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UNITED STATES DEPARTMENT OF AGRICULTURE
WASHINGTON, D. C.

TRANSPORTATION OF APPLES FROM
THE SHENANDOAH-CUMBERLAND
SECTION TO OVERSEAS MARKETS'

By Pavun L, Hannive, ussooietc hortionlturist, Division of Fruit end Vegelabla
Crops and Diseases, Burenwi of Pluat Industry, tnd CHARLES L. POWELL, junior
physiologlst, Tormuerly with the Meisfon of Fruit amd Vegetable Urops and
Diseqses, Bureuwn of Plant Industry
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INTRODUCTION

©OThe genernl objective of the investigation was to cetermine the
most satisfactory method of handling and transporting spples to
oversens markets that ordinarily receive the major portion of the
crop from the Shenundonh-Cumberland producing section of Vir-
ainia, West Virginia, Maryland, and Permsylvania. Serious losses
Fad at times been experienced in overseus shipments due to the de-
velopment of decay, internal break-down, and overmaturity in tran-
sit, and especially to the prevalence of slack barrels which are always

tThis work wns dene under the general direction of I TP Fisher, principal horticul-
turlat 1o eberge of rrult and vegetnble handllug, transportation, and wtornge luvestigntions,
who nlso nssisted in the preparation of the report, The cooperation and assistance
of the Baitimore & Ohlo und the Penngyivanta Rallrexd Cos., the Sourhern Rallway Co,,
the Fruit Growers Exptess Cu., the Cungrd, White Stur, and the American Mercbhant
Lines nre pratefully acknewledged, ns well as thet of the following members of the staff
nf the Divislon of Frult and Vei;etuble Crops and Diseases, whe partleipated In the inves-
tlgatlon = W. W. ARireh, D. &, Roye, E. A, Gorman, Je., and R. L. Newton.  Special
peknowledgment 38 due to F. A, Motz, princlpal marketing specinllat, and E. A. Foley,
ngricnltural attaelhé, both of the Hureau of Aprienitural Eeonomics, statloned in Loudon,
whose pssistiner in the Bnglish ports was lovalusble.
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sulject to & discount, depending upon the degree of slackness, This
condition of the barrels may arise not only from improper packing
at the orchurd but also from the development of decay and internal
breule-down after packing,

I barreling apples for export a certain amount of bruising and
“gicin breaks” is unavoidable, Tndoubtedly, also, injuries nre in-
crensecd in the untouwding and loading transter in New York. In
unlouding cars of barreled fruit in New York it is the common prac-
tice to pull the bottom barrels from under the toud, letting the upper
ones bowtee and roll to the bottom of the enr. There are severnl
difficulties in the way of obtaining more careful handling at this
peint.  The quantity of fruit arviving for export is ofter so great
that the handling factlities arve taxed to the ufmost to muke the trans-
fer to the ship, i the time available,  Frequeatiy shipments are de-
feyed (o gvoid holding fruit ab the dock or a cavlond of apples may
he diverled to New Yorl for export.  In this case shippers request
vapid service from the railrowds in order that their fruit may make
a cerlain ship. At the present time fruit shipments are not given
any specinlized supervision; they are handled by the longshoremen
wuch the same as general cargo. and it is very diflicult to induce
thent to exercise the care needed in the handling of apples. It is
their conumon practiee to rol or truck the barrels on the side or bilge,
which 1 known to be harmtful, but the extent of injury from this
st was nob aseertained in this investigation.

In the stiddies reported, information was secured relative to: (1)
Abr and fruit temperatures oecurring throughont the entire period
of transpovtation 1rom orchard to destination, and (2} the effect of
transit conditions upon the development of deeay, physiological
brealk-down, and maturity as indicated by pressure tests and slack-
ness of pack.

It was not possible to cover all angles of the problem and since it
has not been Feasible to resume the transportation tests since 1031
a siwnmimary of the information developed ix presented herewith, to-
eether with suel conclusions as can be drawn therefrom.  Lighterage
and methods of loading and unloading barreled apples ure dlustrated
in figures L, 2, 3. < and 4,

REVIEW OF LITERATURE

‘Phe effects of low temperatures in retarding the growth of rot
organisms and the physiological netivity of the fruit are the basis
of the connnon recoinmendation that apples be placed in cold storage
immiediately after picking. With each degree rise in temperature
{here is an increase in the metabolic activity of the fruit itself and,
ap to certuin limits, in the growth of decay organisms, each of
which has optimum ranges of temperature as well as maximam and
minimum limits for growth. At lemperatures above 70° F. apples
ripen very rapidly and respiratory activity is high. Various in-
vestigators have reported the optimum temperature conditions for
apple-decay organisms.

Bigelow, Gore and Howard (7)* and Gore (#) showed that the
rate of respiration increases with the rise of temperature according

Sltahie summbers e opneend eses polee to Litecaburs Cited, po 26,
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to Van't Hoff’s law. Morse (7} measured the amount of carbon
dioxide given off from apples storved at 82°, 50°, and 68° ¥., and
showed that lower temperatures retard respiratory activity and pro-
long the life of the fruit, Magness and others (75} showed that
there is o very close agreement between the rate of respiration and
the rate of softening of Grimes Golden apples. Haller {8) showed
that softening of apples in storage is apparently due to the conver-
sion of insoluble pectic substances, prmecipally protopectin, into
soluble form and that the rate of conversion at different temperatures
is praportional to the rate of softening.

Fraois T—Trpleal lghter (barge) used In tennsporting fruit (rom railrond sidimgs in
Jepmey Clty, NOJT,, to freans-ftluntle shilps decked at Now York, N. Y., plers.

Kidd and West {74) have pointed out that it might be possible to
predict the leeping quality of apples from observations of certain
chemical properties and a knowledge of their respiratory activity.
Kidd and West (23}, {7) agreed with Magness and others (75} and
Burronghs (4) that long life of apples is related to low respiratory
activity. Harding (10) pointed out that the rate of respiration
increnses with the development and meturity of the fruit under a
uniform temperature.

Plagge (18), Plagge and Maney {19), and Harding (9, 10) have
shown thut chunges which accompany wide temperature fluctuations
may result in certuin functionnl disorders. Brooks and Fisher (3}
and TFisher, Huriey, and Brovks {5) found that water core of apples
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Mg L SIsteen aeerels of apppbes T |u'»¢il'1m1 on n net sling ready to be swung aboured
Aldp (New York pler),

Fiees .-

= Lodudiogg barreled appbes fron Ehe shifp we Liverpoal, 12ngliund.
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Ak 4—aA alogt-up view of u typlel double sling used for unlondlng Ueereled apiiles at
the Llverpoel quiy.

FIGte §,—-An eleetrle peuck, ealled o “hofey”, uged for uoving frnit oir (e gquny at
Liverpond, England,  Note The “cushluns' usged to reduee bridslong whey the paetoly are
rolled Crane Plie hogey.
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was greatly inereased by overmaturity and high temperatures, snd
that mild forms of the disease were likely to disappear in storage.

Brooks and Cooley {2} reported on the temperalure responses of
upple rot Tungt. Blue mokl {Penicillivin expanswm) wag found to
be the most serious deeay organism of stored apples. Its most
rapid development occurred within the first 3 to 3 weeks ab o tom-
peralure of nboul 68° to 77° F. Its growth was greatly delaved
by low temperatures, but it was found capable of producing serious
deeay ol 2% by the end of an 8-weel storage period.

