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Hibernation of the Corn Earwornl In 


Southeastern Georgia 1 


By G. ,V. BARBER, associate entom%g£sl, D-ivis£on of Cereal and Forage insect 
lnvesligotions, Bureau of Enlomology and Plant Quarantine 
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1\ 	 !l\7TRODUCTIONtl:i o .A. study of the ltibernatioll of the corn earworm (Ileliothis armigera 

(Hbn.)) in central Virginia 2 from 1921 to 1928 showed that in that~ latitude an average of only 5 P(,1'c('ut (\f the 1a1'va(' that entered the
\\.. 

.!) 	 soil during the fall slll'vind to C'mC'rge as moths the following summer . 

.~.; 	 At that time satisfactory information on hibernation of the ins('ct 
fa\1her south was not llvailable, hut was d('sired as an aid to obtaining 
al1,.::1IDderstanding of its seasonal occurrence and populations in the 
Southern States, and to d('termille the usefulness of cultural measures 
in~its control. A study of the hibernation of the corn eal'worm was 
be~n in Ohatham C.ounty, Ga., in 1930 and continurd until 1933, 
aI~the rC'sults arC' prrsC'nted in thi.s bulletin. 

Z THE E:\YIRONMENT 

All thC' ('xp('riIllents 1I('r('in discussed wel'(, conducted in one locality 
in southeast('fI1 G('orgia. Th(' soil was a light sandy loam of tha 
following percentage comrosition: Fine gravel and coarse and medium 

I Received for publication Mu~' 8,1941. 
! PIIILI.lrs, "'. J., anrl BARBErt, (jEOJ:r;E "', A ,Tt'I'lY Of I1111J;R1>ATIOS' OF T,IIE COilS' E.\RWORY IS 

,'IR(l)SU. Va. Agr. ExPt. SIR. Tech. Bill. JO, 24 pp., fIltl'. 1921l, 

40aS!l9--Il-·l 	 1 
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sand, 1.4; fine sitnd, 75.6; very fine santi., 11.4; silt and clity, 11.5; and 
orgitnic mittter, 2.3. It had a pH value of 4.35. 

In this locality the period of hibernation, from October to April, 
inclusive, is it compitratively dry seasonj the perwd from lVIity to 
September, inclusive, while the insect is active, is a comparatively 
wet season. According to United States Weather Bureau aata for 
1932 the mean annual precipitation at this 10Ctllity was 48.18 inches. 
Of tbis amount 20.17 inches fell from October to April, inclusive, or 
an average of 2.88 inches per month. During the period ).r[ay to 
September) inclusive) 28.01 inches fell) or an average of 5.60 inches 
per month. 

The rare freezing of the soil for brief periods usually occurred in the 
first inch below the surface. During the winter of 1930-31 tempera­
tmes of 32° F. or lower occmred on 8 days, the minimum being 28°; 
in 1931-32 freezing temperatures occurred on 5 days, the minimmn 
being 24°; and ill 1932-33 freezing temperatures occurred on 6 days, 
the minimum being 22°. 

The p!:'riod from lVIny to September, inclusive, was continuously 
warm. The maximum "ll'lde tempera.tmc was 90° F. or higher on 
68 days in 1930, on 66 ill 1931, and on 63 days in 1932. 

In their hibernation burrows the pupae probably were never sub­
jected to freezing temperature. On the other hand, their environ­
ment was continuously warm for long periods in spring n,nd fall, and • 
often dnring wiuh'r. 

METHOD OF STUDY 

The usc of cages ,vas IH'C('Ssary in order to causp the In,l"vae to enter 
the soil of it limited area, as wdl as to prl':c.:-t the larva£' and pupae 
from attack by soil fn,una, such as mole!", d,ne! tt' permit till' capture of 
the moths as they l'mergC'd. 

Cages similar to those tlsed in eadirl studi('s we!"e l1dOpLpe!. These 
w('re constructC'd of four bon.rds %incl thick, 10 inches widl', and 30 
inches long, nn.il('d togetIH'r to form r. r 'ame 10 inches deep. Covers, 
2 inches dpep, with a top of wire scrC'l'll WPl'l' attn.ched with hingps 
and hooks so that they could be' open('(l NLSily. TIl(' cag('s were 
painted with lin::('ed oil n.nd with gl'('Pll paint to preserv(' the wood. 
Scrips of th('se cag<'fl w('re set in the soil that has bpen described. Since 
the cages r('i11ained in 011e plan' during the l'ntirl' period of the experi­
ments, the (,lIvil'onmrl1tnl conditions were similn,r each yC'ar. 

The In.rvil.{' llS(,c\ in the "","periments usun.lly were colleried from corn 
cars as sixth or last instn,rs. They were isolated in 2-OUllce tin salve 
box('s and giV(,/1 fresh corll kel"ll(']s'as food daily until they approached 
maturity. TIH'll the cov('rs of tIll' salye boxes WPl'(' removpd and 
the box('s, containing the larvae nnd f1"('sb food, WPl"l' inv('rtpd on the 
soil so that the ll1l'vll.e could ell Li'r tlH' soil as soon as t.lH.'Y WPr(' ready 
to do so. Early in the' sumnwr, befon' corn ('ars b('canw available, 
larvae wprp coltect('d from corn btss('ls. III the fe,,' p('riods when 
larvae were unobtainabh' ill the field, t1H'Y W('I"(' rearrd singly in the 
salve box('s mentiOlwcl, b('ing frel fr('sh food OI1C(, !1 etny, or morp fre­
quentlyas tlwy attained tltp lat('r instars. 

Series of l'xpel'imf'nts wc.']"(' b('guJl n.t int('rvnlB throughout the 
period from 11lLY to SeptpmbCl" during the YPlLrs 1930 to 1932, inclu­
sive, in ttll lLttpmpt to J."('prespnt, roughlyj the number of generations 
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of the insect possible annually. Some of the cages were examined 
during the same year in which t.he larvae entered the soil, and others 
were examined the following SUillmer after the insects had over­
wintered. 

The soil of the cages was examint'd by shaving it off horizontally 
with a trowel, working downward so as to find and follow the emer­
gence burrows and recover any of the insects prest'nt at the bottoms 
of them. 

SEASONAL HISTORY OF THE INSECT 

De!Jending on t'arlincss of the season, the time of first emerg('nce of 
moths rang('d from tIl(' first wrrk of April to the first wrek of May 
in differ('nt years. By tlH' pnd of Srptt'lllber most of the insects 
occurred as resting pupae in the soil. Although during April and 1\1ay 
the insect pass('d through a grn('ratioll in ttbout 5 weC'ks, ill midsum­
mer a gencl'l1tion WttS completed in n,bout tt month, but again about 5 
weeks were required during Srptemb('l' or ettrly in Octobrr. Thrre­
fore it wtts possible for th(' progeny of the ('arliest moths which 
emergt'd in tt giYPIl ypar to PDSS tlu'ough ftvt' gPllemtions if they were 
continuously activC'. The l::;.tt'st moths f'n1('rgC'd from hibernation 
on July 23 in 1931 ttnd on July 27 in 1933. It wtts possible that the 
progeny of tlwse moths pass('d through only a singlt' generation, for 
by the time tht' lal'vtte hatching from tllPir eggs httd maturt'd the spe­
cies was b('ginning.to rest as pupae in increasing numbers. 

