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Cold-irardiness of diapausing corn borer larvae is correlaËed i'¡íËh

the glycerol concentration. Larvae conEaining 5.77: glycerol are cold'

hardy aË -10, -22 and -35oC r.¡hereas those containing 5.07" glycerol" are

cold-hardy only at -10 and -22"C. The larvae contaíning 2"L% glycerol

are not cold-hardv"

Frozen eold-hardlr borer larvae survive longer at -22"C than super-

cooled larvae.

Irrtermittent chilling caused i-righer mortaliEy than continuous

chilling aE -22"C, presumably because larvae experienced frequent leLhal

freezíng-thawing cycles during ÍntermiÈtent chilling.

The proËective functíon of snorv layer on the wi¡rter survival of

the borer larvae was investicated. Larvae removed from corn sËalks which

'¡ere under a snorù eover had a survi.ve,l -I5iá higher thsn- those from the

upper part of the sËal-k exposed to tire air, The under-snow-level

population ûe'y benefit fron the constanË aad relaËively r.rarm surround-

ing environnenË provided by the snow layer.

First appearance of i:orer inoËhs and dífferenË cumulative levels

of moth flight acËivíty can be predícted by tire use of five-'year-motie

flishË data and heat units.



Five organic acidso citrico succinic, aconiËico malic anci

tarËaric acid r,rere anaLyzed by gas-liqui<i chrornatography to cieËermine

whether differenË concenËraËíons r1¡ere present in cold-hardy anti non-

cold-hardy larvae. The concenËraLion of organíc acÍds in the haemolymph

of cold-hardy and non-cold-hardy rvas sirnilar. Organic acids do not

appear to contribute Ëo the developmenË of cold-hardiness in the borer

larvae.
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C}IAPTER I

INTRODUCTION

The European corn borer, Cstrinia nubilalis (,'itlbn") (Lepidoptera:

Pyraustidae) was f írst reported in I'Ianitoba by i,litchener (f 948). IË

has since spread throughouË mosË of the agricultural area of the

province wiÈh the heaviest and mosË consisËent ínfestaËions oceurring

in the southern regions"

Prior t.o iËs diseovery in i:.IaniËobao the insecË had been knoi.v¡r

in the United SËates sínce 1917 and in Europe, it,s natíve home, for

several hundred vears.

In souLhern i4anitoba, at the northern edge of the corn belt,

the borer is greaËly influenced by the severe vrinËer condiËions. The

borerrs survíval under ì,fanÍËoba condiËions depends greatly on its abiliÈy

to survive the rvinter. Our research has been concerned r,iíËh the

ídenÈification of the envÍronmental and physíological factors involved

in the wínter survival"

i{anec (1959) stated Èhat a sLate of diapause does not, in ítself

enable the borer to survíve at winter t,emperatureso Rathern oËher

physiological changes occur which result, in greaËer endurance of the

larvae under lteezLng conditions. The increasing ability of an insect

to survive subzero temperaËures ís called by lianec cold-hardening, and

the degree of cold-hardening is termed cold-hardíness" Accordíng to

current. concepts of \,Jincer survival of insecEse there are at leasË Ërqo

fypes of cold-hardiness possessed by then (Hanec, 1959) o One type is

the avoidance of freezíng by supercoolíng. The insect may be supercooled

.i
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many degrees belo\,r the freezing point of r+ater rvithout ice formation

i¡.ithin its body" This type of insect cannor survive f.reezLng. The

exËent Ëo whích it can be chilled before fteezi.ng occurs has been assumed

t,o be an expression of íËs col<i-hardiness; i"e., Ëhe undercooling temper-

ature nay serve as an index of cold-hardinesso

The second Èype of insect, Ëo rrrhich the European corn borer belongsu

has Ëhe ability Lo survive ice fornatlon ín its tissues. Since this

type of cold-hardiness has been largely neglected in research and the

lit,erature concerned contribuÈes lítËle information, iË is Ëhe object of

Ëhis study to aËtempt to explai-n Lhis probleär" The follovring aspects of

cold-hardiness in the naËure lluropean corn borer larvae were investigated:

(a) glycerol content and survival of larvae aË subzero t,emperattlreso

(b) the effect of eont,acL noisture on survival of the larvae aË

subzero temperatures"

(c) vertical disËributÍon of the larvae in corn planËs and Ëheir

winter survival ín the fieLd.

(d) qualitaËive and quanLitaËíve analyses of some organic acids

in Ëhe larvae Ëo"determine their role in cold-hardiness.

In addition, gamma irradi-ation of the larvae r¡ras also done to determine

whether cold-hardy and non-cold-hardy larvae were affecËed differenËly by

various doses of co60.

The studies comprising this Ëhesis are organized inËo tr,ro parts.

The first parË consists of a st,udy of co1<i-har<iiness ur-rder laboraËory

conditíons" The second parL includes ecologieal investigations of

larvae in Ëhe field, irradiaLion of larvae and analyses of organic acids

in the larvae.



In Part I the líteraËure relaËíng to cold-hardiness is reviewed

and L,he result,s and discussion of the dafa obËained in tilese experiments

are presented. In Part II, Ëhe liËerature reviei+su the results and

discussion are incorporated into each chapter separately because of the

diversity of the investigations"



CI.IAPTER II

LITERATURE REVIIJI^1

Since the days of Reaumur (1736) it has been knor"n Ëhat some

inseets could survive Í.xeezíns. to Ehe point of brittleness while other

ínsects could not" It also became comnon lcnowledge that all insects could

supercool to some exÈent and so it r,ras correctly deduced that, for those

that could not tolerate the freezing of their body fluids, abílity to

supercool provided a quantitatÍve measure of cold resisËance. As for

the freezing-Ëolerant group, Ëo vrhich the European corn borer belongsu

no explanation r,ias attempted unÈil Robjnson (L927) invoked the bound

r,/ater theory. According to this theory, bound rvater was considered Ëo

be orj-enteci as layers of hydrogen and hydroxyl ions absorbed alËernately

on Ëhe colloid rnicelles and hence eompressibleo whereas free r¿aËer is

practically incompressible. The disrupËion of the cells by Ëhe expansion

of waËer on freezÍng !/as regarded as the cause of freezíng injury"

Robi-nson was able Lo show a correlati-on between bound water and cold-

irardiness in three specÍes"chosen to represent Ëhree levels of cold-

hardiness. These ¡¿ere the cold-hardy Anther_aea polvphenus (Craroer), the

moderately cold-hardy Callosamia promeËhea (Drury), and the non-cold-hardy

Sitophilus Êranarius (Linnaeus). The disLinction beËr¿een cold-hardy and

moderatel-y cold-hardy rvas vague and was unsupported by survival or

rnortalí.ty data. Furthermore, Robínson (1928) assuned thaË the free ¡vater

in his insects r^ras completely t-rozen at -20"C0 rvhen, in fact, his own data

show that many of Ëhe insecËs r,7ere r.ot fxozen at all o but su¡:ercooled at

this Ëernperature.
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DiÈman, Vogirt anci SmiËh (f943) deËermined the percentage of water

fxozen in seven species of insects whose cold-hardiness varied greatly"

They showed that the percentages of rvat.er remaining unf rozen (R.obinsonr s

bound water) at varíous temperatures bore no relation to Ëhe cold-hard-

iness of the insects. Salt (1955) also concluded Ëhat bound ruater had

litt1e if any protecËive value and that the only time rvhen bound Ì^74Ëer

could coneeivably protect an insecË r.ras before freezing by loweríng its

undercooling point and this has never been demonst,rated experimentally

or even Ëheoretically"

Payne (L929> concluded that cold-hardiness bore a direct relation-

ship to absolute humidity in Èhe case of Popillia japonila Newmo The

Lerm cold-hardiness tTas used Ëo define the lowest, Ëemperature aË rvhich

the insecË could survive for an arbitrary short period" In an earlier

paper (L927) Payne suggesEed thaË hardening was affecÈed by the <iehydra-

Ëion Ëhat occurs in insects during the fall. Salt (L956) also shor"¡ed

that cold-hardiness of i,ielanop$ bivittatus (Say) eggs increased as Ëhey

drÍed and the same relaËionship beËrveen cold-hardiness and moisture

content exhibited in diapau'sing Cephus cincËus NorL' larvae, and ín

diapausíng LoxosËege sticticalis (L.) larvae. llorvever, SalË concluded

that moisËure content affected cold-hardiness (measured as abílity to

supercool), oniy to the extenË thaË it affeeted the concentration of

body fluids and hence their freezing points; only when desiccaËion was

severe did it produce appreciabl-e cold-hardening. Tn freezing-suscepËíble

Ínsect,s the cold-hardiness rnay change r,rith moist,ure conËent as Ëhe r,ralz

Salt (1956) suggested, l{evertheless this may not be Ëhe case in

freezing-tolerant insects; at least not in the corzl borero Hanec and
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Beck (1960) ÈesËed the cold-hardiness of the borer larvae aË subzero

üemperatures and found that the laboratory reared larvae did shoiu a

decrease ín the undercooling temperaËures due to their Ì,IaEer loss but no

íncrease rvas found. i¡ Ëheir cold survival at -10oC" Field-collected

Larvae from August through to December shor¿ed quiËe a constant (52 to 56

per cenË) r,rater conËenL while their cold survival at -10 and -15oC

increased sÈeadily. It indicated noË only that Ín the European corn

borer--maybe in other freezing-Eolerant insects as well--water conËent in

Ëhe larvae playe<i no major role in Èhe development, of theÍr cold-hardinessu

buË also that the correlation betr¿een decreasing undercooling tem,perature

and increasj-ng survival vzas absent"

Cont,act rnoisËure r+as thoughË. to be importanË in destroying the

coLd-hardiness of ínsects aÈ moderaËe high temperaËure. Barnes and

Hodson (1956) found that aË 10 and 20"C and in the absence of free

moisËure, the undercooling point of the European corn borer larvae rose

very little. The auËhors concluded that it was the effecË of ËempereËure

and moisËure acËing togeËher which brought about the rapid and marked

rise of Ëhe undercoolíng point level of the cold-hardy larvae. Hanec

(1959), howevero showed ËhaË the borer larvae incubated at,30oC for Èen

days, those ruith conËacË noisËure and those withoutr r'rere essenËially

equally suscepËible Ëo cold at -20oC" It suggested that conEact moisture

played no role in destroying cold-hardíness, rather, high temperature

alone rÁras responsible f or that.

ContacË moisLure irras thought to be

of mortality at 1ow temperaLures. Ì'Iodson

contact moisture on C'ynomva cadaverina and

responsible for Ëhe increase

(L937) studied the effect of

Lucilia serieaLa. The author



,-
i,..sì

:ai

I
ì.

,i;.

I

found that these insects had a lo'..¡er morËality in dry air Ëhan i¡t Ëhe

moist sand and concluded Ëhat conËact moisture m.ay increase mortaliËy by

innoculation of the Ëissues via Ëhe freezing rvater on the surface of Ëhe

insect" Simílarly, Hanec (1959) sËated that Ëhe field*collected European

corn borer larvae fron late fall and rvinLer, when e>.lposed to constanÈ

cold aË -10"C, only a fraction of the ivet. chilled survived as successfully

as Ëhe dry chil1ed" 0n Ëhis basis, Ilanec postul-ated that under \.reË

field conditions, the rvint,er rnortaliËy of borer larvae would be higir as

compared Ëo dry overwinteríng conditions. Tire opposite vier,u rvas held by

Laurence (L967), vrho clajmed that the supercooled state vTas more ínjuríous

Ëo Ëhe larvae than was the frozen staÈe. Froin his survival ËesLs of the

borer larvae aL -15 and -25"C Laurence found t,haË aË -25oC all of the

larvae vtete frozen after 22 days rvhile at -l5oc, 100 per cent of the

larvae rvere sËill ín the supercooled staÈe afEer 40 days, and 70 per cent

supercooled after L76 days. the morËali-Ëy r+as higher at -15oC Ëhan at

-25"C, the Ëime to 5û per cent mortality aË -15oC being 96 days, at -25oC

being about 150 days.

Chilling aË consËanË i-ov¡ t.emperaËures ir.ad varied effects on Ëire

cold-lrardiness of fteezing-susceptible insecËs (Salt, L956). It rvas

effective in increasing considerable cold-hardíness of Llracon cephí

(eahan) at 5oCo ineffecËive in Melanoplus bivitËaËus (Say) ancl Cephus

circtus irTort. at 0 or 5"C, and of doubËful effect in LoxosËege

stictíca1is (L.)" Col-d-hardening was produced by Ëhe varj-able te,uper-

atures of the naËural enviror¡nenË in all the specíes studied" Salt (1956)

considered Ëhat ÍnËermittent períods of varying developmant,al Èemperatures

rüere more likely Ëo be responsible for cold-hardíness than steady chilling.
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Þie based his measurements of the degree of cold-hardiness completely on

Ëhe undercooling teinperaLures, This conceot has since been proven Ëo be

invalid.

