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i INTRODUCTION
==
] . . . -

The présent studies on the hiberuation of the corn earworm
(IIggioths armigere. (Ihn.)) were begun in 1935 for the purpose
of mmtlndgagr in the vange of a series of uniformly planned experi-
mefils usgWide an aren as possible.  The ghijeet wag to obtain definite
infdrmaffon concerning the northern limils of suceessful hibernation
of Hiis {ﬁ‘cl? and {o learn, if possible, whether the intestation in the
Ngfh isafuc to moths emerging locally or to those migrating from
more sofigherly svurees,

ffteesiveror publicafion Juee 13, 1042,

e seggies reported horein are Incpels the resnlts of conperalive enge nnd field invest!-
gations inBEated i 105G by W, Faerimer, Toviwely senior enlomologict in the Bureay
of Elzlomg;!‘r;[k#:_' and Pl OQuovnsbinge, stationed of Aclington Farme, Vi,

The sURETRS were conducisd by the Division of Ueread and Forave Tasect Investigntions.,
Bavenn of Bulomolory and Plang CGuarattine, . B, Deparhinent of Agrionlture, and the
State agricultnrad cxperimenp sinvions of the severnl Stales in whitch (he studics were
condueied,  The following enlpmolvists ond their coworkers Incated nt Stare exporimont
Slations and Federnl gffices of the Bureno of Eptemoiogy and Flant Quarnatine carried
onl_ the expeciinents in fheir toenlilies: I, P, Bieko, Arlington e, Vo ; 0, 8. Pineliney
and C. €, I Carlisle, Pa.g 1L AL Hawley, O, A, Ulark, B T Durgess, and B, P, Dicke,
Bloaresiown, X, W0 G W, Dneber, Xew {Eaven, Cane, 3 W, 0, Teiee, PO Riteher, b 1, )
Jowetl, Lexiipgon, Ky, L5, Hogser amd (28 Dicke, Marieirs, Ohio D S A, Balkep, W, €3,
Broadiey, sned Lo Goodenes, Holwis, Ohie: BV, Wailer, Lofayerte, Tmed @ €2, 15 Marshall,
Ovieaps, higko D 450 A Pieht, Aabuen, Iw AL B BaCterihwsit angd 0, M. Magnor, Valley
Earvie, Moo mud Pelwna, (L0 WO i et Tebaan, 3L D0 W Haeton, Wichitn, Wang, : R, T
Coltan el WL, Kmery, Manisdian, Kans; MO Bwenlt, Tineoln, Nebr.: {0 N, Aluslic
and W, T Bmery, Niony Chy, Iown o Dwight bsely, Fayeitevile, Avk.; 10 AL
Brillwadior, Ok, wad I, 1, Blehimonn, Trosser nod Walln Walle, Wosh.

The wriler ackoowlotres his indeibtedness to O M, Paeiiaed nnd W, . Walton, of the
Burenu of Entomelogy and Plant Quarahifipe, for sugzestions on arconsemients of the
nuenuseript, und Lo N, dnnand, Clied ol the Bureny, under whose dlrection the project
wirg Inttintod,

48233240 1
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It was nlso thought desirable to determine, if possible, the value
of the old recommendation for controlling the earworm by cultural
cperations to kill the hibernating pupae and to investigate further
some of the fuctors affecting lihernation.

In addition to the data obtained from these experiments, free use
has been made of the literature on'the subject of hibernation of the
earworm and facters affecting it

MATERIALS AND METHODS

Cages for the uniform experiments were all of the type found by
Phillips and Barber () * to be the most suceessful In their earlier
work in Virginia. Tach cage consisted of o tight wooden frame 30
inches sgnare and 10 inches deep which served as a base, and a frame
30 inches stuave and 2 to J inchies high and covered with sereen wire

~which served as a top. The boltom was left open. These cages
were set in the ground by placing a cage over the space to be occu-
pied, marking around it, muud then dipging a narvow treneh to sink
the cape to o deplh of 8 or 9 inches, thereby disturbing the soi] within
as little as possible, A sivip of 14-inch-mesh havdware cloth was
placed arouif the outside of the boliom odge of the cage and this
extended downward and outward at an angle to prevent the entrance
©of moles and other soil-inhabiting animals.

Last instars collected in the field were ured in most of the experi-
ments.  The larvae woere placed individually in salve boxes as they
were collected from the hosts, and sapphied with jkernels of dough-
stage corn tor food. They were placed in the hibernation cages as
soon after collection as they appeared 1o be foll fed, by removing
the covers, inverting the fing, and pressing them into the sotl so as to
conline the Jarvae. A fow Lresh grains of corn were placed under
cach salve box to provide food in caxe further feeding was necessavy.
In generni 100 larvae were placed in ench eage, but in some instances
it was not possible to Include that many. Larvvae that died before
going infto the soil were vecovded, and replaced in most instances.
T'he screen tops were Tastened on the cages ax soon ay the Invvae were
introduced. “The tin boxes weve removed after the lnrvae had entered
the soil.