Long beroI'(' the last moths had emergC'd from hilwrnation th(' prog­
_.ly of the individun.ls thttt C'm('rg('(l parIiC'st had aIr('n,dy passed through 
as many as thrc'c gC'IlC'rations. A continuous ovC'rln.pping- of gl'nera­
tions therdorC' occurred in this area, rC'slllting in th(' pr('sC'ncC' of a 
continuous population of n.1l stagl's in thC' Ikld thronghout the sum­
mC'r. Probably this l'xpll),ins why corn ",vas uniformly attacked 
V'lhenever it occurred in attractive stages of growth. 

PUPATION 

When the larvae b('come full-grown tl\!'y migrate, or fall, from the 
food plant to the ground and s('ek suitable. places to enter the soil. 
They dig downward from less than 1 inch to more than 10 inches, but 
usually from 2 to 6 il1clws, below the surface, filling in their entrance 
bm'rows as they dig. From the deepest point they tl.Cll dig emergence 
burrows for the prospC'ctivC' moths to within a half inch of the soil 
surface. These upward-directed burrows are lC'ft e1C'ur of soil, and the 
wa'Ds arc compact('d and lilll'd with a viscid mat('rinl and a few strands 
of silk to lwlp maintain them intnct. This labor is completed within 
1. or 2 days, and then the Inrvae' I'etr('at to tbe lowest part of their 
emergence burrows, where, within a few days, they transform into 
pupae. DllI'ing the summ('r til<' pupa(' I'pmain in this position for the 
2 weeks or less w'~'!l moths pmC'rge. Overwintering pupae, however, 
may remain quitdCent in th('ir bmrows 9 months or more. 

WHEN LARVAE EN',rEHE!) THE SOIL To PUPATE 

As has been indicltted, larvae be'gan to enter the soil to pnpate 
about 5 weC'ks aftC'r the first moth had l'lUerged in a given senson. 
Early in the senson, Wh<'ll corn wus not available in stages of growth 

http:individun.ls
http:b('ginning.to
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attractive to the insect, and late in the season after corn had ripened 
the larvae developed on other host plants, especially toad flax (Linaria 
canadensis (L.) Dum.) in the spring, and stick tight (Meibomia 
purpurea (Mill.) Vail.) in the fall. ThuB, because of the length of the 
period during which moths were emerging from hibernation, larvae 
were continually entering the soil throughout the season. Of course, 
this wa5 not true of anyone field of corn, for the time during which 
larvae entered the soil of a given field depended on the time when 
the ears were available. In anyone field larvae entered the soil 
continuously during only 2 or 3 weeks, from the time when the ears 
in the field were in roasting-ear stage to the time when the kernels 
had become hard. 

FATE OF LARVAE THAT ENTERED THE SOIL 

Since larvae were entering the soil daily over a period of 4 or 5 
months, they naturally encountered very different soil conditions 
within this period. These different environmental conditions affected 
the depth to which the larvae dug, the rate of survival of both larvae 
and pupae, and the time when the moths emergcd. The fate of 
larvae tho,t entered the soil of expe1:imental cages during thc 3-year 
period is summarized in table 1. 

TABLE I.-Fate of cprn earworms that entered the soil 1'n cages dW'ing d'ifferent 
monthly periods of the years 1930 to 1932, inclusit'e, Chatham Couniy, Ga. 

SOIL OF CAGES EXAMINED TIlE SAME YEAR THAT LARVAE MA~'UREj) 

Fate of lan'ae that entered the soil to pupate 
Cages'Vbcn larvae entered 'rotalob· Yearssoil served lan'ae Emerged as Surviveclas Died as Dicd as Total sur· 

moths pupae larvae pupae vival 

No. No. No. No. Pel. No. Pd. No. Pel. i No.1 Pel. No. Pd. 
May 15 to June 14•.•• 3 2 250 148 59. 20 56 22.40 :11 12.40! 151 6.001 20'\ 81.1i0 
June 15 to July 14.. 5 3 450 298 66.22 24 5.33 80 Ii. is, 48 10.671 322 il.55 
July 15 to Aug. 14... 6 3 550 354 64. :lil 56 10.18 45 8.181 951 Ii. 271 410 74.55
Aug.l5to Sept. 14.__ 4 2 350 99 2K 29 li2 36 10. 29 2i1 7i. 43 

1 49.14!~ 12. 29 ----------, ­
'I'otaL....._... ._.... ....... 1,600 899 56.1°1 308 19.25 199 12.44j-;-j!j4 12.1211, 20i 75.44 


SOIL OF CAGES EXAMINED AF~'ER TIIBERNA1'lO" OF LARVAE 

May 15 to June 14... _ I 62.00 0I' 1001 62 o 24124.001 HI H.oo! 0) 62.00
June 15 to July 14 .... 1 1 100 52 52.00 0 o 2 2. 00 41i 46. 00 52 52. 00 
July 15 to Aug. 14 .._. 2 G9.00 0 o 12 Il.oo 50 25.00 1:18 69.002 2001 1:18Aug. 15 to Sept. 14 ... 14 __3~ 61i4 47.43 2 ~~112.8!i1~139. 5i ~ 47.57 

TotaL......... ...... 1,800, 916 50.89 2 .11 218 12.11 2664 36.89 918 51.00 
i 

I Includes 13 killed by parasitic flies . 
• Includes 14 killed by parasitic f1ics. 

In difl\'rent experiments from none to 35 percent of the IOl'YRe dicd 
soon after entcring the soil, but usually not before they had completed 
their burrows. .Mortality of burrowing laryoe was especially high 
when heavy rain fell while they were digging. Such larvae wcre 
drowned in their burrows, espt'cially if they hod bt'come inoctivp prc­
pupae and could not crawl to the surfac('. On the otiwl' hand, if 
thcre was a heavy rain soon after laryo(' brgan to dig, they It'ft their 
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burrows and sought protection elsewhere. In cornfields they were 
observed to crawl onto corn plants or other vegetation, returning to 
the soil after the storm had passed. 

The percentage that perished as pupae in the cages was extremely 
variable. In cages examined during the same year in which the larvae 
had entered the soil, the pupal mortality was found to range from 4 
to 46 percent, and in cages examined after hibernation pupal mortality 
ranged from 3 to 46 percent. On an average, however, mortality of 
pupae that passed the winter in cages was about three times as great 
as in cages examined during the same year in which the larvae had 
entered the soil. During the same year in which larvae entered the 
soil, survival, consisting of moths that had emerged and living pupae 
remaining in the soil at the time cages were examined, ranged from 
44 to 88 percent. In cages that remained undisturbed over winter, 
the soil of which was examined the following summer, survival, with 
few exceptions consisting of emerged moths, ran!!,~d from 30 to 80 
percent. 