Harding and others (7/, /2) have studied the influence of packing
and handling methods on the condition of apples barreled for expoert.
Tho vesulis of their investigation showed that shaking barrels 2 or
4 timeg while they were being filled, racking 13 times when the
nrrels were nearly full with the “plag” or ®*follower” in place, and
then filling 1o about three-fourths of an inch above the staves wuas
suflicient to prevenl upprecinble settling of the upples in transit,

EXPERIMENTAL PROCEDURE
TERMINOLOGY

“Ventilation”, “standard ventilation™, or “ventilated car” refer to
the wethod of carvying fruit during rail transit in which no iee is
placed in the bunkers of the car and the hatehes ave left open when
the outside teniperature is above 32° . In some of the tests, boxears
or eattle cars were used to forward the fruit under ventilation to the
docks,  The boxears were those used for general merchandise, and
were nob insulated,  When they were used for fruit shipments the
doors were replaced by slatted gates to permit ventilation and the
benefit in cooling, 1F auy, resulted from admittance of the outside air.
Cattle crrs permit even greater exposure to outside air because of
their slatted sides,

“Refrigerated ™, Srefrigeration during vail transit”, or “eed
car? refer to the method of carrying fruit during rail transit in
which the ear bunkers contain ice, the plugs of the bunkers are in
place, and the hatehes are closed.  “Standard refrigeration” wmeuns
fhat the curs were iced to capacity st the point of origin and at all
regular jeing stations thereafter and nt destination 3f necessary.
“Initinl iee™ means that the cars were iced only at point of origin.
“Ifive perecut salt® means that salt was added to the bunker in the
amount. of & percent of the weight of ice supplied at any icing
stution,

“Ordinary stowage” rvefers to those compartments on the ship
which rocetve no refrigeration.

“Rofrigerated stownge” refers to those comparbients ubosrd ship
which are refrigerated,

METHOD OF OBTAINING TEMPERATURES
THERMONMETERS

Electrical resistance thermometers were nsed to obtain froit and
air temperatures within the cars and the compartments aboard ship,
The bulh of the fnstroment was inserted into an apple at the center
of the Linrel or hung in the air at desired locations in the car or
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compartment of the ship. Leads from the bulbs were connceted with
i master eable which was cavried out of the car through a thin door-
Mule placed nt the top of the doorway and thence to the running
ward on the top of the car. In the case of a ship, the muster cable
was fhreaded up through the thermometer tubes or other convenient
places so thel readings could be made from the upper decks. The
master ealle led to un indicator box equipped with a selector switch
by which the electrical rosistunce in any of the 12 bulbs could be de-
termined. The indicator box s a modified Whealstone bridge, uti-
Hzing a sensitive galvanotieler. Changes in the temperature of the
buily produce a corresponding change in the resistance of the coil in
the bulb which. the indicator vegisters divectly in degrees Fahrenheit,
As o slight varintion exists in the different instruments, calibeations
of individual bulbs andl indicators are necessury for recuracy of
reading,  Swall, compuet thermographs especiuily designed to be
placer! insitde o Truit package were also used In some of the tests.
These instruments were operated by 80-day clocks and provided a
continuous record of the temperature throughout the transit period.

TIME OF UEADING

The instruments were so constructed and placed that temperalure
readings could be obtained at @ number of places within a car or
compartment without opening the doors.  In the tests under discus-
siom, readings were made after the cars were loaded and as frequently
ag posstble during (ransit to Jersey City, N, J. After the fruit
was loaded abonrd ship, temperntures were recorded at 2- to 4-hour
mtervals during the first day und at 6- to 12-hour intervals thereafter
until the Truit was unloaded in Great Britain. Qutside aiv temperan-
tures were obtatued at the sne time with a mercury thermometer,

Ifrait and air temperatures in the cars during transit were usually
obtained ut the following positions: Top and botton layers at the
rear bunker, nnd tops and bottom layers at the quurter-length posi-
tion. In the compartinents abonrd ship, fruit and air temperatures
were obtained in the top and bhottom layers in the center of the com-
partment and usoally in the top and bottom Iayers at the corners or
the side of the compartment,

Ren-water temperature was recorded twice daily in the ship’s log
antl this recovd together with other pertinent ship data wers made
aceessible to the observers condueting the various tests,

PRESSURE TESTS

The firmness of the fruit at shipping point and ngain at destina-
tion was determined by the Magness and Taylor pressure tester {16).
By use of this instrunent the pressure in pounds necessary to foree
o smoothily rounded plunger seven-sixteenths of an inch in dinmcter
inte the prred flesh of an apple to a depth of fve-sixteonths of an
inclyis obtained. affording a reliable index of the comparative physi-
cal condition of the apples. Three pressure tests were made on ench
ol 13 or 20 apples seleeted af vandom from each lot.

AL barreels of test fruit in the experimental lots were examined
immediately after they were unloaded in Greatl Britain and notes
were taken on the slackness and condition of the fruit.
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1428-30 TESTS

During the fall of 1929, three rail tests were made from Winches-
ter and Front Royal, Vu,, to Jersey City, N. J., where the tests
ended. Tn the full of 1930 one rail test was made from Front Royal
to Jersey (ity und four complete tests were made from points in
Virginia to lLdverpool, England. In the complete tests, the fruit
was under observation from the time it was packed into barrels until
it wus unloaded Trom the ship at its overseas destination.

In the conmercial shipments used in the work of the frst 2 years
the apples were for the most part very hard (barely mature} when
harvested and of course they carried well, although their dessert
quality when ripened was not equal to that of more mature fruit.
The temperature recovds were chiefly of value in plenning the more
complete tests of 1931 but will not be given in detail since the same
points are beought out in the records of that year’s work., In the
1931 work more mature apples were used.  Their temperaturss in
transit were found {o be rather strongly reflected in the condition
of the fruit upon arrival overseas. The 1931 data will therefore
reaceive chief consideration in this report.

1831 TESTS

In the fall of 1931 transportation tests were made between points
in Virginin and Muaryinnd and Bngland.  In the first and third
tests made, respectively, on the R. M. 8. Seythia of the Cunard Line
and the 8. 8. Awmevican Farmner of the American Merchant Line, the
ohservers accompanied the fruit in transit from shipping peint to
ports of discharge in Tngland, in order to obtain a record of the
Fruit und aly temperalures at Jifferent positions in the cars and
ships. These two tests will be referred to later as Virginia 1931-1
:m{{ Virginin 1931-3, respectively. This method of designation refers
to the State of origin, the year of the test, and the serial number of
cachi. This system of designating test trips is followed throughout
this repord.

