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Report on a Preliminary Series of Drop Tests Performed on Bartlett and
Anjou Pears to Determine Harvesting Damage

by

J. B. Rodgers, D. R. Long, W. M. Mellenthin, F. D. Rauch

Purpose 

The objectives in conducting this series of drop tests were:

(1) to design and develop equipment and to perfect methods for

harvesting pears in order to minimize harvest damage; and (2) to study

types and severity of injuries caused by dropping pears from different

heights onto different catching devices.

The impetus for conducting this series of tests came from the

"Tree Fruit Mechanical Harvesting Committee" 1 of the Hood River,

Oregon, Traffic Association. This committee was interested in obtaining

information which would ultimately lead to greater, if not complete,

mechanization in the harvesting and handling of pears. The initial

phase of the project was to obtain information of a preliminary nature

on the type and severity of injury caused by dropping pears in a

simulated harvesting test. Tests were designed to approximate conditions

which might be encountered in actual mechanical harvesting of pears.

The drop test procedure was worked out by personnel of the

Department of Agricultural Engineering, Oregon State University, with

the concurrence and cooperation of personnel at the Mid-Columbia

Experiment Station, Hood River, Oregon, and the Tree Fruit Mechanical

1 Committee members are: Ross Hukari, chairman; Chuck Benton, Lee Foster,
John Hounsell, Bruno Hukari, W. M. Mellenthin, Dan Pierson, Arne Udilius.
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Harvesting Committee of the Hood River Traffic Association. The tests

were conducted at the Mid-Columbia Experiment Station, using fruit

grown on the Station. Personnel of Mid-Columbia Experiment Station

were responsible for supervising the harvest of fruit and for evaluating

the type and severity of injury caused to pears by dropping.1

Equipment Used

An identical series of drop tests was conducted on both Bartlett

and Anjou pears. An outline of the tests is shown below.

Tests Conducted 

Variety of Pears - Bartlett - Anjou

Treatment Designations

Bartlett Anjou 

R	 RR

Drop pears	 1.5'
Drop pears	 3.0'
Drop pears 10.0'
Drop pears	 1.5'
Drop pears	 3.0'
Drop pears 10.0'
Drop pears	 1.5'
Drop pears	 3.0'
Drop pears 10.0'
Drop pears	 1.5'

2" polyurethane
Drop pears	 3.0'

2" polyurethane
Drop pears 10.0'

2" polyurethane
Drop variable

2" polyurethane (Hand shake)
Drop pears	 3.0' Catch in tank of water
Drop pears 10.0' Catch in tank of water
Hand pick pears for a control and for tests A through R

inclusive
Drop pears 10.0' Catch on 3/4" plywood + 4" polyurethane

(2" soft polyurethane glued to plywood + 2" medium-soft
polyurethane laid on top of the 2" soft polyurethane)

Drop pears 10.0' Catch on 3/4" plywood + 2" soft
polyurethane + 2-1/2" convoluted polyurethane with 1"
top skin laid on top of the 2" soft polyurethane

1 Dr. Elmer Hansen, Professor of Horticulture, Oregon State University,
assisted in evaluating the bruises to the Anjou pears.
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The two series of drop tests were identical. For the purpose

of recording results the Bartlett series was designated by the single

capital letters, A through R inclusive, and the Anjou test series

by double letters, AA through RR inclusive.

The canvas used for constructing the three catching devices

was a heavy, rough type of fabric known as No. 1 wide, 47.91 oz. per

linear yard. It was 62" wide before installation of grommets.

After folding and installing of grommets, the canvas measured

58-1/2" x 47-3/4". To keep the canvas taut, it was lashed to a wooden

frame made of 2" x 6"'s, see figure 1. After being lashed to the

frame, the canvas was quite taut with very little sag in the center.

One piece of canvas was used with no covering. To a second piece

of canvas a 1/2" thickness of medium-soft polyurethane was cemented,

and to the third canvas a 2" thickness of supersoft polyurethane was

cemented. A latex rubber cement known as Kwik Stick was used

for cementing the polyurethane to the canvas.

The fourth type of catching device consisted of a 4' x 8' sheet

of 3/4" exterior grade plywood with. a 2" thickness of supersoft

polyurethane cemented on with Caram Cement, see figure 2. In one series

of tests this type of catching frame was varied by having a 2" thickness

of medium-soft polyurethane laid on top of the cemented 2" supersoft

polyurethane (tests Q and QQ). In another test (R and RR) a 2-1/2"

thickness of convoluted polyurethane with 1" top skin was laid on top

of the 2" thickness of polyurethane on the plywood. A tank filled

with water to a depth of 9" was used as one type of catching device

(tests N, NN, 0, and 00), see figures 3 and 4.



Pears were picked by station personnel and normal care was

exercised in picking and handling to prevent bruising and puncture.

