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Technical Bulletin No. 627 	 August 1938 

UNITED STATES DEPARTMENT OF AGRICULTURE 

WASHINGTON, D. C. 

BODY ICING 	IN TRANSIT REFRIGERATION 
OF VEGETABLES 

By E. D. lvIALL[;;(]X, (I.~s(lciflll' hor/iclil/llri.,l, Itlld \\'. T. PE:'ITZEH, physiolo(fist, 
Dh'ision of F,.,lit (Inri Vr(fe/obil' ('mps and [)r:;r!1.~I''', H/lrran 0/ Plant fndll.~/I''11 2 
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INTRODUCTION 

The refrigeration of certain \'cgetablcs in trnnsit, by body icing, 
that is, by placmg iee in the car in direct contact 'v-it}; the hiding, is 
n, practice that ht1S been followed for many years. Information as to 
who originated the practice or. when it originated is lacking as little 
has been published on the subject. One of the earliest uses of body 
icing was apparently in the shipment of barreled beer. Fish has been 
shipped for many years with ice in the package or on top of the lading. 

This mcthod has been used for a long time in the shipment of 
'j(Submilted for puhlicatioll February., lO:lS. 
A,"rheexperilllentni work prior to 10;)0 was IInderthe direct supervision of Lon A.Hawkins,thereafter undl'r 

tHe'oireetion ofD. }'. Fisher. Other staff members who assisled in these t.ests were W. S. Grnhsm, R. L. 
Nlwton, C. W. Mann, R. C. Wright, G. B. Ramsey, C. O. Brat;!ey, J. S. Wiant, P. r" Harding, and C. E. 
Asbury, oUhe Divisiou of Fruit and Vegewble Crops and Diseases, and W. V. Hukill, of the Bureau of 
;\gMcultural Eng-ineerinR. Delhert Garman, of the lnterstate Commerce Commission, accompanied each 
of the tests made prior to 1935 lIS an observer. A. F. Wahlstrom and E. A. Gorman made the drawings. 
'l'Ii-e'nTitersareindebtcd to R. C.Wright for the data on rate of cooling and sugar content of green corn. The 
ge!l.erous cooperntion oCthe Pacific Fruit Express Co., Santa Fe Refrigerutor Department, Northern Pacific 
R.efrigerntor Department, Fruit Growers Express Co.• American Refrigerator 'l'ransit Co., and the Atlantic 
Oeast Line, the Chicago. Burlington & Quincy. the Denver & Rio Grnnde, the Erie, the Missouri Pacific, 
tl1El""Northern Pacific, tho Pennsyh'ania, the Richmond, FredericksbuT!( & Potomac, the Seaboard Air 
Line, and the "'"bash railroads, and the connecting lines over which tbe transportation tests were routed is 
acknowledged; also the cooperation of shippers at the various shipping points in forwarding shipmcn ts tmder 
various experimental methods of refrigeratio:l. Special acknowledgment is made to the representatives of 
the railroads and refrigerator car lines who partiCIpated in these tests and rendered materlUl assistance in 
the handling of the test cars en route. Witbout tho cooperation and assistance of tbe agencies mentioned 
the investigation could not have been made. 


61014°-38--1 
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spinaeh, particularly from certain regions where it was shipped in box
ca.rs. The value of body icing in shipping spinach from Texas in 
refrigerator cars was made the subject of an investigation by the De
partment of Agriculture in 1921.3 In recent years the use of body 
lCe has become quite common in shipping green peas, cabbage, green 
corn, bunch carrots, btmch beets, celery, cauliflower, Tadishes, lettuce, 
spinach, and other leafy vegetables that are not inj med by being shipped 
wet. This method is employed in the western and southern parts of 
the United States, but it is not llse,1 to any considerable extent in the 
:Middle Western or NOl'theast('l'll States except w\ll'n a long roil haul 
is necessary. 

The refrigerator car is designed primarily to refrigerate commodities 
by means of ice in the bunkers or speciftl compartments, which are 
provided with drains for eliminating wnter from the melting ice. 
Until after this investigation there wa" no provision made for removing 
the water from ice placed with the lading in tbe body of the car, or 
for waterproofing the floors. cince the completion of certain phases 
of the investigations in 1927 l1carly all refrigerator cars ]uwe been 
equipped v.rith waterproofed floors and an outlet has b('('n provided 
for the wntel' from the melted body ic('. 

The use of body icing brings IIp the question of the pfl'cet of the 
water from the melting ice on the illsulation nnd :Hoor of the cn,l', as 
this occasion':'~I:y amounts to several tOilS. 1Jost insulation in common 
use, or a,r:"J.able fot' use in refrigerator curs, will absorh water, but 
\,rith sue'l absorption its cf[iciency in retarding the flo:" ,of he,Lt is 
~reatly lowered. The eft'ect on the wooden floor of the car IS 11llportnnt, 
it bemg welllmown that wood when wet and ('xpof)('d to the niL' will 
rot unlest treated with some fungicidal mukrial, and thnt it will cil'
teriorate L1.uch more rapidly if k('pt moist than if k('pt dry. 

At the instance of both shipp('l's and Ct'trl'iers, 3. coopemtive in vesLi
gation by the Department of Agriculture and the Interst!lte Com
merce Commission wns undertaken in ] \)24 to determine (1) I whetbet' 
produce commonly shipped under body icing cun be tl'l1nsportl'd to 
market in good condition without, body icing, or whether some forl11 
of body icing is necessnry; (2), the effect of the water from l11l'lting 
hody ice on the car; nnd (~), how damage to curs, if found r('sttitillg' 
from body icing, cnll be Pl'(,Yr1Ited pconomicully und dfecth-dy. No 
attempt was made to determine the value of body icing for nIl the 
commodities with which it is employ('d, the tests being limited to tlIe 
lUore inlportant ou('s. The work reported in this bulletin is eonfinNl 
to th3.t on lettuce, cauliflower, an<l green eorn. 

A complete and detailed report 4 was mimeogruphed und relenscd 
at the close of certain phas('s of the investigation in 1927, but copies 
of this report are no longer a vailn hle. The results rel3.tivc to the effects 
of body icing un car structure were immediRtely tmnsmitted to the 
earl'iers which instituted l1Jld have since largely compleLed necessary 
modifications in methods of insulating Rnd waterprooflilg the CRr floors 
to permit bocly icing to be used satisfactorily. Details regarcling these 
studies therefore are omitted from this bulletin as hl1viJlg served theil' 
purpose, but information relative to the use of body icing in the re
frigeration of different vegetables in transit is still ill del1ll1nd. Tbis 

3 RIDLEY. Y. \Y. IIANDLING SPINACH FOR I.ONG-DISTANCE SIIIPMt:NT. U. S. Dcpt. Agr. Fnrmcrs' nul. 
1189: 6. 1921. Out of print, bnt mny be consulted in libraries. 

4 n.t.WKlNS, 14N A., TAYLOR, U. ]<'., J\fALLISON. E. n. INYESTlGATION ON THg !lODY ICING or \'gGE
TABLltS. U. S. Pept. Agr. p. 243, iJlus. 1927. Miweogmphed.j 
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portion of the report therefore is being placed in permanent form, 
together with results of certain other work along the same line done 
at a later date. 

DEFINITION OF TERMS 

Definitions of several technical terms, as used in this bulletin, fDlIow: 
('Package ice" is the ice placed in the package with produce; "top 

ice" is the ice placed over the top of the load; "body ;ce" is any ice 
placed with the load in the body of the 0ar; "pigeonhole ice" is chunk 
Ice plac('d in spaces left between packages in the load; "bunker ice" 
is the ice (usually in chunk form) placed in the btmkers of the car. 

"Standard refrigeration" is the filling of the blmkers to capacity, 
generally prior to loading, and then refilling at all regular icing stations. 
These stations are generally spaced so that the cars are reiced at least 
once each 24 hours. "Initinl icing" is filling the bunkers to capacity 
at shipping point and not reicing them in transit. 

A "layer" is a horizontal section of the load, one package in IH'igIH, 
and is numbered from the bottom of the car; fL "row" is a vrrtical 
section of the load, rtmning lengthwise of the car, one package in 
width, and is numbered from a side wall; a "stack" is a vertical section 
of the load, crosswise of the car, one package in. length, and is num
bered from a bulkhead. As used in this report the "bunker position" 
is in the stuck next to eitlwr bunker b1llkhead; the "quarter-length 
position" is in the stackmidwaybrtween a bulkhend unfi the doorway, 
while the "doorway position" is in the stack betw('en the doors. A 
"through load" is one in which the packages arc continuous between 
the bulkheads, while a "divided load " hns an open space between the 
doors and is braced with wooden timbers to prevent shifting of the 
packages. 

EXPERIMENTAL PROCEDURE 

The eX}H'rimental work consist('cl of making ohs('rnl.tiollS 011 ship
ments of yegetables undf'r variOlls methods of refrigeration. In any 
particular test the shipments came from the same or nearby shipping 
points and allllsually had the snme destination. The time of loadin~ 
and unloading was approximatf'ly the same for all cars. Two types 
of tests were made and are referred to as transportation tests and 
shipping tests. Transportation tests were those in which observers 
uccompanif'd the cars and obtained a romplete record of conditions 
in transit; shipping t('sts were those in 'which one or more cars were 
shipped from the same locality but were not accompanied by ob
servers. In some of the latt<'1", tempern,ture l'ccords were obtained 

... with thermogrnphs placf'cl in various parts of the load, genera.lly 
within packages. In these t('sts no observations were made on ice 
meLage or outside temperaturC's in transit. 

The lading of test cars was carefully inspected for quality and con
dition at time of loading. When package ice was used in lettuce 
tests, t,he ice for 12 crates was weighed and the packages were loaded 
in the first, fourth, and eighth stacks, center row, one in each of the 
four layers. These crates were opened at destination and the un
melted ice was removed and weighed to determine the meltage in 
transit. All other hody ice was either weighed or carefully estimated 
when placed in the cars, and the Wllllelted portion was weighed when 
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tl{e cl1rs were unlol1ded I1t destination. In the tmnsportation tests, 
the ice placed in the bunkers at each re-icing station was weighed by 
the observers and the amount of ice left in the bunkers at time of 
unloading was estiml1ted, after first piking down the ice and measuring 
the distl1nce between the top of the ice and the top of the bunker. 

In the tmnsportl1tion tests, electrical resistance thermometers were 
used to obtain commodity and air tempemtures within the car. The 
sensitive part or bulb of the instrument was inserted into a vegetable 
or hlmg in the air at desired 10cl1tiollS in the cal'. Lel1ds from these 
bulbs were connected to 11 master cable, which was carried out of the 
car through a thin door plate placed at the top of the doorway and 
thence to the running board on top of the car (fig. 1). Readings 
were made by connecting the end of the master cable to an indicator 
or reading box c'luipped with a suitable selector switch by which the 
electrical resistance of each of the 12 bulbs can be determined. Tlle 
indicator box is a modified vYheatstone bridge utilizing a sensitive 
galvanometer. Changes jn the temperature of the bll1b produce a 
corresponding change in the resistl1nce of the coil in the bulb, which 
the inc1icl1tor shows directly in degrees Fl1hrenheit. By using this 
equipment temperature rendings were obtained at a nmuber of places ~ 
within the car without opening the doors. In the tests under discus
sion; readings were obtained at intervals of 4 to 6 hours. Outside air 
temperatmes were obtnined at the same time with a mercury ther
mometer. 

An effort was made to have comparable cars in each test, with the 
exception of two tests in which ncw cars were intentionally tested 
against old ones. Generally the cars used were 1 to 4 years old and 
had 1}~ to 2 inches of insulation in the ends and side walls, and 2 to ~ 
2% inches in the floor fmd roof. The old cl1rs were 7 to 8 years old 
and had about the same thickness and kind of insulation. 

The average temperatures of the various layers as given in this 
bulletin are averages of the three commodity temperatures in each 
layer for each time the readings were taken. There was very little 
temperature variation between the different positions in each layer. 

LETTUCE 

Lettuce is the most important of the vegetables shipped uncleI' body 
icing, in respect to tOIDlage, and is grown commercially in 24 or more 
of the States. The New York variety grown in the Western States, 
where body icing of vegetables is most common, is also known as 
Mountain Iceberg, Los Angeles, and Los Angeles Market, but is most 
commonly cnlkd "Iceberg." Lettuce is shipped throughout the yel1r 
from the Pacific Const or the Rocky :Mountain States. Table 1 shows
the average number of carlot shipments of lettuce by months, 1927-36, 
from each of the foul' most jmportant lettuce-producing States where 
body icing is utilized. 

PACKAGE 

Head lettuce from the Western States js generally packed in crates, 
of which two sizes were in common use at the time of this investiga
tion; one is 13 by 18 by 21% inches inside dimensions, and the other 
is 13 by 18 by 23%inches inside dimensions. Besides these there are 
a number of other crates having slightly different dimensions. 
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TABLE I.-Average nu.mber of carlot shipmenls of let/lice by monlhs (1927-36) from 
each of the,,; pl'incipalwestern lettuce-shipping Stales 

~lIIt~ --- -- --;:;--- Fel~.- -~~u:. - Apr. :May June I July I Aug. sept.! Oct. No\'. Dec. 

