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Washington and Oregon became important states in the produc -

tion of apples and pears in the early 1900's. During these beginning

stages, wooden boxes were used for shipping both apples and pears.

Apple containerization has progressed through several stages. To-

day, the most common container for shipment of apples out of the

Northwest is the tray-packed corrugated carton. Pear contàineriza-

tion, on the other hand, has changed only slightly. Presently, the

container most commonly used for shipment of pears is a wooden

box of approximately the same dimensions as its early predecessor.

Improvements on the wooden box have been made, but basically the

container has remained unchanged.

In this study, the tray-packed apple carton and the wooden pear

box are referred to as standard containers. These two standard con-

tainers will be compared to a five bushel, corrugated container,
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which will be referred to as a bulk bin.

In evaluating the expenses which arise when packing fruit in

bulk and standard containers, only the cost differentials were dis-

cussed. The major cost categories that were analyzed were: labor,

materials, packing house commissions and overhead, and miscellan-

eous. Due to the nature of the packing house operations, only labor

and material expenses gave rise to cost differentials. The cost dif-

ferential in favor of bulk containers over standard containers was

$l.4784 per 100 pounds of packed apples and $1. 2995 per 100 pounds

of packed pears.

In order to determine the shipping quality of bulk containers,

three shipments of fruit packed in bulk 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 re-

corded. After the containers were inspected and the damages record-

ed, comparisons between containers were made. Using statistical

methods, it was shown that there was no difference in total damage

between the bulk and standard containers.



In order to determine where the damage was occurring, the bulk

containers were divided by height into three equal layers. Using this

procedure, the damages occurring in the top, middle, and bottom lay-

ers could be identified and compared. Bruising was found to be most

severe in the bottom layer. Discoloration and puncture damage was

not affected by the layer treatment.

From the information gathered in this study, it appears that

two important observationscan be made. First, the cost associated

with 100 pounds of fruit can be substantially reduced by using bulk

bins and second, the arrival condition of apples and pears packed in

bulk containers will be about the same as fruit packed in standard

containers.



The Feasibility of Wholesaling Fresh Apples and
Pears in Pafletjzed Five Bushel Bulk Containers

by

Lary Cornell Eckert

A THESIS

submitted to

Oregon State University

in partial fulfillment of
the requirements for the

degree of

Master of Science

June 1968



APPROVED:

Associate Professor of Agricultu/al Economics
in charge of major

artment of Agricultural Economics

Dean of raduate School

Date thesis is presented

Typed by Clover Redfern for Lary Cornell Eckert

Redacted for privacy

Redacted for privacy

Redacted for privacy



ACKNOWLEDGMENT

The author is indebted to many persons for advice and reas-

surance in the preparation of this study. In particular, I would like

to express my appreciation to:

Mr. R. Donald Langmo, major professor, for his patient

guidance and consultation and for his time spent in reading

and correcting the manuscript,

Duckwall Brothers Inc. of Hood River, Oregon whose assist-

ance, understanding, and cooperation enabled the collection of

much of the data,

the staff members, in particular Dr. David Faulkenberry, of

the Department of Statistics, and Dr. Albert Halter, of the

Department of Agricultural Economics, who gave valuable ad-

vice and help on special problems,

the Transportation and Facilities Research Division of the

U. S. Department of Agriculture, in particular Dr. Don

Stokes, for cooperation in data collection,

and last, but to whom I am most indebted,

my wife, Judy, for her encouragement, patience, and sacri-

fices throughout my Master's program.



TABLE OF CONTENTS

Page

INTRODUCTION 1

Problem Situation
Objectives 4
Thesis Outline 4

EVOLUTION OF APPLE AND PEAR CONTAINERS 6

Container Regulations for Fruits and Vegetables 7

Development of Apple Containers 8
Evolution of Pear Containers 14

DESCRIPTION OF CONTAINERS USED AND PACKING
HOUSE OPERATIONS 17

Description of the Bulk Container 17
Description of the Tray-Pack Carton and the Wooden Pear
Box 18
Description of Packing House Operation 20

Differences Between Bulk and Standard Container
Packing 21

COMPARATIVE COSTS OF TEST AND STANDARD CONTAINERS 24
Procedures, Data Sources and Gathering Techniques 25

Data Sources 26
Data Gathering Techniques 27

Relative Cost Differences Between Pear Boxes and Bulk Bins 28
Costs of Material 28
Labor Costs 30

Hourly Labor 30
Overhead Labor 32
Payroll Taxes and Insurance 32

Piece-rate Packing Costs 33
Cost of Attaching Labels 34
Packing House Overhead and Commissions 34
Summary 35

Relative Cost Differences Between K-42 Apple Containers
and Bulk Bins 36

Material Costs 37
Labor Costs 37
Piece-Rate Packing Costs 40
Packing House Overhead and Commissions 41
Summary 41

Costs Associated with Fruit Movement Within the Plant,
Storage, and the Loading Out of Fruit 42



Page

Fruit Movement Within the Plant 41
Storage and Packed Fruit 44
Loading Out of Fruit 45

Summary 47

EFFECTS OF SHIPMENTS IN BULK AND STANDARD
CONTAINERS ON FRUIT QUALITY 48

Data Sources 49
Procedures Used in Selecting, Sampling, and Grading of
Test Fruit 50

Choosing the Fruit for the Shipments 50
Sampling Procedure Used 51

Explanation of Inspection Procedure 53
Definitions of Pear and Apple Damage Categories 54
Explanation of U.S.D.A. Grading System 56
Explanation of the Weighted Grading System 57

System of Weights 58
Results of First Pear Shipment 60

Results Using the U.S.D.A. System 61

Results Using the Weighted Grading System 64
Comparison of Total Damage in Bulk Bins and
Standard Container 65
Comparison of Bruising, Discoloration, and Puncture
Damage in Bulk Containers and Standard Containers 68
Comparison of Total Damage Among Layers Within
the Bulk Bins 70
Comparison of Bruising, Discoloration, and Puncture
Damage Among Layers 73

Results of Second Pear Shipment 74
U.S.D.A. Grading System Results 75

Results Using the Weighted Grading System 78
Comparison of Total, Bruising, Discoloration and
Puncture Damage in Bulk Bins and Standard Pear
Containers 78
Comparison of Total, Bruising, Discoloration, and
Puncture Damage Among Layers Within the Bulk Bins 81

Results of the Los Angeles Apple Shipment 84
Results Using the U.S.D.A. Grading System 85
Results Using the Weighted Grading System 87

Summary 89

SUMMARY AND CONCLUSIONS 92
Summary 92
Conclusions 94



Fag e

Limitations 96

BIBLIOGRAPHY 99

APPENDICES 101
Appendix A 101
Appendix B 105



LIST OF TABLES

Table Page

Pear and apple production, volume of fresh sales, value
of production, and percent of production that is sold as
fresh produce by area for 1964 and 1965. 2

Costs of material in wooden boxes and bulk containers
per 100 pounds of packed pears. 29

Mean times and variances for bulk bins from time
studies. 31

Labor costs per 100 pounds of packed fruit for standard
boxes and bulk bins. 33

Comparison of labor and material costs per 100 pounds
of packed pears. 36

Costs of material in tray-packed cartons and bulk con-
tainers per 100 pounds of packed apples. 38

Labor costs per 100 pounds of packed apples for tray-
packed cartons and bulk bins. 40

Comparison of labor and material costs per 100 pounds
of packed apples. 42

Percent of fruit inspected showing bruising, discolora-
tion, and punctures or skin tears by subcategories;
first Philadelphia pear shipment. 62

Mean damage ratings, L.S.D. values, and standard
error of difference of total damage, bruising, discolor-
ation, and punctures in bulk and standard containers;
first Philadelphia pear shipment. 66

Analysis of variance for total damage in bulk and stand-
ard containers; first Philadelphia pear shipment. 67

i. Mean damage ratings, L.S.D. values, and standard
error of difference for total damage, bruising, discolor-
ation and punctures in the bulk container layers; first
Philadelphia pear shipment. 72

13. Percent of fruit inspected showing bruising, discolor-
ation, and punctures or skin tears by subcategories;
second Philadelphia pear shipment. 76



Table Page

Mean damage ratings, L.S.D. values, and standard
error of difference for total damage, bruising, dis-
coloration, and punctures in bulk and standard con-
tainers; second Philadelphia pear shipment. 79

Mean damage ratings, L.S.D. values, and standard
error of difference for total damage, bruising, discol-
oration and punctures in the bulk container layers;
second Philadelphia pear shipment. 82

Percent of fruit inspected showing bruising and punc-
tures or skin tears by subcategories; Los Angeles
apple shipment. 86

Mean damage ratings, L.S.D. values, and standard
error of difference for total damage, bruising, and
punctures in bulk containers; Los Angeles apple
shipment. 88

LIST OF FIGURES

Figure Page

Illustration of bulk container and complete unit. 19

Process flow chart for standard containers in the
packing plant. 22



LIST OF APPENDIX TABLES

Table Page

2. Sample damage form. 104

1. Analysis of variance tables for bruising, discolora-
tion, and punctures in standard containers; first
Philadelphia pear shipment. 105

Analysis of variance tables for bruising, discolora-
tion, and punctures in bulk containers; first Phila-
delphia pear shipment. 106

Analysis of variance tables for total damage in bulk
and standard containers; second Philadelphia pear
shipment. 107

B .4. Analysis of variance tables for bruising, discolora-
tion, and punctures in standard containers; second
Philadelphia pear shipment. 107

Analysis of variance tables for bruising, discolora-
tion, and punctures in bulk containers; second Phila-
delphia pear shipment. 108

Analysis of variance tables for total damage, bruising,
and punctures; Los Angeles apple shipment. 109



THE FEASIBILITY OF WHOLESALING FRESH APPLES AND
PEARS IN PALLETIZED FIVE BUSHEL BULK CONTAINERS

INTRODUCTION

Problem Situation

Together, Oregon and Washington represent a substantial seg-

ment of the United States apple and pear industries. Table 1 shows

the relationships for two years between the two states and with the

United States in total production, value of the production, volume of

fresh sales, and percent of total production that is sold as fresh pro-

duce for both apples and pears. Close examination of the table re-

veals that a majority of the two states' production is sold as fresh

produce and not processed produce. Given this type of situation, it

seems apparent that the major concern of the apple and pear indus-

tries would be centered around the marketing and promotion of fresh

fruit. In reality, this has been the case and relatively less effort has

been made by Oregon and Washington in promoting and marketing pro-

cessed apples and pears. Thus, one of the major problems facing

the industries is that of getting high quality fresh fruit to the consum-

er at an economical price. Factors which have tended to antagonize

this problem include: labor shortages at the packing houses, a gen-

eral rise in labor costs, gradual increases in transportation cost,



increasing consumer den-iands for additional food conveniences and

higher merchandise quality, and rising costs of packing material and

equipment.

Table 1. Pear and apple production, volume of fresh sales, value of
production, and percent of production that is sold as fresh
produce by area for 1964 and 1965.

Pears

Area

Source(13, p. 15, 16, 17)

Pro -
Year duced

1, 000 bu

Apples

Fresh
sales
1, 000bu

Value of
production
$ 1,000

Fresh sales
as a percent
of total
production

The process of containerization plays an important role in get-

ting fresh fruit to the consumer. In one way or another, all of the

2

United States 1964 139,215 81, 117 $250, 310 58.3
United States 1965 136,050 76, 821 $270, 096 56.5
Washington 1964 25,500 22, 450 $ 57, 375 88. 0
Washington 1965 25,500 20, 800 $ 68,750 83.2
Oregon 1964 1,920 1,340 $ 2,554 69.8
Oregon 1965 2, 330 1,600 $ 3,705 68.7
Source (14, p. 6, 8)

Area Year
Pro -
duced

Fresh
sales

Value of
production

1, 000bu 1, 000 bu $ 1,000
United States 1964 29,999 10, 094 $66, 715
United States 1965 20,687 7, 839 $66,489
Washington 1964 5,080 2, 386 $10, 065
Washington 1965 3,290 1,931 $10, 360

Oregon 1964 4,950 3, 345 $ 9,798
Oregon 1965 6,410 4, 070 $ 9, 126

Fresh salesas a percent
of total
production

33.6
37.9
47.0
58. 7

67.6
63.5
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above mentioned factors play a part in the choice of containers used

in packing fruit. Presently, the containers most commonly used for

marketing fresh apples and pears are expensive, require skilled peo-

ple to place fruit into them, require a large amount of labor to handle

the fruit before it reaches the consumer, and have provided the con-

sumer with little additional service over those containers commonly

used five to ten years ago. With the present packing operation, the

fruit is usually washed, graded, sized, placed into tissue wraps,

placed into a container, weighed while in the container, placed on

pallets for movement within the plant, put in temporary cold storage,

loaded out for delivery, and finally transported to the buyer. Al-

though the first buyer is usually not the consumer, the concern of this

study is limited to the arrival point of the first buyer.

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, effi-

cient plant layout, and profitable management techniques. Consumer-

size packages are being used experimentally in an effOrt tb increase

fruit quality, provide a more convenient consumer package, lower

consumer costs per pound of fruit, and reduce the skilled labor need-

ed at packing houses. Bulk type containers are being tried in order

to lower material costs, mechanize packing, lower transportation
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costs, improve utilization of storage areas, and reduce the labor in-

put per pound of fruit.

The concern of this thesis is that of bulk containers, specifical-

ly five-bushel corrugated containers. However, the study will devel-

op methods that will be useful in evaluating the potentials of other

types of shipping containers. Also, it is hoped that the results will

point the direction to areas in which additional information is needed.

Obj ectives

The main objective of the study was to evaluate the feasibility

of wholesaling fresh apples and pears in five bushel corrugated con-

tainers. More specifically, the objectives were

To determine the potential for reducing costs of marketing

apples and pears through the use of bulk containers.

To determine the effects of shipments in bulk containers on

fruit quality.

To investigate other factors which might affect the trade's

adoption of this type of container.

Thesis Outline

Chapter two gives a brief history of the development of both

apple and pear containers. Chapter three gives descriptions of the

various containers studied and a description of the packing house
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operations. Chapter four discusses the cost differentials which occur

between using bulk containers and standard containers. A separate

discussion is given for both apples and pears. Chapter five deals

with fruit quality and its relation to container type. In this chapter,

scoring procedures are discussed and statistical analyses are given

for various types of damages incurred by fruit when shipped in bulk

and standard containers. The summary and conclusions of the thesis

are discussed in the sixth and final chapter.



