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European Corn Borer Location on the Corn 
Plant as Related to Insecticidal Control l 
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INTRODUCTION 

The development of an effective treatment for control of the 
European corn borN' (Pyrtiusta, nubilalis (Him.» .is contingent upon 
plaCC[Mllt of inseeticides where this insect finds shelter on the corn 
,dnnt. ~'l'h(l .field studies reported in this bulletin were designed to 
i:AACl'lnlhe the scquence of biologienl changes that take place in the 
mgnt i m whitt instal', when, and on what parts of the plant establish
iii?vt ~ slll'vivitI of the borcr take place; and the procedures indicated 
bS'-Ltbe~ events 1:01' the successful application of insecticides. 'rhe 

~~ 	 s~lics::lfel'c cond ucted neal' New Haven, Conn., in commercial fields 
c: oB;welUi:lcorn infested in June by first-gcncration corn borer larvae, t 	arut da,Q relative to infestation are presentcd with special reference 

to plant-growth stages and varietal gl'Owth habits. 

I Rllhmittcd for publication S<,ptember 15, 1948. 

• 
2 The author \\'ishes to acknowledge his indcbtedness to W. A. Baker, W. G. 

Bmdley, D. F .•Jones, W. It. Singleton, lL B. Fricnd, and N. Turner for helphil 
slIgp;eHtions in cOllnection with the sl:udies reported in this blllletin, Progress 
in ticld work and in assembling material for illus(,mtions was made possible 
through the al'sistunee of A. V. Uosellzll, Mrs. Dougllls A. Weeks, N ..f. Nerney, 
James .1. H.eegan, Winona Dingwell, and Anna SearILlI1ella. The illustrations 
are by Winona Dingwell. 
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UEVIEW O:F J-IITERATURE 

The location of European corr, bOl'er larvae on infested corn plants 
has been described by severallnvestigators, but i;he relation of growth 
changes in the plant to larval movement has received little attention, 
Vinal's (13) 3 Ol'iginal observations included tassel infestation by 
first-ins~ar larvae and their subsequent migration to the tassel stem, 
or peduncle, Caffrey and WOl'thley (5) described the feeding habits 
of young larvae infesting whol'lleaC blades, the tassel, the stalk, and 
the ear, In discussing the probable causes of yariations in population, 
Huber, Neiswandel', and Salter (0, pp. 141-142) reviewed the develop~ 
ment of plant infestation by the univoltine strain of the borer, noting 
the larval J'eactiol1s to environmental changes and the resulting migra
tions. Fl'Om data reconled at weekly intervals, Huber et 0.1. drew the 
following general conclusion: 

It is obvious that during the first part of the season the big majority of larvae 
are found behind the leaf Hheath: a few weeks later the majority are found in the 
tassel or the cr()wn of the plant. Upon the emergence of the tassel from the leaf 
roll or crown ot tl:e plant the larvae enter the stdk proper. 

Schlosberg and Baker (12) reported a high degree of correlation 
betweon thl.\ In.l'val population and the lellRth of the period from infes
til.tion to silking. Housel' and Huber (8) stated that the nutrition 
iadol' gt'eaLly influcnccs the rate of lat'va[ establishment and survival, 
and Lhey sllggested that each instal' may hu\'o particulnr food require
mPllts. 

Bpard condueted It SOl·jCS of biological experiments that closely 
pn.l'Ullel the studies reported here. In his initinl Qx-periments (2), 
dClLling with survival of fil'st-gencmtion larvae on the Connecticut 
Agricultural Experiment StlLtion Farm at :Mount Carmel, most of 
the elLdy hatched borers infesting the pllLnts became established in 
the tassel. In litter studies by Beal'd and Tumor (4) the experiments 
were designed to test the establishment and sllrvival of borers of the 
second genCl'ation (August) by means of manual infestation of late
planLed :Nlarct'oss sweet com. Dissections were made 011 throe differ
ent dat(>s during the periods of plant growth. From this test Beard 
concluded: "]3ecause of the escapc from oviposition and the mabilifY 
to support the larvae, plants smaller than [those of] the lafe-wlnlrl 
stage at the time of moth flight are not likely to be severely infpstc([" 
Beanl o,ppat'Cfltly refcrred here to the obviolls conclusions to he drf\\m 
from his own exp(>t'inH'nts, which were restricted to midstunmer 1{r:'r
cross corn subjcct to high temperatures and grown during the period 
ofinfestnlion by the second-generation corn borer. On the otliet· 
hand, in reporting expp,riments with cady pln,nted ~Ial'cl'OSS grown 
during the Iirst-gcllcm,tion infestation, TUt'lH'r (See Beard llnd 'l'ul'lH'r, 
4, pp.567-501) showed the necessity of applying a sprlly during the 
late-whorl stage in a standard, four-treatment insecticide schedule. 
liJ'om studi('s of the relation of growth stagrs to infestation rntes in 
Lexington and ~[arcross sweet corn, Benrd (3) concluded that. the 

J Itnlic !lumbers in parentheses refer to Literature Oited, p. 20. 
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EUROPEAN CORN BORER LOCATION ON TrIE CORN PLANT 

lower survival in early planted Lexington could be attributed to 
diffCl'ences in rates of growth in early green-tassel and mid-green
tassel stages, which prevailed at the time of ma::dmUID borer establish
ment, Beal'd also attributed differences in survival rates between fu'st
and second-generation infestations to differential growth rates char
acteristic of stages critical to borer establishment, 