AriZ~~~ l,2i8 -an:l- 2,092 2,4G.1 ---i====I=~;a5j
Californiu. 3, 158 4, 185 2,4.55 2,586 ·I,2·1:i IJ S(!9 2,2f>q 2, ~7 2,4:10 f 3,2M:l 3,272 1,528 
Colorado___ -.-.-••• -. _ .. -.-.- --. ____ .___ (i0 10.1 5,6 440 I 44 -..... - •. -... 
\\rllshinp;tOlL _ ~- _ -_.- ~ ~ __ ~~ 1-12 5Si 420 132 2·1 42 O:i t -IW·k ___ • 

- _.__ __ _____ ___ ___ ___ 1_-

In packil~g, the crates are first lined with heavy waterproofed paper, 
and the heads of lettuce with the butts up are then packed in laym's 
(fig. 2, B). Crushed ice is plnced between the first find second and 

FIGUUl~ 2.-Method of packillg lettuce: A, Middle layer covered with ice; 13, 
top layer before icillg; 0, top layer covered with icc; D, packing completed, 
paper liner folded over and ready for lidding. 

between the second and lhird layers (fig. 2, . ..'1), and generally a few 
pounds of ice are placed on the top layer (fig. 2, 0) before the paper 
liuer is folded over the top of the lettuce (fig. 2, D). In either case, 
when properly applied, all the lettuce is in contact with ice. This 
method of packing is used almost exclusively for head lettuce from 
the producing districts of California., Oregon, Washington, Colorado, 
Idaho, Arizona, New lJe:dco, and Texas. 
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LOAD 

The packages are ordinarily loaded in a through load 4 layers high, 
5 rows wiele, al1el16 stacks long, except in cars that are not long enough 
to accommodate 16 stacks, or when irregular sized crates are used, 
or when they are loaded only 4 rows wiele in the 2 stacks between the 
doors in order to leave room for additional ice. 

The ice for top icing may be either crushed or in chunk form. In 
the latter case the ice is placed on top of the load during the loading 
of the Cttr. If crushed ice is llsed it is blown over the top of the load 
by mechanical means after loading is completed. The amount of top 
ice used is generally between 5,000 and 15,000 pounds, varying largely 
,....1.th the season of the year and the producing area. The method of 
loading and icing shown in figure 3, A, was used in the tests from 1924
27, and was conllilOn commercial prllctice at that time. In the 1935 
and 1936 tests the three bottom layers of crates were loaded on their 
sides (fig. 3, B) and the top layer was placed with the bulge up, and 
crushed ice was blown over the top of the load according to the presen t 
eomnHl/'cinl prnctice. The high bulge of this type of package (fig. 4) 
requires thnt th0 bottom-layer cmtes be loaded on their sides. 

PRECOOLING 

1'he ('(fects of precooling were studied in some of the tests. The 
l('ttu('e loadl'cl in two of the test cars from Sumner, Wash., was pre
cooled by plaeing the heads in a cold-storage room for a few hours 
prior to packing, until the temperature of the lettuce was between 
40° and. 45° F. The hen.ds were then removed lLnd packed. 

A different type of precooling was studied in the 1936 tests from 
Salinas, Calif. The precooling equipment used consisted of fans set 
in frames fitted with plates, which covered the top bunl~/~r opening. 
The fnlJS were eight-bladed, 18 inches in diameter, and each was 
connected directly to a small electric motor. One fan was installed 
in each end of the car before loading a.nd was removed at the end of 
the precooling period of 4}~ to 7 hours. This type of equipment cools 
the commodity by circulating cold air from the top bunker opening 
through the load, returning the air to the bunkers through the bot
tom bunker opening. The ice in the bunker removes the heat which 
the air has taken from the commodity. Salt was added to the ice 
to give a low-temperature ice-salt mi.xture, which will more quickly 
cool the air passing through the bunker, thus increasing the rate of cool
ing the load. 

REFRIGERATION 

Most of the shipments made dming the winter, late fall, and spring 
months haNe top ice, in addition to the package ice. During the 

... 	 remainder of the year initial icing or standard refrigeration is used in 
addition to the body icing. Since aLout 1932 crushed ice blown over 
the top of the load has largely superseded chunk ice for top icing. 

LOCATION OF THERMOMETERS 

Electrical resistance thermometers, previously described, were 
placed in the first-, third-, and fourth-layer cratHs in the center row in 
the first, fourth, and eighth stacks, or at the bunker, doorway, and 
quarter-length positions, as shown in figure 1. Air temperatures were 
obtained at the bottom bulkhead opening, at the doorway near the 
floor, and about 6 inches below the ceiling. 
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FIGURE 3.-Cross section of two carloads of lettuce, showing arrangcmcnt of 
cOllllllercial load: A, Method uscd during the time of the 1924-27 tcsts; 
13, method uscd during the 1935-36 tests. This car was shipped in .June 
!tlld shows the crushed ice remaining at time of unloading. 

EXPERIMENTAL WORK AND RESULTS 

The experimental work with lettuce comprised observations on 9 
transportation tests with a total of 34 cars, and 15 shipping tests with 
a total of 30 cars. The shipping tests consisted of paired curs, one 
with top ice and the other without. The transportation tests also 
contained comparable cars shipped with and without top ice. In 



[Correction for Technical Bulletin G27, r. S. Department of Agriculture} 

The following illustration should be substituted for that shown as 
figure 3, on page 8. 

FmI'RJ-; 3.·· ('l'O~:: ::ection of two carloads of lettuce "howing arrangement of 
commercial load: .4, Method used during th( timc of the 1924-27 tests; B. 
method used during the 1935-36 tests. This car was shipped in June and 
shows thE" crn~hed icc remaining- at tin1€' of unloading'. 
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addition, cars were included to determine (1) whether lettuce could be 
safely shipped without body ice under standard refrigemtion, (2) the 
effect of age of refrigerator cars on their efficiency, (3) the tempemtures 
in transit of cars shipped with crusbed top ice versus cbtmk top ice, 
and (4) information on the precooling of lettuce after loading, and its 
effect on subsequent transit temperatures and ice meltagc. 

The tests were all from Western States, 42 ca,rs being from various 
parts of California, 3 from Washington, 13 from Arizona, and 6 from 
Colorado. Most of these test cars were unloaded in New York City, 

FIGURE ,j.--Cratc of lettuce showing a 33~-inch bulge at time qr uuloading in 
'Washington, D. C., May 1937. 

Philadclphi:l, Pittsburgh, and Chicago. The lettuce was in tIle cars 
from 8 to 15 days, mostly 10 to 11 dvys. As the season is the most 
importan t fe.ctor in determining the amount of refrigeration necessary 
for the sa fe carriage of lettuce the tests from the 'Western States will 
be considered in three sections; namely, those lllade during the winter 
months (December, January, and February), those in the summeL· 
(June, July, anci August), and those eluring the full and spru1g when 
temperatmes are llloderate. 

TESTS DURING WINTER MONTHS 

Two transportation tests eonsisting of five cars e:lch WeL;: made 
from Phoenix, Ariz., and Brawley, Calif., to rlew York City, eluring 
January and Fl'bruary 1926. Each test consisted of shipments with 
and without top irc ih 8-vear-old and I-year-old refrigerator cars. 
Included with e(lch test was one extra, cnr that did not receive body 
ice bllt was shipped under standard refrigel·ation. 

61014°-:JS--:'! 
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INSPECTION OF 1.E'1"l'UGE 

A record of the condition of the lettuce n.t time of loading i~, given in 
table 2, as is also the avernge percentage of hends that showed decay 
at destination after being in transit 10 or 11 days under vnrious 
methods of refrigeration. The data indicate that when packnge ice 
is used it is immaterial w,hether top ice or bunker ice is used for addi
tional refrigeration. In each of the two tests one car was shipped 
under standard refrigeration without bod:r ice. One of these cars 
arrived in good condition while the other showed much decay, mostly 
slimy soft rot (bacterial soft rot), which is believed to have been due 
to the higher outsicle temperature that prevailed during this test. 

TABJ,E 2,-Rec07'd of 1'n,5pect-ions of lettuce shipped in lest WI'S during .January 
a,nd Fcbru.nry 1026 from. Ar'izonn nnd Caltfornill to New York City, nncl1JPrccniage 
of decay afler 10 or 11 dll,Y'~ 7'n 'refrigeralor Wl'S 1mder varioll,s methods of rcfrigera
11:on 

PACKAOE I("I~-TOP H'g 

Condition I of :ullce-----T-----' ICondition I Of-;e~t.ur~ --
Test heads at time of load- ']'rost !teads at t hne of load

ing lIcnds mg Heads 
----,- -- i~~Od~_ ,--I Axer-I ! ~~d~-

"~~\;~~~- ~re~t'l~ "~e tem- , ' ~I~t~: 
Car pern- Rolid Raft nation No ('ar pera-l SO!ld ::;of! natioItNo. ture to firm • . tnre to Itrm I 

whrn when 
,______ packed ________I ______ fla,'kerl L_____' 

o!" Percent IpCTcellt IPercent il I II 0 _/<" \: Pacelit LLT~f"t \PfTfCllt 
.T 4o, 6 96 4 0 I - '{ .1./ ,,3, 0 ,111 I -]0 0..6 ------- { J-l 43, t 95 5 O!I ,------ I J .54,3 \/0 ']0 . I 

PACKAGE II'E-INITL\L I(,lNG 

4R.l \ 52,1 gg\ 

STANDARD REFRlGEHA'l'IOX OKLY 

3 E I n:l. 0 I !n I ' 10 I (<) 
--'------'---'---

I No lettuce showed tiphurn or deca)', 

, I neIudes 4 percell t burst heads. 

3 No pllpcr in crates; all others lined with wuterproorpd paper. 
• 1\Iuch decal', 

The rate of cooling in caTS shipped with (1) packngc icc and top 
ice, (2) standard refrigeration (110 body ice), and (3) package icc 
with initial icing is shown in table 3. It is evident thn t the top layers 
cooled more rapidly in the top-iced cars than in those without top 
ice, while the rate of cooling in the bottom layers of these cars was 
abou t the same. There wns not much difference in the average 
temperature of the load resulting from the two methods of supple
mental icing. On the other hand, stn,ndnrd refrigeration without 
package ice resulted in much s10wer cooling and higher average 
temperatures than where body ice was used. In the cars under 

http:Of-;e~t.ur
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standaxd refrigeration which had no body ice, the slow eooling of ull 
the lettuce except that neal' the bottom bunker opening"illdicn.tes the 
need of having the ice in direct contact with the commodity. This is 
also shown in figure 5, which presents the average temperatures in 
transit of lettuce in cars under the three methods of refrigeration, in 
test 7 from Brawley to New York City. In this figure avera~e tem
peratures are shown because all the temperatures obtained ill ench 
layer were nearly the same. Similar results were also obtained in a 
duplicate test from Phoenix to New York City. The rate of cooling' 
in the car without body ice wa" more rapid in the end of the car where 
the load was four rows wide than in the opposite end where it was five 
rows wiele. 

FiGURE 5.--0utside air tC'lllperature and a.\·crage temperature of top and bottom 
layers of lettuce in transit under the following conditions: Car H, package ice 
and bunker ice; car J, package ice and top ice; and car E, standard refrigeration
(one end four rows wide and the opposite eIll! fh'c rows wide). 

INFLUEN(,~; U}' OUTSID}] 1'E~[l'EHA'l'UHES 

The influence of II uctuating ou tside temperatures OIl lettuce tem
peratures s!lipped with top ice wns VOl'y slight. A 2.5° to 30° F. rise 
in outside temperature generaliy caused a rise of 5° in the temperature 
of the air in the car near the ceiling at the doorway, but practically 
no chan~e in the air temperature at the bottom doorway or in the 
commodIty temperature in any part of the load. However, when 
the outside tempemture dropped to a minimum of 5° F. on two 
nights during the test from Arizona in January 1926, there was 
freezing in aU of the test cars. Because of the rapid cooling obtained 
by the use of body icil1~ the temperature of the l~ttuce in these cars 
was already comparatively low, and these shIpments, therefore, 
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suffered greater da.mage from freezing than those shipped without 
body ice. Freezinl$ in cars witllOut body ice was larl$ely confined to 
the bottom layer WIth some slight freezing along the Sides of the load. 
However, freezing in the body-iced cars was found in both the top 
and bottom byers, also along the sides of the load and next the 
bunker bulkheads. In the bottom layer of such cars entire crates of 
lettuce were found frozen solid, while in the top layer the freezing 
damage was slight and confined to the outer leaves. It appears 
therefore thnt during severe cold weather the presence of ice in the 
body of the cal' increases the hazard of freezing. 

TABLE 3.-Time necessary for letillce to j'cach 40° and 32° F. after loading; maxi
mum, minirnllm, and average outside tC1nperat1trcS and lettuce tf'mperat1tres in the 
lop and bottom layers of cars shipped fro'llt Arizona and California to New York 
City under variolls methods of refrigeration during January ancZ February 1926 

PACKAOE ICE-TOP ICE 

I 

Time rOf(uired for lottuce', Temperaturo
to rench

'rest ---1----------,---------.----------
Olltsiuo T01) layer Bot.tom layer·10° F. 

('nr 'fop f.~~ 1'op ro~~; ]'\,[nxi· J\Hni· Ayer· Mnxi· Mini· AVIlr· M,::i. Mini·IA\.cr. 
~o. loyer layer layer layer mum Inurn age Tuum mum nge lIlum ITltun ago 

°P. oP. oP. oIl. 01", oP. OF. 0],', OF.·Uollr., [foll.r" UOllr., HOllr., 
2.11 0.5 12 6 5S 5 30.1 4fi :H 31.5 ·16 :ll 31. i 

6.. ...... _... I{ 1,1 31. 9 43 31 32.1.5 .5 IIi 2·1 .15 5 aO.1 4:l a1 
3.0 2.0 24 18 75 2U 41.2 53 31 32.S 5:3 31 32.0I{ FL··_·_..•__ 12 7':i 20 -11.2 .54 :H 32.0 .54 :1I 32.22.5 2.0 J2 I  -~~-------

PACKAGE H'R-IN'ITIAIJ 1C11'<0 

1 
1.0 2(1 II 55 f> '30. I 48 I 32 82. :; 48 31 32.4 

6_ ...._...... {HH·I 2.02.0 I 2.0 2·1 23 55 5 30. I 32 :12.2 53 3t 31.S 
(I) 20 41. 2 ·15 32 a.i.1 4.) 31 32.2(fln 3.5 3.0 15 75 5a I7____________ 

\ll a.o 3.0 ]8 12 i!j 20 41 2 .13 :ll 32.7 53 al. !) 32.1 

- .----..--~~.-~~ ~----. 

