|

7/ “““\\\ A ECO" SEARCH

% // RESEARCH IN AGRICULTURAL & APPLIED ECONOMICS

The World’s Largest Open Access Agricultural & Applied Economics Digital Library

This document is discoverable and free to researchers across the
globe due to the work of AgEcon Search.

Help ensure our sustainability.

Give to AgEcon Search

AgEcon Search
http://ageconsearch.umn.edu
aesearch@umn.edu

Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only.
No other use, including posting to another Internet site, is permitted without permission from the copyright
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C.


https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
http://ageconsearch.umn.edu/
mailto:aesearch@umn.edu




START

. O iz fzs
Ra {132 o L [jag
£ops 1= )
|2 A

B2

e
b
[
P

(=2

L Jie

MICROCOPY RESOLUTION TEST CHARI MICROCOPY RESOLUTION TEST CHART
HATIINAL AIREALS (F SIANBARTS 1964 & NATHONAE BUREAEL UF SIANLART  S0s &



http:111111.25
http:111111.25

Technical Bulletin No. 434 M October 1934

UNITED STATES DEPARTMENT OF AGRICULTURE
WASHINGTON, D.C.

REFRIGERATED TRA:'SPORTATION OF
BARTLETT PEARS FROM THE
PACIFIC NORTHWEST

By E. D. MaLL1sON, assislont markeling specialist, and C. T, Powwcy, formerly
Junior physiclogist, Division of Fruil and Vegetubie Crops and Diseases,) Bureau
of Plant Industry
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INTRCDUCTION

actors affecting the cost of transporting precooled Bartlots pears and
he effectiveness of diflerent methods of refrigerating the fruit in
¥ transit. Cooling pears prior to transportation improves their keep-
ooing quality but at the same time adds materially to the cost of pre-
== paring them for market. If pears are already cooled down to good
© carrying temperatures at the time of loading it is easior to refrigerate
' <= them satisfactorily in transit than nonprecooled pears. It is resson-
able to expect, therefore, that the load per car might be increased so
as to reduce proportionately the cost per box of the refrigeration in
transit and effect an important economy for shippers. At the same
time this heavier loading would reduce the number of refrigerator
cars required to move the crop, which would be an important con-
sideration for the railroads.
- That there is a close relationship between the temperatures at
which pears are stored and transported and those at which they ripen
1 Other members of the stail of the Division of Fruit and Vegoinble Crops and Dissnses who nssisted 1o
this [nvestigation were O, G, Bratley, W. C. Cooper, M, P. Musure, M. H. Haller, J. Q. Moore, and Jenry
Hartman, .. The coeporation and nesistnnes of Lhe various shipping organizations ui Medford, Oreg., and

Yakima, Wash., and of tho various transeontinuntul reflrond conpanfes and refrigerator enr iines that made
thaze festy possible Is desply apnrecialed.

GO000—34—-1

g The investigation reported in this bullotin dealt lm'?ely with the
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has long been known. Magness, Diebl, and Allen? found that the
storage life of Bartlett pears at 43° F. is approximately double that
at 53°, At 36° the possible siorage life is about double that at 43°,
and at 31° it is about twice s long as at 36°.

SCOPE OF INVESTIGATION

These investigations were begun in 1928 and were continued during
four seasons. Ifive complete fransportation tests, involving 37 ex-

erimental car-lot shipments, were made from Medford, Oreg., and

akima, Wash., to New York City. The shipments studied, as
shown in table 1, comprisced cars loaded respectively with 520, 640,
664, 720, and 744 boxes of pears and supplied with various quuntities
of ice and salt in transit. Information was obtained regarding the
condition and temperature of this {ruit at the time of loading, tem-
peratures and ice meltage during transit, condition of fruit at destina-
tion, and its keeping quality during a subsequent storage period.
For the most part the tests were made during periods of high outside
temperatuces in August and September, using the Bartlett variety,
which is the first varie.y to be moved in large quantities from the
Pucific Northwest. It was also considered that if the Bartlett, a
variety having a short storage life, could be safely transported m the
heavier load all other varieties could be safely shipped in the same
sized load.

TaBLE 1.—Shipments of test cars of Harilett pears from Medford, Oreg., and Yakime,
Wash,, to New York Cily during the 1928 lo 1931 scasons

Test enrs shipped from-—

Telrigerntian Salt nserd E Medford
Yakimm, i
s

101 1830

4 porestb, ...
75 pounds

5 pounds
NOne. . _.

d pereent.

2 percent.

Th poltnds.

G0 peuinds .

b |:er](!|3nt L

Precooled, standard refrigeration, . .

None, . ..c...

Precooled, Initinl leing wilh two None.oo.. .-
raloings.,

Nooprecooled, standard refrigero- ‘; R;:g;:' T

3 percent, 75
poundsd

1100 pounds of salt feund too lnrge; chinnged lo ampuot shown in third eclutnn,
1 Boxes loaded on ond; sl others on side.
1312 pounds of salt usad oo inftial saltime: 75 poomeds at all other iclog stations,

Supplementing this information, studies were made at point of

origin and at destination on 67 commercial shipments of Bartlett, J

Bose, and Anjou pears. Twenty-three of these shipments were
loaded with 720 boxes to the car, and a few were made in pairs under
comparable conditions, one of the cars being loaded with 520 boxes
and the other with 720 boxes.

1M anxNgss, J. L, DignL, IT, G, and ALLEN, FOW., INVESTIGATIONS ON THE IIANDLING OF BANTLETT
PEARY FILOM PACIFIC COAST TiatiicTs. U5, Dept. Agr, Tech. Bullt. 140, 28 p., illus, 1920,
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REFRIGERATED TRANSPORTATION OF BARTLETT PEARS

TERMINOLOGY

A number of terms commonly used in shipping circles and similarty
usec. in this bulletin are defined below.

“Standard refrigeration”’ means that the refrigerator car was iced
to capacity prior to loading and reiced to capacity at all regular icing
stations while in transit. Tcing stations are so spaced along the
railroad lines that the ears can be reiced once, or possibly twice, each
24 hours. “Preiced” means that the car is iced to capacity prior to
loading. “Initially iced; Do not reics" In connection with these
shipments indicates that the cars were pieiced and not reiced in
fransit. “Initial icing with two reicings”” indicates that the car was
preiced and reiced to capacity at two icing stations several days apart.

“ Percent salt’ designatoes the quantity of salt used in refrigeration,
the weight of salt supplied at the initial salting being a percentage of
the weight of the ice required to fill the bunkers to capacity and the
fame percentage of the ice added at each reicing station. In some
cases instead of ndding salt on this percentage bBasis a definite and
empirieslly determined quantity of salt was added at each icin
regardless of the amount of ice placed in the bunker. ‘Initia
salting”’ indicates the first saiting ofpthe ice in a car,

The ‘‘bunkers” are che compartments at both ends of the car
where the ice is placed. The “quarter-length position’ is midway
between the doors and the bunkers, The term “divided load” is
used to designate a lond having an open space of varying width be-
tween the doors, where it is braced with timbers to prevent shifting
of the load. A “through or solid load " is one that is continuous
between the bunkers. “Minimum load " 15 the least amount of
weight that will be carried at the carload fre; ht rate.