When temperaluves were low enongh in fhe fall to preclude the
possibility of further cmergence of adults, the eage tops were vemoved
g0 thal the pupae were exposed as nearly ss possible fo nutural con-
ditions throughout the winter.  Eight cages were used in most of the
uniferm experiments. With some esceptions, {wo cages were ex-
amined befween Noveniber 1 and 15 for fall survival of pupae, two
the following spring between March 15 and May 1. to determine
winter surevival, and four eages had their tops replaced and were ob-
served during May to July for entergence of woths. In most in-
stances soll in the cages lett for moth emergence was examined in
late July or August. The depths of the pupae below the soil surface
were measured in suflicient nunibers to give an adequate record.

The dates of begining the experiments varied somewhat, as in
each locality an attempl wis made to begin the experiments at what
appeared to be the normal time for mnost of the larvae ta enter hiber-

2 Jinlic numbers in purepibeses refer Lo Literntuee Cited, po 13,
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HIBERNATION OF THE CORN EARWORM 3

nation. At seven different Iocations extra cages wére installed carlier
or Iater than those of the uniform experiments so that the most favor-
able time for larvae to enter hibernation might be determined.
Several types of habitat were sclected for the hibernation studies.
Usually the cages were put down in exposed soil where corn had been
grown the same year. In some cases where this was not done the
soil in the eages was spaded up and allowed to settle before larvae
were introduced, so that the soil would be in a physical condition
comparable to that in nearby cornfields. In several loealities the
cages were placed in alalfa ficlds ov grass sod, or were covered by
corn shocks afler the larvac had been introduced. Cages were
Placed by {wo cooperators in very sandy soils during all or part of
the period from 1935 to 1938, inclusive. During the winter of

Ficeue 1—Localions where uniform or special studies on the hibernation of
the corn enrworm were eondueled.

1033-39 four of the cages in a nuwber of locations were placed in
well-drained soil having a high sand content and four were placed
I heavier soll having greater water-holding capacity. Cages of
other special types were used to confine pupae on wet or dry soil or
in special enviconments such as in holes of vavious depths,

Besides the eage experiments soil examinations were made in
severai Joealities in fields observed to be heavily infested late in the
fall. Seil examinations were alwo made nader and around corn
cannery butldings at Brookston and Fowler, Ind., during the springs
of 1937, 1938, and 1939 and at Hoopeston, Til, in 1937 and 1938,
Figure 1 shuiws the Jocutions where the studies were condueted.

RESULTS OF CAGE STUDIES

So far as known, or as found in these experiments, the corn esr-
worm hibernates only as a pupa in the soil. Data obtained from
cages stocked with Jarvae between July 30 and September 5 are
summarized i table 1.
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TanLe 1.—Resulls of hibernation studies of the corn carworm in ceges established
before the peuk of normal hibernwbion under field conditions

Seasons and Yocnlities

Perlod larvae enterad
50§

Epil Lyne

Tali

Pupnl sarvival

sinergenes !

Foil Spring

1945-36

Mount Carael, Conn. .
Milferd, Conn. . . v
Toledo, Ohip

¥ailpy Pork, Mo, __.....

Manbaiing, Kans_ . ___.]

1036-37:
Mount Carntel, Conn, .

Alord, Conn.aoaaiaua b

Toleds, Oltio.
Vailey Pas k, no..
ar ‘(.‘rl}nlm 1i}

an!ev Tark, Moo,
Urbana, ¥ _._...

Averape

July $0=-Ang 3o .aan ..
do .

R [
Anng, 25=Sest. 1

Aup, -2

TP A .

LN ] [ S,

Clay loam ..
. bl

Lowwier, ...
RN < - T,
Cly luam
Trrairie lonen.

Ciay b,
Prrairie lonm ...

Fereend
4hn
0.0
2.5
{1

LRENTR

v 4
15.3
3.0
Hi 5
3.5

5.0
44,0

Perecut | Percent

461

1 There was ne SLINNICE CHETECNCe _in rny Oof these eapes.
2 Wo enge was nsed, bul wirs cavering was placed Lo eatels moths,

Table 2 gives o summary of the data for the years from 1935-36
to 1938-39 from eages in which larvae were introduced from the
middle of September to carly in October, or during the period when
most of the larvae entering the soil 1101-11'1.1.51)' remain to hibernate.