S'l'AN'DARD RRFRIGERATION' OXI,1' 

6.•. _._ •••.•. , E_._IIOO.O I :1I.0 I (I) IIIU I .i5 1 51 ao.] I f'll 31140.0 I .,:3 I:lQ. 5 -, ~i~ ·1 
r.3 33 38.6

7.. ..... _ E ••. lwi.O._.5::~_(_')_____ .7,.5~-'-__2_0"-4_1._2-'-_6__ 4f>.2 I.•.. (I) 3--'---_:l~ 

I Lctillt'c did not cool to 32° 1'. during trip. 

ICE ~[ELTAGE 

There was not a great deal of difference in the total iee meltnge in 
the body-iced cars (table 4), the meltage being only slightly greater 
in the cars without top ice despite the fact that an average of 5,227 
pounds more ice was pltlced in them than in those with top ice. The 
results indicated tha't lettuce with package ice can be shipped with
out ice on top of the load during the winter months if initial bunker 
icing is provided. However, they also indicated that the combina
tion of package ice and top ice is more economical than package ice 
and initial icing because of the saving of an average of over 5,000 
pounds of ice per car. 

• 

• 

.. 

http:Mini�IA\.cr
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T.-I.BLE 4.-Rec~rd of ice s1tpplied and melted in cars of lettuce Ilkipped from Arizona 

and Cal'ifornia to New York City dttring January and February 1926 under 
va'f'iou.s methods of refrigeration 

PACFG\GEICE-TOPICE 

Pnckago (nver· Test 'l'op Blinker Totalage) I 

Sup· Sup· Sup' SliP'No. ('nr Molted Melted "[('lIed M .. ltedplied plied plied plied 

-----1----------- ---
J,b. Lb. P('/. Lb. Lb. Pet. L/,. Lh. Pet. Lb. L/,. Pet. 

IL••••••••••_•• L ..... 30 10. 5 35. 0 4, 848 7R5 l!i.19 0 0 0 14.418 4.145 28. COY 
G.............. J-1..•• 30 II. ~ ai 3 4. R48 I.UIH 2J.SS 0 a 0 14.448 4;1145 32.15 
I ....... ....... J1.._.. 30 15.8 52. fj G, 000 2,075 :H. [18 0 0 0 15. noo 7.131 45.71 
7•... ____ .•_... J .••••. ao 17.lI SH.O G,Ugn 1.(;(12 27.2(; 0 0 0 15. GliG 7.390 47.08 

Av(rnge__________ ._. ao 13.85 40.2 5,448 1,300 2.1.02 o o 0 15, 0·18 5, 828 as. 73 

I'ACKAGJ~ I('E-INI'l'IALLY ICED, KO'1' HE·ICED 

1Il... ____ •• __••• IT••••• ao 10.8 31l.0 o I) 0 11,000 2. i50 25.0 20.600 G,206 30. 136____ ••_____• __ R-L__ all 11.0 36. Co a o a 10.500 1,312 12. .1 20. 100 4,832 2j_ 04 
:lO 20.1 (17.0 o o u 10, GOO 400 3. 8 20. 200 6, 83Z 33. 827~~~=========== fl~~=~= 30 21. G 72.0 o o 0 10, nOO 400 3.8 20,200 7,312 36.20 

--------------1--·---------
Awrngo_._____• __.__ ao 1.;.9 53.0 01 0 0 10,6751 1,~15! II.a8 20,275 6,295 31.0.1 

I ' I 

S"'ANDAHD H1~FHIGEHA'rJON O"LY 
--------------- --.----~------ ---------.---,--.,--""T"--,---
G______________ E ____ ~ o () o o 0 14. 238 3.738 2fi. 25 14, ns 3, 738 2n. 2.5
7______________ ]~ ____ . o 0 o o 0 15, H98 .1, 208 :l:l.:12 IS, 898 5, ~98 3:3.:12 

Avernge•._•••_••._•• o 0 (l o 0 15, 068 4, :'IS 20. us 15,008 4,518 29.!l8 
____-'-__l.__LI_~_ _'__ __L._ _'__--'-____''___ ___ '_._ ____l.__...!....._...!.....__ 

1'l'he caTS containbd 320 crnies per car, except cnr ]~ which lind 288 crut.es. 

The average amount of iee placed in the two cars shipped under 
standard refrigeration was about the same as that placed in the top
iced cars, but the meltage in the former was materially less and the 
average lettuce temperatures maintained were correspondingly higher 
(fig. 5). 

TESTS DURING SUMMER MONTHS 

Two transportation tests were made from Sumner, Wash., and 
"Nlinturn, Colo., to ChicaO'o, IlL, during July and August 1925, and 
one test from Salinas, Calk, to Chicago, Ill., Philadelphia, Pa., and 
New York City in August 1936. A total of seven shipping tests was 
made during September 1926 and July 1927, from the W'atsonville 
and Salinas, Calif., districts to New York City, Philadelphia, Pa., 
and Chicago, Ill. These tests comprised a total of 27 cars. 

INSI'EC'l'ION OF LE~'TUCE 

A record of the condition of the lettuce at time of loading and upon 
unloading at destination 8 to 15 days later is shown in table 5. In 
general this lettuce did not have the Same quality and condition as 
that used in the winter tests, it being more affected with tipburn at 
the time of shipment; in several cars it also showed early stages of 
slimy soft rot. In each test the lettuce was comparable at time of 
shipment. The inspection data show tbat the use of top ice had a 
lloticeable effect on the amollnt of decay found at destination, the 
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TABLE 5.-Record of inspections of lettuce shipped in test cars during July, August, 
and September from California, Colorado, and TVashington to eastern markets, 
showing nllmber of days lettuce was 'in cars and percentage of decay in cars with 
and without top ice 1 

PACKAOE H'g-Bl:","KEIt IC'E-XO TOP 1('1': 

'T Condition of lettuce at time oflouding 
Huud~ 
show·Headsrl'em· Time ing 

-.-.---------,- per· ---·---,---~--I in dec"y
ature .show· ['ar litSnlid iwhen iIlg ~howing dc--'iti·No. Car to ';oflp:ll'ked tip. deeny nationfinn hurn 

._- --~.~ ------ --.----.--' 
0/.'. Percellt Pncelli P"fl'c'flt j;}t'fcellt ~ })IlY·'l l~errellt 

A ns.O liO ~O 8 0 9 :1.2 
H ·10. r. S.; 15 i 0 S 3.0.,"- 59.0 100 0 0 II 3.9 

IA --.--- I;) :!5 3 12 2.9 
YO JO 2 0 12 8 0 

A Ufl. ·1 90 10 ~ 0 12 3.5 
.\ no. 0 Uli 4 ·1 I 15 2.1 
A 0:1.0 \10 10 S -I 13 3.2 
.\ fil.O H,"j ;; :!5 2 13 to. 5 
.\ iiI. 0 ~J5 ~o 'I' 10 :!. U 

"

"I I ! 
._~-_.- ~.-- , .- -_._----._-- . -~-. .--.----~-

I'A('KAO!> l!' E . Ilt':-; KElt ICE -TUP /('E

-1- - -- -.--I 
!

2 (' 45. :! ~3 17 I :1 u b i .0 
:1. ... \l 0';.0 !(K) 0 2 0 Ii \. ..I17 w ~. - - -- . -- - I H 75 ~.) ~ 3 U ...~ ~ ~ ~ fI~ ... j B UD \0 2 0 la 4. s 
19.......... B Ull.O 110 10 H 'I' 12 I. I
., .,20.......... ::·:: .. B fin. 0 !lO 'I' I:') 1.3
I21......................_. II 05.0 U.1 5 4 'I' 1.1 :!.3 
4)') II IlI.O \1.5 5 :!5 2 JJ 3. i'23::::::::::::::::.::..... ! II U.1 'I'fll.O ~o 10 1.0 

-------------_. I'. ~-~-.--- ---- ~- .-~--. 

1In additioll tu the tl'sts IislLl,. there. wus 1 in lUau ('ollsislIlll-!; of ears with precooled Hnd lIonprecooieti
louds, nmi I10nlll'Ccooied londs with lind without hunkl1r it'e. In p;enernl, the- l'01Hliti.;}n {,r the Jettul'e on 
nrrinll, nside. (rulII hl'llisinA, wus ahout th~ sunIe llS when slliJlJled~ I)C(·:ty, IipblJl"n. Ilnd slimy soft rot v ..·ere 
lIe~liglbl~. 

~ T=truce. 

dcclL.Y being genemlly heaviest where no top icc wus used, .An exam.
illation of the lettuce shipped in the 1936 test showed no ditl'erellce 4 

between that which had bp('n precooled and tllflt which hnd llot, nor 
between the non precooled loads shipped with nnd those shipped with
out hunker ice. 

HATg (H' ('OOLIXl1 

Top-ic('11 enrs mnin tnined lowel' tem peratures in. the top layer ill 
transit thllll eompill'1lble CHrfl that were not top-iced, while in the 
bottom layers the temperatures were abollt the sume (table 6 and fig. 
6). From these records on slimmer shipments it is clcurly indicnted 
thl1t top ice mllst be used in uddition t.o pl1cknge ice find standard 
refrigeration if top-layer temperatures n.l'e to be kept uniformly low 
during the transit period.

In general, the results of the sunliner tests showed that the 30 
pounds of package ice tUld stnndnrd refrigeration, even with snIt 
added to the bunker ice, cannot be depended upon under u11 conditions 
to main tnin the low tempcratures nccessary for IOllg-distnllce shipment 
of hend lettuce. The nddition of top ire to the luding during these 
months is essentinL The effectiveness of the top icc wns demonstrnted 
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I 
100 r--" -""--" ~ ---:--1---,--+-----..1----+----+----1---__�

!\ .ty.I-OUT~/O£ AIR 

90r-------r---T!~·~--~~-r--_fr_4_------+_--~~+_--~~+_----~
! \. i 

eOr---~-4--~--~~---4+_~~~~~~~+~~~~~~~+_----__I 

~i i f \j 
70 ~~ i- t--I-"- -j-------\-I'-----f'rl'------tL-

60]1__ §I" ~ \l i---~ 
~ 

.50 01) 01) 

29 .30 .31 
JULY/925 

FIGURE G."-Outsidc air iempcratmc and lLl'emgc h\lIlpemiure of top and uottom 
layers of lettuC'c in transit undC'r the follOldng conditions: Car A, st.andard 
refriJ.!;emtioll, packaJ.!;e ice; ear H, standard refrigeration, package icc, lettuce 
precooled; car C', standfLrlI. refrigeration, package ice, top ice, lettuce precooled. 

TABI,E; G.--Tiutl' nl'c('ssary Jor lrllucf' to Teach ;'0° and 3;go F. aJter loading; mari
'/IWIII, 1Ilinim urI/.. and lIvI'ragc olltside temperatures and lettuce temperatures in top 
(lnd bot/om layers oj cars ,~hipJ!l'd.rrotn Washington lIud Colorado to eastern markets 
ll'ilh and without top ice during .Tilly, ~IUgltst, and September 192ij 

PACKAOE JCE-S~'AKDARIl REI'RIGERATro:o; 

! 'I'jlll!' rNluin"d for IC'tt,lU'('! 

: Inl"l"ll'h . 1 


Ill" J'. :t!'-' F ()ulsiill' Top 1,IYl'/' Bottolllla),cr 
---- i --r-- -I~ ~ 

~ II 
~ 

.:s
;-. 

~.~ ~..c:. I ~ .. <> " ~ E ~ ';; E .~ 
" E 'x '"'E 

~ .SI :! :-'" " :- :-'" ~ I ;::;" ;:; -<. ;; ;:; -<. ~ " ~:.- ~ ~ -<.I 

t Lcttucoc teUlp~nllllre clitl m,t. Tefl-ell a!!U 10'. during te..qt.
, Lettuce precooled l,riof to louding. 
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in the August 19:36 test in which lettuce with package ice was shipped 

without bunker ice but with 15,000 pounds of crushed top ice. This 

lettuce arrived at distance destination in as good condition as that 

shipped with bunker ice in addition and tbe transit temperutures in 

the two loads were ubout the same. 


PHECOOLING 

The lettuce loaded in two of the cars in the transportation test from 
Sumn('r, 1Vush., was precooled to all average temperature before load
ing of 41 

0 F. in one car and 45 0 in the other. It is shown iu figure 6 
tllnt the tempemture of the lettuce in the top layer of the precooled 
loads wus lower throughout the trip thall in the lwnprecooled loads. 
Of the two cars with ])0 t.op ice only the one loaded with precooled 
Irttucc reached a temperature of :32° ill tmnsit. The lowest temper
atures in tmnsit wel'C obtain!.'d in th(' cn r l()ud('(l with precooled
It,ttuee nnd top ice. 

In the 19:36 test from Salinas, CaliL, the lrttuce was precooled after 
loading with portiLble electrically driven fnns plac('d at the top bunker 
opening. Packuge ice was used with both the precooled and llonpre
('(JoINI loads. During the precooling period fnster cooling was 
obtained in till' precooled curs than in the 110nprecool('d loads without 
tlI(' lise of fnns; howey('r, at lIO time was thrre more thnn 5° difference 
lwtw('('n tIll' avernge temperature of the precooled and non precooled 
I('ttuce. Within 15 to 17 hours after precooling was stopped there .. 
was practically no diffrrence in the tempern,ture of the precooled and 
l1onp"ecooled louds, auel this condition continued dming the l'cmainder 
() f the tmnsi t period. 

'J'llrse data show tll!lt precooling lettuce having pac1mgc ice is not 
11 ('('('ssnry, since th!.' icc in contnct with tIl(' lettuce gives the rnpid 
cooling desired. 

