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H. Sc. AGRICULTURAL ENGINEERING 

ABSTRACT 

George Alexander Thorburn 

DEVl:.LOPHLNT OF l\ CO~~TINUOUSLY i·10VING 'l'HREE;-LEVEL 

HAN-POSITIONING TREE FRUIT lu"'\RVESTING AID 

A mecnanical aid '-las üeveloped to improve labor 

proüuctivity in tree fruit harvesting. The design of 

tnis machine was compatible with current orchard practice 

in eastern Ontario. 

~le mechanical ai~ was a 3-man independent­

positioning device. It was evaluateà through a time and 

motion stuà:l' in a com.rnercial ap?le orchard. 

;' .. 1'1 economic analysis was performeà to àetermine 

the allowavle capital investnent in mechanical aids of 

tais kind. 
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l. INTRODUCTION 

Labor productivity (13) in tree fruit harvesting 

is comparatively 10\'1 (33). Reliable data on harvesting 

rates for eastern Ontario ",ere not available prior to 

the inception of this study. HO\',ever, quoted figures in 

the range of 3 bushels per man hour (8) \o;ere approximately 

1/3 of that reported by Harshall (26) for Hassachusetts, 

and by Gaston et al. (12) for Michigan. 

The study by Levin et al. (24), indicated that 

labor productivity could be increased by subdividing 

the tasks involved, in the conventional method of tree 

fruit harvesting. 'l'iley found that by assigning a worker 

specifie regions in the trees to be harvested, i t "laS 

possible to increase the labor productivity by 7.5% over 

that obtaineà by picking throughout the tree. 

Task subdivision or "'lork simplication is one vlay 

to increase producti vi ty and lm-1er cos ts in indus try (15). 

The International Labor Office has reporteà examples of 

substantial increases in proàuctivity in ~~e manufacturing 

industries (16). 

Increases in labor productivity are also possible 

through irnprovements in materials handling. The four 

princip les of good materials handlir.g as re?Orted uy the 



Anglo-American Council on productivity (14) are: 

1. eliminate manual handling whenever possiole 

2. avoid rehandling 

3. use equipment that sets a uniform work pace 

4. palletize and use unit loads. 

Tree fruit harvesting macnines could be developed 

that incorporate the principles of good materials handling 

and work simplification, to achieve increased labor 

proùuctivity in tree fruit harvesting. A mechanical aid 

that would relieve the workers of positioning themselves 

in the trees, and convey the picked fruit to a collection 

point more rapidly than with the conventional methoà 

(buckets and ladders), could tneoretically increase the 

labor productivity. 

This study is concerned with the development of 

a mechanical aid to be used in harvesting fresh market 

apples. Fresh fruit is âefined as that fruit intended 

for direct human consuoption, without any processing (34). 

The conventional rnethoG of harvesting in eastern On1:ario 

was useà as a basis for determining the increase in 

labor productivity, associateë with the use of the 

nechauical aiâ. 
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TI. O~ECTI~S 

The objectives of this study were: 

1. to deve10p a mechanica1 aid which wou1d increase 

1abor productivity in the harvest of fresh 

market app1es. 

2. to eva1uate the mechanical harvesting aid in a 

commercial eastern Ontario app1e orchard. 

3. to determine the a11owab1e capital investment in 

mechanica1 tree fruit harvesting aids of this kind, 

justified by the achieved increases in 1abor 

productivity. 



4. 

III. REVIEW OF LITERATURE 

Tree fruit harvesting is L~e process of 

detachment, collection, and handling of the fruit (34). 

Picking is the detatchment of the fruit from the tree 

(10). Presently, fresh market fruit is harvested by 

hand using buckets and ladders. This is known as the 

conventional method of harvesting. The workers pick 

from a multitude of positions in the tree, to get all 

the fruit. The workers dump the fruit from the picking 

buckets, into the crates laid alongside the tree ro\<:s. 

t'1hen the bottom region of the tree is being harvested, 

the \olorkers pick from a standing position on the ground, 

instead of from ladders. 

In conventional tree fruit harvesting a consider­

able portion of a \Jorker's efforts are spent in climbing 

up and do\-m ladders, carrying the fruit to the crates, 

dumping the fruit, and moving the ladders. In addition, 

the workers pick with one hand since they must hold onto 

the ladder, thus reducing their potential picking capacity. 

Gaston and Levin (12) found that approximately 73% of a 

· .... orker' s tirne was spent in picking, \o;hile about 19% of the 

time ",/as spent in moving fruit to a collecting point, 

âumping i t into the crate, and return '_ng to a new pic~ing 

position. About 3% of the tirne ',las .iiOent in positioning 
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air blast (20), and vibrating tines (32). In all 

cases the fruit harvested with these machines was 

unacceptable for the fresh market, because of bruising. 

Therefore, ways of increasing the hand picking rates 

were sought. 