A “layer is a course or stratum of the loac parallel to the floor of
the car and one package in height., A “stack™ is o pile of packages
-extending from one side of the car to the other, parallel o the end
of the car and one package in width, A “row” is a pile of packages
extending lengthwise of the car, parallel to the sides and one package

in width.
*  The condition of the pears is designated by the terms “hard 7,

“firm”, and “ripe.” In these tests pears were considered hard
when the average resistance of the pear flesh to the ¥s-inch plunger
of the pressure tester ® was 12 pounds or ahove. When the average
test was between 8 and 11.5 pounds the pears were considered firm;
when helow 7.5 pounds the fruit was termed ripe,

EXPERIMENTAL PROCEDURE
REFRIGERATOR CARS

The cars used in each test were selected from thoge regularly used

the shipment of pears and had been in service for 5 to & years.
The insulation in the different cars varied from 1% to 2 inches in
thickness in the sides and ends, and from 2 to 2}; inches in the roof
and floor. All cars were equipped with floor racks and insulated
bulkheads. The bunker capacity was 10,600 to 10,700 pounds of
chunk ice. Although there was g variation in -the specifications of
the cars used in the 1928 and 1929 tests, those used for the 1930 and
1931 tests were comparable.

MAGNESH, I. « ongd Tavy P ML, AN IMPROVED P F FLENSURE TESTENR FOR THE DRTE NA-
1 : R YLOK, 4. F MPROVED TYPE OF P, E E HMIN
TION OF FRUIT MATURITY. U.S.DBDLAEI-CITU. 35t ¥ PIk, lus, 149423,
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THERMOMETERS

Electrical resistance thermometers were used to obtain fruit and
air temperntures within the cers. The sensitive part or buib of the
iustrument was inserted into a frutb or hung in the air ab desired
locations in the car. Leads from these bulbs were copnected to &
master cable which was carried out of the car through a thin doorplate
placed at the top of the doorway and thence to the running board on
the top of the car, as shown in figure 1. Readings were made by
connecting the end of the master cable fo an indicator or reading box
equipped with a suitable selector switeh by which the electrical
resistance in any of the 12 bulbs could be determined. The iudicator
bov is & modified Wheatstone bridge utilizing a seasitive aglvanometer.
Changes in the temperature of the bulb produce a corresponding
change in the resistanee of the coil in the bulb, which the indicator
registers directly in degrees Talirenheit. As a slight variation exists
in the different instruments, ocalibrations of individual bulbs and indi-
cators are uecessary for nccuracy. It will thus be seen that the
instruments are so constructed and placed that temperature readings
may bo obtained at o number of places within the car without opening
the doors. In the tests under discussion, readings wero made ab
intervals of 4 to & hours. Outside air temperatures were obtained
at the same fime with a mercury thermomater.

In the 102829 tests fruit temperatures were obtained in the center
row &t the bottom, middle, and top layers of the quarter-length and
doaorway stacks and in the top and bottom layers of the stack next to
the rear bunker. Air tomperatures were taken 2t the top and bottom
of the load at the doorway and rear bunker. Thus, extremes of
temperatures as well as average conditions in the load were deter-
mined. However, in the 1830 and 1931 tests, thermormeters were
placed in the next-to-the-top layer at the quarter-length and doorway
stacks instead of in the middie layer. This chenge was made because
it was found in the calier tests that the keeping quality of the top-
layer pears was sometines impaired by the higher temperstures in the
top part of tho lond. It therefore becnme desimblia to ascertain

wheiher or to whal extent the next-fo-the-top layer is similarly -
affected. :

EXPERIMENTAL FRUIT

It is impractical to attempt to draw conclusions from apparend
effocts on iruit of unknown or uncertain history, such as the average
commercial shipments. In fhis work, therefore, relisnce was placed
on the observasion of carefully selected comparable small lots of known
history which wore placed in representative positions in the different
experimental cars.

The {ruit selccted for this purpose was usually taken from 3 or 4
normsl trees and was picked ab the usual harvest time and placed
immediately in cold storage snd cooled to 32° F. All lots wore handled
in the ssme way and held under compareble conditions prior to ship-
ment. During transportation the test boxes were Tlaced at selected
positions in the cars and after arrival were placed in cold storage for
further study. Inspections of the fruit were made st the time of
arrival and at intervals during the subsequent storage periods to
determine quality and condition and the rate of mipening. The
firmness of the pears was dotermined by the use of a pressure tester.
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REFRIGEZATION RECORDS

Except at the first icing, when the bunkers were filled to known
capacity, observers sccompanying the cars weighed the ice and salt
used before they were placed in the bunkers,  The amount of ice
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erator car showing method of instaliing resistanes thermormeters in test ears loaded with pears with

inaster cable conneeting to indlcator hox ou reof of car where all femperatures wera rend,
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remaining in the bunkers at destination was estimated as closely as

possible m ell cases. The procedure was to pike the ice to a level
surface and determine the proportion of the bunker space that it filled.

Fieune 1.—Perspeclive view of the inlerior of o relrig
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DESCRIPTION OF LOADS

Four different loads were compared with the standard load of 520
hoxes. The 640~ and 744-box loads were through loads, whereas the
others were divided loads braced at the doorway. All the layers
were stripped and nailed. With the exception of the 7T44-box load,
m which the boxes were loaded on end, the boxes were loaded on the
sides in the usual manner.

For the 520-box load, the boxes were loaded 8 rows wide, 18 stacks
long, and 4 layers high 10 the last 6 stacks next to one bunker and in
the last 5 stacks next to the other bunker, and 3 layers high in the 7
stacks adjacent to the doorway in the center of the car.

For the 640-box load, the boxes were loaded 8 rows wide, 4 layers
high, and 20 stacls long,

For the 64-box load, boxes were londed 8 rows wide, 13 staclks long,
ond 5 layers high in the last 6 stacks next to one bunker and in the
last 5 stacks next to the other bunker, and 4 layers high in the re-
maining stacks adjacent to the doorway.

For the 720-box Joad, the boxes were loaded 8 rows wide, 5 layers
high, and 18 stacks long.

For the 744-box load the boxes were loaded 8 rows wide, 3 layers
high, and 381 stacks long.

ROUTE OF TESTS

Each test was made over the route commonly used by the shippers,
and each varied slightly from the others. The approximate routes
of these tests are shown in figure 2,
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Fiayne 2—3fap showins gpprnxirnnte roules of oxperimental shipments of pears from Medford, Oreg..
and Yaklmna, Wash., to Now York Cily, 1025 (o 1031 seasens,

EXPERIMENTAL WORK
HEAVIER LOADING OF PRECOOLED PEARS
A preliminary experiment to determine the practicability of heavier
loading of precooled pears was made in September 1928, This test

was a comparison of a 520-box load with a 664-box load. The results
obtained with the heavier lond were encouraging, so & second test
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was made in October of the same yoar with a still larger load of 720
boxes. The results of this test were not conclusive because the weather
was €00l

The next three experiments (1929, 1930, and *931) wore made with
Bartlett pears shipped during the emly part of the scason, when
weather conditions were more favorable, as showr in table 2. The
results of these three tests showed that precooled pears, shipped under
comparable coaditions, reached destination at about the same stage
of maturity when shipped in either 520- or 720-box loads, Conditions
under which the tests were made varied each season, yeb the relation
between the 520-box and the 720-box loads in the tests remained
about the same. The results of the test made in 1930, ns shown in
table 3, are typical of the results obtained in the other tests mentioned,

TABLE 2. —Rfaximum, minimum, and mean oulside lemperatures in transit during
the pear transpeoriction lests of 1928, 1925, 1980, and 193!