EVOLUTION OF APPLE AND PEAR CONTAINERS

In the United States, containerization and packaging of fruit has

developed along several routes. Each geographical area of the United

States has followed a slightly different path to its present and particu-

lar type of container. Even today, there is no single container used

exclusively in all producing areas. This study will not attempt to

show the evolution of containers in all areas, but only in Washington

and Oregon. However, incidental mention will be made of other pro-

ducing areas as it becomes appropriate.

It might be noted at this point, that the Pacific Northwest was

relatively late in its arrival to the pear and apple industries. This,

no doubt, has freed Washington and Oregon from at least some of the

packaging traditions which have tended to hinder the Eastern produc-

ing areas.

The remainder of this chapter will be divided into three sec-

tions: Container Regulations for Fruit and Vegetables, Development of

Apple Containers, and Development of Pear Containers. The first sec-

tion will deal with early legislation that affected the apple and pear

industries. These federal regulations applied to all fruits and vege-

tables, but had a definite impact on the marketing of pears and apples.

The discussion in the other two sections will be limited to the time

period from about 1900 to the present day. Before 1900, the

6
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Northwest represented only a small segment of the apple and pear in-

dustries.

Container Regulations for Fruits and Vegetables

Early in the twentieth century, it became apparent that some

sort of federal legislation was needed to help standardize the use of

containers in the fruit and vegetable industries. Selling short mea-

sure containers at full measure prices was a major problem before

container regulations were adopted. However, in 1912, the Standard

Apple Barrel Act established the first federal standard container (2,

p. 4). This Act set up certain standard grades for apples and fixed

the size and dimensions of the apple barrel. The 1912 Act was then

replaced by the Standard Barrel Act of 1915. Of prime importance

to the apple and pear industries was the establishment of the fruit and

vegetable barrel and its subdivisions. The barrel was fixed at a ca-

pacity of 7,056 cubic inches or nine quarts more than three bushels.

The third regulation was the Standard Container A.ct of 1916. This

Act along with its amendment in 1934 established two, four, and

twelve quart sizes, prescribed the dimensions of climax baskets for

grapes and other fruits and vegetables, and the dimensions of a one-

pound climax basket for mushrooms and restricted its use to that pro-

duct. (A climax basket is made of wood; a common capacity is Six

quarts.) The last significant container act was the Standard Container



8

Act of 1928. This Act fixed the standard sizes of hampers, round

stave baskets, and split or market baskets. Also the Act prohibited

the sale, manufacture, or shipment of the above containers if their

dimensions had not been submitted to and approved by the Secretary

ofAgriculture. Also under the 1916 and 1928 Acts, the standard

bushel was established at 2150.42 cubic inches.

Many benefits of these regulations accrued to the consumer,

but there were also advantages to producers and other groups in the

industry. These Acts assured consumers of a common and standard

unit of measure for purchase. Production by container manu.factur-

ers was simplified because fewer sizes were needed. Growers and

shippers usually benefited through lower container costs and stand-

ardized handling facilities. Carriers were relieved of the problem of

handling many different sizes, enabling them to become more efficient

in their loading techniques.

Development of Apple Containers

In general, one could divide the country into two groups when

talking about early apple production. The first section would be the

Western Boxed-Apple Region. This region includes the states of:

Washington, California, Oregon, Idaho, Colorado, Utah, New Mexico,

Montana, Arizona, Nevada, and Wyoming (6, p. 3). The second sec-

tion is called the Barreled-Apple Region and includes the whole area
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east of Colorado (5, p. 6). A.lthough two regions can be identified,

one should not interpret this to mean that each section is completely

homogeneous, but only that the predominance of one type of container

seemed to emerge during the early developmental stages.

Commercial production began in the western region around

1900. Studies have shown that the entire Western Boxed-Apple Re-

gion produced only five percent of the United States crop for the six-.

year period ending in 1899 (10, p. 1). However, by the end of the six-

year period, 1917 to 1923, the western region produced thirty percent

of the United States crop (10, p. 1). During this period, Washington

was on its way to becoming the nations largest apple producing state,

and by about 1925, Washington was the leading commercial apple

state (6, p. 3).

During the growth of this region, Washington, Oregon, and Cal-

ifornia started using a wooden box. The box was 18 inches long,

11 1/2 inches wide, and 10 1/2 inches deep and usually was made of

spruce or pine wood. Apparently these states started with this par-

ticular container in their first commercial shipments, and used them

extensively up until the late thirties. Very quickly the use of this

type of container spread throughout the area and it became known as

the Western Boxed-Apple Region. It is important to note that at this

same time, the eastern part of the country was using the barrel as

its standard container. The Barreled-Apple Region was producing
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over 170 million bushels of apples by 1905, and had established the

barrel as the predominant container. If apples were ever shipped

from Washington or Oregon in barrels, the quantity was so minute

that it had no commercial significance.

The one-bushel tub basket came into use in the East in the early

and middle twenties and spread to the eastern parts of the Western

Boxed-Apple Region. However, baskets never became an accepted

container in Washington and Oregon.

About 1938 experimentation with small consumer-size bags had

begun in the Northwest. This experimentation continued until about

1950 before bagged apples really became an accepted method for

packaging apples. The bags had three, four, and five-pound capaci-

ties, and were shipped in fiberboard boxes which measured 12 1/2

inches by 12 1/4 inches by 20 inches long. The boxes held 14

three-pound bags, or 11 four-pound bags, or nine five-pound bags.

The West was also using a miniature wooden box for shipment of fruit

into the Plain's states. This box had inside dimensions of 7 5/8 by

8 5/8 by 16 1/8 inches long and a capacity of 1,060 cubic inches. How-

ever, in 1950, the most common container was still the wooden box.

At this time, the eastern section of the country was using several

containers, but primarily the one bushel tub basket. The barrel was

no longer accepted in the domestic market, but was used for some

foreign shipments off the east coast.
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In 1949, the Washington State Apple Commission Research De-

partment introduced the cardboard carton (11, p. 1). This carton

was developed along with pulpboard trays for packing tray-pack fruit.

The carton had inside dimensions of 11 3/4 by 12 .1/8 by 19 7/8 inches.

The trays had molded depressions so that each apple had its own pock-

et or cup. This prevented the apples from touching each other and

reduced the shifting of fruit. The trays were stacked either four or

five deep, depending on the fruit size. The design of the trays was

such that by alternating the tray placement, the fruit of the lower tray

rested in the cavities of the tray above it. This alleviated the prob-

lem of fruit resting one on top of the other, as was the case in the

standard wooden box. History has shown that the tray-pack carton

would soon become the predominant container in the industry. Its

acceptance was slow, as with most innovations, but as more know-

ledge of its performance became available its usage became nation-

wide.

From the early 1950's, or since the development of the tray-

pack carton, much emphasis has been placed on packaging and con-

tainer innovation. Although it is not the intent of this thesis to discuss

all of the new containers that have been tried, those that have had

some acceptance will be discussed.

Consumer-size package is an all-inclusive type of designation.

Broadly speaking it would include all packages vhich are packed at
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packing houses and which are suited for display at retail stores. As

was indicated earlier, study in this area began around 1938. In 1956

it was estimated that 35 percent of all fresh apples marketed were in

consumer packages (4, p. 1). Most of the consumer packages at this

time were transparent polyethylene bags. But from about 1956 until

the present time, overwrapped trays have gained wide attention within

the industry. In general the trays of today are made of molded pulp-

board and can hold six to eight apples. The trays are covered with

heat-shrinkable films, sometimes stamped and marked with trade

names, prices, weights, and then placed in umaster containers t for

shipment to retail stores. Although of no standard size, the master

container usually holds about 40 pounds of fruit.

The majority of the recent innovations inapple containerization

have been centered around the corrugated cardboard carton. The

most common size has inside dimensions of 11 3/4 by 1Z by 19 3/4

inches long, but this is by no means the only size that has been used.

Some of the ways which fruit has been placed into the carton would in-

clude; loose fill, wrapped and place packed, tray-packed but unwrap-

ped, tray-packed and wrapped, cell-packed but unwrapped e. g., placed

in cavities created by dividers similar to an egg carton divider, and

cell-packed and wrapped. In the loose fill cartons, the fruit is sim-

ply placed into the box with only a top pad for protection. This type

of carton is usually smaller than the one mentioned. It is shipped to
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local markets but is also popular in the California markets. The

tray-packed carton is the most popular type of container in the North-

west at the present time. Apples that are packed in this type of con-

tainer may or may not be wrapped in paper. Both wrapped and un-

wrapped tray-packs are shipped out of Washington and Oregon. At

this time it is difficult to estimate which is most common, but it ap-

pears that the unwrapped cartons are more popular than the wrapped

cartons. The cell-packed cartons are sometimes used when packing

very tender apple varities such as Golden Delicious. Cell-packed

cartons have been used for several years but have remained very

costly to pack. For this reason, the demand for this type of contain-

er has been limited.

Many variations of the containers mentioned above have been

tried. Different sizes of cartons have been used. Pulpboard is just

one of the many types of materials used in tray construction. Pads

of all types have been tried. Poly bags enclosing all of the fruit with-

in a carton have been tried.

As was indicated earlier, tray-packed cartons represent the

most popular container in the Northwest. It is also the most popular

container in many of the other producing areas of the country. Other

types of containers which have commercial importance today would

include: polyethylene bags, loose fill cartons, cell-packed cartons,

and overwrapped consumer size trays. All of these containers are
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used throughout the United States. Although container regions, such

as the Boxed-Apple Region, have disappeared in the United States,

the Northwest remains as a leader in apple container innovation.

Evolution of Pear Containers

Pears were grown in Washington and Oregon as early as the

1850's. These first plantings were of no commercial significance, but

they did provide a stimulus for future plantings. Commercial plant-

ings began to appear in Oregon about 1885 with early commercial

shipments around 1895. However, it was about 1910 before Oregon

became a major pear-producing state. Washington's pear industry

development paralleled Oregon's in initial commercial plantings, and

it, too, had not become a major source of pears until after the turn

of the twentieth century.

Apparently, the containers used in Washington and Oregon at

this time were wooden boxes. These boxes had inside dimensions of

11 1/2 by 8 1/2 by 18 inches long or about 4/5 bushel, and became

known as the western pear box. After its introduction, the pear box

rapidly became the standard container in Washington and Oregonas

well as California. As time passed, the western pear box remained

as the most desirable container for the storage and shipping of fresh

pears. Although, there have been numerous innovations in pear con-

tainerization, the wooden box has always remained the most popular.
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Basically, the container most commonly used today is the same as

the one used in the early 1900's. Through the 60 years of use, some

modifications of the original pear box have been made. The pear box

of today is still made of wood and has the same inside dimensions.

The differences between the container now used and its predecessor

are: a large poly bag placed inside the box to enclose all of the fruit,

treated tissue paper to wrap each fruit in before placing it into the

box, a more flexible lid to allow the bulge pack, and waxed cardboard

inserts to protect the fruit from the rough surface of the box.

The western pear box is not or was not the only type of contain-

er used in the pear industry. In 1939, Oregon shippers were usinga

wooden half-box with .nside dimensions of 4 1/2 by 11 1/2 by 18 inches

(3, p. 54). This container was used primarily for deliveries to local

distributors. By 1950, two other wooden boxes were being used by

the Pacific Coast shippers!. The largest of the two containers was the

so-called "1-way-lug". This container had inside dimensions of

7 3/16 by 13 1/ by 20 5/8 inches and held 44-46 pounds of pears. The

1-way-lug was very similar to the standard pear box, and because of

its similarity it was never widely accepted by the industry. The other

container which came into use at this time was the L. A.. lug. The

inside dimensions of the L. A.. lug are 5 3/4 by 13 1/2 by 16 1/8 inches.

This container is still used today and is second in importance to the

standard pear box. The L. A. lug, as one might guess, is popular in
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the southern California market. Also, this container is used in many

markets of Washington, Oregon, and northern California.

In recent years, different types of consumer-size packages have

been used for pear shipments. This phase of pear containerization is

still very much in its infant stages, but seems to be gathering momen-

tum. Experimentation with overwrapped pulpboard trays has been

in progress for several years. The pulpboard trays usually hold six

to eight pears and are covered with a heat-shrinkable film. The trays

are then placed in master cartons for shipment to markets. Present-

ly only a small percent of the total crop is marketed in this manner,

but a larger percent of the future crops are expected to move in con-

sumer-size packages.

As this discussion indicates, the standard wooden pear box is

by far (80 to 85 percent of the total fresh sales tonnage) the most com-

mon type of container used by the Northwest pear industry. The L.A.

lug and consumer-size packages are used today but only represent

about 13 to 15 percent of the total fresh sales tonnage.



DESCRIPTION OF CONTAINERS USED AND PACKING
HOUSE OPERATIONS

In an effort to eliminate confusion, a detailed description of the

three containers used in this study is appropriate. The first two sec-

tions of this chapter will describe the containers which were employed

in the analysis. The final section of the chapter depicts the packing

house operations and how they might differ when using bulk contain-

ers.

Description of the Bulk Container

The bulk container used in this study is 22 i/z inches high,

20 l/ inches wide, and 23 1/2 inches long. The container is made of

corrugated cardboard, 350 pound test, with an "all flaps meet" bot-

tom. 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.

Four bins filled with fruit placed on a 42 by 48 inch pallet are

usually sold as a unit. A complete unit includes: four of the above

described containers, 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 to-

gether. The dimensions of the unit are 42 by 48 by 28 inches high.

17
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The pallet is made of low cost material which permits the packing

houses to include the pallet as part of the unit in its sale. The pallet

has little value after its initial usage. The wooden corner posts are

made by sawing a wooden three-by-three on the lengthwise diagonal to

form a triangular shaped post. Four corner posts are used in each

unit, one in each bin of the unit. The corner posts are arranged such

that one post is at 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 pal-

let. 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 to-

gether. Figure 1 illustrates the bulk bin and the complete unit.

Description of the Tray-Pack Carton and the Wooden Pear Box

The tray-pack apple carton used in this study has inside dimen-

sions of 11 3/4 by 12 by 19 3/4 inches long. The carton is made of

corrugated cardboard, 350 pound test, with a full-telescope lid.