Tanie 2—Resulls of Bibernation studies of the corn curivarne in cuges (‘b."abh.shed'
during supposed peak of normat hibernelion wnder field conditions

L} ] e
Avernte Trupml suevival

et
af ptipae

Sumer,
meth
enereence

Full mioth
erHerEeney

Fall

Seasons amd loealitics Sl type

Snring

1935306
Arlingion, Va,
Carlisie, Pa....
Moorestown, N.J_
nonnt Cnrrml Contt.| Lamiy ...
Milford, Conn PR
New Linven, Cont -
Toxington, Ky -
Marietin, Ohio. .
Taledo, Ohin .
Ortenns, Ind ..
Auburen, Ind L
1. Fayolbe, I,
Vailey Park, 2o |
Wichitn, Kans.....
Mnni:fltlﬂn, Knng. ..
Lincoln, Nobwr .2, )
Bipux City, lowa. ...
1036-37:
Arlington, Ve,
Crrlisle, 5.

Perepnt ! Fercent 2
Aluvia 7
Chav lonm . ____ __
Snnddy loat, .

fuches Fereeuf 2 Pereent
3 1 .5

I T P

[~J~E~1—F~]]

Ll
&h

“Gravelly lopm |
Snuedy lenm. .

s H

Lk
= X%

| &y lenm T
Cin \' Inilm

EAR - R e
SDCGC o @

TRy

Allvini
Chay boam .
Bandiy loamn.

1950

wan
(]

crpl aoBES
=

nEgn

Mnorw\mwn N
Mount Carmel, Cotn_
Milferd, Conn ..
Npw Iimcn Con
West Dennis. Mass.
TLexinzion, Ky _
Marieltn, Ohio.
Toleda, Ohia__
Orieans, Ind .

La Fayeite, In
Aunbure, Tl L
Citprieston, 3
Ewing, Iil__

1 Cagos wore e:,tuhl:shcd kt’[:!emlu‘r FE-360 in sn0sk cakes,
2 Thg perecninges given are based on Lite nomber of kirvoo that entered the soil.

12w

U
Cuitivated sund

me Sy

Ta
f—- ]

PCOORDN CSOOOSDSSS
(2R

Gravelly ionm
Snndy fonirr.
Ciny .

Bandy loam.

LN

1 pes s page’

4

o, Sooom,
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Tantk 2,—Results of hibernation studics of the corn carworm in cages cstablished
during supposed peak of normal Mbernation nnder field conditions—Continued

Seasons and logalities

Sail bypoe

Avernae
donth
of pupac

Fall molh

Pupal sarvival

SMCT e

Fali

Spring

Summer
moth
CMeTECNCE

1036-37—Continged,
Yailiey Park, Mo
Urbana, I __....
Fayetieville, Ark.
Wichita, Kons..._
Maniiution, Kens_

Bo_____._

Lineoln, Nehr...
Siaux Cily, lowa

1937-38:
Arlirt:}gton, Ve .

O_____.
Carllsie, Pa..._
Moprestown, NI ...
Mount Cormel, Conn__
Miiford, Conn
West Deninis, hinss _
Loxinaton, Ky, ...
Mnriptin, Ohio..
Toleiln, Ohin |
Orleans, Tid .
Lo Tayetie, nd,
Aubuen, ihd
Chiarlesion, AMa .
Twine, M
Valicy Park, Mo
Erbamn, 1N .
Favetleville, Ark .
Sillvnter, Okl
Wiehita, Kans
Manholtan, Wans
Linendn, Nebr, | .
Sinux Cily, Lown
1938-3¢h
Arlington, ¥a..__ ..
ey L
Carllsle, 19 0
(11 T .-
Moarictin, Ohio. ...,
Toledo, Olifa, ... ...
i [
Oricans, fnd . . ..
L Fayetde, fan) .
Valley Park, Mo,
1)

L
Urbana, TH

Wichita, Kans. ..
Manlintien, Kang

Do .. .
Trossr, Wash, .
Walle Walils, Wash

| Sang -

- E N
Bandysill_.

Clay logm
Proirie lonm._ ...,
Fine sandy lopm_.
Binck elny loam__,
_.. o
Sy snnd

Biaek clay loam. .|
i

i)

Ay L.
Clny loatn __
Sendy loam .
Loan .

Welldraiped ..

Gravelly lous, .|

Spnely oame | .
Ciny . L.
Samdy lon. L

tlo .
Uriire b
Sanly lont
Fine sonel v ioain .
Tack elay keant
Chay loji
I
oot

Sandy lnam
Bandy
Wl frmined
Paarly dirnined .
Gravel fonm
Sndy e,
Pure sand .
Clay .
Bangly lonm.
av_. ..
Sundy lonm.
do.......
Pryirie lonm,
Pielit elny.
Sy sotl .o,
fAlnck cloy loam |
in

Trehes

ML ETE
H= =T

15

LR wiea

Percent

Pereent
440
GE. &
25,0

Pereent
1D

K13 L

SoNE =

pavewoloobuo
[=l=k~=T=L=]

=

Prreent

SoOoDGan

-

T Approximnte.