Cuisida teniperature io trandt

Phlo Duta ]
starterd coin- |
Bleted | Maxiraum r Minimum | Moon

Qrigin of shipnent Yeur

° R, ‘ ° °F,
R | Sepl. 12 | Sepi, 11 5
038 | Ocl. 13| Oct. ol
W2 | Aug. 20 | Sepl. 104 |
Wi | Ang. AU, 81
- R Aug, Aug, 1174 E

3

TABLE 3.—Length of time, cxpressed in hours and in percentage of the transit period,
during which the temperature of precooled fruil was within cerfain lemperature
ranges

[Test conducted ki August 1]

Timg ! in tennsit duriog which temperatures of precocled ruit wers
within rnge of—

Positlan of frult and amennt of snit
added
30°-35° ¥, 400100 I, 407-45° I7. 45°-56° F,

Top layer: Hgury | Percent | Flours | Pereent| Hours | Percent| Frours Pereent
4 percent rall:
he0-trox Yoad mmaan 1R M 15.1 127 56.2 14 8.7

Fa-trox Ll G 72 3.8 71 314 B3 35.8

75 pounds snli:
B20-hox b oo o B 63 278 163 2. 0
720-box lond .0 72 3L8 154 x a

No sait:
Vihoxload.. ..o L. 3.4 33 4.4 04

MNext-to-lop lnyer:

3 pereast spiil:
52-box lod
720-box lond

75 pounds snit

720-box lend.. .

No gait:

T20-tox loag
Bottom layer:

3 porcent sailt;
20-box long
F0-boy lond

75 pounds snil:
$20-bax lond
72-hox loud. ..

No snit:
72-box lond

1 Totel timo in transit was 228 hours.

With preccoled pears only a small diflerence was found between the
temperatures nt comparable positions in cars with 520- and 720-box
loads when both received the same amount of refrigeration in transit,
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Temperature differences between layers in the same cat were gen-
erally less in the heavier loads. In tho 520-box load the next-to-the-
top layer was the second from the floor at the doorway and the third
from the floor in the quarterdength and bunker stacks. In the
720-box load it was the fourth layer from the floor in all stacks, and
therefore was nearer to the top of the car than in the 520-box load.
Despite this, temperatures were slightly lower in the next-to-the-top
layer of the 720-box load than in the next-to-the-top layer of the
520-box load, which indicates that there is not a definite or reguler
strotification of temperatures within the car regardless of the size of
the load, as has been commonly believed. Typical examples are
shown in table 3. The lower average temperature in the next-to-the-~
top layer of the 720-box load was doubtless due to the influence of the
larger mass of precoeled {ruit in the heavier load.

'fhe data in table 3 show the length -»f time the verious layers of
fruit were in certain ranges of temperature, and table 4 shows the
comparative rate of softening of the fruit after being subjected to the
temperatures shown in table 3. Comparison of these two tables
indicates that the storage lifc of the pears after shipment in the
520-box and 720-box loads under comparable conditions was about
the same. This, of course, was to be expected, considering fhe com-
parable transit temperatures and the subsequent comparable storage
temperatures. The data in these tables indicate that in some
instances the 720-box load might be slightly preferable from the
standpoint of maintaining both lower transit temperatures and longer
storage life for the fruit after arrival at destination. However, the
differences that occur are neither sufficiently large nor comsistent
enougn to justify concluding more than that the temperatures and
the storage life of the fruit were about the same, no matter whether
the fruit was shipped in the 720-box load or the 520-box load. The
most pronounced difference was found at the time of the last two
inspections with fruit from the top-bunker positicn of cars recetving
75 pounds of salt at each reicing en route. At these inspections the
fruit from the 720-box load was 2.4 to 3.5 pounds firmer than that
from the same position in the 520-box load., '

TABLE 4.—Comparative rale of soflening of precooled pears from doorway and
bunker posilions in lop layer during the 1930 ies!

Prossure tost on—

Itam
Aug 17t Aug. 25 | Sopt. 2| Oct. 20

Doorway:
3 percendt sait: Ponds  Pounds | Panndr | Pounds ; Pounds
GFLONJON) L e il e e - - M0 16 .6 0.9 2

T20-hON JOM o i L e e e 110 28 WL 1.2

75 polnds salt:

520-box lond 4.0 13,0 [N

. Té-hox land 4.0 13.2 1.7

o snit:
720-box lond .9
Bunker:
3 percent salt:
£20-box lond 4,
TE0-box Jond . i e vaver s 4,
75 pounds sgit:
520-biox tond }
4.

720-box lond
No sait:
72%-hox load H

! Dato of londing test cnrs,
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In the 3-year tests a comparison of the total aversge amount of
iee placed in the bunkers end the amount melted in the refrigeration
of the 520- and 720-box loads of precooled penrs (table 5) shows that
there was very little difference in the smouns of ice melted by thess
two loads. In ocpch instance an average of about 57 percent of the
total amount of ice placed in the bunkers was melted, about 43 per-
cent of the fotal being left in the bunkers and not utilized in the
refrigeration of the pears.

Tasve 6. —Quantily of ice placed in bunkers and amount melted in cars of precooled
pears in lests made in 1020, 1930, and 1081

B20hox Joud Te0-hox lond

Yeor of last 3 pereoent salt 76 potnas salk 3 pereent sall 76 pounds salt

Iee in Ten Teo in Tee Iee In Teo Tco In Ico
bunkers | melted | bunkers | melted | bunkers | meited | bunkers | ntelted

Pourls | Pounnids | Ponnds | Pounds | Pounds | Pounds | Pouns | Pounds

J L 20, 790 1,87 |eaceomas 210, B8 13, 864 21,771 12,051

b L1 10,7 10, 291 20,202 113, MWE 19, 031 1, g5 10, 4836 9, 445
- 21,420 2 516 - B -

193] Wd2s | 10,544 { et arearlh west{ iodss| wm0se| 1,312

AVEIORG e oo 10,9720 10,470 90,674 12,028 | 20,365 | 31,3131 20,437 1,27

e I g 55.0

Percent o mmmer i faiemcneees r [0 I S,

These results were to be expected under the conditions of these axperi-
ments, since the amount of heat given off in the respiration of pre-
cooled fruit is comparatively small, and the larger amount of cold fruit
in the 720-box lond would be expected to help maintain lower tem-
peratures for a longer period.

USE OF SALT AS AN AID TO REFRIGERATION

The use of salt with the ice in relrigerator cars has been general
for severel years. In commercial practice there is a variation in the
emount used, depending largely upon the season of the year and
whether the lading is precooled or not.  The weight of the salt added
is & stated percentage of the amount of ice necessary to fill the bunk-
ers to capacity. The common practice with shipments of pears from
the Pacific Northwest during the early part of the shipping scason is
to use 3 percent of salt when the fruit is precooled and 5 pereent
when 1t is not precooled. In most instances the Inrgest percentage
of the total amount of salt used in a trip is placed in the bunkers at
the initizl icing and only small amounts are andded at reicings in
transit. In the test made in 1928 between Medford and New York,
for example, 571 pounds of salt waus placed in the bunkers of a car
containing 520 hoxes of precooled pears. Of this amount 318 pounds
was used ab the initial icing. The remaining 253 pounds was dis-
tributed among 10 reicings at various stations en route.