Four or five layers of fruit, depending on fruit size, are placed in-

side the container. Molded pulpboard trays are placed between the

layers of fruit to hold each apple in its proper place. In addition to

the trays, each apple is wrapped in tissue paper. A pad is placed

over the top layer of fruit prior to the container being closed.
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22 1/2'

One Bulk Container
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Complete Unit

Figure 1. Illustration of bulk container and complete unit.
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The wooden pear box used in this analysis has inside dimen-

sions of 11 1/2 by 8 i/a by 18 inches. In addition to the wooden box,

the following materials are also included in each container: a poly-

ethylene bag, a tissue wrap for each pear in the container, and a

waxed cardboard liner to cover box sides and ends. This assumes

that the flexible paper veneer wooden lid is included with the box.

This study assumes that these two types of containers are the

most commonly used in each of their respective industries in the

Northwest. For this reason, both containers will often be referred

to as the standard of the industry.

Description of Packing House Operation

The sequence of operation generally involved in packing apples

or pears is illustrated in Figure 2. As the two fruits are very simi-

lar 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 dock 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 under-

sized fruit. After this preliminary sizing, the fruit is washed, and

brushed clean and in some cases waxed. Following inspection by

sorters, and separation by grade, the fruit is sized. The fruit is then

packed into containers. This is followed by container closing and
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palletization. The loaded pallets of packed fruit are then moved into

storage until they are loaded out on a truck or rail car.

Differences Between Bulk and Standard Container Packing

The packing house operations associated with bulk bins are

slightly different from those associated with standard containers, (at

least in the packing house studied, this was the case). The differ-

ences in operations occur after the fruit has been sized. Using stand-

ard boxes, the sized fruit is placed manually into the container. This

involves picking up the individual fruit, wrapping it in tissue, and

placing it gently but firmly into the box.

When bulk bins are used, the sized fruits are placed into the

container by a filling machine which also vibrates the container,

nestling the fruits into place. Usually, two or three sizes of fruit

are placed into the bulk bins.

After a standard box is filled, it is placed on a conveying sys-

tem. While on the conveying system, the boxes are appropriately

stamped, weighed, closed, and transported 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 are placed on an

individual pallet. After a pallet is filled, it is moved into cold stor-

age until it is loaded out on a truck or rail car.
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Figure 2. Process flow chart for standard
containers in the packing plant.
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When a bulk container is filled, it is removed from the bin fill-

er 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 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 flat metal strap surrounding the

four bins is added and secured. The unit is then placed into cold

storage until it is loaded out. The lid that covers the unit and the

two straps that hold the lid down and the bins to the pallet are not put

into place until the fruit is ready for shipment. This usually occurs

about twenty-four hours before shipment.
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COMPARATtVE COSTS OF TEST AND STANDARD CONTAINERS

The object of this chapter is to compare the costs of packing

pears and apples in five-bushel corrugated containers (often referred

to as bulk bins in the text) with that of packing pears in standard

wooden boxes and apples in standard K-42 tray-packed cartons. The

main emphasis is on labor and material costs in the packing opera-

tion. In addition to these costs of packing, the costs associated with

storage, fruit movement within the plant, and the loading out of fruit

will be examined. No cost comparisons will be made beyond the pack-

ing house dOor. Thus , costs ass ociate& with that part of the marketing

chain with which producers and/or packers have the major control

are considered here. The cost analysis is made from the producer's

point of view, and does not include costs beyond the point at which the

fruit has been loaded onto a common carrier.

The analysis considers fruit quality through the transportation

process to the buyer. Fruit quality considerations are discussed in

Chapter V.

The first section of this chapter presents: the procedures used

in determining the components of the packing costs, the data sources,

and the data gathering techniques. The second section analyzes the

relative packing cost differences between standard pear boxes and

bulk bins. A third section makes a similar analysis between
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standard tray-packed apple cartons and bulk containers. The costs

associated with storage, fruit movement within the plant, and the

loading out of fruit are discussed in the fourth section. A short sum-

mary concludes the chapter.

Procedures, Data Sources and Gathering Techniques

Packing house costs are usually separated into a number of

meaningful cost-accounting categories. These categories include:

labor, materials, packing house commission and overhead, and mis-

cellaneous. The labor category is further subdivided into the follow-

ing: hourly labor, piece-rate labor, overhead labor, and payroll

taxes and insurance of hourly and salaried personnel. Piece-rate

labor includes those persons who manually pack fruit. Overhead lab-

bor includes salaried supervision, the hourly labor used in cleanup

time between varieties, and the 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: contain-

ers, wraps, fastening devices, chemicals, and pallets. Packing

house commission and non-labor overhead include: fixed costs of

running the packing operations which are not calculated by individual

producers lots of fruit. Instead, these costs are calculated for the

entire packing season and then each producer is charged a share
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based upon the quantity of fruit processed.

Some firms may have cost groupings other than those above.

For example, in the plant studied, attaching labels is accounted sep-

arately from the other items. The cost of this operation includes

both labor and materials. In this case, it was more convenient for

the firm to keep this cost item separate because the labeling opera-

tion was physically removed from the major packing operation.

Because the objective is to compare different containerizations,

total costs do not need to be calculated since a number of the cost

items are the same regardless of the type of container. However, it

is necessary to consider those costs which are unique to the particu-

lar container; therefore, only relative cost differences between the

containers are determined and compared. The specific cost items

used in the comparisons are itemized in the appropriate sections.

Data Sources

As there is only one packing house in Oregon using the bulk

container, much of the cost information was gathered from this one

operation. It is the opinion of the author that this one packing house

is representative of the industry and provided information that is

characteristic of the industry with respect to standard containers.

'The average costs for packing apples as reported in the Pro
ceedings of the 62nd annual meeting of the Washington State Horticul-
tural Association were very similar to those of the firm studied.
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This firm has had a number of years of experience with bulk contain-

ers. Since the volume handled in bulk bins was small and the packing

house was not designed for bulk bin operations, one should not con-

clude that their costs associated with bulk containers would be repre-

sentative of the average cost in the industry. Rather, one should

consider these as an indication of the probable costs that others may

incur in a similar operation.

Whenever possible, other sources of information were utilized

so that no single firm's costs would be revealed. These other sources

include: other packing houses, container companies, and recent pub-

lications.

Data Gathering Techniques

The cost of the materials used in packing each of the three con-

tainers was gathered from packing houses and container companies

by personal interview. These costs did not vary widely between

sources so that using the average value did not influence the resulting

cost differences by a significant amount. These data are from the

1965-66 pear packing season.

Hourly labor costs for the standard containers were readily

available from recent publications and cooperating packing houses for

the 1965-66 pear packing season. The hourly labor used in the entire

packing operation for bulk container packing was calculated after
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extensive time studies were made. Once the total time of hourly la-

bor was determined, a current labor wage rate was used to give the

final hourly labor costs of packing a bulk bin. Time studies are dis -

cussed in detail in the next section. Piece-rate labor used in placing

the fruit into the standard containers is priced by labor contracts (at

least this is true in the Hood River area). This wage rate was used

in obtaining the cost of packing the standard containers. The infor-

mation was obtained from published contract rates.

Relative Cost Differences Between Pear Boxes and Bulk Bins

The cost analysis is based on an 83% packout at the time of ob-

servation with each wooden box holding 45 pounds of pears and each

bulk bin holding 236.25 pounds of pears.-' However, the 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 Material

The major cost of packing a container of fruit, other than the

fruit itself, is the materials used. This general expense item can be

2Percent 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 be packed
in a given length of time and thereby the average cost of packing a
container. This figure represents an average for one season for one
firm and may be different in other producing areas.
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broken down into several components. The break-down for wooden

boxes and bulk containers is shown in Table 2. The major material

item is the cost of the empty box. This is true regardless of the con-

tainer, but the percent of total material cost is less with the bulk bin

than with the standard wooden box. Material costs per 100 pounds of

packed fruit is $l.3520 for the wooden box and $.5559 for the bulk

container. This results in a $.7961 difference per 100 pounds of

fruit in favor of bulk containers.

Table 2. Costs of material in wooden boxes and bulk containers per
100 pounds of packed pears.

Box $ .7556 $ .2243
Lid .2027 .0529
Poly bag .0753 .0503
Wraps .2222
Insta-ties .0020
Labels .0133
Lid Nails .0053
Liner .0756
Pallet .l482
Corner Posts .0296
Strap & Seal .0423
Staples .0083

Cost per 100 pounds of fruit $1. 3520 $0. 5559

aSince 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.

Material Wooden Box Bulk Containers



Labor Costs

The second major expense of packing fruit is labor. As was

stated earlier, this has been broken down into four parts: hourly la-

bor, piece-rate labor, overhead, and payroll taxes and insurance.

Since piece-rate labor is usually kept separate in cost accounting, it

is discussed under a separate heading. The other three labor cost

components are discussed below.

Hourly Labor. The total hourly labor cost for packing the

standard wooden box is about $.4l per 100 pounds of pears. By

observing the entire packing operation, it was seen that certain oper-

ations were unique to the packing of standard pear containers and

certain other operations were unique to the packing of bulk bins.

However, the two containers had many operations that were common

to both. The unique tasks associated with standard boxes represent

approximately 45% of the total hourly labor cost. Thus, 55% of the

total hourly labor is used in the cost calculation for bulk bins. This

represents the hourly labor costs of those operations which are com-

mon to both containers and amounts to $.ZZ55 per 100 pounds of fruit.

[n order to determine the cost of the unique operations needed

to pack one bulk bin of pears, time studies were made at the packing

30

3This figure represents an estimate of the average cost for the
1965-66 packing season for one firm.
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house. Eleven operations were identified as being unique to the bulk

bin operation. Continuous-type time studies were made of these 11

operations to determine the average time spent doing these particular

tasks. Table 3 lists the separate operations, the mean time in min-

utes per bin at each operation, the variance of each mean, and the

average time per bin of all the operations. An average time of 9.1

minutes of hourly labor was used in performing the unique operations

of packing a bulk bin. Using a rate of $1.86 per hour, 9. 1 minutes

of time would cost $.2821 per bin, or $. 1194 per 100 pounds of

fruit' Adding together the common and unique labor cost of $. 2255

and $.1194 results in a total hourly cost of $. 3449 for packing 100

pounds of pears in a bulk bin.

Table 3. Mean times and variances for bulk bins from time studies.

rate of $1 .86 per hour would not have been uncommon in the
Hood River, Oregon district in the 1965-66 packing season; however,
this is probably a higher rate than in most producing areas across
the country.

Mean time in minutes Variance
Ope ration per bin (square minutes)

1. Assemble bin .55 .048
2. Staple corner posts .45 .026
3. Placing poiy bags .60 .020
4. Moving bins into place . 28 . 003
5. Time in packing house 2.80 .181
6. Stamping grade, size and

variety .35 .015
7. Stapling and palletizing 1. 77 . 234
8. Weighing bins .57 .164
9. Strapping pallets . 60 . 036

10. Making lids . 19 .001
11. Lidding pallets .94 .022

Total time 9. 1 minutes
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Overhead Labor. Overhead labor includes the labor expenses

of: packing house breakdowns, machine set-up time, field men, cof-

fee breaks, clean-up at end of year, clean-up after fruit varieties,

the packing house foreman, and office clerks. All of these items

would remain approximately the same regardless of the type of con-

tainer used. The cost per 100 pounds of pears for both the standard

wooden box and the bulk container is $. 1511.

Payroll Taxes and Insurance. Payroll taxes and insurance

would remain at approximately the same percentage of total hourly

labor expense. This cost was $. 0423 or about seven percent of the

total hourly labor, per 100 pounds of fruit in the standard wooden

container. Together the hourly and overhead costs for bulk con-

tainers would be $.4960 ($.3449 plus $.1511), which represents 93%

of the total labor expenses. The remaining seven percent of total

labor expenses is the payroll taxes and insurance. This amounts to

$.0374 (7 x .4960/93) per 100 pounds of fruit.

The total labor expense per 100 pounds of packed fruit associat-

ed with standard wooden boxes is $. 6034. The comparable cost asso-

ciated with bulk bins is $.5334. Table 4 lists these costs so that easy

comparisons can be made.

5This figure was obtained from the cooperating firm.



Table 4. Labor costs per 100 pounds of packed fruit for standard
boxes and bulk bins.
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The process of taking fruit off the grading machine and placing

it into a container is called "packing." Although this sounds like a

simple operation, it requires a high degree of skill and practice. To

pack a standard pear box, each pear must be wrapped in a thin sheet

of paper and placed carefully but firmly into its place in the contain-

er. If a poor job of packing is done, the container will not look at-

tractive and will usually be underweight. The workers doing this

type of task are called packers. In Oregon and Washington, packers

are usually paid on a piece-rate basis. Because of their unique wage

rate and job, packing expenses are usually kept separate from the

previously discussed labor expense. In the Hood River district of

Oregon, the rate paid to packers for packing a standard wooden pear

box was $.l65 in 1965.

The pears packed in bulk bins are not wrapped in paper and are

not place packed. Therefore, it was possible to develop a relatively

Item Standard Box Bulk Bin

Labor
Hourly .4100 .3449
Overhead .1511 .1511
Payroll taxes and insurance .0423 .0374

Total $.6034 $.5334

Piece-rate Packing Costs
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inexpensive machine to fill the containers. By using a machine to

fill the containers, the cost of piece-rate labor is eliminated. In

place of a skilled packer, it was possible to use an unskilled employee

to keep themachine supplied with empty containers and to remove the

filled ones. The cost of this employee is included in the hourly labor

expenses.

Cost of Attaching Labels

When a wooden box is used for containerization, it is necessary

to attach a label to the box. When using a cardboard container, la-

bels are not necessary because the container manufacturers print the

information on the outside of the container. For wooden boxes, the

material cost of labels was listed under material expenses. The cost

of the glue and labor to attach the labels is $. 02 per box. This would

only apply to standard wooden containers as the bulk bins are made

of cardboard and the comparable information is printed on the con-

tainer.