Salt (1950) proposed that tine is an importanË factor in the

freezing of the freezÍng-susceptible insects. Insects held in an

undercooled sËate froze at irregular intervals ofËen over long periods

of time" For a specífied degree of cold-hardíness, the probability of

freezíng depended on chilling ËenperaËure and tirne. Iihen Lhe Ëemperature

was fixede the probability of f-reezLng could be er,pressed in t,ime uniËs.

Undercooling temperature as an index of cold-irardiness lacks practical

signíficance because it merely indicaËes the degree of maximum super-

cooling aL an unnaturally fast cooling rate at an extremely 1ow Ëemper-

aLure. Therefore, in consideríng survival at subzero temperaturesn the

time-Lemperature complex is the importanË facËor rather than the under-

cooling teaperaLure"

For Ëhe fxeezLng-toleranË ínsects l'¡hich do not die on fteezing,

undercooling poínt was of 1itËle significance as an indicator of cold-

harciÍness (Barnes & Hodsonr" 1956; Hanec, 1959). Cold-hardlz gttt borer

larvae survived freezing for at leasË three r,ieeks at -32oC in the

laboratory buË for the entíre winter in Ehe field uncler snor"r cover (Barnes

& Hodson, f956). Freezing toleranee of the larvae must be expressed in

terms of survival aL specific temperature-time exposures (Saltr 1961).

0n1y a feru extensive experimental studies on cold-har<iiness in the

freezing-tolerant insects rüere expressed in the ivay Salt suggesËed"

Hanec (1959) described the degree of cold-hardiness of the AugusË corn

borer larvae as ttsurvived abouL 56 days before 5û per cenË morLaliLy rvas



reached at -10oC under dry chilling conditions"'r The classj.cal concepÈ

of cold-hardiness expressed as undercoolíng Ëemperature has been applied

by numerous authors for study of the various aspects of cold-hardiness

(tayne, L927, 1929¡ SalL, 1956; Barnes & Hodson, 1956)"

Free glycerol in ínsect haemolyruph was first reported by llyat,Ë

and Kalf (1956) in the pupae of Hvalophora -@.. Glycerol has since

been found in other díapausing insecËs. Salt (1957) found glycerol in

iribernating Burosta solidaginj-s larvae, Ant,heraea polvphemus pupae and

Loxostege sËict,icalis (Linnaeus) larvae" The diapausÍng insects synth-

esize iË in Ëjme for r,rinter but not necessarily as soon as they enter

diapause, i.e., Bracon cephi larvae begin to syrrLhesize glycerol four t.o

six weeks after cocoon-formation under natural conditions (Sal-t, 1959).

Glycerol has been found rvhenever iÈ i-ras been loolced for in íreezing-

tolerant insects except one Íteezing-susceptible specíes, Loxosleåe

sticticalis (Salt, L96L).

The díscovery of glycerol in insecËs naËurally prornised a beËter

understanding of Èheir fxeezing-tolerance, since glycerol had, in the

preeeding decade, come inËo'wide use for preserving spermatozoa, blood

cells, eLe., in tire frozen state. Saltts rsork on the nucleaËion, the

subsequent f ormaËion of ice ín tire insect tissues, æd Ë,he ef f ect of

time-temperature complex on freezíng, indicaËes ËhaË f.teezÍ:ng and sub-

sequent rnortality is a random occurrence modified by chemical subsËances

v¡ithin Ëhe ínsect. These subsËances \¡rere suggesËed by Salt (L957 e 1958e

1959) to be glycerol and ottrer solutes. Sal-t (1959) concluded that "the

concent,raËions of glycerol rneasured in cold-hardy lSracon cephi (gahan)

larvae leave no doubt thaL glycerol is Ëhe inajor cause of tl-reir phenomenal
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cold-hardiness...oËher solutes must be responsible for the unexplained

portion of the melting point depression." These sol-utes have been

suggesLed by Tanno (L964) Ëo be fructoseu glucose and trehalose whj-ch he

found in high coricentrations in overwintering adulËs of solitary bees.

Sómme (1965) also found a concurrent appearanee of high sorbitol content

and lorv undercooling points ín winter eggs of Panonychus ulmi (Koch) 
"

The role of glycerol is aË present only Índicative anci by no ioeans fu1ly

explained even in Elne fxeezing-susceptible insects. As for the freezing-

resistanË ínsectso the role of glycerol has not been investigaÈed at all.

Barlier sËudies have been done on Ëhe basis thaË undercooling Èemperature

rüas a reliable criËerion of cold-hardiness. Unless Èhe role of glycerol

is explained in Ëerrûs of actual suryíval at specific ÈemperaËure-Ëime

exposureso its effect will sÈill be doubtful.



CIJAPTER IlI

}ÍATBRTAJ.S AI{D }iET}IODS

The larvae used in Ëhese sËudies ¡vere obËained froni corn fiel<is

at l.iorden fron 1965 through L969" During late falI several Ëhousand

infesËed corn sËalks rvere cut and sËored ouËdoors on Ëhe university

cainpus. Larvae \üere removed fron the sËalks as needed during Ëhe course

of the iuork. The larvae v/ere warmed for several hours in Ëhe laboraËory

and then d-ried with clry compressed air before Ëhey rvere used to determine

the undercooling temperature and glycerol conLenË, For deËermining

undercoolíng temperatures, samples of. 20 larvae I^Iere used. 0n1y five

borers r+ere taken as a sample for glycerol determination because the

method j.s extremely time-consuming and Lhe sËaËísËical validity of the

results r¿ould not be appreciably enhanced by increasing Ëhe number of

specimens.

The undercooling Ëemperatures of the insects r¡rere determined with

a 4}-gauge copper-cons|antan thermocouple which vlas connecËed Ëo a

recording poËentiometer. lhe i-nsect r,ras enclosed in a gelat,in capsule

and in conËacL with the measuring juncEion of the thermocouple. The

capsule containing Ëhe larva and the thermocouple were placed in a dry

100 ml. test tube. The tube was in turn placed in a J-arge-mouth 500 ml"

botËle v¡hich was partially immersed in tire cooling medium. The large

boËtle tùas used Ëo provide an air buffer againsË the extreme cold of the

chilling solution. The chitling bath consisted of. 95 per cent ethanol

and dry íce held in a large Lhermos container" The cooling rate of the

larva could be regulaÈed by varyíng the depËh of immersion of the bottle.
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The chílling botLle \das so regulaÈed as Ëo give a Ëemperature of frorn -30

to -35"C, The cooling rate used in determing unciercooling temperaËures

was 6 to 8oC per minuËe"

QuanËitaËive data on glycerol conLenË of the borers rvere obtained

by paper chromaËograpiry of insect extracËs. Larvae \¡/ere prepared for

glycerol analysis by Ëhe sarue rrray described by SaIt (1959), r,rhile Lhe

chromatographic Ëechnique '.vas simllar to Sdmmers (1964). Larvae were

dried to constant rveighË ín a vacuum over calcium cirloride at 45oC, and

then ground up singly Ín B0Z ethanol and Ontario sand" Tire rníxËure rtas

centrifuged, Ëhe supernatant removed and the residue -u¡asired r.¡ith more

eËhanol and cenËrifuged orrce nore" ihe trrro ethanol extractions rvere

combinedu dríed by air-blorving aÈ room ter,ìperature and tire resulting

residue talcen up in a icnov¡n volume of disËilled rvat,er varying from 0.3

Ëo 1.0 n1. These preparatÍ-ons were sËored in the frozen staLe until Ëhey

r.rere analyzeð,"

For paper chromatograp-hy, ascending chromatogralns r'lere run on

Wnatrnan No. I filter paper rvíth n-butanol-aceLic acíd-water (L2:335 V/V)

as developing solvenÈ. The"chromat,ograms were suspended in the solvent

for 16 hours and afEer drying r.rere sprayed l'rith 0.01 I'f aqueous potassíum

periodate solution. After dryingn Ëhey r'zere overspraved with a solution

of the fo1-loruiag compositlon; 352 saturated sodium tetraborat.eo 0"82

potassium iodide, 0,97: boric acid and 3.02 soluble starcir. i.iitir Lhis

method, glycerol appeared as distinct white soots on a blue background.

It v¡as necessary Ëo Ërace Lhe outline of the glycerol spoLs on the paper

wíLh a sofË pencil immediately as they soon disappearedo Three parallel

Lests of each extrâ,cË uere run, l0À (larnbda) of solution treing used for
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each ËesË. Three 5À, 10Àand 20Àsamples of a 0.5/" soluËíon of glycerol

were useci as sËandards wiLh each chromatogram and a linear relationship

was found Èo exisË betrveen Ëhe area of the developed spoË and the logariÈhm

of the content of glycerol in the spot" The glycerol concenÈraLion of

each sample 'ç.ias determined by plotËing the areas of Èhe developed spoËs

on semi-logaritir-nic graph paper"

To sËudy t,he survival of larvae under wet, and dry conditions at

various subzero ÈemperaËures in Ëhe laboratory, a sarnple of 240 lan¡ae

rvas placed on dry coïregated paper in Þtri dishes at -10oC, and a compar-

able group T¡ras also placed at -10oC but betrveen Ëwo discs of ivet Þaperso

In the sâme lray larvae were seË up at -22 attd -35oC" A sarnple of. 2i)

larvae hTere refüoved periodícally from Ëhe cold cabinetss røarmed tor 24

hours, and then survival r.¡as checked. l\Jo examíned sample rÍâs reËurned to

the freezerso



CHAPTEP. IV

RXSULTS AI\D DISCUSSION

The relationship betvreen the gl-vcerol conËenÈ and survíval of the
borer larvae at subzero temperaËures

Three large sampl-es of diapausing larvae (2n0C0 larvae each) r.¡ere

collected in the field in Novembere January and April respecËively"

Glycerol contenËs were determined on a represent.ative sample of larvae

froro each of the three groups prior Ëo different subzero temperature

incubations. Larvae ürere renoved from tire cold cabínets períodically

for determining their survíval and for glycerol deÈermínations" The

number of days requíred for 50Z rnortaliËy (TSO¡) as rvel-l- as for compleËe

rnorËality of the three groups of larvae at the different tenperaËures

\¡rere reeorded. The glycerol content of the Novembere January and Apríl

groups Tras also obËained" The T5g¡ and glycerol contenL are shown in

Table I"

Tire resulËs show that Ëhe most cold-hardy larvae have the highest

glycerol contenL and can best r¡ithstand lor+ Èemperatures. The r'¡inter

larvae (conËaining 5.77" gLycerol) had a much higher survival Lhan díd

the fall Larvae (contaj-ning 5.0% glycerol) at -35oC. Under dry chílling

condition the T5gO for the r¡rínter larvae \,Jas more Ëhan 161 days rvhile

iË r¿as only 40 days for the fall larvae. Urrder '.+et chilLing condltíon

Ëhe T5g¡ r,¡as more Ëhan 161 days for the rvinter larvaeu -r,ihereas it i^zas

only 55 days for tire fall- l-arvae" At -10 arrd -22"C0 hotuever, the

v¡int,er larvae showed vlrËualIy no higher survival tiran the faLL Latvae.

Und.er clry chÍlling condiËion the T5g¡ for the rvinter ancl for ihe fall
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T}IE RNLATIONSI'IIP BETI{BEN

FIELD LARVAE
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TABLE I

TH.E GLYCEP.OL CONTENT AND SUPJIVAL OF
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TrOo is the exposure Èlme ín days required for 507á mortaliËy"

Per cent survÍval hÍgher ¿han 50% all through the chíllíng perlod of 161 days (Table X) 
"
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115

60

I'{ean

118

108

65

['let Dry
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larvae ¡n¡ere boËh 1-15 days aÉ -10oCu 73 days and i04 days respectively at

-22"C.

Under the r'¡et cllilling condition tire TrO, for Ëhe wint,er and for

the fa11 larvae r¡ere 105 days and 120 days respecËive1"y at -10ocr 133 days

and 134 days respectively at -22"C, The spring larvae (containing 2.L%

glycerol) shor"¡ed a considerably 1or¿er survival than díd Ëhe winter and

faLl larvae ât all three subzero Ëenperatures Ëestedu Ëhe T5g¡ beíng as

low as beËween 30 days and 70 days.