When precooled pears are shipped during warm weather, fruit
temperatures are lower at the time of loading than at any other
pericd during transit. Consequently, under customary methods, the
largest quantity of salt is added when lenst needed, making this a
questionable practice.

80800—34——2




10 TECHNICAL BULLETIN 434, U.S. DEPT. OF AGRICULTURE

Figure 3 shows that during o 48-hour period sfter the 318 pounds
3 (f)ercenb) of initiel selt was added, the drip water from cars
loadod with precooled peers contained from 7 to 14 percent of salt,
indicating that the salt was being rapidly removed from the car, and
that during the last 8 days of the trip the 14 to 25 pounds of salt
added at the reicing stations was not sufficlent to replace that leav-
in% the car in the drip water. It shows further that the amount of
galt in the bunkers of the car diminished rapidly from 3 percent dur-
ing the first few hours after the initial salting to a smuall fraction of
1 percent of the ice in the bunker during the last 5 days of the trip.
This condition was correlated with the temperature in transit, for
during the last 4 or § days of the trip the fruit and air temperatures
in cars receiving 3 percent salt were approximately the same as in
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Frouke 3,—Amonnt of salt in the drip water of cars A, B, €, aod 2 {Joaded wilh r]ll'ecoolc:d pears) atid the
T

22 28
Auvusy 13350

nmount of salt supplied to the fce In Lhe bonkers, Al ears under standard refrigoration and salted nt
each loing; A and & with 3 pereent, nveraglng 559 pounds per car; & and 2 with 75 pounds, nveraging
825 pounds per ¢nr.,

cars recolving no salt. A comparison of the temperatures obtained
in curs shipped with 520- and 720-box losads receiving no salt, 3 per-
cent of salt, and 75 pounds of salt at cach reicing is shown in table
3, and the influence ol these temperatures on the fruit i shown in
table 4. Table 3 shows that lower temperatures were ohtained in
the cars receiving 75 pounds of salt at each reicing.

Since the temperatures in the car throughout the journey were
directly related to the quantity and distribution of the salt in transit,
different mothoeds of salting were tried out in the experiments of 1929
and 1930. In some of the test cars the amount of salt used at the
initial salting was reduced to 50, 75, or 100 pounds; in others the
same amounts of salt wers also used at each reicing station.

TFrom the data obtained, 75 pounds of salt applied at each reicing
station Is apparently the most satisfnctory amount to use with pre-
cooled pears. When this amount was vsed the air and fruit tem-
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peratures in the bottom layer usually ranged from 30° to 35° F.,
wherens with 3 percent salt the fruit temperatures at the bottom of
the bunkers were sometimes as low as 27° and air temperatures were
16° to 18° for a short period following the initial selting, The appli-
cation of 100 pounds of salt et the initinl salting and at each of the
reicing stations reduced the temperatures too much, since they
dropped nearly to the freezing point by the fourth or fifth day in
transit. In this test it was accordingly necessary to omit the appli-
cation of salt at two reicing stations 1 these cars and to use only 50
or 75 pounds at the romainder of the icing stations.

Under the modified prectice of adding fixed amounts of salt at all
reicings, temperatures in transit were more {avorable. When 50 or
75 pounds of salt was placed in the bunkers at cach reicing, the fruit
temperatures of precooled pears usually varied between 35° and 45°
F., whereas with 3 percent salt the temperature ranged as bigh as
50°. The more favorable temperatures {table 3) obtained with the
larger smounts of salt at all reicings make it possible for the fruit to
be ket longer after arrival at destination. Obviously, the use of 50
or 75 pounds of selt should be limited to shipments of precooled pears
during the early part of the season when outside temperatures are
hi?h, and shipments later in the season should have the amount of
salt materially reduced.

As shown in table 5, the ice meltage was practically the same in all
cases. During the fest of 1930, for example, the ine meltage in two
compareble 720-box loads of precooled pears, one supplied with 75
pounds of salt and the other with 3 percent of salt nt each reicing, was
9,449 and 9,585 pounds, respectively.

Nonprecooled pears require & salting treatment different from that of
precooled pears. When the fruit hns not been precooled it is desirable
to remove as much of the field heat as possible immediately after load-
ing. The use of § percent salt, which is the standard commercial

ractice, seemed to give the best results in such cases. A test was made
m 1930 to detormine whether the use of 318 pounds (3 percent) of
salt at the first reicing and 75 pounds at all other reicings would give
more satisfactory results then the use of 5 percent salf throughout,
but no significant difference in results was obtained.

In 1929 g test was made to determine the possibility of shipping pre-
cooled pears without using salt, Two cars earcying o load of 720 boxes
each were shipped under standard ref rigeration without salt, and two
similar cars were shipped under standard refrigeration with 3 percent
salt. The results obtained in this test indicated that salt is desirable
even with precooled fruit during warm weather. The [ruit in the top
layors of the cars shipped without salt was turning yellow in color and
was getting soft on arrival, whereas the fruit in similar layers in cars
shipped with solt was still greon and firm.

TRANSIT CONDITIONS WITIH FRECQOLED AND NONPRECOOLED PEARS

There is still a large tonnage of pears shipped from the Pacific
Northwest that is not precooled because of lack of facilities at shipping
oints. However, the value of precooling has been amply deinonstrated
by previous investigations. Pentzer et al.,* conducted experiments

1 PeNT2ER, W, T\, MaoNEsd, I, R, Dient, H, C., and HALLER, M. HT, INVESTIGATIONS OF TARVESTING
AND NANDLING FALL ARD WINTER VEANS, U5, Dept. Agr. Teeh, Dull. 200, 30 oy Mlus, 143w
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which indicated that the lower temperatures secured by precooling
may be expected to add 1 to 2 months to the subsequent storage life
of pears held at 31° F. beyond that which can be expected from
nonn-scoctad fruit.

Magness and Diehl® found that Bartlott pears held at temperatures
approximating those in cars thoroughly precooled prior to loading
could be safely stored at 31° F. for periods of 30 to 45 days and ripen
with good guality, provided the fruit had been promptly and thor-
oughly cooled, Bartletts beld at temperatures gpproximating those in
the top of nonprecooled cars wore ripe at the end of & 12-day holding
period, whereas fruit held at temperatures ecluiva}ent, to those prevail-
ng in the lower half of the load was generally suitable for holding up
to 45 days at 30° to 31°.

In the investigations covered by this bulletin, tests were made each
year to compsre precooled and nonprecooled shipments of Bartlett
pears. As the customary commercial procedure is to use 5 percent salt
with nonprecooled shipments and 3 percent with precooled shipments,
tho various test cars sccordingly received these amounts. The
temperature of the warm fruit at the time of loading the cars ranged
from 65° to 75° F., whereas the average loading temperature of the
precooled fruit was between 32° and 34°, a difference of 38 to 41
degrees. During tyansit 6 to 7 days elupsed befors the temperature of
the nonprecooled fruit reached that of the precooled fruit, so that
the former necessarily ripened much more rapidiy than the latter while
they were en route to marhet, a period of 9 to 10 days.