Labor productivity could be increased with a 

mechanically pmo/ered posi tioner, and conveyor system. 

The mechanically po\o/ered positioner would position the 

worker ."hile he picked, and eliminate the time lost due 

to "lorker movement. A conveyor could move the fruit from 

the pickers position in the tree, to the temporary storage 

area. Hm-lever, it is not possible to have a mechanical 

conveyor system function, unless the picker is positioned 

to use it. Therefore, if the worker is positioned within 

reach of the conveyor, he can spend more time picking. 

Marshall (27) found that there \'las no increase in the 

picking rates -.. lith mechanical aids not having a conveyor 

system. Picking rate increases of up to 95% -"iere obtained 

with a positioner-conveyor system(ll). 

The number and spacing of man positioner-conveyors 

on a mechanical aid, are important to its productivity. 

Levin and Gaston (24) studied the effects of assigning 3 

teams of ~.;orkers to a tree, eacn nan \·;ith a given height 

region to be harvested. The workers at the lo ... /est level 
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stood on the ground, those at the center picked from 

7-foot step1adders, and the ones at the top picked from 

22-foot 1adders. They found that with this work 

simplification, the average picking rate \l,as increased 

7.5%. 

Levin and Gaston's (24) work showed that the most 

important criteria for determining the number and location 

of positioner-conveyors, is the \'lorker' s vertical r:each 

and tree height. However, a seated \-lOrker is more secure 

on a positioner than is one standing on a p1atform, and 

shou1d have a higher 1abor productivity (lB). Since most 

trees in eastern Ontario are between 13 to 16 feet high, 

and a man's comfortab1e vertical reach is 4 1/2 feet {29}, 

it is possible to have high picker productivity by covering 

the entire range with 3 seated workers, one above the other. 

The mechanica1 aids of .i1arshall (26), and HcHechan 

(28), moved fon:ard interrnittently. They stopped at one 

tree while the workers picked, and then moveà on to the 

next tree. i1arsha11 found that 25.9% of a \"orker 1 s time 

\ ... as spent waiting for the worker at the other 1evel. 

ilc~iechan noted that with a single level mechanical aid, 

the faster workers had to wait for the slower ones to 

finish picking. This rate variability problem has been 

overcome on production 1ines by introducing continuous 
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motion (19). Therefore, simi1ar benefits cou1d be 

rea1ized, if a mechanica1 aid moved fo~~ard continuous1y. 
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IV. DESIGN OF THE r1ECHJ>.~ICAL AID 

On the basis of prior research and on knovlledge 

of the or chard conditions in eastern Ontario, a 3-man 

positioner-conveyor mechanical aid \dth seats located 

at the 30-, 84-, and l38-inch leve1s above the ground ''''as 

constructed. Because a11 of the tree characteristics 

and the picking rates ",ere not kno\'m, adjustabi1i ty \-las 

incorporated into the basic design of the machine. One 

examp1e of adjustabi1ity was the forward speed control of 

the entire machine. This was achieved through a variable 

speed hydrostatic drive. 

Positioner Design 

The fo11owing criteria \·:ere estab1ished in regard 

to the positioner design: 

1. A latera1 extensible range o~ 10 feet was 

required to be able to harvest one side of 

a tree, 20 feet in diameter. 

2. The machine had to accomodate trees set on 

row spacings as narrO\·, as 28 feet. Therefore, 

with ~~e positioners retracted, the machine 

wiëth had to be 1ess tnan a feet. 

3. Workers wou1d be in a seated position when 

picking. To avoid a sense of insecurity in 
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the workers, lap belts "'/Ould be used. 

4. The distance traversed by the picker's 

hand in conveying the fruit from the tree 

to the conveyor, \'lould be a practical 

minimum, leaving the maximum amount of time 

for picking. 

5. The positioners should extend and retract at 

a velocity sufficient to reduce wasted time, 

but not so fast that the picker feels insecure. 

6. Each positioner \';ould have two degrees of 

freedom for rnovement. They would consist of: 

a) forward movernent by the mechanical aid 

b) lateral extension into the tree. 

fi third degree of movement in the vertical 

direction, though sornetimes desirable would be 

difficult and expensive to incorpora te into 

the design. 

7. The positioner should not damage the tree 

branches. 

8. The worker's seats would be designed to swivel, 

50 ~~at each person could pick from the 

horizontal angle nost confortable to him. 

9. Each picker · ... ·ould be ab le to extend or retract 

his o·,.;n posi tioner independent of the others. 
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In addition pickers ,-muId use their feet to 

control the lateral rnovernent of their 

positioners. This leaves the hands free to 

pick while movement ,vas taking place. 

The accordian type (multiple scissors) positioner 

can satisfy the requirements. It is hown in Figure 1. 

