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INTRODUCTION 

For purposes of interstate shipment it often is desirable that corn 
,11. shall be so -t.reated .as to elimina,tl} all risk of transmitting infesta;tions 
l II of the European corn borer (P'!Jt1usta nubilalis Hbn.). It thus be
' .. came desirable to consider the etfect of cold sf,orage on the European 
;, :... corn borer infesting green corn and to determine the value of sub
.• ' freezing temperatures in cold-sterilization practice. Experiments 
. ·U were therefore undertaken to determine the temperatures below 32° 
'...~ F. ~hat ar0lethal to this insect ~d to what extent insulation provided 
., '. by Its host plant protectscontruned larvae when green ears of sweet 

. corn are cold-processed. 
The assembly of such jnformation jnvolved the determination of 

(1) the lethal threshold and the time required for compJ.3te mortality 
of unprotected larvae in lots exposed to low temperatures, (2) the 
.tempenl,ture-time curve of green sweet-corn ears when subjected to 
cold treatment, (3) the time required for complete mortality of larvae 
infesting .green.ears, and (4) thesa:fe exposure to low temperatures 

, for boxed] green "produce "corn. Provision for obtaining data reIa
1 Sweet corn, 'frozen by tbemethods described .in this b1illetin, was discovered 'by the Federal Plant 

Quarantine Board to be.a product subject to IntalState commerce and liable to infestation by the European 
com borer. It 'was being transported -from an area In New England then under quarantine agelnst this 
.lnsect. Tbe Federal Plant Quarantine Board requested the Bureau of Entomology to detarmlne whether 
the ,lefrigeration methods .used actually rendered the .com safe for Interstate transportation lilS regards tbls 
,Insect and, if so, 'what telIlpera:ture.~ and conditions werercqulred to obtnln this te.9ult .. IThlsbul!etiu 
:aescrlbe"Sithe Invpstigntions and gives the results requestad by the quarantine board. Blnr ,_thL9 bulletin 
'was .prepared the 'Federal quarantine .agn1nst tbe European com borer has been withdrawn, but as .the 
severnl Stntasconcerned .still operatl> quarantines against this Insect, ;it Is believed tbat the information 
'contained'ill It should bepub11shed ·lor t.he benefttof thequarnntlne om~ and other .lnter&ted persons. 

-.6014°-33 	 ~.," 



,~. 1< 

TE<JlTh"'IC.AL::,.BULLETll"'i 395,1T.S. DIilPT:OF .AGRICULTURE .•. 

tive to the foregoing items waH made through utilization of the facilities 
afi'm-ded by commercial refrigemtion InbOJ:a~Cllies ut Gloucestf'I, 1\1as!:;_, 
:and cold-storage warehouses at Beston, lvIass., and Pl'Ovirlence, R.I.2 
Heavily infested green sweet corn was obtained f01' the e:.\.-periroents 
on the .Upitdd States Department of Agriculture developmental and 
demonstration f::mn ht Berkley., Mass. Whipple Yel1ow, 11 valiety 
producing ears of the largest size, and Golden Sunshine, also popular 
witp: conunercial growers, were employed as host-plant ml1tei.ial. 

EXPOSURE OF FREE, OR UNPROTECTED, LARVAE TO COLD 

A. dete:rmination of the period of ex-posure toa given temperl1ture 
necessary to kill the insect is fundamental to cold-sterilization prac
tice. To this end e..'\:Periments werl~ un-anged to determine the period. 
of time intervening between the beginning of exposure and the lethal 
threshold, i.e., "\.:v'hen the fu-st larva died as a result of suche~osnre, 
and also the time necessary to kill al1 lar"\"ae so e:.\.-posed. Dliferent 
lots of fifth-ins.tar larvae werE: exposed to the same air temperature 
during various periods of time, until it appeared that there had been 
established thf' appro:.\.-i:mate n10mentsat which a fatal exposure begins 
and ~).completed. 