Cold-hardjness is a relative terin used to ex?iess the degree of

resisËance an j.nsect. possesses at a specifíc subzero temperature (Hanec

& Beck, 1-960; Sa1t, 1961). Presumably the Aprí1 larvae t'lere noL cold-

hardy buL still survived under wet and dr), chílling conditions for an

average of. 65 days aL -10oC" Hanec (1959) found that maËure diapause

larvae collecÈed in August, also survived for 56 days at -10oC before

T5g¡ i+as reached, 0n Lîris basis and for Ëhe convenience of discussiorr

the cold-irardy larvae vríl1 be defined as Ëhose whose T5g¡ rvere no less

Ëhan 70 days. Thus Ëhe larvae wiËh 5.77. gLycerol were cold-hardy aE aLL

ËI'rree subzero t,enperaËures.' The larvae with 5.Oil gLycerol were noË

col<i-hardy aË -35oC but were cold-trardy at -22 and -10oC" The Larvae

rviËh 2 .L% gLycerol r,¡ere not cold-hardy even at a míld -10oC level. It

is eoncludedo thereforen Ëhat Ëhe cold-hardiness of the larvae in Ciapause

is relaËed to Lhe 1eve1 of glycerol ruhich i-s produced under the natural

environmenË. The mosL cold-hardy lanrae contained Ëhe highesË glycerol

concenËrat,ion. The fact that aL -10 and -22"C "tire 5 "7% gLyceroL

content, groupttshorved vírËually no longer survivaL lhan r'Ëhe 5"0% groupu"

suggesËs thaÈ 5 "0% of gJ.ycerol is sufficienË for the proËecËion againsË
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Ireezing or chilling ínjury aË -10 anð'-22"Co It rnay be Ëhat sinaller

concenËrations are adequaËe for tiris protection and Lhat hígher concen-

LraËions are not ivholly necessaryo

For this quanËiËaËir¡e relaÈion study it. r.¡ould be ídea1 to determine

the glycerol conËent of each individual larva before i ts freezing survival

was investigaËed. But for the gl-r'¿srol analysis iË -vlas necessary Ëo

grind the whole larva. Therefore it is irnpossible to obËain the data of

both glycerol cont,enÈ and freezing sur'¡Íval out. of the sa¡re larva" liorvever,

Ehe 1o1ù sEandard deviatíon values of the represenLaËive glycerol samples

(Table f) shor"red that the glycerol contenË ïiras quiÉe uniform r+iËhin each

group. The average values of the glycerol sanples were tnerefore used Ëo

tepresent tireír respecËive groups.

Salt (1950) shorued that any subfreezing temperal-ure can become

lethal in Èime, In order to find out r¿hether the glycerol conËenL in

larvae decreaseü as the survíval of larvae dropped rviEh the increasing

exposure timeo the glycerol samples tTere taken regularly from Èhe -22"C-

ineubated larvae vrhen survival r.¡as examined (Table II) during the course

of the survival studies. The observed value for correlation beËween

Ëhe per cenË survival and the average glycerol concentration r.¡as found

Ëo noL be statisticatly significant at 5I LeveL (lable II). AlËhough

the glycerol concentration varied from 4.37i xo 6,{t7" during the 23 weelc

ehÍlling perJ-od there r.ras no sígnificant declíne as survival of Ël-re

larvae decreased. The conclusion is drat^rn, Ëherefore, Ëhat survíval

touLd inevitably drop iviËh Ëhe chilling tiæe even l,¡hen suffícient

glyeerol r-ras maintained by the larvaeo In oËher \üorclsu the declíne of

st¡rvival was not due to a short supply of glycerol"



TABTE II

GLYCEII.OL CONCENTR.ATIOI{S OF LARVAE AT

LARVAE BP.OUGHT IN }-RO}i OUTSIDE ON
-22" C CI'IILLED DRY

JAYUATìY 19, 1958

ì,fean glycerol conc.

u

5

I
13

15

17

t9

z3

Z survival

100

oq

65

45

35

10

5

"/. Líve rveizht

5.7

6.0

4.5

6.0

6.6

\ II

4.3

5.r

S.Ð. of glycerol

L.2

0,9

11I.!

?1

tu

2,0

20 larvae as a sarnple"

r value for correlat,ion between the

glyeerol content rvas calculated: r =

of size B. r. .. = 0.707; d.f. = 6
(.05,r

statistically signif icanË.

per cent survival and the

0,382 obtained fronr Ëhis

o The observed r ís not

average

sample
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Glyeerol samples rvere t.aken frcrm -22oC-LncubaËed larvae, both

rvet and dry chÍlledn i+hich shol¡ed eonsiderable differences in their

survival (Table III) in order to invesËigâËe ¡,¡hether the hvo t,reatmenLs

had any effecËs on glycerol concentration" At the end of 19 r,¡eeks of

chilling at -22"C the mortality of Ëhe rqet larvae i¡as 507., r,.rhereas 902

of the dry larvae died" In spiËe of the large difference in survival

beEr+een the r'¡et and dry chilled larvae, Ëheir g1"ycerol conËents shoi'red

no significanÈ difference ax 57" level at the end of L7 artd 19 r¿eeks. At

the end of 17 r,¡eeks the glycerol contenË of the weË and dry larvae t'ras

5.4% and 5.02 respecËively and at Ëhe end of 19 r'¡eeks 5.67" ano 4"37,

respecËively. It rnras concluded that the difference in survival beËrveen

Ëhe vret and dry groups was not due to the difference in glycerol content

because Ëheir glycerol conÈent,s r.¡ere virtually the sameo Rather, contact

moísture r.ras inore probably responsible for this dífference in survÍval"

This aspecL rdÍlI be discussed later in thís chapter"

tlanec (1959) in his studíes of cold-hardíness of Èhe European corn

borer stated Ëhat a stace of diapause did not in iEself enable Ëhe borer

to survive aË rvinter temperáËures. Larvae reared in incubators under

diapause inducing condiËions and larvae collected frorn the field during

August and September r¿ere undoubtedly in diapause, buL the morLalíËy daËa

shovred conclusively that tireír cold-hardiness was very 1or'r. Hanec

concluded Ëhat oËher physiologíca1 changes occurred drich resulËed in

great,er endurance of the larvae under fteezíng conditions. i-Ie invesÊigaÈed

the possible role of rvater and faË conËent on the cold-hardeníng and

found ÈhaË in field larvae both r'rater and faË conËent rn/ere not responsible

for cold-hardÍness" The hígh concentratíons of gl3'cerol, more than 5l{,
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TABLE I]I

GLYCEROL CONCEI\ITRATIONS OF LARVAE AT
LAPiVAE BROUG}IT Iii FRO}1 OUTSIDE

.22O C CIìILLED
ON JAI'I-úARY 19,

I,IET fu\D ÐRY
1968

Time
l+eeks

Dry

Mean glycerol

chilled:'ç

conc o

trrIet

glyceroL
live rEeí

chilled

conc ol:,Iean
ve l"IeL t) % survíval hr) ''Á íval

+
5,4_L"7 80

5010

L7

L9

+5"0-3.1

.L
4.3-L,g +q Á'1 0¿ 6V-1ô /

T-Ëest for the glycerol content of dry chilled and vret chilled larvae

after 170 19 weeks aE -zZoC are both

t=0.31 ,

t" ^-' = 2'L3(.05 )

Neither of them is significanË at. 5% level.
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Ín oven+inËeríng larvae of Bracon cephi r,ras reported (Salt, 1959) Ëo be

the factor responsible for cold-hardiness in that insect" SalË (f959)

concluded that rrglycerol is directly responsÍble for the cold-hardening

of the larvae !, cephí ín trvo r'7ays; by íncreasíng supercoolíngu iË increases

the abiliÈy of the larvae to avoid freezíng and by its protective action

ít allov¡s Ëhe larvae to survive even if they do freeze"'r Here the author

worked rvith a f.reezing-suscept,ible insecto For Ehe eorn borer, a freezing-

t.olerant insecË, freezing is not necessarily more ínjurious Ëhan super-

cooling (Hanec, 1959¡ Laurence, L967). Since the borer does not, rely on

supercooling for survival, gLycerol may protect those larvae thaË freeze

during the r,rinter.

lianec (1959) suggested LhaË cold-hardiness should be used to

describe the resísËance Ëo cold of a parËícular insect ¡uhich had under-

gone cold-hardening under defined environmenaL conditÍons and that these

environment,al conditions had to be described. Salt (196f) further

suggesËed thaË in order Ëo establísh a quantitaËive relation between

f.reezíng-Ëolerance and Ëhe glycerol conLenLn fteezLng t,olerance should

be expressed in terms of survival of specific temperature-Ëime

exposures and these related to the concenËrations of gLycero1. Tn this

study cold-hardiness of the European corn borer has been shoçn

quanËitativel-y relaËed Ëo the gl-ycerol conÊenË in Ëhe way tire above

auËhors suggested. A clue t.o the interpreEaËion of the presenË results

is given by the r+orlc of Lovelock (f954) on the freezing of human red

blood ce1ls. Lovelocl'" observed the protactíve action of 15 neutral

soluËesn i-ncluding mono-e dí- and poly-hydric alcohols, ainides, and

sugars against Ëhe haernolysis of human red blood cells by Í.reezing and
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thawing" 0n the basis of hís results, Lovelock suggested the criteria

for an ideal agenË for proËecËion against damage ciuring freezing-thar,ring

as fo1lov¡s: (1) high solubility in aqueous salt solutions at tenper-

atures from *40 to -40" i Q) abilirl' Lo peroeaËe the cell rapidll' ¿n¿

cornpleËely; (3) loi¿ rnolecular weight, and (4) absence oÍ Èoxicity" Also

he found that of all Ëhe 15 substances tested, gJ-ycerol alone r*as capable

of fulfilling all these requiremenËs. Iie concluded, "damage on f.teezíng

is a consequence of Ëhe increase in concentration of electrolyt.es i,rithin

and i'¿iËhout the cell . In tire presence of glycerol the eleetrolyt,e

concentraËion at "LemperaËures beloi¿ E]ne Í.xeezíng point is greatly

dininished, by an airounË suffÍcíent to explain the proËecËion afforded b1'

glycerol." I'ier]¡man (1956) in hís study on freezj.ng of animal t,issues also

staËed, "The 1eËhal factore as a direcË result of crystal formatíonu is

the exceedingLy high concenLrati-on of eleetrolyte result,ing fron Ëhe

removal of waËer from soluËion." In oËher words¡ since the concentrating

of electrolyËes during ice formaËion is reduced by tl"re presenee of neutral

soluËes, mainly glycerol, the ínjuríes allegedl¡r caused are proportionately

reduced.

Rate of loss of glycerol aË various ËemÞeratures

Post-diapause, cold-hardy corrr borer larvae rvere incubated at 4"4,

10r 15r 20 and Z7"C and after different periods of time glycerol analyses

were done. Samples of 4rJ larvae each r'rere usedo The result,s are siror'nr

in Table IV"

The glycerol concentraËion deereased ilost rapidly at 27"C arrd the

least at 4.4"C. AfÈer 20 days at 27 oC Ëhe glycerol concentraËion
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P"ATE 0F LOSS 0F GLYCEìÌOL AT VA-R.IOUS TEi'PEIìATURES. Léß.VAE BROUcLIT
Iä Fplot"f OUTSIDE 0i{ i"jARCH 5 e 1969 !'OLLOI{ED

BY VARIOUS TEI'JPER,ATUfi.E TREATUEI.ITS

irean undercooling
TemperaËures poinÈs H.ean Z glycerola !tr¿E

u4vÞ

-22,6
-14 n

-L7 ,5
-20 "2
-L9.4

-22"6
-)o ^
-18" g

-Lg,z
-18. 1

-22 "6
-L9 "6
-19. 1

-L7 ,5
-2û"8

-22 "6
-zo "6
-20.7

-22,6
-20.2
-2L.I
-2L,9
-22,2
-20. B

0
I

20
JJ
r4JL

U

20
JJ

52
65

27

L'.)

0
20
33

B

20
33
52
65

l0

15

n

20
33
52
65

Live wË. basis

tr,L

L"4
lt <

0"1
< 0.1

5"4
u.4
a,z
0.1

< 0"1

1.0
0,2
0.1

< 0"1

q, /,

216
0"3

3"9
3.4
10
L,7
1"6
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decreased from 5"4 Ëo 0,3"/", At 4"4'C it decreased fro¡n 5o4 Ëo 3,47;"

There appears Ëo be no crítical ËemperaËure betrveen 4"4"C and 27oC at

rvhieh glycerol catabolism is drastically increased or reduced. Rather,

the process ís directly relaËed to temperaËure, tire lower the teraperaÈure,

Ëhe slor,rer Ëhe process of gJ-yeerol breakdor,m. There Ì,;as rlo apparenL

relationship betrveen the rate of loss of glycerol and the rate of increase

in undercooling temperatures. The former shor.¡ed a steady decrease while

the 1atËer flucLuated slightly. The data in Table IV confirm Hanec (1959)

thaË the undereooling LemperaLureg are noË ::eliable criËeria of cold-

hardiness in the corn borer. If iË rrrere a reliable eriterion the under-

coolíng temperature should have increased steadily as the cold-hardiness

declined.

The effect oi temperature on the survival of cold-hardy European
corn borer laruae

It ¡,ias shou'r¡ previously that Lhe lari¡ae ruiËh 5,7% gLycerol were

colri-hardy at all- three subzero Ëemperature leveLs--35, -22 and -10oC;

the larvae with 5.t% gLycerol rsere cold-hardy except at -35oC; Lhe

larvae rvith 2.12 glycerol were noË cold-irardy. The survivals aË, -10 and

-22"C !/ere essentíally the same; T'OO were 118, 1,19 respectively rvíth Ëhe

fa1l larvae; l-08, 1û3 respect,ively for the r,iinter larvae and 650 63

respectively for the spring larvae (Table I). The survivals were shorËer

at -35oC Ëhan at -10 and -zZoC exceÐË for the r.¡iater larvae. The

decrease ir T50O ín Lhe fall larvae from 119 (at -22"C) to 48 (at -35'C)

r,ras an indieaËion thaË at -35oC they are noL as cold-hardy as at -22"C.