In general, in cages established late in September or early in
October the percentages of individuals entering hibernation wwere
much higher, and the percentages changing to moths and emerging
before winter were much lower than in the cages into which the
larvae were introduced in August. From 21 to 100 percent of the
larvae entering the soil the latter part of August changed to adults
before winter, whereas only 0 to 18 percent of the larvae placed in
cages during the period from the middle of September to early in
October produced adults in the fall,* this latter period apparently
being the optimum time for larvac to enter the soil, pupate, and

i Aduits woere Enown to omerge ns Ind

and some were still living November 19,

¢ ns November § In the Valley Park, Mo., area
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hibernate successfully. Individuals entering the toil in the middle
of October or later apparently stund a much poorer chance of pupat-
ing and hibernating successfully. Examination of cages established
at La Fayette, Ind., and Toledo, Ohio, between Oetober 11 and Nevem-
ber 4, 1983, showed that only 2 percent and 1 percent, respectively,
formed pupae. At La Fayette 49 percent of the living forms observed
in these cages in December 1935 were still prepupae, 80 percent were
dead larvae, and 19 peccent could not be found. At Toledo 35.8
percent of the larvae placed in a cage between October 11 and 31
died. without entering the soil,

In general, from 0 to 79 pereent of the larvae enterving the soil the
Iatter part of August remained to begin libernation as pupae in the
cages conducted in the diflevent loealities, with considerable variation
from year to year in all loealitics. Nome of the pupae in any of the
early eages produced adults the following summer at any of the
locations. Bavber (7, p. 9) states that of the individuals entering the
soil during the first week of August, in southern Conneeticut in 1935,
from 6 to 30 percent of the possible maximum entered liibernation,
and that of those entering the soil the last week in August, 80 percent
of the possible maximum entered hibernation,

It is likely that the type of food uvailable {o the larvae has an im-
portant effect on the time they enter hibernation, as well as on their
chances of surviving the winter. It has been found (8, p. 516) that
insects prepare themselves for hibernation by reducing the amount
of free, eastly freezable, water in the tissues. ‘The amount of free
water in the tissues of such Tarvae as the corn emrworm may be
regulated by the amount in their food (7, p. 899). Ditman (3, pp.
204205} states that prepupae and pupae of earworm larvae matur-
ing on milk-stage corn contuin a higher percentage of water and a
lower percentage of fat than do moest of those mafuring on dough-
stage corn. Ditman et al. (4, p. 224) also state that the drop in
average temperature to about 66° F., which usually occurs in most
oi the avens by early September, causes pupac forming after that
time to enter the diapanse. Otler more obscure factors may also
be involved. Nevertheless, the Jarvae used in the experiments sum-
marized in table 2. as well as larvae maturing in the field from the
middle of September to early October, would probably be in a suit-
able physiological condition for successful hibernation, because of
their_having fed on corn with reduced water content and being sub-
jected to other conditions likely to cause diapnuse.

To sum up the results from held cages following the severe winter
of 1935-36, pupal survival ncemrred only at Arlington Fumm, Va,,
Moorestown, N. J., and Lexington, Ky., of the 14 locations at which
determinations of pupal survival were made. Tupal survival oe-
curved in cages at a much higher percentage of the locations after
the milder winter temperatures in the other 3 years of these experi-
ments. In 1936-37 cages were placed in 22 loeations and pupae
survived at 11 where records were made. In 1987-38 cages were
placed in 22 locations and pupal survival was recorded in 11 of
then, including all the nbove avens with the exception of Valley
Park and Urbana, but, in addition, pupac survived at La Faycite,
In 1, and in Jarge numbers in cages run for the fivst time at Still-
water, Okla. In 1938-39 the number of localities in which eages
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were stocked with Inrvac was reduced to 18, including two new
focations, Prosser and Walla Walla, Wash. Pupal survival occurrved
ab 9 points. Cages installed at Orleans, Ind., during 3 seascns were
not examined for pupal survival.

Moth emergence in the cages extended from the second week in
May to the lagh weelt in June. The earliest record of emergence
was between May 8 and 10 at Charleston, Mo. Observations as to
the time of first appearance of eggs, Javvae, or adults in the feld
indicate that adults emerge at approximately the same time under
either ficld ov cage conditions.

It would appear from a study of soil temperatuves at the various
stations that lethal teraperatures alone do not explain the mortality
at the more norvthern stations, although longer duration of the low
temperatures at those stations may aid in bringing about the movtality.
Factors which, taken in conjunetion with low tomperatures, increase
the mortality rate are the moisture content of the soil and heaving
through action of frost.