All fruit having stem punctures, limb rubs, or other visible damage

at the time of picking was removed before being used for drop tests.

Tests P and PP were the control lots of 100 pears which were not

dropped. In conducting the drop tests, the pears were "literally"

handled with canvas gloves in order to minimize and/or prevent bruising,

surface abrasions, stem punctures, or other damage which might result

from handling.

Pears were dropped from 1.5', 3.0', and 10.0' according to an

arbitrarily agreed-upon schedule. One hundred pears were dropped

for each test, 25 with stem end down, 25 flat, and 50 with calyx end

down. Perhaps it would be more accurate to say that the pears were

in the positions indicated above at the start of the drop. From a

height of 10.0' the pears had a tendency to rotate and land on the

calyx end, even though the initial position just prior to dropping

was stem end down or flat. See figure 5 for a general view of equipment

used in conducting drop tests.

Pears dropped on canvas, regardless of height, bounced very

little. The canvas acted to dampen or lessen the bounce. A 1/2" sheet

of polyurethane cemented to canvas resulted in more noticeable bouncing.

The bounce was quite noticeable with the 2" polyurethane pad on the

canvas, particularly if the pear happened to land on the stem end,

in-which case the lateral bounce from the 10.0' height was pronounced.

Pears dropped stem end down from a height of 10.0' had a tendency

to turn in flight and land on the calyx end. Pears which hit the

polyurethane pad with their long axis horizontal bounced very little.



The bounce characteristic on the plywood, surfaced with a 2"

thickness of polyurethane,was quite different from the canvas. From

a 3.0' height pears which landed flat or on the calyx end did not

"bottom" or hit the plywood. Regardless of attitude on landing, pears

dropped 10.0' hit hard or "bottomed" on the plywood, and bounces

of 5" to 14" were measured. In one test 2" medium-sized pears would

bounce as much as 18" to 20".

Pears were dropped from heights of 3.0' and 10.0' (tests N, NN,

0, and 00) into a tank of water. The water measured 9" deep; each pear

was removed before dropping the next. This procedure also applied

to the catching frames, i.e., each pear was removed from the catching

frame before dropping the next one. With pears dropped from 10.0'

into 9" of water "bottom," the larger ones bottomed hard, and some

"bounced" above the surface of the water.

Tests M and MM were the hand-shake variable drop distance tests

intended to simulate the actual harvesting of pears by shaking and

catching on some type of suitable device, see figure 2. As might

be expected, pears fell from various distances ranging from 15"

to approximately 99" above the catching frame. In this series of tests

the shaking (by hand) caused the fruit to hit limbs and to strike

other fruit on the catching frame. Shaking was continuted until 100 pears

were caught on the frame.

Tests Q and QQ were run to determine whether or not a greater depth

of polyurethane padding would lessen drop damage. The catching frame was

the 3/4" sheet of plywood surfaced with a 2" thickness of polyurethane

plus an additional 2" of medium-soft polyurethane laid on top, making

a total depth of padding of 4" on the plywood frame. When the pears



were dropped 10.0', the bounce was spectacular, sometimes as much as

30". The additional padding in no way dampened the bounce but seemed

only to accentuate it.

Tests R and RR were quite similar to Q and QQ, except that

a 2-1/2" sheet of convoluted polyurethane was laid on top of the 2"

polyurethane on the plywood, see figure 6. The convoluted pad seemed

to have a definite dampening effect on pears dropped 10'; the average

bounce was approximately 11". Very little lateral bounce was observed.

Results 

It should be recognized that this study was exploratory in nature

and that the initial data (one year's work) should not be interpreted

as final results or applicable to all conditions. There are, however,

certain trends that are evident, but these will require additional

study before the results can be considered significant.

The temperatures experienced for the three-month period prior

to harvest were approximately 10.4° F. above the long term mean.

For the most part heat injury in the form of cork spot is generally

found following periods of high temperatures prior to harvest. It was

very difficult to distinguish between the heat injury symptoms and

those which were a result of impact bruising of firm Bartlett pears.

Mechanical Injury to Bartlett Pears 

After drop tests were conducted, the fruit used in this study

was left in the orchard overnight prior to being placed in conventional

cold storage rooms. The Bartlett fruit in loose lugs was held

at 30° F. for 6 weeks, then ripened at 68° to 70° F. before being rated

for types of injury and severity of impact bruising. Each lot

of ripened fruit was scored for visible symptoms of bruising, stem



punctures, and decay prior to peeling. These results are presented

in Table 1.