Each picker '-Iould have a vertical picking range 

of 4 1/2 feet. This value was derived frorn the findings 

of Holitorisz and Perry (29), and sorne prelirninary 

observations. The bottom \-lorker picked from the 24-inch 

level to the 78-inch level, the center one from the 78-inch 

level to the 132-inch level, and the top one frorn the 

132-inch level to the 186-inch level. The pickers were 

seated at the 30-, 84-, and 138-inch levels. The pickers 

could gain an extra horizontal reach of 3 feet by bending 

for. ... ard. This facilitated picking of trees up to 26 feet 

in diameter. The positioners were designed to accomodate 

pickers weighing up to 230 pounds. 

The three horizontal positioners ... ,ere mounted on 

a self-propelled hydrostatically-driven carrier frame as 

shown in Figure 2. The seats and foot rests pivoted about 

a vertical axis on the outer end of the positioner. The 

swivelling seat enabled a worker to proceed to areas of 

high fruit density, without having to wait for the ~achine 



Picker's Seat 

Figure 1. 

Schematic Drawing of Accordion Type positioner 
partia11y Extended 

... 

12. 



Figure 2 
Rear Vie ... , of Mechanical Tree Frui t 
Harvesting Aid, Showing the Center 

positioner partially Extended 

Sea: ...... ::.r: P-c~"",,:""'-r."'" ~...J-, ___ '-' •• __ 



Figure 4 
Workers Footrest Showing positioner 

Actuation Switches 

Figure 5 
Final Design of the Conveyor 

Feed Ramps 

15. 



Conveyor Design 

The follO\'ling criteria were established \'litn 

regard to the conveyor design: 

17. 

1. Tne conveyor system ":culd move the fruit 

from the picker's nands to a central sorting 

area. 

2. The system ,-Ioulà function for all positioner 

locations from fully retracted to fully 

extended. 

3. Fruit bruising \'lOuld not occur on the 

conveyors. 

Once the fruit rolled dm'ln the plYVlood feed ramps 

it moved onto the conveyor. This is illustrated in 

Figure 6. 

The positioners' conveyors were 6 5/8 inches 

..-ride by 1/8 inch thici< cotton belt, ' • .rith 1 3/4-inch diameter 

holes spaced everJ 6 inches. The holes alloHed under-

sized apples to fall through and prevented the recaining 

apples from rolling along the belt. The apples were kept 

from falling off the belts by having 1 inch square 

polyurethane foarn strips glued, to each edge of, and across 

the !::le1ts. The 3 conveyor belts each trave11ed at 110 feet 

per minute. T:1is speed 'ûas faster than the positioner' s 

rate of retraction and therefore, no slack in the position­

ers' conveyor !::lelts could result when the positioners were 



Figure 6 
Conveyor Adapted to Accordion Type 

positioner 

Figure 7 
Transition Between positioner-Conveyor 

anè Vertical Fruit Conveyor 

18. 
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being retracted. 

The positioners' conveyor belts were kept at 

constant tension for every degree of extension. This 

was accomplished by a positioner-actuated bell crank 

mechanism connected to a bank of tightener pulleys. 

The bell crank and linkage were designed so that the 

motion of the positioner, and the tightener pulleys were 

always synchronized at a certain ratio. The linkage vIas 

spring loaded to prevent any misalignment. The positioners' 

conveyors "lere dri ven by 3 hydraulic motors in series. 

Other methods of driving them t'Iould have been equally 

satisfactory. 

Nhen the apples reached the end of the positioners' 

conveyor belts, they viere lifted out of the hole they were 

indexed in by a fIat faced pulley. The apples were then 

àumped into the entrance of the padded vertical conveyor. 

This apparatus is illustrateà in Figure 7. From there the 

fruit from the tO? and center positioners, droppeà down 

through the baffle conveyor as sho'.;n in Figure 8. 

The fruit fell slowly through the vertical conveyor 

since it droppeà only 5 inches before changing directions 

oy 120 clegrees; the polyurethane foac blocks absorbing 

the kinetic energy. The polyurethane foarn baffles ,,'ere 

developeè ",·:ith the aià of closed circui t television and a 

viàeotape system. This equipnent recordecl the fruits' 
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~locity and trajectory for various baffle angles. The 

selected trajectory prevented any free fall, and the rate 

of descent was further reduced by the friction of the 

fruit rolling against the baffles. 

The vertical conveyor discharged the fruit onto 

the horizontal sorting belt. The fruit from the bottom 

positioner 1 s conveyor ~.,ras moved up, and discharged onto 

the sorting belt by polyurethane foam covered belts, 

similar to those described by Berlage and Yost (2). The 

rubber sorting belt had polyurethane bars glued across 

it to prevent the apples from falling off. The spacing 

of these bars permitted the apples to rotate through one 

revolution, and allowed the graders to see a1l sides of 

the individual fruit. The maximum distance of fa11 from 

the vertical conveyor to the sorting bel t \·ras 4 inches. 