'rE.\IP~]ltATUItES OF r,E1'1'1:('E IN MIDDT,E AND no'l'TO~[ LAYEHS OF ('HATE 

In this study it was found that the rate of cooling was slower in the 
bottom lftyer' thnn ill the luyer directly above it. At the time of lond
ing the heads in the middle hyer of the crn,te were as much ns 17° 
cooler thnn those in the bottom layer. Temperatures in transit were 
also slightly lowe,' in the middle layer of heads. This was due to a 
<lifTer(,l1ce in the npplicll tion of the ice in the crates. The lettuce in 
the bottom laYf'r had iee above it vnly, while that in the upper layers
lwei iee both above und beneath ench layer. 

T~]~ll'EItATl'ltES OF r,E1'1'l'C'E LOADED WITH 'l'IlE 1l0T'rO~1 AND nUl_fOE OV CRA'n] 
NEX'l' 1'0 'l'HE WALL 

In these sbldi('s the lettuce was louded with either the bottom or 
the bulge of the crate next to the side wall of the car. V\Then the bulge 
is next to the side wall there is a protective layer of package ice be- • 
tw('en the top layer and wali, while with the bottom next to the wall 
there is not. The only difl'erence in temperature resulting from these 
two methods of loading wus thnt the lettuce cooled faster when the 
bulge was next to the side wll11 of the car. It took about 8 hOlll"s 
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longer to cool the lettuce to the same temperature when the bottom 
of the crate was next to the side wall. 

INFLUENCE OP OUTSIDE TEMPERATURE 

High outside temperatures prevailed. during these summer tests, 
but they exerted less illfiuellce on the temperatures inside the car 
when top ice was used with the test shipments. A rise and fall in 
outside temperatures of 300 to 400 F. caused a corresponding rise and 
fall of about 50 in the air temperature near the ceiling at the doorway, 
and a 20 variation at the bottom doorway. 

In the loads without top ice there was a gradual increase during 
transit in the temperature of the lettuce in the top layer in some cases 
amounting to as much as 50, but in the top-iced cars at corresponding 
positions there was pmctically 110 change. In the car loaded with 
precooled lettuce which was shipped with package ice and under 
standard refrigeration in these summer tests there was a gradual in
crease of 30 to 3:~0 in the temperature of the lettuce in the top layer, 
but 110 change was noted in the other layers. The gradual rise in 
temperature of the lettuce was no doubt caused by the outside tem
peratures. 

ICE ~!EL1'AGE 

Two transportation tests were conducted during July and August 
when ordinarily the maximum outside temperatures would prevail 
and ,,,-hen the greatest ice meltnge would be expected. The total ice 
meltage in the top-iced cars and those wi.thout top ice was appro:xi
mately the same, as shown ill table 7, although the top-iced cars re
ceived an average of about 4,000 pounds more icc. These data show 
that the average meltage of blU1ker ice. was 8,535 pounds in the ca~ 
not top iced and 4,921 pounds in the top-iced cars. This difference 
of 3,614 pounds nenrly equals the 4,000 pounds of additional ice sup
plied the top-iced cars. The icing records for these tests showed that 
the top-iced cars generally reccived from 400 to 900 pounds of ice 
at each icing station, wherens the CUT without top ice received 900 to 
1,200 pounds. The ice meltnge in the car loaded with precooled 
lettuce was also lloticenbly less than that ill the cars loaded with 
warm lettuce. 

Tests 15 to 23, inclusive (table 7), were shipping tests, hence the 
icing records of those cars shipped under standard refrigeration are 
incomplete. These tests were made during September whell the 
wenther is ordinarily cooler than during July and August. However, 
the aillolmt of package ice melted was about the same. 

TESTS DURING SPRING AND AUTUMN MONTHS 

The e)...-perimentul work conducted during the fall and spring months 
consisted of two transportation tests from Brawley and Vega, Calif., 
during March and October, respectively, to New York City and Pitts
burgh, Pa. Si.x shippin~ tests of two cars each were also made from 
the Imperial Valley, Calif., and Phoenix, Ariz., to New York City and 
Baltimore, Md., during the latter part of March and April 1926. 

G19H"-3S-3 
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TABLE 7.-Record of ice supplied and meltcd in cars of lettuce sh'ippcd from n"ash
ington, Colorado, and California to eastern markets during July, August, and 
.september 1925-27, with and without lop ice 

'rest 

;' .,' .., 1(' 
-.~~------- .. ~.~ . 
3.0••••.•..• __• ]) 
15.____••••.••• II 
IQ. ____ •______ • , II 
1, •• _____.•__•• 1 B 
18..._________• B 
19.....________ 13 
20••••••• ______ 'B 
21.. ______ • ____ B1
22...________ ... B 
23_ ..________ ... B 

PACKAGE TC'E-lllTNKgn IC'E 

PHckl1~f.' Top llunkl,r 'I'olal(uvcruge) 

P,\C'KAGE l('F,-TOP IC'E-lll-XKER TCE 

r--:1-·i- ----lllr.O":"I'O-"~(·JI··ln sJ 'J' 0,)(.1 115 S 14-:1"lrS'~oooT::-:I~ 	 :'1'3"' "04'h 
: 	 .,.1 .•.•• I .1. '1 I \J.~ I 11.1: I, _, ,.1;1 •. 'j'<'>'_'" 0), oJ ~ u.11 
I?O 1;1. ~ ~~, 3~, 0, ~I~ 4, I,;~ ~3, IIj 13,on:l. 5, ,,0:1 42,59 2'J, ISO 15,964, 51.70I' 

1 	 ,10 . I,)., IhD.6, ·1,1_, •• "" ------1------. ----""""5,19, (I. III ·-0000 , 

\' 	 :ll~ i ,;~. S I '16. 9~1 Q, q~o 4, Q~O ~fi. ~u '. ____ . _____ -: __ •__ . ____ •______ ... __ 
,10 I"dl 183..1,1 (,010 I, ,,,0 _3.33. __ . __ .,.____.,.____ • ----..... -- ........ 
:10 Iii. 5 5r•. 00 i,500 4,3\15 58.60· ...______ . __ . ______ ....... ____ •. ' .... _ 
30 \18.2 60.67 i.500 57.nn ............. j.__ ... j.__ .................4,:127 
30 2.;.0 83.33 7,500 4.!lr.ii 6(1.20; IO,UOO! 2,650 25.00 27,70D 15,!H5 56.:17I 30 I 18. 0 {iO.OOI 0,150 8, {I5S R8. or. "· ___ "· :." __ ..1______ '_'_'" ... _........
I

,30 \22.0 i3.:1a~ O,fiOO 7.056 73.50I__ .. __ .1 _____ . ----·-1:.. --·--'----_·1._----
I~, 18.2 . ao. fi7: 9,200: ,5,0:10 IH. 521~ .::.:.:=1.::.:.:=:::.:::.::.::.::.::i, ......1.::.:.:= 

Averago.; ----~~=.! _~~J~~:~r 65. ~i7: ~~OI~~i~~~:~3~~O.~~21 i37'~J330, 70211{i~5j 53.98 

I TA'ti uro precooled. 

, ShipPEd initiallY i<'rd, no! rl'·I\'ell; nil others shipped w.der slnndanl refril!erntlon. 

3 Avcrago or three curs receiving bunker i('c. 

lXSPECTION O~' LE'l'TUCE 

The lettuce shipped ill the spring was in about the sama condition 
as that shipped during the winter, being generally free from injuries 
find decay; that shipped in the fall was in poorer condition, being 
nfl'ected with slimy soft rot at time of loading. Most of the lettuce 
shipped in the experimental ears during the fall months showed from 
1 to 6 percent of tipburn, At destination there was slightly less decay 
in the cars with top ice thun in those without it. Detailed data re
gurding the condition of the lpttuce at time of loading, the number of 
days the lettuce wus in the cars, und the percentnge of decuy ut time 
of unloading are shown in table 8. 

Lettuce, from a car (cnr B, fig. 7) shipped without body ice under 
standard refrigeration and 5 percent of snIt, was in poor condition at 
the time of unloading; the outer leaves showed decay and wilting so 
that hellvy trimming wus required to make the load salable, This 
was due to high transit temperatures, as shown in figure 7. A few 
crates of lettuce from near the bottom bunker opening were in ~ood 
condition, due to the low temperature obtained at these two locatIOns .. 

http:4.!lr.ii
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FIGt"RE i.-Outside' air te'mperatufe und uVe'rage temperature of lettuce while in 
transit under the foUoII"illg conditioll';: Cur A, top ice and package ice; ear B, 
standard refrigeration, 5 pPfcent "alt, lJO body ice; car C, standard refrigeration 
and package ice. 

TABLE S.-Record ofill.~p[clioIlH of lllillcr shipped in lest cars during October, 
JJarch, and _Ipril, from _lrizolla alld CalIfornia 1.92ij-20, 10 Xew York Cil y , 
Pittsburgh, Pa., and Ballimorr, .lId.; anri pI rcrntage of decay after 10 /0 13 days 
in transit with and u'ilhout lop ice 

PACKAGE ICE-BTASIlAUn HEFHIGEUATIOX 

I 
Te~t Condition of letture at rime of louding !Heads 

show: , Heads Time Ing de
in ctir 	 ca).~ ~t 

: ('ar I~:~: 1---,--Xo. 	 lure I.Bho:,·-! Bhow , l~nei~i~~1 ~o1irL 
lUI': tIp-, ing declI'-I t"firm Boft jhurn:' ~ 

-_-i~,~erCOlI :percenl' pacenti Percent 1 Dav. jPerrent 
-1-.________________________________ {L~:-I ~~.~ Ii ~~ i r 5I 7; ig i n 
9 ._. __________________________.. _ --'- __ .__ ~1:5 98 \ 2 I o! 0 12 I 2.,1 
10________________________________ A_____ 64.2 ,10 i 50 '2 0 12 : 2.2 

~L::::::::::::::::::::::::::::: ~~::::: ~J:~, ~~ i ~ l gi tA : ~:~ 
13_______________________________ A_. _ .19.4 i /;;, 25 6 T I 121 2.3 
14 ________ •________ . ________ •. ___ A .. ---i C';j, 5 ; S5: I.; 5 0 10. 15.S 

.--'----'----' --,-
PACKAUE ICE-TOP ICF; 

------;---.~ 

I 	 I 

'rn '--	 ' 59, 5 I gS 2 , q 'I: 'r 12 1.6 
511.9! 	 u, ' 3 I 3-_ 3 13 12.8~:~ ::::::::::::::::::::::::::.:::' : I' I t?~ ~'~-i 	 Q o 12 4.310. __ .. _________________________ " H. _. __ i GO.3: 98: "I' " 50 	 a 12 3.711 ____________________________ ._ _ _ n J ... : oS. 0 50 

a 1.8
,I. ,I 	 80 20 ~t_ ! a 10 2.0g:::::::::::::::::::::::::::::::.. ,N;:: -: r ~f: f ~~ 2~ I l' 111 .0

N ___ ._ •. _•• ____ . _____ ,____ ._____ 	 :. u ' ... 10 
~ 

I ~~ __~____J51 t 
a 10 

1 T=tm~e, , Shippe,l standard r~frigerntion. J Shipped initinll,' iced;. not re-iced. 
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RATE OF COOLING 

The rate of cooling of the lettuce to a temperature of 40° F. in the 

top-iced cars and in those without it was about the same (table 9), 

but between 40° and 32° the cODliDg was much faster in the top layer 

of the top-iced cars. The average length of time required to cool the 

lettuce in the bottom layers of the cars shipped with and without top 

ice was about the same, indicating that most of the cooling in this layer 

was done by the package ice. It is evident from this table that there 

was practically no difference in the average transit tempemtures of 

the different cars. A rise and fall of 20° to 30° in the outside tem

p~mture caused a correspon(ling rise and fall of only approAimately 5° 

in the air near the ceiling, \vith 110 noticeable influence on the tem

perature of the lettuce in any part of the load. This was, no doubt, 

due to the short duration of the high outside tempemtures. 


The beneficial effect of ice in direct contact ~with the lettuce is shown 

in figure 7 comparing top-layer temperatures in three cars; one (car A) 

shipped with top ice and package ice, the second (car B) without 

body ice under standard refrigeration and 5 percent of salt (530 

pounds) on the first re-icing, and the third (car C) with package ice 

and standard refrigeration. It will be noted that the package 

ice and standard refrigeration were more effective than standard 

refrigeration with salt. 


TABLE 9.--Time rcqu.ired/or lettuce to l'each .40° and S2° F. a/tel' loading; maximum, 

minimum, and average olltside tcmperatures, and lettuce temperatures in top and 

botto"lr~ layers of cars shipped /ro1/~ Caliform'a 10 New York City with and without 

top ice, October 16- 29, 1.925 

'rime required for ;:;~:-l----~~- -~~:'~lperuturc'rest 
to rench

~--- --4-00-F-. --~.- -;20 F. Outside f~-T-~O-Jl-ln-YC-r~'IC---n-o-tt-o-m-ln-Y-Cr~ 
i --r--,--- ~--.-_-;-_ • 

X rar ~ 5 ~ - - 5 -~~---:-I ==_= =_~ ~ 
• o. :s ~ ? :s ~ ~ .2 .2 E ~ e 

! ~ ~g ~ ~.= ~ ~ E. ~ ~ E. ~ ~ E. 

----li~-llfours'f10ltrs~lfoltr81IIO~!'.1 0 P; 0 !.,; ~·o ~.~ 'o/~,' ~.F. -=71 0 f,; O,{'_ 

, {A .- .. ; 6 I 4 (Il 12 ()8 .jJ 48.6 I 08 3_. .0 3.3.4 "S 3_ ,l_.S

'-"'-"-'-1' A-I·"I'· 2 i 2: 45 20 6S 35 48.0 58 32.0 32.9 5S 32 32.4 

_. ~.; i , ! I I 

PACKAOI~ ICg-'l'OP IOE-STANDARD ltgF1UGgIlATION 

, 'remperaturc did uot rench 32° 1". during trip. 