Table 1.	 Visible Fruit Damage on Ripened Unpeeled Bartletts

Treatment Broken Stems Decay Punctures

Per Cent Per Cent Per Cent

A 16.0 2.0 0
B 14.0 1.0 0
C 20.0 1.0 0
D 25.0 0 0
E 29.0 0 0
F 20.0 1.0 9.0
G 15.0 1.0 2.0
H 26.0 7.0 2.0
I 16.0 1.0 7.0
J 24.0 3.0 4.0
K 31.0 0 5.0
L 29.0 4.0 4.0
M 50.9 12.3 19.8
N 14.0 2.0 5.0
0 18.0 0 5.0
P 27.0 1.0 6.0
Q 33.0 0 1.0
R 29.0 1.0

The only treatment which showed a marked increase in fruit damage

symptoms over treatment P (hand picked) was treatment M (variable drop).

This treatment resulted in a 23.9% increase in broken stems, an 11.3%

increase in decay, and a 13.8% increase in stem punctures over the

control or hand-picked fruit. For the most part the fruit decay

resulted from stem punctures or skin breaks. There was no evidence

of external bruising by impact on any of the Bartlett fruits in this

treatment.

The ripened Bartletts were peeled and halved on a contour peeler

(courtesy of the Hood River Apple Growers Association) and were placed

in a salt brine solution to prevent browning until evaluation for impact

bruising could be tabulated.
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Two types of injury were observed in the peeled fruit. A physio-

logical disorder caused by high temperature (cork spot) appeared on the

surface of the fruit or under the skin and was expressed as small, dry,

brown areas which were consistently hard or firm. It appeared as though

the brown areas were small groups of stone cells in fruit. The impact

bruising of firm fruit caused by dropping was manifested by brown, dry,

corky areas, rather spongy in character as contrasted with the hard tissue

of the cork spot disorder. The impact bruising symptoms were similar to

those described by Mattus et al. (1), termed "Brown Spot of Bartletts."

Mechanical Injury to Anjou Pears 

The Anjou pear treatments were held in cold storage for approxi-

mately 120 days before evaluations were made on bruising, skin breaks,

stem puncture, decay, and skin discoloration. These results are

summarized in Table 2.

Table 2. Mechanical Injury on Ripened Anjous - January 16, 1962 

	

Cuts &	 Friction
Treatment	 Stem Puncture	 Decay	 Bruises	 Discoloration 

	

Per Cent	 Per Cent	 Per Cent	 Per Cent

AA - 2 1 4
BB 1 1 2 2
CC 1 1 1 11
DD 1 3 3 13
EE 3 2 1 7
FF 2 4 - 29
GG - 3 14
HH 2 2 -
II 3 1 23
JJ 18
KK - - - 12
LL 2 3 31 13
MM 19 19 17 19
NN - - 42 27
00 7 2 21 14
PP - 14

QQ - 1 1 15
RR - 14



Treatment MM (shaking fruit off the tree) showed a significant

increase in decay, stem punctures, and skin breaks of Anjou pears

over treatment PP (hand-picked control). These data (tests MM) showed

that 19% of the fruit had decayed areas, 17% had bruises, and 19% had

friction discoloration.

Four treatments in this study resulted in a high percentage of fruit

bruising. For the most part, these bruises were not visible when the

ripened fruit was examined. It was necessary to make three or four

radial cuts through each fruit in order to detect internal bruising.

These internal bruises consisted of brown, dry, spongy areas similar

to those found on Bartletts and described by Mattus et al (1).

Some of the treatments (FF, II, MM, and NN) resulted in an increase

in surface or skin abrasions over the hand-picked control treatment PP.

These abrasions show as friction discoloration on the epidermis of the

ripened fruit, and many times are referred to as scald, which is

entirely different in the symptom expression. With dessert pear

varieties it is essential that emphasis should be placed on materials

which will keep friction discoloration to a minimum.

Summary 

1. No external evidence of impact bruising was observed on either

Bartlett or Anjou pears. Bartletts must be peeled and Anjou

pears cut radially before bruising can be determined.

2. Canvas alone appeared to be superior to canvas plus polyurethane

for catching frames.

3. Water proved unsatisfactory as a catching medium when the

water depth did not exceed 9".
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4. Shaking fruit from the pear trees was not satisfactory,

as excessive damage was caused by fruit to fruit contact

and by fruit to limb contact.
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Figure 1

Two-inch pad of polyurethane cemented to canvas lashed to a
2" x 6" catching frame.

Figure 2

Tests M and MM. Pears were caught on a 2" thickness of polyurethane
cemented to a 4' x 8' sheet of plywood. A steel hook was used to hand-shake
limbs. Height of drop variable, approximate range - 15" to 99".
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Figure 3

Pear in position for 10.0' drop into tank of water (water depth
in tank - 9").

Figure 4

Pear dropped from height of 10.0' at the moment of impact
with the water.
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Figure 5

General view of equipment used, showing catching frame supported
by a pipe frame in a horizontal position approximately 30" above ground.
Pear is in flight after having been dropped from a height of 10.0'
above the catching frame.

Figure 6

2-1/
Two-inch thickness of polyurethane on 3/4" sheet of plywood plus

2" thickness of convoluted polyurethane with 1" top skin inverted.
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