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Introduction
The Oregon potato industry has traditionally used burlap bags holding 100 pounds of potatoes to market most of the crop used in civilian

consumption. In recent years mesh and paper containers have been
used for consumer packs weighing 10 to 25 pounds, but these packs
have accounted for less than 25 per cent of the total shipments of
Oregon potatoes.

Recently certain conditions have developed which have led the
potato industry to consider the suitability of corrugated fiberboard
boxes as a possible substitute for conventional containers. The reasons for this deal primarily with quality of potatoes, availability of
containers, and cost considerations.
On the quality side the removal of government price supports on

potatoes may encourage the marketing of a higher quality pack.
Marketing a better product may be instrumental in maintaining or
increasing the market for potatoes. Since much damage is clone to
potatoes after they leave the shipping point, the use of rigid walled
containers such as corrugated fiberboard boxes was suggested as a
possibility for decreasing damaged potatoes.

The availability of jute from which burlap bags are made has
become uncertain. If burlap bags cannot be manufactured, other
containers must be found.
The third consideration is the relative cost of containers. Since
container price relationships have changed somewhat, it is conceivable
that corrugated fiberboard containers may be able to compete with
conventional burlap, paper, and mesh on a cost basis.
In view of these considerations this study had the following
objectives:
1. To compare the amount of protection during shipping
and handling offered by corrugated fiberboard boxes
and conventional containers.
2. To compare the costs of packing potatoes in boxes with
that of conventional bags.

Procedure
In order to attain the objectives outlined above, eleven trial shipments consisting of approximately 1,000 pounds each were made to
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determine handling and transit damage. Eight of these shipments
were made from Redmond to Portland and three from the Kiamath
Basin to Oakland, California. Warehouse packing operations at

shipping point were observed for the cost of packing these containers.
Two types of containers were tested. One was a fiberboard box
designed to hold 50 pounds of bulk potatoes. The other was a master

container holding 60 pounds of potatoes in six paper bags. These
bags were open-topped with a paper carrying handle. An individual
bag did not necessarily contain 10 pounds of potatoes.
The trial shipments were conducted as follows: A sample of unwashed U. S. No. 1 potatoes already packed in 100 pound bags was
set aside at shipping point for a period of five days. Jt was felt that

five days was sufficient time for packing damage to develop and
become visible. At the end of this holding period the potatoes were

inspected by a federal-state inspector and all damaged and seriously
damaged potatoes (LT. S. No. 2's and culls) were removed. The
damage free potatoes were then packed in the boxes being tested.
Each sample was loaded in a refrigerator car or truck for shipment
to terminal market.
Upon arrival at terminal market the test boxes were moved by
conventional means to the floor of the cooperating wholesale store.
After a holding period of three days the potatoes were inspected by a
federal-state inspector for condition defects using U. S. grade
standards. Since the potatoes were damage free when they left ship-

ping point any such defects found at terminal market were thus

attributed to transit and handling (lamage which had developed after
leaving the packing warehouse.
The damage found in these shipments was compared to the (lamage found in comparable shipments of potatoes in conventional containers. One shipment of 100 OU1 burial) bags was shipped from
Redmond to Portland as a check against the 50 pound bulk boxes.
Six shipments of 10 pound mesh bags were made during the same
period from the Klamath Basin to Oakland, California. The latter

were shipped in connection with another investigation of the advantages and disadvantages of packing consumer-sized packages of
potatoes at shipping point versus terminal market. A study published
in 1948 shows the increase in damage between the Klamath Basin
and San Francisco Bay area of potatoes packed in 100 pound bags.1
No data are available for damage to potatoes in 10 pound mesh bags
shipped from Redmond to Portland.
The number of shipments and specifications of the boxes shipped
are shown in Table 1.
DeLoach, I).

B. and Moore, J. C., Trial Shipments of Oregon Late-Crop Potatoes,

Oregon Agricultural lxperiment Station Bulletin 460, 1948.
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Costs of packing potatoes in the fiberboard boxes were based on
the estimates given by warehouse operators. Since warehouse crews
were inexperienced in packing this type of container, the packing
costs of these initial packs were felt to he out of line with what could
be expected after the crew had become accustomed to packing boxes.

Table 1.

SIIIPI'ING PoINTs, DESTINATIONS, AND DESCRIPTION OF
FIBERBOARD BOXES IN TI:sT SHIPMENTS, 1951
Shipment
no.