TOLERANCE OF EARWORlU PUPAE TO HEAT 

In the nrea in which these studies were made the temperature of 
the upper inch or two of soil, when not shaded by plants, commonly 
reached 1000 F. or more during the hours of sunshine from June to 
September. These conditions did not seem to be injurious to the 
pupae of the corn earworm. In 17 cages establisllCd at various periods 
duringthesummersofl930 to 1932, inclusive, and examined during the 
season of installation, 1,303 pupaewererecovered, of which 12.36 percent 
were found at depths of 2 inches or less and 87.64 percent at depths 
of more than 2 inches below the surface. Of the pupae in the upper 
2 inches 94.41 percent were alive or had produced moths, whereas of 
the pupae below 2 illches in the soil 93.43 percent were alive or had 
produced moths. One pupa was found on the surface of the soil, 
where it had been exposed to sUllshine during the entire pupal period. 
Nevertheless a moth emerged from this individual at the usual time. 
While the soil into which pupae dug during summer was usually 
shaded by plants during part of the day at least, observations seem 
to show that shading is not usually necessary for survival of pupae 
even when they are-located only slightly below the surface of the soil. 

PARASITIZATION 

The corn earworms that feed in corn ears are remarkably free from 
parasitization. Only a single species, a tachinid fly, Archytas incerta 
(Macq.), emerged from collected larvae used in the experiments 
described. Of the 3,400 larvae listed in table 1, 27 individuals, or 
0.79 percent, were attacked by this parasite. Of a total of 5A50 
laryae that entered the soil between May 15 and September 14 during 
1930 to 1932, inclusive, 41, or 0.75 percent, were attacked by the 
parasite. No parasites were reared from larvae that entered the soil 
from June 15 to August 14, but 2.37 percent of 800 that entered the 
soil from May 15 to June 14 and 0.66 percent of 3,350 that entered 
the soil between August 15 and September 14, inclusive, were para­
sitized by A. inceria. 
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DEPTH OF PUPAL CHAMBERS IN THE SOIL IN RELATION TO 

VARIOUS FACTORS 


Series of cages were stocked with larvae monthly from May to 
September, inclusive, in 1930, 1931, and 1932, so as roughly to repre­
sent generations. Although the depth to which larvae dug, and con­
sequently the depth below the surface at which pupae were recovered 
in these cages, was variable and depended on several environmental 
factors, 90.23 percent of the pUPfte recovered were found between 
1 and 6 inches below the surface. The average depth of 2,918 pupae 
recovered was 3.98 inches. Table 2 gives a general summary of the 
depths at which pupae were recovered. 

TABLE 2.-Depth of pupae of the corn earworm below the surface of the soil in cages 
stocked with larvae during d(fferent monthly periods of the years 1930 to 1.932, 
incl1tsive, Ohatham Oounty, Ga. 

Larvae Pupae Proportions of pupae found at the stated depths,
in- re- in inehesDato when larvae entered Years stalled coveredthe soil 

1 or less !.lt021~ 3.1 to 4 1.1 to 5 5.1 to 6 

Nnmber NnmberrNlLmber Percent Percent Percent Percent Percent Percent 
May 15 to June 14____ •_____ 0.34 14.58 34.91 22.37 Ii. 97 5. ;62 350 I 295June 15 to July 14 ___________ 3 550 468 .21 11.75 33.76 24.57 16.88 9.19 
July 15 to Aug. 14_..________ 3 750 621 .48 14.82 34.62 9.9919.16114.17Aug. 15 to Sept. 14 .. ________ 3 1,750 1,534 14.86 18.78 25.49 22.75 

'l'omls. ______________ .31 8.88 24.13 20.14 20.94 16.14==1 3.400 12.9iB~I~ 
IProportions of pupae found at thc stated Average Propor. 

depths, in inches depth or tion of 
Date when larvae entered the pupae individ-Yearssoil below ualsre­

surface covered 
~ 7.lt08 ~lt09 ~_1_1_ of soll as pupae 

110.1 to 

Nu.mber Percent Percent Percent Percent Percent Inches Pucent
May 15 to June 14 _______________ 2 2. i1 1.02 0.34 0 0 3.33 84.29
June 15 to July 14 ___ . ___________ 3 2.78 .86 0 0 0 3.44 85.99
July 15 to Aug. 14. ____________.. 3 4.83 1. 29 .32 .32 0 3.47 82.80
.Aug. 15 to Sept. 14_..____________ 3 10.1.0 2.35 .59 .19 .13 4.48 87.66 

Totals..__________________ 13.68 85.827:061---USI~j~l~ 
I Tbis is a simple mean of the figures for each period; the weighted mean would be 3.98. 

SOIL MOISTURE 

The departure from the normal in inches of rainfall for the period 
May to September, inclusive, Waf:> -5.09 in 1930, -15.10 in 1931, 
and + 4.79 in 1932. Thus during the 3-yel1l' period 1111'vae experienced 
dry, very dry, or moist soil, l'£'spectively, into which to dig. The 
year 1931 ml1y be termed a drought year, as every month was deficient 
in rainfl111, I1nd dlU'ing the entire year only 22 inches of rain fell, it 

deficiency, as compared with a normal, of 26.21 inches. Variation 
in precipitation during August and September was particularly strik­
ing. In 1930 the rainfall during August and September WI1S -1. 75, 
in 1931 it was -8.50, and in ] 932 it was + 6.63 inches, as compared 
with the normal. 'rhe effect of these conditions on the earworms 
that dug' into the soil dudng August and September is summadzed 
in table 3. During the very dry year of 1931, Inrvae dug to greater 
depths below t.he surface, on an avemge, than httd been observed 
previously anywhere, the average depth being 4. 94 inches. In 

http:19.16114.17
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,1932, when more than normal rainfall occurred during these months, 
larvae dug on an average 3.92 inches below the surface or an inch 
less than in the preceding dry year. 
TABLE 3.-Comp'arison of the depths below the surface of the soil to which corn 

earworms dug between August 15 and Septemher 14 oj 3 years when precipitation 
was approximately normal, deficient, or in excess. Chatham County, Ga. 

Precipi- Proportion oftstion pupae found atAverage duringIndi- the stateddepth of AugustLarvao Pupae vi duals depths,ln inchespupae andYear Cages Install- recover.. rccovcr­ below Septem­ed ed ed as ---- ­surface ber, de­pupae oC soil viation 1 or LIto 2 
Cram less 

normal 

Num- Num- Nllm- Per- Per- Per­
ber ber ber cent Inches Inches cent cent1930_____________________________ 

5 500 S77 75.40 4.66 -1.75 0.26 l.06 
1932_____________________________ 
193L ____________________________ 

7 650 567 87.23 4.94 -8.5tI 0 l. 59 
6 600 590 98.33 3.92 +6.63 .51 9.49 

Proportion of pupae found at the stated depths, in inches 
Year 

2.1 to 3 3.1 t04 4.lto 5 5.1 to 6 6.1 to 7 7.lt08 8.1 to 9 9.1 to 1.0 10.Holl 

Per- Per- Per- Per- Per- Per- Per- Per- Per­
cent cent cent cent cent cent cent cent cent1930_________________________ 
10.35 18.04 30.50 26.26 11.14 1.86 0.53 0 0 