PROCEDURE 

In cond ucting these experiments with free larvae, it was considered 
expedient to eliminate the possibility of unequal heat loss through 
conduction to previously cooled objects or to objects-of high thermal 
conductivity, uncl to provide contact as fnr as possible with chilled 
rur only. For this reason cardboard boxes 5 inches long, 3 inches ",-ide, 
.and 3 inches deep were lllied with cotton cheesecloth and equipped 
"vith a cotton-screen floor IJ~ inehe:> above the bottom of the box. 
These boxe" were cooled to the subfreezing temperature before they 
were loaded with larvae for an exposure, and duringexperiroental 
use they were supported on ·wooden shelves placed near the ther
mometer in the cetld room. 

j,: The larvae were dissect-cd from green corn plant!:>, graded for 'size, .. 
and used immediately. The exposure interval, as hereinafter referred 
to} includes the period between the instant of introduction to the 
subfrew.1ng tempera:ture and that of removal flum it, the temper.:::· 
tures df.ed being in all cases the conec:,ed air temperatures and not 
tho!;;o of the refrigerunt or of solids in the room. At the end of the 
exposure peliod the larvae were. superficially ext.mined and placed on 
corrugated ('ardbo!l:rd strip::: in a sCl'een~d cage so that, if they reviyed, 
thev might crawl into the corrugated paper cel1s and spin up, as they 
do normally. The treated hu-vae, together with check lots, were then 
retnined in an atmosphere of 75° F. and 70 to 75 pexcent relative 
humidity for subseqllentobserva.tion until the decomposition of .all 
the dead larvae was evid.ent. 

PHYSICAL CHARACTERISTICS OF EXPOSED LAItVAE 

When the ltlJ'Yae were l'emoved from the cold room, they ·were 
examined ,,'ith respect to color, sha.pe, and body resilience. No 
changes in color were observed except a change attributa.ble to It 

slight accumulation of frost on the external surface of sclru'otic 
L The writers acknowledge the helpful lISsL~tnnce of S. M. Davidson,. of Gloucester. Mass., in obtninlng

records .of temperature changes in the coil .pith and grni:l of green sweet corn during treatments. 
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app.endag'tsand the.body wall. Whensu'ojected t.otemperatures .of 
7 10°,;-20°, !and -25° F", the body curled~and retained.a crescent 
shape until SOlle time after defrosting. Thls was pa,rticulurly char
acteristic incases where exposure resulted in the death ofalllaJ'Vae. 
'When it had been eXp(lsed for one of. the longer intervals to any 
temperature emp16:red (i.e., between +30° and - 2,5°), the body 

~,." of the insect was stiff and. brit.tle, gave forth a l'attling sound when 
rr 	 shaken ina cardboard box,and bounded like a solid when dropped, 

in these respects resembling any frozen food product, such as asparagus 
or fish fillets. This ,vas assumed to be due to freezing of free body 
water, and, since many of the larvae survhred, this indicated that 
death is not caused by such a condition. 

MORTALITY OF EXPOSED LARVAE 

Table I gives the mortality und survivall'esults for various periods 
of e}.-posure to several subfreezing temperatures, and table 2 sum
marizes the results of exposure to various temperatures. Individual 
differences iLl, susceptibility to death by freezing were noted in all lots 
of larvae. The lowest tempera.ture employed, -25° F., was found 
to kill alliarvue during a IO-minute interval, but u lethal threshold 
fol' tbis temperuture wus not established. Since an exposure to - 25° 
during 5 minutes was fatal to 60.q percent of the larvae and since 
the threshold of mortality was found to be at 3 minutes for e.!l.-posure 
to -20°, the tllreshold at -25° is assumed to be at so short a time 
as to require rather elaborate procedure to determine it. The intel'val 

TABLE l.-Result.~ of exposure of free larvae to low temperatures 

Tempcra-I Time of 
turc el.1Josure 

OF .il1inutea 

25 It 18 
15 

2 

12J,2
0 

0 Ij:15 
7 

I 

10 
1	 15 


20 

25 

10 

15 

20 

25


I 30 
o 	 40 


Oil 

90 


1.."iJ 
150 
[SO 

( 30
I 40 

II ii
180 
11,4'10 

) , 3,900 

I 'Or 24 hours. 

