1.560 1.3¢ 12,45 £3.C2 S E2.7R . 2622.9 509,01 2362.10 b
2.00 1.01 13.14 20,76 26,68 2022.,95 50C,01 22754325 (
2.5¢ 7.27 22.67 113,27 31 .67 2922,65 50G.01 2382.27 ;
300 2472 7771 TI€.CS 6. 25 7923.65 5T, 71 238E.55
PURCHASE ERICE = 11000.C0
g HCURS PER DAY
SPEED  ACRE/HKCUR ACRE/CAY CAFACITY cnsT INCOME YLD RED PROFIT
0.50 A 2,62 18.14 1GR .44 2323.95 500,51 221€,5¢
T.G0 T.91 T.2F XN CG.27 YEVERCE 5CG, 01 2315.72
1.50 1.3¢ 1C. 58 54,42 56 .15 2722.95 5C9.01 234E,76
2.00 1.81 . 14,51 72,56 49,61 2523,95 5G9, Jl 236532
2.50 2.27 " 18.14 S 9C.L.70 T 29,69 2622.95 506,01 2375.25
2,00 2.72 2177 108,84 33,07 29723,95 500,01 2381 .66
N 10 HCURS PER DAY - o
SPEED ACRE/ECUR ACRE/LAY CAFACITY COoST INCOME YLL RFL PRUFLT
C.50 n.4s 4e52 22.67 179.05 2923.,95 500.51 2235.89 ;
1.00 .01 Q.07 45,25 3G, 52 2572,G5 505.C1 2325.4])
1.50 1.2¢ 12,60 68,02 59 .68 2023,95 59,01 2355,.25
2.00 1.81 18.14 S0, 7¢C 44,76 2622.,9% 509,01 23TCeL17
2.50 2.27 22 .67 112637 25,81 2G623,65 509,01 2375413
3.0C .12 27.21 136.¢5 . 26.04 268723,95 509 .01 738505



APPENDIX D (Continued)

"PURCHASE PRICE = 12000

’HhUR<'ﬁ€R’DA9”“'

SPEED ACRE/FOUR ACRE/CAY CnsST INCOME Y{C REC PRCFIT

0.50 N45 3.63 222 .68 2623.55% 569,01 2182.25
1.0C .61 T.26 111.24 2923.95 509,01 zaa,oj

1.50 1.36 10.88 744273 29232.95 509.01 343,71
2.00 1.81 14.51 55 .67 2922,95 509,01 2359.27
2.50 2427 18,14 44,54 2923.95% 500,01 237G 40
3.00 2.72 21.77 108, 8 27.11 2622.55 sne. 01 2377.82

' HCURS PER NAY

SPEED  ACRE/FOUR ACFRE/DAY CAPACITY cOsT. TRCOVE VLT REL PROELT

0.50 n.45 453 169.77 7422.95 508,07 2215.17
1.00 S f.cl S.C7 cG,83 2922.65 500.01 2215.(5
1.50 1.36 12.60C £6£.59 7623.65 809,01 2348.35
2.00 1.81 18,14 49 .94 2922.95 509,01 364,66
2.50 2.27 22.67 39,95 292%.95 506 ,0 2374 .68
2,00 2.72- T .21 EEPL 7623.55 5CS.C1 230164

PURCHASE PRICE = 15000. ‘
: FCURS PER DAY :

SPFEN  ACRE/HCUR  ACRE/CAY CAEACITY COsT INCOME YLD RED PROFIT

o 50 0.45 3.63 246.93 2923.95 509,801 2168.01
T.00 T.91 T.26 123.46 7622.G¢ 5(5.01 705147
1.50 1.3¢€ 10.88 2.31 25232.95 5C9,0 2222.62
2400 1.81 14,51 1.772 2623.95 502.01 2353.20
2.50 2.27 18.14 43,29 2523.95 ‘5CC.01 23£5.55
2,00 2.72 21.77 41,15 2922 ,95 509.01 2373.178

: PER DAY .

