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Marketing Fresh Apples and Pears in Bulk Containers

Washington and Oregon became important states in
the production of apples and pears in the early 1900's.
At that time, wooden boxes were used for shipping both
types of fruit. Apple containers have changed through
the years and today the tray-packed corrugated carton
is the most common container for shipment of apples
out of the Northwest. Pear containers, on the other
hand, have changed only slightly. At present, the con-
tainer most commonly used for shipping pears is
an improved wooden box of approximately the same
dimensions as its predecessor.

In this study, the tray-packed apple carton and the
wooden pear box are referred to as standard containers.
These two standard containers have been compared to
five-bushel, corrugated containers, referred to as bulk
containers.

In evaluating the expenses which arise when packing
fruit in bulk and standard containers, only the cost dif-
ferentials have been considered. The major cost cate-
gories analyzed were: labor, materials, packing house
commissions and overhead, and miscellaneous. Due to
the nature of packing house operations, only labor and
material expenses gave rise to cost differentials. The cost
differential in favor of bulk containers over standard
containers was $14784 per 100 pounds of packed apples
and $12995 per 100 pounds of packed pears.

In order to determine the influence of bulk containers
on fruit quality, three shipments of fruit packed in bulk

Together, Oregon and Washington represent a sub-
stantial segment of the United States' apple and pear
industries. Recent records reveal that nearly 30% of the
United States' production of apples and pears comes
from the combined output of Oregon and Washington.
The major part of the two states' production is sold as
fresh rather than processed produce. Given this type of
situation, it seems reasonable that the major concern
of the Oregon-Washington apple andl pear industries
would be centered around the marketing and promotion
of fresh fruit and less effort would be applied in pro-
moting and marketing processed apples and pears. One
of the major problems facing these industries is that of
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Summary and Conclusions

Introduction

containers were inspected. Two shipments of Anjou
pears packed in standard and bulk containers were sent
to Philadelphia, Pennsylvania. The third shipment was
sent to Los Angeles, California, and consisted of Red
Delicious apples packed in bulk containers.

In the pear shipments, three types of damage were
recorded. These were: bruising, discoloration, and
punctures or skin tears. In the apple shipment, only
bruising and puncture damage were recorded. After
the containers were inspected and the damages recorded,
comparisons between containers were made. Using sta-
tistical methods, it was shown that there was no differ-
ence in total damage between the bulk and standard
containers.

In order to determine where the (lamage was oc-
curring, the bulk containers were separated horizontally
into three equal layers. Using this procedure, damages
occurring in the top, middle, and bottom layers could
be identified and compared. Bruising was found to be
most severe in the bottom layer. Discoloration and
puncture damage were not affected by layer treatment.

From the information gathered in this study, it ap-
pears that two important observations can be made.
First, the cost associated with 100 pounds of fruit can
be substantially reduced by using bulk containers; and
second, arrival condition of apples and pears packed in
hulk containers will be about the same as for the fruit
packed in standard containers.

getting high quality fresh fruit to the consumer at an
economical price. Factors which have tended to ac-
centuate this problem include: labor shortages at pack-
ing houses, a general rise in labor costs, gradual increases
in the cost of transportation, increasing consumer de-
mands for more convenience and higher quality, and ris-
ing costs of packing materials and equipment.

The process of containerization plays an important
role in getting fresh fruit to the consumer. In one way or
another, all of the above-mentioned factors play a part
in the choice of containers used in packing fruit. The
containers now most commonly used for marketing fresh
apples and pears are relatively expensive and they re-
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quire skilled people to place fruit into them and a large
amount of labor to handle the fruit before it reaches
the consumer. With the present packing operation, the
fruit is usually washed, graded, sized, wrapped in tissue,
placed into a container, weighed while in the container,
placed on pallets for movement within the plant, put in
cold storage, loaded out for delivery, and finally trans-
ported to the buyer. The concern of this study is limited
to the arrival point of the first buyer, who is not usually
the consumer.

In an attempt to solve the problem of getting high
quality fruit to the consumer at a low cost, the apple
and pear industries have used several means. Packing
house efficiency has been improved through the use of
new and better grading and sizing machines, efficient
plant layout, and profitable management techniques.
Consumer-size packages are being used experimentally
in an effort to increase fruit quality, provide a more
convenient consumer package, lower consumer costs
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per pound of fruit, and reduce the skilled labor needed
at packing houses. Bulk containers are being tried in
order to lower costs of materials, mechanize packing,
lower transportation costs, improve utilization of storage
areas, and reduce the labor input per pound of fruit.

The concern of this analysis is limited to five-bushel
corrugated containers. However, the study has developed
methods that will be useful in evaluating the potentials
of other types of shipping containers. Also, it is hoped
that the results will reveal areas in which additional in-
formation is needed.

The purpose of this study is to evaluate the feasibility
of wholesaling fresh apples and pears in five-bushel cor-
rugated containers. Specifically, the objectives are: to
determine the potential for reducing costs of marketing
apples and pears through the use of bulk containers; to
determine the effects on fruit quality of shipping in bulk
containers; and to investigate other factors which might
affect the trade's adoption of this type of container.

Descriptions of Containers and Packing House Operations

In an effort to eliminate confusion, a detailed de-
scription of the three containers used in this study is
given below.

The Bulk Container
The type of bulk container used in this study is 224

inches high, 204 inches wide, and 234- inches long. The
container is made of corrugated cardboard, 350-pound
test, with an "all flaps meet" bottom. The top flaps are
small and do not meet, enabling inspection of the fruit.
A small slot in each side of the container permits faster
cooling. For pear shipments, polyethylene liners may be
included.

Four bins mechanically filled with fruit, placed on a
42- by 48-inch pallet, usually are sold as a unit. A com-
plete unit includes: four of the above-described con-
tainers, a 42- by 48-inch disposable wooden pallet, one
large corrugated cardboard lid that fits over the four
bins, four wooden corner posts, and three metal straps
which bind the unit together. The dimensions of the
assembled unit are 42 by 48 by 28 inches high. The pallet
is made of low cost material, which permits the packing
houses to include the pallet in the cost of the unit. The
pallet has little value after its initial use. The wooden
corner posts are made by sawing a wooden 3-by-3 on the
lengthwise diagonal to form a triangular shaped post.
Four corner posts are used in each unit, one in each bin.
The corner posts are arranged so that one post is over
each corner of the pallet. This enables stacking of units
with a minimal amount of weight resting on the fruit.
Two of the three metal straps go over the top of the
bins and through the pallet. This not only holds the bins

to the pallet, but also keeps the lid in place. The third
strap surrounds the bulk bins to hold them together.
Figure 1 illustrates the bulk bin and the complete unit.

Figure 1. A pallet unit composed of four fiberboard containers
and a single cover. The cutaway section shows the corner
post; one of these is placed in the outside corner of each
container to increase stacking strength.



The Tray-Pack Carton and the Wooden Pear Box
The type of tray-pack apple carton used in this study

has inside dimensions of 11i. by 12 by 19i inches long.
The carton is made up of a corrugated cardboard bottom
of 350-pound test, a full-telescope lid, and four or five
layers of fruit. Each apple is wrapped in tissue paper,
and each layer rests on a molded pulpboard or plastic
tray. A pad is placed over the top layer of fruit before
closing the container.

The kind of wooden pear box used in this analysis
has inside dimensions of 11 by 8 by 18 inches. In
addition to the fruit, other packing materials in the box
include: a polyethylene bag, a tissue wrap for each pear
in the container, and a waxed cardboard liner to cover
box sides and ends. A flexible paper veneer wooden
bottom and lid complete the components.

At present, these two containers are the types most
commonly used for their respective commodities in the
Northwest. For this reason, both will often be referred
to as the standard containers of the industry.

The Packing House Operation

The sequence of operation generally involved in
packing apples or pears is illustrated in Figure 2. Since
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the two fruits are very similar in size and weight, the
same packing and handling equipment is used. The
sequence of operations begins when the fruit is moved
by lift truck out of cold storage or from the receiving
(lock and placed in position for dumping. The fruit is
then dumped or floated out of the container and passed
over an eliminator which removes all undersized fruit.
After this preliminary sizing, the fruit is washed and
in some cases waxed and brushed. Following inspection
by sorters and separation by grade, the fruit is sized
and then packed into containers. This is followed by
container closing and palletization. The loaded pallets
of packed fruit are then moved into storage until they
are loaded-out on a truck or rail car.