Deadlar\"ac 

Number 
14 
25 
25 
o 
1 
4 

14 
18 
10 
10 
o 
9 

19 
20 
20 
1 

11 
12 
10 
2!! 
16 
20 
21 
23 
2.1 

2S 

o 
I 
2 
1 
6 
7 
i 

10 
11 

'Spun-up I Surviving lli.'"Vae Ilarvne 

Number 	 Number Percent 
i 	 9 3!1.1 
o 	 o o 
o 	 o o 

20 20 100.0 
16 19 \15.0 
9 16 80.0 
1 6 30.0 
1 	 .2 JO.O 
o 	 o o 
o 	 o o 

19 20 100.0 
8 11 55.0 
1 1 5.0 
o o o 
o o o 

24 24 00.0 
12 14 50.0 
10 13 62.0 
12 H 46.6 
4 8 26.6 
7 U 36.0 

5 	 20.0~ 4 16.1) 
1 2 '8.0 o 	 o o o 	 o o 

24 25 JOO.O 
24 24 90.0 
23 23 02.0 
23 .~4. 96.0 
10 19 76_0 
18 18 72.0 
16 18 72.0 
4 6 24.0 

o 	 oo ; 

2 Or 65 hours. 

;,', 
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bet;'een the lethal threshold and. the mortality of the Iilntire lot in
creased rapidly as higher temperatures were encountered. (1ompar
ativelyshort periods of.exposure were fatal at and below -10°, but 
at 00 aI:1dat +15° .the larvae exhibited greater resist~nce. At --20° 
the first"larvaeruedafter 3 z.ninutes, and an exposure of 12~ minutes 
was fatal to all the larvae subjected to this temperature. It was 
.found that certain Inrva,e which survived exposure did ~ot spin .silk. 

TABLE2.-Summary of ,effective lethal temperature ezprf6ure;~nd lethal thres}.0ld8 
of fifth-instar larvae 

Time between initial Time between initial 
~l'osure and- eJg>Osure and-

Tempera- Tempcrp. 
tureture J.,ethnl CompleteLethal Complete I 

threshold :mortality threshold mortality 

op. Minutes Minutes of. 1>finutes 1>Iinute,! 
0 150-25 ----------- 10 15 

-20 3 m~ +15 120 ' 3,900 
-10 2019 I 

1 By interpolation. , Or 65 hours. 

No attempt was made to determine the internal temperatures of 
the insect during these eJ>..-posures. For ,a discu.ssion of this and related 
subjects the reader is referred to articles by Bad;: andCotton,3 
Robjnson,4. and Payne.s ,

These experiments with free larvae have shown that, in the pra(':tice 
of sterilization by means of cold, it is essential to employ temperatures 
of O°F. or lower. 

EXPOSURE OF EGGS AND PUPAE ATTACHED TO CORN FOLUGE 

0

TheefIect ofeJ>..-posure ot eggs and pupae attached to green corn 
foliage was next determined. Fifty egg masses from 1 to 10 hours 
old, 50 egg masses 70 hours old, and .20 pupae from 1 to 5 days old 
were placed in a cold room the temperature of which ranged from 

0 to +3° F. and left there for 48 hours. At the end of this time the 
mortality was complete. 

TEMPERATURE REDUCTION IN UNINFESTED GREEN EARS OF COR~, 

In connection with the practice of cold sterilization it is desirable 
to learn the rate and the period of temperature decline characteristic 
of the green sweet-corn ear when exposed to subfreezing temperatures. 

The .rate of cooling and freezing of green sweet corn on the ear 
~ . 
'0 when eA-posed in contact with metal plates held at a temperature of 

-220 F. was determined. The temperatures were measured by 
means of copper-constantan thermocouples and a potentiometer' 
sensitive to 0.1 microvolt. Single-junction thermocouples were used 
and an ice-water bath was used for the constant-temperature junction. 

The freezing ,apparatus was an experi.mental unit of a commercial 
3 BACK, E. A., and COTTON, R. T. COLD STORAGE AND INSECT CONTROL. Amer. Inst. ReCrlg. Proc. 

1928: IDa-ill. 1028. 
• ROBINSON, W. WATER BINniNG CAPACITY OF COLLOIDS A DEFINITE YACTOR IN WINTER'lIARDINE58 OF' 

INSECTS. Jour. Econ. Ent. 20: 80-88, illus. 10zr• 
• PAYNll:, N. M. FREEZING AND SURVIVALOlr INSECTS AT LOW TEMPERATURES. JOItt. Morph. and 

Physiol. 43:521-,540, mus. 1027, 
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.,type in ~hlchthe inaterialto be frozen wf!,s~laced in contact with 
thick metal 'plates and the refrigerant was circulated within the 