CLIMATIC AND SOIL FACTORS

As is shown in tables 1 amd 2 a wide range in climatic and soil
factors known to affect hibernation is represented.  The data can,
perhaps, best be interpreted by making some comparisons of these
Tactors. Tor this purpose the soil temperatures and precipitation
data for five key localities were studied. “The important figures from
this study are given in table 3.

TABLE 3.—S8unmary of sofl temperginres, rainfall, and gureival of the corn ear-
worm ¢l five key tocalions, 193536 Lo 183839, inclusire

Tnial
roiufll | Spring Maih
N\n\-‘.—— suevival | emergesen
Apr.

i
Depth | Minimom [Periods of]
Tocality telpw | tempem- | neerioe
surfee J' lirre or bolow

. . Iucher | ¥, Dags Imches | Pereent Purcent
Arlington, Va 4 3n 2 a5
Carlisie, Pa x

10351936, '{r‘l!lvllu, COhio.

[~1-1=1

[ b THT T ) [
sanhattan, Wans
Ariinpton, Vo, oL
Carlisle, Va..
Taleda, Oliio.
Ueismna, ..,
Alandinlinn, Wang,
Arlineton, Va
Carlisle, I'a ..
1937-193% __jy ‘Poledn, (liin_
] Urhang, 11,

18361927 .

‘..

B o iy
Pl

sooRlo

w2

et
[ 19
wosiioomiiE
==

Maplintian
Avlingion, V!
HCariiske, 1
1938-1830. __isI'dedin, Ohi
i1 Fbapn, 1l
dInnhniton, T

ERTOICOT, CRODID

o

<

"

PO Sm O e e e S A B RD S e e 2 e Ao
e .

[

HH__
Sa BB
Chin P Lain o o

@

I Minimuam temperature ag 4-ineli level wos 2° higher than ok tho 21 2-ineh level during 1935-30 and 10°
higher durkogr 137-35.

2 Bund covered by cory shock Biad 2 days of froezing temperture or Belaw; sund, uneovered, had oone,
and sndy Inaim, covered, lad 136 days wilh Lemperauing sl or bedow freering,

1 A pprostinte.

Manhattan, Kans., Urbana, IiL, Tolede, Ohio, Carlisle, Pa., and
Arlington Farm, Va., were selected for this study since those localities
represent the extremes in climatic conditions as well as in pupal sur-
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vival and adult emergence. As is shown in tables 2 and 3, pupas
survived the winter at Arlington Farm duving the entire period, at
Carlisle in the winters of 1936-37 to 1938-39, inclusive, and at Man-
hattan in the winter of 1938-39, whereas there was no survival at
Urbana or Toledo in any season, No adults emerged in the cages af
Arlington Farm in 1986, but from 0.5 to 2.3 percent of the lavrvae
entering the soil to pupate produced adults the following spring dur-
ing the years 1987 to 1939, inclusive. No adults emerged 1n the sprin
in cages at any ot the other Jocalities during any of the years includeﬁ
in this study.

Since it has been shown that under dry cage conditions earsworm

pupae can survive exposnre for several days to temperatures as low
as 10° to 14° T it would appenr that lethal temperatures were not
reached at any of the places shown in table 3. Salt (9, p. 31} states,
as has also been shown by other investigators, that—
Excluding contact moistire g o facior, there arve ceriain types of insects which
are killed by low temperatures wilhont being frozen, provided the time of ex-
posnre is of suflicient Tength.  The lower the temperainre, the shorter is the
axposnre necessary e kit them, and vies versa.

Length of time the pupace were exposed €0 low temperatures would
seem to explain Jack of survival in aveas Jike Manhattan, wheve winter
rainfall does not appear to be an importunt factor in causing death
of the pupae. Duving 1938-39, however, 2 pereent of the pupas sur-
vived the winter at Manhattun both in the clay loam and sandy silt
soils. Six percent of the pupae in the sandy silt soil produced adults,
whereas no adult emergence gecurred in the clay loam soil.  The tem-
perature in the cluy Joam soil reached n minimum of 18° If. 215 inches
below the surface and was 82° or lower for a total of 73 days. In
1936-37 at the same location vo pupal survival or adult emergence
occurred in the clay loam soil. The temperature that winter veached
a minimum of 16° 214 inches below the soil and was 32° or lower
for 73 days. At Toledo in 1938-39 the mintmum temperaiure at the
6-inch Jevel in uncovered sand wus 36°, and vet uo pupal survival
ocenrred.  These facts suggest that there are differences in the physio-
logical condition of the pupae in different years ov localities and per-
haps even in different lots of pupae collected in any single year,