1('E lIIELTAGEl 

The average total ice meltage for the top-iced cars and those without 
top ice was about the same, the difference being 407 pounds (table 10). 
The highest percentage of ice meltage in any of the test cars was with 
the package ice anel the least wi tIl the bunker ice. Since the average 
bunker-ice meltage for the top-iced cars was only 1,575 pounds, and 
for those without top ice 2,372 pounds, or 13.9 percent and 18.4 per
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cent, respectively, of the total ice furnished, it is apparent that 
bunker ice was not utilized to any great extent in the refrigeration 
of the commodity. As ice must be melted before it can furnish 
refrigeration, the small meltage of the b\Ulker ice indicates that top 
ice and package ice would be sufficient for the successful shipment of 
lettuce from the Western States to the fur eastern markets during 
these (spring and fall) months. 

TABLE lO.-Rec01·d of ice slLpplied and mel/lcd in cars of leltuce shipped from Cali
fornia and Arizona to New York City, Pittsburgh, Pa., and Baltimore, JUd., 
during October, j\larch, and April 1925-26, with anclwilhout top 1'ce 

PACKAGE ICE-8TAXDARD REFRIGERA1'lOX 
."---------;------;---------;-- -----.-------

Test IPn"kage (average) ! Top I Bunker 1'ota! 

Xo. \ Car Ifll!p, I '.felterl \ RIlP' \ -:=. I-;:IP' i '.felted - Sl!P' I Melled 
i !lhe'" "IIll,1' I,hed! • pllO,l
1 I I 1 

"'--'1' Lb. ~~l-~;\ I.b~ I ;e;·T~- Lb. Pc/. Lb. Lb. Pet. 
4••••• ," "., ... , A " :;;; 22.·1 64.0' 01 01 0\12,919 2,4111 18.72 24,119 9,587 3i1.75 
4.•", ••• _____.•\-l I 3.5 Zl.8 (il;.o: 0 01 0 12,826 2,320 18.11 24,026 9,942 41.38 
9........ ,, __ • A 30 2.1.8 79.a. 0'1 0 o. ",. . •.. ______..... __ . __ .. . 
10, ...• __ .•. ". A 30 ~.L7 §2'~1 0 0 () ... ____ .......,. __ , ". " __ ,, 
lL. ______ .". .\ , 30 _3.8 '93 0, 0 {) '\' .. ", '.. ."_ __",
12.. __ • ___ .____ A I 30 20.31 07.7 Il, 0 ° __ , . __ ' __ '__ .__ __ __ • 
13. __ • ____ . __ • A' 30 1S.0 00.0 U'I 0 0 ... -- ....--.--.--........... 

II ... ........ .\ 1_3~ ~ 00.01__0 _~__0' 

1

:.:.:::.:....1_'_1-=-== =::.:.:1_'_"_-=-== 
_ A\'ern~l'"l'----' .131.25 21.851 69.91 0 0 0; 12.8721 ~~~i IS.·13 2~,0721 9,764 40.56 

PACKAGE rCE-TOP ICE-BeNKER TCE 

4.......... ' ID \ 30 10.7 55.7 7,1012.276 32.0 12,39.11~'894 -:5~~-·;~51-;5J.1 32.70 

4..".,....... ID-I 30 19.4 04.1 Z,!~I ~,~~ ?S.~ 12,521 1021 15.34 ~,2~2l?,!9i 34.84 

9 __ ............ n I 30 21.3 71.0 1,056 _,080 31._ 0 0 0 11,1.50 9,142 56.80 

10 ____ ......... B 30 23.0 i6.7 i,500 4,2.13 .16.7 0 0 0 li,IQIl ll,61367.91


111.... __...... 'B 1 :lO 20.5 OS.3 4,800 2,691 liO.O 10,000 1,375 12.97 25,000 10.626 42..50 
12••• __ ........ 'B I 30 15.5 51.74,800 1,74:1 ali.a ....... " .."."............" .. ".__ . 
13 .............. '11 30 18.2 00.74,800 2,20fi 47.210,600 1,:1l3 12.3925,000 9,403 37.61 
14-- ........... 'll '~ 15.7 52.:! 6,000 3,705t~ 10,000 1,375 12.97 12G,2001O,104 38.56i 

,\yernge........ ,' :Ill IS.8' 027, 6,213 ' 2,r.9S, 4:1.4:!·311,3~3 1,575 1:1 89 24,lli1IO,l71!42. Ii 

1 'i i 1. til I 

I Cars shipped under slandard refrigeratiun. 
, Cars shipped under inif iu! icing. 
3 .,AYerage of five ~lrs reech~ing- hunker ic."e. 

'n:STS WITH OLD AND NEW REFRIGERATOR CARS 

Two transportation tests were mndc to determine the comparative 
efficiency of refrigerator cars of different ages in the transportation of 
lee.. The first test wus from Vega, Cnlif., to New York City in 

..~ ~t£ . 1925, nnd the second from Phoenix, Ariz., to New York City 
in JaL Ilry 1926, The new cars were nbout 1 year old and the older 
ones t~tween 7 and 8 yenrs old. The dimensions of the old and new 
cars were the same, but there were slight differences in the thiclmess of 
the insulation and insulating materials, as shown in table II. 

A comparison of the ice llleltage in the various test cnrs, presented 
in table 12, shows very little difference betwecll eomparahle shipments 
of lettuce in cars that hnd been in service for llbout 7 years and for 
only 1 year. The maximum, minimum, and average temperatures of 
the lettuce ill the top and bottom layers nrc given in the same taLle, 
showing very little difference between the temperatures in the various 
cars. 

http:li,IQIlll,61367.91
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TABLE n.-Thickness and typc of insulation 1'n old and new rcfrigerator cars 1tsed 

in lests condu.cted/rom California and Arizona to :.Yew }"ork Cily during October 

1925 and J anllary1926 


iInsulation uscd ill OrlOh0r 1025 test I Insulntion user! in Jnnunrr In2U tl'St 

----i----------~------
Item Old cnr I 

"ell' c"rl"__I_ OIcl<'nr,1 I X2\\" e:lf , 

:--futerilll l'l'hiek. 'f t I I Thick· :--f'lleri"1 I Thick·: :--f'l(crinl IThick· ... ness J.\' n er a ness I "". " j ncss I ness 

Incite.,---.----r I 
t, file/It., II----!~:~ltc., I Inr/I(.'

Floor...... __ . ___ .~ nllirrelL.. l!~ ('I)rk~ ~_.~4_ 2 FlnxIinuI1L.! 21'2 Cork~_ _ 2
Itoof. ............ I,. ___ do., .. _ 2 
 IInirrcIL_... 2 linirrcit.... 2!:i TInir insuL.' 2)."Sjdes und end!l ____ l+~ __ do___ -._! lJ!i 

___'" _____ 1 , 
 Fhl\liuunL.I 1;", Fiowrel'. i 2_"FhLXIi~J~ 

I Duill, in WI •• , Built in W2·1, 

TABLJo} 12.-Jfaxi'll!1I111, minimulIl, anr/ average tempera/urI's 'in transit of lelluce in 

top and boltom layers of refrigerator cal'S 7' Y('(lr8 and 1 year old, shipped from Cali

fornia and A.rizona to .Yew York City -in October 19Jij and Jaullary 19;36,- and 

total1:ce mel/age 

C'.\HS 7 YE.\Hfl OLn 

Total ice 
--~-.---- _. -._- -- ----- -- -- -,-.~---.---: 

IBottom Inyrr 

~o. ('nr ,--- --- - .- ~. - 8111'-

I
:--rlui-l ~fllli-1 .\.ver- : ~rn.xi- : "nni_/.\yer·llllied 

i__~-==-,~l-==-~~~~i__ I______ 
------------ 1 I 


! 0 P. 0 P. , 0 P. lop. 0 P. 0 F. 'PotL1Uls; Pounds' Puce"t 

32if -\ 5S 1 32.9 58 32 :12.,1 21'02619'9421 41.38 

.. ' ----.-------------, IIi_)1 07 'jq :12.7 5. 32 32.8 29,272 10, lfJi 34.84 
53 :12 32. 2 5:1 3l 31. 8 20, 100 ·1,832 / 24. 046___ •____ .... _._____ J-l 43 31 31. 9 ·13 31 :12.1 14,448 ,I,/H51 :12.15 

i 

--.-~- --'----'----'-----'---'----'----'---'-----''-- 

, 
II 58 301 • 33. ·1 58 32 32.8 24,119 9, [>87 I 30.754..•.•~==~~~!{ (' 50 a2" 2I 32.7 fill 32 :12.8 2n,OU5 n,5J.! 32.706.. __ .. _•• ________ • :{ 11 ·18 32 a2.5 48 31 :12. ·1 20,000 6,206 30.13J ·HI 32 31..5 46 31 31. 7 1-1,4·18 4,145 28.69 

V'nder the conditions of these tests there wus 110 noticeable differ
ence in temperature that could be ascribed to the difference in age of 
the refrigerator cars. .DECAY IN TRANSIT .• 

r 

., 
In each test car, as previously mentioned, test crates were placed 

in each layer at the doorway, quarter-length, and bunker positions and 
were inspected at destinatIon. The data shown in table 13 indicate 
thu.t there was no significant clitference in the amount of decay found 
in different layers. It is evident that the decay was least in the winter 
and greatest III the summer. Thlis was 110 doubt because of two con
ditions: (1) Less favorable weather during the summer, full, and spring 
months, and (2) the much better condition of the lettuce during the 
winter than during the other seasons of the year. Undoubtedly, the 
latter had more effect than the weather. 
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TARLE 13.-Percentage of decay (mostly slimy soft rot) found in the various layers of 
loads (;f lettuce shipped with bunker ice, 1Jackage 'ice, and with and witholtt lop 1:ce; 
swnmary of 7'CSllltS of all tesls, 1925-27 

i-I Heads showing deca;- in ynrious layers ",--- 

'1' ·t. Heads AverageSenson es carS 
IIinslle('(ed . "dct'lYI: , lBottom Second i 'l'lJird I 'rap i 

-----------I:::~;'I NlLm/:er I Percent ~::::T;':;;;-I: l'ercenl IPeTcent 
Winter.. , ..... , .. __ , .... " ...1 81 5.05ul 0.099 0.0\, 0.79 (J.O 0.22 
Fnllnndsprin!(.. ,., .......... , 111. 0,77·11 1.2 .75' .92 1.12, 3.98 
Sumll1cr~~ .. _~_k'~ _~_. _~ .. ~_~~; 21 t J2,UU7 1.17 ~~S 1.02: 1.57 'J.6:~J 

, " 'I i 

COMI'ARA'I'rVl~ I~FnCJENCY O~' CHUNK AND CRUSHr~D TOI' ICE 

Chunk top ice was us('d almost exclusively with body-iced shipments 
of lettuce lip to about 19:31 or ] 932. Since that time there has been a 
rapid change, especinJly with shipments oi'iginnting along the Pacific 
coast, and crushed 01' SIIOW top ice has supplunted chunk ice for this 

Bor----.-----.---#A-.-----r-----r-----.-----.----,-----,---~ 
!
Ii

i I,A 
Iii i. ./--.......... 


wr---~--.-~--~·_r·+_~_r·r_----r_----r_--_4----~----_4~--~r, iii i /
i \ i' j. ~ /
g ..i \. i ! i L, ·OUTSIDC AIR ;i /


~60r_--~·~--~_r·--4'+_~j-++r-----r--_r~----~~j~·~--~/~·_4----_4 
~ AI j i' \ I! r·, i\ ,I \, ! 
b ,. '\!. / \ / . ,.-., ", , 1 . , I, '. \ ., ,", 
<t \', ! \ . i \ ,'I' .:J' j i . i . \ i \ i \ !I. 
~ 50'r----nr-t--1~--_*~--4+~--~--+_~~--~~_4~+_--~--~
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40 " '. i
, . i 

Top LAYE:RSV 
CARS\\, '--:,. - __ _ _ I _~ ,_.1_____ 
c'ti4~A so 

16 17 It, 20 2/ 22 23 25'" MAY 1!J3tJ" 

FIGURE S.-Outside air tempemture and average temperature of top-layer lettuce 
in transit from the 'YatsonviIlc-Salinas district to Chicago, III., uncleI' the follow
ing condition=>: Cur A, crushed top icc; car il, chunk top icc. 

purpose in many vegetable-producing districts. The snow top ice, 
as it is commonly called, is mechanically crushed and blown over the 
load after loading JUl.S been completed, wltile the chunk top ice is 
placed on each stack as loading progresses. 

Data were obtained ill January ] 926 on one cal' of lettuce with 
fInely chopped ice thrown back over the load with a shovel dming 
loading. However, since the chnnge to snow top ice took place after 
the enrlier phases of this body-icing illvestigntion were completed in 
1927, a test was made in May 1935 to determine whether any material 
difl'erence in transit tempero.tures and ice meltage is obtainable with 
these two methods of top icing. 

'rEMI'EHA'l'UHES IN 'l'HANSIT 

A comparison of the avel'l1ge temperatures III transit of the top 
layer, as given in figure 8, shows that there was no nppreciable differ
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ence between the results obtained by the two methods of top icing. 
Individual temperatures as obtained at the various positions in the 
load are not given, uS there was practically no difference in the tem
peratures at the doorway, quarter-length, and bunker positions of the 
\Tu,rious layers, This condition would be expected because of the 
uniform distribution of the package ice and top ice, 

These results confirmed those ohtained with shipments in January 
1926 when chunk and finely chopped top ice were used. The results 
of both of these tests show that there was no appreciable difference 
in the rate of cooling or in the temperatures in transit due to the 
difference ill method of top icing the shipments. It would not be 
expected that there would be a great deal of di£1erence ill the rate of 
cooling of londs covered with either crushed or chunk top ice, as most 
of the cooling of the lettuce is done by the package ice. The top ice 
prevents the warm air above the load from coming ill contact with the 
packages and is largely responsible for maintaining the temperature 
of the load while in transit. The chief advantages of snow ice are 
that of being more easily placed in the car, and that it is less likely to 
dtlmage tIle top-layer crates. 