,.;' plates. Intbis e;pparatus the cob pith of the corn cooled rapidly 
to thefreehlng'point ·of the water in the ear, the average temperatures 
of thecal'S being lowered from 680 to 30° F. in 40 to 50 minutes. 
When the .00rn began to freeze, the temperature remained relatively 
constant during 75 to 140 minutes, followed by a comparatively 
.rapid cooEng from 23° to 0° F. for 40 to 55 minutes. Three hours 
were requir~d to cool an ear of Golden,~antam corn (1% inches in 
diameter) from 68° to the inception oHreezing, freeze itl and cool it 

+59 ~ 


+50 r~ 

+41 ~~ 
 .. 


f +32 I~ 

~ 

UJ 	 ....-..;;: "",.0: 

;: +23 	 ~ :---... 
'"
< 	

"'\... 
D. '" 
~ +14 	 ~ 
I 

+5 ~	~ 
~D 

-4 	 B. 

-13 

-22 

o 20 40 60 80 100 120 140 160 18.0 200 
TIME (MINUTES) 

FIOtmE l.-Tempernture-tlme curve for rapidly frozen green Golden Bantam sweet corn exposed to 
-22° F., showing the temperatures of the cob pitb (A-B) and of tbe grain (C-D) during II 3-hour 
intarval. 

to 00 
, while 4 hours were required to accomplish the same operation 

with an ea,r of Whipple Yellow corn (2% inches in diameter). The 
rate of cooling iS8hown graphically in figures 1 and 2. 

Another lot of Golden Bantam corn was frozen and cooled to .a 
temperature of 00 F. by exposure to cold air aiOO (fig. 3). The 
temperature of the corn was determined at intervals by means of 
alcohol thermometers thrust into the cob pith. Fifteen hou.rs were 
required to cool the corn to its freezing point, freeze it, and cool it 
to 00 

• 
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EXPOSURE OF INFESTED GREEN EARS OF CORN 

'The European corn-bOI'ler populationoi sweet-corn ears is not 
always distributed in different parts of the ear in the same ratio. 
Examination of 130 of the ears employed in these eA-periments showed '. 

+77 

A 

+59 ~\ -
. \\ 

+'50 

\,,\+41 

\\
£+32 f\... f--' ...........
" " ~+~3 :---. ,. ~ ....... 

~ +14 ~ \-

~ 
+5 r.... \ 
-4 

"\, 

"-\' 
i........";• • 


-13 

-22 

:r o 20 40 60 80 100 120 140 160 180 200 220 240 260 
"TIM!. (MIN.IJTES) 

FIGURE 2.-Temperalure·t.ime curve for rapidl," frozen green Whipple Yellow sweet corn exposed to 
_22° F., showing the temperatures of the cob pith (A-B) and of the gruin (C-D) during ,a 4-hour 
Interval. 

10 

60 1\ 

fO 
50 \ \ 

i 

" \ 
L 

I 

1\~ 30 

b ~ 
20 t:-k

\10 

00 
~ ;-i--- 1 

o 2 3 4 5 6 7 6 9 to II t2 13 14 15 
P~fUOO or EXPOSURe (!"lOURS) 

FIGURE 3.-Time-temperoture ~un'e for Slow-frozen green Golden Bantam sweet corn exposed to 0° F. 
in a cold room, showing the temperatures of tim cot, pith {juring a lS-hoUl' intm-vul. 

the distribution of the lal'vaeto be as follows: 214, or 44 perf'ent, in 
the grain,; 134, or 27.6 percent, in the shank; and 138, or 28.4 percent, 
in the cob pith. As noted by Cail'r('y and Worthley,6 the larvae 

I CAFFnEY, D. J .. and ,\rOnTHLEY, L. :IT. A I'.nOGRESS llEI'OnT ON THE INVESTIGATIONS OF THE r.;UlIOPEAN 
conN BOltER. IT.S. DeJlt. J\.gr. UUl. 1476, 154 p., illus. 1027. 
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develop throughout the husk and grain during the iilltial period of 

the infe&tationand subsequently, in the fourth and fifth ins tars, 


\\some ,of them tunnel }uto the., cob and, shan.Jc These tunnels are 

sometimes deep and SillUOUS, littered Wlth sll.k.-felted frass (fig. 4), 

aJ,ld are frequently directed into the center of the cob pith, where 

there is good protection from external influences. The problem of 


,~ < effectively sterilizing corn ears by means of cold is complicated by 
,~ the presence of larvae in such situations. 
. (/ Infested ears of green sweet cmn in which larvae occupied tunnels 
~ 

(. 