Packing Bulk and Standard Containers
In the packing house observed, operations associated

with bulk containers were slightly different from those
associated with standard containers. The differences in
operations occur after the fruit has been sized.

VJhen bulk containers are used, the sized fruits are
placed into the container by a filling machine which also
vibrates the container, nestling the fruits into place
(Figure 3).

Figure 2. A process flow chart for the typical method of pack- Figure 3. A machine used to fill bulk containers. It periodically
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Figure 4 illustrates the use of a standard box in
which the sized fruit is placed manually into the con-
tainer. This involves picking up the individual fruit,
wrapping it in tissue, and placing it gently but firmly
into the box.

Palletizing. VVhen a bulk container is filled, it is re-
moved from the bin filler and manually placed on a
small set of rollers. The bin is then appropriately
stamped and manually rolled to the segregating area. At
this point, the bin is placed onto the pallet and the small
top flaps are bent over and stapled. After four bins of
one size and grade are arranged on the pallet, the entire
unit is placed on a scale and weighed. After the unit is
adjusted to the desired weight, a Hat metal strap sur-
rounding the four bins is added and secured. The unit is

Figure 4. Standard wooden boxes being packed by placing
each pear into the container by hand.

Comparative Costs of Bulk and Standard Containers

The object of this section is to compare the costs of
packing pears and apples in five-bushel corrugated bulk
containers with costs of packing pears in standard
wooden boxes and apples in standard K-42 tray-packed
cartons. Costs considered here are those associated with
that part of the marketing chain in which packing firms
have the major control. The main emphasis is on the
costs of labor and materials in the packing operation.
In addition, costs associated with storage, fruit move-
ment within the plant, and loading-out fruit will be
examined. No cost comparisons will be made beyond
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then placed into cold storage until it is loaded out. The
lid that covers the unit and the two straps that hold the
lid clown and the bins to the pallet are usually put into
place just a few hours before the fruit is ready for ship-
ment (Figure 5).

After a standard box is filled, it is placed on a con-
veying system. While on the conveying system, the boxes
are appropriately stamped, weighed, closed, and trans-
ported to a segregation area. At the segregation area,
the boxes are taken off the conveyor and placed on
pallets. Only one size and grade of fruit is placed on an
individual pallet. After a pallet is filled, it is moved into
cold storage until it is loaded out on a truck or rail car.

Figure 5. Lidding and strapping each unit of four bulk con-
tainers just before they are loaded for shipping.

the packing house door. Cost information for this study
was obtained from several sources and, hence, does not
disclose the operating costs of a specific firm.

Procedures and Data Sources

Packing house costs, with minor variation between
firms, are separated into a number of meaningful cost-
accounting categories. These categories include: labor,
materials, packing house commission andi nonlabor over-
head, andl miscellaneous. The labor category is further



subdivided into hourly labor, piece-rate labor, overhead
labor, and payroll taxes and insurance of hourly and
salaried personnel. Piece-rate labor includes those per-
sons who manually pack fruit. Overhead labor includes
salaried supervision, hourly labor used in cleanup time
between varieties, and hourly labor associated with
coffee breaks and other down time. All other persons
directly involved in the packing operation are paid on
an hourly basis and are included in the hourly labor
expense. Materials include such items as: containers,
wraps, fastening devices, chemicals, and pallets. Packing
house commission and nonlabor overhead include fixed
costs of running the packing operations for the entire
packing season. Each producer is then charged a share
based upon the quantity of fruit processed.

Because the objective of the study is to compare
different containers, total costs do not need to be calcu-
lated since a number of the cost items are the same, cc-
gardless of the type of container. however, it is neces-
sary to consider those costs which are unique to the
particular container; therefore, only cost differences
between the containers are determined and cornpare(l.
The specific cost items used in the comparisons are
itemized in the appropriate sections of the text.

Relative Cost Differences Between Pear Boxes
and Bulk Containers

The cost analysis is based on an 83% packout at
the time of observation, with each wooden box holding
45 pounds of pears and each bulk container holding
236.25 pounds of pears.1 However, cost figures will be
compared on the basis of 100 pounds of fruit since there
are regional variations in how many pounds constitute
a box or bushel.

Costs of materials
The major cost of packing a container of fruit, other

than the fruit itself, is the cost of the materials used.
This general expense item can be broken dlOwn into
several components. The breakdown for wooden boxes
and bulk containers is shown in Table 1. The major
material item is the cost of the empty box. This is true
regardless of the container, but the percent of the total
cost of materials is less with the bulk container than with
the standard wooden box. Costs of materials per 100
pounds of packed fruit are $13520 for the wooden box
and $05559 for the bulk container. This results in a
$07961 difference per 100 pounds of fruit in favor of
bulk containers.

Percent packout refers to the percent of fruit dumped onto
the grading line that will meet the grading standards of U.S.
#1, or Fancy. The percent packout influences the quantity of
fruit that can he packed in a given length of time and tlierehv
iltc average cost of packing a container. This figure represents
an average for one season for one firm, and it ma he different
in other producing areas or seasons.

aIsle 1. Cosrs 01 MATERIALS IN WOODEN Boxss AND BULK
CONTAiNERS PER 100 POUNDS OF PACKED PEARS

Material Wooden boxes Bulk containers

Box $07556 $02243
Lid 0.2027 0.0529b

Wraps 0.2222
Corner posts 0.0296
hastening devices 0.0506hi

Pallet 0.14821
OtItera 0.1715 0.0503

Cost per 100 porttids
of fruit .51.3520 $05559

-

" This includes items such as t>olyetliylene bags, insta-ties, labels, lid
nai!s, sled strap and seals, and staples.

Si ncr four bulk coOtainers are sold as a unit, tile Cost of the lid, pallet,
and strap and scsi are calculated for the etttire unit. The per h undredsoeigh I
cost use, I here isa fraction of tile cost pet Unit.

Labor cost items
The second major expense of packing fruit consists

of costs related to labor. From the cooperating firm and
pubbshed sources, it was determined that the total labor
cost required for a hundred pounds of pears packed in
standard wooden boxes is $09923. Components of this
cost are overhead labor $01511, hourly labor $04100,
piece-rate packing labor $03889, and payroll taxes and
insurance $00423. Corresponding to this is a total cost
of 0.5334 per hundredweight of pears in bulk con-
tainers. This cost includes overhead at 0.1511, hourly
labor $03449, and payroll taxes and insurance at 80.0374.

The overhead charge of $01551 is assigned equally
to both types of containers. This allocation gives no ad-
vantages to the bulk system, though the dlepreciation on
added bulk container fillers would be more than com-
pensated for by conventional packing equipment that is
no longer needed. Furthermore, the depreciation per
hundredweight of fruit would have been lower had the
bulk fillers been operated at more than only a fraction of
their capacity.

A part of the hourly labor of $04100 is required for
operations that are common to both types of containers.
Labor time for activities unique to the bulk system was
determined by stop-watch timing to be 9.1 minutes per
container. A labor rate of $1.86 per hour was used to
determine the hourly charge of unique activities as
$02821 per bulk carton or $01194 per 100 pounds of
fruit.2 This cost (80.1194) plus a labor requirement of
$02255 per hundredweight common to both containers
results in a total hourly labor cost of 80.3449 per hun-
dredweight for the bulk container. The comparable
hourly labor for the wooden boxes is $04100 per hun-
dred poundls of pears.

Piece-rate labor used for hand packing fruit in
wooden boxes adds 80.3889 per hundrediweight to labor

r\ rttte of $1.86 per hour was cOnirrtoti its tile H ood River,
Oregort, dtstrict trt tlte 1965-66 packing seasots. However, this
Is probably a Itigher rate titan in most producing areas across
tlte country.

7



charges. Hand packing is not required for the bulk filling
method.

Recorded data revealed that payroll taxes and in-
surance in combination with overhead labor and hourly
labor constitute about 7% of the total of the three items.
On a per hundredweight basis, this is $00423 for the
standard box and $00374 for the bulk container.