1932_________________________ 

1931_________________________ 

10.23 16.93 23.99 26.45 14.99 4.06 1. 06 .35 .35 
22..20 21.02 23.73 16.95 4.74 1. 02 .17 .17 0 

1 

Similar results were obtained in an experiment under controlled 
conditions, a summary of which is given in table 4. Two wooden 
cages with wooden bottoms, similar to those used outdoors, but which 
were 36 inches square and 12 inches deep, were placed in an insectary, 
protected from rain. Each was filled with soil to a depth of 10 
inches. The soil in each cage was firmed, but that in one cage 
became very dry through evaporation, while that of the second cage 
was kept moist by frequent applications of water. A total of 125 
larvae were allowed to dig into the soil of each cage in the usual 
manner. On examination of the soil after moths l:ud emerged, it was 
found that in the dry soil larvae had dug an average of 0.55 inch 
deeper than in the moist soil. The very dry soil was also less satis­
factory for survivul, and of individuals that entered it 6 times as 
many perished as of those that entered tll.e moist soil. 
TABLE 4.-Effect of soil moi8ture on survivaZ of corn earworms that entered such soils 

to pupate, Chatham County, Ga., 1932 
[Larvae were collected from corn tassels and entered the soil from June 2 to 10, the moths emerging from 

June 20 to 30. The soil was examined on July 91 

.c''t:I Survivals Mortality ~$'" ~~~~ ...Condition ~ 

~.s
ofsoiI P1~~Moths Living'" Total As larvae As pupae Total f Colt" emerged pupae "'-0~ .. O~ 

...:l .rl 

NO., Pct. In. 
Mol~t.. _____ 125 ;'0'1 Pct. 1;;;:--;;r;ct. NO'1 Pet.INo. No'1 92.0Pct. 6 4.8 121 96.8 3.2 o 0 4 3.2' 1.53115 4
Dry______ . _ 1Z-5 99 79.2 2 l.ft 101 SO. 8 12 9.6 t 12 9.6 24 19.21 2. 11 

I Three kUled by parasitic files. 



8 TECHNICAL BULLETIN 791, U. S. DEPT. OF AGRICULTURE 

SOIL TEXTURE 

Since full-grown larvae were continuously entering the soil from 
May to September, inclusive, the physical condition of the soil they 
encountered was quite different at diffc'rent periods. After the 
cultivation of corn the soil became more firmly packed as the season 
advanced, especially tmder the influence of rainfall. Larvae that 
matmecl in Mayor JUlH.' often encountered soil that had been culti ­
vated recently and was loose and frinble. Those that euterecl the 
soil later in the season encountered soil that had become progressively 
harder. In the firm soil the emergence burrows were more eaSIly 
made and r0mained Op011 more consistently and for longer p0riods, 
o,nd therdore were dug d0eper. Th(' results of an experiment to 
determin0 the efl'eet of physical condition of the soil in two cages on 
the depth to which lnrvae dug and on survival are summarized in 
table 5. On an avemge larvae dug 0.45 illch ()Peper in the firm than 
in the loose soil. Bpeause the burrows elirl not remain open so well 
in the loose soil. 26.4 p('1"c('n t of the moths ('m('r§;ing in this soil died 
before they were abl(' to reach the surfa.ce. The number of indi­
viduals that died as larvae and pnpa0 was also greater in the loose soil. 
Furthermore, possibl.y because tlie'Y occlIl'l'e'd at gl'eat0r depths b('low 
the' surface', many more pupae clC'lo,y('(l ('m('l'genc(' in well-packed than 
in loose soil. 

TABLE 5.-Effect of soil condition on lhe survival of the corn earworms that entered 
1'/ to pupate, Chatlwm County, Ga., 193.3 

[Larvae were collected from 	rom tnsscls nn,l cntcred the soil from ~ray 20 to 30, tbe moths emerging (rom 
JUllO 3 to 18. '1'lle soil was examined on July III 

SurviYnls 	 Mortality 
Ayer·

Larvae 	 ago 
J 

Physical condition of tbe Died as 	 depthsoil st!~~d Emerg· moths Died aslDied as ofcd Pupne Total 	 Totalin the 	 pupaemoths soil -=1 larvae 

:: I 3~ I 88 	

--
Number Number!~INllmber Number Number,Number Number Inche8 

Normally packed ..._" ..... 100 a 9 12 3.23 
Loose, for n depth of 1 (oat, 

liS if recently cUltivated. __ 100 54 19 18 46 2.78: I 
FOOD OF LARVAE 

Larvae 1"('ar('d On gre01l -pods of string bC'ans behaved quite dif­
ferently from those collected from corn ears or rN1.Ted on eorn kernels 
in the dough stnge. Although the bean-fed larvae became as large as 
those fed on corn, they produced smaller pupae. These larvae did 
not dig so d(,e'ply into the soil as did corn feeders, and they hibernated 
in small('I" numbers, sinc(' most of tlH' moths ('merged in the' fall, even 
from 111rVI10 thnt hl1d ent£'red the soil much li1t('r in the season than 
usual. Ihfol'mation on this subji'et is summarized in table 6. The 
b0an-fed larva£' also c/e\Teioped mor(' slowly than those fed on co;:n 
kcrn01s, as shown jn tn.ble 7. The information 6btnined s('('ms to 
indicate that the bean pods were aleps satisfactory food fol' earWOl'ms 
than were corn kCl'I1ds and resulted in individuals of less vigor which 
seemed incapable of digging as deeply into the Roil. The shallowness 
of the burrows H,nd consequent higher temperatures to which they 

http:surfa.ce
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were probably subjPl:lted may hav(' been tht' reason why a much greater 
percentage of the individuals that ft'd on bean pods emerged in the 
fall. 

TABLE 6.-Comparative season of emergence of moths from larvae of the corn ear worm 
fed on green string bean pods and larvae Jed on corn ears, Chatham County, Ga., 
1931 and 1932 

( j I IA \'er· ! Moths emerged 
! 	 ngn 1-------.----_

'Whnn larvae ; I p depth of, 
Food oflarvae. ente~~8 the 	 ! Cages II LUI'\'ae pa~d I:l~~ I 

1 surface During Call During spring 

-------li-----jNU7nber[Number Number ;~::~.: Number Percent Number Percent 
Green pods ofstrlnl'. Sept. 22 to 28, 3 300 240 2.64 ! 212 70.67 10 3.33 

beans (reared 1931. I IIf 

larvae). 	 I I 1"(1Do.............. Oct. 6 to 22, I 3 i 225 324 i 2.71 52.61 46 14.15 
1932.. . 