METHODS OF PROCEDURE 

The distribution of lal'vae in the shelter al'eas of the plant was 
determined by disseeting five 20-plant samples at each growth stage in 
ench of the slt'nins studied, including the commonly gl'own hybrid 
derivati:es of Spanish G01d, Whipple'S Yellow, Golden Early Market, 
and Goldcn Bnntnm, IThe loention nnd instnl' of the borer were 
reconled, togethp[' with dnta on pl'evniling plnnt conditions, Obser
vntion of Inrval Il!lbits was confined to early nnd early midsenson 
stmins of COl'll, which lu'e likely to be infested by the first genemtioll 
of the borel', In most cnses the hybrid .Mal'cl'oss 06.13 has been 
used as an exnmp'le, bccnllse it is one of the most widely known of the 
('ady mfu'kpt LYI)('S of sw('Pt COl'll, 'fhis hybrid and others mentioned 
in this rpport arc ably described by Enzie (6, '7), 

NOM.ENCLATURE AND nEFINlTIONS 

In order to ('ol'I'plntp the O(,(,UIT('II(,(' of lal'vue (did the pl'evalence of 
sht'ILc'l' ilrt'flS wilh dl,finitc stng(ls of ('om-plant developmcnt, it was 
IW(:l'ssnl'Y to dl'vis(' a nomenelntlll'p of lhe g~·owt.h stnges of the plant, 
Some progrl'SS hnd bel'lI mndl' ill this dil'pction by Batchelder, TUl'IlCl', 
aud Qlll'std (1), for C'ol1v('uience in descl'ibil1O' corn plants during 
experiments with insectieides in1!)35-36, The cYassificntion of growth 
stnges wns first wol'lwd out for hybt'ids derived from Golden Eady 
~rarket, was devciop('(l furthl'l' with Golden Oross Bantnm, and was 
Int!'I' extl'ud('d to vnl'iolls stl'Hills of sweet and field corn, li'urthcl' 
dc'sigllaLioll of gl'owth pt'l'iods within the subdivisions is considered 
f('flSrbll~ 1'01' sp('cinl PUI'POSl'S, but in most COl'll borer investigations the 
gl·neml clnssificntiol1 !Jas b('(111 found a(kq unte in descdbing the 
stngcs of plant growth during which the larvae generally establish 
th('msel\res Illld devdop. 

The dlfll'nel('l's fouud most useful in distingUishing the ~rowth 
sLitCYPS of lhe ('01'11 plant with refercnce to eOI'll bOl'el' inft'statlOn 111'0 

itel~tized in tables 1 and 2. Nine of the stages nl'e illust1'l1tcd ill 
fi O'lIl'CS 1-3, 

"'The terms llsed for convenience in desiO'nating these stnges arc as 
follows: [>I'owhod, Ntl'ly whol'l, midwhol'l, lllte-whod, er.rly gl'ecll
tn.s:,;('/, mid-grcPIL-Lnssol, it'Lte-gl'CCn-tnssel, enriy silk, midsiU;:, Inte-silk, 
pl'in1l'-rnilk 01.' roasting-cal', and mature. To this list Beard (sPo 
£(1/1 I'd lind 'l'Ul'Ilf'I', 4) added a sl'('(llillg stl/.go, chllrnctel'ized by the 
prC'sence of a single primary leaf blade, 



-------- --------
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TAllLlil I.-Characteristics oj the whorl and green-tassel!)rowth stages oj the com plant (based on examiootion of 100 plcwts) .. .,. 

Rolled ~ leaf 	

I
J..ellf 	 Lengthblades 	 EarGrowth stage l)rilllary leaf blades 1 blades 	 Tassel appearance Authers of huskcom-	 shootsvisible 2 	 laminaeposing 

whorl 3 . 
Number Number 	 Number Number Inche&PtewhorL___________ Turgid and functionaL _______ 1- 5 2-3 	 ~ 

----..~---_____ do_____________________ 	 ------------------------------ -----,--- ...--- ... ~--Early whorL ________ 	 t2J6-72I.lidwllOrL __________ 	 3 ------------------------------ -- .. _---- -------- ---""" .... --
80me shrh'eling aud tip burn __ 8- 9 4-5Lllte-wllOrl _____ . ____ 	 ------------------------------ -------- -------- -----,--- ~ Extensive browning, or IOoL___ 2 10-15 5-6 Shows below edge of whorl cup___ 0-2 

Early green-tusseL___ q;,---------------------------- 10 2-4 Tip shows above edge of whorl 2-4 0 0-5 
~ cup. 0>

1\1 id-green-tm;sel _____ 10-11 3 Clump of adhering branches_____ 2-4 0 1- 8 
Late-green-tussel 4____ 11-15 0-1 Brunches unfurled away from 3-5 60 & 2-12 

stem. 
?l----- --	 I I 
~ 

~ I The first two, or primary, leaf blades are usually lost or buried prior to the mid-green-tassel stage. l'!'j 
2 Docs not include the 2 primury leaf blades. !\Iany strains of field corn show 13 or nlore leaf blades during t.he late-whorl stage. "I:! 
3 Includes all leaf blades that ure rolled at least at the base and do not show a distinct line of JUIlcture between the blade and leaf !'3 

shcuth. 
4 The peduncle appears during the late-green-tassel stage, when a small part of it is visible between the topmost leaf blade and the o 

lowermost tassel branch in some varieties. 
~ 

5 A few. . 	 >
C') 

& Prorniuent on 2 shoots. 	 :tl 
C
~ 
:tl 
l'!'j 



• • • 
'l'ABLE 2.-('/laracterislics oj the silk, roasling-eaJ', and 1n{lil1re growth stages oj tlte corn plant (based on exar.oination of 

100 plant~) 

to:! 