. 
in the cob "\Vere exposed to several subfreezing temperatures to 
determine the time of e:<o.."posure nBCe:3sary to sterilize such infested ~ corn. Several methods of procedure were employed, as deseribedin 

the paragraphs that follow. 


EXPOSURE OF HUSKED EARS IN A PLATE FREEZER 

One method involved the use of a mechanicall'efrigerator of the If; 

~ 

quick-freezing type (fig. 5). 'l'wo lots of green Whipple Yellow corn, 
.;. 

from which, to insure proper contact for maximum conductivity, all 
the husks except the innermost layer had been stripped, were packed 
one layer deep in paper cartons and placed between metal plates 2 

FIGURE 4.-Tunnels of the European corn borer in the cob pl.h. 

inches thick through which the refrigerant was circulated. These 
plates were then adjusted to make contnct under slight pressu::'e ",ith 
the top and the bottom of each carton. The ears were e)."Posed thus 
to - 22° F. for 4 hours while the {;empernture of the cob pith was 
brought to 0°. At the end of this time one lot was defrosted imme
diately at +65° and the other was stored for 24 hours in fl. cold room at 
- 20° inaccol'dn.nce with one of the commercial pruct.iees. 

The results ,\Ylth this method of exposure are given iu table 3, lots 
1 and 2. 

The effeetiyeness of this method of refrigeration in cold-steriliza
tion prac.tiee is apparent when the results are compllr0d 'with those 
obtained ",ith unprotected larvae. It has been shown (table 2) that 
when fifth-instar larvae are cooled in air at 0° an exposure of 150 
minutes is required to obtain complete mortality. HO",rever, in 
Whipple Yellow com that had been plate-froz~n for 4 homs the t(ll11
perature at the center of the cob pith was maintained at or below 0° 
during a period of 25 nlinutes or less (fig. 2) and snch e.ll:pOS1ll'e (table 
3, lots 1 and 2) was fatal to all infesting larvae. Inasmuch as all 
the borers were killed during a 4-hour freezing treatment, storage at 
-20° is apparently unnecessary for purposes of sterilization. 
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00 
TABLE 3.-Stt7nmary of data showing effect of exposure of European corn-borer larvae to low temperatures 

'l'teatment Larval popnlution oi- Larvae survivIng .In- ~. 
--------,,..-----------;--.--~,-- ---;-----;--.....-------:--...---.--1 Mortnl

Lot no. Ears Temper Duration Ityl'repnnltion of Cob CobCooling method ature.of oCax Shank 1 Graln 1 Total Shunk 1GraIn 1Totalears pith pithexposure posure I1---1 1---1---1--·--,---,---,---,---,---,----

Number OJ.'''. Hours txfL __________________I u NumberlNumberlNumber/NumberlNumberlNumberlNumberlNumbe'I Percentllusked , __________ Plate freezer _________ _ -22.0 4 o 3 2 11 0 0 0 0 . 100.02___________________ 8 ___ "do_________________do _____________-- ct 
20 -22.0 24 6 6 5 16 iJ 0 0 0 I 100.0

~___________________ Not husked _______ Refrigerated show +17.6 65 12 9 14 1 35 3 0 0 3 91. 4 
4____ • _____________ _ case. ~ 
5__________________ _ ~o I-----do------------ Cold room, ventilated_ o 42 15 17 0 1 97.5

2g I 40 I
6__________________ _ o 66 21 37 78 0 0 ]OO.()~8 :::=:;l~::::=::=:=:= :=:::~~::::=:::::==::: -20.0 18 ,18 10 35 63 1 &1 gl 0 0 ]00.0 ~ 

I 
IJaus "'.7___________________ 71 Bushel pack ___________<hL _____________ _ ]09 ________________________ <0 

8__________________ • 55 _____ do _________________do _______________ +30.0 e -------- -------- 92 15.6 .?'
9__________________ _ 124 _____ do _________________ do_ ...__________ _ !:l --------- -,..--'---- 63 -------- -------- -'------ 42 33.3+30.0 14 
10 _________________ _ o j 6 -------- -------- 86 C') 0 0 0 100.0 q