Moisture content of the soil is no doubt an impeortant factor.
Barber and Dicke (2) have shown that more pupae survive in cages
on dry soil or sand than on moist seil ov sand. The fact that the
soil is frozen to a depth below the pupal cells in the more northern
areas tends fo maintain the soil surrounding the pupae in a_much
moister condition us spring thawing takes piace in those areas than in
areas Farther south where soil is not frozen so deeply or for so long a
period. This may be an important reason for the difference in sur-
vival. Salt (9, . 14), in his studies on the freezing process in in-
sects, stafes:

* = % Thiz fmoisture] 5 ohvionsly of importanee also in netare, sinee hiber-
naculn of insects are frequenily wet or iey, and the coulact ol such moiginmee
with the inseet body produces a center of fve forputtion whfeh may ittacnlate
or seed the body Haoids. # % * I the inseet were dry, or i inoealation failed
to oceur, freexiug would nob (ake phice until the tempeenture dvopp=d o the

t0npublished datn supplivd by Dwight Isely of the Arkansns Agvienitnrnl Experiment
Station nnd 17, I, Dhicke of the Arlington, Vo, Inboratory of the Bureau of Bntamelogy and
Plant Quarentinue.
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uwndercooling point, thus providing n margin of safety equal to the dificrence
botween the undercooling and freezing points. This dilference ringes from a
very few te 30° or 40° G, depending on tue species, stuge, and physiological
condition.

The foregoing statement taken in connection with the earlier quo-
tation concerning length of exposure to low temperatures would ap-
pear directly appl'caﬁle in explaining the results of the studies on
earworm hibernation, since both Ienglh of exposure to low tempera-
tures and direct contact with soil moisture in general are prolonged in
more northern Intitudes.

Soil type is nlso undoubtedly an important factor in survival,
hibernation in the sandier, more pervious soils resulting in somewhat
higher survival in most cases than in clay and other soils where perco-
Iation is not so rapid. In fact, at several stations in the more north-
ern arcas moth emergence occurred only in sandy soil types (table 2}.
The larvae bnrrm\'m% somewhat deeper into sandy soils before pupa-
tion than in the heavier soils. Heaving of the soil is another factor
that has been shown to cause mortality by the brealking np and filling
of the burrows. Obvinusly, more heaving occurs in soils with higher -
surface-moisture content und subject to more freezing and thawing.

In cages covered by corn shocks, or Joeated in alfaifa or grass sod
none of these types of cover appears to have inereased winter survival
where no pupae survived in adjacent cages in exposed soil. In the
case of alfalfn and grass sod the larvae did not burrow so deeply into
the soil before pupating as in exposed soil. Roots of the growing
plants also filled the burrows, thereby preventing escape of the moths.

MISCELLANEQUS OBSERVATIONS

The establishment of cages in protected arcas under storage sheds
and soil examinations under and around corn canneries have revealed
some facts not obtainable from the standard cage studies. Examina-
tions of soil in corn and alfalfa fields have also supplied pertinent,
auxiliary information. Barber {7, p. 24) has shown that in southern
Connecticut a small percentage of pupac in soil under an open shed
survived the mild winter of 193G-37.

Examinations under and around cannery buildings in Indiana
and Illinois showed the mortality in such locations to be very high,
Fungous and bacterial diseases appeared to be the most importang
factors in this mortality. The larvae falling through the cracks in
the floors of the cannery buildings would usually crawl to the outer
edges of the buildings before digging into the soil. Hore the moist
Soipf, and_the fact that Jarge popnlations were sometimes crowded
into small areas, enhanced the development and spread of diseases,
An oceasional Hving pupa was found along a stone wall strrounding
a cannery building at Hoopeston, Y11, following the mild winter of
1936-37, but less than 1 percent of the total pupac observed were alive.

Field examinations also revealed an occasionnl living pupa. in
central Illinois following the mild winters of 1936-37 and 1037-38.
In every case such pupac were in well-drained soil with a Inyer of
unrotted, plowed-under, plant debris just below the pupa. The better
drainage seemed to favor survival, Soil examinations made in an
area of very sandy soil in central Illinois showed a very small per-
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centage of survival in the spring of 1939. It appearcd that most of
the pupac produced aduolis late in the fall in this sandy soil
Sxaminations made in this same area in heavily infosted fields that
had been cultivated Iate in the season did not produce any living
forms in the fall of 1937 or the spring of 1938. Soil examinations
in sonthern Illinois have, to dale, failed to reveal any survival under
field conditions, :1It]mu;111 large numbers of Jarvae entered the soil
in alfalfa and soybean fields in that area during the fall of 1936, and
the mild winter that followed seomed to provide temperature condi-
tions favorable to some successful hibernation. TPupac from larvae
completing their development on alfalfa were very small, however,
and perhaps were in & poor physiological condition to withstund even
moderately low temperatures. Small size 3s characteristic of pupte
from larvae fed on alfalfa (5. p. 20). Where adults are forced to
select alfalfa for oviposition owing to the searcity of other succulent
hosts, the chances for successful hibernation of their progeny are
apparently reduced, Soybean appears to be o better food {or the
enrworm than alfalfa,