The cost of attaching labels is exclusive to the
wooden box and is shown as a separate item in the sum-
mary of costs in Table 2. Records for this operation do
not separate the cost of glue, a material, and labor, which
in combination equals $00445 per hundredweight of
pears. Cost of paper labels is included in the total cost
of materials.

Other costs associated with packing, such as soda
ash, waxing, and packing house commission, remain
constant with the change in the type of container. Since
the analysis here is concerned with cost differences, these
items are not included.

Summary
Costs of labor and materials associated with packing

100 pounds of pears in standard boxes and bulk con-
tainers are listed in Table 2. Items shown are those which
give rise to cost differentials between the two types of
containers. This analysis shows a difference of $12995
in favor of bulk containers per 100 pounds of packed
pears. This difference represents about a 54% reduction
in labor and materials. Costs of labor and materials that
have been included in this analysis represent about 80%
of the total costs, excluding storage, for packing 100
pounds of pears. Thus, the reduction in total cost,
excluding storage, of packing in bulk containers is
about 43%.

Table 2. COMPARISON OF LABOR AND MATERIAL COSTS PER 100
POUNDS OF PACKED PEARS

Percent
Wooden Bulk of total

Item boxes bins Difference difference

Materials . $13520 $05559 $0. 7961 61

Labor .9923 .5334 .4589 36
Attaching

labels .0445 .0445 3

Total $2.3888 $10893 $12995 100

The percentage of the $12995 attributed to the
various cost items is shown in Table 2. Of this differ-
ence, 61% is attributed to materials, 36% to labor, and
3% to attaching labels.

Relative Cost Differences Between K-42
Apple Boxes and Bulk Containers

The procedlure used to develop cost estimates for the
tandard tray-packed apple box (K-42) and the bulk

containers was the same as the one used in obtaining the
estimates for pear containers. The cost analysis for
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apples is based on a 66.5% packout, with the K-42 con-
tainer holding 43.5 pounds of apples and the bulk con-
tainer holding 206.25 pounds of apples. These cost
figures are based on the 1965-66 season.

Costs of materials
As was true for pear containers, the major expense

of apple packing is the cost of materials, which accounts
for the greatest cost differences between the two types
of containers. Again, the single most expensive material
is the empty box. Table 3 lists the materials used in each
type of container. For the two containers, comparative
costs of materials favor bulk cartons by $09555 per 100
pounds of packed apples. Total costs of materials for
the bulk container for apples are slightly less than for
pears because the polyethylene bag enclosing the pears
is not required for apples. However, the cost of materials
per 100 pounds of apples is higher because apples have
a density of Only about 87% of that of pears; therefore,
they contribute less weight for an equal-volume con-
tainer.

Table 3. CosTs OF MATERIALS IN TRAY-PACKED CARTONS AND
BULK CONTAINERS PER 100 POUNDS OF PACKED APPLES

Material Tray-pack Bulk containers

Box $08276 $02570
Wraps .2069
Lid .0606"
Pallet .1697b

Corner posts .0339
Fastening devices .0578
Other" .5000

Total cost per 100 pounds
of fruit $15345 $05790

This includes items such as polyethylene bags, insta-ties, labels, lids,
nails, steel strap and seals, and staples.

b Since four bulk containers are sold as a unit, the cost of the lid, pallet,
and strap and seal are calculated for the entire unit. The per-hundred-
weight cost used here is a fraction of the cost per unit.

Labor costs items
Labor, the second major expense of packing apples,

is broken down into four subdivisions; hourly, over-
head, payroll taxes and insurance, and piece-rate packing.
These costs for the tray-pack carton were obtained from
historical data, whereas costs for bulk cartons were esti-
mated in a manner similar to that used for packing pears
in bulk containers.

Total cost for the labor of packing 100 pounds of
apples in a K-42 carton is about $11521. This total cost
includes $05300 for hourly labor, $01570 for overhead
labor, $00513 for payroll taxes and insurance, and
$04138 for piece-rate packing. It should be pointed out
that the hourly labor cost is higher when packing apples
than when packing pears because of the lighter weight of
apples and minor variations in the packing operation,
such as inserting trays in the apple carton.



Since the same operations are necessary whether
pears or apples are being packed in bulk containers, time-
study results are applicable to either product. On the
basis of the time studies, $01368 was the cost of hourly
labor associated with the unique tasks of packing bulk
containers. Adding together the unique hourly labor
cost of $01368, the common hourly labor cost of $02915,
and overhead labor and payroll taxes and insurance
costs of $02009, results in a total labor cost of $06292
per 100 pounds of packed apples in bulk containers.

Overhead, packing house commission, and other costs
associated with packing apples that did not change with
container type were not included in the comparison.

Summary
A total labor and materials cost comparison is made

in Table 4. This table lists the various costs, the cost
differences for each item, and the percent of the total
difference for each item. Using bulk containers rather than
the standard K-42 tray-packed carton, a cost differential
of $14784 is shown per 100 pounds of packed apples.
This difference represents about a 55% reduction in
costs of labor and materials. The costs of labor and
materials that have been included in this analysis repre-
sent about 80% of total costs, excluding storage, of pack-
ing 100 pounds of apples. Thus, the reduction in total
cost, excluding storage, in favor of packing in bulk con-
tainers is about 44%.

The percentage of the $14784 attributed to the
various cost items is shown in Table 4. Of this difference,
64.5% is attributed to materials and 35.5% to labor.

Table 4. CoMPARISON OF LABOR AND MATEREALS COSTS PER 100
POUNDS OF PACKED APPLES

Percent
K-42 Bulk of total

I tern carton containers Difference difference

Costs Associated With Fruit Movement Within the
Plant, Storage, and Loading Out

Fruit movement within the plant
It was assumed that the cost of fruit movement

within the plant would not be affected by type of con-
tainer. Two reasons for this conclusion were: (1) use
of bulk containers is in the experimental stage and thus
no regular procedure has been established for handling
these containers; and (2) observations within the plant
revealed that the same amount of time and effort was
used in handling either bulk containers or standard
containers.

Storage of packed fruit
In this study, no assignable cost differences could be

determined with respect to storage. The following dis-
cussion qualifies this condition.

One unit or pallet of bulk containers requires 32
cubic feet of space, i.e., 28 by 42 by 48 inches. One pallet
of pears packed in wooden boxes requires 77 cubic feet
of space, i.e., 66 by 42 by 48 inches. One pallet of apples
packed in tray-packed cartons requires 77.3 cubic feet
of space, i.e., 66 by 42 by 48 inches. Pears in standard
wooden boxes and bulk cartons are shown in storage in
Figure 6.

Figure 6. Disposable pallets in combination with wooden
corner posts in each of the four containers of the current
unit-load design. This arrangement permits moderate stack.
ing during cold storage.

The cost of a cubic foot of cold storage was estimated
at $0.10. Therefore, the cost per 100 pounds of packed
fruit is $0346 for pears in bulk, $0396 for apples packed
in bulk, $0428 for pears packed in standard containers,
and 80.508 for apples packed in tray-packed cartons.
Based on these estimates, it would appear that substantial
cost differences exist among the different types of con-
tainers. However, cold storage space is not utilized as
well with bulk containers as with standard boxes. This
is true because present bulk containers cannot be stacked
as high as standard containers.3 Thus, within the re-
strictions of this study, the cost advantage gained by
using bulk containers was equalized by the inadequate
use of storage space.

'The bulk containers used in the 1965-66 packing season
could not he stacked more than 161 feet high (7 pallets). Many
cold storages are at least 22 feet high. With added support, it
would be possible to stack the bins higher, but the added cost
discouraged management from this action.
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Materials $15345 $05790 $09555 64.5
Labor .. 1.1521 .6292 .5229 35.5

Total .... $26866 $12082 $14784 100.0



Loading out of fruit
Fruit packed in standard boxes is shipped from the

plant by both trucks and rail cars, in either case, each
box or carton of fruit must be manually lifted off the
pallet and restacked inside the truck or rail car. The
pallet is placed as close to the truck or rail car as p05-
sible so that a minimal amount of travel between the
pallet and the stack of fruit within the carrier is re-
quired; however, since each container of fruit must be
handled, it becomes costly to load out a carrier of fruit.