The long TSO' ( 161) of the r,rinLer larvae aË -35"C is consisËent r'¡ith

Ëhe hígh concentration (5.77") ot glycerol in the borers. llesides the
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facËor of glycerol proËecÈion, other unknorrrn facËor or facËors ¡,rhich

favor Ëhe survival must have pla;ved a role in Ëhe prolonging of Lhe

survival because the T5go at -35oc r¡as shorvn considerabllz þi=¡"r Èhan

Ëhose ai '22 anci -10"C insËead of being kepË aË about the same level as

at -22 and -10oco Laurencets (L967) resurÈ in a similar survival

experinent at -15 and -25oC also shor"ed that Ëhe borer larvae at -25"C

had a higher survival. i{everËheless his conclusion thaÈ the suoercooled

sËate is more i-njurious to the larvae than the f.tozen staËe has been

shor,¡n inconsistent rvíth our daËa as l+ili- be discussed laËer" Indeed more

data are needed before a satisfactory ans\rer as Èo "r,,'hy the coi-d-hardy

wint,er larvae can survive longer at -35oc Ëhan aË the higher subzero

temperaturestt can be gíven"

Ti're effect of contact moisture on Ëhe survívaL of cold-i'rard
European corn borer larvae

The borer larvae frequently overruínLer in r¡et locations Ínside

the corn sËa1ks. The eifect of rveË and dry surroundings under subzero

temperaËures on t,he survival of cold-hardy borer ruas ínvesËigated. Three

groups of cold-hardy larvae rfere used as mentioned in ChapËer I" Those

larvae collected in the wínter were mosË cold-hardy while those collect.ed

in Ëhe spring rvere Ëhe least hardy. Their survivals at -10 " -22 and -35oc

r-rere studíed" StaËÍstical anaLyses shor,¡ed that the survival data from

all saraples vrere better fíËted to 1ínear regression lines than Ëo regres-

sion lines of Ëhe second degree polynornial typeo For the general purpose

of comparing the slope of the lines of each pair (the dry and Ëhe i.¡eË

chilled survival at Ëhe same temperature), iË i"ras assumed ËhaÈ a linear

regression of survival on days of chílling exíst.ed Ín all sampleso 'Ihe
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regression lines for lreË and dry chilled larvae are sho',,¡n in Figures 1 -
3 ' They shorv ËhaË steeper slopes (fasËer decline in survival) exist in
the dry chilled larvae rvith the exceptions of the fall and the wÍnter

larvae aË -10oC" To test r+hether the diffeïence in survival in each pair

rvas signifícantn T-tests for paíred observaËions r,¡ere made (Tables \i i:o

XIrr).

The results sho\t ÈhaË the survival of røet or dry overruintering

borer larvae did not differ aË _35oC or aE _10oC [r(.Or) = 2.7L8)" lior.rever,

at '22"C the t¡et chílled cold-hardy larvae hacl a significantly higher

survival rate than Ëhe dry chilled oneso A possíble explanat,ion of the

survival rates may be made on the basis of the clegree of cold-hardiness

possessed by the larvae, the chilling temperature and the chilling regimeu

i.e.o wet or dry. The spring larvae \^rere not cold-hardy and survival clue

Èo cold-hardiness r,ras noË signÍ-ficanË even aË -10oC. There were no more

cold-hardy Ëhan surD.mer larvae placed at, sirnÍl-ar t,emperat.ure (i{anec, 1959)"

ì'iínus 35oC -¡as nuch belorv the unclercool-ing temperature of all three

groups of larvae and consequently aLl larvae froze rapíd1_y at Ëhis

temperature. Both r¿eË and dry larvae wete frozen after 24 ð,ays at -35"C.

Thereforeo irrespective of rvhether Ëhey vrere \üeË or dry complete fxeezíng

occurred rapidly at -35oc and the larvae renaíned. frozen during the

chilling period" Supercooling r.¡ould not be a major factor in survíval-.

At -22"C all the rvet larvae Í.roze r.¡ithin 24 hours after exposure but f er¡

of the dry chilled larvae froze iniËially. Cnl¡r 5 per cent of Lhe fall
and rvj-nter larvae fxoze after eight days of exposure, 50 per cenË after

24 days and all did not freeze until t,he completíon of the experiment"

(This temperature is r.rithin the range of the und.ercooling Ëemperatuïes
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Regression

incubation periods

F]GUPJI 1

lines of survíval of European

in daysi larvae collecËed on

corn borer larvae on

Novenber 290 L967.

Dotted line: tüet chÍ1led (rr. c 
" )

Solid line: dry chilled (d"c.)

Regression lj-nes calculaËed;

aÈ -10 "C: lüo c ¡

dL

4L

docn

-22oCi woco

do c,

-35oC: løoc"

y=LO4.B46B-0"5583x

y=111"20A5-0.5507x

y=118.572L-0.5103x

y=L02,L756-0"6086x

y = 70"6221 'û.31û3x

y = 68.6729 - 0.3551>;
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Regressíon lines of

incubation periods in days;

FTGURE 2

survival of European

larvae collected on

corn borer lawae

Januaqv 19Þ 1968.

Dotted line; rvet chiLled (rv.c")

Sol-id line: dry chilled (d.c.)

Regression lines calculated:

at -l-O"C: tToce y = LL/ .L737 - 0.6856x

d"co y = LL7"6769 - 0.6469x

at -22"C2 r^rocc y - J"09 ,gLlz - 0.4008x

doc" y=108.8587-A"7255x

aË -35oC: v7.c¡ y = 85.1108 - 0"0162x

d.c. y=95.7665 -0.2373x
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Regression lines of

incubation periods in daYs;

FIGUP.Ð 3

survival of EuroPean

larvae collected on

corn borer larvae

April- 4e 1968.

Dotted line: wet chil-led (w"c. )

Solid líne: dry cnilled (d.c.)

Regressi-on lines calculatecì;

at -lOoc: ïIoco y = L0z'5730 - 0'6693x

doc. Y = 97'4246 - 0"7043x

at -22"c! !üoco T = 86'3654 - 0'6L94x

d.c. Y=92'957L -0'6781x

at -35oc: Þroc¡ Y = 59 '0726 - o'3149x

doc' Y=76'3620 -0'4820x
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TABLE V

SURVIVAI OF EUROPEAI\ CORN BORER LAP.VAE
COLLECTEÐ FROI'{ FIELD OT{

AVERAGE OF GLYCEROL

AT -10"C. , CHILLEÐ DRY At{D tr.IET"

NOVBT"IBER 29, L967 
"

CONTENT9 5"02

(240

No,

Larvae) (z4o

Noo

Larvae)

health

¿ry chilled

,"'l survival

!y et chilled

eurvival
Accumulated

ctays at -10"C

40

56

72

8B

LO4

L20

136

r52

168

184

health ú/

o

24

T9

20

18

L7

16

11

L+

o

9

2

+

¿

95

100

90

85

BO

55

70

40

45

10

LV

10

1QIU

t1

1B

l1

11

11

4

1

U

2

90

55

90

55

55

55

20

5

0

l0

B5

95

L7

19

1"

)

20 larvae removed aË random each tíme for

t.-tesE for paired observaËíons (survivals

from above 12 iterns rùas computed:

t = 1.809 T(.ot) = 2.7L8

The differenee in survival betv¡een Ëhe drv

was insignificanÈ aË Èhe 1Z 1evel.

survival determinat.ion.

froin dry and rvet chill)

and rveË chilled larvae
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TABLE VI

SUP.VIVAL OF EUROPEA}I CORI\ BORER LARVAB
COLLECTED FROì'T FIELD ON

AVERAGE OF GLYCEB.OL

ÃT -22" C" e Ci{rLLItÐ DRy A}ID idET,
NOVEi"ßER 29, L967 .
coi{TENT e 5.0"/"

Accuroulated
davs at -22"C

Larvae) dry chilled

healthy % survival

(240 Larvae) ws¡ chilled

i{o. n.ealÈhv Z e,urvival

(240

No"

B

24

40

s6

72

BB

104

L20

IJO

L52

168

L84

L9

L9

l_+

TZ

13

L+

10

1

1

1

I

0

70

C¡U

65

70

5

5

5

5

0

2A

L7

z0

L7

tx

13

I

7

5

3

95

100

100

85

100

B5

90

65

40

35

25

15

L9

20

95

9s

l"

2"

20 larvae removed at randon eaeh time for survÍval determinaLion.

t-test for paired observations (survivals fron dry and rüet chill)

from above 12 items l/as computed:

t = 5,47L; T, .,,.,, = 2.7L8

The rvet chíIled larvae had a significantly higher survival at Ëhe

lZ 1evel.
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TABLE VII

suRVrvAL oF EUROPEAN CORN BORER LARVAE AT -35"C", CHTLLED DRY Æ{D I{ET,
C0LLECTED FROI{ FIBLD 0N NOVEi,IBER 29, L967 

"
AVERAGE OF &YCEROL COI{TENT s 5,0%

(240 Laxvae)
AccumulaËed

days at -35oC No. healthy

dry chilled

Z suf,vival

(240 Lawae) ruet chilled

No" healthv Z survival

B

,24

40

56

72

88

lu4

L20

136

L52

168

Iö4

L7

LZ

5

v

10

L4

7

3

J

2

3

0

75

OU

z5

45

50

70

35

15

15

10

15

n

L7

13

IZ

9

9

7

5

5

6

5

6

4

B5

65

60

45

45

35

z5

25

30

25

30

z0

1"

2.

20 larvae removed at random each tíme for

t-test, for paired observations (survivals

from above 12 items rrras computed¡

t = 1.059; T(.Of) = 2.7L8

The difference ín survival betrveen Ëhe Cry

r.ras ínsígnificant at the 1% l-evel-"

survival determinaEion,

from dry and r,reË chill)

and r¿et chilled larvae
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TABLE VTII

SURVIVAL OF EUROPEAN CORN BORER LARVAE AT -10oC., CHILLED DRy AltrD''^J-ET"

COLLECTED FROII FrELD ON JANUARY 19, 1968.
AVERAGB OF GLYCBROL CONTBNT " 5.7"/.

(240 Larvae) dry chilled (240 Larvae) w"¡ chilled
Accumulated

days at -10oC No. h.ealÈhy Z eùrvival No, h-ealthy Z gurvival

7

2L

3s

49

63

77

91

105

119

133

L47

r61

L9

20

20

19

L6

L7

13

L2

o

4

4

1

9s

100

t00

95

BO

75

65

ó0

45

zo

20

5

20

L7

¡>^

1B

t9

11

10

LZ

I

I

0

100

85

100

BO

95

BO

55

50

60

5

1.

t

20 Lawae removed at random each time for survival determination,

t-Ëest for paired observations (survívals from dry and v;et chill)

f rom above 12 itens r."ras compuËed:

r=L.233; T(.Of) =2"718

The difference in survival beËr,reen the dry and rveË clrilled larvae

rvas insignifÍcant, at Ëhe 1% level"
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TABLE IX

SURVIVAL 0F I¡UROPEAN COR].\ BORER LARVAE AT -22"C., CITILLEÐ ÐRy ANÐ I\TET,
COLLECTED FROi'I FIELD ON JA}IUA.-ê.Y 19, 1968.

AVEP"AGE OF GLYCEROL COI{TENT 5 5 '7"/"

(240 Larvae) dry chilled (240 Larvae) ws¡ chilled
AccunulaËed

davs at -22oC ¡Io. irealthv % survíval ì{o. irealthv Z survival

7

21

35

49

63

77

9L

105

119

133

L47

161

L9

10ro

L9

1B

13

I

9

1

1

L

0

1

95

90

95

90

65

40

45

35

5

10

0

5

L9

20

L9

19

L7

IO

l5

L7

L6

10

9

6

95

100

95

95

B5

BO

75

B5

BO

50

45

30

1.

2.

20 Latvae removed at random each time for survival determinaËion.

t-ËesË for paíred observations (survival-s from dry and wet chi1"l)

from above 12 itens r.¡as comouËed:

t = 4,284i t("Ot) = 2.7L8

The r,ret chilled larvae had a sígnificantl-y higher survival at the

L1/" LeveL 
"
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TABLE X

suRVrvAL 0F EUROpEAllr CORN- tsOR-ER LARVA.E AT -35oc"e CIITLLED DRY AND I,JEr"
COLLECTEÐ FROIi FIELD ON JANUARY 19, 1968.

AVEP"AGE 0F GLYCEROL CONTENT þ 5,77:

Accumulated
davs at -35oC

Q4a

Noo

larvae)

healÈhv

dry

ø/

chilled

survival

(240 larvae)

No. healLhv

ç¡eÈ ehilled

Z survival

'7

2L

35

La

63

77

91

10s

r19

IJJ

L47

161

L7

19

L7

L6

LV

L7

L4

10

L7

L¿

11

L2

B5

95

85

80

t0û

B5

70

50

B5

60

55

erU

15

19

L6

1B

)í)

L7

11

L7

l8

L7

16

L7

75

öU

90

100

B5

55

B5

90

B5

BO

85

1.