H'g '\IEL1'AGE 

The total icc supplied and melted in each of the cars shipped with 
crushed and chunk top ice in :May 1935 is given in table 14. These 
data indicate that about] ,200 pounds more ice was placed in the car 
\\'ith chu]}k top ice and about 1,200 pounds more ice melted in this 
car than in the one with crushed top ice. During the test ill January 
1026 about 4,800 pounds of ice was used in each of the two test cars. 
On arrivnl at destination it wns found that 785 pounds of chunk top 
ice had melted, as compnred with 1,OG1 pounds of chopped top ice. 
The average meltnge of pnckage ice was about the same for the two 
cars. These data indicate that there is no great difference in the melt
age of body,ic.e when crllshed Ot· finely chopped ice and chunk ice are 
used for top lClDg the loads. 

INSPEf'TION OF LE'rTOf'E 

The lettuce in the cars iced with crushed :md chunk top ice of both 
tests arrived in good conditioll, there being no discernible diffp.rence 
between them. This could have been expected because the lettuce 
WfiS in good condition at time of loading, find the ice meltage and 
temperatures in transit were about the same for fill the cars. 

TABJ,g 14.-Tolal icc furnished and melted in cars shipped with crllshed and chu.nk 
top 1'ccfro1n the Salinas- Walsorwille district to New York Cily dW'iny .May 1935 

._--
('ar .\. (crushee[ top iee) ('ar n (chunk top ice) 

Rupplied 1 Melted Supplied Melted 

POl/nds Pounds Percent POllnd.' Pounds PerCclit 
10,920 4,403 ,11. I 12,480 0,365 51.0 
0,600 5803 00.4 9,600 5,371 55.9 