Corn ears (collected I Sept. 1 to 6, I 100 361! 4.84 I 43 10.75 95 23.75 
larvae) 1931.! 	 i I

Do•._•....••._.. 
I

Aug. 28 to 4 I 400 400 i 4.06 i 109 27.25 156 39.00 
Sept. 3,1932. ! I I 

TABLE 7.-Comparative rate of development of corn eaTUJorms fed on corn kernels 
and larvae Jed on string bean pods. Chatham County, Ga., 1931 and 1932 

I 	 Average I Average
period from Moths period from When larvae LarvaeFood of lan'se I Year 	 hatching to emerged batchmgwere reared installed entering to mothI soil emergence-----1 

Number 	 Day. Number Dav. 
Corn kernels in dough stage ..•. -i 1930 August.......... 190 13.6 150 27.8


Do______ .. ~ __ ... _.. ___ ....... , ,__ ~: 1931 ..•..do __ •__ •••• __ 250 13.8 204 31.1 
Green pods of string beans...... i 1931 September.••.•. 300 21.5 212 39.3 

Do............-- •.•.•..• -- •• i 1932 •.•••do. __•••• __ .• 325 20.1 171 4i.6 

Tum OF YEAR 

The depth to which larvae dug into the soil, and, consequently, 
the depth at which pupae were recovered, increased slightly on an 
average, from :May 15 to August 14, and from August 15 to September 

TABLE S.-Average depth of com earUJonlt pupae below the surface of the soil during 
four periods of the years 1930 to 19."11.• Chatham County, Ga. 

A vcrago depth of the stated number or pupae during 3 years 

Period when larvae entered 1930 1931 1932 Average
the soll depth 

for thn 
. Pupae A verage Pupae A verage Pupae A "erage 3·y~ar, depth depth' depth period

----'----------------------------
Number Inche. Numher Inches l\Tumber Inches Inche. 

May 15 to June 14......... __ .••. __ ....... . .. '" 204 3.37 91 3.23 3.33 
Juno 15 to July 14"""'::""'1 61 3.06 214 3.49 193 3.52 3.44 
July 15 to Aug. 14.............. j 230 3.3:1 202 3.13 189 3.99 3.4i 
Aug. 15 to Sept. 14•• --•••.••.•• '--.!!!...~_~~~~~ 
Mean of the average depths

during the stated perlods ••• _. .......... a.68 •.• _...... a. i3 ____ •••••• 3.66 3.68 
r . 	 . 

403899-41--2 
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14 it increased sharply. Larvae that entered the soil during the latter 
period dug bm'rows that averaged more than an inch deeper than those 
of any other period of the year. Since during the period August 15 
to September 14 pupae began to hibernate in larger numbers, it seems 
probable that the greater depth to which larvae dug is related to the 
urge to hibernate. Data on average depths below the surface of the 
soil at which pupae were recovered during four periods of each year 
from 1930 to 1932, inclusive, are summarized in table 8. 

EMERGENCE OF MOTHS 

The time of emergence of moths was found in general to depend on 
when thelal'vae dug into the soil, but three distinct types of emergence 
were recognized-immediate, delayed 'within the ~urrent year, and 
delayed until the following year. Until the middle of August most 
moths emerged after a period of from 11 to 15 days from the time the 
larvae entered the soil. From 1vray to A.ugust, inclusive, however, 
pupae from which moths had failed -to emerge at the usual time were 
often found. Moths emerged from many of these pupae during the 
same year in which the larvae entered the soil, after a resting period 
of as long as 3 months. Other resting pupae entered hibernation. 
110ths from most of the pupae that entered the soil as larvae later 
than the middle of August emerged the following spring and summer. 

Il\llUEDIATE EMERGENCE 

Since the dates when larvae entered the soil and the dates on which 
moths emerged were known, the average duration of the period spent 
underground could be calculated. During May, August, and Septem­
ber, for the promptly emerging individuals, this period averaged 
approximately 2 weeks, but in June and July, while the soil was 
uniformly warmer, it averaged about 11 days. A summary of the 
duration of this period for each month, from ~:fay to September; in­
clusive, is giV'en in table 9. The proportion of individuals that 
emerged as moths of one brood, after a usual pupal duration, ranged 
from 70.92 percent of those that entered the soil as larvae during 
.July to 10.88 percent of those thn.L rntrred the soil as larvae during 
Sept(lmbt'1'. 

TABLE g.-Duration oj the 1Jeriod from the dates corn earworllls entered the soil to the 
dates when moth.~ emerged during 5 months, 198Q 10 1.982, inclusive, in Chatham 
Count1/, Ga. 

f 

i 
Average 
p.l:t'tod 

Month elwiu:; which larvae ~nt~red soil Ycnrs Cngps 
Total 
l~rvnn 

Immediate' (rom dates 
1 emergence ~1~f~'~~J 

, soil to 

_,__,_I_,_,_'~~l~e~ 

May .. 
Jun~ ..... 

Number II 
550 
0150 

Percent 
56, 36 
li.i. 11 

Du va 
15. 1-1 
11.00 

July.. __ _ 650 70. 02 ' 11. 82 
August __ . , 
SCfltclllb~r 

I, 1.'>0 , 
800 ! 

25.30 
10.8S ; 

1-1.02 
14.74 
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DELAYED E~IERGENCE 

Although most of the larvae that entered the soil at nny time during 
the growing season except the last 2 weeks of August and all of Sep­
tember produced moths in from 11 to 15 days in a single brood, there 
were usuaUy found among them a number of pupae that delayed their 
emergence and were potential hibernators. The percentage of these 
delayed individuals that were found in experiments in which larvae 
entered the soil during four periods from May to September are given 
in table 10. . 

TABLE lO.-Emergence of moths or occurrence of resting pupoe of the corn earworm 
from larvae that entered the soil during four periods of the active season. Chatham 
County, Ga., 1930-31 and 1932-88, inclusive . 

Cages examined (or rest- Cages obsen'ed (or mothCages observed (or emer­ iog pllpne hefore win· emergence the yeargencr. the Same year ter o( the first season following 

When lar\'ae entered the -----
Isoil Lar- j Lar-I\'ae I ~fOtllS Lar'lYne Pupae vae MothsCages Cagesintro.l emerged Cages intro- rested intra· emerged

duced Idnced duced 
.---- ---- ­

Nllm·Num· lyum.! Per· .LYum- Num· Num- Per- Num· Num- Num· Per· 
ber ber ber cent ber ber ber cent ber ber ber cent 

M8y15toJune14___ .. ~. 4 j 350 210 60.00 3 250 06 22.40 1 100 0 o 
June Iii to July 14_. ~ •. _. . 6 5.50 350 I 63.6,t 5 450 2,1 5. ;;3 1 100 0 o 
July 15 to August. 14._.. 8 750 465 02.00 7 G50 56 02 I 100 27 27. 00 
August 15 to Sept-ember I 8. 114__ .____ •____________ •• 1 18 p.750 1327 i 18.09 4 350 172 49.14 14 1,400 438 31. 2' 

Of the larvae that developed in corn ears and whose pupae delayed 
transformation, several emerged as moths. after a resting period 
during the same season. Information on the occurrence of such incli­
vidunls is given in table 11. 