Fruit packed in bulk containers is secured to one-
way or disposable pallets and may be placed directly in
the carrier by a forklift truck (Figure 7). This pro-
ceclure works very well when loading out trucks because
they are loaded from the end and the fork lift is not
required to maneuver inside, the truck van. However,
when loading a rail car, the fruit must be loaded from
the side. Narrow doors on old-style refrigerator cars
make it almost impossible for a forklift truck to maneu-
ver. What is needed to load a rail car is an electric hand
truck. Also, variable height ramps are needed so that
easy entry into the rail car's opening is possible. Since
the plant studied did not have electric hand trucks or
\lariable height loading ramps, the bulk bins had to be
handled by the workers. Because of this crude procedure,
meaningful time studies were not possible of rail car
loading out of fruit. Nevertheless, a potential cost re-
duction would exist if the proper equipment were avail-
able. No cost comparison was made for in-plant handling
and storage of apples and pears since the trial methods
used for the bulk containers did not represent realistic
procedures for which meaningful costs could be (Ic-
termined.

Although time studies were not feasible for loading
out trucks, the shipping foreman estimated the man-
hour requirements for loading a truck. By these esti-
mates, cost differentials in favor of bulk containers were
determined as $00215 per hundred pounds of apples.
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Figure 7. A lift truck used to place palletized loads quickly
into an end-loading refrigerated truck. These lift trucks
can also be used to load modern refrigerated rail cars
equipped with wide side doors.

Summary
it has been shown that the material, labor, and pack-

ing cost advantage of bulk containers over standard
containers \vas $12995 per hundred pounds of packed
pears and $14784 per hundred pounds of packed apples.
Costs of loading out fruit in trucks in both bulk and
standard containers were estimated. From these esti-
mates, it would appear that in addition to the material,
labor, and packing cost differentials, an added cost dif-
ferential favorable to bulk containers would exist. Al-
though no estimates were made, it was indicated that a
cost advantage might exist for bulk containers when
loading out fruit into a rail car.

Effects on Fruit Quality of Shipping in Bulk and Standard Containers

The objecti've of this section is to present compari-
sons of analysis of damage incurred by apples and pears
packed in bulk and standard containers while in transit
from the packing house to the buyer. The analysis is
concerned with fruit damage which might he affected
by type of container and not fruit damage resulting
from picking, packing, or disease. Shipment damages
were determined and recorded at the point of destination
by visual inspection of samples of fruit. Damages were
scored by the United States Department of Agriculture's
system and by a weighted grading system developed
for this project. On the basis of these scores, total (lam-
ages associated with each type of container were com-
pare ci.

Data Sources

The use of bulk containers for the shipment of fresh
fruit has been very limited in the United States. in the
1966-67 packing season, only three commercial ship-
ments of fruit packed in bulk containers were made. Two
of the three shipments were U.S. 1 Anjou pears, sizes
110 and 120, while the third was extra fancy Red De-
licious apples, sizes 175, 198, and 216. The two pear
shipments were moved by rail car. A partially completed
load of test containers is shown in Figure 8. The apple
shipment was delivered by truck. The 6rst pear shipment
of 168 bins left Hood River, Oregon, October 28, 1966,
and arrived in Philadelphia, Pennsylvania, November 7,



i'igure 8. An experimental load of standard wooden pear
boxes and b-ilk containers secured for shipment in a re-
frigerated rail car.

1966. The second pear shipment left Hood River Janu-
ary 11, 1967, and arrived in Philadelphia January 19,
1967. Tn addition to the hulk bins, about 50 standard
containers were sent with each of the two car-lot ship-
ments of pears to serve as a basis of comparison.

The shipment of apples left Hood River January 17,
1967, and arrived in Los Angeles, California, January
20, 1967. This apple shipment consisted of 40 bulk con
tainers. No standard or tray-packed containers were
included. Thus, it was impossible within the same ship-
ment to gather data concerning tray-packed cartons
to compare with the data gathered on apples packed
in bulk containers. Although statistical comparisons
cannot be made, the information that was obtained gives
an insight into the amount of damage one might expect
when shipping apples in bulk containers. The same
USDA staff member made all of the grading and scoring
decisions, reducing possible variance in the results due
to observer differences when grading fruit.

Definitions of Pear and Apple Damage Categories

The types of damage of concern when grading and
scoring by the USDA system include: bruising, dis-
coloration, and punctures or skin tears for pears and,
except for discoloration, the same categories for apples.
These three major damage categories are further sub-
divided into degrees of severeness. Both apple and pear
bruising damage is scored under one of the following
subcategories: very slight, slight, moderate, and serious.
A very slight bruise is debned as a bruise less than
inch deep and less than inch in diameter. A slight

bruise is inch deep and between - and inch in
diameter. A moderate bruise is between and 1 inch in
diameter and inch or less in depth. A bruise over 1
inch in diameter is considered serious.

The only criterion for determining discoloration dam-
age on pears is the diameter of the discolored area.
Damage by diameter of the discolored area for each of
the subcategories is scored as: very slight, less than
inch: slight, to inch; moderate, - to 1 inch; and
serious, over 1 inch. As was stated earlier, discoloration
damage applies only to pears.

Puncture or skin-tear damage is scored under one
of two subcategories; slight and serious. The subcate-
gory of slight is defined as small stem punctures or
slight skin tears. A severe skin tear or a large stem
puncture is scored as serious.

Explanation of the weighted grading system
With the weighted grading system devised for this

research, the same damage types and subcategories were
used as with the USDA grading system. in recording,
the number of damages is placed in the subcategory
columns of the form (see Appendix B), instead of using
checks as with the USDA procedure. For example, a
pear with two slight bruises and one moderate bruise
would he scored two in the slight bruise column and
one in the moderate bruise column.

if more than one type of damage is present on the
fruit, the number of occurrences of each type of damage
is recorded under the appropriate category and sub-
category. For example, a pear with one very slight
bruise, two very slight dliscolorations, and one slight
discoloration, would be scored one in the very slight
bruise column, two in the very slight discoloration
column, and one in the slight discoloration column. If a
fruit has no damage, a check is made in a column marked
"no damage."

System of weights. To summarize the recorded
numbers of damages both by fruit and severity sub-
categories, a system of weights was derived. The weights,
by type of damage and subcategory, are given below.

\Terv
Damage slight Slight Moderate Serious

By this relationship, four occurrences of a given
subcategory are equal in influence to one occurrence of
the next higher degree of damage. The weights are
multiplied by the number of damages in each subcategory,
by fruit. Then a total score can be obtained for each
fruit over the three types of damages, or for each type
of damage over all fruit in a container.

11

Bruising 1 4 16 64
Discoloration 1 4 16 64
Punctures and

skin tears .. 16 -. 64



Results of Shipping Tests

Appendix A, Specific Results of Shipping Tests, is
included for readers interested in quantitative results.
This appendix includes fruit damage count data for the
USDA evaluation system and the statistical analysis ap-
plied to the weighted grading system. The latter permits
the identification of significant differences and, where
they exist, of damages associated with the several treat-
ments. The section immediately following gives a gen-
eral summation of the comparative influence of bulk
and standard containers on fruit quality.

Summation of shipping test results
Evidence obtained from the two pear shipments

shows that bruising damage was the major problem when
shipping Anjou pears in bulk or standard containers.
The occurrence of discoloration and puncture damage
was minor, relative to the amount of bruising.

From the two test shipments, it was shown that the
amount of bruising and discoloration damage was ap-
proximately the same in both bulk containers and
standard wooden containers. Both the USDA system
and the weighted grading system showed this result.

The frequency of puncture and skin-tear damage
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Appendix A-Specific Results of Shipping Tests

Results Obtained from the First Pear Shipment

The first shipment of pears arrived in Philadelphia
on November 7, 1966, after nine days in transit. In gen-
eral, the bulk containers of pears looked badly damaged.
The pallets of fruit had shifted as much as one foot
within the car. Many of the pallets in the top two tiers
had slipped off the corner posts of the lower containers
and were resting directly on top of the bulk cartons. Sev-
eral straps which held the bulk cartons and pallet to-
gether had broken. The sides of the bulk container were
bulging, which detracted from the container's general
appearance.