~Gr~wth 'l'a;;sel fiPPcfirnn:e I Pccitlllcies Anthirs and I Ear shoots and ears I Silk Husk laminae 

s nj!.l' ..I ____ Ii po en ___-_____ ~ 
~ 

:Sul/lbcrl _ 
• C'lEndy silk.: 11-15 I Brnnches drooped.t Smnll part shows Anthers dehisc- Husk leaves show- Yellowish greer:, Project forward 0 

abon1 top- iug. ing. fresh, only 8. from eur tip. ~ j most leaf. few . • ' 11-15 !_____ do________ _nlldsilk May show 1 ~raxill1um 1'01- True ears show___ Colored, tips wiltc.J, Turned olltward t::t 
inch or more. lell shedding. n llInerous. from ear tip. o 

::cJ'llte-silk__ l 11-15 Branches struight _____do______~~_ Anthers usually Husk leaves tight Dried and brown Folded back luong to:I 
nnd at angle to galle. arOllnd cars. at tips only. side of car. ~ 

stem. 
Roasting- 11-15 _____ do __________ 3-6inehcslong__ Dry___________ 1 car full size _____ Dried and brown Do. o t"' 

ellr.! most oflength.
Muturc___ 1 11-15 _____ do_______________do______________ do_________ Less than 35 per- _____ do__________ _ Do. ~ 

eellt moisture ill o ....

I~_L ~~ Z 

~ 
1 Sometimcs culled "prime-milk," or "green-produce," car. 

~ 
C'l 

~ 


~ 
.., 

c:n 
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Conventionn.l terminolo~'Yhas been sufficiently descriptive, except 
for items requil'inO' definitIOn, as follows: 

1. A Tolled leaf bill.do is one thnt is spirally wound or rolled, at lenst • 
at its base, and does not Rhow a distinct line of juncture with its leaf 
sheath, the line of juncture being hidden by leaf blades ori!;intl,ting at 
points 10wCl' on the stalk. 

2. An unrolled leaf blnde is one that, through expnndinO' gl'owth, 
hus sepamtcd itsolf. from the whOl:t and shows a distinct lino of junctUl'o 
with its leaf sheath, indicating the location of tho ligulo. 

3. Tho pedunde, or tassel stem, is tho tel'lninul pal·t of the stalk, 
which supports the tltssci and is visible between the topmost loaf 
bln.de and the lowermost tassel bmnch. 

Although defmitioll of these gl'Owth stn.ges hIlS been bnsccl on 
external stl'tlctul'ul chamctCl's prcdominn,llt during plant gl'owth, 
theu' occurrence is in general pamllcl with and related to cha1'llcter
isticpcriodg of plnnt metabolism essentially as described by Kmus 
and Kraybill (10). The Pl'cponclerance of nitl'ogen compounds in 
tl'l1nslocakd food clements dUI'ing the vegetative whorl stages, the 
development of a more equally balanced cn.rbohydl'llte-nitl'ogim 1'I1tio 

• 

• 

FIGURE t.-Whorl stages of growth of the corn plant: A, Early whorl; B, mid. 

whorl; C, late-whorl. 
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• 
during tassel growth, and the predominant carbohydrate metabolism 
d uring CnI~ development indicate a physiological, as well as a structural, 
basis for this nomenclature. A growth-stage nomenclature for use in 
describing the corn plant at the time larvae were in its shelter areas 
provided a convenient standard for biological measurement. "Plant. 
mg date," "plant height," "number of days from silking," and VCl'y 
loose terms, such as /I tasseling," and" silking" were not found to be 
very specific or useful in comparing corn grown in different soils and 
during two or more seasons. These conclusions are supported by the 
data giveri in tlthle 3 on prevailing growth stages of the same 
hybrid during two successive seasons . 

• 


• 

FIGURE 2.-Tassel stages of growth of the corn plant: A, Early green-tassel; 

n, mid-green-tassel; C, late-green-tassel. 
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• 


• 


FIGURE 3.-Silk slages of growth of the corn plant: A. Early silk; n,niidsilk; • 
C, late-silk. 
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• 
'l'ABLJ<J 3,~.Dur(tJion and he'ight oj plant-growth stages in two similar 

l)Utntings oj tlte hybrid sweet com l\;!arcross Q6.13, in 1940 and 1941 
(based on examination oj 100 plants) 

I 
Observations in 1940 Observations in 1941 

1:10 1:10 1:101:10
,13 ,9 I:ll:l 

I:l 
~E I .... 

I:l :.::I~"'" ~= .. '.L .. 
~ :0 III ~ :,..~ 

0. 25 0. 2.l~oGrowth stage fo I:l I:lo.+> .. 0.""Observa- ~ Observa- ~8~ 8$ 0.tion date 0'" 8~ 0. tion date 8~ 
0'" .... .....!:~ ........ 0 ~~ 

... 
2~ 0 
... 1Il ...,..., 1Il 

'0 '0"::: '0 
0 ,~~ 11 0 '8~ 

'M ~ 11.£:
"'0 "'0'£: 
aJ ... QJ 'Ql 

~ p..1:10 ~ p.. ~~ III 
~-'~ ----- --,--.. - - 

Dlll/8 Days Inches Days DUy8 111che8 
"!Ilrly whorL._ .Jllnc 12 48 27 12 .Julle 1 47 23 10 
l\\idwhorL __ •. • Junc 17 53 22 19 .June 7 53 16 18 
].nlo-whorl •• * JIIIIO 22 58 17 22 .June 10 56 13 25 
Burly ~rooll- .June 27 63 12 30 JUliO 16 62 7 35 

• 
bl.~$ol ___ .. _. 