Since the sorting belt was made from soft rubber, bruising 

could not occur here (3). ~he sorting belt trave1led at 

110 feet per minute. The conveyor system is i1lustrated 

in Figure 9. 



Figure 9 
Vertical Fruit Conveyor and Grading 

Conveyor 

22. 
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Power Train Design 

The self-propelled carrier was po\qered Ly a small 

diesel engine. The engine drove tvlO variable displace­

ment, axial piston hydraulic pumps. The pumps in turn, 

pOvlered two axial piston motors. These t'·l0 hydraulic 

motors were coupled to the drive vlheels. The hydrostatic 

drive system gave the mechanical aid a speed range oet\oleen 

1 foot per minute and 3 miles per hour. The mechanical 

aid \'las operated at speeds betvleen 1 1/2 and 2 1/2 feet 

per minute when picking. 

Steering \-las accomplished by introducing a relative 

velocity between the drive ... ,heels. Either wheel could be 

operated in fO~lard or reverse independently, by changing 

the oil flow direction to the hydraulic drive motors. The 

rear wheels Vlere free to caster. The whole system is 

sirnilar to that described by Case (6). This type of 

steering was chosen because it \'las adaptable to testing 

various steering methods. 

The mechanical aiâ required a team of 5 Horkers. 

Three pic~ed from the positioners while one grader, and a 

driver-grader were located on the platform. The driver­

grader spent most of his time grading because, driving the 

mechanical aid required much less attention than nor.:aal. 
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mechanical aid before any data were collected. The 

"'orkers positions on the mechanical aid were changed 

daily, with no worker picking from any specifie positioner 

more than blice in the trials. 

The mechanical aid was evalua ted in a !1cIntosh 

apple orchard o\·med by Robertson Apple Farms at Iroquois, 

Ontario. The trees were set 20 feet in rm'TS, and 40 feet 

bet""een rows. Tree heights ranged from 13 to 16 feet, 

and the lO\flest branches were approximately 2 feet above 

the ground. Most of the trees were over 20 years old. 

Sorne trees were pruned in the form of a cone while others 

had long scaffolà branches. The orchard was on level 

terrain overlooking the St. La,,'rence River. 

The mechanical aid moved along one side of the 

rm'T until it \·Tas beside the first tree. The outrigger 

\o1heel was put down to stabilize t..~e mechanical aid; the 

workers extended themselves into the trees and started to 

pick. The workers extended anà retracted their positioners 

as they workeà past a tree. Someti~es, the workers fully 

extended their positioners while working along the widest 

part of the tree because, they had to go to the center of 

the tree to pick the hard to reach fruit. EO'.>lever, mos t 

of the apples were concentrated in the peripherJ of the 

trees. 
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The grm"er rneasured the fruit quality on both 

the apples harvested with the rnechanical aid, and those 

harvested by the conventional rnethod. The grO\'ler also 

recorded the labor productivity of the sarne pickers, 

harvesting by the conventional rnethod. 

Time logs and piC};.ing rate data were not taken 

simultaneously. The picking rates were rneasured first. 

Three persons ,vere assigned to count the fruit picked 

by the individual "TOrkers, \-lhile the fourth person recorded 

this data as weIl as the data concerning the rnechanical 

aid's fonlard velocity. Tnis procedure is illustrated 

in Figure 10. 

The time and motion study ,,,as executed in com­

pliance with the accepted standards of work sarnpling (30). 

'fhe absolute picking rate trials \-rere taken for consecutive 

5-minute intervals, sometines lasting a~ost 2 hours. The 

5-minute picking rates were then projected to an hourly 

basis. Both male and female pickers participated in 

these trials. 

On the other hand, the tirne log of the "'lOrkers 

activities was conducted using male workers only. It 

consisted of a record of the worker's activities whilc 

'they were seated on the posi tioners. These \'lere taken over 

random intervals of tirne. One observer was assigned the 

task of observing ~~d recording one worker's activities 



Figure 10 
Operational View of Mechanical 

Aid Showing Data Seing Taken 

27. 
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VI. RESULTS AND DISCUSSION 

The operational performance of the mechanical 

picking aid was evaluated in light of the previously 

outlined objectives. Picking rates with the mechanical 

aid were taken under normal operating conditions in a 

commercial orchard. Grading rates were not considered. 

Picking Rate Study 

The picking rates that were obtained in the time 

and motion study appear in Table 1. Several interesting 

facts are evident fram this table. First, the persons on 

the center positioner picked apples faster than did those 

on the top or bottom positioners. Since the positioners 

moved for.~ard at the same rate, and the workers picked for 

the same time intervals, more fruit was present bet\'leen the 

78-inch and l32-inch levels, th an in either the top or 

bottom picking regions. 

Female pickers on the top positioner picked 16.4 

bushels per hour compared to 9.8 for the male picker. 