TAlILE l1.-Delayed emergence of corn earU'onn moths dW'ing the same years that 
larvae had entered the soil. Chatham County, Ga., 198010 198z, inclllsive 

IT dh'id ! 'rime alter lnrme entererl'It~~Is de:' the soil thnt delayed
'Yhen larvae entered the Foo'l o( larvae Larvne I l~)'ed IO! emergence occurred 

soil 1 eU1er~ i --,~ , 

~enc'C: l Least Orente~t;.Aver<t).re 
~ I • 

" -.--.------ •.-~--."-. -."-- -I-~ __ ••~_ 

Sumber IPer('fnt ; DIIV,~ I DIIV·! f)'IV'
:\! 'ty 1.; to June 1-1 Corn kerIlel~. '" 200 -I.b" 31 0,1 ! OJ. V 
June IT, to .July 1-) till." _ " ~ 100 I Ii. 0 , 2g W7 . f;'i."i 
Ju:r 15 to AUIr. 1-1 do 200 0 
Ailg-. t5 to Sept. l.J , do ~ 1,000 i .9 2, , 71 3;;,0 
;\'I:lY 27 to June.'i.,. Ilean po'I.; 100 ' 111.0 32 5i 3~. t 
Sept. 22 to Oct. L .. duo 300 0 
Oct. '2 to Oct. 2'2.... . d" 3".!5 .n ·m -I~ .ri. fI 

The cvidrnc(' ilC(,1l1S to show t.hat, l'('gardless of tlH' time' brnl.l' 
('n t('red ~]H' soil, sonH' of tIl<' 1'{'sulling pupn,r ]'('st<'Cl, btl t thil,! from somr 
of these' indi\'idun.ls moths PIl1l'rge:l dUJ'ing til(' MIll(' y('o.r. Since 
from l\,fn,y Lo S('ptPTuhrJ' In,1:\':1(, wpr(' constnlltly ('ntpring the soil to 
pupate, it IS pl'o]mhl(' tbttt 50m(' of the ]'('suiting ])upn,(' \\,('1'(' eontinu­
ally being delaYN! in rll1C'l'g<'ll('r, alld fl, fC'w moths W(,I'(' ('ontinllil.lly 
emrrging from snch pUpilC'. It s('eIllS possible' thn.t this dduy in (.Ie­
vr]opm('nt of pupur was il, sn.f<'glIHrd of lInlul'l' to ('Ilfl,hll'lhc' SI)('('I(·q 

http:indi\'idun.ls
http:ver<t).re
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to survive periods when the developing forms might be exterminated 
or reduced in numbers by such causes as long periods of adverse 
weather, or epidemics of disease. 

EMERGENCE FOLLOWING HIBERNATION 

As shown in table 12, the earliest date on which a moth was observed 
to emerge from hibernation was April 2, 1932, and the latest date on 
which a moth emerged from a hibernated pupa was July 27, 1933. 
For the 3-year period this was a spread of 116 days, or almoflt 4 
months. The periods when moths which fed as larvae on corn kernels 
or green pods of string beans emerged from hibernation during the 
years 11131 to 1933 are summarized in table 13. 

TABLE 12.-Time and rate of emergence of moths from pupae that had hibernated 
in soil in outdoor cages, Chatham County, Ga., 1931-38 

Pereontagp. of days on whichEmergence Moths emerged moths emerged 

Emergence per day 

Year 
 ~ 

Dates ~ ~ ., "" 
~ :s .S .5 e ~ :5 
~ ~ ~ ~ ~ l ~ ~ ~ ~ 

nays No. No. No. No. Pet. Pet. IPet. Pet. Pet. 
193L ... ~ •. May lto July 23.......... 84 189 0 8 2.25 •••••• 90.3 96.7 26.1 75.0 
1932.....~. Apr. 2to June 27.......... 87 125 0 6 1.44 27.6 80.6 37.0 ..•.•. 49.4 
1933....... Apr. 18 to July 27••.••.•.• 101 202 0 10 2.90 46.2 83.9 83.3 22.2 62.4 

Average..••.•••• _••• Iil-:=-:= -:= 1.901-:=-:=-:= -:= 62.1 
• 	 I 

TABLE 13.-Period of emergence of corn earWOT1n moths from pupl!e that hod hiber­
noted in soil in outdoor cages, the larvae of which fed on corn kernels or green 
pods of string beans d1!ring different periods of the years 1930 to 1932, inclusive, 
Chatham County, Ga. 

Moths 'r\~e:~~~~l~~~aes~~g~~ Dura· 
Season and date when Larvae emerged emergence of moths tionSourcu oflarvae began to en· in· Food of larvae from 1__-,__-;-___1 ~~~elarvaeter soil stalled 	 hiber· 

nution First Last Aver· pg;ri~~
moth moth age 

---)-93-0--S-I--- :N'-r,-u1-n-ber ----- NlLmber -n-ay-,s- --n-ay-,s- -n-ay-s- -n-u-ys-I

IAug.l1........... 100 ColI(·cte(L •. Corn kernels.. 27 265 323 291.2 59 

Aug. 22... __ ...... ... 100 __ •..do..... __ .....do......... 36 255 328 286.1 74 

Sept. I................ 200 .....do............do......... 61 244 318 272.6 75 

Sept. 12 __ ..... __ •...•. 200 .....do ..........do......... 65 231 314 264.9 84 


Entire period.... 600 .......................... __ • 189 328 275.2 84 


/I)91-S£ 
AUI!. 20............... . 100. Collerteu .. __ Corn kernnls •• 20 226 296 267.9 71 

Sept. I. __ ............. 400 .. __ .dO..... __ .....do........ . 911 221 300 263.3 80 
Sept. 22••__......... .. 300 Renred .... _. Green string 10 227 269 244.2 43 

benn pods. 

Entire period.... 800 ......._....................._ 125 221 ;iOO 262.5 80 


19Se-SS 
Aug. 28..............__ 400 Collected.... Corn kernels.. 156 233 333 276.9 101 
Oct. 2................ . 325 Renred ....._ Green string 46 190 251 233.3 62 

bean pods. 
--·1----11-----1--·--------

Entire period.... 725 .........._............._..... 202 190 333 267.0 101 
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In 1932 the period of emergence was approximately a month 
earlier than in 1931, but smaller numbers of moths emerged than in 
either of the other years studied. During the 3 years the average 
period oV'er which emergence occurred was 91 days. 

The long periods during which moths emerged from hibernation 
resulted in few appearing on anyone day. On 35.29 percent of the 
days covered by this period none emerged, and the daily emergence 
rate of greatest frequency was 1, which occurred in 22.79 percent of 
the ins~ances. The greatest number of moths emerging on 1 day 
was 10, which occurred once, or in 0.37 percent of the instances. The 
average emergence of motbs from hibernation for the 3 years was 30.7 
percent of the larvae that entered the soil during the preceding year. 
In 1931 emergence ranged from 23 to 38 percent in 6 cages, or a,n aver­
age of 31.5 percent; in 1932, from 18 to 28 percent in 5 cages, or an 
average of 23 j and in 1933, from 27 to 51 percent in 4 cages, or an 
average of 39. 

No moths emerged the following year from cages in which larvae 
entered the soil between May 15 and July 14, although delayed, or 
resting, pupae were found in such cages when they were examined 
within the season during which the larvae had developed. From July 
15 onward increasing percentages of pupae rested and entered hiberna­
tion, and as a consequence increasing percentages of moths emerged 
during the following spring and summer from cages in which larvtte 
entered the soil during these periods. 