Mid-groen- July 2 69 7 38 June 19 65 4 41 
tussoL__ •. ~ .. 

fJa to-g rec n- July 7 
tussoL._ ••.. ,_ 74 2 48 .Tllne 21 67 2 47 

gl,rlv silk_ .Jllly 9 76 0 49 Juno 23 69 0 51 
Mic1~ilk_. .. .July 12 79 3 50 JUlie 27 73 4 56 
.Lnte-silk__ • .J III)' 24 91 15 52 July 3 79 10 58 
Primo-milk, or 

r(jl~ti ng-enr_ .July 30 97 21 52 July 14 90 21 60 

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

I Plnnloc1 011 Apr, 25, 1940. 

2 '1'0 Up of tOPlllost louf blade. 

a Plnnlod 011 Apr. 15, 11)·11. 


• 

Th(.~ prc.valence of anyone growth stage was found to vary with 
genetic st/min, soil fel,tility, nnd sensonal wellt.her, In cltdy stl'llins 
of SW~)ct, COI'l1 tho plnnt,s pnss('d from the OIU'ly whol'l to the lat()-silk 
stng('in 30 to 45 dnys, dt'lwnding on tomperntlll'e nnd l'Ilinfltll, in ~.rIlY 
and .JUI1(I. ~·lidwhol'l Illld Inte-whol'1 stn<l'es ]}('cvailod dUl'ing 4 to 7 
dnys, Illld the plnnt lIslllllly pnssed thl'Ollgl1 the mid-gl'eclI-tassel stn~e 
in't to 3 <I Itys , 'L'II(' same stllgcs were gn'lItiy prolonged, howcvCl~, III 

stmins of sweet 01' field corn thnt required It IOllgt,l' sen.son to I'each 
muLlIl'it,y, An l'xnmple of the effeeL of wcnthcr on tho clumtion of 
(,,'1'owth atatgt's is shown in table 3, in which dntn. on two similnl' plltnt
mgs of the hybl'id ~Jarcross 06.1:3 Itrc compal'ed. Gool weather 
reLm'dod the gl'owth rllte of the plllnts in 1940, but favombly high 
tempcrll,tmcs lIt'el'itomted plnnt {1rowth in 1.941. The dllrntion of 
tnsael stnges WitS 5 dllYs longer III 1940 thlln in J941, o.nd similltl' 
differcnc('s were found ill otiH'I' growth stng('s,. It is notewol,thy thnt 
the devl'1opment of plnllt-growth stngcs was independent of vegetntive 
growth ItS ('x pressed by h('igh t, Tho pI'lH' alence of growth stngcs in 
the early InllI'kct hybl'id MurCl'Qss 06,1:3, in 0. coIUlnCl'cio.l field planted 
on April 25, 1940, is shown ill table 4.. 

81UIl2.·-49--2 



--------------

10 TECHNICA.T~ BULLETIN 976, U. S. DEPT. OF AGRICULTURE 

TABLE 4.-Prevalence oj growth stages in the hybrid sweet corn Marcfoss 
06.13 at New Haven, Oonn., 1940 (based on 100 plants in 4 sub
samples oj 25 consecutive plants each, examined on the same day) 

Percentage of plants io growth stage 00-

Growth stage 
June Jl1ne June June July July July July

12 17 22 27 2 7 12 24 

Early whorL ________________ 88 7 0 0 0 0 0 oMidwhorL ________ • _________ 12 57 18 0 0 0 0 oLate-whorl. ___________ • _____ 0 1I6 52 12 0 0 0 oEarly green-tasseL ___________ 0 0 30 72 6 0 0 o 
Mid-green-tas~el_, •• _. _______ 0 0 0 16 47 17 0 o 
J~ate-green-tassel_____________ 0 0 0 0 39 44 3 oEarly silk___________________ 0 0 0 0 8 23 31 1Midsilk_______________ .. ____ • 0 0 0 0 0 16 58 21Late-silk________________ • ___ 0 0 0 0 0 0 8 78 

SIlELTER AREAS AVAILAllLE :FOR LARVAl, ESTABLISHMENT 

The locations that serve as shelter areas for European corn borer 
larvae in the whorl, tassel, and silk stages of the corn plant become 
availnble as the form of the plant changes thr'ough growth. In these 
studies some of the locations appeared to meet all the requirements 
of initiallm'val establishment, but none of them were utilized by the 
larvae dur-ing mor:e than three instars. Consequently, the larvae 
that survived to pupate succeeded in maturing by virtue of initial 
establishment, escnpe £r'om the hnzards of migr'ation, nnd fortunate 
reestablishment. In tables 5, 6, and 7 the distribution of larvae by 
ins tar's in the val'iolls parts Il,nd growth stages of the host plant is 
summlU'ized. The dntn in tnble 5 show the shift of the infesting 
population fr'om one shelter area to another durin~ successive gl'owth 
stages of the plant, and the cliltn in tables 6 and 7 give the percentages 
of instars found in each location nnd in each stage of plant growth. 