Packing House Overhead and Commissions

Bulk bins have not been used extensively and therefore the total

machinery requirement has not been fully determined. Thus, it is

difficult to estimate the difference in machinery depreciation between

the standard and bulk containers. The automatic bin fillers used to
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fill the bulk bins, repres ented a nominal investment relative to the

total machinery investment of the whole plant. These bin fillers

were the only additional investment required for the bin-packing

operation. Also, with the use of bulk bins, some of the existing

machinery was not needed. Furthermore, the bin fillers were not

being used anywhere near capacity. For these reasons it was

assumed that the total depreciation charges are approximately the

same with either type of container.

Other costs associated with packing such as soda ash, waxing,

and packing house commission, would remain constant with a change

in container type. Since the analysis of the chapter is concerned

with cost differences, these items will not be discussed.

Summary

The labor and material costs associated with packing 100 pounds

of pears in standard boxes and bulk bins are listed in Table 5. The

items listed are those which give rise to cost differentials between

the two types of containers. This analysis shows a difference of

$l.2995 in favor of bulk bins per 100 pounds of packed pears between

the wooden boxes and bulk bins. This difference represents about a

54% reduction in labor and materials. The costs of labor and mater-

ials that have been included in this analysis represents 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 bins is about 43%.

Table 5. Comparison of labor and material costs per 100 pounds of
packed pears.

aThe packing-piece rate of $. 3667 plus payroll taxes and insur-
ance of $.0222.

The percentage of the $1.2995 attributed to the various cost

items is shown in Table 5. Of this difference, 61% is attributed to

materials, 30% to elimination of piece-rate packing, 5% to hourly

labor, and 3% to attaching labels.

Relative Cost Differences Between K-42 Apple Containers
and Bulk B ins

The procedure used to develop cost estimates for the standard

tray-packed apple box (K-42) and the bulk containers is the same as

the one used in obtaining the estimates for pear containers. The

36

Item Wooden Boxes

Percent
of Total

Bulk Bins Difference Difference
1. Materials $1.3520 $ .5559 $ .7961 61
2. Labor

Hourly .4100 .3449 .0651 5

Overhead .1511 .1511 0
Payroll taxes
and insurance .0423 .0374 .0049 1

3. Packing .3889W .3889 30
4. Attaching labels .0445 .0445 3

Total $2.3888 $l.0893 $1.2995 100
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cost analysis for apples is based on a 66.5% packout with the K-42

container holding 43. 5 pounds of apples and the bulk container hold-

ing 206.25 pounds of apples. The cost figures are from the 1965-66

season.

Material Costs

As was true for pear containers, the major expense of apple con-

tainerization is the cost of materials. Table 6 lists the materials

used in each type of container. The material costs of the bulk bin

for apples are slightly less than for pears because the polyethylene

bag enclosing the pears is not required when packing apples. The

material expenses account for the greatest cost difference between

the two types of containers. Again, the single most expensive ma-

terial item is the empty box. Based on 100 pounds of packed apples,

the difference in material costs in favor of bulk bins between the tray-

pack carton and the bulk bin is $.9555.

Labor Costs

Labor, the second major expense of packing apples, is broken

down into three subdivisions; i.e., hourly, overhead, and payroll

taxes and insurance. These costs for the tray-pack carton were ob-

tained from historical data, whereas, in the case of bulk bins, costs

were estimated in a similar manner to that used for packing pears in
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bulk containers. The procedure used in determining an hourly labor

cost for packing apples in bulk containers was the same as that used

in determining this cost for pears being packed in bulk containers.

As the same operations were necessary whether pears or apples

were being packed in the bulk containers, the time study results of

Table 3 are applicable to either product. (For a detailed explanation

of how the hourly labor cost was calculated, the reader is referred

back to the section on pear labor costs). On the basis of the time

studies, $. 1365 was the cost of hourly labor associated with the

unique tasks of packing bulk bins.

aSince 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.

Table 6. Costs of material in tray-packed cartons and bulk contain-
ers per 100 pounds of packed apples.

Material Tray-Pack Bulk Containers

1. Box $ .8276 $.2570
2. Glue .0057
3. Wraps .2069
4. Pad .0575
5. Trays .4368
6. Lid .0606
7. Pallet .l697'
8. Corner posts °339a
9. Strap & seal .0485

10. Staples
Corner posts .0013
Lid and bin . 0080

Total cost/l00 pounds of fruit $1.5345 $.5790
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The total cost for hourly labor of packing 100 pounds of apples

in a K.-4Z carton is about $. 5300. The unique tasks associated with

this container represent approximately 45% of the total hourly labor.

Since 55% of $.5300 or $.2915 per 100 pounds of apples, is common

to both types of containers, the total hourly cost for packing 100

pounds of apples in bulk bins is $.4283, (common labor of $.2915

plus unique labor of $. 1368). It should be pointed out that the hourly

labor cost is higher when packing apples than when packing pears

(compare Table 4 with Table 7). This difference might be explained

by the lower packout percentage of apples, or by the fact that more

time is required for packers to fill a carton of apples than a box of

pears given the same size of fruit, which would tend to slow down the

entire packing operation. The added task of inserting trays into the

containers between layers could account for the additional time re-

qui r ement.

The overhead labor expense would be the same with each type of

container as this cost would not be affected by container type. There-

fore, no cost differential is generated by this item. The obtained

cost for overhead labor per 100 pounds of apples is $. 1570 for both

containers.

As indicated earlier, payroll taxes and insurance represent

about seven percent of the total labor expense. With the K-42 con-

tainer, this amounts to $.0513 per 100 pounds of packed apples and



The cost of placing the apples into the container is usually listed

as a separate item. This is done because many times this operation

is paid on a piece-rate basis. In the Hood River, Oregon district,

the rate paid to skilled packers was $. 17 per tray-packed carton iii

the 1965-66 season. Since the bulk bins are filled by machine, there

is no packing labor cost associated with the filling operation; how-

ever, unskilled hourly labor is needed to keep the machines in opera-

tIon. This cost has already been determined and it is part of the

hourly labor expense of packing bulk bins.
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with the bulk bin, it amounts to $. 0439 per 100 pounds of packed

fruit.

Adding together the three components of labor results in a total

labor cost per 100 pounds of packed apples of $. 7383 with K-42 con-

tainers and$.6292withbulkbins. Table 7 presents these costs in

summary form.

Table 7. Labor costs per 100 pounds of packed apples for tray-
packed cartons and bulk bins.

Item K-42 Bulk Bins

Labor
Hourly $.5300 $.4283
Overhead .1570 .1570
Payroll taxes and insurance . 0513 .0439

Total $.7383 $.6292

Piece-Rate Packing Costs



Packing House Overhead and Commissions

Although new machines were purchased to automatically fill the

bulk containers, no estimate was made to determine a depreciation

differential. The primary reasons for this approach are explained

in the comparable section under pear costs.

Other costs associated with packing apples such as waxing and

packing-house commission, would remain constant with a change in

container type. Since the analysis in this chapter is concerned with

cost differences, these items are not included.

Summary

A total labor and material cost comparison is made in Table 8.

This table lists the various costs, the differences for each item, and

the percentage that each item is of the total difference. Using bulk

containers rather than the standard K-42 tray-packed carton a cost

differential of $l.4784 is shown per 100 pounds of packed apples.

This difference represents about a 55% reduction in labor and mater-

ials. The costs of labor and materials that have been included in

this analysis represent about 80% of the total costs, excluding stor-

age, of packing 100 pounds of apples. Thus, the reduction in total

cost, excluding storage, in packing of bulk bins is about 44%.

The percentage of the $ 1.4784 attributed to the various cost items

41
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is shown in Table 8. Of this difference, 64. 5% is attributed to ma-

terials, 28% to piece-rate packing labor, and 6.5% to hourly labor.

aThe packing piece rate of $. 3908 plus payroll taxes and insur-
ance of $.0230.

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

Fruit Movement Within the Plant

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

would not be affected by container type. Two reasons for coming to

this conclusion were: (1) use of bulk containers is in the experiment-

al stage and thus no regular procedure has been established for hand-

ling them and (2) from observations within the plant, the same

amount of time and effort was used in handling either bulk containers

Table 8. Comparison of labor and material costs per 100 pounds of
packed apples.

Item Wooden Boxes Bulk Bins Difference

Percent
of Total
Difference

1. Materials $l.5345 $ .5790 $ .9555 64.5
2. Labor

Hourly .5300 .4283 .1017 6.5
Overhead .1570 .1570 0

Payroll taxes
and insurance .0513 .0439 .0074 1

3. Packing 41 3 8' .4138 28

Total $2. 6866 $1. 2082 $1.4784 100
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or standard containers. A discussion of handling procedures is given

below.

After apples and pears are packed into standard-type contain-

ers, the packed containers of fruit are usually placed onto wooden

pallets. The reason for placing the filled containers of fruit on the

pallets is to facilitate movement within the packing house and storage

area. When packing apples or pears into bulk bins, the filled con-

tainer is placed onto disposable pallets. The dimensions of a pallet

that is commonly used for standard containers are 42 by 48 inches.

A pallet of this size wfll hold approximately 40. bushels of fruit

packed in standard containers. A pallet of fruit packed in bulk bins

will hold approximately 20 bushels of fruit. .Itwould appear that

twice as much work would be required to handle the same volume of

fruit packed in bulk bins as it would in standard containers; however,

from the observations that were made, one pallet of bulk bins was

stacked on top of the other so that a forklift carried 40 bushels of

fruit or about the same as with a pallet of standard containers. One

could argue that two pallets of standard containers could be hauled at

one time also. Although this is a feasible action, hauling two pallets

of fruit packed in standard containers is very dangerous and is dis -

couraged by packing-house foremen..



Storage and Packed Fruit

It was assumed in this study that no cost differences existed

with respect to storage. The following discussion atteixipts to justify

this assu.rnption.

One unit or pallet of bulk bins requires 32 2/3 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; 1. 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 1/4 by 42 by 48 inches.

To determine the cubic-foot requirement for 100 pounds of

fruit, the following procedure was used: (1) the weight of the fruit on

a pallet is divided into the cubic feet of space required by a pallet,

providing the cubic feet per pound of fruit. (2) The cubic feet per

pound of fruit is multiplied by 100. The cubic-foot requirement for

100 pounds of pears and apples packed in bulk bins is 3.46 and 3.96

feet respectively. The reasonfor this difference is because the spe-

cific gravity of pears is greater than that of apples. The comparable

figures for pears and apples packed in standard containers is 4.28

and 5. 08 feet respectively. The differences between containers could

be explained by the fact that bulk containers have fewer voids and less

packing material than standard containers.

The cost of a cubic foot of cold storage was estimated at $. 10
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per cubic foot. Therefore, the cost per 100 pounds of packed fruit

is $. 346 for pears in bulk bins, $. 396 for apples packed in bulk bins,

$.428 for pears packed in standard containers, and $.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 containers. However, the cold storage space is not utilized

as well with bulk bins as with standard containers. This is true be-

cause the present bulk bins cannot be stacked as high as the standard

containers.-' Thus, it was assumed that at the present stage of de-

velopment the advantages gained by using the bulk bins were equal-

ized with respect to cost.

Loading Out of Fruit

Fruit packed in standard containers 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 possible so that a minimal amount of travel between the pallet

and the stack of fruit within the carrier is required; however, since

6The bulk bins used in the 1965-66 packing season could not be
stacked more than 16 1/2 feet high (7 pallets). Many cold storages
are at least 22 feet high. With added supporting it would be possible
to stack the bins higher, but the added cost discouraged management
from this action.
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each container of fruit must be handled, it beconies costly to load

out a carrier of fruit.

Fruit packed in bulk containers is placed on one-way or dispos-

able pallets. This being the case, a forklift truck can simply place

the pallets of fruit in their respective places in the carrier. This

procedure works very well when loading out trucks because they are

loaded from the end and the forklift is not required to maneuver in-

side the truck van; however, when loading a rail car the fruit must

be loaded from the side, making it almost impossible for a forklift

truck to maneuver. What is needed is ai-i electric hand truck to load

a rail car. Also, variable height ramps are needed so that easy en-

try into the rail car's opening is possible. Since the plant studied

did not have electric hand trucks or variable height loading ramps,

the bulk bins had to be man-handled when loading a rail car. Because

of this crude procedure, meaningful time studies were not possible

nor made of the rail car loading-out procedure. Nevertheless, a

potential cost difference would exist if the proper equipment could

be used.

Although time and motion studies were not made of the loading

out of trucks, the foreman in charge estimated the man-hour require-

ments for loading a truck. Based upon this estimate a cost differen-

tial in favor of bulk bins of $.0211 per 100 pounds was calculated.

The comparable figures, again in favor of bulk bins, for the loading



out of apples is $.0215 per 100 pounds of packed fruit.

Summary

It has been shown that the material, labor, and packing cost

differential between bulk and standard-type containers was $1. 2995

per 100 pounds of packed pears and $1.4784 per 100 pounds of packed

apples. At the present state of knowledge and experience, it was dif-

ficult to make any type of cost analysis with respect to fruit move-

ment within the plant, and storage. Given the present state of de-

velopment of handling bulk. bins and storage, it was :assumed that;

the costs associated with these two activities would be the same re-

gardless of container type with both apples and pears. The costs of

loading out fruit in trucks in both bulk and standard containers were

estimated. From these estimates it would appear that in addition to

the material, labor, and packing cost differentials, an added cost

differential would exist. Although no estimates were made, it was

indicated that a cost differential might exist between bulk and stand-

ard containers when loading out fruit into a rail car.
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EFFECTS OF SHIPMENTS IN BULK AND STANDARD
CONTAINERS ON FRUIT QUALITY

The objective of this chapter is to present comparisons of anal-

ysis of damage incurred by apples and pears packed in bulk bins and

standard containers while in transit from the packing house to the

buyer. The analysis is concerned with fruit damage which might be

affected by container type and not fruit damage resulting from pick-

ing, 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

Agriculturets system and by a weighted grading system devised by

the author. On the basis of these scores, the total damages associ-

ated with each type of container were compared.

The first section of this chapter presents the sources of data.

The second section describes the procedures used in determining

and scoring damages to apples and pears. Results of analysis of

data from the first and second Philadelphia shipments of pears are

presented in the next two sections. Results of the apple shipment

will be presented in the final main section. A summary concludes

the chapter.
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Data Sources

The use of bulk bins for shipment of fresh fruit has been very

limited in the United States. In the 1966-67 packing season, only

three commercial shipments of fruit packed in bulk bins were made.