Sirnilar results were obtaineè on the center and bottom 

positioners. Statistically, the value for the female 

worker on the bottom positioner is not a good sarnple 

because, only 1 trial was involved. 

Projecting the 5-minute picking rates to an hourly 

basis was a good estimate of the actual results. The average 

wachine harvestinc; rate, using 3 pickers \-:as 31.0 bushe1s 

per hour, comparcd to the projecteë hourly rate of 31.a 
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Average Picking Rate Five Minute Average 
-"- r 01 Positioner Picker (5 minute period) Rate pro- Hourly 

Location Apples Bushelsa / 
Samples jected to Picking 

1 hour Rate 
(bushels) 

Top Female 196 1.37 7 16.4 
Male 118 .82 73 9.8 

Middle Female 222 1.55 8 18.5 
Male 128.5 .89 79 10.7 

Bottem Female 140 1.32 1 15.9 
Male 120 .83 79 10.0 

TOtal Fema1e 538 4.24 16 50.8 
Male 366.5 2.54 231 30.5 
Bath 247 31.8 31.0 

a/Average number of apples per bushe1 = 144 

Table 1. 

Harvesting Rate Performance 



bushels. This difference represents small sampling 

errors, and indicates that 5 minute test periods are 

good indicators, for predicting the hourly output of 

the mechanical aide 

31. 

The grower found that each "lorker picked only 

3.1 bushels per hour, by the conventional method in 

10 hours of trials. This value is very 10'" compared to 

those reported for ~·1ichigan (12) and for Hassachusetts 

(27) • 
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Time and 1·1otion Study 

The results of the time and motion study appear 

in Table 2. The bottom picker picked 84.0% of the time, 

while those at the center and top picked, 79.4% and 72.4% 

of the time respectively. These values are higher th an 

those obtained by Harshall (26). This T,olas partially 

due to the \-lOrkers being able to position themselves. vlhile 

picking, and also to the elimination of the time spent 

in carrying the fruit. 

Continuous forward motion also maximized the 

picking time percentage. This motion accelerated the slow 

pickers since the driver set the mechanical aià' s fon-lard 

speed as fast as possible, \'lit!lout having the slow picker 

leave an excessive a~ount of fruit. It , ... as usually 

possible to maintain this pace because of the competition 

bebleen the pickers. The competition '-las stirnulated 

because picking with the mechanical aid was less strenuous. 

The top worker had the highest percent age of 

unproductive time. This was due to \olaiting for the center 

picker, who had more fruit to pick. Tnis situation is 

illustrated in Figure 11. 

~'lorkers on the bottom positioner spent the greatest 

percentage of tine picking, but they had the lo ... ,est picking 

rate. The apples were harder to pick from the bottom 



33. 

Positioner Time Time not Total Total Total Avg. ~vg. Time 
Location lPicking Picking Time Dist. Ext • M:>ve! Dist • Between 

% % ,minutes) M:>ved per M:>ves 
(feet) M:>ve 

(feet) 
(minutes) 

Top 72.4 27.6 130.6 458 124 3.7 1.16 

Middle 79.4 20.6 115.9 305 111 2.75 1.04 
. 

Bottom 84 16 35.4 79 19 4.1 1.86 

Table 2 

Time and MOtion Study Resu1ts 
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Fig,nc 11 
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positioner because branches with fewer frtiit were 

present in this area. In addition the bottom workers 

often stood on the grounà to pick, and at the same time 

used the positioner as a mobile dumping station. 

is shown in Figure 12. 

This 

The record of positioner movement produced sorne 

interesting results. The average time between moves was 

greatest for the bottom positioneri the distance per move 

was also greatest. It's total usage in terms of distance 

moved per unit time ho·, .. cvcr, ,-las the least, because the 

workers stood on the ground and picked a larger area Defore 

moving the positioner.· This tendency of the pickers to 

use the bottom positioner as a ?ortable dumping station 

indicates that t~e bottoe positioner is not necessary. 

The pickers at the center level repositioned 

themselves most frequèntly. However, their mover.1ents "1ere 

shortest, averaging 2.75 feet per move. Holitorisz and 

Perry (29) found that a ?ersonlts for .... ard horizontal reach 

was 3.25 feet. This indicated that the pickers on the 

center positioner diè not make full use of their reach. 

Tree !Jranches \-:ere thick in this region, and moving the 

positioner more than 2.75 feet at any one ti!.1e, '-,ould i,ave 

caused an entanglement ~it~ t~e branches. 

Conversely tl-.e branc:-.es near the top of t:1C tree 



36. 

t,-lere feVler in nurnber, and there ;.,ere more voids. The 

top pickers moved their positioner 3.7 feet per move. 

The extra reach Vlas obtained by rotating the seat 90 

degrees, and picking sidevrays from there. 
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Bruising Study 

The grower found that 93% of the apples harvesteci 

with the mechanical aid were within the Extra Fancy 

grade's bruising tolerance, while only 79% of the apples 

harvesteè by the conventional method met this standard. 