2u

20 Larvae renoved aË randon each time for

t,-Ëest for paíred observat,ions (survival

survival determinationo

from dry and r,¡et chill)

from above 12 items I¿as compuËed:

t = 1.519; T, 
^.r.,' 

= 2.718
\ o Ur,/

The difference Ín survivaL betraeen the dry and i¡et chilled larvae

rvas insignificant at Ëhe 1% level.
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TABLE XI

SURVIVAL OF EUROPEAN CO.QN BORER LARVAE
COLLECTED FROT"I FÏELD CN

AVERAGE OF GLYCEROL

AT -10"C" e C]{TLLED DRY AND I.IET"

April 4e L968.
coNTENTe 2"L%

(240 Larvae) dry chilled (240 Latvae) ws¡ c,hilled
AccumulaËed

davs at -lOoC No. h.ealthv % survival No" l-t-:altl"lv % qurvivql

1/,

2B

42

56

70

B4

OQ

Lt2

L26

l4u

L54

L6B

20

1B

L6

11

6

6

I
I

1

0

0

0

100

90

80

55

30

30

5

5

5

0

0

L7

1B

L7

l-5

9

9

1

3

0

L

0

B5

90

85

75

4s

45

35

20

15

0

5

0

1. 2O Laxvae removed at randorn each tíme for survival determinaËion.

2. t-test for paired observaËions (survivals from dry and wet chill)

f rom above 12 items r¡ras computed:

E=2"32I; Tl,of) =2.7L8

The difference in survival betv¡een the dry and wet chílled larvae

vas insignificant, at the 1% level.
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TABLE XII

SURVIVAI 0F EUROPEAÄ CORN BOP,ER LÀRVAE Ãt -22oC" s CIïTLLED ÐRy AND I,IET.
COLLBCTBD FROi"f FIELD 0N ApRrL 4, 1968"

AVERAGE OI GLYCEROL CONTENT! 2"L%

(240 Larvae) dry chilled (24C Latvae) trs¿ chilled
Accumulated

ciays at -22oC No. healthv % gurvival No. h,ealthy Z €urvival

L4

¿ó

42

56

70

B4

9B

LLz

L26

140

Ls4

168

t7

17

13

I

0

0

0

n

B5

85

BO

65

4U

t5

5

0

0

0

L7

18

10

IJ

5

5

z

2

0

0

0

B5

90

50

65

25

10

10

0

t-,

0

1.

2"

20 l-arvae removed at. random eaeh time for survival determinaËion"

t.-Ëest for paíred observations (survivals from dry and wet chill)

from above 12 items vras computed:

t = 0.390; t("ol) = 2"718

difference in survival beL¡.¡een the drv and r,ret chilled larvae

insígnificanË at tne 1% level"

ïhe

rüas
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TABLE XIII

SUPJVIVAL OF EUROPEAN CORi\i BOP..ER LARVAE AT -35OC", CI-IILLEÐ DRY AND T\TET"

COLLECTED FROrli FIELD 0N ApRrL 4, 1968.
AVBRAGE OF GLYCEROL CCNTENT " 2.L"Á

(240 Larrtae) a¡y chLlled (240 Latvae) rvs¡ chilled
Accumulated

days at -35"C No. h.ealËhy % survival No" ûealthy % survival

L4

¿ó

t, ')+L

56

70

B4

9B

LL2

L26

140

r)4

168

15

15

L4

6

B

6

5

2

2

I

L

75

75

70

30

40

30

10

25

l0

10

5

10

L+

1
I

7

o
O

6

L2

4

3

3

J

2

70

35

35

40

30

60

2A

)n

t5

L5

15

10

1o

)

20 larvae renoved at random each time for survíval determinaËion"

t-Ëest for paired observations (survívals from drlt ¿n¿ r'ret chill)

f rom above 12 itens r'ras computed:

t = 0"372; t(.01) = 2,7L8

The difference in survival between the dry and r.ret chilled larvae

was insignificanL at Ëhe 1% level.
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rEhich varj-ed frorn aboux -20 Ëo -30oC.) Therefore at -22"C Ehere l,Iere ËL;o

essentially different groups of larvae; one depending on Lolerance Ëo

f.reezing (weË larvae) u Ëhe other largely on suPercooling (dry larvae) "

The data show thaË t?re f.rozen state is more favorable for survival Ëhan

Ëhe supercooled staËe aË any specific subzero teaperature.

Laurence (L967), in a símÍlar survíval experimenË at -15 and -25"C,

contribuLed the higher survival of Ëhe borer larvae aE--25oC to the

Íact that the percentage of larvae in the supercooled sËate after various

lengths of time had been lower then Ëhat at, -15oC. Àssurning thaE at

lorver Èemperatures and Lire assoeiated itozen state, the degenerative

biocheinical processes r.rere inhíbted and Ëherefore r,¡ere advantageous Lo

the continuation of life, Laurence concluded that t,he supercooled sLaËe

is more ínjurious Lo Lire larvae than the f.rozen stat,eu He LesËífíed his

explanaËion by the recent discovery by Grant and Alburn (1966) thaË

enzyme reacEions may speed up or change Ëheir paËhr+ay in Lhe frozen stat,ee

despite decreased kineËic energy and probable restricËed diffusion.

Hor-rever, Ëhat I'the supercooled staÈe is more injurious to Ëhe

Lawae than is Elne frozen staËetr (Laurence , L967) wiLhout lirniËing Ëhe

comparison to a specific Ëenperature r.ras not suggested by our results,

In terms of T5OO (Tab1e I) Ëhe supercooled fall larvae at -lOoC l'rad a

longer survival Ëhan Ehose irozen at -35oC; tne supercooled spríng larvae

aL -l$oC also had a lonEer survival Ëhan those frozen at -22 and -35"C"

ThaË the ftozen si:ate is less injurious io Ëhe larr¡ae Ëiran is the super-

cooled staËe cannoË be concluded simply by Lhe coincídence of longe.r

survival of. frozen larvae at one low teinperatureo The degree of injurlr

on t,he insect caused by eiËher tire frozen sLaËe or supercooled state
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rúghË be nodífied by Ëhe degree of cold to r¿hich the insecËs r.¡ere

exposed" Thís is Ëhe reason r^.'hy one specific subzero ËemperaËure rrras

based for discussins the survival of the larvae Ln frozen staËe and Ëhose

in supercooled sËate. Iio aEËempË r"¡as made to comÞare tire survival among

the larval groups under different subzero chilling in thís study.

Survival of cold-hardy European corn borer larvae under
intermittent chilling

In the study of survíval of cold-hardy Eurooean corrl borer larvae

by Hanec & Eeck (1960) inËermíttenL raËher than cont.i.nuous chilling rvas

carried ouL because not enough experimental insects r+ere avaílable Lo 'be

sampled r¡rithout. replacemenË" lianec removed all rhe larvae from Ëhe cold

cabinets periodically and rvarmed them for 24 irours, checked for survival

and Èhen put then irack t,o the colci during t.he course of his studies.

EarLy v¡inter larvae had a T50l of 73 dal's at -20" C and 90 days aË -15oC.

The survival of tirese insect.s could have been different, to some desree if

Ëhese borers lrere chilled continuouslyn The purpose of our study r¿as Lo

expand Ëhis earlier rvork Ëo determine the effect of cooling-vrarming c"vcles

on the survival of the i¡orer larvae during long perio<is of chilling and

under more críËical experimental condit,ions.

The larvae for tiris sËudy trere collecËed on l.iovember 29, L967, Lhe

same as those for the conËínuous chillíng experímentc A sample of 35

larvae r¿ere used for each dry and weË chilling a.c -10 and '22" C. The

larvae rìiere reaoved periodically f rom the cold cabinets e r,rarmed f or 4B

hours at rooln temperaËure and survival r.vas deËer¡úned" The survivors r"¡ere

then reËurned to the cold for furËher chiliins" Survival data r,rere taken

f or 24 r¿eeks.
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The results in Tables XI¡/ and XV shor+ tirat drv chílled larva-e

survived longer than those cllílled r,rei: aL botl.r -10 and -22"C and thaË

survival was higher at -10oC than it was at -22"C" /\t -22"C, T16.,, for

dry larvae \'¡as B0 days and only 75 days for the ¡treÊ larvae" AË -lùoC the

T5gO for dry larvae rùas noË reached even after L67 days of internittenË

chilling, 837Í were still alive. Tire l¡et larvae reached T56O after about

105 days of chilling. The survival difference betveen roTet and dry

larvae at -22"C is probably not signifícant"

To compare the survivals obËained by troth the conËinuous and inËer-

míttent chi1língn Table XVI is listed. It is apparent that the contínuously

chilled larvae had a hígher survival than did Ëhe intermitfent chilled

ones at -22"C but noË aË -10"C. À possible explanation Eo Ëhis j-s thal:

at -22"C or coldero the intermittent chilled larvae suffered from tire

lrarnrful frequenË f.teezíng-thawing cycles and Ëherefore irad a lorver

survivalo But the larvae seein Ëo Ëolerate tire frequent coolíng-r,rarming

cycles at a nild -10oC. ì'{o explanatíon is offered for the large difference

in survÍval of t,he drv chilled larvae and røet chilled larvae under inter-

mittent and continuous chillíne aË -10"C.
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SURVIVAL OF EUROPEA}] COfu\
COLLBCTEl)

TABLE )(IV

BORER LARVAE AT -10"C.,
FI{CM FIELD NOVEi:ßER 29Þ

CHILLEÐ INTERiITTENTLY
L967

(35 Larvae)
Accumulated

davs at -10"C No" healthy

d.ry chilled

% survival

(35 Larvae) wet chilled

l.lo. h:althv % survival

L4

LÖ

42

56

70

B4

97

111

L25

L39

153

L67

35

J+

34

J4

33

33

JJ

J¿

JL

31

29

29

100

97

97

97

94

94

'L

YI

B9

B3

B3

34

34

31

to

10

2B

¿4

IO

t0

3

J

0

97

97

B9

B3

B3

80

69

46

29

o

Y

U
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SURVIVAI OF EUROPEAN CCfu\
COLLECTED

TASLE ]iV

BOP.BR LARVAE AT -22.C"
FROI'I FIELD NOVEÍì]ER 29,

e CHILLED INTEP.-IÍITTEI'{TLY
L967

AccumulaÈed
davs aË -22"C

(35 Larvae) dry chilled

No. healthy Z survival

(35 Larvae) wet chilled

No" healËhy 7.j survival

L4

2B

42

56

70

B4

97

111

125

139

153

rot

32

¿4

19

19

I7

11

3

2J

I

I

U

B9

B6

b9

54

54

49

31

LI

9

J

J

U

30

27

z6

23

13

6

1

86

74

66

58

37

18

J

0



TABLE XVI

A COIIPARIS0N 0F THE INTER'IITTENI AND CCI'ITINUOUS CHILLïNG
ON THE SURVIVAL OF TFIE COLD-HA]]JY EUROPEAN CORN BORER

LA.RVAB AT -10 AND -22"C
COLLECTED FROII FIELD NOVEI'EEB" 29 e L967

-50D
-10" c

Intermittent Continuous

-22" C

InEermiËteirt ConEinuous

Dry
Chilled

+> L67' 115 10480

75
i^Iet

Chilled 105 L20 L34

JrÊ

T...,^ is Ëhe exposure time in days required f.or 50/" morËality"
)UU

+
Percent survival higher tlnan 50% all through Ëire incubation period of

167 days.
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ECOLOGICAL FIELD STUÐIES Ai{D OTFIEP. PR.ELIIIII{AIìJ

ON TI{E EUROPEAN CO],Si BOPJii

OBSEIìVATIOTiS



CHAPTEE V

FIELD STU}IES

VerEícal ciisÈributíon of European corn borer larvae in corn

The vertical distríbuËion of overr'¡interinçç larvae in corn stalks

could be a fact,or i-n tireir rvinter survival" Snow levels in fields of

standing sËalks rareLy exceeds l8 inches and r,rithin tiris protective cover

Ëhe larvae could be protect.ed fron extrene cold, ÈemperaËure fluctuations

and predators such as bircis and n-ice.