The standard wooden boxes had shifted within the
car, but not as much as the bulk containers. Several
of the wooden boxes had broken and were completely
demolished. The wooden boxes that were not broken
arrived in good condition.

Inspections of the fruit were made on November 7
and 8, 1966. Pressure test of the pears was about 11
pounds on arrival. The temperature inside the pears
was 440 Fahrenheit. This reading was taken as soon as
possible after the car was opened. The ice bunker was
about 90% full of ice when the car was unloaded.

Results using the USDA system
Results from the USDA grading system, showing

the percentages of fruit bruised, discolored, and punc-
tured in the first pear shipment are given in Table A-i.
The data show bruising as the major damage for both

Table A-i. PERCENT OF FRUIT INSPECTED SHOWING BRUISING, DiscowsATION, AND PUNCTURES OR SKIN TEARS BY SUBCATEGORIES-
FIRST PHILADELPHIA PEAR SHIPMENT

containers. When standard containers are compared
with bulk containers, there is little difference in the total
amount of bruising. The largest difference is the slight
bruising subcategory. Bulk containers had 42.9% slight
bruising, whereas standard boxes had 38.2% slight
bruising. However, this is somewhat offset by the fact
that standard boxes had 29.7% very slight bruising and
bulk containers had 26.3% very slight bruising. Serious
bruising was uncommon in either container.

The amount of discoloration observed was so minute
that it is difficult to make meaningful comparisons. There
was no serious discoloration in either container and only
0.1% moderate discoloration in the standard box and
0.2% moderate discoloration in the bulk containers. It
seems reasonable to conclude that discoloration was not
a problem in this shipment.

The percent of punctures and skin tears was also
minor. The standard boxes had 0.4% slight punctures
and 0.2% serious punctures. The bulk containers had
4.1% slight punctures and 0.8% serious punctures. Al-
though this type of damage is low in comparison with
bruising, it appears that the frequency of stem punctures
and skin tears is higher in bulk containers than in
standard containers.

To help pinpoint where the damage was occurring
in the bulk containers, the three 7-inch layers within
the depth of the bulk containers were examined. The
amount of very slight bruising decreased at each suc-
cessively lower level within the container. The percent
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No
damage

Very
slight Slight Mod. Ser. Total

Bruising
Standard wooden pear boxes 28.2 29.7 38.2 3.7 0.2 100.0
Bulk containers 26.2 26.3 42.9 4.6 0.0 100.0
Top layer 37.3 29.2 33.0 0.5 0.0 100.0
Middle layer 26.1 26.0 44.2 3.7 0.0 100.0
Bottom layer 15.6 23.7 51.7 9.0 0.0 100.0

Discoloration
Standard wooden pear boxes 98.1 0.5 1.3 0.1 0.0 100.0
Bulk containers 97.9 0.4 1.5 0.2 0.0 100.0
Top layer 98.2 0.7 0.8 0.3 0.0 100.0
Middle layer 98.4 0.8 0.8 0.0 0.0 100.0
Bottom layer 97.3 0.2 2.2 0.3 0.0 100.0

No
damage Slight Serious Total

No. fruit
inspected

Punctures
Standard wooden pear boxes 99.4 0.4 0.2 100.0 1,410
Bulk containers 95.1 4.1 0.8 100.0 1,800
Top layer 95.2 3.8 1.0 100.0 600
Middle layer 95.0 4.0 1.0 100.0 600
Bottom layer 95.2 4.3 0.5 100.0 600



of very slight bruising for the top, middle, and bottom
layers is 29.2, 26.0, and 23.7, respectively. From this ob-
servation alone, it appears that more of the damage is
occurring in the top third of the container. However, by
comparing slight bruising and moderate bruising at
each of the three levels, an opposite trend is apparent.
The percent of slight bruising for the top, middle, and
bottom layers is 33, 44.2, and 51.7, respectively. The top
layer has only 0.5% moderate bruising, while the middle
and bottom layers have 3.7 and 9.0% moderate bruising.

Percentages for subcategories cannot be added to-
gether as an indication of total bruising. Although slight
and moderate subcategories may have a greater impact
on saleability than the very slight subcategory, it is diffi-
cult to draw firm conclusions without a weighting system
which accounts for these differences. However, it ap-
pears that there was more bruising damage in the bottom
layer than in the top or middle layers. This statement
will be given greater emphasis in the discussion below.

The subcategories under discoloration and punctures
do not seem to follow any sort of relationship with re-
spect to layers within the container.

Results using the weighted grading system
The weighted grading system lends itself to statistical

procedures. Means and variances can be calculated, hy-
potheses can be made, and statistical tests can be con-
ducted. Using the weighted grading system data, the
following general procedure was used for making com-
parisons: The hypothesis was made that no difference
exists between treatment means, e.g., bruising for bulk
containers versus boxes. The mean and variance of
the sample associated with each treatment were calcu-
lated. The difference between treatment means was (le-
termined. The standard error of difference between
mean, multiplied by the "student" t value at the desired
level of significance and appropriate degrees of freedom,
was calculated and then compared with the difference
between treatment means. From this comparison, it was
possible to accept or reject the hypothesis and to conclude
that the treatment means (lid or did not differ by a sig-
nificant amount. Usually three different levels of sig-
nificance were calculated to provide additional informa-
tion.

Comparison of total damage in bulk and standard
containers. Table A-2 lists the mean damage rating for
bulk and standard wooden containers, the differences
between the various mean ratings, the least significant
difference term at the 10, 5, and 2% level for all of the
damage categories, and the value of the standard error
of the difference between means for each of the damage
categories.

Using the weighted grading system, an overall aver-
age damage rating of 5.579 was calculated for bulk bins
and a rating of 4.081 was calculated for standard con-
tainers. The difference between these ratings is 1.498.
This difference is compared to the "least significant dif-
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ference" (L.S.D.) term to determine if the means are
significantly different.

Table A-2. MEAN DAMAGE RATINGS, L.S.D. VALUES, AND
STANDARD ERROR OF DIFFERENCE FOR DAMAGE IN BULK AND
STANDARD CONTAINERSFIRST PHILADElPHIA PEAR SHIPMENT

If , - v2 is greater than the L.S.D. term, the two
means are significantly different ( is the mean value
of the first treatment and 2 is the mean value of the
second treatment). By placing the appropriate values
into the general formula, - > L.S.D., the test for
tota1 damage is completed. In this case 5.579 - 4.081 >
1.507 results in 1.498, which is less than 1.507. This
indicates that the total damage between bins and boxes is
not significantly different at the 5% level. Thus, on
the basis of these results, one cannot conclude that the
total damage in bulk containers is different from the
total damage in standard containers.

However, at the 10% significance level, the L.S.D.
value is 1.229, which is less than 1.498. Hence, at this
more restrictive condition of comparison for the first
shipment, the results indicate more total damage occurs
in bulk bins than in standard wooden containers. The
"no difference" conclusion at the 5% significance level
suggests that the damage differential at the 10% level is
not large in quantitative terms.

Comparison of bruising, discoloration, and puncture
damage. The total damage ratings can be broken down
into their three components: bruising, punctures, and
(liscoloration. In bulk containers the weighted damage
rating for bruising, discoloration, and punctures is
4.077, .106, and 1.396, respectively. For standard con-
tainers, the weighted damage rating for bruising, dis-
coloration, and punctures is 3.736, .083, and .262, re-
spectively (refer to Table A-2). To compare these
means, the procedure (liscussed above for determining
significant differences was repeated. An L.S.D. term
was calculated for bruising, discoloration, and punctures
and was compared to the difference between mean values
of each appropriate damage category. These values are
given in Table A-2.

The amount of bruising damage was not significantly
different at the 5% level. The amount of discoloration
damage also was not significantly (lifferent at the 5%
level. From these results, one cannot conclude that the

Total
Discolora-

Bruising tion Punctures

Mean damage ratings
Bulk containers 5.579 4.077 .106 1.396
Standard containers 4.081 3.736 .083 .262

Difference 1.498 .341 .023 1.134
L.S.D. values at 10,

1.229 1.155
5, and 2% levels

.0697 .4005
1.507 1.415 .0854 .4908

L.S.D..02 1.860 1.748 .1055 .6061
Standard error of difference between means

Standard error .6845 .643 .0388 .223



amount of bruising or discoloration damage in bulk
containers is different from that in standard containers.
The test at the 10% level also showed that there was
no difference between the containers.