RELATION OF DEPTH OF PUPAE IN SOIL TO EillEHGENCE 

The data previously presented have shown that throughout the 
growing season, whenever larvae entered the soil, they dug to varying 
depths below the surface. The extreme variation observed was from 
less than 1 to more than 10 inches. Variation occurred even among 
larvae hatching from eggs laid by a single moth, developing on the 
same food, becoming full grown at the same time, and entering soil of 
uniform moisture and texture in the same cage. 

A well-defined tendency toward delay in emergence of adults from 
pupae resting at the greatest depths below the surface was observed. 
Dilling four periods of the years 1930 to 1932, inclusive, the average 
depth of pupae from which moths emerged immediately ranged from 
2.7 to 3.3 inches. During the same periods the average depth of pupae 
from which moths did not emerge immediately ranged from 4.8 to 5.7 
inches. There was no specific depth, however, separating individuals 
that would emerge immediately from those that would delay their 
emergence. Information on this subject is summarized in table 14. 

The depth at which pupae rested below the surface of the soil 
therefore was a factor, possibly the most important one, governing 
whether pupae would emerge immediately during the same year iu 
which larvae entered the soil, or whether emergence would be delayed 
and the pupae would probably hibernate. 
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TABLE H.-Depth of pupation of the corn earworm in relation to the time when larvae entered the soil and to the time when moths emerged during ~ 
4- periods of the years 1930 to 1932, inclusive, Ohatham Oounty, Ga. . 

INDIVIDUALS THAT EMERGED AS MOTHS THE SAME SEASON 

I 
~IPupae that did Pupac thatPercentage or pupae round at the stated depths in inches below the surrace or the soil not hlbernatc hiberm.'ed 

Aver·Total Total agoDates when larvae larvae' pupae' Pro· Pro. dopttentered the 5011 reeoY- portion portion ofcrod or the of thelor less 1.1-2 2.1-2 3.1-4 4.1-5 5.1-6 6.1-7 7.1-8 8.1-9 9.1-10 10.1-11 Total Total PUPBltotal total 
recov- recov· 
ered ered _. ! 

Num~er Nltmber Percent Perc""t Percent Percent Percent Percent Percent Percent Percent Percent Percent Number Percrnt Number Percrnt Inche~ 
May 15 to June 14••••..• 250 211 0.65 21.93 47.09 23.87 5.81 ..... ----' .. 0.65 -------- -----_ .. - -------- -------- 155 73.5 -------- -.------- 2. 1 ~ 

June 15 to July 14•..••.• 450 345 . 31 13.39 36.45 26.48 15.27 5.92 1.87 0.31 -------- -- .. _---- ---- ... _-- 321 93.0 -------- .._------ 3 • 3 

July 15 to .-\.ug. 14•.....• 550 455 .75 16.54 40.10 19.80 12.78 7.77 2.01 .25 -------- -------- -------- 399 87.7 -----_... - ----,--- 3. 2 -.f 

Aug. 15 to Sept. 14•.•... 350 266 1. 06 19.15 42.55 14.89 15.96 6.38 ----- .. -- ----..,.--- -..------ -- .. _---- ----"'--- 94 35.3 -------- ... _------ 3. o <:> 
-- .... 

Total or average .•. 1,600 1,277 .62 16.62 40.25 22.19 12.78 5.78 1.55 .21 -------- -------- ----... ,,-- 969 75.9 -------- -------- " 
--.---~.-~ fI 

INDIVIDUALS THAT HIBERNATED AS PUPAE 
?J 

May 15 to JUDe 14_••••• 250 56 26.5 4.82111..••..•• \.•••.•.• \ 3.57\12.50\51.78121.43\ 5.36\ 3.57\1.79,••..•••• ,...••••• ,••••..•• ,..•••..•
June 15 to July 14•.•.... 450 345 ••.••••. •••••••. ••..•••• 16.67 33.33 83.33 8.33 8.33 ••..•.•...••....•..•••.•••.•••..•••.._•• 24 7.0 5.1 ~ 
July 15 tll Aug. 14••••••• 550 455 .••••.•• ••..•••• ......•• 10.71 25.00 26.79 21.43 10.71 1.79 3.57 •..••......•••...••••..• 56 12.3 5.7 
Aug. 15 to Sept. 14.•.••• 350 266 ••.•.... ••...••. 5.82 12.79 33.72 26.75 13.95 3.49 1. 16 1.16 1.16 ••..••••..•••..• 172 64.7 5.2 ~ 

Total or average._J 1,600 1l,2771==1==13:00ll2.OOl 35.40 126. 29 1l3:311~ll.3Oll.3Ol-:65I==I==I---wsI~I--s.; 
~ 

I Data on pupae recovered in cages, the soil of which was examined the same year in which larvae develop~d,were separated Into 2 groups accordinl( tG whether indiViduals had ;>­
emerged the same season or bad delayed emergence to enter hibernation. The 2 sections of this table, therefore, refer to identical series of cages. 

t:rJ 
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DISCUSSION 

The information obtained during this iuv('stiga.tion showed that 
resting pupae were continuously present in the soil in the area des­
scribed, Long bd<Gr(' the last moths hnd emergi'd from hiboruatio.n. 
some of the pupae of larvae that had ell.t('red tIl(' soil in l1ay had 
begun to rest in the soil. Although some of these pupar that began 
to rest oarly in the season ('nwrgod lail'!' in that sanw yoar, othors 
continued in the resting condition and entered hibernt1.tion the follow­
ing fr.ll although, in tllese expcl'inwnts, 110110 of tllPse survived the 
winter, It seems remarka bl(' that sueh pupae could l'('maill inactive 
throughout tho fOlll' warmest months of the year, from June to 
September, whilt' individuals in activo stnges of devdopment were 
passing through fOllr g('lwrations, 

The factors which caused h1rvae to dig shullow burrows, sllch as 
wet or £i'table soil, 01' infm:ior lood suell as greell pods of stl'ing beans, 
which resulted in individuals of loss vigor, tended indireetly to produce 
pupae that emerged within 11 to 15 d:tys, On tht' other hand, fn,etors 
that caused lal'vtl,e to dig deep bmTows, snch as dry 0\' firm soil, or 
food sueh as eorn k<.'rll<.'ls, <.'speeia.lly k('r]wls in the dough stage of 
development, pl'Oduecd pupu<.' that tl'ndt'd to d('lay emcrgence and 
that often hib<.'rnated. 