The results obtained in this phase of the investigation were aboub
the same in each year’s tests. 'The temperatures in the cars loaded
with warm froit were above 50° F. for about one-third of the time that
the cars were en route and betwoen 45° and 50° for the remainder of
the time. Precovled shipments wers between 35° and 40° for a short
time, between 40° and 45° about 60 percent of the time, and between
45° and 50° approximately & fourth of the time, with none of the
temperatures going above 50°. A typical example of the rangs of
transit temperatures is given in table 6.

Tanue 6.——Comparisen of average fruil temperalures oblained in the top anrd next-lo-
iap layers of 520-boz lpads of precooled and nonprecooled pears in lesis made during
August 1030

Pime bl transit digioyg which tomperniures of precooled und uonprecooied

it w ithin LE —
Position of fruit sad fends were within the range of

rmouni of snit sdded -

4407 .  40° 47 F. 1 ago-poe I | gue-s50 7, 56°-60° I | 60°-65° F.
: i |
Procooled: L 1
3 porpont spll: Hro | Pel | Hr. 1 Pet. 4 Hr seg, b ofir | Pet. ) Eie o} el | B | Pl
Top YT eeomoones 31501 P76 ‘ Gilmy| ol ef| olesl ol oo
Noxt-to-lop layer..| 161 | L3 55 I A g W0 Q Ay 1] A g .G
Noaprecauvied: . . | \ i I
5 poresnt spits | ; . i ' 1
Tap yer. . coanees o' .o} @ .01 1B3ioLel 381168 Wiy OB D KRR
Next-to-top layer... . .0 l W2 37 Mg | 13 1 58 13 | 58 11 4.8
i i ' . |

* Tatnt tima o Lransit was 220 Boties,

A direct correlation was found between the condibion of the fruit
upon arrival at destination and its tempoerature during transit. The
pears in the top layers of the nonprecooled londs generally axrived in a

£ Bee foolnoto 2,
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firm to ripe condition and ripened shortly after being placed in storage,
whereas the precooled fruit from the top layers artived in a firm to
hard condition and remained firm after being in storage at 32° F. for
60 to 30 days. It was found, furthermore, that after arrival at desti-
nation, precooled Bartlotts lind a storage lifo 6 to 10 weeks longer than
those that had not been precooled. Results obtained in 1930 are
typical and are shown in table 7. In this eonnection, however,
Hartman “has reported that Bartlett pears do not ripen with maximum
dessert quality if held longer than 4 to 6 weeks in storage, even under
ideal conditions, and Magness, Dichl, and Allen’ Tound that while
Bartletts could be stored 3 to 5 months under proper conditions,
the longer the pears were held in cold storago the poorer the dessert
quality of the ripened product. The poorer dessert quality was not
noticeable until after 30 days in cold storage.

Tawtn 7-~Comparaiive rate of saftening af Zwars Jrom top layrer of 420-bax loads of
preceoied (8 percent sulty and nonprecooled pears (& percent salt) during test made
m 1930

1rossure test pn—

Item T -
Aug, 171 [Aug. 8 !gSopt. 2:5-!# Qek. 20+ ] Nov. 10!

i
Poundy | Poundy | Pounidy [ Pounds + Poumis
Daorway;

Irocoolodan o ovaeaas 14.40 I3, 5 100 0.0 5.7
Neapracoolmd. . 4,0 [EX] Tl D
unker;
10,3

3
Nonprecovled ] 4.3

Precooletd .. oo oeaen .4 ! 1
M. ¢ f

t Date of logdlng envs.

! Unloaded and pleved in storage nt 33° F.
t First Inspeetion in storage.

1 Second lnspection {n storage,

£ Third inspectlon fn storage.

¢ Showing senld and eoro brenkdown.

TYFICAL FRUIT TEMPERATURES DURING TRANSIT WITHIN A CAIl LOADED WITH
PRECOOLED PEARS

The approximate boundaries of temperature zones in the load for
the different days in trvansit as indicated in fizure 4 were determined
by direct computation on the basis of the difference in temperature
and the distance between the points at which thermometer records
were obtained. Tt will be noted that on the first day the temperatures
were fairly uniform throughout the load a few hours after loa ding was
completed, The succeeding diagrams show that the fruit tempora-
tures gradually rose during the entire time in transit. From tho
beginning to the end of this time there was & noticeable increase in
the fruit temperatures from day to day. The contrast between the
tempernfures on the first day and those on the eleventh day is strilc-
ing because of the temperature increase throughout the load. Du ring
this period it appears that as the fruit warmed up, the progressively
higher temperature zones that resulted had sbout the same boundaries,

As the load warmed up, the highest temperatures were found on the
south side of the top layer in the quarter-length stack, and from this

point they gradually spread over the top of the load. This is more

—
& TTARTMAN, [T, INVESTIGATIONS NELATING TO THE ANDLING OF ROGUE RIVER YALLEY PEARS ON EAST-
ERN MARKETS. Oreg. Stuge College, 27 pp, 1041, {Mimeographied,]
1 Beo footnote 2,
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clearly illustrated by following the 40° to 45° F. zone. These tem-
peratures were first noticed on the second day at 12:30 a.m. on the
south side of the quarter-length stack. By noon of the following
day they iad spread over the top of the quarter-length and bunker
stacks, and 23 hours fater they were over the top of the doorway
stack. The 45° to 50° temperature zone appeared on the fifth day in
transit (fig. 4) in the same location that tho 40° to 45° zone first ap-
peared, and likewise spread over the top of the load in about the
samne manner.

The effect of the sun on the south side of the car is noticeable in
that the higher temperature zones oxtend closer to the floor on this
side than on the north side. This condition is especially noticeable
in the doorwsy stack.

The lowest temperatures were found at the bottom bunlker, the
minimum being 26.8° F., which is slightly below the freezing poinb
of pears (28.4°).2 These low temperatures lasted only a few hours
and commonly occur when 3 pereent salt is used with precooled
pears, Apparently this had no deleterious effect on the pears, as
an inspection at destination of fruit from the bottom bunker showed
no evidence of freezing., Air temperatures at this position went to
a minimum of 18.2°, Kruit temperatures below 30° were noted in the
bottom of the quarter-length stack for a short time. These low
temperatures weve doubtless due to the heavy application of salt
(318 pounds) at the initial salting.

These figures show that there are Iarge temperature variations
within the load and indicate that the outside air temperatures have a
very significant effect on temperature conditions within the car.  Such

conditions cause a variation in the length of the stornge life of the
fruit, from different parts of the load.

EFFECTS OF CAR TEMPERATUHES IN TRANSIT ON BEHAVIONR OF FPEARS IN STORAGE

Most of the Bartlett pears produced in the Pacific Northwest for
consumption &8s {resh fruit are shipped to castern markets. They are
shipped under refrigeration cither in nenprecooled carloads imimedi-
ately aller harvest or after varving lengths of time in storage. Many
of these shipments are held in storage for varying periods alter nrrival
on enstern markets. Durving transit, temperatures within the refrig-
erated car vary not only in different parts of the load from duy to
day but also in cars shipped at the same {ime resuiting in a great
lack of uniformity in the condition of the [ruit on arrival at destination.
This is due to a number of circumstances, chiefly the tempernture of
the fruit st the time of loading, the heat of respiration, stmospherie
temperatures en route, and the amount of salt added with the ice at
the different icing stations.