Two of the three shipments were U.S. #1 Anjou pears sizes 110 and

120 while the third was extra fancy Red Delicious apples sizes 175,

198, and 216. The two pear shipments were moved by rail car. The

apple shipment was delivered by truck. The first pear shipment of

168 bins left Hood River, Oregon, October 28, 1966, and arrived in

Philadelphia, Pennsylvania, November 7, 1966. The second pear

shipment left Hood River January 11, 1967 and arrived in Philadel-

phia January 19, 1967. In addition to the bulk bins, about 50

standard containers were sent with each of the two car lot shipments

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 bins No standard or tray-packed

containers were included. Thus, it was impossible to gather data

concerning tray-packed cartons to compare with the data gathered

on apples packed in bulk containers. Although statistical compari-

sons cannot be made, the information that was obtained gives an in-

sight into the amount of damage one might expect when shipping

49
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apples in bulk containers.

In order to gather the needed information, the Transportation

and Facilities Research Division of the U.S.D.A. provided personnel

to help with the inspection and scoring of the pears sent to Philadel-

phia. The U.S.D.A. sent the same individual to both pear shipment

arrivals. Since it was impossible for the author to be present for

both shipments, the U.S.D.A. researchermade all of the pear in-

spections. Having the same person making all of the grading and

scoring decisions reduced the possible variance in the results due to

individual differences when grading fruit.

Procedures Used in Selecting, Sampling, and
Grading of Test Fruit

The procedures are discussed under the following headings:

Choosing the Fruit for the Test; Sampling Procedure Used; Explana-

tion of Inspection Procedure; Definitions of Pear and Apple Damage

Categories; Explanation of U.S.D.A. Grading System; Explanation

of Weighted Grading System.

Choosing the Fruit for the Shipments

The pears used in the two Philadelphia shipments were grown

by the same producer. All of the test fruit used for the two ship-

ments were packed on the same day and over the same packing line.
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The pears in the bulk bins were both size 110 and 120. The pears in

the standard pear boxes were either size 100 or 135. Larger fruit

usually incurs more damage than smaller fruit. Since there were no

size 110 or 120 available from the same lot in standard boxes, the

next larger size and smaller size were used. It was assumed that

this would have little or no effect on the comparisons between con-

tainer types. An equal number of standard containers of each size

was used in order that there could be an averaging over the larger

and smaller fruit.

The apples used for the Los Angeles shipment were packed the

same day and were of the same size. The fruit was grown by two

different producers.

Sampling Procedure Used

The time and cost of inspecting all of the fruit of each shipment

are prohibi±ive.. Instead of inspecting all of the fruit, a sampling

procedure was used to determine which fruit would be inspected. In

the two Philadelphia pear shipments, the location in the rail car

from which the test containers would be inspected was designated.

These locations were distributed throughout the length of the car.

As the bins were loaded and placed into these locations the cartons

were marked.

In the first car of pears sent to Philadelphia, the 42
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pallets of bulk bins were stacked three high, two wide, and placed

seven lengthwise within the car. The standard containers were all

located in the center of the car and were stacked nine wide and six

high. Of the 168 bins (42 pallets with 4 bins each) that were sent,

12 were inspected. Four bin locations, distributed throughout the

length of the car, were chQsen from each of the three layers within

the car. Twelve wooden pear boxes were randomly selected from

the center stack to provide a sample of the standard container.

The second car of pears sent to Philadelphia was a different

type and size of car. Therefore, the 39 pallets of bulk bins were

stacked two high, two wide, and placed ten lengthwise within the car.

All of the standard containers were located at one end of the rail

car. The single row of wooden boxes was stacked nine wide and six

high. Of the 156 bins (39 pallets with 4 bins each) that were sent in

the second pear shipment, six were inspected. Three bin locations,

dispersed throughout the length of the car, were chosen for inspec-

tion from each of the two layers within the car. Six wooden pear

boxes were randomly selected from the end stack to provide a sam-

ple of the standard containers.

All of the fruit in the standard wooden containers was inspect-

ed. The bulk bins, having a much larger capacity, contained many

more pears than the standard pear box. For this reason, a sample

of 150 fruit was selected from each bulk container. The sample was
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drawn in such a manner that fruits were taken from all depths of the

container. By dividing the container into thirds with respect to

height, the total sample drawn from the container could be divided

into a top third, middle third and bottom third. By dividing the bulk

container in this manner it was possible to detect the degree of dam-

age occurring in each third of the container.

Once the samples had been taken, the fruit was inspected by

the procedures described below.

Explanation of Inspection Procedure

In order to determine the damage that occurred in transit, the

fruit was inspected immediately after unloading at the buyer's dock.

The test containers, which had been marked as the carrier was be-

ing loaded, were set aside so that easy entry into the container was

possible. After all of the test containers had been located and set

aside, the containers were opened and a sample of fruit was selected

for visual inspection. As this analysis was concerned with damage

incurred while the fruit was in the container, the damage which might

have been caused by picking and packing was not considered in

scoring the fruit quality. Normally, the only type of damage from

picking and packing that can be determined two weeks or longer after

packing is punctures and skin tears. The reason that this type of

damage can be detected is due to the fact that decay will set in if the
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skin is broken. The decaying process goes through several stages

which can be identified. Thus, any time a broken skin was detected,

the stage of decay was estimated to determine when the damage might

have occurred. Those that appeared to have occurred before ship-

ment were not scored.

Definitions of Pear and Apple Damage Categories

The types of damage which are of concern when grading and

scoring pears and apples include: bruising, discoloration, and punc-

tures or skin tears. Bruising damage is defined as depressions in

the surface of the pear or apple caused by handling, packing or pres-

sure from surrounding fruit. Discoloration damage, found only in

pears, is identified by dark brown or black areas on the surface of

the pear skin. Discoloration is caused by the pear skin rubbing

against another smooth surface. Examples of instances when discol-

oration would occur are: two pears lightly rubbed together and a

pear vibrating against the side of a container. Punctures or skin

tears are damages resulting any time the skin of the pear or apple

is broken. Punctures are usually caused by the stem of one fruit

breaking the skin of another.

These three major damage categories are further subdivided

into degrees of severeness. Bruising damage is scored under one of

the following subcategories: very slight, slight, moderate, and
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serious. A very slight bruise is defined as a bruise less than 1/8

inch deep and less than 1/4 inch indiameter. A slight bruise is 1/8

inch deep and between 1/4 and 3/4 inches in diameter. A moderate

bruise is between 3/4 and 1 inch in diameter and 1/8 inch or less in

depth. A bruise over 1 inch in diameter is considered serious.

These subcategory definitions apply to both apple and pear bruising

damage.

Discoloration damage is scored under one of the following sub-.

categories: very slight, slight, moderate, and serious. As depth

is not a consideration when scoring discoloration, the diameter of

the discolored area is the only criterion for determining the severe-

ness of the damaged pear. The diameter of the discolored area for

each of the subcategories is: very slight, less than 1/4 inch; slight,

1/4 to 3/4 inch; moderate, 3/4 to 1 inch; 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 sub-

categories, slight and serious. The subcategory of slight is defined

as small stem punctures or slight- skin tears. A severe skin tear or

large stem puncture is scored serious.

The severeness of damage affects the marketability of apples

and pears. Each major type of damage affects the marketability to

the extent of the severeness of the damage. Thus, the type of dam-

age which is most severe affects saleability the most. In an attempt
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to relate the subcategories of severeness of damage to the market-

ability of apples and pears, the following relationships have been

offered by the U.S.D.A. (12, p. 24): very slight, no effect on gen-

eral appearance or saleability; slight, little effect on saleability un-

less found in large numbers; moderate, fruit is still saleable but

usually at a reduced price; serious, fruit is not saleable.

Explanation of U.S.D.A. Grading System

The U.S.D.A. procedure, and the one most commonly used

for scoring apple and pear damage, is outlined below.. Each fruit

that is to be inspected is lifted out of the container and visually ex-

amined over the entire surface of the fruit. If no damage of any

type is present on the fruit, it is scored no damage" and recorded

accordingly (see Appendix Table A.2 for the form used in recording).

If there is damage present, i.e. either a bruise, a discoloration,

(in pears) or a puncture, the appropriate category or damage type is

determined and recorded in the subcategory that best describes the

severeness of the damage. If a single fruit has two or three types

of damage, each damage type is recorded under the appropriate cat-

egory and corresponding subcategory to record its severeness. If a

fruit has several different degrees of severeness of one type of dam-

age, the highest degree of severeness is recorded. If a fruit has

several damages of the same type and degree and together the
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damages appear more severe than they do individually, the next high-

er degree of damage is recorded.

Some examples of this procedure will help in illustrating the

scoring process. (1) A pear with two very slight bruises, one moder-

ate discoloration and three dispersed slight punctures would be scored:

very slight bruising, moderate discoloration, and slight punctures.

(2) A pear with one very slight bruise, two slight bruises, one mod-

erate bruise, and four slight punctures bunched together would be

scored: moderate bruising and serious puncture.

After all of the fruit is inspected and recorded by checks within

each of the severity subcategories, the checks are counted by subcat-

egory over all fruit in the container. The totals of each subcategory

are then expressed as a percentage of the total number of fruits in-

spected. The percentages associated with each severity subcategory

for each damage type are then compared for each container type to

determine a damage differential between containers.

Explanation of the Weighted Grading System

With the weighted grading system, devised by the author, the

same damage types or categories and subcategories are used as with

the U.S.D.A. grading system. The difference between the twp sys-

tems is that the number of damages is counted and recorded and not

just checked. Using the weighted grading system, all of the damages



Very Very
Slight Slight Mod. Ser. Slight Sli&ht Mod. Ser. Slight Serious

1 4 16 64 1 4 16 64 16 64

The weights are multiplied by the number of damages in each
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which occur on the fruit are recorded and not just the most severe.

In recording, the number of damages is placed in the subcategory col-

umns of the form (see Appendix Table A. 2), instead of using checks as

with the U.S.D.A. procedure. For example, a pear with two slight

bruises and one moderate bruise would be 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 subcategory. For example, a pear with one

very slight bruise, two very slight discolorations and one slight dis-

coloration would be scored: one in the very slight bruise column, two

in the very slight discoloration column, and one in the slight discolor-

ation column. If a fruit has no damage, a check is made in a column

marked no damage's.

System of Weights. To summarize the recorded numbers of

damages by fruit or severity subcategories, a system of weights was

derived. The weights, by type of damage and subcategory are given

below.

Bruising Discoloration Punctures and
skin tears
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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.

The weights used were derived by observing the relationships

among the subcategories as expressed in the U.S.D.A. system. By

looking at both systems on the same recording sheet, it was deter-

mined that it usually took four occurrences of one subcategoryof one

type damage before the next higher subcategory of the same damage

was checked by the U.S.D.A. system. For example, four very slight

bruises are recorded as slight bruising in the U.S.D.A. system.

Since the number of damages are recorded and multiplied by a weight

using the weighted system, the weight used for the very slight category

had to reflect the fact that four very slight damages would be equiva-

lent to a slight damage. Therefore, the weight assigned to the very

slight subcategory was one and four to the slight subcategory. The

least severe subcategory was assigned the smallest weight as a start-

ing point. Furthermore, four slight bruises are recorded as moder-

ate bruising in the U.S.D.A. system. Therefore, a weight of 16 was

assigned to the moderate subcategory to reflect the fact that four

slight bruises would be equal to a moderate bruise. By this technique

a value of 64 was assigned as the weight for serious bruising. These

weights are used with both the bruising and discoloration categories.

The weights for the slight and serious subcategories under the
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punctures and skin tears category are 16 and 64 respectively. The

higher weight was used for the slight category because if detected, a

fruit with a broken skin will usually be discounted in the samemanner

as a moderately bruised or discolored fruit.

After the number of damages in the different subcategories is

multiplied by the appropriate weight, each fruit will have a new rating

for each subcategory. To determine the amount of damage incurred

by an individual fruit, the new ratings are summed across the sub-

categories and types of damage. This results in one number repre-

senting the degree of damage observed on the fruit. A low number

would indicate little damage, whereas, a high number would indicate

severe damage. If a fruit had no: damage it would have a zero rating.

The ratings obtained by th above procedure are used in the analysis

of container types in a later section.

Results of First Pear Shipment

The first shipment of pears arrived in Philadelphia on November

7, 1966 after nine days in transit. In general, 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 bins in the top two layers had

slipped off the corner posts of the container below it and were resting

directly on the top of the fruit. Several straps which hold the bins and

pallet together had broken. The sides of the bulk bins were bulging
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which did not add to the container's general appearance.

The standard wooden containers had shifted within the car but

not as much as the bulk bins. Several of the wooden boxes had broken

and were completely demolished. Other than the broken containers,

the woodenboxes arrived in good condition.

Inspections of the fruit were made on November 7 and 8, 1966.

The pears were testing at about 11 pounds pressure upon arrival. The

temperature inside the pears was 44 degrees Fahrenheit. This read-

ing was taken as soon as possible after the car was opened. The ice

bunker was about 90 percent full of ice when the car was unloaded.

Results Using the U.S.D.A. System

The results from the U.S.D.A. grading system, showing the

percentages of fruit that were bruised, discolored, and punctured in

the first pear shipment are given in Table 9. The major damage for

both containers is bruising. Comparing standard containers with bulk

containers, there is little difference in the total amount of bruising

between the two containers. The largest difference is in the slight

bruising subcategory. Bulk bins had 4Z. 9 percent slight bruising,

whereas, standard boxes had 38.2 percent slight bruising. However,

this is somewhat offset by the fact that standard containers had 29. 7

percent very slight bruising and the bulk bins had 26.3 percent very

slight bruising. Serious bruising was very uncommon in either
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Table 9. Percent of fruit inspected showing bruising, discoloration,
and punctures or skin tears by subcategories; first Philadel-
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The amount of discoloration that was observed was so minute,

that it is difficult to make meaningful comparison. There was not

serious discoloration in either container and only 0. 1 percent moder-

ate discoloration in the standard container and 0. 2 percent moderate

discoloration in the bulk bins. 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 containers had 0,4 percent slight punctures and 0,2 percent

serious punctures. The bulk bins had 4.1 percent slight punctures

'hia 'ear shi.ment.
Bruising Discoloration Punctures

Very
Slight

Mod-
Slight erate

Ser-
bus

Very
Slight Slight

Mod-
erate

Ser-
ious

Ser-
Slight ious

Standard wooden
pear box 29.7 38.2 3.7 0.2 0.5 1.3 0.1 0.0 0.4 02
Bulk
containers 26.3 42.9 4.6 0.0 0.4 1.5 0.2 0.0 4.1 0.8

Top layer
within bin 29.2 33.0 0.5 0.0 0.7 0.8 0.3 0.0 3.8 1.0

Middle layer
within bin 26.0 44.2 3.7 0.0 0.8 0.8 0.0 0.0 4.0 1.0

Bottom layer
within bin 23.7 51.7 9.0 0.0 0.2 2.2 0.3 0.0 4.3 0.5
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and 0.8 percent serious punctures. Although 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 stand-

ard containers.