0n. November 13, L967 several hundreci eorn planËs were dissected t,o

determine the dísËribut.ion of borer larvae along the length of Ëire sËêlno

The stem ryas dívideci into six ínch secLions beginning fro¡t tbe roots to a

height of 36 inches. Thirtlz-six inches rdas chosen as Èhe arbítrary

height because above thaLu mosË of Èhe sËaltr<s r{ere broken oÍf at various

heighLs 
"

Table XVII shor¿s the vertical distribution of Ëhe <iiapausíng

borer larvae in corn pl-ants; abouË 72"Á of. the popula'Eion overwintered in

the sections of the plant beloiv the average snow level of lU inches. The

same disËribution study Ín the field r{as repeated in the spring and the

survival lras compared betrveen tire larvae froin the upper lB inches of

stalk and those from the lor¿er 18 incir porÈion. The results are shorsn

in Table )WIII. The survíval of larvae beiorr¡ the sno-,r¡ level r'/as as

high as 852 r¡hile onLy 70"Á of the larvae survived Ëhe r.¡inter above the

snov¡ levelo

It ís apÞarent that the locaËion under l-ne sr¡orrtr cover iras a more



TABLE XVII

VEPJTCAL DISTRIBUTION OF EUROPEAN CORI{ BORER LARVAE II{ CORN PLANTS

SURVEYED Obl NOVEÌ.ÍBER 13, L967 rÌ{ I'IORDEN þÍANTTCBA

36 PLANIS IüERE S/tr¡îPLED

No" of
Iarvae

(0")

7" of toLaL
in plant

57

6tt_Lztl

24 "7

59

12tt-lBtt

34

25 "6 L4"7

z2

24"-30"

9"5

30"-36t' Total larvae

10.4

24 t1

4"1

23L

o'



T"{BLE TVIII

SURVIVAL SURVEY ON EUROPEAN CORI\ BORER LAP.VAE IN 261
COPJ'I PLANTS BELOi'l AND ABOVE SNOT"tr LEVEL

COLLECTED Ot'l lrAY 1C, 1968

l{o. of
larvae

7. of touaL
in planÈ

Number
dead

Nunrber lduinber '/"

ParaLyzed healÈhy survival

69.837102753
Above
lBtt

L241873
Belor¡¡
lBtt L45
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unvarying tenrDerature and is r'¡armer than any exposed part of the corn

stalk, Tiris can be well illusËrated by Laurencers (1967) Ëemperature

data (Table XIX). The borers overwintereqi in Ëhe stem. located close to

the ground level r.roul<i experience very little varíation in Ëemperature

and, thereforen would not suffer frorn the letiral freezing-tirarving cyclesn

The larvae close Ëo Ëire ground 1eve1 r+ere also favored by Ëhe relativellr

higher t.einperature belor,¡ Ëhe snor¡ leve1. Tabl-e XIX shows that Ëi1e

temperature at ground level was rio lor¿er than -5"C even r.¡hen ít. Í,ras as

lor,¡ as -35oC above Lire snor,¡ level. That the freezÍng-Ëirar,;ing clrcles are

lethal has already been illustrated in Chapter IV. Temperatures in the

range from -3.0 Ëo -4"5"C r¿ould not be expected to be leËiral to Ëhe

borer everr over long durations of exposure. Prelirqinary tests in tire

laborat.ory shorved thaÊ aË -z,toC 90 per cent of cold-har<iy larvae could

survj-ve IB4 days of exposure" Iolhile at -22"C and intermittenË chilling

T'OO was reached in 75 to 80 days under laboratory conditions (Tables

XIV and K/).

Comparison of rvinËer survivals of larvae in standing and snors-
buried corn plants

In order Ëo deËerrulne rrr?retirer the larvae in Ëhe snow-buried corn

stalks survive longer tiran those in standing plant,s in the field during

the ivinter, about 400 corn plants r¿ere laid on the ground and covereci

r,¡iËh snor^¡ abouË one foot thick in the ea'rLy rvinLer. AnoËner sample of

sLalks was left standing and tire viciniËy around the plants r,ras kept clear

of snow" Survival r.vas checked i-n the 1aÈe spring of 1968.

The survival of the larvae from Ëhe snoru-buried plants r+as higtrer

as conpared v¡-ith those from the sËanding sËalks, Larvae fron standing



TEI'PERATUP,.ES AT VARIOUS
UNIVERSITY

aEe

19 Jan. 1966

2L Jan" L966

27 Jan" L966

3 Feb" 1966

TASLB XIX

POSITIONS II\SIDE AND OUTSIDE A CORN STALK SET UP OUTSIDE AT THE

OF ¡'ÍANITOBA, trIINNIPEGr DURING THE I^IINTER 0F 1965-66
DAT.4. SU¡&IARIZEÐ lir.olr LAURENCE (1967)

o. ?n

9 :00

3:30

2 :30

Ground levelrffi¿"
s tal-lc s talk

p.ln.

p e ïIlo

-4 .0

-3"5

-4.5

-3" 0

-3.0

-3"0

-4,5

-3. 0

Inside
s talk

vel

-L6.5

-33"5

-29,0

-16 "5

0utsíde
rallc

-17 " 0

-33"5

-29,0

-L7 .5

4 f.t"
lnside 0utside

t,allc s talk

-L7.5 -18.0

-35 "0 -35 "5

-31" 0 -31.0

-Lg ,o -20. 0

6 f.t.
Inside Outside

k sËalic

-L7.0

-34"0

-30" 0

-18.5

-17.0

-33.s

-31"0

-18"5

N
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plan'Es in early spring haci a 62 pet cent survival lthile Ëhose from the

snow-buriecl stalks lnad 72 per ceilt survival (Table ;"'li) 
"

The prot.ecEive role of snoi,¡ during the severe røinÈer on Ëhe

survival of the European corn borer is furüher apparenÈ.

liinter survíval, glvcerol concentrat,ion and ì.rndercooling temperature
of naËure European corn borer larvae in llínnípeg and l'íorclen

Larval ivinter survival from 1965 throueh 1969 (Tab1e XXI) r,ras

recorded. Infest.ed corn st,alks r"ere collected at i4orden, bundled and

stored in an open fi-eld near Ëire universiËy. ì{o att,empËs 1ì7ere made t,o

influence Ëhe normal snovr cover" Survival vras checlted regularly during

the winËer. For this survev larvae r^iere cut ouË of the corn stallts"

removed to roon tenperature and the nuinber of healËny larvae determineC"

¿\s the wínËer pTogresseci, many livÍng larvae r,¡ere íncapable of locomoËion

and evenËual1y died even when placed uncier l'¡arm condit,:'-ons" The larvae

\^rere Ëerned 'rparalyzed" and were consídered as dead in tlle calculaËion

of survíval percenËages.

Table XXI shorvs ÈhaË Lhe survival durins the 1965-66 r+inter rvas

considerably hígher than thât of the larvae in the three r.¡inËers r'¡hich

followed. The survival rvas essenËially similar duríng L966-69 rvinters"

DaËa from L967-\969 indicate Èhat the sreatest mortality increase

occurs during i'iarch, pasË the season of exËremely low Ëernperatures"

The relationship betr^reen winËer survival and tenperature iras rrot yeË

been analyzed,

The readings of glycerol corrcêntration an<i undercooling teinperature

of the borer larvae collecËed in Lhe field at ì"Iorden durinE L967-68

r^rinter are Dresented in Tai¡le y-{II"



Date of survey

Mar. 7, 1968

',í.ax" 27, 1968

CO¡,IPARISOLI OF EUP.OPEAN

STANDING AND

Condit,lon of
corn stalks

Apr. 26, L968

Standing in
the field

TASLE XX

CORì{ IIORER i^lINTliR SUP,VIVAL
SNOI{-BURIED CORN STALKS

Non of
nlants

Buried in
Lhe snorv

No. of
larvae

L47

660

135

2 e907

No.
clead

300

TN

paralyzed

)L+

7s4

BOZ

1B

355

i{o.
healthy

163

L63

L È798

,'Á

"survival

65 574

69 "4

ht g

/r"r,

H
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TABLE XXI

I.IINTER SURVIVAI OF ÐIAPAUSE LARVAE KEPT OUTSTDE Ii\]
STOC_Ir.ED COfu\ STA].I(S II{ OPEN FIELD

Year Date
No" larvae

coIlecËed
No. lrlo . !\O c /"

dead garalvzed healthy survíval

L966

L967

April 4
April 26
Ifay I
May 22

Jan. 5
Feb. 3
itrax. 2
L'Iar, 2L
Apr" 9
i"Íay 10

209
184
107

6L

L02
97
90

100
r46
605

1,182'*
lb9

Lrl22"a
643x
235

2 1907*

t,,
qQ

81
LO2

76

zo
23
LJ

B

189
L6L

94
53

92
82

56
B8

247

LþL75
L63

L1026
s64
163

L1798

+U

93
70
81
53

90.4
87.0
87 .9
B7 .0

92.3
84. 5
62.2
56.0
60"3
57 "5

99.4
96.4
gL 

"4
87 "V
69,4
61" 9

95,2
94. B
96,4
79,4
69.7

Lvo I
r96B

t0
15
34
44
5B

358

6

45
34
54

I )¿+

si
4s
1B

355

l96B
L969

Nov.
Jan.
T^-Jdllo

Jano
ivlar u

Apr"

OcÈ.
Jan.
Jan.
l{ar 

"
Apr.

7
6
T7
23
9

2

24
2
29
t
25

:J
L2

6

2
5
B

9
L7

Large number collecLed because larvae used for oËher experiments"
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TABLE XXII

GLYCEROL CC}ICEì{TP.AT ÏON AND T1ì,I DERCOOLII'ìG TN.ÍPERATURE

0F TItE EUROPEA¡I COEN BORER LApJ/An AT MORDEI{e

I.IAì{ITOBA DURING L967 -68 I^II}TTER

DaËe
ì,iean glycerol conco Uird ercoolin g tenperature

(% live ivt.) (cC)

ìiov. 20, L967

Dec. LL, 7967

Jan. 6, 1968

Jano L9, L96B

Feb" B, 1968

Felr. 20, L96B

I'far.9, 1968

April 3, 1968

April 23, L96B

Líay 22, L96B

-L
) . u_u. J)

+
5 .5_0.26

+
6 "2_O "64

+). /_u.oö
+

6.9_0,70
+

5.3_0.66
+

4.3_0. 98

+
2. l_0. l0

+
0. 9-0.17

t
T

0. 4_0.20

-2L,413 "i3" c

+
-27,3_4"3

+
-26.5-6,3

-zz "g!J.j
+

-19. 7_3. B

+
-LL.L_2.7

+
-l-3. 5_1. B

+
-7 ,5_3,7

ï
-9. B_3 .0
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Ð,.--+-i ^-! uPqLrvr!

iluring 1965 and 1966 corn sialks r,rere brousht in fron i'iorclen t,o

Winnipeg. Tire stali<s \^IeÍê ovenrrintered ouÈsíde anci exanined periodically

for pupae during Ëire spring and surnrer of tne same yearo From 1967 tirrough

1969r hor,¡ever, Ëhis study rvas clone in corn fields at üorden. Figure 4

shorrrs the pupation records of the borer fron 19ó5 to 1969. Since it rvas

not possíble t.o make surveys frequeaËly enough Ëo find ouË the exact daÊe

of. 50iá pupaÈion, the best possible <ieduction of tire daËes (Table XXIII)--

i¡hich rEould not. be more Ëhan one or Èvro days frorn the exacE dates--r,ras

made by fiËËing tire curves Írorn Figure 4" BoËh Figure 4 and Table XXIII

shoru that the iniËiatíon of pupation and date of 5C,'i pupation varied greatly

fror¡r 1965 to 1969" The earliest date recorded for Ëhe beginning of

pupation r.ras June 4 in 1968, the latest, June 3û in 1965" The time

required for the larvae to reach 502 pupation rvas approxirnately tr,ro rveeks

af.Eer pupation began. There r,¡as no conclusive evicìence Èo suggest a

correlation bett¿een rnean air temperafure during Aprilo Ì:,tay ancl June an<i

t,he pupation paËtern of Ëhe borer. Possíb1y soíl and stalk tenperatures

ir¡ould be a ¡rore valid crit,eríor.,

Adult flighË acriviry

This study was carried out. in the liorden area. Dail-y counËs rùere

made of adulËs caught ín four rnodified i'ie-u¡ Jersey mosquito light Ëraps

rvhích were located on the edge of the corn field and r^rere operaËed betr,.reen

t.he hours of.9200 p"m. a;ad 5:00 a.m. IË is assumed Ëhat i¡laximun moËh

capËures coincide -"viËh peairs of flight acËiviËy"

The seasonal limits of flight are shor.rn in Table ;.{,KIV. Adult



EIGURN 4

Pupation records of liuropean corn borer in southern ì'Íanitoban 1965-Lg6g 
"
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TABLE }XIII

DATES OF 50% PUPATION OF OVERI,]INTERED COzu\ BOP.ER LARVAE

IT'I SOUTHERN }Í¡.NITOBA 1965-1969

Year LocaËion Date of 502 Pupation

196s

L966

L967

1968

L969

tr{innipeg

I'trinnipeg

Ì,Iorden

Ì,iorden

i4orden

July 11

Jrrly I

July 9

June 17

June 24



THE SEASONAL LIì.ÍITS OF

FROi.f L965

TABLE XXIV

}ioTi.i FLIGÌïT OF lHE EUJIOPEA-I{ CORI{ JIORER
T0 1969, Ì'ìOP$EN, Ì.IAÌ{ITOBA

UonïitenCement,

_Year of flieht
Peak of
flieht

Termination
of flíeht

DuraËion of
f ligjrt

L965

l-966

l-967

1968

L969

July 1o

July 1

July 7

July B

July 16

ttl | \7

July

July

JuIy

AugusË

¿J

13

16

11

5

L4

I
2A

7

August

August,

^,,^,.-+^uÉuÞL

^,. ^,. ^ þ¿ruÉuù s

SepËenber

30 days

32 days

45 <iays:<

31 days

49 days*;

|lay be partial second generaËion.



emergence, insofar as iË is reflected by flighc to Ëhe light t,raps ranged

from 3Û days to 49 da,vs. Figure 5 shor¿s Ëhat Ëhe central 50i!, of. the moth

caËches occurred r¡ithín one to tr"¡o r¿eeksu rnostly in -Tul:v but sonetimes

overlapping int,o AugusË 
"

The relaEionship beËi¿een the number of moths caught and the
tenperaËure at nighË

In FÍgure 5, the catches of the cenËral 50';( boret motl-¡s during their

period of flíght are compared r^¡iÈh Lhe mean of Ëhe hourly teniperatures

from 1l:ClO p.n" to 3:00 a.rno of Èi-re corresponding nÍgirt" Tire renaíning

"tail partstr of tire moth caËches boËir before and afier the central part

l,/ere noÈ sirorun because the nunbers of daily moth catches rvere Ëoo sma1l

to reliably indicate any trencis. Even sou no obvious Ërends \ùere

indicaËed between the percenËage of notirs causht duriirg tire night and

Ëhe correspondÍng mea¡r hourl;r temperatures. Sínilar resulËs r.¡ere also

siro-r,rn by Laurence (L967). I-aurence found no apparent relationshíp

beÈween the percentage oÍ moths caughË durÍng tire nighË and the minimum

Ëemperat,ure of the corresponding night, and the n¿xímum temperature of

tire preceding day. The inean of Ëhe hourly temperatures from 11 :00 p.m.