An average of the temperatures within comparable experimentsal
cars loaded with precooled fruit during this investigation shows thnt
the temperature of the fruit in the top layer of o 520-box load, shipped
under standard refrigeration with 3 percent salt, ranged between 35°
and 40° T, about 15 pereent, of the time in tronsit, between 40° and
45° about 60 perceni of the time, and between 45° and 50° about 25
pereent of the time. The average top-layer temperatures in the same-
sized load shipped under standard refrigeration with 75 pounds of

swranT, I, O, and Taveain €3 F. THE FREEXUNO TEMPERATUREY OF SOME FRUITS, VEGETANLES ,
AND CUT FLOWERS. .S, Depl, Apr, Hubi 1183, 8 pp. 1928,
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salt at each reicing were between 40° and 45° about three-fourths of
the time in transit, and between 35° and 40° for the remainder of the
time. The average temperatures of the fruit in the bottom layers
-of both cars were rather uniform, being between 30° and 35° about
two-thirds of the fime and Lbetween 35° and 40° for the remainder of
the time in transit.

Temperature conditions in carloads of nonprecooled pears differ
_greatly fromn those in precooled loads. It was found that {he average
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FIGURE §,-—Frult tomperntures in transit of enrlonds of Bartletd pears shipped during the 1030 test: -, 5°0-
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temperature in the top layer of nonprecooled loads shipped early in the

.season was between 45° and 50° F. about 72 percent of the time in
transit, between 50° and 55° about 15 percent of the time, between
55° and 60° about 8 percens of the time, and above 60° about 5 per-
cent of the time. The average of the bottom layer was between 35°
and 40° about 86 percent of the time In transit, between 40° and 45°
about 7 percent of the $ime, and above 45° the remainder of the time.

Temperature curves are shown in figure 5 to illustrate the tempera-
Jfure frend in the top and bottom lnyers of the various londs, It will
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be noted that there was a gradual rise of temperatures in the pre-
cooled load and a gradus! decline in the nonprecooled load, the tem-
peratures in both loads being about the same during the last 3 or 4
days in {ransit. The signiﬁgcance of these temperaturc differenes
will be readily apparent by refercnce to table 7. A comparison of
the rate of softening of the experimental fruit shipped in precooled
and nonprecooled loads as given in table 7 indicates the importance of
low fruit temperatures at time of shipment rather than at time of
unloading.

Fruit tomperatures were obtained in the boxes of experimental
fruit during transit in the various test cers. Averages of the transit
temperntures for cach box are shown in figure 6, with the average
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LEGEND: § /929 TEST; o /330 TEST, * 193] TEST.

Tinune 6.—Helation botwesn average tenperatures in transit and avernge pressuroe tests of experimentsl
fruit on arrival in New York in the 1928, 1830, aod 1931 tests.

firmness of pears from each box at time of unloading the cars in New
York, for the three tests made in 1929, 1930, and 1931, It will be
noted that the experimental fruit used in 1929 was firmer than that
in the two following years, because the fruit shipped in 1929 was
firmer at time of pitﬁ{ing than in the succeeding years. The average
pressurec test of the experimental fruit on the day of loading was 16.6
pounds in 1929 and 14.2 pounds in 1930 and 1931.

These results show that the Bartlett pears in transit for 10 to 12
dnys nt an average temperature below 46° I. were in a hard condi-
tion ab the time of unloading. However, it was shown that Bartlett
pears can be delivered in a firm condition and yet reach advanced
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maturity before the end of their normal storage life because of the
mnfluence of warm temperatures to which thoy may have been sub-
Jected either in the orchard after picking or in transit, or a slow rate
of precoocling,

In figures 7 and 8 is summarized the bhehavior of the test fruit
after different lengths of time in storage at 32° F. These data show
that alter spproximately 30 days in cold storage at destination the
pears that arrived in a firm condition had becomo ripe to eating ripe;
tliose that were in a hard condition on arrival but wore carried at an
average temperature between 45° and 50° F. in transit had reached o
firm. condition, and those carried below an average of 45° were still
hard. Tt is further apparent that pears transported at an average
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FIGuRE 7.—Relntion belwenn nverage tomperatures o transtt and averaga pressura tests of experitnental
fruit after 30 to 36 doys {n 32° F. stornge for the 1920, 1930, and 1531 tests.

temperature as high as 41° to 43° remained in good marketable con-
dition at the end ol a storage period of 50 to 60 days.

No ripemng tests were made on the fruit used in the 1028 and 1029
experiments; that from the 1930 and 1931 tests was vipened at room
temperatures. All lots ripened normally and with good quality
except those shipped in the nonprecooled loads of the 1930 tesé.
Magness, Diehl, and Allen ° report similar results with Californin Bart-
letts picked in midscason. These pears were held at 43° for 124 ays and
then were placed in storage at 31° F. for 50 days. At the end of that
time the fruit was removed from storage and held at 60°. It ripened

*Ben Japtnote 2.
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in 5 days, and on the ninth day after removal from storage it was
discarded as being overripe.

The average firmness of the experimental fruit used in the 1929,
1930, and 1931 tests, as shown in figures 6, 7, and 8, at time of unload-
ing and after intervals in storage, is shown in figure 9. The curves.
in this figure indicating average maturity were obtained as mathe--
matical averages of the pressure tests for each difference of 1° of the:
avernge temperatures in transit. It is apparent that the greatest
change tcok place during the first 30 days in storrge. The firmness
of the fruit at the end. of 53 to 60 days was very much the same as.
at the end of 30 days in stornge. This indicates that precooled.
Bartlett pears may he transported at an average temperature as high.
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Finunk 5.—Ralutlon between avernge iamperatures In teuosil and averaga Dressure Lests of experioental
frult after 52 w o4 days In 82° F. storage for the 1920, JU30, and 1031 tests,

ns 41° to 43° F. during the 10- to 12-day transit period and still be
in good marketable condition ab the end of their normal storage life.

TEMPERATURES FOUND IN DIVIDED AND THRROUGH LOADS

The divided load commonly used for both precooled and nonpre-
cooled pears in the Pacific Northwest is one in which a space of varying
width 1s left between the doors end braced with wooden timbers to
prevent shifting and breakage of the boxes. 1t is also common prac-
tice, especially with nonprecooled pears, to leave a 6- to I2-iuc]h air
spnce between the rows. This method of loading obviously gives
clear channel for the passage of cold air from the bunkers and facilitates
the removal of heat from the fruit.
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In = load of precooled pears refrigeration is necessary primarily for
the removal of heat that enters the car from the outside. With
nonprecooled {ruit, refrigeration is necessary not only to remove the
heat which enters the <ar from the outside but slso to remove the
large amount of field heat in the fruit at the time of loading and the
heat of respiration which it produces in transit. It appears, therefore R
that although the divided and spaced load is probably the best
method of leading for nonprecooled pears, a through load with &
space between the load and side walls should be best for fruit that
has been precooled because it provides a compact 1mass of cold material
from which refrigeration iIs not as guickly lost.