137 _____do____________ Cold room, not venti. !')o 10 ') ------.~- "'- .. ----- ](It 2 lJ 0 2 08.8 00lated for 2 days.1L_________________ 50 _____ do____________ Cold room, ventilated_ 
12__________________ o 18 72 87 III 270 0 0 0 0 ]00.0100 ___ ..do ____________ None (check) , ______ _ 7 •_______

+48. 0 to +95.5 -------- --- .. --- .. ]29 -------,.. -------- .._------ 122 5.4 ~ 
, All of llUsk except innermost layer removed. • After reaching O· F. at center of pack (approximate In lot 10). ~ 
2 Stored 24 hours in cold room at _20· F. , ArtillclalInreslatlon or oob pith In some ears. 
, Distribution of population not take.ll In these lots. • Stored In outdoor screened Insectary. ~ 

5 

I 
~ c 

t:".f 
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This difference in the time required to bring about complete mor
tality of larvae may be m..-plained as follows: In the case of the unpro
tected larvae, heat was lost through direct exposure to the air, and 
this method of cooling requires an extended period of time. In the 

~ case of the larvae inhabiting tunnels in plate-froze.n ears of com, the' 
~ borers were in contact with a solid, and when the com ear was chilled 
.' heat was lost by conduction from the insect to the tunnel wall. 
~ Furthermore, in the plate freezer each ear was in indirect contact along 

both the lower and the upper surfaces with a solid the temperature 
of which was -220 F., so that rapid conduction of heat from the corn 

FIGURE 5.-Plate freezer used in quick freezing. Green ears of sweet corn were packed in paraffined-paper
cartons for cold.,sterilization tests. The cartons are shown here in contact with the metal plates through 
which a refrigerant circula tes. 

was provided. When the temperature of the tunnel walls in this 
com reached 00 

, the heat loss from iniesting larva.e was greatly 
accelerated and susceptible tissues within the larvae were cooled to a 
lethal temPerature sooner than if the heat were lost by direct eA-posure 
to the air. 

It is therefore apparent that the greater lethal efrect of cooling on 
larvae in the tunnels of a quick-frozen ear of corn. than on larvae ex
posed in still air is due to the method of cooling. Little importance is 
attachedto the tunnel opening as a means of cooling the larvae IDhabit
ing the cob pith. The tunnels of the cob pith in the com used in these 
eA-penments were deep, slightly sinuous, and littered with silk-felted 
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frass (fig. 4), andthe dead air contained in such a tunnel is more likely 
to insulate a larva than to freeze it. 

Stiles 7 has considered at length tJ:risdifference in cooling rate ob
!.: taining when materials are exposed in air and when in contact ",ith a ;. 

. substance of higher thermal conductivity. In one experiment com
paring the time required to cool a 5-percent gelatin solution from 20° 
O. (680 F.) to -2° C. (28.40 F.) in still air at -100 O. (140 F.) and in 
.still brine at the same temperatures, he found that 960 minutes was 
required when the gelatin was cooled in still air whereas in still brine 
173 minutes was sufficient. We thus see that the gelatin cooled 
5.5 times as rapidly in contact with tho brine as in still air. 

EXPOSURE OF ·.UNHUSKED EARS IN A REFRIGERATOR AND IN COLD ROOMS 

Another method of cooling consisted in eAllosing unhusked ears in a 
refrigerated show case and in the cold rooms of a cold-storage plant. 
The ears of one lot were placed in the open bins of the refrigerator, 
where they were cGlC/led for 65 hours at 17.60 F., those of another lot 
were placed in the wooden bins of a cold room at O~ for 42 hours, and 
those of a third lot were exposed under conditions identical with those 
for the preceding lot except that the eJ,,.posure was lengthened to 65 
hours. The results are shown in table 3, lots 3, 4, and 5, respectively. 
In lot 3 three larvae, occupying tunnels in the cob pitb, survived the 
exposure and exhibited e).:ternally no abnormal effects, in lot 4 one 
apparently normal larva was found in a cob-pith tunnel, whereas in 
lot 5 none of the larvae survived. It is therefore seen that, in order 
to obtain complete sterilization by this method, the time of treatment 
must be longer than when a plate freezer is used. 