Ëo 3:00 a.m. r.¡as used because up to 707" of. Ëhe ËoËal catches r,rere

collecËed by the traps during Ëhis Íour hour period. r,.Iindless nights

durÍng v¡hich the t,emperaLure r.ras above 55oF ',,¡ere the raosË iavorable for

rrroËh activiËy. Rain and .¡ind disrupËed flígJrË even r,¡hen nigirË tenperatures

were favorable.

Predicting adult emergence by t,he use of ireat, units

The use of heat uaÍt accumulation as an index of corn borer
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FIGURE 5

Daily catches of the corn borer moths and corresponcling mean t,einperat,ures

fro¡n 1l-:00 p.m" to 3:00 a.m., r'iord^en, i'{anitobau 1965-69" Eark area

indicates central 50 per cent, moËh cat,cheso
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developnent was introduced by Apple (L952) r'¡ho used a summat,ion of the

mean of Ëhe <iaily rninirirum and uaxim.ur¿ temperaËures above 50oF to predict

the first appearance of the different stages of the corn borer in lllinois

and Wisconsino l,iith the sa¡re techníque, Jarvis and Brindley (1965)

developed a meEiiod for predicËing the cumulaËive percentages of moË.h

flíght in lloone County, Ior-ra" BoËh Apple and Jarvis and lSrindley useci

50oF (10'C) as Lhe base in calculating Eire heat, unit accumulations"

I{or,rever, thís technique for predicËíng inoth flight of the corn borer l.¡as

not. sat,isfacËory for the l.Íorden area, Tire base teinperaËure of 50oF for

Ëhe conditions in i'lorden rras reported Loo 1or.¡ an<i ínstead 55"F r,¡as

suggesËed as tire best base t.emperature (Laurenee, 1967) 
"

The correct base ËenrperaËure, according Eo Arnold (1959) is Lhe

one giving the smallesÊ coeffícient of variation for sun¡¡rat,ions in

respect, to different years base<i on it" Laurence &967) used several

base ËemperaËures¡ í.ê., from 50 Ëo 57"F, to compute tire coeffieient and

found ËiraË the srnallesË value could be obt,aineci ivhen corresponded Ëo a

1 - r-O.-DASe Or Jf t.

lùhen the minirsum teraperaËure is belor¡ and the maximum above Ehe

base ËemperaËure, some deviatíon may be int.roducecl. Arnolci (1960) proposed

a method to correet Ehis type of deviationo In corcpuÈ,ing day degrees

his inethod rvas applied Ëo t.he data collecËed in i'Iorden"

lhe dates ínto i+hich Ehe LZr 25'/"r 507.75% ar,d 95'/" of the cur¿ulative

percenËage of moth flight fell were noËed and cumulative day-degrees on

these daËes were caleulated using 55oI as a base" il>çected numbers of

day degrees in Fahrenheit, necessary to reach 7, 25, 50, 70 and 95% moth

flíght r'rere obtaíned by taicing Ëhe average of the day degrees of
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corresponoíng levels of inoth flight in five yearso tsy using tire al¡ove

expect,ed number of day degrees, Ène daËe of any af tiie five levels of

aceus',u1at,ive percentafle of moËh flight carr be predicted" Table .'il'(V silol¡s

the predicËed and acËual dates and tire expecËed number of day d.egrees

necessary Ëo reach Le 25r 50, 75 and 957i notir flight, rn generale the

aeËual and predicted dat,es agreed closely. The closest esÊinates

occurred Ln L966 and L967. The poorest estimat.es occurred in 1969, an

abnormally cooler year than normal-ly expecteclo In all Ëhe years except

1,969 ternperatures r,rere riear or above nornal , the predíctecl dates coincided

with the actual dates.

OviposiÈion and development, of the larvae

From 1965 through 1969 egg-mass counts lrere rnade at ì{orden ín the

fíelds where inotir fl-íghË r,¿as surveyed" Table XifVI sholvs periods of main

flight acËivity and date of greaËest egg-Trass d.ensíty. In all five

years studied, the forrner always coincided wiËh the lat'ter" Fiorvevern in

L967 atd 1969 the dates of greatest egg-mass density fe1l ÍnËo the

second greaËest, flight aeËivity period instead of the greaLesË flight

activity period; i"e. ¡ the main flight period r¡ras on July t5 and 16, but

the greatesr egg-mass density occurred on July 30 and 31, ín L967.

The greaËesL egg-nass density and infesËaËion of grain corn by Ëhe

\atvae in various years are also lisLed in Table X,YVI. The forner is

shor.m correlat.ed to the laËËer. The greater egg-nass densit]¡ is alr¡a)'s

follor,¡ed by Ëire heavier infestation.

Field collections of the larvae during Èheir developmenË períod

were made periodÍcally <iuring Ëhe L965-69 period. Fígure 6 shor,rs that



TABLE X)iV

ACTUAL AND PREDTCTED DATES OF Tl{E rlOTH FLTGHT I{ORDBN$ I,tA}TrTOiiÂ L965-69

Cumulative
Êercent

Li(

2 \"/

50"/.

:1J/5

1965
Date

AJ. P*t(

7-L6 7-9

7-23 7-Lr3

7-2s 7-24

7-29 7-30

B-5 B-7

L966
Date

+^.. ¿r

*:t p

7-L 7-3

7-Lr 7-L0

7-L4 7-L5

7-L7 7-L8

7-25 7-27

- Actual

- Predicted

L967
Date

7-7 7-9

7-L6 7-L8

7-2L 7-22

7-3t 7-27

B-8 B-4

L968
Date

7-8

7-Ll..

7 -L6

7-20

B-3

L969
Date

7-9

7 -L6

7 -23

7 -30

8-1C

7-L6 7-L3

7-23 7-I9

B-4 7-26

B-8 7-30

B-11 B-5

Expected
number
of day

469

574

666

732

B4t

C¡
t--.
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TA]]LE K{VI

DATES 0F I'iAIlV FLIGIIT /TCTIVITY 0F CORN BOR-ER I4OTHS, GREATEST
EGG-J:{ASS DENSITY AND LARVAL I¡ìFESTATION OI{

GRAIN COIìN AT i,IORnEr\ü, I.IANITOBA 1965-69

Year

Periods of
nraÍn flight

^n{-irri +r;cÞLÀv¿sJ

Great,est
â ûO-11â qq
võÞ ¡r¡*vv

çlensiËy (çer
100 olants)

Infestation on
corn (larvae found in

lOC plants)

L965

L966

1967

1968

L969

7 -23

7-L3

7 -L5
7-30

7 -LL

B-5
7-22 & 23

70

L20

650

7LA

510

/,)

344

&14

ù It)
&31 40

15

34
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þ-IGUP.E 6

seasonal hístory of rhe larval stages of Ëhe Er_rropean corn borer in
one corn field in l.forden, i,Íanitoba, 1965-1969"
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the percenËage of larvae in each instar in tire five-year period"

During 1965 no sysËemat,ic collection rvas made unt,í1 August 11. In

L966 the firsË larvae appeared on July 18; L967, on July 20; 1968,

around July 16 and 1969 on JuLy 22. In general, Ëhe first larvae shor¡ed

up during the third rveek of Julyn fÍve t,o seven days after the firsË

appearance of egg=nasseso By Ëhe end of Ehe second r,reek of September more

Ehan 907" of Èhe larvae mol-Ëed into the fifth insËaro In 1965 and 1966 all

the larvae rüere in fifth insËar by SepËenber 1 5; Ln L967 , 95'Z of the larvae

were in fifth instar on Septernber 12; in 1968 þ 88'Á were in fifËh instar

on September 13 and in L969 þ 9BZ were in the fÍfth insËar on September 16

(noË shown in figure).



CIIA?TER VI

PRELIì-III.{ARY STUDIES ON GA}.ßIA IRR-A}IATION CF
EUROPEAN COR]\I BOREB. LAPJ/,A'E

I'Ialker and Brindley (1963) tested tire possibiliLy of using tire

'rsteríle male Èechnique" as a means oÍ controlling the European corn

borer and concluded ËhaË t.he cost of treat,ing large numbers of nroths by

x-rays would be economically unsound. The authors suggested Ë1ìat a

. ".60coball- source rEould be desíred for any large scale tesËso

Raun, Lewis, Picken and Hotcirlciss (L967) :nade a seTíes of Ëests

Ëo investigate tire effects of irradíation wittr gamnra rays frorn tire Co60

source on the larvae of tire borer. They concluded that, somat,ic damage

caused by irradiation of non-diapausín.q larvae r,7as too ext,ensive Ëo make

Ëhis a practical rneÈhod of corn borer control. Ilor¿ever, diapausing

larvae shorved littLe somatic damage and pupaËion, moËh emergence and

maLing r^rere nearly normal at levels of irradiaËion as high as 51000 rads.

I'laterials an<i methods

Tn thís sËuci1z cold-hardy âfid non-co1d-hard1' diapausing larvae rvere

írradiated to deËennine r.¡hether i-rradíation r^rould have different effect,s

on the ËvJo groups of larvae. Tire cold-ìrard.1, larvae were collect,ed in

December, 1968 ancì iiarch, L9'e9 and undercooled Ëo about -22"C" Tire

non-cold-hardy larvae nere collecbed during April, L969 and irad an

undercooling Ëe;nperature of -13.5oC.

The larvae ä7ere dissected from the planËsn placed in samples of 5û

specinens each and each sample rvas irradj-aËecl rritir Co60 "t 11000, 5rCCOe

10rû00, 20r00C and 50rû0û rads, After irradiation the larvae were pl-aced
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in índividual vials at 26"7oC and pupation and aclult eaergence r{as

observed.

ResulEs and discussion

The results (Tables Xliî/II-iL\íIX) of irra<iíaËíng cold-hardy and non-

cold-hardy larvae are inconclusive. in all Ëests irradíation over 10.000

rads resulËed boËh ín reducËíon in pupation and also a large clecrease in

adult emergence. IrradíaÈions of 50r000 rads caused nrorËality in all

larvae,

The sllarp decrease ín both pupation and adulË emergence of ti're

Aprí1 larvae at 11000 racls may not necessarily be due to the irracliaËion*

The ppulation as a whole appeared to be v¡eak because only 60 per cent of

t,he controls pupaËed vs" 7û and 78 per cenË of the December and -i4arch

larvae respecËively. Adult e;nergence in the conËro1s was also abnormally

lorv compared Èo Ëhe oËher trvo populations" These exlperiments should be

repeaËed before any conclusions can be made as Ëo the effects of

írradiation on cold-hardy and non-cold-hardy borer larvae.
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TABLE ,VJ,il/II

RESULTS OBTAII{ED FROì'I cÆfi.14 IF"RATIIATIO}I (AT A DOSE P.ATE OF

19,320 p,AD/i.{rtü FROÌ,I A co6t souncE) oF DTApAUST¡tc
EUROPEAN COk\ BORER LARVAE C0LLECTEÐ irAp,CI-l 14, 1968

(50 larvae peT treatment)

Treatnent
(rad)

Pupation

IIo. pupae "/.

l{ormal moths
enrerginEl

Ì'io. rnoËhs iL

lione

1r000

5r000

t0,000

20,000

50,000

39

4J

+Z

34

JJ

fl

78

B6

B4

6B

66

0

34

32

26

^

87

83.7

76,2

76,5

zL,z

tl



TABLE X}N/III

RESULTS OBTAII'{ED FROi:Í cA}.û.ÍA rRJ.ADrATroi'{ (AT A DOSE RATE oF
Lg s32o RA¡t/¡tri'l FRoM A co60 scuncg) oF DTApAUSTN.