Size of box

Test

\Vet

strength1

strength2

50 Pound Bulk Box

Redmond to Portland
Redmond to Portland
Redmond to Portland

Redmond to Portland .............

Redmond to Portland
Redmond to Portland
Kiamath Basin to Oakland
Klamath Basin to Oakland

13" x13" x12"
13" x13" x12"

200 pound
200 pound

l6+"x131"xlO"

8

13" x13" x12"
13" x13" x12"

200 pound
275 pound
275 pound
200 pound
200 pound

No
No
No
No
No
No
Yes
Yes

9
10

171"x16" xlO"
17-"x16" xlO"

275 pound
275 pound
275 pound

No
No
Yes

1

2

x13" x121"

4
6
7

13" x13" x12"
x13" xl0"

200 poUnd

60 Pound Master Container

Redmond to Portland

Redmond to Portland .............

Klaniath Basin to Oakland

11

251"x14" x 9"

'Test strength is tile bursting resistance of one square itch of the material.
2\Vet strength corrugated fiberboard is a paper hoard specially treate,l to resist moisture.

Results

Test shipments
The first four shipments of 50 pound bulk boxes from Redmond

to Portland all showed grade defects of less than one pound per
hundredweight (Table 2). The two shipments of similar boxes
made from the Klamath Basin to Oakland, California, also showed
relatively small increases in grade defects, the largest being less than
4 pounds per hundredweight. The boxes in the six shipments pro-

tected the potatoes very satisfactorily from handling and transit

damage, but the sidewalls of the boxes tended to collapse (Figure 1).
It was thought that the 1311 x 13" x 12k" box was too deep and

that one more shallow would give greater rigidity. The shape and
test strength, therefore, were changed in shipments 5 and 6 (Tables
1 and 2). In addition, handholds were made in all boxes. In the case
of the first shipments described in previous paragraphs only a few
of the boxes had hanciholds. Those with handholds seemed to collapse
less than the ones without and were also much easier to handle.
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TABLE 2. INCREASE IN GRADE DEFECTS BET\VEEN SHIPPING POINTS
AND TERMINAL MARKETS FOR POTATOES PACKED IN CORRUGATED
FIBERBOARD CONTAINERS, 1951

Grade defects per hundredweight
Shipment

50 Pound Bulk Boxes
Redmond to Portland
Shipment

1

Shipment 2

Shipment3
Shipment 4
Shipment5 ...........................................
Shipment

Bruised

Broken

Total

Pounds

Pounds

Pounds

0.6

none
none

0_i
0_i
0_i

....
0.7

0.6
0_i
0_i

0.7

0.2

0.8
0.9

none

none

none

i.2

0.2

1.4
0.1

Kiamath Basin to Oakland
Shipment 7.................................................
Shipment8...................................................

60 Pound Box (Master Contai;wr)5
Redmond to Portland
Shipment 9
Shipment iO
Kiamath Basin to Oakland

0_i

0.3
0.1

none
none

0.3
0.1

Shipment

11 ...................................................
0.3
0.1
0.4
Less than 0.1 pound.
Eacli master container holds six 10pound open topped paper bags with loop handles.

The boxes in shipment 6 were made one-fourth inch longer and
wider than in ntimber 5 to accommodate a one-eighth inch liner made
of the same material as the box.

The increase in grade defects in the more shallow boxes (shipments 5 and 6) ranged from none in the box with liners to less than
1 per cent in the box without liners. The difference in damage between the potatoes in the lined and unlined boxes cannot be explained.

It is felt, however, that the liner was not the explanation since both
boxes were in similar condition on arrival in terminal market. The
new type boxes arrived in much better condition than the deeper
boxes first used, although the amount of damaged potatoes was much

the same (Figures 2 and 3). The change in depth of the boxes
seemed likely to be the greatest factor responsible for the improvement in the appearance of the boxes at terminal market.
A check shipment of regular 100 pound burlap bags was made
from Redmond to Portland. The increase in grade defects amounted
to 2.1 pounds per hundredweight. Potatoes in the 50 pound bulk
boxes on the basis of these figures had approximately one-fourth as
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Figure 1. Master container 60-pound box on left and SO-pound bulk
box on right after arrival in Oakland. Collapse of sidewalls was especially noticeable in shipments of 13" x 13" x 12k" 50-pound boxes. The

boxes, however, still afforded good protection from handling and
transit damage.