WHOUL STAGES 

In early strains of sweet corn EUl'Opean corn borer larvae first enter 
spaces between the spirally wound leaf blades composing the whorl 
(table 5). There al'e 5 to 11 spaces in the midwhorl and lnte-whorl 
stages (fig. 1, Band 0), nnd ItS the plant grows the depth of these 
spaces inCl'eases and the leaf blndes clongntc, unroll, and finally become 
detachcd from the whorl. The pl'cssure of IlppI'cssed leaf surfaces is 
reduced gl'Udually nnd the wedge-shaped space between the leaves 
slowly descends toward the stllik until the outel' lellf is released from 
the whol·I. In these studies it was obsCl'ved thltt tho leaf tissues lining 
the unexposed pad,s of these spaces were relatively soft, .pltle gl'een, 
or yellowish green, and were usunlly wet from plltut exudates and from 
atmospheric moislll1'e. The !lwt'i of this film of moislul'(\. was common
ly ObSCl'vcd to I'ise with an iuel'ensc in the rnte of plant gutLll.tion, or 
g!ltndulal' secretion of fluid maicl'inls, Ilnd it also rose with nn accumu

• 


• 


• 




• • 
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lation of wuter during rilins. At other times the film receded as water 
waS evuporated from the plant at rates in excess of the plant's capacity 
forreplncing it. 

First instuI's were found to feed habitually below the upper margin 
of the inted'olial' moisture film, and they accompanied the film down
ward with plunt growth 01' I'emnincd at higher levels during periods of 
mOre extensive accumulation of water und plunt fluids. During 
periods of dl'y weathcr the lurvae WCl'e obsCl'ved to descend with the 
moisLure film more deeply into the intel-folinl' spaccs, wher~ they 
became less nceessible to insecticidal deposits. Some of the second 
instal's infesting extra cnl'ly uncI lw,l'ly types of corn were found to huve 
pcnetmtl'd the ccntl'al shoot of the whorl, citlHw by crawling beneath 
the mnrgin of a loosely rolled leuf blade or by bOI'mg through several 
1l1yt'rs of rolled blades. Some of the larvae had reached the smull, 
immnLuI'e tassel when it consisted of white nnd pale-green, soft tissues, 
spirallJ! \V!'apped in the loose but still unrolled central leaf blades of 

'l'AIILB 5.-Distribution of European corn borer larvae in plant parts 
(l1lrin[1 {/('owlh st<L{/eS oj the hybrid .Marcross C6.13, at New Haven, 
Gunn, (based on examination (If 100 plants) 

OJlSBH VA'l'IO:-1S 1:-\ 11140 

Percentage of larvae found in-

Gruwth singe 

Midll'hurL •. ,. _____ ._ 38 55 o o 0 000 7 5.8 
Latc-whorl. " .• _ • _. 12 35 ·17 6 0 o 0 0 o 6. 3 
I.':nrly grcen-tm;i;cL .. __ 
)\1 id-grcen-tasscl. _. __ _ 
Lale-grecn-lu$scL ____ • 

12 
12 
o 

1 
o 
o 

58 
-11 

2 

10 
33 
33 

I 
! 

4 
8 

12 

000 
500 

21 0 13 

6 
1 

19 

9. 5 
12.8 
10. 3 

Enrly silk. _ 
~lid~i1k .•. , 
l.ale-iiilk, 
Roast ing-par 

,._, o 
o 
o 
o 

o 
o 
o 
o 

2 
o 
o 
o 

o 
o 
o 
o 

11 
13 
7 
5 

21 -10 18 
16 I '~4 21 

!) I51 I 28 
J.551 38 

8 
6 
6 
5 

10.4 
5. 2 
4.4 
4.0 

OnSml~VNl'LO::\S [N IIHI 

~lidwhorL .... 
1.llte-whorl 
Earl" green-tll~;;C'1 
~I id:grp('n-f Il"',,(, I • 
Ltlte-gn'cn-lus:;eL ____ "' 

88 
:m 
S 
(j 
6, 

'-'~~-~l~--
18 . 30' 5 
22 30 14 
10 51 15! 
2,) 26 1.6 

o 
o 
'J 
4 
8' 

gl 
31 

12 ; 

o 
o 
o 
o 
O. 

0 
0 
0 
0 
5 

2 
2 
9 
2 
1 

5. 6 
6. >I 

12. !) 
1·1. .) 
1·1. 0 

(I;'Lrl\- silk. 
~Iidsilk . 
I.atl'·"ilk 
H(HLsling-('ar 

5 
o 
o 
o 

7 II 7 
8 (j 0 
o .) 0 
000 

12 
18 
l\) 
!) 

17 
18 
27 

J 

20 • 
ao 
28 
3(j 

15 
18 
II) 
55 

41 
1 
3 
o 

1·1. .. 
(0,3
7, ., 
5. !J 

I LpnrsurflH'C', (illl'rs, and midril)" of leaf blades. 



--

12 TEClINICA~ BULLETIN 976, U. S. DEPT. OF AGRICULTURE 

the midwhorl stage (fig, 1, B), In this position the larvae excavated 
the tisslles of the central tassel spike and the bud tissues of the stam
inate spikelets composing the tassel. However, in the later hybrid, 
Golden Cross Bantam, larvae wore not found within or botween the • 
staminate spikelets while these were enclosed in the tightly wound 
central shoot, which is characteristic of this hybrid during its midwhorl 
stage, Examinat~on of developing tassels indicated that larvae were 
carried upward as the tassels emerged through the bottom of the cup 
at tho beginning of the lat,e-whorl s~age (fig. 1, 0), and that as soon 
as the tassel became exposed the population was il1Cl'eased by newly
hatched larvae. 