This indicates that less fruit damage is to be expected 

with the mechanical aide 
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operated controls were available. These controls are 

inexpensive. 

The fol;Lo'tTing termsare used in the analysis: 

C = harvesting cost for the conventional 

rnethod ($ /bu. ) 

K = harvesting cost for the rnechanical aid 

($/bu. ) 

H = annual usage of the rnechanical aid (hr./yr.) 

L = life expectancy of the rnechanical aid (hr.) 

l·I = initial cost of the rnechanical aid ($) 

r = average total picking rate for 3 workers 

using the conventional rnethod (bu./hr.) 

R = average total picking rate for 3 workers 

on the mechanical aid (bu./hr.) 

x = total hourly wage for 3 pickers (S/hr.) 

The harvesting costs in dollars per bushel appear 

beloH. The procedure i5 that used in Bainer et al. (1). 

A) In conventional harvesting: 

Labor cost C = x 
r 

B) For harvesting with a self-pro?elled rnechanical aie 

requiring 3 ?ickers: 

a) Depreciation is the initial cost M minus the 

salvage or resale value (considereè negligible 

here) ëivideè by the estimated life o~ a 
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straight 1ine basis. 

b) Interest is charged at 6% of the average 

investment per year on a straight 1ine 

basis. Average investrnent equa1s the initial 

cost M plus the resale value (neg1igib1e) 

divided by 2. 

c) Total annua1 cost of taxes, insurance, anô 

she1ter are 1.5% of the initial cost H. 

d) Oi1, grease, and fi1ters are 15% of the fuel 

cost. 

e) Fuel costs $0.25 per Imperial gallon. 

f) Fuel consumption is approxirnate1y 1.2 

Imperial gallons per hour (actua1 consumption 

of ûle reporteô mechanica1 aid's engine). 

g) Repair costs are 60% of the initial cost ~, 

~lat is, a repair rate simi1ar to that of a 

se1f-prope11ed combine. 

h) The life expectancy L = 2000 hours. 'l'his is 

based on the pattern for a se1f-prope11ed 

combine. 

Costs per oushe1 

1) OVerhead 

i) ~epreciation = :!-o = :-1 
L? LE 

ii) Interest = .06 (:·!+o) = .03!! 
2LR LR 



iii) Taxes, Insurance 
Shelter 

Total Overheaà = 1.0311 + .15M 
LR ----m=t 

2) Operating Costs 

41· 

= .15:.1 
LR 

i) Fuel, Oil, = 1.15(Fuel Consumption)Fuel Cost) 
Lubrication R 

= (1.15)(1.2)(.25) = .35 
R R 

ii) Repairs = .60M = .6r.! 
LR LR 

iii) Labor = x = x -r r 

Total harvesting cost per bushel = K 

~.;rhere K = M + .15M + .03M + .35 + .6M + x 
LR HR LR ---P:- LR R 

and substituting for L 

K = l ( • 000 815:·1 + • lM + • 35 + x) 
l{ ---rr-

To àetermine the ûrcak. even initial cost M, the 

cost equations for Loth rnethods of üarvesting are set 

equal to eac!! ob1er, viz, 

x = 1(.000815~·! + .lM + .35 + x) -r 

and solving for M yields, 

H = x(R.) - .35 - x 
(r) 

.000815 + .1 
H 

Hhere ~ is t~e ratio ex?ressing the la.:Jor ?roductivity 
r 
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using the mechanical aid, as compared to the labor 

productivity of the conventional rnethod. 

It is possible to plot the above equation for 

the breakeven cost using various values of H, ~, and x. 
r 

From this plot the breakeven initial cost I~ could be 

found. This is shown in Figure 13. 



VII. 

1. 

Cœ-ICLUS IONS 

Substantial increases in labor productivity 

were realized with the mechanical tree fruit 

harvesting aid developed during this study. 

44-

There was an average increase of 328% in product­

ivity for male workers using .the mechanical aid, 

as compared \'!ith the same werkers harvesting 

without the mechanical aide These increases are 

based on the comparatively 10 ... 7 harvesting rates, 

obtained with the conventional method in this study. 

2. A 3-rnan positioner mechanical aid restricts the 

activities of each picker relative to his fellow 

\'lorkers. The increases in la~or productivity, in 

part, were due to the cooperative attitude of the 

orchard manager and the pickers. In actual 

practice, ~age incentives based on group effort, 

May be necessary to achieve similar results. 

Experience in industry (17) and -,vith other multi-

man harvesting units (11), indicates the desirability 

of group incentive plans. 

3. Highest picking rates were achieved by workers at 

the center level. The design developed here, did 

not ?errnit spillage tine from one level to be 

utilized at another leveI. Therefore the operator 
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of the mechanical harvesting aid should place 

the most efficient pickers in the area of highest 

fruit density. 