Two unaccompanied tests were also made in which thermographs
were placed in the cenfers of test barrels for recording temperatures.
In the first of these, Virginia 1831-2, made on the R, M. 8. Lan-
castrin of the Cunard Line, o temperature record was obtained from
the time the fruil was picked to the time when it was unloaded in
Liverpool. At the time of the last test, Maryland 1931-1, unsettled
finuneinl conditions in Bagland and the uncertainty of export sales
made it impossible to obtain cars at any shipping point which were
definitely consigmed Tor export; consequently, it was necessary to
use barreled fruit which had already avrived at the dock in Jersey
City, N. J. The thermographs were therefore installed at the Iatter
puint. and the tempernture record obtained covers the time of frang-
fer from car to ship in New York and of ocenn transit on the 8 8.
Americen Trader of the American Merchant Line,

YIRGINIA 1831-1 TEST

For this test Bonum apples picked August 31, Wealthy picked
August 25 and 81, and Grimes Golden picked August 31 at Culpeper,
Va., were packed into barrels immediately wfter picking and consti-
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tuted the test fruit used for special study which, with other conmmer-
cial consignments of apples, were loaded into three cars. One cay was
shipped under standard refrigeration with & percent salt; the second
was iced to capacity before being loaded and it was not re-iced; the
third was o ventilated boxcar. These cars left Culpeper September
% and arrived at Jersey City September 3. The test barrels were
loaced aboard the Scythia and placed in refrigerated and ordinary
stowage. Intermittently during the voyage the refrigerated com-
partment was ventilated by connecling an electric suction pump to
the thermometer tubes and drawing off the air for short periods. The
ordinary stowage compartments were ventilated by opening hatches
when weather permitted and by turning the ship’s ventilators in the
direction of the wind.

The Seythia left New York City September 5 and arrived at Liver-
pool September 15, Test barrels were inspected September 16 and 17.

VIRGINIA 1931-2 TEST

For this test, barrels of King David aupples picked September 8,
Bonum picked September 5 and 8, and Jonathan piclked September 7
were obtained at Applewood, Va. Thermographs were placed in the
center of each test barrel at the time of packing and all were for-
warded with commercial shipments in two refrigerator cars, one being
under standard ventilation und the other under standard refrigera-
tion. The two cars left Applewood September 9 and arrived at Jersey
City September 11. Test barrels from each car were placed in ord:-
nary and refrigerated stowage aboard the Lancastric. The method
of ventilation was similar to that on the Seythia.

The Lancastria left New York City September 12 and arrived at
Liverpool September 21, All test barrels were inspected and thermo-
graphs were removed September 21, 22, and 23.

YIRGINIA 1931-3 TEST

The experimental lots for this test consisted of 4 barrels each of
Delicious, Grimes Golden, Mother, and Bonum apples, and 8 barrels
of Jonutimn, all picked September 12; 4 barrels each of Grimes
Gulden and Bonum and 16 barvels of Jonathan picked September 14;
and 4 barrels ench of Delicious and Mother, and 8 barrels of King
David apples picked September 15. Each lot was divided so that
representative Eu-re]s of each variety and picking date could be loaded
at the bottom quarter length in a refrigerated car and at the ton
r}un.rtcr length of a ventilated refrigerator car. In the case of
Jonathang the fruit from each of the two lots was divided into four
parts and placed at the top and bottom quarter-length positions in
the two cars. In the ship the lots of fruit of each variety, from
ench picking, and from each position in the car were divided and
comparable barrels were placed in refrigerated and ordinary stow-
age compartments. The barrels were loaded into the cars at Front
Royal and Linden, Va., September 15, unloaded in Jersey City Sep-
tember 17, and loaded into the ship September 18, The Americen
Farmer left New Yorlk City September 18 and arrived in London
September 28, The test fruit was inspected September 80 and Oc-
tober 1.

62140 ° — 30—
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MARYLAND 1931-1 TEST

The test lots congisted of Delicious, Lowry, and Jonathan apples
from ITancock, Md., all of which had reached the docks Septemnber
19-21, too Jate for an earlicr ship connection and uccordingly were
held over. The Jonathan upples were shipped to Jersey City in
et relrigrerator cars and the Delicious and Lowry apples in a box-
car.  On September 19 the Jutter were transferred to a refrigerator
ear at Jersey City which was supplied with o small amount of ice
while the apples were being held awaiting depurture of the ship. A
thermograph was placed 1 the center of each test barrel before
transfer to the 8. 8. merican Trader on September 240 The ship
left New York City September 24 and arrived in London October 4.
The test barrels were inspected and the themnographs removed
October 6.

RESULTS

EFFECT OF DIFFERENT METHODS OF REFRIGERATION AND VEN-
TILATION UPON FRUIT TEMPERATURES DURING RAIL TRANSIT

1934-31 TESTS

The results of eight rail tests conducted during 1929 and 1930
showed Lhat the use of ecither initial Jee or standard refrigeration
brought gbout a material reduction In fruit temperatures during the
period of rail shipment.  The extent of this reduction was dependent
npon the initial temperature of the fruit, atmospherie temperature
during transit, and the lengih of time the fruit was in the car, Fruit
terperatures of Lop-layer barrels were reduced 5° to 16° F. and
those at the bottem bunker position 22° to 36°. The data indicated
that under ordinary conditions refrigeration as compared with ven-
tilation reduced the fruit temperature approximately 10° in the
top layer and 25° in the bottom-layer barrels during a 40-hour transit.
period,

In one test the use of indtial iee before loading was found to give
lower lemperatures than initial icing after loading. On arrival in
Jersey (City, fruit temperatures in two cattle cars were found to
be 10° and 14° I, lower than temperatures in a ventilated refrig-
erator cur. This test was made during a period of cool nights, and
ihe results indicate that the frait in the cattle cars was more effec-
tively subjected to the outside air than that in the ventilated refrig-
erator car.  Ilwd atmospherie temperatures increased afler loading
this would have been disadvantageous for the consignments loaded in
the eatile cars.

131 TESTS

In the rail portion of the Virginia 1931-1 fest the Bonum,
Wealthy, and Grimes Golden apples were shipped September 2 from
Culpeper, Va., in a ventilated boxear and two refrigerator curs, one
of which was initially iced and the other hnd standard refrigeration
with § percent salt,  The cars were unloaded ut Jersey City on Sep-
tember 4, 43 hours after they were loadled.  IPruit temperatures in the
ventilated boxear ranged between 70° and 83° I, during the transit
period with an average fruit {emperature of 78°.  The temperature
of the fruit zt the thwe it was wdoaded wa slightly lower than
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when loaded. The average fruit temperatire ut the time the
initially iced car was loaded was 77°. When it wag unloaded at
Jersey City temperatures in the top-layer barrels had been reduced
to 65° and in the bottom-layer burrels to 50°. Average fruit tem-
peratures in the car under stundard refrigeration were reduced from
T6° to (2° in the top-layer barrels and to 49° in the bottom-layer
ones, This type of refrigeration cooled the frait in the bottom luy-
ers 27° and in the top Inyers 14° (tuble 1).