EUROPEA.N c0Ri{ lSoRER LARVAE COLLECTED oN APRIL 4 n Lg6B
(50 larvae per ËreairnenË)

TreaËment
(rad)

Pupation

lrlo " pr.lpae 'Å

l'íorrnal motirs
emergi_ng

No. moËhs "Å

None

1, 000

5 ,000

10 r 000

20,000

50r000

JU

24

32

32

25

n

4B

o4

64

5û

0

2I

13

1B

LJ

0

IU

54 "Z

56.3

1600

0
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TABLE Y-{IX

RESULTS OBTAINED Fp.OÞi cAlfHA IP-RAÐIATION (AT A DOSE RÁ.TE OF

18,570 R.ÁD/¡íIN FïìOìi A co60 souncE) oF DrApAUSrlÌc
EURCPEAN CORI{ BOR-ER LA?-VAE COLLECTED ON ÐEC]I}ßER 12. 1968

(50 larvae per ËreaËrnent)

PupaËion No. moËhs ernerging
Normal Nornal $ial-

"/.

Ìtiormal moËhsTreatment
kAcl) Iloo pupae % maLe female formed enersinq

None

1,000

5 r B0Q:k

10, 000

20,000

5 0 ,000

35

45

L+4+

4L

3B

0

90

BB

B2

76

0

IJ

IB

LLI

n

15

I7

T4

15

5

1

Ë_

6

11

0

80. û

77.8

63"6

70*B

3ro "8

0

Larvae chilled aE 4.4"C for four r¿eeks before írradiation.
ù

51800 rad instead of 51000 rad due t,o technical error.



CFU,PTER VII

PRELIÌ'íIi{A*Ð,Y Aì'TALYSIS 0F S0ì.8 ÛRG¿\NIC ¿,CIDS Ilil EUROP]IA.T\ COtìi'j
BOP;ER BY GAS.LIOUIÐ C}IROï'iATOGPâPIiY

There have been very fevr anal)rses of organic acíds in Ëhe

haemolymph of any insecË. One of the ferv conprehensive -'^¡orks is Ëhat

of Levenbook (1 961) on organic acids coffnon in i-nsect, haanolynph

rqhich contained the follorvingu succinnate, malate, fumarate, citrateu

lactaËe and o(-lcetogluËarate. No inforrnai-ion on Lire organic acids of

Ëhe European corn borer in parËicular is available" The present study

of organic acid analysis is parË of the cold-hardi.ness studies" Sínce

glycerol content cannot, fully explain the eolcl-hardiness of the overrvinter-

ing larvae, some other facLors nust, be involved anct organic acids could

be onè of Lhe soluËes.

ìufat.erials and rnethods

Insect maÈerial

Both fiel-d-collected and chilled larvae rrzêrê usêd. Field larvae

were co11ecËed from January through i'Íay and the chilled larvae (collected

in November) were kepË for 72 days at -10, -22 and -35"C r^¡iËh and r.iithout

cont,act rooisËure. The borer larvae r,ieighed abouL 100 ng" and v¡ere grouncl

in a mortar r,riËh sand ín hoÈ B0Z (V/V) ethanol. The ground inaterial r¿as

subsequently extracted rvith hot solution of B0Z ethanol, 402 ethanolu

water and again t¡ith 80i'J et,hanol" The extracËs tr"7êÍê cêrltrifugedo

combined and evaporated to dryness in vacuun" The dry resídue r.las

successively exEracËed rvÌth 5 ml . of ether anci the same volume of rvater

to separate lipids and r¿aËer-soluble maËerials. The latter rn¡ere fractíonat.ed



wiËh ion-exchange coLrmns and the organic acid

met,hods of preparing standards, nethyl esters e

are the same as Canvinr s (1965) in hís analysis

organie acids"

Standards

72

fracËíon recovered. The

columns and chro:natography

of plant, naterials for

Trirnethyl ciËrate (rir"p" 78"C) n dir'retiryl malonaLe (b.p" lBC"C) ald

dirneËhyl succinate (b"p" 191"c) r,7ere prepared -tron the corresponding

acÍds by refluxing 1 g of the acids in 24 ml" methanol r,riÈh 1 nl. of

302 funÍng HrSOO for one hour. ÄfËer Ëhe addiËion of rvater the esters

l'rere recovered in chloroform and the chloroform evaporaËed Êo dryness.

The esters of t,he first one l,ùere furËher purified by crysEalLízation

from hot- ether rEhile Ëhe other tr,zo x^rere further purified by clistillation.

Dirnethyl malaËe l'ras prepared by neËhylaËion of purified malic acid iyith

diazomethane. The acid r'aas purífied by dissolving 2,2 g malíc acid i¡.

B m1, acetone, filtering the solution, and then diluting ít r¡ith 32 mL,

benzene. After Ëhe solut.ion rvas allor¡ed Ëo sËand at room temperature for

trvo hours, Ëhe malic acid crystals r¡ere recovered by fittraLion, r"¡ashecl

rvith benzene, and drÍed overníght aË Bûoc. Dimethyl ËarËaric r,¡as

prepared from Ëhe acid with dÍazonethane and used r+ithout purifícation.

Trarrs-aconiËic acid r+as recrystalL|zed tr,lice froi¿ iroË r.,raËer before ester-

ification wLth diazomethane to yield Ériruethyl trans-aconiËate"

PreparaËion of meËhvl esËers

The above-menËioned çiaËer-soluble or¡;5anic acid fracËion vras

evaporated to dryness Ín vaeuum. The dry residue ryas tir.en dissolved in

ether-methanol (9zL v/v). Al1 methyl esters of the insect maË,eria1

r^rere prepared by adding an eËhereal soluËion of freshl,v distilted
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diazonethane to the acícls dissolved in eËher-nieihanol" Díazomet,hane l¡as

generated from an ethereal solut.ion of |.Í-nieËiry1-i''i-nitroso-p-toluenesul-

fonamide by adding an alcoholic base an<i heating È,ire:nixture Ë,o 70oC.

Excess diazomethane and solvents r{rere reiroved by evaporaËion and the

nethyl esLers dissolved in a hnor'¡n voluirie of meÈnanol . Ä porËion of Chis

soluËion rvas injeôted ínËo the gas chrornatograph.

PreparaËion of columns

Chromosorb 1.1 (60-80 rnesh) r.¡as coated ryiËh lOil Reoplex 400 by dis-

solving the latter ín chl-oroform a-nd then adding the chromosorb lir" The

mixËure was stírred until excess chloroform had evaporated and ruas

further drled overnieht aË 100"C. The coated maÈerial r.¡as sízed and the

60-80 niesh fraction i..ras packed in copper tubes (15 inches by 1/4 ínch) 
"

The column uias equílibrated overnight in an Aerograoh A-90-P, gas

chronat,ograph aË 150"C and 10 ml/nin heliuin flors raÈe"

Chrornatographv

AfËer the Reoplex 400 column was ecluilibrated, the oven t,emperature

rvas adjusted t,o 55"C, Ëhe injector temperature Lo l80oC, the det,ect,or

temperaËure to 2L2"Co and.the carrier gas (heliur¿) flory rat,e to 100 ml/nin.

Sanrples ruere j-njected wíxln LA-AL or 507t1 liarnilton syringes. After

injeetion of the sample the colunn te:nperaËure rrras programmecl at 4oC per

minuËe until a temperature of L75"C was reached. Tiris tearperature rvas

maintained for fíve nÍnut,es to make sure tirat no more methvl ester

emerged. The signals from the tirer¡ral conducËivity cietector i¡ere led to

a Bror,¡n recorcler ¡vith a chart, speed of 0"5 inch/minute.



Result,s and discussion

Tire separation of the metiryl esters of several organic acids in a

progræmed run i+ith Reoplex 400 as the stationary phase is shown in

Figure 7. The analysís of the organic acids from Ëhe j-nsect tissue r,ras

complicaËed by the appearance of several unknor,rn peaks in t.he chrorrra-

tographic traceo Trvo of these (reËention times 77.7 and 30"6) could be

impurities derived from Ëhe ion-excirange coluron" The resulËs of some

analyses of Ëhe organic acids from Ëhe eorn borer tissues of different

groups and treatments all shor'red similar patterns as shorv-n in Figure 7"

The íntegration uniËs of the area beloiv each peai< and above Ëhe base-

line i.rere modified as suggested by Canvin (1965). Relative detector

response of a therrnal conductivity detector to various organic acid

urethyl esËersu Lheir relaËive amount of acÍds in percenLage rvere obtained

as follows, citric acid, 45-50"/", succiníc acid, 25-30"Á, aconític acid, 6'ì(u

malic and Ëartaric aci-d less than 5i( each. Some unknown acids in sma1l

quanËity rvere also found. One of t,hese (retention time 36.3) could be

isocitric acid, another (retenËion Ëime 39.7) could be fumaric acid.

For Ëhe identificati.on of these unknor.rnn further Èests are requíred"

The qualitaËive and quantitative similarity of Ëire organic acid

sampJ-es, samples from both cold-hardy Ja,nuary larvae and non-cold-harclv

iiay larvaen from dry chilled or wet chilled larvae, from larvae in Ëhe

frozen state or in supercooled sËate, indicaf:e that organic acids ryere

not directly inv6lved in cold-hardening of Ëhe European corn borer"
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FÏGURE 7

Gas chromatogran of the nethyl esters

400. Dotted línes shoiv intervals of

time in minuËes):

lu dimethyl succinate (8.1)

? u diraethyl nalat,e (f 5 .2)

3. trimethyl aconitate (22"4)

4, dírnethyl tertarat,e (24.6)

5. trimethlzl citrate (27.t)

sorre organíc acids on Reoplax

minutes" Peaks (retenüion

of





CI]ÄPTER VTII

SÚÌ{'IAPJ

Col-d-hardiness of l-he European corn borer rras stuciied in terms of

number of days required for the larvae to reacir 507i ¡rorËafity (TStiO) aE

Ëlrree ËemperaÈures, -10, -22 and -35oc. The d.egree of cold-hardening of

the fíe1d collected diapausing coïrl borer larvae vas synchronized rvítir

their glycerol quanLiÈy induced under the natural- environment. The r,lint.er

larvae (conËaining 5.7'i( gl-ycerol) were coLci-hardy af: all three subzero

tenrerpature 1eve1s r^¡hile Éi-re f all larvae (containing 5 
" 
Oi( gLyeerol) 

'.,7s¡s

coLd-hardy only at -10 ancl, -22"c, The sprÍ.ng larvae (eonËaining 2"L1,

glycerol) rqere noË cold-hardy,

The frozen sËate r,¡as found Lo be less injurious Ëo the cold-hardy

larvae Ëhan the supercooled state r,rhen larvae were e:<posed Ëo conËinuous

subzero chilling at a specific Ëemperatureo Thís was mosË apÞarent at

-22"C" The r^¡eË chilling caused rapid iniËial freezLng of all larvae.

Dry chÍlling caused random f.reezing at a raËe dependent on Ëhe temperatureo

The survival daÈa shorv that Ëhe r+eË and ciry chill-ed larvae lvere essentiallv

equally suscepËibre to eold at -10oc and aË -35"c respectiverv"

A comparíson v/as made betleen ÍnËermiËËenË anci continuous chitling

on survíval " The larvae chilled inÈerLnítt.ently had a lo¡.rer survival Ëhan

those under continuous chíllíng at -22oC, The frequent freezíng-Ëhawing

cycles r¡hich rùere experíenced by the inÈermíttently chílled larvae r.¡eïe

more Ínjuríous thanr continuous freezi_ng"

Five year data on t,he ecological studies of the corn borer near

lforden '¡ere updated. The protecËive funct,ion of snow on the r,¡inËer
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survival of the borer larvae rvas esËablished" tsy insulating the ouËsid"e

col<iu the thick Layet of snor,r not only gives consid.erable rvarmer surround*

ing environmenÈ around the corn sËe¡n close Ëo Ëhe grouncl level, buË also

lessens Ëhe temperature flucËuation" The larvae under Ëhe snor¡ level i^¡ere

therefore benefited by not being exposed to frequent harmful freezinâ-

Ëhar+ing eycles 
"

Predictíon of i¡roËh f1ígirË acÈivity j.n i:.{oriien aE L%r Z5T,s 50.Áe 75"Å

and 95:l levels r'¡ere made possi-ble by Èhe use of the past five year moËir

f light acLÍvity dat,a and heat unit,s.

rrradiations by co60 fro* 1r000 to 5cr0t0 rads produced inconclusíve

evidence that non-cold-1'rardy larvae \dere nore susceptible Ëhan eolcj-harclv

larvae,

Five organic acids Ín the mature corn borer l-arvae \ùere identífied
by gas-liquid chromatography, t,hese vere, cíËríeu succínic, aconitic,
malic and Êartaric acíd" The prelínrinary sËuciy shorvs thaÈ these acj-ds are

not <iirectly involved in the cold-hardening of the borer larvaeo
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