I severad instances in 1936 heavily infested corn was observed {o
be shocked in fields in sowthern Tliinois late in the fall with larvae
still feeding on the grain. Ixaminations of soil wnder and arvound
such shocks were made eavly in the winter. No pupae or pupal bur-
rows were found diveelly under the shocks, but living pupuse were
found from the edges outward for a distance of severnl feet, Only
dead pupae were fonnd in these ficlds in the spring of 1937. These
records, together with observations mude under and around cannery
buildings in Indiana and Illmois, show that earworm lurvae tend
to seck unprotected soil in which to hibernate. The fact that pupae
entered for hibernation in grealest numbers the wet clay types of soil
secems to explain lack of survival in corn and soybean fiekls during
mild winters like that of 1936-37.°

BIOTIC FACTORS

Biotie factors piayed an impor{ant part in the more southern Joeal-
ities. For instance, Tungous and bacterial diseases appeared to cause
greater mortality at such places ss Tayetteville. Avk., Charleston,
Mo., and Arvlingten, Va., than in other aveas with a longer winter
season.  LEarthworms cauvsed considerable mortality by destroying
the earworm emergence {nnnels and embedding the pupae in their
castings, Barthworm aclivity occurred over a longer period at
Arlington than in arcas having a colder elimate.  Soils of high humus
content contained Targer carthworm populations than those, such as
most sandy soils, having Tower humns content.  Nematodes and ants
appavently caused some mortality of hibernating pupae.  Carabid
beetle larvae destroyed some pupne in the cages. Tield mice and
other rodents, ns well as moles, destroyed 2 Inrge percentage of pupae
under ficld conditions, Their period of activity is longer in southern
areas than further north,

1 Papni survival wns ebserved in fhe spring of 316941 fn southwestern Tilinols in o field
witht Henvy eloy sofl,  Phe winter gf 1840-11 was very mild, and very little precipitetion
oceurred in the nren.
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FACTORS INDIRECTLY AFFECTING HIBERNATION

. The number of Jarvae that enter hibernation successfully in the
field and the likelihood of pupal survival are affeeted indirectly by
a number of factors.  Among these are time of corn planting, rapidity
of drying of the corn, and the time of first frost in the fall.

Time of planting of the corn is dependent to a considerable extent
on the amount of rainfull in the spring as well as the soil type. A dry
spring allows corn to be planted at an early date, especially in
well-drained, sandy soils. Such soils warm up and dry to a good
tillable condition carlicy than do the heavier soils. Also farmers
as & rule plant corn in sandy soils as early as possible to tuke advan-
tage of the moisture that has accumulated during the winter and
early spring, as sich soils tend fo dry out too rapidly during the
Inte summer months to produce a good crop. It has been observed,
therefore, that in general the Jate-maluring corn is foand on the
heavier, less denined clay or river-bottom soils. It is here that
earworm Jarvac enter hibernation in greatest numbers, and yet such
locations offer the poorest chances for suevival owing o excess mois-
ture, heaving of s0il, and accumulation of weed growth before the
Innd ean be plowed for a crop. In some market-corn aveus late
crops of corn are planted on the sandier soils, thereby affording
suitable food for Iarvae to hibernate ander optimum conditions, but
taken over a Tavpe avea this is not the general situation,

The rate of maluring or drying of corn is the result of several
factors, nmong which ave vaviety, time of planting, amount of rain-
fall Jate in the summer. and time of first frosts. Loong-season, slow-
maturing vavieties, which remain in the dough stage a considerable
length of time, provide the best foods for larvae that ave to enter
hibernation.,  Ample rainfall in the late summer and carly $all also
increases the time the corn remains in the dough stage, thereby
allowing larvae to enter hibernation in good condition in Inrge
numbers,  Dry, warm weather in the fall, on the ofher hand, results
In ewlier drying of the corn, which in turn has been observed to
result in desiccation of a large percentage of the Jarvae that are
attempting to feed on it.