To help pinpoint where the damage was occurring in the bulk con-

tainers, the three 7 1/2 inch layers within the bulk bin were examined.

The amount of very slight bruising decreases at each successively

lower level within the container. The percent of very slight bruising

for the top, middle, and bottom layer is 29.2, 26.0, and 23.7 respec-

tively. From this observation alone, it appears that most of the dam-

age is occurring in the top third of the container. However, by corn-

paring slight bruising and moderate bruising at each of the three lev-

els, an opposite trend is apparent. The percent of slight bruising for

the top, middle, and bottom layers is 33, 44. 2, and 51. 7 respective-

ly. The top layer had only 0. 5 percent moderate bruising, while the

middle and bottom layers had 3. 7 and 9.0 percent moderate bruising.

The percentages for subcategories cannot be added together as an

indication of total bruising. Although slight and moderate subcategor-

ies may have a greater impact on saleability than the very slight sub-

category, without a weighting system which accounts for these differ-

ences, it is difficult to draw firm conclusions. However, it does ap-

pear that there was more bruising damage in the bottom layer than in

the top or middle layers. This statement will be given greater
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credulity in the next section.

The subcategories under discoloration and punctures do not seeni

to follow any sort of relationship with respect to layers within the

container.

Results Using the Weighted Grading System

The weighted grading system lends its elf to statistical proce-

dures. Means and variances can be calculated, hypotheses can be

made, and statistical tests can be conducted. With the weighted grad-

ing system data, the following general procedure was used for mak-

ing comparisons. The hypothesis was made that no difference exists

between treatment means, e.g., bruising for bulk bins versus boxes.

The mean and variance of the sample associated with each treatment

were calculated. The difference between treatment means was deter-

mined. The standard error of difference between means, multiplied

by the "students' t value at the desired level of significance and appro-

priate 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 did or did not differ by a significant amount. Usual-

ly three different levels of significance were calculated to provide

additional information.

This procedure will be explained in detail when testing the
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hypothesis that no difference in total damage exists between bulk bins

and standard pear containers. Results will be shown for the hypothe-

sis tests of no difference between means for bruising, punctures, dis-

coloration and the different layers within the bin, but repitition of the

specific calculations will be omitted.

Comparison of Total Damage in Bulk Bins and Standard Con-

tainer. Table 10 lists: the mean damage rating for bulk bins and

standard wooden containers, the differences between the various

mean ratings, the least significant difference term at the ten, five,

and two percent level for all of the damage categories, and the value

of the standard error of difference between means term for each of

the damage categories.

Using the weighted grading system, an overall average damage

rating of 5.579 was calculated for bulk bins and a rating of 4.080 was

calculated for standard containers. The difference between these

ratings is 1.498. This difference is compared to the least signifi-

cant difference' (L.S.D.) term to determine if the means are signifi-

cantly different.



Total Bruising Dis cob ration Punctures

Mean Damage Ratings
Bulk
containers
Standard
containers
Difference 11.4981 I .3411 1.0231 11.1341

L.S. D. Values at 10, 5, and 2 Percent Levels
L.S.D.10 1.229 1.155 .0697 .4005

L.S.D.05 1.507 1.415 .0854 .4908

L.S.D. 1.860 1.748 .1055 .6061

Standard Error of Difference Between Means

Standard error .6845 .643 .0388 .-23

The general formula for the L.S.D. term is:

JTMS1 +T8Z

where
025

is the t value at the five percent level of signifi-

cance, TMS1 is the treatment mean square associated with the

mean value of the first treatment, n1 is the number of observations

in the first treatment mean, TMS is the treatment mean square

associated with the mean value of the second treatment, and where

n2 is the number of observations in the second treatment mean. The

TMS terms were derived through the use of analysis of variance
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Table 10. Mean damage ratings, L.S.D. values, and standard error
of difference of total damage, bruising, discoloration, and
punctures in bulk and standard containers; first Philadel-
phia pear shipment.

5.579 4.077 .106 1.396

4.081 3.736 .083 .262
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tables. The analysis of variance tables for total damage in standard

containers and bulk containers is given in Table 11. The expression

under the square root is referred to as the "standard error of differ-

ence between means". The degrees of freedom associated with the t

value are;the same as the degrees of freedom associated with the mean

square terms. These are shown in the analysis of variance table.

Table 11. Analysis of variance for total damage In bulk and standard
containers; first Philadelphia pear shipment.

If - is greater than the L.S.D. term, the two

means are significantly different is the mean value of the first

treatment and is the mean value of the second treatment). By

placing the appropriate values into the general formula, the test for

total damage is completed.

Source
Degrees of Adjusted

freedom sum of squares Mean square

Bulk Containers

Total 1799 153,936.798
Bin 11 1,477.198 134.2907
Layer 2 3,612.274 1,806.1372
Binxlayer 22 1,773.566 80.6166
Error 1764 147,073.760 83.3751

Standard Containers

Total 1404 67,323.912
Box 11 6,087.399 553.3999
Error 1393 61,236.513 43.960



jj;:1 _>t05

with 11 degrees of freedom

J 134.2907 553.3999
+

which is not the case since

1.498< 1.507

This indicates that the total damage between bins and boxes is not

significantly different at the five percent level. Thus, one can con-

clude that the total damage in bulk bins is the same as the total dam-

age in standard containers.

However, if one is willing to make a Type I error with ten per-

cent probability, then the same test can be performed at the ten per-

cent level of significance. As shown in Table 10 the L.S.D. 10
is

1.129 which is less than 1.498. Therefore, at this level of signifi-

cance the hypothesis of differenceu would be rejected. This in-

dicates that there is a measurable difference between the total mean

ratings for bulk bins and standard wooden containers.

Comparison of Bruising, Discoloration, and Puncture Damage

in Bulk Containers and Standard Containers. The total damage ratings

can be broken down into their three components: bruising, punctures,

TMS1 TMS2
+n n

1 2
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4.0811>

1.498 >

2.201 1800 1405

2.Z01/.468485
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and discoloration. In bulk bins the weighted damage rating for bruis-

ing, discoloration and punctures is 4.077, .106, and 1.396 respec-

tively. For standard containers, the weighted damage rating for

bruising, discoloration and punctures is 3.736, .083, and .262 re-

spectively(refer to Table 10). To compare these means, the proce-

dure discussed above for determining significant differences was re-

peated. An L.S.D. term was calculated for bruising, discoloration,

and punctures and was compared to the difference between mean val-

ues of each appropriate damage category. These values are given in

Table 10.

The amount of bruising damage was not significantly different

at the five percent level. The amount of discoloration damage was

also not significantly different at the five percent level. From this,

one could conclude that the amount of bruising or discoloration dam-

age would be the same in both bulk bins and standard containers. The

test at the ten percent level also showed that there was no difference

between the containers.

The amount of puncture and skin tear damage is significantly

different at the five percent level of significance. This may be inter-

preted to mean that the bulk bins had considerably 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 ten
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percent level. But, because of the relatively small amount of punc-

ture damage, the total damage was not significantly different at the

five percent level.

Comparison of Total Damage Among Layers Within the Bulk

Bins. The basic procedure for comparing damage among the three

layers within the bulk bins is the same as that used for comparing

damage between bulk bins and standard containers. However, one

additional test is made when comparing layers. The additional test

utilizes the F Statistic. From the analysis of variance tables, the ratio

of layer treatment mean square to the interaction mean square is cal-

culated. If this calculated value is greater than the tabular F value

for the appropriate degrees of freedom at the five percent level, then

the least significant difference test is used to determine which layers

are causing the damage. To illustrate this procedure, a detailed ex-

planation will be given when comparing the total damage among the

three layers.

Table 11 shows the analysis of variance table for total damage

in bulk bins. The mean square value for the layer treatment is

1, 806. 1 372. The bin by layer interaction mean square value is

80.6166. From an F table, the critical region is where F>3.4434

with two and 22 degrees of freedom at the five percent significance

level. The ratio of mean squares is 22.404. Since the ratio of the

mean suqares is inside the critical region, the conclusion is that the
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different layers do not have equal means. Since the layers in this

case have significantly different means, one would be interested in

knowing which layers have the most total damage. To determine this,

the least significant difference procedure was used. The statistic

used in this test is:

tZ(IM1il I>t.o54 n

where: and are the means of the appropriate treatments,

is the t value at the five percent significance level, IMS

is the interaction mean square, and n is the number of observa-.

tions in the mean. The degrees of freedom associated with the t

value is the same as that of the IMS term in the analysis of van-

anc e table.

Table 12 lists: the mean damage ratings for the three layers in

the bulk bins, the differences between the various mean ratings, the

least significant difference term at the ten, five, and two percent lev-

el of significance for all of the damage categories, and the value of

the standard error of difference between means for each of the dam-

age categories.



and

Total Bruising Discoloration Punctures

Mean Damage Ratings

Top layer 3.845 2.212 0.14 1.493
Middle layer 5.577 4.065 0.072 1.440
Bottonlayer 7.315 5.955 0.105 1.255

Difference between
top andmiddle 1.7321 11.8531 .0681 1 .0531
Difference between
top and bottom 13.4801 3.74I .033

I .2381
Difference between
middle and bottom 11.7381 11.8901 I

.035
I

.185

L.S.D. Values at 10, 5, and 2 Percent Levels

and bottom (B) layers is 3.845, 5.577, and 7.315 respectively. The

differences between these means are:

IT-MI = 1.732

IT-B 1
= 3.480

IM-BI = 1.738.
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Table 12. Mean damage ratings, L.S.D. values, and standard error
of difference for total damage, bruising, discoloration,
and punctures in the bulk container layers; first Philadel-
phia pear shipment.

L.S.D.10 .9393 .4898 .0897 .9279

L.S.D.05 1.1550 .6022 .1103 1.1410

L.S,D.02 1.4329 .7471 .1368 1.415

Standard Error of Difference Between Means

Standard error .5184 .2703 .0495 .5121

The mean total damage rating for the top (T), middle (M),
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By placing the appropriate values into the right hand side of the above

inequality, the value of the L.S.D. term is obtained as follows:

L.S.D. = t
Z(MS)

05

.:: J 2 66)

= 2.228 J.2687

= 1.1550

Since the L.S.D. os
term is less than any of the three differences,

there is a significant difference between all of the layers. More spe-

cifically, there is significantly more total damage in each successively

lower layer in the container. Even at the two percent significance

level? (see Table 12), all layers remain significantly different.

Comparison of Bruising, Discoloration, and Puncture Damage

Among Layers. This same procedure for F tests and least signi-

ficant difference tests was used for comparing bruising, discolora-

tion and puncture damage between the three bulk bin layers. Table 12

presents the various differences and the L.S.D. terms at the vari-

ous significance levels. The analysis of variance tables for bruising,

discoloration and punctures is given in Appendix Table B. 2.

The calculated F value for bruising is 95.9166. The critical

region is where F> 3.4434 with two and 22 degrees of freedom.

Since the calculated F falls inside the critical region, the layer
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treatment does have a significant effect on the bruising means. The

value of the bruising L.S.D. term at the five percent significance

level is .60Z2. The difference between the layers is:

IT-Mi = 1.853

IT-BI =

and

IM-BI 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 two percent signi-

ficance level, the differences are also significant.

The calculated F values for discoloration and punctures 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 discoloration or punctures. In addition, the mean differ-

ences were calculated and compared with the L.S.D. term at both

the ten and five percent significant levels. The differences were not

significant at either level for both discoloration and punctures.

Results of Second Pear Shipment

The second shipment of pears arrived in Philadelphia January



19, 1967. Inspections of the fruit were made on January 20 and 24,

1967.

All of the containers of fruit arrived in good condition. Neither

the bulk bins nor the standard containers had shifted inside the car.

The bulk bins showed very little bulging and all the straps holding the

bins 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 in-

spected. The temperature, which was taken immediately after the

car was opened, was 42 degrees Fahrenheit inside the pears. Since

the second car had a mechanical refrigerator type cooling system,

there was no ice bunker to check.

U.S.D.A. Grading System Results

The results, showing percentages by the U.S.D.A. grading

system of the various damages in the second pear shipment are given

in Table 13.

The major type of damage in both bulk bins and standard con-

tainers was bruising. The standard containers had 22. 7 percent very

slight bruising, 21. 9 percent slight bruising, 4. 3 percent moderate

bruising and 0. 1 percent serious bruising. The comparable figures

for bulk bins were: 30.5 percent very slight bruising, 25.9 percent

slight bruising, 3.0 percent moderate bruising, and 0.1 percent

75
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serious bruising. Most of the bruising damage occurred in the twO

least severe subcategories. In both of these subcategories, the bulk

bins had a larger percentage of damage. In the moderate and serious

subcategories, very little difference existed between the two contain-

ers. All considered, bruising damage between the two containers in-

dicates that there is little difference between the bulk bin and the

standard container.

Table 13. Percent of fruit inspected showing bruising, discoloration,
and punctures or skin tears by subcategories; second Phil-
adelphia pear shipment.

Discoloration occurred so few times in either type of container,

that little can be said concerning differences between the containers.

Only 3.1 percent very slight discoloration and 0.4 percent slight dis-

coloration were found in all of the standard containers inspected.