The amount of puncture and skin-tear damage is
significantly different at the 5% level of significance.
This may be interpreted to mean that the bulk con-
tainers had considerable more puncture damage than
the standard containers. In addition to this observation,
one could conclude that the higher puncture damage in
bulk bins was the cause of the significant difference in
total damage at the 10% level. But, because of the rela-
tively small amount of puncture damage, the total dam-
age, was not significantly different at the 5% level.

Comparison of total damage among layers within
bulk container.c. The basic procedure for comparing
damage among the three layers within the bulk con-
tainers is the same as that used for comparing damage
between bulk and standard containers. However, one
additional test is made when comparing layers. The
additional test utilizes the F statistic. From an F table,
the critical region is where F > 3.4434 with 2 and 22
degrees of freedom at the 5% significance level. The
ratio of mean squares is 22.404. Since the ratio of the
mean squares is inside the critical region, the conclusion
is that the different layers do not have equal means. Since
the layers in this case have significantly different means,
knowing which layers have the most total damage would
be of interest. To determine this, the least significant dif-
ference procedure was used.

Table A-3 lists the mean damage ratings for the
three layers in the bulk containers, the differences be-
tween the various mean ratings, the least significant dif-
ference term at the 10, 5, and 2% levels of significance
for all of the (lamage categories, and the value of the
standard error of difference between means for each
of the (lamage categories.

The mean total damage rating for the top (T),
middle (M), and bottom (B) layers is 3.845, 5.577, and
7.315, respectively. The differences between these means
are:

T-M 1.732,
T-B = 3.480

and
:MB = 1.738

By placing the appropriate values into the inequality, the
test can be completed.

- > L.S.D.
>1.1550

Since the L.S.D. .05 term is less than any of the three
differences, there is a significant difference between all
of the layers. More specifically, there is significantly
more total damage in each successively lower layer in
the container. Even at the 2% significance level (see
Table A-3), all layers remain significantly different.

Table A-3. MEAN DAMAGE RATINGS, L.S.D. VALUES, AND
STANDARD ERROR OF DIFFERENCE FOR DAMAGE IN BULK CON-

TAINER LAYERSFIRST PHILADELPHIA PEAR SHIPMENT

Discolora-
Total Bruising tim Punctures

r.13

Mean damage ratings
Top layer 3.845 2.212 0.14 1.493
Middle layer 5.577 4.065 0.072 1A40
Bottom layer 7.315 5.955 0.105 1.255
Difference between

top and middle 1.732 1.853 .068 .053
Difference between

top and bottom 3.480 3.743 .033 .238
Difference between

middle and bottom 1.738 1.890 .035 .185
L.S.D values at 10, 5, and 2% levels

L.S.D.,0 .9393 .4898 .0897 .9279
L.S.D.., 1.1550 .6022 .1103 1.1410
L.S.D.,, 1.4329 .7471 .1368 1.4150

Standard error of difference between means
Standard error .5184 .2703 .0495 .5121

Comparison of bruising, discoloration, and puncture
damage among layers. The same procedure was used
for comparing bruising, discoloration, and puncture
damage between the three bulk layers. Table A-3 pre-
sents the various differences and the L. S.D. terms at
the various levels of significance.

Since the calculated F for bruising falls inside the
critical region, the layer treatment (loes have a significant
effect on the bruising means. The value of the bruising
L.S.D. term at the 5% significance level is .6022. The
difference between the layers is:

T-M 1.853
T-BI = 3.743

and
= 1.890.

All of the layer differences are greater than the L.S.D.
term. The conclusion is that significant differences exist
between all layers and that the top layer has the least
amount of bruising, while the bottom layer has the
greatest amount of bruising. At the 2% significance level,
the differences are also significant.

The calculated F values for discoloration and punc-
tures are .9546 and .1193, respectively. Since both of
these values fall outside the critical region, the layer
treatment does not have a significant effect on discolora-
tion or punctures. The mean differences were calculated
and compared with the L.S.D. term at both the 10 and
5% significant levels. The differences were not signifi-
cant at either level for discoloration or punctures.

Results Obtained From the Second Pear Shipment

The second shipment of pears arrived in Philadelphia
on January 19, 1967. Inspections of the fruit were made
on January 20 and 24, 1967.

All of the containers of fruit arrived in good condi-
tion. Neither the bulk containers nor the standard boxes
had shifted inside the car. The bulk containers showed



very little bulging, and all the straps holding the cartons
to the pallet were in place. None of the standard wooden
boxes were broken, as was the case in the first shipment.

The pears had a pressure test of about 11.5 pounds
when inspected. The temperature, which was taken im-
mediately after the car was opened, was 42° F inside the
pears. Since the second car had a mechanical refrigerator
type of cooling system, there was no ice bunker to check.

Results Using the USDA Grading System
The results, showing USDA grading-system per-

centages of the various damages to the second pear ship-
ment are given in Table A-4.

The major type of damage in both bulk and standard
containers was bruising. The standard boxes had 22.7%
very slight bruising, 21.9% slight bruising, 4.3% mod-
erate bruising, and 0.1% serious bruising. Comparable
figures for bulk bins were: 30.5% very slight bruising,
25.9% slight bruising, 3.0% moderate bruising, and
0.1% serious bruising. Most of the bruising damage
occurred in the two least severe subcategories. In both
of these subcategories, the bulk containers had a larger
percentage of damage. In the moderate and serious sub-
categories, very little difference existed between the two
containers. A comparison of total bruising damage indi-
cates that there is little difference between the two con-
tainers.

Discoloration occurred so few times in either type
of container that little can be said concerning differences
between the containers. Only 3.1% very slight discolora-
tion and 0.4% slight discoloration were found in all of
the standard containers inspected. The bulk containers
had 4.7% very slight discoloration, 0.9% slight discolora-

Table A-4. PERCENT OF FRUIT INSPECTED SHOWING BRUISING, DISCOLORATION, AND PUNCTURES OR SKIN TEARS, BY SUBCATEGORIES-
SEcOND PHILADELPHIA PEAR 'HIPMENT
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tion, and no moderate or serious discoloration. The
tentative conclusion from these results is that neither
container causes (liscoloration which might affect sale-
ability.

In the standard wooden containers, the percent of
slight puncture was 0.9 and no serious punctures were
found. The bulk containers had 3.3% slight punctures
and 0.7% serious punctures. From this performance,
one could conclude that puncture damage occurs more
in bulk containers than in standard wooden boxes.

The results of inspecting the three layers within the
bulk cartons are shown in Table A-4. The top layer
had 33.6% very slight bruising, 12.3% slight bruising,
0.7% moderate bruising, and 0.3% serious bruising. The
middle layer had 31.6% very slight bruising, 28.0%
slight bruising, 3.3% moderate bruising, and no serious
bruising. The bottom layer had 26.3% very slight bruis-
ing, 40.7% slight bruising, 5.0% moderate bruising, and
no serious bruising. From these observations, it appears
that the amount and severeness of bruising increases at
each lower level within the bulk container.

Discoloration was no major problem in bulk con-
tainers. Most of the discoloration damage was recorded
in the very slight subcategory. The top, middle, and
bottom layers had 7.6, 4.3, and 2.0% very slight discolor-
ation, respectively. This seems to indicate that more
discoloration occurs in the top layer than in the middle
or bottom layers.