But evell wlwn all such factors W('1'(' controlled, much variation 
occlllTed in tho depth to which individuul lnrnw burrowed, Since 
lan'a(' probably ell terNl tht' soil in the fideI every dny from l\Iay to 
September, inclusin~, son\(' of which tl'fI,l1sfol'lllt'd to moths at one<.' , 
some of whic.h delayed emel'genc(' untilln,tl'l' in th(' same' senson, and 
some of which C'm('1'g('(l OWl' a l~t'riod of from 3 to 4 months in the 
following spring and summN, it was lilH'ly that mOlhs enwrgNl <.'acb 
day during the gl'ov,ring season, This 1'('su1t('d in lL continuous 
OCClllT<.'nCe of motbs eapn.hle of depositing l'ggs on corn or oth('r plants, 
so that. wlImwYl'r these' crops wert' pbnt<.'d 01' wcn' in stagrs of growth 
attractive to tlH' ins<.'cts they W('l'(~ attack('d mtller uniformly, The 
pupation and omrrg<.'llce habits of th<.' insl'et probably t1.l'C' an important 
advantage to it, sine't', l'q?;fl.l'dl<.'ss of what disnstl·l' might Ilt'fnJI tbn 
aetivC' stagC's in n,ny S('l1S0n of the year, the l'{'sting pUjJn,(' in the soil 
would be cnpn,bl<.' of presC'l'ving tbo sp('cit's from eompkt(' d<.'structioJl, 
Their continuous presenco h~ tllP soil prolHlbly is largt'ly l'('sponsihlc 
for the. remlLrkablc uni\'ol'luity with which the aetiw stng('s of the 
carworm OGCUl' in the southon,stern part of til(' UnitNI Stn,t('s through­
out the entiro growing S('ltSOll. 

The l'osultf> of this inv<.'stiga.tioll indiefi.t<.' that f>('y('rat mNlsurCf> 
might be taken to proteet fic\ld corn :Lgninst injury by ('arworll1S, 
Previous studies 3 showed that cal'ly-phmL('d corn in Vir~inia was 
less injured by earWOl'ms than was lu.tc-l' COl'll, and thltt thl' yield was 
higher, This was also obs('1'y<.'d to be tnt(' in sou the:Lstpl'Jl GeOl'gin" 
The probtthle reason is that el1.rly-plalltod corll is I\,ttnck<.'d by til(' 
progony of the rclatinly frw moths that em(,l'g:C' from hibernntion 
early in tho SNtSon, wh('rNtS IntoI' coru is a.ttack('(l ~)y Uw pl'ogOI1y of 
tho moths that onWl'gp from hibcrnationlatcl' and, in addition, by the 
increasing population develop(,([ during the GUlTont s<.'nson, 

3 PIIII.r.IP$, W, J., and 13Artn~;H. (I.W, UrtWOrt~( INJVHY IN rn;I.ATION TO DAn; OF I'UNTINU FIELD 
conN IN CENTIlAf, VIllGl:ilA, Vll. Al\t. EXJlt, Stn. 'Pceh, Bul. 55, 1;' JlP., ilIus, 11l34, 
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The present studies have shown that larvae maturing in the earlier 
part of th& growing season did not burrow so deeply into the soil to 
prepltre quarters for th.e pupae, and that a greater proportion of them 
produced moths the sll"me season than was the case with larvae that 
matured late in the season. The looser soil of the early season was 
less favorable to survival and hibernation of the pupae than was the 
more firmly packed soil later in the season. As a consequence, few of 
the individuals that matured in early corn remained in the soil as poten­
tial hibernators. It seems not unreasonable to expect that if all the 
field corn in an 'area could be planted early, and be followed by crops 
that are less attractive to or less suitable as food plants for ear'worms, the 
overwintering population of the insect would be reduced, because most 
of those developed in the early corn would have emerged as moths dur­
ing the current season and the comparative scarcity of suitable food 
plants would have been unfavorable to their progeny. Tlus would 
result in the presence of a smaller population of moths early in the 
following l".eason, the progeny of which would cause less damage to 
early planted corn than has been the case heretofore. 

Frequent cultivation of the soil during the summer prevents it from 
becoming firmly packed, and, consequently, causes it to be less favor­
able for burrowing by the larvae o~ survival of the pupae, Plowing 
before April 1 destroys many of the pupae or, through disrupting the 
emergence burrows, prevents emergence of the moths. 

SUMMARY 

A study of hibernation of the corn earworm was made in Ohnthnm 
Oounty, Ga., during the years 1930 to 1933, inclusive. 

The larvae were allowed to enter the soil under cages that were 
kept in the same locations from year to yen}', and the different experi­
ments covered the same periods each year, roughly representing the 
incidence of the different generations. Because of overlapping genera­
tions, larvae became full grown and entered the soil to pupate continu­
ously from the latter part of l\,fay until early in October. 

Some of these individuals died as larvae or as pupae, but the rate of 
survival ranged from 44 to 88 percent, and averaged 75 percent in 
cages examined the same year in which larvae entered the soil, and 
from 30 to 80 percent, 01' an average of 51 percent, in cages examined 
the following summel' nJter hibernation. Parnsitization was very low. 

The depth to which laryae burrowed below the surface of the soil, 
and at which pupae were recovered, ranged from less than 1 to more 
than 10 inches. This was influenced by several factors. Larvae 
dug deeper in dry soil or in soil that was well packed. Those that 
had developed on the green pods of string beans did not go so deep 
as those that had developed on corn kernels. Corn-fed larvae dug 
much deeper from the middle of August onward than earlier in the 
season. 

Three types of emergence were recognized-immediate, delayed 
within the current year, and delayed until the following year. :Most 
of the adults from larvae that entered tbe soil from May to the middle 
of August emerged in from 11 to 15 days after the larvae had become 
full-gl'own, Motlls from a few of these larvae emerged later, as much 
as 3 months after the larvae had become full-grown. Whenever 
larvae entered the soil some of the resulting pupae delayed emergence 
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and were potential hibernators. The pupae of most of the larvae that 
entered the soil after the middle or August hibernated. Moths 
emerged from these pupae from May 1 to July 23 in 1931, from 
April 2 to June 27 in 1932, and from April 18 to July 27 in 1933. 
Hibernating individuals remained in the soil from 190 to 333 days. 

The variation in depth to which the larvae burrowed, and conse­
quently at which pupae rested, evidently enables the insect to survive 
disasters that might befall the active stages above g·round, since 
resting pupae were continuously present in the soil and moths were 
continuously emerging throughout the growing season. These facts 
apparently help to explain the uniformity with which the active 
stages of the insect occur in the southeastern part of the United States 
throughout the growing season. 

In general, pupae located at the grf'atest depths in the soil did not 
emerge at once and often hibernated, whereas those not so deep usu­
ally emerged at once. For four periods of the 3 years mentioned the 
average depth of pupae that emerged at once ranged from 2.7 to 3.3 
inches, or a mean depth of 3.1 inches, whereas the average depths of 
pupae that delayed emergence or hibernated ranged from 4.8 to 5.7 
inches, or a mean depth of 5.2 inches. 

It was known from previous investigl1tions that field corn planted 
early in the season in Virginia was less inj ured by earworms and pro­
duced a greater yield than later-planted corn. The present studies 
indicate that few of the larvae maturing in early corn hibernated. It 
seems reasonable to conclude that if all field corn of an area could be 
planted early a,nd followed by crops that were not attractive as food 
plants for earworms, the overwintering population of the insect would 
be reduced, and that the smaller number of eaI"Worms occurring early 
in the following season would cause less injury to early corn than has 
been the cnse heretofore. 
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