Tastn l—Averege frail temperalnrves during rail Lransit from Culpeper, Yoo, (o
doersey Cityg, NoJ00 Theginia 1931-1 lext

Avernge feelt lnperatuce doring rall transdt
" Blandord redrig.
Ot::'i"}[‘l“ aritlon with udtlnl feo Vuuliinéu? hox-
Phice Pde Thae tetier- A perewnt salt i
whiire ]

Hon (Belten: Top Boliom! Top |Beottom
quurter! nuerter] quarter! ausetor! quncier| gustier
fengtty | dength | Jongeds  lengels | lengsth | dength

o CFo o o L op oL,
Culperer, Yoo o] Bepte U} 430 0. uy T2 7.5 Tt 75.8 82.8 0.2
BPo,acoc el doao PGS ™ 5.8 FER! 77. 5 2 TH.8 i
Bo o] Sept 2] Tuh o, K e g i Td a6 4 i) )
1250 . oo 1S D, He TG0 (] il HLY ] A
Polompe Yaeds, Vo | Sept. 8| 109 a, e, 7 6e 5 o 7.3 L] Fis )
Wiinlngtan, il ) de____| 1840 p, 5 ri 54, % 66, 4 3.7 PRI
Jersey CHy, N F dooo| WD, m. #h 614 Bl 66, 7 A TR T4
Do oo oo Sept, 4| 70 oa. m, a7 42,3 it | 5, 1 S T84 TRE

Liv the Virginia 1931-8 test, a car of King David, Benum, and
Jonathan apples was shipped under slandard ventilation and a sim-
ilarly loaded cur under stundard refrigeration. The two cars were
Ioaded at Applewood, Va, on September 9, and were unloaded at
Jersey City 30 to 35 hours luter. During the rail transit atmospheric
temperatures increased from T0° I, when they were loaded fo 78°
when they were unlonded. At the time of the unloading the average
fruit temperature in the ventilated car was 75°.

In the stundard refrigeration car temperatures were lowered from
70° T. at the time the fruit was loaded to u range of 64° to 68° in
the top-layer barrels nnd of 53° to 55° in the bottom ones at the
time it was unloaded. The average fruit temperatures in the top
layer of the refrigerated cur were $° lower and in the bottom layer
21° lower than in comparable barrels of the ventilated car.

In the Virginiz 1931-3 test outside air temperatures between
shipping point and Jersey City runged between 65° and 86° ¥. The
fruit temperatures in the car under standard ventilation remuined
at approximately 80°, although in u few barrels in which the tem-
perature at time of Jonding was 86° the fruit temperatures were re-
duced to approximately 81° ut the time of unloading. In the ini-
tiaily iced car during the 4i-hour transit perdod, fruit temperatures
were reduced from approximately 80° to a runge of 59° to 61° in
the bottom layer and to approximately 69° in the top layer. Henee,
during rail transit initiad Ieing was responsible for a reduoction of
v1e jli the temperature of bot{om-layer barrels and of 11° in top-layer
barvels.
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SUMMARY OF RAIL TESTS

In the tests conducted during 1931 fruit temperatures generally
changed very little in the ventilnted cars during rail trunsit. They
incrensed or decreased with the outside air temperature, but generally
at the time of unlonding were a few degrees higher than the mean
atmospheric temperature during transit,

At the time the fruit was unloaded in Jersey City, after a transit
period of about 85 hours, temperatures in the top layers of refriger-
ated enrs were 9° to 14° F. lower and those in the bottom layers 21°
to 80° lower than comparable fruit shipped in ventilated cars. In
general this confirms results obtained during 1929 and 1930 in which
the dats indiented that refrigeration, as compared with ventilation,
was responsible for an average of 10° and 25° lower temperatures in
top nnd bottom barrels, respectively, during the period of ruil transit.

uring 1929 it was found that the temperature of the fruit shipped
in u cuttle car was 10° to 14° T. cooler than that of fruit shipped in
two ventilated refrigerator ears during s transit peried of cool nights.
The difference in témperature secured by the use of the cattle car
ig indicative of the greater exposure of the load to the ocutside air
than is the case when ventilated refrigerstor cars are used.

INFLUENCE OF OUTSIDE AIR UPON FRUIT TEMPERATURES DURING
CAR-TO-SHIP TRANSFER

Most of the fruit exported from New York is unloaded at Jersey
City and transferred on lighters to the ocean-going ships docked on
the other side of the Hudson River, This usually requires several
hours and sometimes us long as 24 hours during which the fruit is
expused to prevailing air temperatures. Sometimes the cars are
unlouded and the consignments are held in nonrefrigerated dock
warehouses Tor severn] days, when the effects of atmospheric tempera-
tures become more pronounced, Refrigerated lighters are sometimes
used for fruit whicl has been refrigerated during rail transit.

1930 TESTS

In one test conducted during 1930 fruit temperatures rose during
the car-to-ship transfer from a range of 43° o 47°, to 68° F., or at
the rate of about 8° per hour when the air temperafures ranged
Letween T1° and 82°, In two other tests the rise was about 1° per
hour from an average of 43° to un average of 56°, when atmospheric
temperatures ranged between 66° and 71°; in another test fruit tem-
peratures rose from a range of 39.6° to 52.5° to u range of 46.4° to
54.7° during a 14-hour trunsfer period during which outside air
temperatures runged from 50° to T4°,

1931 TESTE

In the Virginia 1981-1 test, the fruit from the refrigerated cars
was transferred in o refrigerated lighter and the frut from the
ventilated boxcar was lightered at the same time without refrigers-
tion, Six houts were required to make the transfer from the cars to
the refrigerated compartment of the ship, and 10 hours to complete
the transfer from the car to the ordinary stowage compartment,
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During this transfer period fruit temperatures in barrels Trom the
ventilated car elumge(:{)\'ery little, since they so closely approximated
the outside air temperature (average 76° ). The frult tempera-
tures of bottom-layer barrels shipped under initial ice inerensed 10°
from an nyverage of 50° to an average of 60° during the transter
period, while fruit temperatures in some of the other barrels showed
increases of zbout 4°, from 65° to 69°, During the same periad teni-
petatures of fruit in barrels shipped uader standard refrigeration
rose 2°, from 49° to 51°. Those in barrels from the top luyer in the
cur, however, remained at about 62° during the transfer,

Tn the Vireinis 1931-2 test the car-to-ship transfer required about
94 hours. A the fruit was transferred on n nonrefrigerated lighter
after huving been unlosded und left on the whart overnight betore
being placed abourd ship., During this longer transfer period the
temperature of the fruit shipped under standard ventilation rose
about 5° or to the approximate meun of the outside aiv (79°), but
the nverage fruit temperatures in some of the coldest Larvels from the
standard yefrigerution car increased 15°

In the Virginin 1931-3 test the outside air temperuture during
transfer ranged from 64° to 78° T, All the fruit was transterre(
on a nonrefrigerated lighter, Temperatures of the fruit refrigerated
during rail transit rose from a runge of 50° to 69° to u range of 66°
to 71° during o 22-hour transfer period. However, temperatures
of the fruit from the ventilated car were reduced from an average
of 80° to approximately 77° during the 27 howrs taken for transfer.

The transfer of bartels from refrigerated cars to the ship on u
nonrefrigerated lighter in the Maryland 1031-1 test required 20
hours. During this time outside air temperatures ranged from A8°
to 83° I, Average fruit temperatures from the standurd refrigeration
car increased during this period from 58° to 65°. Trruit temperatures
in the ventilated ear showed & decrease from 80° to 77°.

A snmmary of the data shows that much of the cooling effect of the
il refrigerntion was lost during the time taken to transler thoe
fruit from cur to ship.