4. Female workers picked 66% more apples per hour 

than males with the rnechanical aide The reduction 

of heavy lifting with the mechanical aià, may 

provide a more efficient labor source that would 

not othenlise De availaLle. 

5. The mechanical aid developed in this study was 

capable of operating within the conditions peculiar 

to the orchards of eastern Ontario. 



VIII. 

1. 

46. 

HEC0!1HENDATIONS FOR FURTHER RESEARCH 

Since the workers tended to use the bottom 

positioner-conveyor as a dumping station, a study 

shou1d De made to de termine if the bottom 

positioner is economica11y justified. 

2. A study of dai1y productivity shou1d be made to 

indicate the advisabi1ity of incorporating 

automatic sorting and bin fil1ing equipment, into 

the mechanica1 aid's basic design. 

3. Further deve10pment of the hedge ro"', tree system 

would reduce the tree width, anp the arnount of 

positioner extensibi1ity. 

4. Various wage schemes inc1uding group incentive 

plans shou1d he experinented with to see what 

effect they have on prodcction. ht times during 

the trials it appeared that a fixed hour1y wage 

èië not provide enough incentive. 

5. Long terrn research should be directed tOHards 

oruise free, COIDp1ete1y mechanized, harvesting of 

tree fruit. 
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IX. SU2-U,lARY 

A mechanical aid for tree fruit harvesting was 

developed. Three workers one above the ot."ler, \'lere 

seated on horizontal positioner-conveyors while picking 

fruit from the tree. 

The mechanical aië was tested in an apple 

orchard. The absolute picking rates for both men and 

women were measured. A time log was kept of each pickers 

activity and each positioner-conveyor's movement. 

Over the entire tree men picked on the average 

328% faster with the mechanical aid than with buckets 

and ladders. 

t'lorkers spent from 72.4 to 84% of their time 

picking fruit .... 'hen the mechanical aid '-las used. 

A generalized cost analysis \'las made to determine 

the approxima te break even capital invèstment in a 

mechanical aid, as compared to the cost of pic~ing by the 

conventional method. 
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APPENDICES 



54. 

APPEUDIX A 

DATA ON PICKER PRODUCTIVITY 
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Table A 1 

PICKER PRODUCTIVITY 

Time Number of Apples Picked 
Interval 

Top Picker Center Picker Bottom Picker 

15:20-15:25 97 114 158 
15:25-15:30 132 168 79 
15:30-15:35 100 129 47 
15:35-15:40 85 132 111 
15:40-15:45 70 115 54 
15:45-15:50 71 129 50 
15:50-15:55 138 121 69 
15:55-16:00 62 85 98 
16:00-16:05 95 110 135 -
16: 05-16_~10 126 88 75 
16:10-16:15 92 93 105 
16:15-16:20 20 95 128 
16:20-16:25 142 149 73 
16:25-16:30 200 99 116 

Date: October 2, 1968 

Tree Spacing and Height: 20 feet x 40 feet, 15-16 feet high 

pruning: Poor 

Apples per Bushel: 175 average 

Forward Ve1ocity: 1.85 feet per minute, average 

Workers Sex: ~'la1e 



Table A 2 

PICKER PRODUCTIVITY 

Time Number of Apples Picked 
Interval 

Top Picker Center Picker Bottom Picker 

13:25-13:30 89 148 194 
13:30-13:35 93 63 94 
13:35-13:40 184 134 183 
13:40-13:45 196 144 170 
13:45-13:50 90 153 158 
13:50-13:55 109 118 201 
13:55-14:00 133 138 170 
14:00-14:05 117 95 127 
14:05-14:10 53 233 132 
14:10-14:15 95 150 101 
14:15-14:20 175 157 75 
14:20-14:25 210 154 122 
14:25-14:30 239 172 138 
14:30-14:35 119 110 116 
14:35-14:40 34 168 108 
14:40-14:45 187 171 101 
14:45-14:50 - 154 84 
14:50-14:55 125 147 120 
14:55-15:00 120 86 118 
15:00-15:05 177 120 120 

Date: October 4, 1968 

'i'ree Spacing and Height: 20 feet x 40 feet, 15-16 feet high 

pruning: Fair 

l .. pples per Bushel: 145 average 

For.·,ard Velocity: 1.76 feet per minute, average 

Worker Sex: ~ale 
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Table F. 3 

PICKER PRODUCTIVITY 

rrime i~wnDer of Aop1es Pickeà 
Interva1 

Top Picker Center Picker Bottom Pickel 

15:10-15:15 136 97 103 
15:15-15:20 - 124 148 
15:20-15:25 115 160 139 
15:25-15:30 163 58 122 
15:30-15:35 140 168 180 
15:35-15:40 150 179 114 
15:40-15:45 124 153 142 