III early stmins of sweet corn, cal' shoots are exposed 4 to 6 inches 
during the late-whot'l stage. These shoots consist largely of the 
streamer leaves of the husk, or husk laminae, and are closely appressed' 
fOl'ming miniature spaces similar to the intcrfolial' spaces of the whorl. 
Those spllces later become continuous with spaces between the husk 
leaves, thus affording pCl'll1anent shelter fOl' larvae invading the ear 
shoots, 

TAm,]} 6.-Distl'ibution oj larval instal's in the 'various {/i'owth stages oj 

the early mn'l'ket h?/bricll'ttJal'cross 06,13, nt New Haven, Oonn., 1940 

ancl191,.i (based on examination oj 100 l)lants) 


onSERVNrIONS IN lU'(O-------, -
Percentage of lal'vae in illStar Num

ber oC •Growth stage larvae 
, perFirst Isec~~:~~rd' -F~~;t:' '-Fifth ' Pupa plant __L_- - ---,-----, MidwhorL ______________ 100 0 0 0 0 0 5. 8
Lat,e-wJlOrL______________ 21 78 1 0 0 0 6.3


Early green-tassel. _______ 20 58 22 0 0 0 9.5

Mid-green-tasseL _________ I
17 41 32 10 0 0 12.'8

Late-green-tasseL ________ 25 I
1 28 34 12 0 10. 3

Early silk________________ I


0 27 16 0 10.4
Midsilk _____• ___________ 1~ I 40 

0 2Z 42 31 0 5. 2 


Latc-silk~, ~_. ___ , _______ ,1. 4
0 7 18 66
Roasting-ear_______ . _____ 0 1 15 70 4. 0
81 1~ I 

--"--'''~-~'''--

OnSlmVATIONS IN 1941 


~~-I- --;;r-MiclwhorL _______________ 0 0 5, 6

Late-whorL __________ .. __ '/3: 22: 015 0 0 gj 6. 4

Early green-tassel ________ 57 27 16, 0 0 12. 9
Mid-green-tas$el __________ 26 38 I 28 : 6! 1 0 14. 4 

T"ate-green-tassel •. _______ 13 26 ' ·ll 1\1 j 2 0 14.0 

Early silL____ -- - - -. '. - -I ,1 21 I 35 , 22 18 0 14.4 


~1 10 j 29 : 30 , 27 0 10. 3
Late-sIlki\lidsil~:__________ - - -.-- -. - -"., -'-1. _____ 0 25 i 38 0 7.4
Roasting-ear___________ ._ 0 151 2~ I 73 1 5. 9
20 \ • 



• • • 

TABLE 7.-Percentage 0flarraZ instal's of the Eur07)Can corn borer in pla.nt parts of the ·va.riou.~ growth stages of the hybrid 


S'weet corn l\/arcross CU.1S, at New JIaz:en, Conn., 1941 (based on examination oj 100 pZa.7zts) 


Mid-green-tassel stage ~ Mid\\"horl stage Late-whorl stage ~ 

~ 
t-'.1Plant parts 

First Second Third First Second I Third First Second Third I Fourth g;
instar illstar instar instar illstar instar

illstar illstar illstar instar 
o 

5.7 0 3. 5 1.4 0.7 0;6
Interfoliar spacr.5 _... - - - .. - --. 51. 8 0 33.6 ~ 
Spllces brlween staminate 5.5 td

0 15.6 2.5 0 3.5 6.9 3.5
spikelrt:::. '" __ . _ - - . - .... - ..... 25.0 15.9 0,;·1 

o 

0 18. 8 12.3 4.1 12.2 ~2.6
Flo[(·ts of rxpof;ed tasseL -_.0 0 

0 4.9 0 0 6. 1 4.7 3. 7 0 ~ 
Ellr shoots... " .. ____------- •• 0 

g I , 

:::lLeaf sheaths _______________ o I 0 0 0 0 1.4 2. 0 .6 .6 
.6 4.2 0 t'Peduncles.--- _______• ____ --

0 
0 0 0 0 0 0 o

Other parts 1_ .. __ _ _ _ _ _ _ _ _ .. _ 10.7 0 0 1.6 .8 .7 .7 .6 0 

~ 
Midsilk stage Roasting-car stage @ 

-,....------= 
Plant parts I 

Second Third i Fourth I Fifth First Second Third Fourth Fifth ,! I Pupa 
~ 

First 1-3 
illStar illstar illstar I instar instar instar illstar instar instar instar I I:Q 

I t'l 
; o 

Spaces between staminate 0 
o 
:::lspikelets______ . ____.. _------ 0 0 2.3 3.9 1.6 0 0 0 0 0 

; 0 Z_ 3 .6 4.9 0 0 0 0 0 0 0
]?lorets of exposed tasseL - - - -- 2.0 2. i3 0Leaf sheaths_________________ .9 3.9 5.8 5.8 .9 0 0 4.2 ~ Peduncles ___________________ 0 .9 3.6 7. 5 6. 1 0 0 .6 0 0 0 
Ears________________________ 0 .7 13.3 22.0 0 ~ 2.3 4.2 11. 0 6.2 6.8 0 
Stalks ______________________ 5. 8 11.0 0 0 0 4.2 48.1 0 1-30 0 1.3 

0 1.2Other parts 1________________ .3 .7 .3 .3 1.5 0 0 0 0 ... 
1 On surface of plants and ill midribs of leaf blades. 

CI:) 
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GREEN-TASSEL STAGES 

Intrrfoliar spaces of the whorl persist more or less into the gl'cen
tassel stages (fig. 2, A, B, and 0), dependin~ on the growth habit of 
the strain of com. 'When plant growth dlU'J"!'g the early green-t.assel 
and mid-green tassel stages causes the interfoliar spaces to dry out 
and become obliterated many of the larvae in the first, second, and 
third instal's ascend to the tassel. Intel'foliar spaces persist between 
streamer leaves, or husk laminae, projecting from newly formed ear 
shoots, wllich are produced as ruciimcntflries as late as the midsilk 
stage (fig, 3, B) of most types of sweet com. 