SPFED  ACRE/FELUR ACPE/LAY CAFACITY cosT INCORE YLD FREC PROFIT

GC.50 £.48 4,52 220,48 2922.95 509,51 2154 ,45
1.00 .91 . 9.07 110.24 2622.55 59,01 2304 .69
1.50 1.3¢€ 13.60 72.49  2923.95 5CC,01 2341 .44
2.00 1.01 18414 55,12 2923.95 5(9.01 2359.81
2.50 2.27 22.67 44,190 522,95 55Ga 11 2370, 84
2e00 2.2 2721 2675 0 2922.95  B80Q9.01_ . 2378.165

"L6



APPENDIX D (Continued)

¢ TCAY PICKING INTERVAL

PUBCHASE FRICE = 1CC0.00n 777

8 HOURS PER DAY o
SPEED  A(RC/FCUR ACRE/LD CAFACTTY COST INCOME YLD RED PROFIT
0.50 (.4t 2,62 21.77 £4 4635 2023,95 648,32 2211.27
1.00 C.°1 7.2¢ 43.54 224,17 2622,6¢ 640,32 2243 .44
1.50 1.3¢ 10.88 65430 21.45  2922.95 648,22 2254,17
2.00 1e81 14,¢1 87,07 16,09 2623,85 648,372 2259.5%
2.50 2.27 12.14 178,84 2.87 2672.Q5 £4R.33 2262.74
2.00C 2e72 21.77 130.61 1n.72 7G23.95 A48 .23 2264486
A ' 180 HOURS PER DAY . ,
SPEED ACRE/FCUR  ACRE/DAY  CAEACITY  C0OST INCOME YLD RED PROFIT
£.50 C.45 LE2 27.21 62« B8 2G23.G65 A48 .32 221274
1.00 0.S1 G.r7 S4442 31,44 2623,95 648,23 2244,18
1+50 1.26 13,60 31.63 20.96 2923.5% £48.332 2254, 66
2.00 1.81 18.14 1C 8. R4 18,72 2623.55 648,33 22595940
2.50 2.27 22 .67 136.05 12.58 2622,G5 £48.32 2263404
3.00 2.72 27.21 2,26 10.48 2922.,95 £48 .33 2265.14
PURCFASF PRICE = 3000.0C '
: R HCURS PER RAY
SPEFFC  ACRE/FOUR ACRF/TAY CAPACTTY TOST TRUONME YLT FEn FROFIT
050 Ne4S 3 .63 21477 f4 58 2622,5% 648 22 2191.06
1.00 . .51 7.26 42,54 42 .28 2923.95 6L .22 2223424
1.50  1l.3¢ 10.88 T RB.30 28,18 2623.,5 64c.? 2247443 .
200 - l.21 14,51 ~ 87.07 2114 29:23.9% 648,32 2254.4¢
2.50 .27 18,14 108,84 16+91 2923.95 648,32 2256.,70G
3,00 7.72 Z1.77 130.61 T4. 00 75:3.G5 €48, 32 7261.52
10 HCURS PER Day

SPEED  ACRE/FOUR ACRF /DAY CAPACITY CGST INCCME YLD REC . PRCFIT
2.50 .45 ‘ 4,53 27.21 Bl 14 2623.9¢ C 648,33 2165,47
1.00 CeS1 G.C7 54,42 40,07 2923.95 648 .32 2225.54
1.50 1.36 12.60 R1.6€2 26471 2€232.95 648.33 2268 .90
2 .00 1.51 18.7% 18,84 AR A 70.3.95 AR 7755, 5 ¢
2.50 2.27 22.67 13¢.05 14.03 2623.95 648 .32 2259459
3.00 2.72 2721 163,2¢ 13.26 29z32.35¢ £48,2332 2262.26
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APPENDIX D (Continued)