Oate: October 4, 1968 

Tree Spacing and Height: 20 feet x 40 feet, 15-16 feet high 

pruning: Fair 

Apples per Bushe1: 145 average 

Forward Ve1ocity: 1.76 fcet per minute, average 

Worker Sex: ~alc 
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Table à 4 

PICKER PRODUCTIVITY 

'l'ime Number of 1~op1es Pieked 
Interva1 

Top Pieker Center Pieker Bottorn Pieker 

14:15-14:20 138 174 74 
14:20-14:25 133 138 101 
14:25-14:30 80 142 80 
14:30-14:35 115 210 82 
14:35-14:40 56 151 87 
14:40-14:45 125 126 161 
14:45-14:50 122 173 112 
14:50-14:55 120 120 106 
14:55-15:00 150 117 74 
15:00-15:05 139 146 108 
15:05-15:10 123 187 103 
15:10-15:15 130 90 64 
15:15-15:20 100 114 32 
15:20-15:25 80 162 -

Date: Detoner 4, 1968 

Tree Spaeing and Height: 20 feet x 40 feet, 13-15 feet high 

Pruning: Poor 

App1es per Bushe1: 146 averaga 

Po~varà Ve1oeity: 2.5 feet per minute, average 

Worker Sex: ~a1e 



Table 1-.. 5 

PICKER PRODUCTIVITY 

Time Number of )\.pp1es Pickeà 
Interva1 

Top Picker Center Picker Bottom Picker 

13:45-13:50 120 120 101 
13:50-13:55 135 III 65 
13:55-14:00 140 87 146 
14:00-14:05 70 152 253 
14: 05-14": 10 140 138 132 
14:10-14:15 155 124 279 
14:15-14:20 200 99 192 
14:20-14.25 50 123 257 
14:25-14:30 106 154 160 1 

14:30-14:35 87 117 172 
14:35-14:40 90 80 101 
14:40-14:45 146 121 16 
14:45-14:50 185 96 100 
14:50-14:55 35 110 222 
14:55-15:00 135 181 338 
15:00-15:05 165 - 102 
15:05-15:10 55 113 -
15:10-15:15 - 101 104 
15:15-15:20 83 100 -
15:20-15:25 62 132 -
15:25-15:30 143 101 133 
15:30-15:35 - 104 187 

Date: October Il, 1963 

Tree 5pacing and Height: 20 feet x 40 feet, 13-16 feet high 

Pruning: Good 

hpples per Bushel: 145 average 

FOr'.,'ard Ve loci ty: 1.87 faet par mi:1ute average 

'0" , _ ~CKers: 
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Table P. 6 

PICY~R PRODUCTIVITY 

Time Nurnber of App1es Pieked 
Interva1 

Top Pieker Center Pieker Bottorn Pieker 

14:15-14:20 175 170 154 
14:20-14:25 166 230 163 
14:25-14:30 - 179 137 
fL4:30-14:35 204 259 71 
... 4:35-14:40 204 201 118 
14:40-14:45 174 263 73 
114:45-14:50 252 191 .. ' 108 
~4:50-14:55 

.. 
197 292 117 * 

Date: Oetoner 12, 1968 

Tree Spaeing and Height: 20 feet x 40 feet, 13-15 feet high 

Pruning: Good 

App1es per Bushe1: 141 average 

FO%'Vlard Ve1oeity: 2.00 feet per minute, average 

Piekers: Those on the top and center positioner-eonveyors 

\olere fema1e. Both male and fema1e workers were emp10yed 

on the bottom positioner-conveyor. The resu1t denoted by 

an asterL<. ""as the on1y data obtained ',lith a fema1e loeated 

on ~le bottom ?ositioner conveyor. 
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APPENDIX B 

HOTIŒ-i Al-iD TIgE DATA FOR PICKING 
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Table B 2 

r,iOTION Dl\.TA FOR CENTER PICKER 

Time Interva1 Tirne Picking Number of Distance :·loved 
(minutes) (minutes) ~·loves (feet) 

6.58 5.41 9 16 . 
5.92 4.08 8 18 

10.41 8.75 10 26 
7.91 7.25 6 16 
9.41 '7.91 6 16 
9.58 5.75 5 10 

11. 50 5.75 8 35.5 
4.58 4.08 5 22.5 
6.58 6.41 3 14 
4.67 4.67 8 21 
9.17 6.67 8 27 
4.58 4.58 7 19 
5.00 5.00 8 21 
6.00 5.66 10 29 

11.17 7.66 8 14 
2.50 2.50 2 4 

Date: October 12, 1968. 
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Table B 3 

HOTION DATA FOR BOTTOM PICKER 

Time Interva1 Time Picking Number of Distance Noved 
(minutes) (minutes) 110ves (feet) 

15.17 8.25 3 12 
14.67 12.75 6 24 

5.33 5.33 2 7 

Date: October 12, 1968. 