Bruisin g DiscOloration: Punctures
Very
Slight Slight

Mod-
erate

Ser-
ious

Very
Slight Slight

Mod- Ser-
erate bus Slight

Ser-
ious

Standard wooden
pear box 22.7 21 ...9 4.3 0.1 3..l 0.4 0.0 0..0 0.9 0,.0

Bulk
containers 30.5 25.9 3.0 0..1 4.7 0.9 0.0 0.0 3.3 0.7

Top layer
within bin 33.6 12.3 0.7 0.3 7.6 1.7 0.0 0.0 4.0 1.0

Middle layer
within bin 31.6 28.0 3.3 0.0 4.3 0.0 0.0 0.0 3.0 0.3

Bottom Layer
within bin 26.3 40.7 5.0 0.0 2.0 1.0 0.0 0.0 2.7 0.0
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The bulk bins had 4. 7 percent very slight discoloration and 0. 9 per-

cent slight discoloration and no moderate or serious discoloration.

The tentative conclusion from these results is that neither container

causes discoloration which might affect saleability.

The percent of slight puncture was 0.9 percent in standard con-

tainers. No serious punctures were found in the wooden boxes. The

bulk bins had 3. 3 percent slight punctures and 0. 7 percent serious

punctures. Since virtually no punctures were recorded in the stand-

ard containers, one could conclude that puncture damage is more

serious in bulk bins than in standard wooden boxes.

The results of inspecting the three layers within the bins are

shown in Table 13. The top layer had 33.6 percent very slight bruis-

ing, 12.3 percent slight bruising, 0.7 percent moderate bruising, and

0. 3 percent serious bruising. The middle layer had 31. 6 percent

very slight bruising, 28.0 percent slight bruising, 3. 3 percent mod-

erate bruising, and no serious bruising. The bottom layer had 26. 3

percent very slight bruising, 40.7 percent slight bruising, 5.0 per-

cent moderate bruising and no serious bruising. From these obser-

vations, it appears that the amount and severeness of bruising in-

creases at each lower level within the bulk bin.

Discoloration was no major problem in bulk containers. Most

of the discoloration damage was recorded in the very slight subcate-

gory. The top, middle and bottom layers had 7. 6, 4. 3 and 2. 0
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percent very slight discoloration respectively. This seems to indi-

cate 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 rela-

tive to bruising damage. The top layer had 4.0 percent slight punc-

tures; the middle layer had 3.0 percent slight punctures; the bottom

layer had 2. 7 percent slight punctures. As with discoloration, it ap-

pears that less puncture damage occurs at each lower level within the

bulk bin. This same trend is evident in the serious puncture subcat-

egory. The percent of serious punctures in the top, middle, and bot-

tomlayerswàs 1.0, 0.3, and 0.0 respectively.

Results Using the Weighted Grading System

The same statistical tests and procedures were used in analyz-

ing the results of the weighted grading system for both of the Phila-

delphia pear shipments. Since a detailed explanation of these proce-

dures was given when discussing the first shipment, only the results

will be given here. The reader is referred to the appropriate sections

for a review of the tests and procedures used.

Comparison of TOtal, Bruising, Discoloration nd Puncture

Damage in Bulk Bins and Standard Pear Containers. The mean dam-

age ratings for each damage category in bulk bins and standard wood-

en boxes, the differences between the various mean ratings, the least
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significant difference term at the ten, five, andtwo percerit 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 14.

Table 14. Mean damage ratings, L.S.D. values, and standard error
of difference for total damage, bruising, discoloration,
and punctures in bulk and standard containers; second
Philadelphia pear shipment.

Bulk containers
Standard
containers
Difference

Total Bruising Dis coloration Punctures

Mean Damage Ratings

4.0344 2.6433 .3422 1.0489

2.8780 2.4014 .2270 .2497
11.15641 1

.24191 1.11531 I .79931

L.S.D. Values at 10, 5, and 2 Percent Levels

The mean total damage rating for bulk bins and standard con-

tainers is 4. 0344 and 2.878 respectively. The absolute difference

between these means if 1.1564,. Substituting into the general formu-

la for the L.S.D. term at the five percent level of significance with

five degrees of freedom gives::

L.S.D. .10 1.1610 1.0075 .2948 .4836

L.S.D. .05 ..481O 1.2855 .3761 .6170

L.S.D. .02 1.9389 1.6825 .4923 .8076

Standard Error of Difference Between Means
Standard error .5762 .5000 .1463 .2400



L.S.D.05 =t5JTMSl+T
ni n2

= 2 571J l5323 114Q53
900

+ 705

= 2.57lTZ0

= 1.481

Since the L.S.D. term is greater than the difference between the

mean ratings, the conclusion is that the two containers are not signi-

ficantly different in the amount of tOtal damage. Even when tested at

the ten percent level of significance, the difference between containers

is not significant.

The mean damage ratings for bruising and discoloration in bulk

containers are 2.6433 and .3422 respectively (Table 14). The com-

parable ratings in standard pear boxes are 2.4014 and .2270 respec-

tively. The absolute difference in these ratings is . 2419 for bruising

and .1153. for discoloration. The value of the L.S. D. term at the

five percent significance level is 1. 2855 for bruising and . 3761 for

discoloration Since the L.S.D.
05

term for bruising and discolor-

ation is greater than the respective absolute difference between the

7The treatment mean square values were calculated through the
use of analysis of variance tables. The analysis of variance tables
for total damage in bulk bins and standard containers is given in Ap-
pendix Table B. 3. The analysis of variance tables for the remaining
damage categories is also given in Appendix Tables B.4 and B.5.

80
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means, one can conclude that the difference between the two bruising

and discoloration means is not significant. Testing at the ten per-

cent level, the bruising and discoloration categories remain not sig-

nificantly different.

The mean damage rating for punctures is 1. 0489 in bulk bins

and .2497 for standardwooden containers (Table 14). The absolute

difference between these means is .7993. The puncture L.S.D.

value at the five percent level of significance is . 61 70 Since . 7993.

is greater than .6170,. the difference between the mean puncture

damage is significant. From this, one would conclude that more

puncture damage occurs in bulk bins than in standard pear boxes. At

the two percent level of significance, the difference between the mean

ratings was not significant. This indicated that although the amount

of puncture damage is greater in bulk containers, it is greater by only

a small amount.

Comparison of Total, Bruising, Discoloration, and Puncture

Damage Among Layers Within the Bulk Bins. The mean damage rat-

ings for the three layers in the bulk bins, the differences between the

various mean ratings,, the least significant difference term at the ten,

five, and two percent 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 are shown in Table 15.

The procedure for comparing layers within the bin 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 a F-test on the layer

treatment effect, if this test is significant, determine which layers

are significantly different through the use of a L. S.D. test.

Table 15. Mean damage ratings, L.S.D. values, and standard error
of difference for total damage, bruising, discoloration and
punctures in the bulk container layers; second Philadelphia
pear shipment.

Total Bruising Dis coloration Punctures

L.S.D. Values at 10, 5, and 2 Percent Levelsercent Levels

Standard errorStandard error
Standard Error of Difference Between MeansStandard Error of Difference Between Means

.9688 .6070 .1438 .6927.9688 .6070 .1438 .6927

The layer mean square and interaction mean square for totalThe layer mean square and interaction mean square for total

828282

damage are 159.60778 and 140. 78778 respectively. The ratio of thesedamage are 159.60778 and 140. 78778 respectively. The ratio of these

L.S.D.10 1.7555 1.0999L.S.D.10 1.7555 1.0999 .2606 1.2552.2606 1.2552

L.S.D.05 2.1585 1.3524L.S.D.05 2.1585 1.3524 .3204 1.5433.3204 1.5433

L.S.D.02 2.6778 1.6778L.S.D.02 2.6778 1.6778 .3975 1.9146.3975 1.9146
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numbers gives a calculated F of 1. 1337. The critical region of the

tabular F at the five percent significance level is where F> 4.1028

with two and ten degrees of freedom. (The tabular F value is the

same for total, bruising, discoloration and puncture damage). Thus,

the ca1cu1ted F is outside the critical region, and the conclusion

is that the layer treatment does not have a significant effect on the

total damage. This is further shown by comparing the L.S.D. term

in Table 15 with the appropriate differences between the layers. At

both the ten and five percent 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. (The

analysis of variance tables of the second pear shipment for bruising,

discoloration, and punctures is given in Appendix Table B. 5.) Since

this is larger than the tabular F, a significant effect is caused by

layers on the amount of bruising. The value of the L.S.D. term at

the five percent level is 1.3524. The difference between the appro-

priate layers, as shown in Table 15, is (T-M = 1.1966 and

M '-BI 1.4067. In the first instance, the layer difference is not

greater than the L.S.LL 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
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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 five percent lev-

el of significance is . 3204 (Table 14). In this case, the top layer had

the most damage while the middle layer had the least amount of dam-

age. For this reason, the differences which are compared with the

L.S.D. term are IT-MI = .4000 and lB-MI = .0534. This shows

that the difference IT-MI is significant while the difference lB-MI

is not significantly different. The interpretation of this result is that

the bottom two layers are causing significa,ntly 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 dam-

age. Further support of this conclusion is offered through the L.S..D.,

test. The L.S.D. value at the five percent level of significance is

1.5433 (Table 15). The largest difference in puncture 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 of the Los Angeles Ayple Shipment

The shipment of apples arrived in Los Angeles, California
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January ZO, 1967 in excellent 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.

There was no v±sible bulging of the containers and all straps were

tight and secure.

The ten pallets of bulk bins were stacked three high and two

wide in the truck van. The remaining space in the truck was filled

with other produce for the California market. As it was impossible

for the author to be present when the truck was loaded, the containers

that were selected for inspection were chosen at random after the

truck had unloaded in California. Of the 40 (10 x 4) bulk bins that

were sent, five were selected for inspection.

Results Using the U.S.D.A. Grading System

The results showing percentages, from the U.S.D.A. grading

system, of damages to the Los Angeles apple shipment are given in

Table 16. As mentioned earlier, there is no discoloration damage

associated with apples, thus, only punctures or skin tears and bruis-

ing are considered in this discussion.

The major damage incurred by the apples was bruising. The

five bins of fruit inspected had an average of 41. 2 percent very slight

bruising, 7.87 percent slight bruising, and 1.33 percent moderate

bruising. No seriously bruised apples were found in any of the
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containers. The small amounts of slight bruising and moderate bruis-

ing indicate that the apples arrived in excellent condition. The very

slight bruising, although high percentage wise, does not affect the

saleability of the apples.

Table 16. Percent of fruit inspected showing bruising and punctures
or skin tears by subcategories; Los Angeles apple ship-
ment.

The amount of puncture damage was very small. Only .93 per-

cent slight puncture damage and .4 percent serious puncture damage

was recorded. In this shipment, it appears that puncture damage is

not a major problem when shipping apples in bulk bins.

When the apples were selected from the container, they were

separated into three layers, top third, middle third, and bottom

third, as was the case with pears. The percent of very slight, slight,

andmoderate bruising inthe top layer was 37.2, 11.2, and 1.2 re-

spectively (Table 16). In the middle layer, the percent of very slight,

Bruising Punctures

Very slight Slight Moderate Serious Slight Serious

Bulk
containers 41.2 7.87 1.33 - .93 .4

Top layer
withinbin 37.2 11.2 1.2 - 1.2 .8

Middle layer
within bin 42.4 6.0 1.6 - 0 .4
Bottom layer
within bin 44. 0 6. 4 1. 2 - 1. 6 0
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slight, and moderate bruising was 42.4, 6.0, and 1.6 respectively.

The bottom layer had 44.0 percent very slight, 6.4 percent slight,

and i. a percent moderate bruising. Comparing the total bruising

damage between the three layers reveals no significant differences.

The percent of slight puncture damage in the top, middle and

bottom layers is 1.2, 0.0, and 1.6 respectively, (Table 16). The

percent of serious puncture damage in the top, middle, and bottom

layers is 0.8, 0.4, and 0.0 respectively. Although the absolute per-

centages are very small in all cases, it appears that the top layer has

the greatest amount of puncture damage while the middle layer has

the least amount.

Results Using the Weighted Grading System

The mean damage rating for bulk bins, and each layer within

the bins, the differences between the three layer mean ratings, the

least significant difference term for comparing layers at the ten. and

five percent levels for all of the damage categories, and the value of

the standard error of difference between means term for comparing

layers for each damage category are presented in Table 17.

The mean damage rating for total, bruising and punctures is

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 is occurring in the bulk bins.



Total Bruising Punctures

Mean Damage Ratings

Bu].kbins 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

( .7721 I .0681 .7041
Difference between
top and bottom .3481 .0281 (.321
Difference between
middle and bottom .424( .04 . 384(

L.S.D. Values at 10 and 5 Percent Levels
L.S.D. .10 1 . 0622 .3817 1. 2709

L.S.D. .05 1.3170 .473 2 1. 5757

Standard Error of Difference Between Means

Standard error .5711 .2052 .6833

88

Table 17. Mean damage ratings, L..SD. values, and standard error
of difference for total damage, bruising, and punctures in
bulk containers; Los Angeles apple shipment.

To test if 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. Appendix Table B.6 gives the

analysis of variance tables for total, bruising, and puncture damage.

The calculated F value for total damage is . 8752, (layer

mean square, 35.675, divided by interaction mean square, 40. 7625).

The critical region of the tabular F is F> 4.4590 with two and

eight degrees of freedom at the five percent level of significance.

This tabular F critical region is the same for all of the damage
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categories. Since the calculated F falls outside the critical regicn,

the layer treatment does not have a significant effect on the total dam-

age ratings.

The calculated F for bruising and punctures is . 05S5 and

.5322 respectively (see Appendix Table B.6). Both of these F val-

ues fall outside 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 17. The LS.D. term indicates a similar conclusion

to that of the F test.

Summary

The 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 approximately the same in

both bulk containers and standard wooden containers. Both the

U.S.D.A. and the weighted grading system showed this result.

The frequency of puncture and skin tear damage seemed to be

greater in bulk bins than in standard containers. Although the amount
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of puncture damage in bulk bins was small, the existence of puncture

damage in standard wooden boxes was negligible.

In an effort to determine where the damage was occurring in

bulk bins, the height of the bulk containers was divided into three

equal layers. In the first shipment, significantly more total and

bruising damage occurred in each successively lower layer in the

bins. However, the location within the bin by layer did not affect the

amount of puncture and discoloration damage in the first shipment.

The observation was made that the amount of bruising in each of the

layers was the cause of the total damage being greater in each suc-

cessively lower layer.