lee nt doorway'........ •............. . 1,800 ' 421 23.4 1,500 liD ll.9
~~~k;~~~~:::::::::::::: :::::::::::::::: :1' 

(' 

TotnL.................__ ••_....... 22,320 10,717 ·J8.0 23,.')8() 11,915 5O.,'i 

,. 

, Two aOO-pound cakes oC ice were plnced on end next to the doors on euch silla oC car with n aOO-pound
chunk oC ice placed on top oC the upright cakes. 
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INFLUENCE OF LOW-TEMPERATURE BODY ICE ON THE FREEZING OF LETTUCE IN 
TRANSIT 

The temperature of ice, as of other inert, nonliving substances,. 
follows rather closely that of the surrounding air. In fact, ice responds. 
more readily to a ehange in temperature of the surrounding air than 
many other substances because of its low specific heat. If ice that 
has been stored at a low temperature is quicldy placed in close contaet 
with lettuce or other commodities ordinarily shipped with body ice, 
it is likely to cause freezing injury to the lettuce. Although in many 
cases the temperature of the ice might not be sufficient to cause 
freezing injury, it does cause the commodity with which it comes in 
contact to freeze more quickly and severely when subsequently exposed 
to low temperatures. It is well known that the lower the temperature 
of a commodity the quicker it will freeze when subjected to a tempera
ture below its freezing point; thus it would be e::"llected that the 
greatest amount of freezing injury to lettuee in transit would occur 
during the colder months of the year. 

The average freezing point of 'lettuce is 31.2 0 F.5, which is nearly 3° 
higher than for most fruits and only 0.8° below the freezing point of 
pure water. It is apparent that the contact of head lettuce with low
temperature ice would soon cause freezing of the outer leaves. Rec
ords have been obtained showing that many commercial companies 
furnishing ice to the shippers of body-iced vegetables ordinarily store 
their ice at temperatures ranging from 23° to 28°. 

The freezing of lettuce in transit is due either to cold weather, the 
ice in the car, or a combination of the two. During the summer and 
most of the fall and spring months weather conditions ntled not be 
considered, leaving the body ice as the direct cause of freezing injury. 

The location in tIle load of the lettuce showing freezing injury will 
under most conditions give a clue as to the cause of the damage. 
When such lettuce is confined to the cmtes next to the bottom bulkhead 
opening it is apparent that too low tempemture from the bunkers is 
the cause. If the freezing damage is hugely confined to the bottom
layer crates and to those next to the side wans of the cal', the cause 
without doubt is weather conditions. However, in many instances 
where freezing is found in the bottom layer and up the sides of the 
load it is also found in the upper part of the top-layer crates and is 
ca.used either by cold weatlwr, low-temperature top ice, or by both 
conditions combined. Freezing injury caused by low-temperature 
package ice when scattered through the load may be mistaken for 
field freezing. When the freezing injury is c,'mfined to the upper part 
of the top-h~yer crates in the load then the top ice is without doubt the 
main cause, although cold weather Illay have had an influence. 

A few tests were made a.t Arlington Experimental Farm, Va., in 
1935 to determine wllether lettuce could be frozen in the crate by 
contact with low-tempern,tul'c ice. The ice was finely crushed and 
plnced in rooms ranging in temperature from 17° to 320 F., and was 
held there until the temperatme of the ice a.ppro::..imated tlw,t of the 
room. The test crates of lettuce were packed with this low-tempera
ture ice. Each crate was then placed in tt large box in a room held 
at 32° to 33° F. (approximate average transit temperature for lettuce), 

, WRlGIlT, R. O. TIlE :FREEZING TEUPEIIATUIIES OF SOME FIWITS ,VEGETAIlLES, AND ~'LOR'STS' STOCKS. 
U. S. Dept. ,\gr. Cir. 447, 11 pp. 1937. 



26 TECHNICAL BULLETIN 627~ U. S. DEPT. OF AGRICULTUUE 

and the crate was then surrounded with crushed ice of the desired 
temperature. The results of these tests are given in table 15 and 
show that freezing of the outer leaves occurred with ice having a. 
temperature of 25° or below, and that the lower the temperature of 
the ice the greater the extent of the injury. The time required to 
produce freezing injury w-ith ice at this temperature could not be 
determined definitely under the conditions of this test. The data 
obtained with crates 3 and 4 indicate that the length of the exposure 
of the lettuce to the ice made a difference as to the extent of the 
freezing injury. Most ('ars of western-grown lettuce are in transit 
for 5 to 9 days, so that had'this test been continued for the same length 
of ti.me greater injury might have been obtained than was noted after 
20 to 48 hours. 

TABLE 15.-Extent of f1'eezing i7l.i1l1·Y obtained with lrllllcc ·in contact leith ice oj 
val'yin{/ temperatw'es 

f'Temperature of-

Lwgth ---..---.--1 Extlmt of freezing injury of lest J.et· Pack· 1'op
1nee 1 nga iCll irc 

----------------1----------------
Hours o ii', o P. o [,t, 

L ....__ . ____ 21 58 32 25 No freezing. 
2~. ___ ~ ______ 24 58 25 25 Slight freezing of outer leaves of fe\\- hends.3.. __________ 

24 58 22 22 Outer leaves of most heads frozen. 
4.. ____..____ 48 58 22 22 Outer leaves of nil hEnds frozen, few hends frozen 2 to 3 

layers deep. 5.. __.. ____.. 20 32 32 17 Severo freezing on outer 2 to 4 lenves of "II heads. 
20 32 17 17 Severo freezing on outer 3 to Gleaves of all hends. 6___________ . 

1 'renlperaturc of kituee. nt time crntcR wero ropncked with ice. 

TIll'ough the cooperation of the Bureau of Agricultural Economics 
records were obtained on 92 cars of lettuce shipped from the Pacific 
coast during 1935 in which freezing injury was found; however, it 
occurred almost entirely in the outer layer of hen.ds in the upper part 
of the top-layer crates. This distribution is considered reasonable 
evidence that the freezing injury found in them was because the let
tuce had been in contact with low-temperature ice. These cars were 
unloaded at destination during all months except April and July. No 
effort was made to obtain a complete list and no doubt there were 
other cars showing freezing injury from low-temperature ice on which 
records were not obtained. 

Of the 92 cars on which records were obtained, 50 were unloaded 
during November 1935. As most of these cars were loaded in the 
central district of California (of the 3,523 cars of lettuce shipped from 
California during November of that year, 3,267 were shipped from this 
district) the natural route to eastern markets would be via Ogden, 
Utah; Chicago, ill.; and thence east. Records obtained by the 
United States Weather Bureau at its various stations along this 
route show that the mean temperature for November ranged between 
33° and 48° F. A study of the daily temperatures shows that there 
were a few nights of low temperatures, but that during the daytime 
the temperatures were moderately high, indicating that the periods of 
low temperature to which these cars were subjected were of short 
duration. Weather conditions were such that transit freezing prob
ably would not have occurred had the lettuce not been in contact with 
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low-temperature ice. There were many other cars originating from 
the same district and unloaded at destination at the same time that 
arrived without freezing injury. 

The results just discussed indicate that low-temperature ice does 
cause freezing of the outer leaves of head lettuce while in transit. 
Other body-iced commodities, snch as carrots, aTe also frozen by con
tact with low-temperature ice. This type of transit fTeezing mjury 
can be easily prevented by permitting the cakes of ice to stand in the 
packing house until they start to melt when the ice will be at a safe 
temperature. 

DISCUSS!()N 

Studies were conducted from 1924 to 1927, inclusive, from western 
prvducing districts to determine if body ice is necessary for the safe 
carriage of lettuce to eastern markets. Additional wOTk was done in 
1935 and 1936 on otheT phases of lettuce transportation. A total of 
66 test caTS were shipped during the six sea&ons. 

The data obtained during this investigation showed that lettuce 
could be safely shipped lmdeT standard refrigeration without body ice 
only during cold weather, and that lettuce shipped by the same method 
during mild weather in the winter months arrived in poor condition. 
The results indicated that the hazards of shipping without body ice are 
too great for general commercial practice. 

It was also evident that top ice, in addition to other means of 
refrigeration, is necessary for lettuee shipments during a period of 
approximately 6 months beginning about April 1. The quantity of 
top iee meited varied with the outside temperatures. Itwas found that 
for shipments moving during the hottest weather in July and August 
from 7,000 to 9,000 pounds of top ice was melted; whereas for ship
ments moving during the other summer months the meltage of ice 
was from 4,000 to 6,000 pounds. During winter months the meltage 
of top ice for the most part was between 1,000 and 2,000 pounds, while 
during the balanee of the year it was from 2,000 to 4,000 pounds. 

Although the above amounts represent the approximate quantity of 
top iee actually melted to provide necessary refrigeration in transit, 
additional ice should be supplied as a factor of safety and to allow 
the receiver some leeway in the disposal of the load after arrival at 
destination. 

Package ice is necessary with shipment of lettuce from western 
producing districts. The amount of additional refrigeration required 
will vary with the season. Either top ice or bunker iee is needed in 
addition to the package icing. Top icing is prefemble to bunker icing 
because it prOVIdes quicker and more uniform cooling of the lettuce 
and better protection against the penetration of outside heat. The 
one test in which salt was added to the bunker ice indicated no 
material benefits from its use. 

Thirty to thirty-five pounds of finely crushed ice in the package was 
found sufficient to provide the necessary quick cooling and the mois
ture needed to keep lettuce fresh and crisp. This quantity is small 
enough to induce no undue slackness of the pack when it has melted. 
A source of moisture inside the crate is required because the waxed 
paper liner (fig. 2) prevents the entrance of water from the melting 
top ice. 
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The results show that crushed top ice ~ves practically the same 
results as to temperatures in transit and arnval condition of the lettuce 
as chunk top ice. The crushed as compared with the chunk top ice is 
more easily placed over the load and saves time in loading. It is also 
reasonable to expect that there should be less breakage of the top-layer 
crates in shipments under crushed top ice than where chunks of ice 
are thrown over the load. 

The contact of the package ice with the heads gives sufficiently 
rapid cooling of the lettuce to make precooling by mechanical means 
unnecessary. Moreover, no significant saving in ice can be expected 
because of precooling since the ice meltage in transit of precooled and 
nonprecooled cars was practically the same. 

During cold weather the presence of body ice in the car increases 
the hazards of freezing injury, because it maintains the lettuce at a 
temperature only slightly above its freezing point. Therefore, when 
body ice is used the lettuce is more quickly reduced below the freezing 
point under the influence of colder outside temperatures, so that during 
cold weather freezing of the lettuce in the lond is more likely to occur. 

The results discussed on pages 27 and 28 also indicate that low-
temperature ice sometimes causes freezing of lettuca while in transit, 
-even during the summer months. The extent of the injury is deter
mined by the tempemture of the ice and of the lettuce at time of 
packing. This freezi11g injury is ensily prevented by permitting the 
cakes of ice to stand in the packing house until they start to melt. 

The most satisfactory temperature for carrying lettuce was found 
to be between 35° and 32° F., and was obtained by the use of pnckage 
icing and by one of the two other available methods of supplementnl 
refrigerntiol1, namely, ice over the top of the load or ice in the bunkers 
of the cal'. 

It is evident that temperatures in transit and the condition of the 
lettuce at time of shipment are the chief determining factors in its 
successful transportation to market. In these tests lettuce reached 
the market in good condition when it wus cooled quickly, as by the 
lIse of body icc. When the lettuce cooled slowly, as in the shipments 
without body ice, its condition was generally poor on arrival at desti
nation. Lettuce that WtlS in good sound condition when shipped 
under body ice arrived in good condition; that affected with decay, 
tipburn, or burst heads often arrived showing excessive decay regard
less of the amount of refrigeration furnished in transit. 

Marked changes in the methods of packing and loading lettuce 
came into use between the 1924-27 tests and the 1935-36 tests. The 
package ice used in the later tests wus finely crushed by a machine; 
in the 1924-27 tests it was shaved by hand and contained many com
paratively large chunks that were capable of causing more bruising 
injury than the crushed ice now used. During the early tests the 
lettuce was packed so that there was little or no bulge, thus permitting 
the crates to be loaded right side up one above the other. There was 
no excessive bruising or injury of the outer leaves noted during these 
tests, although an occasional head would be indented by contact with 
a large chunk of package ice. In more recent times the crates have 
been packed with such a high bulge (fig. 4) that it is necessary to 
load the crates in the three bottom layers on their sides (fig. 3). This, 
even with the finely crushed package ice, causes excessive bruising of 
the outer leaves. 

} 

• 

.... 
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Bruising of the heads not only seriously detracts from the appear
flllce of the lettuce but necessitn.tes heavy trimming. After the 
bruised ribs and leaves of an originally well-formed head lmve been 
trimmed off on the market only a smull misshapen head is left. Such 
a head not only giyes a poor appearance but wilts and discolors quickly, 
so that further trimming is needed before it can be used. During 
these tests it was fOlUld tlmt permitting the heavy protective wrapper 
leaves to remain on the head at time of packing reduced the extent 
of the injury but did not prevent it. It is evident that the excessive 
bruising injury in transit is due to excessively heayy packing of the 
cmtes and can be avoided by use of a lighter pack. The excessively 
heavy packing of lettuce is therefore undesirable. It has grown up 
in the industry as a result of buying by the package and selling by 
head. This practice is not eon fined to the packing of lettuce but is 
on the increase with other vegetables and fruits as well. However, 
IIny practice that gives the eonsumer an inferior product and requires 
the payment of freight and refrigeration eharges 011 waste is highly 
undesirable. 

CAULIFLOWER 

Cauliflower is grown and shipped commerciaUy in the States 
located chiefly along the Pacific COI1St and in the Great Lakes region. 
The ~,x~rage yenrly shipment for the rnited States is between 7,000 
and (,,000 cars, of which more than three-fourths are shipped from 
States in wbich body king is commonly used in the transit refrigera
tion of this commodity. Cauliftower is shipped during the year from 
the pl·~ncipal producing regions, as shown in table 16. 

The long-season ItLte-mtLturing cauliflower is sometimes referred to 
coml11c.reiully as "broccoli." This plant requires the entire season 
to mature and llulkes its heads in the spring. It is the cauliflower 
shipped ('hiefiy from Oregon, is very similar to the winter cauliflower 
grown in California, und is handled in much the same wny. The 
"broccoli" shipments from Oregon are included in this report ns 
cauliflower. 

PACKAGE 

Cauliflower is genemUy packed. in the field in fints or pony crates 
for shipment. The cmtes used in California have all. inside measure
ment of 8~ by 18 by 21% inches; those in Oregon are 8 by 16% by 23J{ 
inches. The untrimmed heads am first set erect in the crates (fig. 9) 
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FIGURE 9.-A method of packing cauliflower in the field: A, Sorting of heads 
and placing in crates butts down; H, trimming off lcaves with large knife; 
0, packed crate ready for cover. 
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with the leaves of the jacket sticking above the sides of the crate, and 
the leaves are then trimmed (fig. 9, B and C) so that the lid may be 
nailed to the crate. 

LOAD 

The test cars contained 500 to 512 crates, loaded according to the 
common commercial prnctice at thnt time. The packages were loaded 
bottom side up to prevent wnter from collecting in the hends. Because 
cauliflower is ptlcked only one In,yer to the crate, package icing is 
impmctical. In body-icing this commodity, the ice was placed 
('itbel' on top of the lond (fig. 10, A) or on top of th(' load und in 

A B 

.... ~...-....- ........-,...~- ..
-.. ~- ',. 

c 
FWUltB 1O.--l\1cLhods of louding CUI'S with cuuliflowcr: A, Top icing only; 

B, 0, und D, top icing with pigconhole icing. 

pigeonhol-?!', i that is, in OpCIl spac('s left in the loud. There were 
severnl difJ'erent methods of placing these pigeonholes, the morn 
common ones being shown in figure 10, B, 0, and D. 

RI<~FRIGERAl'ION 

The test sllipments were made during the winter and carly spring 
months hom Caiifornilt nnt! (}fopgon, with fUld without body icing, 
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and under either stanJard refrigeration or initial icing. The body 
ice was placed on or in the load in chunks.6 Two of the shipping tests 
made in April were under standard refrigeration plus 3 percent of salt. 
The customary method of shipping cauliflower is with body icing 
and bunker icing without suIt. 

LOCATION OF THERMOMETERS 

Electrical resistance thermometers, pre\-iously descdbed, w('r('. 
placed along the center line of the cur in the first, fourth, and top 
layers of the first, fourth, and eighth stacks; that is, at the bunker, 
quarter-length, and doorway positions, each of the nine thermometers 
being buried in i1 head of cauliflower. Air temperatmes were obtained 
nt the bottom bunker opening, at the doonva)r neal' the floor, and at 
the top of the car about 6 inches below the ceiling. 

EXPERIMENTAL WORK AND RESULTS 

The experimentnl work with cauliflower consisted of two tralls
portation tests from Compton, Calif., to New York City and Chicago, 
111., during Decemb('r ]925 nnd 1926; four shipping tests from the 
vicinity of Los Angeles, CnliL, to New York: City and Philadelphia. 
Pa., durillg January 1927; two shipping tests from Roseburg, Oreg., to 
X ('w York City in March 1927; and two tests from Guadalupe, Calif., 
to New York City and Philadelphia in April 1927. 

ErtCh shipping test consisted of a pnir of cars, one with body ice 
:111<1 the other without, and both under bunker refrigern.tion. Most 
of the test shipments were initially iced, not re-iced, and a few werl' 
shipped undt-I' standnl'Cl refrigeration. Most of the non-body-iced 
shipments received standard refrigerntion, but a few were initially iced 
lind not re-iced. 

The tests conducted ·with c:tuliflowel' were made dlll'ing the winiel' 
:tlld spring months to d('termine the need for ice in the body of the 
(':II' in ordl'I' to dcli\Tcr the cauliflow('[' to the markpt in good condition, 
Lilt' quantity of ice required, and the most desimble locution for it. 

INSI't:CTION OF CAIJUFI.OWER 

The cauliflowel' loaded in the test, curs was in good condition, with 