The differences in temperature during transit of precooled fruit
loaded in & through and in a divided, but not spaced, load were studied
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during the 1930 and 1931 transportation tests, using the 520-box and
720-box divided loads and the 640-box and 744-box through loads.
The top-layer temperatures in the solid loads rose more slowly and
did not reach the muximum temperatures shown in the divided
loads. Results of the 1930 tests are shown in figure 5, A, C, D; those
of the 1031 test are shown in table 8.  As shown in figare 5, D,in s
744-box through load, the top-layer temperatures were below 40° F.
for about half the time in transit and between 40° and 44° for the
remainder of the frip. Those in the 720-box divided lond (fig. 5, O)
were betweon 35° and 40° about one-third of the time in transit,
between 40° and 45° one-third of the time, and between 45° and 47°
one-third of the time. The {ruit for both these loads was comparable,
having come from the same precooling plant, snd was cooled to an
average of 32° af the time of loading.
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TanLe 8.—Lenglh of lime, expressed tn hours and in perceniage of the transii
period, during which the lemperaiures of precooled pears were within ceriain
lemperalure ranges, tn a lesl conducted in 1931

Tlme! o tepnslt darfng which the temperalores of precooled
frult were within range of —
Pasillon of frull and {ypo of load

54 FL #3950 T BEO-I0° B, 16°=45° F.

H 1
Top Inyer: Fiours | Porcent] Fours | Percents Ilours & Pereent’ Tlonrs |t Pereent
Divided, r2-bax ) A} JilH] 0.0 L3 S
‘Through ?, 744-box. ... . ] R 04 3478 11
Through, Hebox . .. . . ] N i BN 154
Next-to-ton layer:
Dijvided, T2-hox, - . . o7 1.8 $1g 46, 4 167
Through,? 244-box. . . 2 38 158 [L<ALH 1]
Thraugh, 840box.._.. . . 6.0 it 0.6
Bottoin lnyer:
Divided, 725Lox E A 6.0 dod

it
Throuih,t F{4-box. .. - EIN i) 8.4 1] N
Throngt, 0i0-boX.aae..... . 3 83,0 0

LB

1 Tolnf timo In trnnglt was 250 hours.
t Poxes on end; nli others on sido.

The rate of softening of the experimental {ruit in the top Iayer of
the 744-box through load was comparable with that from the bottom
leyer of the 520-box divided load (both precooled), indicating a very
Important advantage for the solid load.

Tn the 1930 test no setiling in the bottom end of the box, bruising,
or other undesirable conditions were observed to result from loading
the boxes on end. Iowever, in the 1981 fest a brown discoloration
of the skin developed where the fruit eame in contact with the bulged
box lids. ‘The packages in both shipments wore lined with paraflined
toweling pads on the top, bottom, and four sides of the box, but in
the 1031 test it was noticed that the paraflined side was next to the
lid and the heavy coarse paper was next to the fruit.  The pear skin
is very easily bruised by rubbing or sbrasion, becoming discolored
as a result. 1§ is believed that the digeoloration noted in this case
was due to the mistalke in the placing of the pads under the lids.
This is indicated by the fact that a number of boxes of the same ot
shipped in the 744-box lond in 1931 were left at Medford, and when
the fruit ripened no discoloration was found. The discoloration was
doubtless caused by the vibration or shaking of the cur en route and
the consequent rubbing of the penrs against the wrong side of the pad.

The advantages of the through load for precooled fruit were also
shown by the lower teinperatizes obtained in the 840-box through
loed, where thie boxes were loaded on their sides in the usual manner.
Another advantage of the through load for precooled pears is that it
saves the expense of bracing necessary with the divided load. The
breakage of hoxes shipped in tho test cars was small, However,
observations made on these cars and as many other cars as possible
indicated that the greatest amount of brenkage occurred in the 511%°-
or 520-box loads, and generally at the doorway. Breakage was more
noticeable when the yows wore spaced. Tho least breakage was noted
in the through and 720-hox loads.

# Load commonly zsed ln the State of Washington.
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PRECOOLING REFRIGERATOR CARS

Prior to 1929, in the Medford district the initial salting generally
took place at the time the cars were preiced. To some cxtent this
practice is still followed in the other districts of the Pacific Northwest,
The object of this procedure is to precool the interior of the car and
hiw(:dmuximum refrigeration for the pears as soon as loading is com-
pleted.

Since loading and bracing the load may require several hours, during
which time the doors are open, there is & steady loss of cold air from
the bottom doorway and an inflow of warm air af the top. This warms
the car, causes heavy ice meltage, and results in a wastage of bhoth
salt end ice. Consequently, much of the benefit of the salting of the
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Flaune 10.—Ajr tempernture In various parts of empty refrigerator enrs, with 11,000 pounds of {co In the
bunkers of each cor, at Yakinm, Wash,, June 28-9, 1920, Cir A recolved no salt; car B reeelved I porcent,
car ©, 2 purcent, nnd cur B, § pereenl salt og Wme of {nitinl {cing,

initiel ice is lost, in proportion to the length of time the doors are
open.

If the car ig iced far enough ahead of loading to cool it without the
oid of salt there should be less loss of refrigeration. A test was made
with four cars to determine the effects on the cooling of empty refrig-
erator cars when 1, 2, and 3 percent salt and no salt were used, with
bunkers filled to capacity with ice. This test was made in Yakima
on June 28 and 29, 1929, Temperatures of the air wera obtained
near the ceiling and floor along the center line and near the side wall
of each car. Little difference in the temperature was found between
the center and side positions. Temperatures along the center line
of the car are shown in figure 10.

The use of salt gave lower temperatures and faster cooling in the
empty Tefrigerator car. The use of ice alone cooled the air near the
ceiling from 83° to about 50° F. in 12 to 14 hours, whereas the same
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result was accomplished in 4 to 5 hours by the use of salt. It is ovi-
dent, thercfore, that icing the car 10 to 12 hours prior fo loading should
satisfactorily cool it without the necessity of using salt. The most
satisfactory and economical refrigeration of the lading can therefore
be secured by delaying the initial salting until after loading hasg been
completod.

ECONOMIC ADVANTAGES OF I1)‘-IEA\?'SIER LOADING OF PRECOOLED
AR

F

The heavier loading of precooled pears has brouglit economie
savings. Some of these savings are too invelved to estimate, but
certaan others which can be determines are briefiy discussed below.

The charge for refrigeration is based on a fixed amount per car,
not on the number of boxes in the car, and is in addition to the
freight charges, which are based on the weiglht of the load.

If the load is increased from 520 to 720 boxes the cost of refrigera-
tion per box is thus materially lowered. A comperison of the cost of
refrigeration per box under standard refrigeration, initial icing, and
initial icing with one reicing, is given in table 9, based on tarifis in
effect in 1933.  Depending upon the kind of relrigeration, the saving
from heavier loading is from 2.4 cents (for initial icing only) to
5.6 cents {for standard refrizeration) per box, or a saving of about
28 percent in refrigeration charges.