INFLUENCE OF REFRIGERATION AND VENTILATION DURING RAIL
TRANSIT UPON TEMPERATURE OF FRUIT IN ORDINARY STOWAGE
ABOARD SHIP

1930 TESTS

Results of the transportation tests condneted during 1930 indicated
that in ordinnry stowage there was a significantly lower fruib tem-
perature in barrels refrigerated during ruil transit only during ap-
proximutely the first 48 hours after unloading at Jersey City.

1431 TESTS

TIn the Virginia 1931-1 test, six barrels of the coldest fruit from
the bottom lnyers of the standard refrigeration ear (standard refrig-
eration plus 5 pervent salt) had w range of temperature from 45.5°
to 54° T when Joaded into the ship. During the next 50 hours the
avernge fruit temperature of those burrels rose to 70°.  Barrels
from the ventilated boxear loaded adjacent to thpse in the same hold
were only ubout 5° warnier ub the end of this period, fruit temperu-

tures in two of the former barrels approximated those of adjacent
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barrels from the venlilated car, but the temperature in the other
four burrels remained slightly cooler throughout the voyage.

The fruit in four of seven barrels from the initixlly iced ear, when
placed in ordinary ship stowage, warimed up to the temperature of
that in adjacent barrels from the ventilated boxear within 45 houvs.
After 93 hours the temperature of all seven barrels of fruit approxi-
muted that of adjacent barrels from the ventilated boxcar.

In erdinary stowage in the Virginin 1931-2 test, 48 hours after
unlonding the ear, friit temperatures from the top layers of the car
uicer standad retrigeration had inereased trom 66° to 78° 1", After
72 hours, temperatures of fruit from the botton layers of this car
under ordinnry stowage conditions approximated the temperatures
of barreled apples shipped under standard ventilation {79° to 82°).

In the Virginia 1931-3 test, 5 hours after the fruit was placed in
ordinary stowage nbourd ship. fruit temperatures from the bottom
of the refrigerntion car were approximately 10° F. lower than those
from the top layer and approximately 5°°F, lower than the corre-
sponcling temperatures of the fruit from the ventilated car.

Iruit from the relreigerated cor remuined cooler than that fromn
the ventiluted cur until after the second day of the voyage, when
the diflerenves in fruit temperatures became negligible,

In the Maryland 1931-1 test, 4 days after transfer from the re-
frigerated car at Jersey City, the temperature of the fruit in ordinary
stowage had risen from an average of 58° to 76° F., approximating
thut of the fruit from the boxear which had been reloaded into a
refrigerator car with only a partial and inadecuate iting while
awalting transfer at Jersey City.

A sumnary of the data seenred in 1930 and 1981 tndicates that the
temperature of fruit refrigerated during rail transit ay compared
with that ventiluted, usually remained cooler for 2 days after being
Placed in erdinavy stowage,  After this time very little difference
wis noted hetween the temperatures of fruit from refrigerated cars
nnd ventiluled ears,

INFLUENCE OF REFRIGERATION AND VENTILATION DURING RAIL
TRANSIT UPON TEMPERATURE OF FRUIT IN REFRIGERATED
STOWAGE AROARD SHIP

The data from three tests conducted in 1980 indicated that nl-
though wuck of the cooling resulting from rail refrigeration was lost
during: feansfer from ear to ship, especially during periods of high
atmospheric temperature, the fruit from refrigersted cars remained
nppreciably cooler than that from ventilated cars for a period of
2 te 4 days after loading into refrigerated chanbers aboard ship.
By this time, however, the fruit from the ventilated cars had cooled
te nbout the same femperature.

In the Virginia 19311 test, three barrels of (he eoldest fruit from
the standnrd refrigeration car hal temperatures of 48.6°, 49°, and
50.6° 1. when unloaded at Jersey City. During the car-to-ship
transfer the fruil warmed up so that 48 hours of ship refrigeration
was necessary (o reduee the fruit temperntures to their former level.
At the swe thue, test barrels from the ventilaged ear placed in re-
Trigerated stowage nbourd ship required from 50 to 62 hours to reach
the upproximate fruit temperature of comparable barrels from the
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refrigerated cars. At the end of the voyage the average frait tempera-
ture of six barrels from the refrigerated carlot stowed under ship
refrigeralion was 38°, whereas the average fruit temperature of six
barrels from the ventilated car under similar ship refrigeration
wis 40°,

Barveled fruit from the bottom layers of the initially iced car,
when placed in ship refrigeration, recooled at about the same rate as
fruit trom the bottom layer of the standard refrigeration car. How-
ever, barrels of fruit from the top layers of the initially iced car
reguired 06 honrs of refrigeration on Loard ship in order to reduce
fruit. temperatures to between 48° and 50° F. {table 2).

aktny 2= treraye frudl temperatures in refrigerded stowage gboard ship from
New York City to Liverpeot, England ) Virginin 1981-1 test

v
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I the Virginia '1931-2 test, the average minimum fruit tem-
perature in the standard vefrigeration car when unloaded st Jersey
City was 54° 100 During car-to-ship transfer the fruit temperature
of these spme barrels increased to 70°; 72 to 84 hours of ship refrig-
eration were required to recool the fruit to 54°, Fruit {empern-
fures in the standard ventilation car averaged about 75° when the car
was unloaded at Jersey City. This fruit required 96 hours of ship
refrigeration to cool to 52°. At the end of the voyage fruit tem-
peratures in all the test barrels were aliout 37°.

In the Vieginia 1931-3 test 2% days after unloading at Jersey
City the temperature of the froir from the botlom layer, the coldest
purt of the refrigernted car, was 3° below that from a simifar part
of the ventiluted car, but by the end of 4 dnys the difference was
neghigible, By the end of the thied duay, the temperature of frait
from the top layer of the refrigerated car was approximately the
sunie as that Trony the top tnyer of the venlilated car.
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In the Maryland 1931-1 test, after § days, the temperature of
fruit from the car wiich was iced only after arrival at Jersey City
before it was unloaded for shipment had cooled to 47° F. Fruit
tempernture under standard refrigeration was 44° and remained
about 3° cooler throughout the remainder of the voyage.

A review of the data shows that for u period of from 2 to 4 days
in refrigerated stowage, fruit shipped in refrigerated cars was ap-
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preciably cooler than that shipped in ventilated cars. After this
time, however, little difference was noted, which was attributable to
differences in rail carriage (figs. 6 und 7).

TEMPERATURES IN ORDINARY STOWAGE ABOARD SHIP

Temperatures of fruit carried in ordinary stowage aboard ship
aro lnrgely influenced by the temperature of the air and sea waler
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and the effectiveness of any ventilation of the ship's holds which
it mny be possible to give.
1830 TESTS

The four tests conducted during September and Cctober when
pir and sen-water temperatures were relatively high showed that
froit earried in ordinary stownge had temperaturves ranging from
58.8° to 81° . During Septemr)er the temperature of most of the
fruit wuas above 707 during overseas shipient,

1931 TESTS

During the Virginia 1981~1 test from New York to Liverpool,
September 5 to 15, the atimospheric temperatures ranged from 56°
to 72° F. and sea-water temperatures from 59° to 70°." In ordinary
stowage fruit temperatures ranged from 62° to 78°. with a mean
duily average temperature of 74° (table 3).