PURCHASE PRICE = 5C00.G0
2  HOURS PER DAY
SPEED  ACRE/ECUR ACPFE/TAY CEAFECUTY COsT INCOME YLT KED PROFIT
" 0.50 L.45% ' 2,62 21.77 104,75 29232.95 648 433 217¢ .86
1.00 £.91 7.2¢ 43 .54 €2.38 2622.55 648,32 2223.24
1.50  1.3¢ 10.88 65430 34 .92 209232,95 648,32 224,70
2.00 1.81 14,51 £7.07 26419 2623.95 648.33 224G .43
2.50 2.27 18.14 108.84 20,68 2672.6% 45,32 2254, 66
3.00 2. 77 21.77 130,67 T7.46 7073.45 64P .33 7758, 16
. ' g 10 HCURS PER DAY .
SPEED ACRE/FCUR ACRE/DAY CAEACITY CoST INCOME YLD RED PROFIT
.50  C.45 .52 ’ 27.21 6741 2923.25  6£48.32 2178.21
1.00 .01 .07 Shyd? 48,7¢ 2623.95 648,22 2226.61
1.50 1.26 13,60 B1.63 3247 2973.95 £48,33 22432, 15
700 T.81 18. 14 TCR. 34 74 ex5 26773.395 5LE 33 77251.26
2450 2.27 22,61 126,08 16,48 222,95 £48.32 2256413
3.00 2.72 27.21 163.26 16.23 2923.95 £48,32 £25%,3¢
PURCFASE PRICE = TLGC.(C
8 FOURS PER DAY
TSPEFD  ACRE/EOUR FCRE/DAY CAPACITY COsT INCCNE YLC SFC PROFIT
.50 Qo45 2.63 - 21.77 124,96 2622,98 £48.33 2150066
1.00 £.G1 Te26 43454  H2.48  2972,95 648,33 1 2213.14
1.5C 1.2¢ 1c.28 €530 41.65 2622,%5 648,33 2232.96
2.00 l1.21 14 .51 27.07 21.24 2¢22.65 £48,32 2244.38
2.5% 2.27 18,14 108,04 24 .99 2923.95 648,32 225C.672
300 7172 21.77 130. £1 704583 2%23.45 64%.33 2254, 75
~ 10 FCURS PER LAY
SPEED  ACRE/ECUR ACRE/CAY  CAFACITY cosT INCOME  YLT RED PROFIT
.50 0 65 4,513 ' 27.21 114.67 2623.55 648,33 216C.54%
1.0C .ol 9,07 54 42 57.34 . 2923.95 £48,22 2:18.28
1.50 1.3¢ 12,60 81.63 28.22 2923,95 648 .33 2237439
.00 1.91 T8.1% 108.84 29.67 762.32.95 €4n. 23 7746455
2.50 2.27 22.57 136.05 2293 2973.95 68,332 225268
3.00 .72 27.21 162,26 19,11 2623,85  A4B8.33  2256,5C
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APPENDIX D (Continued)

CPURCFASE PRICE = 9Q000.00
g€ HOURS PER DAY o e

SPEED  ACRE/FCUR ACRE/CAY CAFACITY COST INCOME YLD RED PROFIT
0.50 0,45 3,62 21.77 145.16 2923.95 648 432 2130445
1.00 0,91 7426 42,8 72.589 2G22.45 £48,33 2202.03
1.50 1.2¢ 10.R8 65 430 48,29 2922,95 €484 332 2227.23
2.00 1.81 14.81 87.07 36429 223,95 AGR 33 2239432
2452 2,27 18.14 108,84 29,03 2623.G5 £48,32 2244.58
3.00 2.72 2177 130.61 — 24.1G 7C73.ES 649,23 Z7251.42

' ' 10 HOURS PER DAY
SPEED ACRE/FCUR  ACRE/CAY CAFACITY CasT INCOME YLD REC PROFIT
0.50 0,485 4,53 ' 27.21 131.94 2923,95 648 .32 2142467
1.00 0.91 .07 84,42 £5.57 2623.95 648,23 2209 .64
1.50 1.26 13,60 81.63 43,98 2922.95 £48.27 2221.63
2.00 1.91 1€.14 1C 8. 84 37.99 2923.95 548,332 2247 .65
2.50 227 22.67 136,05 26429 2622.9¢ £48.37 2246.23
2.00 2.72 o 27.21 C 163.26  21.99  2923.95 648,22  2253,.62