A cold-room O),:POSUTe of loose eaTS during 18 hours at -200 F .. 
resulted. in 100 percent mortality of the contained larvae (lot 6), and 
the use of this temperature and this e:x-posure period is considered safe 
in treatment of prodllctS for interstate shipment. Before comparing 
the results with thoBe for the larvae ex-posed in the plate freezer, 
however, consideration should be given to the conditions of this 

, . cA-periment. Previous to the CAllosure these ears had been stored in 
bushel boxes in a room the temperature of which was 76 0 F. Inthe 
cold room they were then piled from 4 to 8 deep in a wooden hill. 
Although the air temperature of tbis room was only 0°, some of the 
ears were not so situated as to permit ra.pid cooling, and all of them 
were protected by tbeir natural husk'>. In the c~ntl'ally phtced ears 
the rate of temperature decline is slower than in the ears at the sur
face of the piles or in contact vnth materials whose conductivity is 
greater than that of ail'. For tbis reaSOn the l'ute of temperature de
clino from the cob pith in such ears is nc.t compamble with that when 
the corn is exposed in the plate fl'eezer. Furthermore, cold-room 
chilling methods are subject to au: poeketing that is difficult to avoid 
unless the products being treated are exposodjn a single layer. 

Still mOrc individual variation in the rate of heat loss occurs when 
the ears are placed in a cold room in bushil boxes. Oorn packed in 
this manner has many air pockets which ulsulato the material from 
the chilled air of the Toom; the box carries warm air with it into the 

7 STILES, "T. rIlE I'RESEItVATlOX OF FOOD 111' FllEEZ[XG WIT[! SPECIAL llEF}:ItEXCE TO FlSIl Al';" ~IEAT: 
A BTl'!)\' IN aE!,~:nAL I·UI·SIOLOGY. [at. DriLl DepF. Sci. anti Intlus. Hll-"Cllrch, Eootllm·csl. ~d. Spec. 
Rpt. 7/. 186 p., iJ1us. lU22. 

'Stl es, W. OIl. cit., jJ. !Jl. 
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cold.room; and finally, owing t-o l'apid metabolism, the corn continues 
to generate heat until artificial cooling has caused its temperature to 
"trop to a level at which limited metabolism takes place . 

.An experiment during which the temperature decline for the early 
part of the exposure was recorded emphasizes the importance of this 
factor. Four boxes of heavily infested Golden Sunshine green sweet 
corn were stacked on it table in a cold room maintained at 0° F. 
Stick separators were not employed and the room was not provided 
with forced-air circulation. The cover of each box was nailed in 
place and handle holes and other openings were closed. Through 
the sides of each of the two middle boxes a wooden tube open at 
both ends was inserted to protect an alcohol thermometer that ex-. 
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FIGURE 6.-Temperalurc-lime cun'c for the central air spaces of bushel·box packs 01 !,'lcen Golden Sun 
shine sWeet corn exposed lit 0" F. in a cold room. Curve A-B, no ventilation for 48 hours; curyc C-D 
Cover of box remo.cd after Hi bOUIS. 

tended into spaces between the ears at the center of the pack Tho 
effect of ventilation on the decline in temperaturo when the box cov
el'S were removed after 15 hours and after 48 hours is shown in figure 
6. In the box that was ventilated the general decline was rapid after 
the cover was removed, whereas in the box that remained closed the 
temperature dropped during 33 hours to a point where equilibrium 
was reached between heat lost to the exterior and that gained from 
the ears. 

It is believed that heat production is 111so greatly ltcc,elerated by 
mic.ro-orgilnisms which infect tunneled COlTI, and tIllS may have been 
an important cause of the high temperature of this corn when it was 
placed in storage. This corn was harvested when the iLir temp(')ra
ture in the field was 89° F. aLtd it was packed in the shade. It was 
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placed in the cold room (0°) 1 hour after being packed. It will be 
noted in figure 6 that 30 minutes after being placed in the cold room 
the temperature within one box was 95° (curve A-B) and in the other 
85° (curve C~D). This would indicate that during the 60 minutes >. 
that these boxes had been. covered previous to eJl.-posure in the cold 
room a considerable rise in temperature had occurred. 

In commercial packs sweet corn is rarely boxed with close-fitting 
covers. Two slats usually take the place of a cover; otherwise, 
owing to the rapid metabolism occurring at this time, heat accumu
lates faster than it can be conducted to the exterior and the value 
of the corn is seriously affected. 