TaeLe 9.—Comparative cost per bor of shipping 520~ and 720-box loads from the
Puacific Northwest lo eastern markets during the carly part of 1933

Cost por box snving
por box
Ttein from nge of
T2-box 520-lox heavier
Yond lond lond

Cents Centy
14.58 20 19 6. 01

Initinl ice nod ooe relcing
Frolght at £1.55 per bundred poumls !
Froight nt 31,73 per hunadred pouieds oo e e eacrecaae e mem

1 Thiz relo applles only Lo a 36,000 pownd minlinum losd (720 hoxes).

The freight rate for penrs prior to 1933 was $1.73 per 100 pounds
for a 26,000-pound minimum load. Early in 1933 a new rateof $1.55
was granted for a 36,000-pound (720-box) minitaum load of pears,
or & saving of 9.18 eents per box, This gives a total saving to the
shipper of 11.6 to 14.8 cents per box, depending upon the type of
transit refrigeration, Since the cost of precooling is from 10 to 15
cents per box, the suving in refrigeration and freight charges more than
offsets the cost of precooling, which is essentinl to the use of this
method of shipment. Aside from the considerations just mentioned,
the cost of precooling has generally been considered a good investment
because of the improved enirying and storage qualities of the fruis.

Procooling of poars has resulted in & saving, due to the fact that
less ice is required in transit.  The average difference in ice meltage
by shipments of precooled and nonprecooled pears under standard
refrigeration is shown in table 10 to be about 6,000 pounds during the
time these tests were made, or a saving of 23 percent in favor of the
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precooled load. As shown in table 5, the differences in ice meltage
between shipments of precooled pears in 520-box and 720-box loads
are negligible.

TaBLE 10.—Tolul and average quaniilies of ice placed in bunkers and melted in
cars conlaining 520-box loads of precooled pears receiving 8 percent sall and
nonprecooled pears receiving & percent sall

Trecooled poars 1 Nonpracooled noars
n

Your of test i
Tep melted f

lee In
hunkers

Tee In

brankees Tes 1nelied

Pounity Poundx i Fainds Pownde
20, 780 13,574 20, 3RS
18, 704 10,201 | €, W
13,425 16,554 0 25, 300

A VOTRE e mmm e e mtm e mm e aanan b, b 17, 48R
Percent melled e | a2
i

The 720-box load gives the carrier the same revenue-paying ton-
nage with a reduction of 28.5 percent in the amount of nenrevenue-
paying tonnage necessary to be hauled; that is, the tare weight of
refrigerator cars. According to « study made by the Pacific Northwest
Advisory Board of the American Railway Association ! it was found
that for the years 1028 to 1831, inclusive, 77.7 percent of the refrigar-
ator cars sent east loaded were returned west empty. The empty
haul west is entirely nonrevenue paying. It requires 100 cars to
haul approximately the same quantity of pears in 520-box loads that
can be hauled in 72 cars with 720-box loads, With the 520-box load
78 of the 100 cars would be returned empty, whereas with the 720-
box load only 58 of the 72 cars would be returned empty. This
would result in a saving of 28 percent in the number of empty cars
hauled west.

The freight cost, ss shown in table 9,15 88.2 cents per box when
the rate is $1.73 per hundredweight. An increase in the load from
520 to 720 boxes increases the revenue per car by $176.46. Likewise,
when the rate is $1.73 per hundredweight for the 520-box load and
$1.55 for the 720-box load, the revenue, due to the heavier load, is
mcreased $110.36 per car.  Savings in rolling stock, switching, main-
tennnce, and office work, on nccount of the heavier load, wro also
material, but no atlempt 1s made here to estimate the amount.

DISCUSSION

These investigations have shown that the precooling of pears prior
to loading in refrigerator cars make certein changes desirable in the
meanner of handling and refrigerating the fruit during the transpor-
tetion period. The removal of field heat eliminates many of the
difficulties encountered in the transportation of warm pears to market.
The methods vecessarily employed with warm fruit are neither eco-
nomical nor entirely applicable to preccoled shipments.

It was found that if the fruit is precooled, the number of boxes of
pears which can be loaded in a car can be increased from 511 or 520
to 720 without increasing transit temperatures or the rate of ripening.

" ARNETT, H. J. HEFORT OF TACIFIC NORTEWEST ADVISORY BOARD, AMERICAN RAILWAY ASSOCIATION,
2D QUANTER, P, 2, 1530,
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Since these tests were conducted with the Bartlett variety during:
periods of high atmospheric temperatures, it is believed that similar
Tesults waulg be obtainable with later varieties, which doubtless
would be shipped under more favorable weather conditions.

‘With nonprecooled shipments it was found that satisfactory results
were secured from use of the present method of adding sal$, 1. ., the
amount of salt added being o percentoge of the ice supplied. This

rovides the coldest temperature at the beginning of the trip, when it
i1s needed most. However, for precooled shipments, refrigeration is
needed only to counterbalance the heat that enters through the walls
of the car and the smgll amount given off through respiration. Con-~
sequently, a large amount of refrigeration at the beginning of the
transit period, such as that secured when the saltis u,dged on the per-
centage basis, is not necessary. It would be preferable to add the
salt so as to afford uniform refrigerstion during the entire transit
period, or to secure more refrigeration at the end of the trip when
fruit temperatures would otherwise be the highest.

The application of 75 pounds of salt at each reicing station with
shipments of precooled fruif, rather than 3 percent salt, produced
more constant and lower temperatures in all the layers, especially ot
the end of the transit period, and insured o longer storage life for the
froit after arrival at destination. As these studies were made when
atmospheric temperatures were high, the quantity of salt to be used
at ench reicing should be reduced (furing cooler weather.

It is evident that while Bartlett pears are in frausit they require
the maximum refrigeration that can be furnished without freezing
the fruit. Shipments under standard refrigeration without salf or
under injtial icing with two reicings en route did not arrive at desti-
nation with the top layer in.a satisfactory condition for either storage
or immediate sale with the high atmospheric temperatures prevailing
during these tests. :

SUMMARY

The transportation of pears from the Pacific Northwest to eastern
markets was studied during the period from 1928 to 1931, inclusive.
The investigations were made primarily to determine (1) the feasibility
of increasing the size of the load when precooled pears are shipped,
{2) the effect of different methods of loading, and (3) the most efficient
method of applying salt for refrigeration during transib.

It was found that precooled pears shipped in 720-box loads arrived
ab the market in & firm condition and were as suitable for storage as
those shipped in 520-box fvads. The pears were shipéled in. cars taken
from those that were being used for shipning pears and were from 5 to 8
years old. In all of the tests the fruit was handled throughout accord-
g to the usual commercial practice, both at shipping point and at
destination,

In precooled shipments the placing of 75 or 50 pounds of salt on the
ice at each ising station produced lower and more uniform fempera-
tures and was more effective in retarding ripening than the application
of 3 peorcent salt,

The initial salting was more effective and economical in producing
low fruit temperatures when applied after rather than before loading.
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Lower temperatures were obtained in precooled shipments when the
‘boxes were loaded close together and an air space was left between the
Joad and the side of the car.

The transit temperatures of precooled pears shipped in the through
load were lower and the subsequent storage life was longer than when
the pears were shipped in the divided load,

Bartlett pears fiom the Pacific Northwest when picked a$ the proper
stage of maturity can be shipped at an average temperature as high
as 41° to 43° F. for the 10 or 12 days necessary to reach eastern mar-
kets and subsequently remain in good marketable condition after 2
months’ storage at 32°. They can be transported at an average tem-
perature as high as 50° if intended for immediate consumption. Aver-
age transit temperafures higher than 50° are not desirable.

The heavier loading of precooled pesrs gives a material economic
saving to both the shippers end the carriers.
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