PURCFASE PRICE = 11CC0.(C

- b FCURS PFERP DAY
SPEED  ACRE/FOUR ACRE/DAY CAPACITY CocT ITNCCHE YLC REC PROFIT .
GeSD 0,45 2.43 21.77 . 165,37 2622,85 E48, 273 211025
1.00 S £.S1 7.26 43454 82,68 2923.95 £48,23 2192.%3
1450 1.2¢€ 1C.8¢ 65,30 E5,12 2623.65 548,33 2220 <49
2.00 1.81 14.51 87.07 41434 2622.95 £48,323 2234.27
2.50 2.27 18.1¢ 108.84 33,07 2923.55 648 .32 2242.54
300 2.72 21.77 120.61 77.56 2G23.,95 548,33 7258.00

10 +CURS PER DAY
SPEED  ACRE/KEGUR  ACRE/CAY  ° CAPACITY - CCST INCCME YLC RED CPROFIT
.50 Cot5 4,52 27.21 145.21 2623.95 64R 273 2126441
1.00 0.9l .07 54,42 T4 60 2G622,95 £48,33 2201.01
1.50 1.3¢ 12.6¢0 81463 49,74 2923.95 648 .32 2225.88
200 1.01 T8,.14 The .24 7,20 7G22.95 648,33 2236.31
2.50 2.27. 22.67 136.05 29,84 2973.25 48,322 2245.77
2.00 2.7z 27.21 163,26 24.87 2623.95 A4B 32 2250.75
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APPENDIX D (Continued)

“PURCHASE PRICE =

13000.00

g EHCURS PER DAY

SPFED ACRE/FLUP ACRE/T AY CAPACITY CosST TNCOME YLD RED PROFIT

0.55 b5 3.63 21.77 185.57 2923.95 48,33 2093.04
1.00 .81 7,26 42,54 €2,7S 2523.95 648 .33 2182.83
1.50 1.36 10.88 65.20  £1.86 223,98 648,37 2213. 18
2.00 1.81 14,51 87.07 46.29 2923.9% 648,23 222S.22
2.50 2.27 18.14 108.84" 27.11 2G623.95 648,33 22386, 58
3.00 2.72 21,77 130,01 I ,G3 . 2973.65 Ch8. 213 77244.5¢

- 1 HCURS PER NAY '

SPEED ACRE/FCUR  ACRE/CAY  CAPACITY  CDST INCGME  YLEL REC FROFIT
£.5C Ce4S 4.53 27.21 166447 2923.65 A4R 22 2109, 14
1.00 f.G1 S .7 4,472 83,24 2623.95 648,33 2192.328
1.80 1.3¢ 13467 B1.63 €5,49 2672.25 648,372 22240412
2.00 T.61 19,14 1CS. 84 T1.67 7623.95 A48 .33 77234.00
2.50 2.27 27,67 12¢. c= 22,29 2622.85 AGR 23 2242 .,32
3.00 2.72 27.21 162,2 27,75 2G623.95 64,33 2247, 87

‘PURCHASE PRICE = CCl.0C
2  FCURS PER DAY .
SPEED ACRE/HCUR ACRE/TAY CAFACITY cosT INCONME YLE RE PRUOFIT
0.50 .45 3,63 21.77 205,77 2622.95 648,33 256% .84
1.06 r.e1 7.26 43,54  102.89 2972.9¢% (468,33 2172.73
1.50 o2 1¢ e £5e.20 68.5¢ 2923.95 648,232 2207.G2
2.00 1.01- 14 87.07 Sleb4 2¢32,9¢% 648,323 2224417
2.50 2.27 12.14 178.54 . 41,15 2923,05 40,23 2234,4¢
3,00 2.72 2177 13C. €1 24,20 2€23.95 648433 2241432
10 FCURS PFER DAY
SPFED ACRE/H[UR ACRE /LAY CAEACITY CeST INCCOME YLE REC FROFIT
N.50 045 heB2 27.21 103,74 2623.65% 648,37 20514889
1.00 fn.9l SIS 54 442 S1.87° 2673.95 48,33 2183.7¢
1.50 1.26 12,60 31463 61.25 2923,95 648,32 2214.37
700 1.81 18,14 179.84. 5.3 75:32.9¢ €45, 37 2225265
2.50 2.27 22,67 136405 26475 2623.95 £48,23 2238 .4
2.60 2.7 S 27.21 162,26 20,62 2523,65 648,23 2264.96
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