Tasne 3.—Areruge fralt tewmpervivres in ordingry stowape aboard ship from
New York City in Liverpool, England; Virginia 1031-1 test
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Greater extremes of temperatnre were noted in the Virginia
19312 test (fign 6) from September 12 to 21, 1931, when outside air
temperal ures ranged from 58° to 50° I, Fruit temperatures in ordi-
nury stowage ranged from 70° to 88°, with a daily average of about
80° which was about 6° higher than the daily average in the preced-
Ing test, Virginin 1931-1.

The Virginin 1931-3 test wuas made during the latter part of
Septeniber when atmospheric temperatures ranged from 52° to 79°
F. {(mostly 57° to 63°) and sea-water temperatures were between
57° und 80°. In one of the lower holds of the ship, fruit tempera-
tures in the top layer e the hatchway were between 80° and 83°,
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Air temperstures nt other points in this compartment were 2°
to 11° cooler, indicating that the hatchway wus the warmest posi-
tion. Fruit temperatures in a_lower ‘tween-deck compartment
ranged mostly between T3° and 77°: however, in burrels near the
ventilator which were therefore affected by outside air currents the
fruit temperature was lower. The temperature of the coolest fruit
was below 70° for the last 8 days, the minimum fruit temperature
belng 56°,

In the case of the Maryland 1931-1 test shipment, which left
New York September 24 and arrived in Londen October 4, atnios-
pherie temperatures ranged from 53° to 76° F. and sea-water tem-
Peratures between 60° and 720, Truit temperatures {rom the
nonrefrigerated ear wveraged 77° when loaded uboard ship. During
the first 2 days of the voyage temperatures decressed to an average
of 71°, then roge g:‘ndtwjly throughout the remainder of the trip,
reaching an average of 82° ut the time of unloading,

Fruit temperatares from the standard refrigeration ear averaged
65° T. ot the time the fruit was loaded aboard ghip, and rose
gradually for 2v4 days, at which time temperatures averaged 76°,
and r-Bzzl'mined at thiy temperature the remainder of the voyage

figr. 7).

( Commercial experience in the handling of apple crops has shown
that when apples are held at about 60° F. or above for periods
vomparable to the transit time in these tests, they soften considerabl
nud decey very rapidly if injured. The results of the present investi-
gation are in substantinl ngreement with commereinl and experi-
mental observations in this connection. Magness and others (43)
bave shown that “at 70° F, softening proceeds approximately twice
as fast as at 50°. At 50° it is almost double the rate at 40°, while
at the latter temperature softening proceeds fully twice us rapidly
as nut 32°7 In the four tests made during 1931 maximum fruit
temperatures in ordinary stowage were 78°, 88°, 84°, and 82° while
avernge fruit temperatures were well above T0° in all tests. An
examination of this fruit at destination showed thut it wwas in
relatively poor condition due to the high temperatures which had
prevailed in the ordinary stowage compartments {table 3 and figs.
6§ and 7).

TEMPERATURES IN REFRIGERATED STOWAGE ABOARD SHIP

1938 TESTS

In the first 1930 test, it was found that approximately 4 days were
required in n refrigerated compartinent to lower the temperuture
of warm fruit to below 40° F., while in the second 1930 test about
5 duys were required to reduce it to below 45°. In the first 1930
test, refrigeration as compared with ordinary stowage produced u
30° lower average fruit temperature during the vovage.

1Ml TESTS

During the first 5 duys of the voyage of the Virginia 1981-1 test,
feuic tewsperatures in barvels froni the ventitated boxcear averaged
53° F., those from the inttially iced car averaped 53.2°, and from
the standard refrigeration car 47.6°. The uverage air temperature
i the refrigernted compartment during the same period was 41°,
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At the end of the voyage the average air temperature in this com-
purtmeni was 87° and the average fruit temperature was 38.8°
{table 2).

In the Virginia 1931-2 test, little difference was observed in the
fruit temperntures from the ventilated car and the standard re-
frigeration car for the Brst 3 days after the fruit was stowed in the
refrigerated compartment. During this period fruit temperatures
from the ventilated car aversged 50° F., und from the standard
vefrigeration car 49°. At the end of the voyage the average fruit
{femperuture in this compartment was 36° (fg. 6).

Approximately 5 days were required to reduce fruib temperatures
to an aversge of 40° in the Virginia 1931-3 fest, whereuas at the
end of the voyage they ranged from 38° down to 30°, Refrigeration
compared with ordinary stowage in the Virginia 1931-3 test pro-
duced 25° mean lower temperature,

In the Marylund 1931-1 test the fruit temperatures of upples
Joaded into a refrigerated compartment were reduced within § days
to an avernge of 44° I, At the end of the voyage fruit temperatures
in all the test barrels ranged from 82° to 40° but they averaged 38°.

In the 1981 tests the average daily temperature of fruit in ordinary
stownge was about 75° I, and of the fruat under refrigeration about
49°, Thus, refrigeration kept the fruit about 83° lower than ordi-
nary stowage. This is in very close agreement with results obtaine
in 1930 in which refrigerated stowage produced a 30° lower average
temperature than ordinarvy stowage (fig. 7).

EFFECT OF TEMPERATURE UPON PHYSIOLOGICAL AND
PATHOLOGICAL CONDITION OF FRUIT

1536 TESTS

Refrigeration as compared with ventilation during the rail-transit
period appearcd to result_in slightly greater firmness of the fruit at
the time of arrival in Liverpool, but the difference was hardly
significant. However, refrigerated stowage as compared with ordi-
nary stowage on beard ship kept the fruit from £ to 6 pounds
firmer (pressure test), making a very significant difference in its
murket condition. No decay or internul Preak-down was observed
in any of the test lots, ali of which were hard when harvested.

VIRGINIA 1331-1 TEST

WHALTHY AND RONUM APPLES

The different types of rail transit as used in this test did not sig-
nificantly affect the rate of softening, as indicated by pressure tests
of Wealthy and Bonum apples carried in ordinary stowage aboard
ship. Hoiwever, inspection of the test lots at Liverpool did show
marked differences in slackness of pack, in the amount of decay, and
in the gencral marlket condition which was directly correlated with
the type of rail transit used. Practically all the fruit forwarded
from shipping point to Jersey City under standard refrigeration.
and transferred to omdinary ship stowage arrived at destination
firm-ripe to ripe, comparatively free from decuy, and in good market
condition, Apples forwarded in an initially jced car and transferred
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to ordinary stownge aboard ship likewise arrived at destination
firm.ripe to ripe, but with fewer barrels showing slackness and with
a lower percentage of decay than comparable burrels forwarded in
a ventilated boxecar without refrigeration,

The Wealthy apples used in this test were firm-ripe, testing 13
pounds when shipped, but the Bonam apples were very hard, testing
24 pounds, When carried in refrigerated stowage abourd ship both
varieties arrived at Liverpool comparatively free from decay and in
good murket condition, reguardiess of the manner in which they had
been forwarded to shipside.