In some varieties tassel infestation was begun during the mid
whorl stage, and thereafter larvae accumulated in the tassels from 
two SOlll'ces: (1) Newly hatchecllarvae ascending to the topmost part 
of the plnntj and (2) first and second instal's which had migrated 
from whol'1 spaces when t,hese became unsuilj!Lble to their requirements. 
BeLwoon the late-whorl and the mid-g1'oen-tassel st!Lges, while the 
tassel was still a clump of adhering bl'anches, first and second instal's 
entered spaces between st,filuinate spikclets and between the pedicels 
of stamill!l,te spikelets and the ~tlssel branch to which the pedicels 
were [1,ttaehed, and began excavations loading to entry of the florets. 
Many of the first-instal' larvae entered the tassel through the tip of 
the floret an(l fed on the lemmae and pale!te before ren.ching the 
anthors. A smaller percentage of the larvae invac1ill~ the tassel 
during tho midwborl 01' Inte-whorl stages became established at the 
juncture of the centru1 tassel spike with a branch and bored iuto the 
central spike at that point. 'fhese larvae were found to h:we grown 
to the third or i'olll'th instal' by the time tho plant bad reached the 
mid-green-tassol stage. 

In some stmins of corn the tassel branches adhere ill a clump 
dUrLng2 or 1110re dnys after emergence from the whorl (fig. 2, B), 
although high winds may causo earlier separation of the branches. 
When the In:anc'hes become sepamted many of (,he larvae are exposed 
and tho fLr~t four instal'S of these spin or drop to lower parts of the 
plant. NIigrll.tion is th(>;(1 rather precipitate, unlike the sllbscq uent 
migmtion out of the tasselliorets. The £torets, which contain lemma 
and palea bmcts, as well as anthors, provide a moist environment 
favorable to the larvae until the anthers begin to shed pollen. After 
pollen shedding begins, the dryness and loss of food in the plant 
render it undesimble. As indicated ill tables 5 and 7, movement from 
tIle tnssel f101'1'ts began during the In,te-green-tassel sLage, continued 
through the late-silk stage, and l'esultpcL in the appearance of third 
instiLl'S in lowcr shelter arcas of the plan t. 

A part of the peduucle below the tassel branches may be visible 
during the late-green-tassel stage (Jig. 2, 0), but it becomes exposed 
largcly during the silk stages. Larvae entered this part of the 
peduTle1e before it emerged from the leaf sheath of the topmost leaf 
blade, and they continucd to make entries as the peduncle 6>'l'CW up
ward. Later, dryness apparently mnde the arCil unacCel)tablc to 
wnndcl'ing hLrvae and a considemble number migrated from the 
peduncle. 
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• 


• 




• 


• 


• 


EUROPEAl.'f CORN BOHEn LOCA'l'ION ON 'fHE CORN PLANT 15 

Spaces benea,th the leaf shelLths becnme available to larvae during 
the late-green-tassel stage. Prior to this time the plants had made 
vigorous vegetative growth, accomplishing approximately four-fifths 
of tbeir vertical growth by the time they reached that stage. Upward 
growth hwolves the movement of each leaf sheath inside the one 
originating immediately below it, and this ,process continues until part 
of the stalk becomes visible, A.s a result of pressme caused by turgid
ity and growth, each ovedying leaf sheath adheres tightly to the one. 
inside it until the rate of ~rowth upward hfl.s been materially reduced. 
Up to thulatc-green-tassel stage (fig. 2, 0) very few larvae were found 
to pen.ctmte beneath the leaf she!1th, and penetration. was !1ccom
plished by cutting through the lig'liles, as has been ob"\'l'ved au.d de
scribed by Huber, Neiswander, uad Salter (9, p. 45). 

SII.I( STAGES 

'1'he silk stnges of gl"Owth (fig. 3, A, H, ancl 0) provide shelter areas 
ltu'gely in the kue and rudimentary enl"S and bellco.th the leaf sheaths. 
Newly hatched lnrvae, as well as second to fourth instal'S migmting 
from 'the tassel, find in these areas the moisture and food necessary to 
C'stablishllllilnt. .Lltl'val entry into the cars, begun in the late-whorl 
and ciu'ly gl'cen:-tassd stages, did not increase until the mid-green
t,llssd stage, when migrants Il'om the tassel began to appear in the ear 
shoots. IllCl'('aSes clueing the silk sta:;"£; (table 5) included larvae in 
the second, third, flud fourth instal'S which entered by way of the silk 
tunnel 01' crawled between th(~ sheath leaf and the husk leaves. 

'rho I'outes taken by larvae in reaching the stalk were similar to those 
{Iescl'ibed fOI'larvae entel'ing the peduncle. Raving reached the space 
benPltth the lcaf Rheath, they made excavations in its inner surface or 
in the I'ucLimcntn:ry ear deycloping at that point (see fig. 3, A, B). 
In the absence of suitable rudimentary ear tissue, the third and fourth 
instal'S b('gan bOl'ing into the stalk. While the coincidence of un
favorable sheltet, in the tassel for first-instal' lal'vae and the loosening 
of the ligules aceounted for some increase in the number of first instal"S 
in the h~nf sheath spaces, a considerable pL'Opol'tion of the increase in 
populat.ion was clue to migrating third and fourth instal'S, as shown in 
tables 5, (j, and 7. 