The amount of puncture and skin-tear damage was
minor, relative to bruising damage. The top layer had
4.0% slight punctures; the middle layer had 3.0% slight
punctures; and the bottom layer had 2.7% slight punc-
tures. As with discoloration, it appears that less puncture

No
damage

Very
slight Slight Mod. Ser. Total

Bruising
Standard wooden pear boxes 51.0 22.7 21.9 4.3 0.1 100.0
Bulk containers 40.5 30.5 25.9 3.0 0.1 100.0
Top layer 53.1 33.6 12.3 0.7 0.3 100.0
Middle layer 37.1 31.6 28.0 3.3 0.0 100.0
Bottom layer 28.0 26.3 40.7 5.0 0.0 100.0

Discoloration
Standard wooden pear boxes 96.5 3.1 0.4 0.0 0.0 100.0
Bulk containers 94.4 4.7 0.9 0.0 0.0 100.0
Top layer 90.7 7.6 1.7 0.0 0.0 100.0
Middle layer 95.7 4.3 0.0 0.0 0.0 100.0
Bottom layer 97.0 2.0 1.0 0.0 0.0 100.0

No No. fruit
damage Slight Serious Total inspected

Pun ctures
Standard wooden pear boxes 99.1 0.9 0.0 100.0 705
Bulk containers 96.0 3.3 0.7 100.0 900
Top layer 95.0 4.0 1.0 100.0 300
Middle layer . 96.7 3.0 0.3 100.0 300
Bottom layer 97.3 2.7 0.0 100.0 300



damage occurs at each lower level within the bulk bin.
This same trend is evident in the serious puncture sub-
category. The percent of serious punctures in the top,
middle, and bottom layers was 1.0, 0.3, and 0.0, respec-
tively.

Results using the weighted grading system
The same statistical tests and procedures were used

in analyzing the results of the weighted grading system
for both of the Philadelphia pear shipments. Since ex-
planation of these procedures was given when discus-
sing the first shipment, only the results will be given here.

Comparison of total bruising, discoloration, and
puncture damage in bulk and standard pear containers.
The mean damage ratings for each damage category in
bulk containers and standard wooden boxes, the dif-
ferences between the various mean ratings, the least
significant difference term at the 10, 5, and 2% level
for all of the damage categories, and the value of the
standard error of difference between means for each
of the damage categories are shown in Table A-5.

The mean total damage rating for bulk and standard
containers is 4.0344 and 2.8780, respectively. The abso-
lute difference between these means is 1.1564. Substi-
tuting into the formula for the L.S.D. term at the 5%
level of significance with five degrees of freedom gives:

L.S.D..O5 = 1.4840

Table A-S. MEAN DAMAGE RATINGS, L.S.D. VALUES, AND
STANDARD ERROR OF DIFFERENCE FOR DAMAGE IN BULK AND
STANDARD CONTAINERS-SECOND PHILADELPHIA PEAR SHIPMENT

Discolora-
Total Bruising tion Punctures

Since the L.S.D..0 term is greater than the difference
between the mean ratings, the conclusion is that the two
containers are not significantly different in amount of
total damage. Even when tested at the 10% level of
significance, the difference between containers is not
significant.

Mean damage ratings for bruising and discoloration
in bulk containers are 2.6433 and .3422, respectively
(Table A-5). Comparable ratings in standard pear
boxes are 2.4014 and .2270, respectively. The absolute
difference in these ratings is .2419 for bruising and
.1153 for discoloration. The value of the L.S.D. term at
the 5% significance level is 1.2855 for bruising and .3761
for discoloration. Since the L.S.D..05 term for bruising
and (liScoloratiOn is greater than the respective absolute

difference between the means, one can conclude that
the difference between the two bruising and discoloration
means is not significant. Testing at the 10% level, the
bruising and discoloration categories remain not sig-
nificantly different.

The mean damage rating for punctures is 1.0489 in
bulk cartons and .2497 for standard wooden containers
(Table A-5). The absolute difference between these
means is .7993. The puncture L.S.D. value at the 5%
level of significance is .6170. Since .7993 is greater than
.6170, the difference between the mean puncture dam-
age is significant. From this, one would conclude that
more puncture damage occurs in bulk containers than
in standard pear boxes. At the 2% level of significance,
the difference between mean ratings is not significant.

Comparison of total, bruising, discoloration, and
puncture damage among layers within the bulk con-
tainers. Tabe A-6 shows mean (lamage ratings for the
three layers in the bulk containers, the differences be-
tween the various mean ratings, the least significant dif-
ference term at the 10, 5, and 2% levels for all of the
damage categories, and the value of the standard error
of difference between means term for each of the damage
categories.

Table A-6. MEAN DAMAGE RATINGS, L.S.D. VALUES, AND
STANDARD ERROR OF DrFFERENCE FOR DAMAGE IN BULK CON-

TAINER LAYERS-SECOND PHILADELPHIA PEAR SHIPMENT

The procedure for comparing layers within the bulk
container used in this section is the same as that used
in the corresponding section of the discussion concerning
the first Philadelphia pear shipment. Very briefly, the
procedure is as follows: conduct an F-test on the layer
treatment effect; if this test is significant, determine
which layers are significantly (lifferent through the use
of a L.S.D. test.

The layer mean square and interaction mean square
for total damage are 159.60778 and 140.78778, respec-
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Total
Discolora-

Bruising tion Punctures

Mean damage ratings
Top layer 3.2833 1.3767 .6267 1.2800
Middle layer 4.0800 2.5733 .1733 1.3333
Bottom layer 4.7400 3.9800 .2267 .5333
Difference between

top and middle
layers .7967 1.1966 .4534 .0533

Difference between
top and bottom
layers 1.4567 2.6033 .4000 .7467

Difference between
middle and bottom
layers .6600 1.4067 .0534 .8000

Mean damage ratings
Bulk containers 4.0344 2.6433 .3422 1.04.89
Standard Containers 2.8780 2.4014 .2270 .2497
Difference 1.1564 .2419 .1153 .7993

L.S.D..,,
L.S.D values at 10, 5, and 2% levels

1.1610 1.0075 .2948 .4836
L.S.D..05 1.4810 1.2855 .3761 .6170
L.S.D..O, 1.9389 1.6825 .4923 .8076

Standard error of difference between means
Standard error .5762 .5000 .1463 .2400

L.S.D. values at 10, 5, and 2% levels
L.S.D..,0 1.7555 1.0999 .2606 1.2552
L.S.D..,, 2.1585 1.3524 .3204 1.5433
L.S.D..,, 2.6778 1.6778 .3975 1.9146

Standard error of difference between means
Standard error .9688 .6070 .1438 .6927



tively. The ratio of these numbers gives a calculated F of
1.1337. The critical region of the tabular F at the 5%
significance level is where F > 4.1028 with 2 and 10
degrees of freedom. (The tabular F value is the same
for total, bruising, discoloration, and puncture damage.)
Thus, the calculated F is outside the critical region, and
the conclusion is that the layer treatment does not have
a significant effect on total damage. This is further
shown by comparing the L.S.D. term in Table A-6 with
the appropriate differences between the layers. At both
the 10 and 5% levels of significance, the L.S.D. term
is greater than the difference between the top and middle
layers and the difference between the middle and bottom
layers.

The calculated F value for bruising damage is 9.2191.
Since this is larger than the tabular F, layers cause a sig-
nificant effect on the amount of bruising. The value
of the L.S.D. term at the 5% level is 1.3524. The dif-
ference between the appropriate layers, as shown in
Table A-6 is T-M = 1.1966 and M-B 1.4067. Tn
the first instance, the layer difference is not greater than
the L.S.1). term; however, it is greater in the second
instance. From this test, the conclusion is that the top
and middle layers are not significantly different in
bruising damage. The middle and bottom layers are
significantly different. Thus, significantly more bruising
damage is occurring in the bottom layer than in the top
and middle layers.

The calculated F value for discoloration is 5.9405
and falls inside the critical region. The L.S.D. term at
the 5% level of significance is .3204 (Table A-6). In
this case, the top layer had the most damage, while the
middle layer had the least amount of damage. For this
reason, the differences which are compared with the
L.S.D. term are: T-M = .4000 and B-ill .0534.
This shows that the difference T-M' is significant, while
the difference B-ill is not significantly different. The
interpretation of this result is that the bottom two layers
are causing significantly less discoloration damage than
the top layer.

The calculated F value for puncture damage is .8340
and falls outside the critical region. From this, one
would conclude that the layer treatment does not have
a significant effect on puncture (lamage. Further support
of this conclusion is offered through the L.S.D. test.
The L.S.D. value at the 5% level of significance is
1.5433 (Table A-6). The largest difference in puncture
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damage is .8000 and occurs between the middle and
bottom layers. Since the L.S.D. term is larger, the above
conclusion is supported.