Frost not only hastens the drying of Iante-plunted corn but has
been observed to kil many of the larvae that were feeding on the
ears.  This eecured in contral Tilineis in the Tail of 1937 and in
northern Ilineis in 1938, ISven where mild weather in northern
Jatitudes allows Inrvae to develop late in the fall, the chances of their
being able to pupate normally are reduced. This was mentioned
previously in discussing cages established at La Fayette, Ind., and
Toledo, Ohio, between October 11 and November 4, 1035, in which
only a very smatl percentage of the Jarvie placed in them wore able

to form pupsae.
CONCLUSIONS

The limits of suceessful hibernation reach much farther north
after dry, mild winters than after those during which the weather is
more severe. Lilewise, the chances for successful hibernation are
much greater in well-drained, sandy soil thun in heavier soils. Cor-
tain protected locations, such as those around cannery buildings,
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were observed to allow a small percentage of successful hibernation
farther north than ocenrred in cages unprotected from the weather.
As far as can be determined from obsdrvations made in Indiana and
Illinois, however, only a very light infestation can be traced to such
n source,

Cultural operations, such as plowing and disking, are normally
carried out before the time adults were observed to have emerged in the
spring. Therefore, any infestation that develops from pupae hiber-
nating in any of the localities covered by these experiments does so in
spite of the cultural practices common to the growing of farm crops.
Although a high degree of control may result from cultural practices,
these practices need not be egpecially recommended except in cases
of abandoned cornfields.

Conclusive data on the subject hiave not been obtained and may
be impossible {0 obtain, but circumstantial evidence sugpests that
large-seale migrations from the South into the North Central States
ocer doring years like 193G when crops in the South aitractive to
the earworm moths are dried up as a vesult of dronght. Lack of
successful hibernation in cages locuted in the more northern parts
of the Central States seems to indieate that the small populations
that occur there yearly, as well ns the relatively severe infestations
that occur during oceasional years, must be the result of immigrations
the size of which is governed by conditions in corn and other crops

to the southward.
SUMMARY

Cage experiments supplemented by field studies extending over
the Central and Northeastern States were begun in 1935 in an
attempt to determine the northern limits of successful hibernation
of the corn earworm and to learn more aboub the factors involved.
Cages of identical type were established in exposed soil of a number
of different types, in alfalfa and- evass snd, under corn shocks, and
under an open shed. Field studies included soil examination in
exposed soil in cornfields, in alfalfa and soybean fields, under and
around corn shocks, and under cannery buildings where large mun-
bers of larvac entererd hibernation. A wide range of soil types were
also included in the feld studies.

From 21 to 100 percent of the estimated total possible aduit
emergence occurred in the fall in cages established late in August.
Apparently the period from the middle of September to early in
QOctober is the optimtm time for larvae to enter the soil, pupsate,
and hibernate successfully. Larvae that mature after the wmiddle of
October are unable to enter hibernation in the Central and Northern
States.

Moth emergence in cages extended, for the whole aren, from the
second week in May to the last weele in June.  Adults emerged at
approximately the same time under either field or cage conditions.

Lethal Tow temperatures were not reached at any of the locations
mnder study, Length of -exposure would seem to explain the lack of
survival at many of the points of observation.

Biotic factors that have been observed to cause mortality in hiber-
nating forms are fungous and bacterial diseases, earthworms, ants,
nematodes, carubid beetle Inrvae, moles, rodents, and roots of growing
plants. Biotic factors appeared to be of more importance in areas
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having a mild winter climate than in those where temperatures were
lower,

Factors observed to affect hibernation indirectly under field condi-
tions were time of planting, rate of maturity of the corn, and time
of first frost in the fall. Late corn, which provided food for hiber-
nating larvae in largest numbers, was planted largely in heavier,
poorly drained soils and thereby offered the poorest chances for
survival of the pupae beeause of excess moisture. Dry fall weather
and rapid maturity of the corn, sometimes hastened by frost, resulted
in considerable fall mortality of larvae that wounld ofherwise have
hibernated. Large numbers of late-maturing larvae are destroyed
directly by frost or, if they enter the soil, fail to pupate because of
Jow temperatiires. .

During the spring of 1937 an oceasional living pupa was found
in protected soil around n cannery building at Hoopeston, in central
Iliinois.  Oecasional living pupae were fornd in cornficlds in central
Ilkinois following the mild winters of 1936-37 and 1937-38. In every
case the pupae were located in sandy soil or in well-drained soil
having unvotted plant debris below the pupue, thereby nliowing better
than ovdinary drainage, Field examinations of soil to dafe have
failed to reveal any survival under field conditions in southern Illi-
nois. The fact that the soils where pupae went into hibernation in
greatest numbers were wet clay {ypes seems to explain this, Larvae
Teeding on eurs of corn in shocles, as well as those that had oppor-
tunity fo dig into the soil under cannery buildings, tended to leave
the cover before digging into the soil.

Cultural operations to destroy hibernating earworms are recom-
mended only for abandoned cornficlds.

Circumstantial evidence points to migrations from the South as
the source of infestations that are found in the northern parts of

the United Stafes.
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