much handling and transit damage as did the potatoes in the 100
pound burlap bags. Approximately this same damage difference was

found between potatoes shipped in boxes to Oakland, California,

and potatoes shipped to the San Francisco Bay area from the
Klamath Basin in 100 pound bags during the 1947-48 season.'
The 60 pound master container box with the six 10 pound paper

bags showed less total defects per hundredweight than the other
containers used in shipments made to both Portland and Oakland
(Figure 4). In no 60 pound box shipment did the increase in grade
defects amount to as much as one-half pound per hundredweight.
The extremely low amount of damage in this box as compared to the
50 pound box may be due to the additional protection offered by the

six individual paper bags. Since these 10 pound paper bags are a
consumer type pack, they should be compared to 10 pound mesh,
packed five to a paper bag master container. In another study not yet
completed, the 10 pound mesh bags in paper balers showed an in-

crease in grade defects of 2.3 pounds per hundredweight between
the Klamath Basin and Oakland, California.
'DeLoach, D. B.. and Moore, j. C., Trial Shipments of Oregon Late-Crop Potatoes,

Oregon Agricultural Experiment Station Bulletin 460, 1948.
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Figure 2. Fifty pound box of 275 pound strength paper after arrival in
Portland. Dimensions of this box were 16" x 13" x 10".

A sample of two 100 pound corrugated fiberboard boxes was
included along with shipments S and 6. No increase in grade defects
was found at terminal market. Since only one shipment of two boxes
was made, no conclusions can be drawn about the carrying ability
of this type of container. The box seemed much too bulky and difficult
to handle to be considered for general use.
The boxes, regardless of kind, carried the potatoes from shipping
point to terminal market with less damage than other types of containers studied. No increase in grade defects was found in two-thirds
of all boxes shipped in this study (Table 3). In the shipment of 100
pound burlap bags made from Redmond to Portland, only 10 per
cent of the bags showed no increase in grade defects while 50 per
cent of the bags showed 1 pounds of grade defects per hundredweight or more at terminal market.

TRIAL SHIPMENTS OF POTATOES
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Figure 3. Hand truck load of 50 pound boxes, 275 pound strength with

liners, in wholesale store at Portland.

These boxes stood up very

well under transit and handling, but were relatively expensive.

Cost of container
Equally as important as the ability of a container to protect the
potatoes is its comparative cost. A container cost comparison between

50 pound bulk boxes of different strength paper and 100 pound
burlap bags is shown in Table 4.

Table 4 represents a range of quoted prices. No opportunity

Figure 4. Master container with 60 pounds of potatoes in 6 bags after
arrival in Portland.

TABLE 3. WEIGHT OF GRADE DEFECT BETWEEN SHIPPING POINT
AND TERMINAL MARKET FOR POTATOES IN CORRUGATED
FIBERBOARD CONTAINERS, 1951

Containers with specified grade defects

Increase per

hundredweight in
grade defects

Redmond to Portland
50 pound box 60 pound

Per cent of
total

Per cent of
total

Kiamath Basin to Oakland
box1

50 pound box 60 pound

Per cent of

Per cent of

total

total
69

None

67

73

0 to 1 pound
1 to 2 pounds
2 to 3 pounds
3 pounds and over

28
4

20
7

67
8
22

1

.-..

3

100

100

100

TOTAL -----------------------------

...

1Master container box holding six open top bags with carrying loops
10

31

100

box1
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TABLE 4. COST OF WET STRENGTH CORRUGATED FIBERBOARD BOXES
AND BURLAP BAGS, APRIL 1, 1951

Approximate cost per

hundredweight1

Two-SO pound bulk boxes'
Item

200 pound
strength
Cents

Containers
Staples'
Twine
TOTAL ---------------------------------------

29 to 42
2

275 pound
strength
Cents

36 to 48

One
100 pound

burlap bag
Cents

30

2

I

31 to 44

38 to 50

31

rAIl prices include delivery to Redmond or the Klamath Basin and include normal printing. These prices were quoted by container firms as of April 1, 1951.
'The prices quoted are for wet strength fiberboard boxes measuring 16" x 13" x 10"
with handholds. If plain (not wet strength) material is desired, approximately
4 per
hundredweight should be deducted.
'The price for staples includes the staples used in assembly of the boxes and in closing
the tops.

was afforded to compare the quality of the boxes within this range.
Also it should be mentioned that dimensions other than the 16" x 13"
x 10" might serve equally well. In that regard a box 16-i" x 14" x 9"
was made available, but was not tested. Time did not permit a more
exhaustive study which would have shown more nearly the exact box
that would be best for the job.
The price comparisons between the 50 pound bulk box and 100
pound burlap bags indicate that boxes can be obtained that would
cost no more than burlap bags. It is believed that such boxes would
be satisfactory for shipment of unwashed potatoes even though the
first shipment of this strength did tend to collapse. The new dimensions of containers used in later shipments should prevent much of
this disadvantage.