EXPOSURE TO COLD.STORAGE TEMPERATURES IN BUSHEL PACKS 

The value, in cold stc.rilization, of two commonly available cold
storage temperatures, 0° and +30° F., was determined when the 
usual commercial packing methods were followed. . 

Heavily infested green ears of Golden Sunshine sweet corn were 
packed in standard bushel boxes and placed immediately in cold 
rooms. Olen-top ventilation and separator sticks were employed to 
facilitate rapid chilling, and the temperatures prevailing in spaces 
between ears at the center of the pack were obtained by means of 
alcohol thermometers. 

The procedure and the mortality and survival data for these experi
ments are summarized in table 3 (lots 7 to 12). Lots 7 and 8 were 
held at +30° F. for 6 and 14 days, respectively. Lot 9 consisted of 
two boxes of naturally infested ears that had also been artificially 
tunneled and infested in the cob pith. After insertion of the larvae 
the holes had been stopped with squD,red plugs. Some of the larvae 
bored out, of these tunnels. These ears were exposed to 0° for 6 
days, and it is believed that ventilation was ample. Lot 10 was also 
exposed to 0° for 6 days, but was not ventilated during the first 2 
days of exposure. Lot 11 consisted of 6 boxes of corn exposed to 
0° for 8 days with the usual ventilation. 

The high survival of the larvae in lots 7 and 8 (84.4 and 66.7 percent, 
respectively) indicates that + 30° F. is not a practicable temperature 
for cold sterilization. In the lots exposed at 0°, however, the mor
tality of the larvae was practically complete. Two fourth-instar 
larvae inhabiting cob-pith tunnels in ears of lot 10 survived the ex
posure and completed their life -cycle. Since the ears in this lot were 
not ventilated during the first 2 days of storage, the results are only 
approximate. The importance of ample ventilation in sterilizing 
green corn by eJl.-posure to 0° is emphasized, however. 

In cold-sterilization practice it has been established that when bulk 
lots of green sweet corn are chilled at 0° F. in the cold room, the 
bushel containers being provided with stick separators and open-top 
ventilation, infesting larvae of the European corn borer are killed 
during an exposure of 8 days after the central spaces of the pack 
have reached a temperature of 0°, 
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SUMMARY 

..A study . was made 01 the temperatures that are lethal to the 
European corn borer infesting green ears of sweet corn and the time 
of exposure necessary to secure complete mortality. 

When exposed, unprotected, in still air, the following exposures 
were found to be lethal to fif(,h.-insta,r larvae: 10 minutes at - 25° F., 
12~ minutes at -20°, 20 minutes at -10°, 150 nunu'Ges at 0°, and 
65 hours at 15°. 

Eggs and pupae attached to foliage were destroyed by exposure to 
approximately 0° F. for 48 hours. 

Uninfested ears of green sweet corn e).llosed to -22° F. in a plat.e 
freezer showed a reduction of the cob-pith temperature to 0° after 3 
or 4 hours, according to the variety; but when exposed to 0° in a ven
tilated cold room 15 hours were required for the cob-pith temperature 
to drop to 0°. 

The following exposures of infested ears of corn produced complete 
mortality of the larvae occupying tunnels in the cob pith: 4 hours in a 
plate freezer at --22° F., 18 hours ill a cold room a,t -20°, and 65 
hours in a cold room at 0°. Exposure of ears packed in bushel boxes 
in a cold room at 30° killed only 15.6 percent of the larvae after 6 
davs. 

When green sweet corn is packed in bushel boxes having nonventi
lating covers, heat is accumulated, previous to the chilling, as a result 
of the rapid metabolism of the ears, and such packs are chilled with 
difficulty in it cold room at 0° F. When corn wa!' packed in ventilated 
boxes, however, and eJ..llosed in a cold room according to commercial 
practice, and the central spaces of the pack were subjected to 0° for 
8 days, all the infesting larvae were killed. The treatment of corn in 
this manner for 8 days following establishment of ,ail' temperature of 0° 
in the centrn.l spaces of the pack is considered to provide a safe mini
mum interval of exposure in cold-sterilization pra1ctice. 

These experinlents indicate that, owing to the resistance to cold 
characteristic of the European corn borer, and hecause it inhabits a 
host providing insulation, corn must be processed by means of zero, or 
subzero, temperatures (Fahrenheit) if all the infesting larvae are to be 
killed. 
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