The apples under refrigeration the entire distance from Virginia
to Liverpool arrived at destination in the best murket condition. The
Wealthy apples softened an average of 2.2 pounds and the Bonum
5.1 pounds in trapsit. DBoth varieties forwarded in u ventilated
boxear and in_ordinary ship stowsye softened 42 and 12 pounds,
respectively, However, test lots of the same varieties also urrived
at destination in quite satistactory market condition when refriger-
ation wus applied either during the rail- or ocean-transit period.
On the other hand, test Jots of Wealthy upples shipped the entire
distance without any refrigeration srrived at Liverpool fully ripe,
with from 2 to 20 percent decay, and in most instances showing
slackness of pack. Bonum apples shipped under similar conditions
likewise showed many slack barrels upon arrival and about 5 percent
decay (table 4).
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GHIMES GOLDEN APPLES

Grimes Golden apples forwarded from shipping point, either
nnder standard ventilution or standarvd refrigeration followed by
ordinary stowage ubeard ship, arvived at Liverpool in firn condition
with an average pressure test of 15 pounds, having softened about
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9 pounds in transit. There were no significant differences in firm-
ness between lots which could be attributed to the Ltype of rail transit
used. However, inspection at destination showed about 20 percent
decay in barrels shipped by il in a ventilated car as compated
with only 5 percent decay in burrels from the standard refrigeration
ear. Similar barrels of Grimes Golden apples from the same two
curs which were stowed under refrigeration abourd ship arrived at
Liverpool in hard condition and entirely free from decay. Grimes
Giolden apples shipped the entire distance from Virginia to Liverpool
under refrigeration softened an average of only 3.2 pounds, and
averaged 216 pounds when tested at destination. The apples which
were refrigernted ounly while aboard ship softened 5 pounds and
nveraged 19.2 pounds when tested ut Liverpool.

VIRGINIA 1931-2 TEST

At the time of picking, the King David, Bonum, and Jonathan
apples used in this rest were hard, having an average pressure test
of 19.8, 12.5, and 16.9 pounds, respectively, Regardless of the type
of rail transit, however, the apples placed in ordinary stowage
aboard ship arrived at destination firm-ripe with small percentages
of deeay and bresl-down. When tested upon arrival in Liverpool
the frult refrigerated during ruil transit was found to be slightly
firmer than similar apples from the ventilated car.

Jonathan and King David apples under refrigeration nll the way
from Virginia to Liverpool arrived at destination in excellent condi-
tion, still being hurd and from 4 to T pounds firmer than apples not
refrigerated. No deeay was observed in any of these lots.

When comparable lots were shipped without refrigeration or were
refrigernted only during rail transit, it was found that they arrived
at destination in a much softer condition and with small percentages
ot decay and breal-down {table 5}.

PanLE B—Effect of varions methods of shipping {rail on therale of softening and
generel market conde on upon arvivad el Liverpuol, Eangland; Virginie
3 f=1 test

AVeTape pros-
SHrC WHT k- -
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WOHIE ;
. Engs
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Jonathnn. | Bundard ventilation Ordinnry... U3 [ s N T , < 1o & pereont deenys shiek

pek;  slight  brosk-
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P Sde . oL Rofriperated . i8] 2o | Gopd.
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328 stnnddnrd refrigeration | Ordinary | X 3 Cipand: elight sheck .
Do . oo . U Hefrigernted . L5 N: Good: very firm,
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VIRGINIA 19313 TEST

Jonathan, Grimes Golden, Delicious, and Bonum apples arrived
i London in good salable condition regardiess of the type of rail
transit, althoughy stem punctures, bruising, and other mechanical in-
Jury caused by packing and handling were very much in evidence,
Mother apples which were well matared at the time they were picked
ad King David apples from ordinary stowage showed small per-
centages of decay.

In general, refrigeration during rail transit did not significantly
deerease deeay, indicating that injuries sustained in packing were
largely responsible for the damage. However, the amount of decay
was appreciably Jess with Grimes Golden and King David apples
frour the bottom dayer of the refrigerated car which points to the
retarding influence of low (emperatures, particularly immediately
after packing, on the development of decay. The fewperature of
this fruit was cooler during rail transit and remwined cooler in
ordinury stowage abourd ship during the fisst part of the voyage.

In apples shipped in ordinary stowage there was 1 to 5 pereent
decay i the King David, Mother, and Jonathan vavicties, 2 to 10
percent in the Grimes Golden, and 3§ pereent in the Bonum and
Delicions varietjes,

The data obtained in this test indicated that although rail refriger-
ation shghtly refarded decay and maturity, its offeet alone was in-
suflicient to insure good condition of the fruit upon arrival at Liver-
pool. In most instances refrigeration abourd ship was sufficient to
insure good condition upon arrival, irrespeetive of the type of rail
fransit previously used.

MARYLAND t931-f TEST

In this (est Lowry, Delivious, and Jonathan apples refrigerated
aboard ship wrvived ab London in good market condition,  Decay
and breal-down were present in the lots fron ordinary ship stowagc.,
Laowry apples contained from 10 to 13 percent decay and break-down
Jonuthun, £ {0 6 pervent ; and Delicious, I pereent,

SLACK BARRELS

Since “slack™ barrels which areive on Englizh markets ave nsually
disconnted from 1 to 8 shillings (5023 (0 $2.02) i price, depending
upont the degree of slackness, it is important to determine the possible
effeet of transportabion methods upon the development of slackness,
Al the time the fruib was gnloaded at Liverpool or London, obser-
vations were nurde on the slackness of barrels from a3l the test lots,
It was fonad that slackness of paelo and decay were genorally assoet-
ated in the sume barrels and were elosely coreelated with conditions
of temperatire in transit, especinlly in those Jols of apples which
were shipped without refrigeration, morve particularly without ship
refrigeration. With early picked very hard {roit, such as that used
in the 1930 tests, or during conl woeather, it is probable that most ship-
ments could be Torwarded without refrigeration and the apples would
be in good condition for immedinte marketing upon arrival.  Iow-
ever, with riper apples and during hot weather the oxtra cost of
refrigeration especially on hoard ship wonld seem to be justified,
particulariy it it i desired to have sufliclent polential storage life
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0 insure retention of good marketable condition for some time after
Arval overseas,

DISCUSSIGN

Fram points in Vieginia to Jersey City. N. J., the mil-transit
period ix generally not more than 40 hours, This is o compara-
tvely short time for cooling fruit, und the cost is $0.25 per burrel.
Fhe Iower temperatures obtained from rail vefrigeration in these
teste were anostly Jost in the transfer from ear {o ship. Despite
this fael, however, it cannot be assnmed that the entire value of this
mitial cooling was losi, hevause the effect of lower temperatures on
the development of decay depends largely upen the time when the
apples wre subjected Lo these temperatures in relation to the time
ol infeetion, Many rvots will not start at low temperatures, but when
ciee sturted ot oa high temperature they will continue to grow
slowly af lower temperatures,  Therefore, from the standpoint of
decay control, it is more tmportant to ceol the fruit quickiy after
harvest than to reduce. the temperature at a later period. In the
control of decay in export apples, for example, the eooling accom-
lished by refrigeration from shipping point to shipside is more
niportant than an equivalent cooling during 2 similar period just
price to docking at overseas destination. However, i€ the transfer
period conlid be shortened, or methods used which would prevent any
vonsulerable rise of temperature, it seems very likely that vofrigera-
tion by rail would prove to he more worth while.” This weuld be
especially true with Tate-picked fruit of early and midseason varieties
which has become somewhat ripe on the (rees. delayved at the orchurd.
ar poeked and shipped during periods with high daily temperatures
al 807 s 100" 1