Another consideration is the salvage value of used containers.
In the case of boxes there would be little salvage value except as
waste paper. One hundred pound burlap bags have a resale value of
approximately 15 cents each at terminal market. It must not be assumed, however, that all used bags are resold. Some are torn beyond

repair and some retailers probably do not even bother with their
resale. In any case, it is not known to what extent the resale value
of the used bags enters into the selling price of potatoes. Since some

are salvaged, however, the burlap bags have an advantage in this
respect.

The 60 pound master container box holding six 10 pound open
topped paper bags with paper handles is a consumer type of container
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designed to be packed at shipping point. Its cost, therefore, would be

compared with that of the 10 pound mesh bags packed five to the
paper baler. Although two different sizes of boxes were used in this
study the cost was so nearly the same that only one price is shown
(Table 5).
TABLE 5. COST OF 60 POUND MASTER CONTAINER WITH PAPER
BAGS COMPARED TO COST OF 50 POUND PAPER BALER AND

MESH BAGS, APRIL 1, 1951
Approximate cost per
60 pound master

Item

container2

Cents

Master container ..................
Bags1

Staples and wire
TOTAL

pound paper

baler (bag)
Cents
15.0

52.0

20.0

hundredweight1

50

(paper)

68.0 (mesh)

3.0

0.1

75.0

83.1

1All prices shown include delivery to Redmond and Klamath Basin including normal
These prices were quoted by container firms as of April 1, 1951.
'The price quoted here is for wet-strength fiberboard of 275 pound strength with hand.
holds. If plain (not wet.strength) material is desired, approximately 4 per hundredweight
should be deducted. Prices are shown Oil 100 pound basis so that costs for two different
types of containers can be compared directly.
1The 10 pound paper bags for which the price is shown were made of a wet-strength
printing.

material.

The foregoing cost comparisons show that the 60 pound master
container box can be used at a lower container cost than 10 pound
mesh bags with paper master containers at the quoted prices. Other
considerations than this, however, may affect their suitability. This is
discussed later.

Cost of packing
There was no opportunity to study in detail the actual labor costs
involved in packing potatoes in the 50 pound bulk box. Potato shippers who have packed some of these boxes estimated that the additional labor needed for packing boxes over 100 pound burlap bags
would be approximately that shown in Table 6.
According to Table 6, three additional men would be needed to
pack the boxes. The boxes, coming knocked down, must have the
bottoms stapled before being packed. This requires one full-time man.
There is at present no mechanical means of jigging boxes as there is
for 100 pound burlap bags. One additional man probably would be
required to perform this job in the case of boxes. Also at present
only five 50 pound boxes can be handtrucked at one time as compared
to five 100 pound burlap bags. Three men then probably would be

TRIAL SHIPMENTS OF POTATOES
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TABLE 6. ESTIMATED WAREHOUSE LABOR REQUIREMENTS FOR
PACKING BOXES AND BAGS, 1951

Operation

Stapling bottoms of boxes
Filling containers ---------------------------------------

50 pound bulk
boxes

Men

100 pound burlap
bags

Men

1

Weighing, jigging, and closing
Handtrucking

1

1

2

1

3

2

TOTAL-----------------------------------------------------------

7

4

required for handtrucking depending, of course, on the rate of

output.

Also, it should be mentioned that the packing crews which were
observed packing the 50 pound boxes were not familiar with the
routine. As they become more accustomed to the new type container
it is possible that the number of men required for packing could be

reduced. Equipment changes also could be made which would reduce
the labor requirements. Perhaps the additional men would amount to
only one or two per crew.

Let it be assumed that the potatoes will pack out 50 per cent
U. S. No. l's at a rate of 250 pounds of U. S. No. l's per minute.