no decay, hends generally compnct, with little fuzziness, l'iciness, 01' 
spreadilig. Riciness is caused by the elongn,tioll of the stems of the 
flower clusters giving an uneven or rOllgh surface, sometimes with a 
granular appearance; fuzziness is the elongation of flornl bracts of 
the individ uat flowers giving a velvety hairy appearance to the heads; 
spreading is caused by the separation of the clusters giving the head 
a loose open texture in: the more advanced stages. These conditions 
llI'e not generally serious but are an indication of ovel'maturity, 

Inspection at destination (table 17) indicated that body icing had 
little, if any effect on the amount of decay, fuzziness, riciness, or 
sprending of the curds found at time of unloading. These conditions 
were as prevn1ent in body-iced CIII11 as in cnrs without body iee. 

• Crushed it'e 1< now being lIsed exLeus/vely WiLh ClIulitluwer shipments flnl/ hl~' lurgely supersedlli! 
chuukice. 
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HowC\:er, the bo~ly ice did IHwe ..n. de.ci~led effect in p'reventing ~he 
yellowmg of the Jacket len.ves. No wIltmg and very little brownmg 
of the jacket leaves were founel in the body-iced cars, wherens in the 
cars without body i('e four arrived with little wilting, two cars with 
the top In,yer wilted, and four with prllctically all of the heads wilted. 
The shipments mndc in December lWeI .Tanuary arrived with the least 
wilting and discoloration, whereas those in :March and April were the 
poorest. 

TABLE 17.~Record of ill.~peclio'l/s of cauliflower sln"ppecl in test cars during De
cember, January, JJa/'ch, and. ilp/'il, t.?id6-27, fro 1/1. California and Oregon to 
Sew York City, Philarlrlphw, Pn., nncl ('/tical/o, Ill.; showing percentagc of decay 
under var£olls 'met/lOris of rrfrigl'l'(Ilion 

("ondition of ('aulif1ower at time. of 

I.o"dill~ t:nlolldill~ I 

'J'lllll- Com:\0. i Car I pllnl- I "m·ti lure ! "l~;,f~" !,,,,:1 ';~:-I::~" "',' I'":::!~:" 
I:. Pt'TCf'"t })crt'Cllt PrrCt'ut, Perccnt Perc(,lIt PUCfllil j'rrcCIlf.' }J('ralll Percent 

I I': 
(",0 
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I E 51 \I~. 0 2.00 0 7S.3 2.0 S.", 11.:l! 0 .. J.: ;Ia !lO.O !i. 0 !i. 0 I. 0 fiO. Ii n.o I·t.:! 7. I , 11 
ri E ,')(j HI. 0 II. () 5.0 7.0 07.2 22.0 II. R U.O • I) 

, I'; :il t17.0 :1.0 I. () 1.0 82.\1 7. \I :I. 2 :1. 7 i 2. 3 
I'; :1\1 {Ii. () !J.n 1.0 0 Sfi.1l 2. !I :1.0 !J.4 I 2.11 

!J Jo: :m HKl. 0 o 1.0 1.0 1m. I 2. f> 11.0 Ill.", • 0 
In I'; \12.0 I S.O 1.0 1.0 UO.2 x.·, 3.R 21.G i 0 

.. _.. _.__.._ ... __ .. _~ . ___.._..__ ~_'...___'___ I -- " ..~~----

-.- ---,-----_. 
I (j .I 07.0 :1.0 5.0 5.0 7fi.O I' n.1l 2.8 

.) 
~: gr-- i-6 

2 K 2 I !IO.O Ill. 0 10.0 10.0 flO. " 20.0 la.o 
(1 I Hi. .1 2. [, :1.0 2. :; 8S.•; 2.0 0.5 

I n . II~.O 2.0 o o 8!1. fJ 2.0 4.4 .1.1> 0 
t. n ! \15.0 [},O ?j,o 1.0 fi2.7 16.6 13.S Ii. Il 0 
Ii 01. () 0.0 ;;.0 7.0 111),0 5.0 3.0 :'.0 II 
II ~~ i 100.0 o 1.0 1.0 74. :I 1.0 fi.O 15.7 II 
III n !12.0 KIJ 1.0 1.0 82.1 2.9 8 q li.ll II 

.---....---~-----'-----~----~--~~--~----~I 
'rop ICE-BU",KER ICE 

-1-,-,'---:~--;;;-.. ~: 
I 

0 
0.0 i7. [j 7.0 1."' 1).2 ·1.9., W.O 50.0 27.0 10.7 Ii.-I o 

7 I ~ ~J 1m:?' I~:~ ?o 1.0 sa. 3 8.2 ·1.2 2.0 I." 
s I J( all 1l7. 0 3. 0 1. 0 o oa.l ·L2 1.4 .4 .11 

.. " - ....-~---.- ....'.......---'---....-!...-........!--.!.-

I 1\0 \\'iltin~ IInrl j:rllrlicnlly Ill) yello\\'i"~ of It~n\'es of hends in hody·it'Cd cnrs, while in the ('lIrs without 
lop ieo the top layers wero will~d in h',sIS.i nnd n; entire londs were wl1tCd in tC'sts 7, 8, O. nnd 10, with from 
4 to 1 L percent of hends nl1l1 jn(,kcls yelloll" or hrown. 

RATE 0 .. COOI.ING 

DtLta regarding the rn.te of cooling in tl'l1l1sit were obtained only 
during December. As shown ill tahle 18 the cauliflower cooled most 
rapidly in the cars rcc('iving both top icc und pigeonhole iec. The 
cooling WIlS slightly slower in the top-iced cars without pigeonhole 
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ice and WfiS very slow in the cars without body ice 11l1d('r standurd 
refrigeration. This condition is shown graphiclllly in figure 11, which 

60 

SO 

-10 

.]0 

~ 
~ 
1IJ 
I{ 

20~ 

~ 

~ 

~ 

~ 10 

SO 

DeceMBeR 1926 

FIGt'IlI>11. Ou[:.;ide air {('lIlpl'l'aturt' :llld femperature of top and iJottom laYl:'rs 
of ellilliflo\l"('r in ir:liIsiL 1II1d('I' fhe following conditiolls: Cal' A, standard re
frigeration, no body i!'e: car B, initial icing and top icillg; ear C, initial icing,
fop ieing, and pigeonhole ieing-. 

~in's the 1I\'(,I"Ug'n t,PIlIPPl"lltU["('s ill trllilsiti of the top and bottom layers
III curs under the thn'l' nl('thods of rrfrigpration. It is nppnrent that 
the body icing wns ('(rt'etin\ in cooling the top layers nnd WIlS neces
sary to cool tll(\ cauliflower 1Jt'low 40° F. during th(' fil'st 3() to 48 
hours (table J8). 

F'r('('zing wns found in nIl of tho t('st cars during the] 925 t('st, 
Ilwinly in the crllLes nlong the side wnlls nnd nelll' the doorway. Since 
thermometers w('re lIot pl:l("('d at these locations but only along the 
c('Ilt(,I'line of the loud, the temperature r«;'<"Ol"{ls probnbly do not indi
cllte the minimum tell1p(,l"Ilttlres that occurred in the cars. Freezing 
wm~most s('vere in the body-iced c:u·s. 

A compul'ison of the fl,\'(\I'nge total j('(' meltnge in the test cars 
shipped und('1' the thl'ce Ilwthods of refl'igemtion used fnr cauliflower, 
namely, top ice, top ice and pigeonhole jcing, and bunker icing alone 
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(table 10) shows compurntively smull differences, nlthough there wns 
n wide variance in the amount furnished the cars shipped under the 
different methods. 

TABLE 18.- Time rcqllirci for cauliflower to be cooled; also maxim1lfn, minimll11l, 
and average outside te11lperatllre.~, and temperatll,es of top and boltom layers oj 
experimental shipments in December 1!J2ii and 1926 

llt":\KER 1('1':-:'<0 nODY WE 

i 'I'im;~e~~irC(; for ('nuli· !I	 TpnlJ'wrnture
I flOWl'f to rC!H'h---
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2 K 3:I 1O.() i I'. 1~,1 r.:l ;I i !!j' 55 33 I 30. Ii i .\' , 30
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l T('1upcratun'~ did nol reorh a2':J F'. durinp; trip 

DIS(,USSION 

Stlldi('S were cOlld lIclPd f!'Om 192:) to ] 927, inelusi \'1', on 22 cnrs of 
clluliflower' shipppd from west(,1'1l pl'Oducing regions on the Pncifi(' 
const to enstem mnl'kpts to detrl'lnine whether body icing is necessary 
for the safe shipment of this commodity. These tests w(,l'e conduct('d 
only during the winter nnd spring months. 

These expt'rinlC'nts showed thfl t en uliflow('l' Cll n be shipped under 
stnnciul'(ll'efrigerntion without filly body ice during cold weather, but 
since fit the time of shipment, it is impossible to forecnst weather 
c.ollditions s('Y('rnl dnys in ndvanee, the lise of top iee s('ems fldvisllble 
throughout the entire year. Cnuliflowrr shipped without body ie(' 
is likely to wil t find the resul tnnt shrinkuge decreases its attractiveness. 
Body Icing is also efl'ective in preventing brownin~ of the jackets filld 
wiltrng, but does not seem to prevent riciness. fuzzmess, find spreading 
of the hends. The three latter conditions ('nn develop in transit, but 
ns they are indications of o\'ermaturity they can lIsually be eliminated 
by not shipping overmnture stock. 

It is eddent from the results obtninecl in the transportation tests 
that plncing some iee in the lond resulted in more rapid cooling and 
more uniform find lower tmnsit temperatures thun when nIl the body 
ice wns plnced on top of the lond. The aIllount of body ice melted 
in. trnnsit varied with the outside temperatures nnd during these tests 
ranged from a minimum of 2,839 pounds to a muximum of 8,833 
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pounds. These amounts represent the approximate quantity of body 
ice actually melted to give the necessa.ry refrigeration in transit. 
Additional ice should be supplied as a safety factor and to permit the 
receiver sufficient time to properly market the commodity. The fact 
that the average total meltage of the bunker ice in the body-iced cars 
with and without pigeonhole ice was only 2,666 and 1,640 pounds 
indicates that it was not greatly needed and suggests that body ice 
alone would be sufficient during the winter and spring months. 

TABLE 19.-Record of ice supplied and melted 1:n experimental sidpments of cauli
flower dllr1:ng December, ,January, l1fareit, and April, 1.92.5-27 
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GREEN CORN 

Green corn is grown in prnctically every State, but carlot shipments 
are largely confined to extreme Southern and Southeastern States 
during the spring months 

PACKAGE 

In the tests reported herein the corn shipped from Florida and 
Alabama WI1S packed in crates having inside dimensions of 14 by 11 
by 22 inches or 1:3% by 11 by 22 inches, being strongly constructed 
and bound with wire. 

http:necessa.ry
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LOAD 

The cars shipped from Florida were loaded with the packages 7 
rows wide, 4 layers high, and 12 stacks long, with 2 additional stacks, 
1 etlch side of the doorway 1 layer high, making altogether 350 cmtes 
in each car. The cars were braced at the doorway with 1- by l-inch 
strips.

Those from Alabama were loaded the full length of the car, seven 
rows wide, foU!" Inyers high, except at the doorway 'which wns loaded 
with four packages crosswise of the door nnd tlw{'c lay{'rs high. 

UEFRIGEUATION 

The two mq)erimentnl cllrs from Florid!}, were shipped under 
standard Tl'frigl'mtion with 2 percent of salt, one CHr with and the 
other witholl t top ice. The q uuntity of suI t lIsl'd was 2 pelTent of the 
weight of the ice placed in the bunkers of the ears at the vnrio\ls ieing 
stations. On account of n deluy in londing the top-iced CH.I', the 
amount of top ice. wns weighe(l only in one end of the car. A total of 
ii,1:30 pOllnds was plncecl in tillS end. This end of the car lind the 
cur without top ice w('t'e loaded the same day. 

The fOllr {'xperinH'ntal cnrs from Alabamn, were under' stnndunl 
r('frigel'ntion with 5 to G tons of top iee added. 

LOCATION OF THERMOMETEUS 

Electricul resistanc(' thermometers, predollsly described (p. 4), 
w('re usptl with the t{'st from Floridtt, being inserted in enrs of COt·!\. in 
C1'11 tes locn ted ulong the center line of the Cltr a.t tbe top, tbird, tlnd 
bottom lnyers nt the doorway, quurter-Iength, nnd bunker positions. 
Air tempt\J't1 t1ll'es were obtnined at the bottom bunker, at the doorway 
nenr the bottom of the load, and about 6 inches from the ceiling. 

In the tests fl'om Alnbanu1 TecQl'ding thermometers were plaC'cd in 
the top and bottom layers of the doorway and bunker stacks. 

EXPERIMENTAL WORK AND RESULTS 

The experimentnl shipments consist(ld of one tmnsportntioll test. ill 
.Tune 1927 ft'ol1l I~nwtey, Fla., to New York City compl'ising two cars, 
olle with find the other without top icc. Four shipping tests of ()[)£' 

Cllr ench Und('L' top ice were mnde in June 1933 frOllt Loxley, Aln., to 
northel'l1 mnl'kets. One of these four cnrs wus precooled for 4110mB 
with a portable precooIwg u ppnrn tus {'onsisting of four lO-inch fnm; 
suspended in the top of the iet' bunker imnH.'dintdy uboye the ice, 

lNflPE("I'JON 

TIle corn in all the test cnrs wns in good condition nt time of londing. 
The {'urs were of good size, generally w('11 filled, with husks of good 
green color. However, prncticnlly nil of t.he corn in the shipping tests 

It> showpd enrworm dumage. 

HATE OT<' COOLING 

There WIlS not i\, great denl of difference in the rate of cooling in the 
bottom lu.y('l's between the top-i{'('d and lIon-top-iced CHI'S shipped 
from Floridll, bllt, ns shown in figure 12, the uvprnge temp('rntlll'c of 
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the top layer of the top-iced car cooled to below 50° F. about 36 or 40 
hours sooner than in the non-top-iced car. The temperature of the 
corn at time of louding was about the same in both cal's with outside 
temperatures ranging between 55° and 85°. 

The rates of cooling in two of the top-iced cars shipped in 193B, as 
obtained with recording thermometers placed in the crates, are given 
in figure 13; one load (cnr A) hud been precooled with a portable pre
cooling apparatus. Thrf'e pel'Cf'nt, or about 288 pounds, of salt wus 
plac'ed 011 the ice in the ('-Ill' prior to the beginning of pl'eeooling. As 
the PI'p('ool(,I' WIIS lIs('d in the C':1I' only 4 hOIIl'S, it, is ]1I'Obllh1f' tllnt 
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FIGURE 12.-01llsidc air tempe'rature' amI tcmperature'S of top ancl bottom lUYNs 
of COI'Il ill tl'!l.lH;it shipPNI 1I1ldC'1' :;i!llld!l.l'd nofrigcmtioll with 2 pt'r{'ent of salt: 
('tu' A wit.hout top icC'; ('Ill' B with top ice. 

bettel' results would have been secllred if its operation could have 
been continued longer, 6 to 8 hours' precooling genernlly being con
sidered necessury with this type of equipment. 

'Vith the exception of those at the top doorway position the tempern
tures in the cu.r receiving snIt (cu.r A) dropped to 50° Ii'. in about 30 
hours, whereas it took 65 to 72 hours to reuch the same temperature in 
the car receiving no salt (cur B), except for the bunker positions, This 
difference corresponds to tlmt obtained in the other two experimentnl 
curs shipped about the same time, 
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ICE lIIEL'l'AGE 

The top-iced car and the car without top ice from Florida were 
supplied with 25,680 and 28,359 pounds of bunker ice, respectivelJ', of 
which 15,920 pounds and 18,809 pOlmds melted. Practically all of 
the 5,130 pounds of top ice placed on the one end of the top-iced load 
WIlS melted after 4 days in transit. This makes an approximate total 
meltage of 21,000 pounds for the top-iced car Ilnd ]8,809 pounds for 
the car without top ice. 

From 10,000 to ]2,000 pounds of ice WIlS placed over the top of the 
loads shipped from Alabama. Practica.lly aU of this ice was melted at 
timp of arrival at destilllLtion 4 to 5 days later. It is apparent from 
the temperatures shown in figure ] 3 that the top ice was largely 
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Fm URE 13.-Tempcraturcs of green corn in transit under the following conditions: 
('ar A, precooled 4 hours, Httllldard rpfrigC'mtioll, salt und top icc; car B, stundurd 
l'cfrigl'l'Uiiun ulld top ice, 

melted after :3 days ill transit, us there wa!'< no further decrease in 
top-layer tcmperatures nfter :3 days and in one posit.ion there was a,
mnrked increasc. 

PRECOOLING EXP.~U1MEN'I'S 

Experiments have been conducted at the Arlington Experimental 
Farm to determine. the length of time necessary to cool corn by 
yurious methods and to find the efl'ect on lo'ls in total sugars after 
differen t periods at difl'erell t tempen'ttures, 

HATE OF COOLING 

Green corn is difficult to cool. As shown in figure 14, approxi
mately 2] hours were required for cooling the corn at the center of a 
crate from 80° to 40° F. in still nil' having a temperature of 310. 
The slow rate of cooling is no doubt owing to the high rate of re!'<pira
tion and the insulating efl'ect of the husks. The same amount of cool
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ing was accomplished in about 9 hours when the corn was phtced in 
moving air at the same temperature. When corn was immersed in 
nonagitated ice water (32° to 34° F.) that in the center of the packa~e 
cooled to 55° in 1 hour, 50° in 2 hours, 41 ° or 42° in 3 hours, and 40° ill 
4 hours. Corn placed in an air temperature of 70° to 74° increased 
temporarily from an initial tE'!nperature of 80.5° to 83°, and finally 
cooled to a minimum of 73° in 4() hours. 
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FIGURE 14.-('olllparutive mte of cooling green COl'll 11 Jld<'l' dilfen'nt condition,;. 

RELATION O~' TEMPEUATURE TO TOTAl. SUGAR 

Green corn has the best flavor if enten shortly niter picking when 
the sugar content is highest. It is evident from table 20 that there is 
a definite relation between the percentage of total sugars lost and the 
temperature at which the corn is stored. This corn was picked and 
immediately placed in storage. Very little sligar was lost during the 
first 3 hours, especially when the corn was held n.t 50° F. or below. 
After 24 to 72 hours in stomge, the loss in total Rugal'S was high in n.ll 
lots except that stored Gontinuously at 32°. 

TABLE 20.-;\veragl' loss -in total S·llgaTs of green COl'n, 1Jicked direct fro//! the field, 
af/el' storage at different l.cmJl('1'Uture.~ 

I Avera/.!;e lo~s ill totul sugar nUer

\. :\ hours I 2·1 huurs I 72 hours 

})rrcenl. Percent Percent 
Ice water I hour; 40° F. nir stornge. ___ .•..•.....•. 2.:\5 10. UI a6.76 
Ice water 1 hour; 700 F. air stornglL ___ -- ~ - -- --' - .. _.. -~~.' -- -- -- J:l. UO 63.93 
32° F. nirstornge___ •••...•..•• _•....... _...••-....... . o 7.56 

.88 38.13 
10.78~: ~: ~l~ ~~~~~*::::::::: .. :::: ::::::::: ::·-::::"··:---:::-·_·····-1 <'l 

I Discarded. 

Rose, Wright, and Whiteman i l'ecornmend that corn for consnmp
tion fresh should be Gooled quickly to 32° to 36° F. aftm' harvest. 

1 ROSE, D. R., WRIGHT, R. C., and WHITEMAN,.T. M. TilE COMMERCIAl. STORAGE OF FRUlTS, VEGE
TABLES, AND l'LORISTS' STOCKS. U. S. Dept. Agr. Clr. 278, 40 pp. 1933. 
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They state that experimental lots of green corn, fresh from the field 
and chilled in ice water, cafl be held in 32° storage for 30 days without 
apparent loss of quality. 

DISCUSSION 

These experiments consisted of one transportation test and four 
shipping tests, with a total of six cars, and precooling tests with green 
corn, to determine the need for body icing and the effectiveness of 
precooling methods. 

The datu, indicate the necessity for quick cooling of green corn. 
Ice on top of the load is necessary in transit. It is evident that 
standard refrigemtion is not sufficient to remove the field heat and 
the heat of respiration fast enough to prevent deterioration Lll the 
quality of the corn. 

Quick cooling to a low temperature is essential to preserve the 
quality and condition of corn and to prevent excessive loss of sugar 
and browning of the husks. The corn earworm has become a serious 
pest causing large losses, in many districts practically every ear 
being infested. Since the activity of many insects decreases with a 
decrease in temperature, it is probable that quick cooling would 
decrease the damage done by earworms to the corn while in transit. 
Although there is no evidence to show at what temperature the corn 
earworm becomes inactive 01' nearly sO', it is believed that tempera
tures at which corn would be stored or transported to prevent undue 
loss of sugars would also inhibit the activity of the worms to such an 
('xtent that damage in transit would be negligible. 

The amount of damage done by eunvorms to corn during transit is 
of importance to both shippers and receivers. United States grades 
permit a small amount of ear·worm injury at the tip of the ear in U. S. 
No.1 grade, but it is entirely possible that corn meeting these require
ments at time of shipment might not do so at destination, because of 
the a,ctivity of the worms in trunsit unless they are suppressed by 
unfavorable temperatures. ' 

The use of salt on the bunker ice is beneficial in lowering tempera
tures in cars loaded with green corn. While the amount used varies 
from 1 to 5 percent, a minimum of 5 percent probably should be used 
with shipments of green corn bec'ause of the unusual difficulty in 
refrigerating such a load. 

The results indicated that a minimum of 5 to 7 tons of top ice, in 
addition to standard refrigeration and salt, are necessary for ship
ments of green ('orn during a transit period of 3 to 5 days, because 
cars receiving this amount arrived at destination after a 4-day transit 
period with only 300 to 500 pounds of ice remaining on top of the load. 
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