Under the conditions of these fests it was impossible to segre-
gale the Lest frril from the regular commereial export shipments.
Barrels of tesl apples were loaded, with other fruit, into ventilated
and refrigerated cars, ot placed in key positions in order to obtain
compuarative results, whivh was a satisfactory arrangement for rail-
transit conditiens,  Aboard ship, however, conditions were not so
satisfactary when it was necessary fo stow barrels of cold apples
from refrigerated cors with commereial shipments of warm froit
from ventilated cae<. When warm and eold fruit were stowed to-
gether inoa refrigerated chamber, the cold fruit quickly warmed up,
espeeially when the hulk of the Toad in the chamber was warm. The
praciice of stowing wurm and cold fruit together, therefore. is not
recommentded, and efforis should be made by shippers to see that
fruit refrigerated during rail transit is stowed by itself, in separate
chambers, iT possible,

Refrigeration aboard ship, as compared with ovdinary stownee,
was faund to rednee the average temperature of the froit during the
sogage aboul 309 to %20 I and cost an additional $0.50 per barrel
niare than ordimary slowage, This temperature reduction decrensed
the rate of softening, maintained quality, reduced decay, and held
prives al higher lovels.

Before further discussion of the cconomic aspect of refrigerated
versis ordinary stowege Tor the shipment of eastern barreled apples
to Boropeun markets, the guestion of what foreign markets want
aml expeet inoapples afier they arvive should he considered.  The
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British market answers this questwn by demanding that apples reach
then in u firny condition with sufficient potential storage life to insure
ol market condition after reshipment to various secomclary max-
kets. As for coler, the British markets want a Jonathan or 2 Bonum
1o be red and well colored and a Grimes Gowden apple to be green.
In either cuse the conswmer wants o firm, ripe apple.

It is quite possible that apples shipped in ordinary stowage dur-
ing cool weather and reaching the overseas market when the de-
mand s strong might bring as good retiurns s those forwarded at
the snme time wnder refrigeration.  However, the price that bar-
reled apples will Lring at the auction s goite Impossible to fure-
Lell, beeuuse uny warket is influenced by supply and demend. Should
apples be shipped during cool weather anmi resel foreign ports when
the denmnd is strong, Qb is quite possible that even those carried
under ordinary ship stowage might bring as high returns as refrig-
erated frutt, Contrarily, during periods of hot weather, especially
if the supply is Inrge, refrvigerated fruit has sold fTor enough to more
thun puy tor the adiditivnal refrigoration charges,

The Foreign Agricultural Service Division, Bureau of Agricul-
tural Economices, United States Department of Agriculture. ls com-
piled sabes prives on refrigevated and nonvelrigeruted Troit from the
Enelish auction catalog®  Some of these figures were collected
during 1931 and are purticularly sppiicable because they give in-
formation during September and October, or at the time some of
these tesls were nude. This report states:

wWithout exveptlon, Feoib Usted ns being refrigerated lrought severnl shillings
vver that deserllnd as endinary (stowaged. Durlng die wenth of Septenber,
the differviee between the setling prive of refrigerated augd ordinary stuwapge
{rewit) was guite proweunesd. Fee nstanee, on the Sl O, 80 Noo 1 Jona-
thans, refreieraled, roled ot from 25,6 10 3045 (8545 to $5:003) per barrel, as
prgdnsl 206 e 200G DS S e S RN for omdlinary stowage.

Owing (o ate aver-heabd condirion, o lurge volume of Crull was solil Tor
feom 30-- to 1L (8105 do $272) per bareel, Lo, connon stowigse frait
testimg Prom 7809 10, gpon being pewoved Yrong the ship, New York Wenlthys
nL (he stre thne were makinme from 2255 (o 254 (ST to $LS6) por bavrel tar
rerFigernled as agninst 154 e 154- (82492 Lo 5500 Tor ordinary stowage.
On the fivst of Ovlober, refrigerated Bonuos, on e London murket, sold at
Wi (o 210- (5137 te SLTO) as agminst 18/~ to 20/- ($307 to $3.97) tor
COIMTINDE SELE

From these datu and adl other information available, the extra
cost of refrigeration uboard ship or shipping fruit under refrigevi-
tion the entire distance fronm Virginia to Liverpool during the early
full would appear to be more than compensated for by the higher
sujes return.

Aside from this cconomie advantuge, American prestive and repu-
trtion will assuredly be better maintained and enhanced if every
eflort is used 1o supply a high staondard produet.

SUMMARY

Refrigeration of apples during rail transit from Virginia to
Jersey City, No J., ax compared with veniilation under the prevail-
ing weather conditions in 1920 et 1930, redueed the temperature
of the Truit in the top lnyvers of the cars 5° to 16° I, and that
K8,

ATz, FUoA SUMMARY DF TN AFPLE EXPORT SEASON, THH M2 ._'4._“
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in the Lottom layers of the cars 22° to 36°. In 1931 refrigera-
tion reduced frult femperatures 9° to 14° in the top layers and
21° to 30° in the bottom layers of the cars.

At Jersey City the fruit was unloaded from refrigerated cars
for transfer to the ship. The length of this transfer period varied
from 6 to 24 hours, during which time the fruit warmed ver
rapidly under the influence of the relatively warm outside air, with
the result that low temperatures derived from the car refrigeration
were aimost Jost at this point. In some of the tests, 48 to 8¢ hours
of refrigeration abourd ship were necessary to recool the fruit to
the same low tamperature which it had at the time of unloading
ut Jersey City.

When fruit from refrigerated cars was placed in ordinary stowage
abonrd ship, the low fruit temperatures derived from rail refrigera-
tion were practicull]y Tost within 2 or 3 days.

The average daily fruit temperature in ordinary stowage was
about 75° F. und of the fruit under refrigeration about 42°, Re-
frigeration during ocean transit as compared with ordinary stow-
ﬁge kept the fruit 30° to 32° cooler and retarded softening and
lecay.

Agples shipped under refrigeration from points in the Shenan-
doah-Cumberland section vin New York to England arrived at
destination practically free from decay und in the best condition,
and apples shipped without refrigeration were usually ripe upon
arrival at destination, with varying amounts of decay and some-
times with internal break-down as well.

Refrigeration during rail transit did not significantly retard the
rate of softening. However, in many instances there were smaller
Jéercenta res of decay in barrels refrigerated during rail transit.

rimes Golden apples responded somewhat more favorably than
other varieties to this method,

Slackness of pack and the amount of decay observed at destina-
tion were closely correlated and also correlated with stowage con-
ditions. Slackness was nearly always noted in those barrels of
fruit shipped without refrigeration and particularly without ship
refrigeration,

Iruit refrigerate during rail transit and forwarded under re-
friperation aboard ship should be stowed by itself, in separate
chambers if possible, since the data from tests made indicate that a
large volume of warm fruit stowed in the same chambers causes
an undesirable warming up of previously cooled fruit immediately
after Joading nboard ship und prolongs the time ordinarily required
for the latter to reach a satisfuctory carrving temperature.

The sales returns of refrigerated summer and early-fall varieties
of apples as compared with similar fruit shipped in ordinary stow-
age, particularly during September, indicate that refrigeration is
econvmically profitable.
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