Also assume that the wage rate is $1.25 per hour for additional help
and the remaining crew members are fully occupied. Under these
assumptions each additional man would increase the packing labor
costs of boxes over burlap 100's by approximately 1+ cents per
hundredweight. For two men, the cost would be 2 cents and for
three men it would be 3 cents per hundredweight over the packing
labor cost for 100 pound burlap bags.
Some packing operations for the 60 pound master container box
were observed. The same number of men were used in these operations as for the 10 pound mesh bags packed five to the paper baler.
The packing cost as far as labor is concerned appeared to be the
same. This observation is borne out by the remarks of another

warehouse operator who stated that he had packed boxes for the same
labor cost as the 10 pound mesh bags in paper balers.
In addition to the cost just described, some additional equipment
would be needed for packing boxes. Stapling machines for box tops
and bottoms would be required. These machines would represent an
investment of approximately $250 to $300 at prices prevailing at this
time. Roller conveyors to handle the boxes after filling would also be

needed, but a good many shippers already have these for use with
armed services crates for potatoes. Also it is not known to what

14
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extent the cost of handling and storing boxes exceeds that of burlap
bags. The boxes, of course, are more bulky to handle and store than
bags.

Observations and Trade Reactions
The reactions of the trade to these new type containers were
varied. One member of the trade thought that the 50 pound bulk
boxes could be handled so easily that the retail grocer would find
them an improvement in preparing for his bulk potato sales. This

box could be carried much more easily from basement or back room
to the display counter than the 100 pound bag. Part of the potatoes
could be put into the bin and other boxes merely opened for inspection, but not unloaded.
Also he indicated they would make a more attractive display than
burlap bags. The box in some cases could serve as a bin in itself.
In some areas where rural customers trade, the entire box may be
sold more readily than heavier containers. Storage in the home would
be less of a problem also, since a box probably tends to fit home
storage better than a bag.
The trade reaction to the 60 pound master container box containing the six 10 pound open bags was not too favorable for several

reasons. The bags were not weighed to ten pounds each, but the
contents of the six bags weighed a total of 60 pounds. The retail
grocer would be required to weigh each bag as it was sold. Also it
was reported that there seemed to be a feeling among customers
against potatoes in 10 pound paper bags with carrying handles be-

cause grocers sometimes used such bags to clean out a bin of picked
over potatoes. From experience then, some customers associated a
low quality potato with this type of bag. Another complaint was that
by the time the potatoes reached the retail grocer, the bags did not
look as fresh and attractive as those packed by the grocer himself.
Also some grocers reportedly felt that they can pack such bags
cheaper at their own store by using idle store labor.
The good features of the 60 pound master container box were

also pointed out by the dealers. Some said that the 10 pound open bag
appealed to the housewife because she could see into it and judge
something about the quality of the product. Also she is given the

opportunity of removing any defective potato she observes. This

cannot be done with closed bags. Another good feature was that most
grocers would like the handy way their potato display could be set up

simply by opening the boxes and removing the bags or by leaving
them in the boxes until the customer removed them.
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or less than the cost required to produce such results. This unfortunately cannot be completely answered from the available data.
Information is not available relative to the extent to which the selling
price is affected by the comparative salvage value of the containers.
Nor is information available which will show the price differential
the housewife will pay for undamaged potatoes as against those with
varying degrees of damage.
Even though such information is lacking it is evident the 50 pound
box now suffers some disadvantages as compared to the burlap bag in

the matter of salvage value, cost of container and packing cost.
Under present conditions, it is doubtful whether the advantage of the
box in delivering a better product can overcome the disadvantages
noted above.

In the case of the 60 pound master container box with its six
10 pound paper bags the container cost was lower and the estimated
packing cost the same when compared to the 10 pound mesh bags
packed five to a baler. Also, the grade defects developing in transit
and handling were much less in the box than in the baler. Thus from
the comparative cost standpoint the master container box appears

quite favorable when compared to the 50 pound baler with mesh
bags packed at shipping point. In view of these considerations it
would appear that the major reason that the box type master container does not become more widely used is that the potato trade and
its customers are reluctant to accept it. Whether this is a temporary
resistance or one of a more permanent nature is not known.

The cost relationships between the different containers as expressed here are, of course, subject to rapid changes. Whatever
changes take place will affect the decision of the potato industry rela-

if burlap becomes
higher priced relative to paper products, the relative position of the
box becomes more favorable. If paper products increase in price
relative to burlap, the opposite would be true.
Neither of these products is at present in abundant supply. Both
are subject to many uses and the present high level of business activity has increased the demand for both to a marked extent during the
past year. With the continued level of demand that now exists the
future cost relationship between them will depend largely on the
supply of each type container that can be made available.
Two further considerations should be mentioned. The ability of
the fiberboard boxes to withstand the effects of washed potatoes and
cold storage should be investigated. The suitability of the 50 pound
pilper bag should also be investigated as a possible substitute for the

tive to its use of these new type containers.

100 pound burlap bag.