Results Obtained From the Los Angeles
Apple Shipment

The truck shipment of Red Delicious apples arrived
in Los Angeles, California, on January 20, 1967, in ex-
cellent condition. As there were no standard tray-packed
cartons included in the apple shipment, there was enough
time to complete the inspection of the fruit on the day of
arrival. 'J'here was no visible bulging of the containers,
and all straps were tight and secure.

The ten pallets of bulk containers were stacked three
high and two wide in the truck van. The remaining space
in the truck was filled with other produce for the Cali-
fornia market. Scheduling did not permit an observer
to be present when the truck was loaded; hence, the
containers that were selected for inspection were chosen
at random after the truck had unloaded in California.
Of the 40 (10 x 4) hulk containers that were sent, 5
were selected for inspection.

Results using the USDA grading system
Results showing USDA grading-system percentages

of damages to the Los Angeles apple shipment are given
in Table A-7. As mentioned earlier, no discoloration
(lamage is associated with apples; thus, only punctures
or skin tears and bruising are considered in this dliscus-
Si On.

The major damage incurred by the apples was
bruising. The five bins of fruit inspected had an average
of 41.2% very slight bruising, 7.8% slight bruising,
and 1.3% moderate bruising. No seriously bruised apples
were found in any of the containers. The small amounts
of slight bruising and moderate bruising indicate that
the apples arrived in excellent condition. The very slight
bruising, although high in percentage, does not affect
the saleability of the apples.

The amount of puncture damage was very small.
Only .9% slight puncture damage and .4% serious
puncture damage were recorded. In this shipment, it
appears that puncture damage is not a major problem
when shipping apples in bulk cartons.

When the apples were selected from the container,
they were separated into three layers: top third, middle

Table A-7. PERCENT OF FRUIT INSPECTED SHOWING BRUISING AND PUNCTURES OR SKIN TEARS BY SUBCATEGORIES-Los ANGELES
APPLE SHIPMENT

Bruising Punctures

No
damage

Very
slight Slight Moderate Serious Total

No
damage Slight Serious Total

No. fruit
inspected

-Bulk containers 49.7 41.2 7.8 1.3 100.0 98.7 .9 .4 100.0 900

Top layer .50.4 37.2 11.2 1.2 100.0 98.0 1.2 .8 100.0 300
Middle aver 50.0 42.4 6.0 1.6 100.0 99.6 0 .4 100.0 300
Bottom layer 48.4 44.0 6.4 1.2 100.0 98.4 1.6 0 100.0 300



third, and bottom third, as was the case with pears. The
percent of very slight, slight, and moderate bruising
in the top layer was 37.2, 11.2, and 1.2, respectively
(Table A-7). In the middle layer, the percent of very
slight, slight, and moderate bruising was 42.4, 6.0, and
1.6, respectively. The bottom layer had 44.0% very
slight, 6.4% slight, and 1.2% moderate bruising. Com-
paring total bruising damage between the three layers
reveals no significant differences.

The percent of slight puncture damage in the top,
middle, and bottom layers was 1.2, 0.0, and 16, respec-
tively (Table A-7). The percent of serious puncture
damage in the top, middle, and bottom layers was 0.8, 0.4,
and 0.0 respectively. Although the absolute percentages
were very small in all cases, it appears that the top layer
had the greatest amount of puncture damage, while the
middle layer had the least amount.

Results using the weighted grading system
For comparing layers for each damage category,

Table A-8 presents the mean damage rating for bulk
containers and each layer within them, the differences
between the mean ratings for the three layers, the least
significant difference term for comparing layers at the
10 and 5% levels for all of the damage categories, and
the value of the standard error of difference between
means term.

The mean damage rating for total damage, bruising,
and puncture, was 1.8387, 1.22, and .6187, respectively.
Although no comparisons with tray-packed containers
can be made, these ratings indicate the small amount
of damage that occurred in the bulk containers.

To test whether or not there is any difference among
the layers in total, bruising, or puncture damage, the
analysis of variance tables for each of these categories
must be known.

Standard error of difference between means
Standard error .5711 .2052 .6833

The calculated F value for total damage is .8752,
(layer mean square, 35.675, divided by interaction mean
square, 40.7652). The critical region of the tabular F is
F > 4.4590 with two and eight degrees of freedom at
the 5% level of significance. This tabular F critical
region is the same for all of the damage categories. Since
the calculated F falls outside the critical region, the layer
treatment does not have a significant effect on total
damage ratings.

The calculated F for bruising and punctures is .0555
and .5322, respectively. Both of these F values fall out-
side the critical region. The conclusion is that the layer
treatment does not have a significant effect on either the
bruising or puncture-damage rating.

The L.S.D. values and the mean rating for each
layer are given in Table A-8. The L.S.D. term indicates
a similar conclusion to that of the F test.

Appendix BSample Form for Recording Damage

Name of container

Date Time Place unloaded

Date shipped Truck or car number

Condition of load in car or truck

Container location in car or truck

Brief description of container condition

Test container number Slackness of pack (inches from top)
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Table A-8. MEAN DAMAGE RATINGS, L.S.D. VALUES, AND
STANDARD ERROR OF DIFFERENCE FOR DAMAGE IN BULK CoN-

TAINER5LOS ANGELES APPLE SHIPMENT

Total Bruising Punctures

Mean damage ratings
Bulk bins 1.8387 1.22 .6187
Top layer 2.212 1.252 .96
Middle layer 1.44 1.184 .256
Bottom layer 1.864 1.224 .64
Difference between

top and middle layers .772 .068 .704
Difference between

top and bottom layers .348 .028 .32
Difference between

middle and bottom layers ..... 424 .04 .384
L.S.D. values at 10 and 5% levels

L.S.D..O 1.0622 .3816 1.2709
L.S.D..,, 1.3170 .4732 1.5757
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Directions for Completing the Form

The form for recording damage is designed so that
each question can be answered in the order in which it
appears. This should eliminate the possibility of over-
looking questions and will allow the examiner more
time to make his observations. Please fill in all spaces.
Draw a line or make a zero in those spaces that are not
appropriate. This will assure us that no question has
been omitted.

The first five blanks are self-explanatory and no
further instructions are needed for completion.

Condition of load in car or truck. Give a brief de-
scription of the condition of the entire load when the
car or truck was opened. Has the load shifted? Have
any containers fallen? Are any of the containers badly
crushed? Is there any other type of damage?

Location. Describe the particular location of the test
container with respect to the other containers in the load.

Description of container. Before opening the con-
tainer, describe its outside appearance (i.e., crushed,
holes poked in the side, other).

Slackness of pack. Distance from the top of the box
to the top of the first layer of fruit.

Chart section
It is very important that each fruit be scored under

all of the categories (i.e., bruising, punctures, and dis-
coloration). If a fruit is free of all damages, score it by
making a check (x) in the "no damage" column.

If a fruit has characteristics of one category, score
it by recording the number of damages in the appropri-

CHART SECTION

Bruising Puncture Discoloration

Very
si. 51. Mod. Ser. SI. Ser. si. Sl. Mod. Ser.

\Tery

ate subcategory. Example: A pear with four *-inch
bruises and two 1k-inch bruises would be scored by plac-
ing the number "4" in the slight column and the number
"2" in the serious column under the bruising category.

Fruits with characteristics of two or three categories
will be scored under each category. Record the number
of damages in the appropriate subcategories, leaving
blanks for those that do not apply.

For USDA purposes, make a circle under the ap-
propriate categories.

Descriptions of damage categories
and subcategories
BRUISING:

Very slightBruises with a diameter less than inch.
Slight-.---Druises with a diameter between and

inch.
ill oderateBruises with a diameter from to 1 inch.
Serious Bruises with a diameter over 1 inch.

PUNCTURES:
Slight Total number of slight skin tears and small

stem punctures.
SeriousTotal number of severe skin tears and large

stem punctures.
DISCOLORATION:

Very s/ightDiscolorations with a diameter less than
inch.

S/ightDiscolorations with a diameter from to
inch.

ModerateDiscolorations with a diameter from
to 1 inch.

SeriousDiscolorations with a diameter over 1 inch.

Container Fruit No
section no. damage