In the second shipment, the total and puncture damage was not

significantly different between any of the layers. The amount of

bruising in the top layer was not significantly different from the

amount in the middle layer. But, the amount of bruising in the mid-

dle layer was significantly less than the amount of bruising in the low-

er layer. Thus, the second shipment showed that more bruising

damage 9ccurred in the bottom layer than in the middle or top layers.

The second shipment also showed that the amount of discoloration was

significantly greater in the top layer than in the middle or bottom lay-

ers.

The apple shipment provided an insight as to the amount of dam-

age one might expect when shipping apples in bulk containers.
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Although no comparisons were made with tray-packed containers, the

amount of damage incurred by the apples was small in absolute terms.

The statistical test showed that the layer treatment had no effect on

either the bruising, puncture or total damage categories.



SUMMARY AND CONCLUSIONS

Summary

The objective of this thesis was to evaluate the feasibility of

wholesaling fresh apples and pears in five bushel corrugated contain-

ers.

Washington and Oregon became important states in the produc-

tion of apples and pears in the early 1900's. During these beginning

stages, wooden boxes were used for shipping both apples and pears.

Apple containerization has progressed through several stages. To-

day, the most common container for shipment of apples out of the

Northwest is the tray-pack corrugated carton. Pear containerization,

on the other hand, has changed only slightly. Presently, the contain-

er most commonly used for shipment of pears is a wooden box of ap-

proximately the same dimensions as its early predecessor. Improve-

ments on the wooden box have been made, but basically the container

has remained unchanged.

In evaluating the expenses which arise when packing fruit in

bulk containers and standard containers only the cost differentials

were discussed. The major cost categories that were analyzed were:

labor, materials, packing house commission and overhead, and mis-
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cellaneous. Due to the nature of packing house operations, only labor
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and material expenses gave rise to cost differentials. The material

expenses for each container type were gathered from several sources.

Since all of the labor expenses were not readily available, time stud-

ies were made so that reliable cost information could be obtained.

Once all of the costs were calculated, comparisons were made be-

tween the bulk container and the standard containers.

In order to determine the shipping quality of bulk containers,

three shipments of fruit packed in bulk containers were inspected.

Anjou pears packed in standard wooden boxes and bulk containers vre

sent to Philadelphia, Pennsylvania on two separate occasions. 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 re-

corded. After the containers were inspected and the damages record-

ed, comparisons between containers were made.

In order to determine where the damage was occurring, the bulk

containers were divided by height into three equal layers. Using this

procedure, the damages occurring in the top, middle, and bottom lay-

ers could be identified and compared.



Conclusions

The development of apple and pear containers in the Northwest

has traditionally been centered around a box of approximately one

bushel in size. Today, two additional concepts are being experiment-

ed. The first of these is the consumer-size package. The second

concept is bulk containerization. Both of these newer ideas are still

very much in their infant stages. However, it appears that each con-

cept will find a place in the marketing picture of the future.

From the cost information that was gathered, it was shown that

$l.2995 per 100 pounds of pears in favor of bulk bins was the

difference between using bulk and standard containers. The major

item of this difference was materials. The second major item of the

difference was the elimination of piece-rate packers. Since these

two items represent a substantial part of the total cost of packing

fruit, it seems logical to conclude that a cost reducing goal has been

reached. In addition, the problem of obtaining skilled packers was

eliminated. Since the cost information is based on a rather experi-

mental operation, it may be possible to reduce the costs even more.

Efficiencies would be especially applicable to such items as: deprec-

iation, storage, fruit movement within the plant, and the loading out

of fruit. In this study, these items were assumed to be equal because

of the crude handling procedures and general lack of experience in the
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bulk bin operation.

The cost difference in favor of bulk bins for packing 100

pounds of apples is $1.475Z. Since apples and pears are handled and

marketed in a similar manner, the conclusions which were discussed

above would also apply when packing apples.

Up until this time the author has been careful not to use the

word "savings". When one uses this word, the immediate question is

to whom. In this analysis no attempt has been made to forecast what

may happen in the future. At the present time, this cost differential

is being shared by both the wholesale buyer and the packer. Whether

the wholesale buyer has passed his savings on to the consumer is

still undetermined.

The two Philadelphia pear shipments appeared to have substan-

tially different amounts of total damage. Also, the outward appear-

ance of the second shipment was much better than that of the first.

It is the author's opinion that the main reason for this difference was

due to the method of bracing inside the rail car. The first shipment

of bins was not braced at all, and there were spaces between the pal-

lets of fruit. In the second shipment, the pallets were placed firmly

against each other and were held immobile with locking partitions and

added bracing.

Although the two shipments were different in total damage, the

relationships between the two types of containers were almost
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identical. Both shipments showed that bruising and discoloration

were about the same in each container type, while puncture damage

was greater in the bulk bins. The overall average damage ratings

were not significantly different at the five percent level in either ship-

ment. The conclusion is that the bulk containers will not effect the

measured cumulative damage any more than the standard wooden

boxes. However, one would expect more puncture damage in bulk

containers than in the standard boxes.

With costs being lowered and fruit quality being maintained, it

appears that bulk containerization provides a partial answer to the

general problem of getting quality fruit to the consumer at an econom-

ical price.

Limitations

In a study such as this, certain problems remain unknown and

unanswered. For this reason, limitations must be placed upon the

results. The cost analysis showed that a substantial cost difference

existed between the bulk and standard containers. However, the ex-

perimental nature of the bulk bin operation did not lend its elf to ac-

curate cost analysis of such things as: depreciation, storage, and

fruit movement within the plant. In the future, these items might be-

come easily measured and thus have a definite impact on the cost in-

formation presented in this thesis.
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Although the results of this study seem to indicate that produc-

ers and packers would gain by using bulk conlainers, this conclusion is

not necessarily valid. In general, the buyers to whom the packers

must sell their products have not been receptive to the idea of bulk

containerization. Thus, the packers have a product which is difficult

to sell. The reluctance of the buyers to use bulk containers stems

from four problem areas. These areas include: a general unaware-

ness that bulk containers are available, little information regarding

the disadvantages and advantages of using bulk containers, a lack of

equipment to handle a palletized unit of fruit, and finally the prover-

bial problem of resistance to change within the industry.

It is quite natural that an industry is not aware of each new idea

that is being tested. In the case of bulk containers, only a small

fragment of the industry is experimenting with them and relatively

little information has become available to the industry. This lack of

information has no doubt made it difficult for packers to sell their

products packed in bulk containers. Further evidence of this infor-

mation block was experienced by the author. The buyers who coop-

erated with this study seemed enthused to try the containers once a

description of the container was given and the advantages and disad-

vantages of bulk containers were explained.

Traditionally, apples and pears have been sold through brokers

and auction markets. However, with the recent development of large
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chain stores, many of these middle men have been eliminated. The

chain stores usually have district warehouses where produce is col-

lected and distributed for many stores. At these district warehouses,

modern up-to-date equipment is commonplace and bulk containers can

be handled with little to no additional capital investment.

In the case of auction markets and brokers, very little equip-

ment is used in the handling of fruit. For this reason, the auction

markets will find it difficult to handle the large palletized units of

fruit. Presently, because of this unique situation, packers who use

the bulk container will be limited to a market that can handle pallet-

ized units of fruit.
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Appendixl A

Appendix A. 1. Directions for Completing Damage Form

The work sheet is designed so that each question can be ans-

wered in the order it appears. This should eliminate the possibility

of overlooking questions and will allow the examiner more time in

making his observations. Please fill in all spaces. Draw a line or

make a zero in those spaces that are not appropriate. This will as-

sure us that no question was omitted.

The first five blanks are self-explanatory and no further in-

structions are needed for completion.

Condition of load in car or truck: Give a brief description 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 thecontainer, de-

scribe its outside appearance. (1. e., crushed, holes poked in the

side, other).

Slackness of pack: Distance from top of box to the top of the

first layer of fruit.
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Chart Section

It is very important that each fruit be scored under all of the

categories (i.e., bruising, punctures, and discoloration). If a fruit

is free of all damages, score it by making a check (x) under "no dam-

age" in the left hand column.

If a fruit has characteristics of one category, score it by re-

cording the number of damages in the appropriate subcategory.

Example: A pear with four 3/8 inch bruises and two 1 1/4 inch bruises

would be scored by placing 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 blank those that do not apply.

For U.S.D.A. purposes, make a circle under the appropriate

categories.

BRUISING

VERY SLIGHT: Bruises with a diameter less than 1/4 inch.

SLIGHT: Bruises with a diameter between 1/4 and 3/4inch.

MODERATE: Bruises with a diameter from 3/4 to 1 inch.

SERIOUS: Bruises with a diameter over 1 inch.

PUNC TURES
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SLIGHT: Total number of slight skin tears and small stem
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punctures.

SERIOUS: Total number of severe skin tears and large stem

punctures.

DISCOLORATION

VERY SLIGHT: Discolorations with a diameter lessthan 1/4

inch.

SLIGHT: Discolorations with a diameter from 1/4 to 3/4 inch.

MODERATE: Discolorations with a diameter from 3/4 to 1 inch.

SERIOUS: Discolorations with a diameter over 1 inch.



Condition of load in car or truck

Container location in car or truck

Brief description of container condition

Test container numberSlackness of pack (inches from top)

CHART SECTION
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Appendix Table A. a. Sample damage form.

Name of Container

Date Time Place unloaded

Date shipped Truck or car number

Container Fruit No
Section No. Damage Bruising

Punc-
ture Discoloration

Very
Si. Si. Mod. Ser. Si. Ser..

Very
Si. Si. Mod. Ser.

1

2

3

4

5

6

7

8

9

10



Appendix B

Appendix Table B. 1. Analysis of variance tables for bruising, dis-
coloration, and punctures in standard contain-
ers; first Philadelphia pear shipment.

Analysis of Variance for Bruising
Total 1404 52,095.035
Bin 11 5,781.181 525.562
Error 1393 46,313.854 33248

Analysis of Variance for Discoloration
Total 1404 826.423
Bin 11 9.855 .8959
Error 1393 816.568 5862

Analysis of Variance for Punctures
Total 1404 18,079.613
Bin 11 106.941 9.722
Error 1393 17,972.672 12.902
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Degrees of Adjusted
Source Freedom Sum of Squares Mean Square



106

Appendix Table B. 2. Analysis of variance tables for bruising, dis-
coloration, and punctures in bulk containers;
first Philadelphia pear shipment.

Source
Degrees of

Freedom
Adjusted

Sum of Squares Mean Square

Analysis of Variance for Bruising
Total 1799 53,382.266l
Bin 11 778.55278 70.7775253
Layer 2 4,203.89778 2,101.94889
Binxlayer 22 482.11556 21.9143434
Error 1764 47,917.70 27.1642290

Analysis of Variance for Discoloration
Total 1799 1, 519.9444
Bin 11 17.157778 1.55979798
Layer 2 1.40111 .70055556
Binxlayer 22 16.614556 .73388889
Error 1764 1,485.240 .84197279

Analysis of Variance for Punctures
Total 1799 97, 100.5728
Bin 11 847.49944 77.045404
Layer 2 18.77444 9.387222
Bin xlayer 22 1,730.51889 78.659949
Error 1764 94,503.780 53.5735714
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Appendix Table B. 3. Analysis of variance tables for total damage in
bulk and standard containers; second Philadel-
phia pear shipment.

Degrees of Adjusted
Source Freedom Sum of Squares Mean Square

Bulk Containers
Total 899 64,399.9322
Bin 5 716.1789 153.23578
Layer 2 319.2156 159.60778
Binxlayer 10 1,407.8778 140.78778
Error 882 61,906.660 70.18896

Standard Wooden Containers

Total 704 25,053.510
Bin 5 570.2659 114.05318
Error 699 24,483.245 35.02610

Appendix Table B.4. Analysis of variance tables for bruising, dis-
coloration, and punctures in standard contain-
ers; second Philadelphia pear siipment.

Degrees of Adjusted
Source Freedom Sum of S'uares Mean S.uare

Analysis of Variance for Bruising
Total 704 18, 955. 399
Bin 5 362. 7122 72. 54244
Error 699 18,592.687 26. 59898

Analysis of Variance for Discoloration
Total 704 1,947.688
Bin 5 48. 29239 9.658478
Error 699 1,899.3957 2.717304

Analysis of Variance for Punctures
Total 704 5, 844.0625
Bin 5 28.21649 5.643297
Error 699 5,815.8461 8.3202376



Appendix Table B. 5. Analysis of variance tables for bruising, dis-
coloration, and punctures in bulk containers;
second Philadelphia pear shipment.

Source

Total
Bin
Layer
Binx layer
Error

Total
Bin
Layer
Bin x layer
Error

Total
Bin
Layer
Bin x layer
Error

Degrees of
Freedom

Analysis

899
5
2

10
882

Analysis

899
S

2

10
882

Analysis

899
5

2

10
882

Adjusted
Sum of Squares

of Variance for Bruising
22, 720.51

662. 1 7
1,018.8067

552. 5533
20,486.98

of Variance for Discoloration
3, 366. 59556

34.43556
36.83556
31.0044

3, 264. 320

of Variance for Punctures

33 569. 8489
223. 2889
120. 03556
719. 6444

32, 506. 880

Mean Square

1 32.434
509.4033
55.2553
23. 2279

6. 88711
18. 41778
3. 1004
3.70104

44. 65778
60. 01778
71. 9644
36.85587
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Degrees of Adjusted
Source Freedom Sum of Squares Mean Square

Analysis of Variance for Total Damage
Total 749 30,445.09
Bins 4 255.22 63.805
Layer 2 71.35 35.675
Binxlayer 8 326.10 40.7625
Error 735 29, 792.42 40.53

Analysis of Variance for Bruising Damage
Total 749 4, 293. 7
Bins 4 24.92 6.23
Layer 2 .584 .292
Binxlayer 8 42.096 5.262
Error 735 4, 226. 1 5. 75

Analysis of Variance for Puncture Damage
Total 749 23,008.939
Bins 4 202.752 50.688
Layer 2 62.123 31.062
Binxlayer 8 466.944 58.368
Error 735 22,277.12 30.31
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Appendix Table B.6. Analysis of variance tables for total damage,
bruising, and punctures; Los Angeles apple
shipment.