~[jgl'ation out of the rudimentary eal"S began with deterioration of 
the l'uciinlPntary cob and continued through the roasting-ear stage of 
plant gl'owth. J3y this time the infesting population had become 
est(tbIiRhcd in the cars, or in the stall,::, or beneath the leaf shen,ths-the 
last pfl,I'Ls to furnish moisture amI food in a dl'ying pizmt. As the corn 
plant m(lturcd the bOl'el' ('seaped from clr'yness largely by pupating or, 
in the ease of immn,ture larvae, by migmting from the plant as one part 
aftN' another became uudf'sirable. 

Broken mid.ribs of leaves afforded temporary shelter to migrating 
larvae. Although such brealmge occllrred during all plant-growth 
stages, sllch locations were useful to lal'vae only during the whorl and 
tassC'1 ~\tng('s, when the exposed tissues were compamtively sllcculent, 
In thC'se studi.es a l'C'lativcly unimportant perccntnge of the larvae 
inhabited breakng'c poillts in early types of sweet corn. 

http:studi.es
http:bellco.th
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DISTRIBUTION OF LA.RVAE IN PARTS OF THE PLANT 

Several items in table 5 are significant because they show that the 
distl-ibution of larvae in the ::!ame hybrid varies with seasop..al differ
ences and corresponding difierences in establishment, migration, and 
rl.'establishmeat, Differences in larval distribution attributable to 
differences in the season are illustrated by the fact that in 1940 the 
lat.'vae established themselves earlier in tassel areas, and made a shorter 

'stav in the intcrfolim' spaces, than in 1941. In 1940 the ear shoots 
became infested earlier and by larger percentages of larvae than in 
1941, but fewer boret;s entered the tassel florets. It is also noteworthy 
that, accompanying an eadi01' migration from the tassel dming the 
late-grcen-tttssel stage in 1940,0, larg01' number of the bOl'Ors were lost 
from the plants through accidents. and a smaller percentage of the 
migrating larvae became established in the car shoots, 

DUl'ing the 1940 infestation of the late-whorl stage 82 percent of the 
larvae were fonnd to have penetrated to the immature tassels, or 
staminate spikelets, developing within the whorls, as compared with 
53 pet'cent in 1941, A considerable percentage of these larvae were 
second instaL'S-78 pt'['ccnt in 1940 and 22 percent in 1941 (table 6), 
Apparently many of them eontinlled to gl'Ow during the late-whorl 
stage, as 22 and 16 pet't~ent of the lary'{te in the enrly g['een-tassel 
plants iv. 19'10 {tnd 1941, I'l.'specti vcly, we['e thiI'd instars, and appl'Oxi
mately one-third of thl'm were in that instal' at the time of migration 
fI'om the late g['cen tassels, 

Extensive vnriation in thl' ac('essibility, nnc! utiliza.tion of midwhorl 
and late-whod sh('lt('[, areas wns found among the four hybrids C(\J.ll

pared in table 8, Diffe['enccs in aVllilfLbility of protective areas 
explain differences in the infestation, as exemplified by the ear shoots, 
The length of the C'at' shoots varied with the earliness of the hybrid, 
Spancross, the Nlrlipst, showed g['('cn strea,rnel's, or husk laminae, 6 
inches long in the late-whol'l stag(\ as compared with 4-inch laminae 
in .Man!ross, . In Golden Cross, Bantam, and Carmelcl'Oss, on the 
othcr hand, nil part;:; of the ear shoot were coneenlecl beneath the leaf 
sheath, although, ex('eptionnlly, in plants in the late-whorl stage, 
l-illch and 2-in('h gn'PI1 laminae showed above the ligule, These 
difl'Cl'cnces in till' amount of SPfl(,(, available in the diffN'cnt varieties 
!Lecount 1'0[' thC' val'iation in pPI'centnges of larvae inhabiting late
who1'1 ear shoots (table 8), Expin.nation is not so obvious, however, 
ill the pe!'(!entnges of inj'pstation in immature tassels developing within 
the whol'l, including the il1{'ipient buds of thef\orets, OL' in the occur
rence of instal'S, In 1940 llppr:oxima.tcly hnIf' the larvae (55 percent) 
infesting midwhod .MiU'C['OSS pitmts had penetmted to the devcloping 
tassl'ls, as compnl'C'd with only 11 p('!'('ent in the 1941 planting of this 
hybrid, The difl'('['ence is attl'ibutnble to the cool, dry weathe[' I)['e
vailing dllring the midwhol'l {tnd lah'-whorl stages in 1940, which 
['estIlted ill propol'tionnt('ly less vegeti1tivc gL'Owth (table 2), 

La['val PCll(·tl'l1tion to the midwhor] tassels of Spancross and Ma['
{'['OSS, in conlrnst wilh the absence of larvae in the tassels of Golden 
Cross Bn,ntam, WitS !lot completely explained by the 100S01' winding 
of whods chl1l'adrriKti(' of the carlier yuric·tief'l, b('('iUlS(l s(lcoml instal'S 
Wel'(I obsC'rv('tl to lUnlH'1 through sP\Tprn.l lay(,rs of rolled leaf bladps 
to ('each the tnssel arcus 01' the earliest and second carliest varieties, 
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TA.BLE 8.~Location ojfirst-generation European corn borer larvae itt the 
whorl stages oj hybrtdS oj 013 and P 39 sweet corn at New lla'ven, 
Oonn. 

Perclllltage of larvae found in plant parts of

f 
! Golden-Marc ross Span- Carmel-Growth stage and shelter area c.ws:!C 6.13 cross crosS BantamC ".13 C 13XI) 39 
P39XP51 

I 

I!)40 1940 1940


194°1~ 
l\lidwhorl stage:.LeuC surface ______________ 7 t 2 5 7 8 


IntcrColiar space:;, ___ •. "•• _ 38! 88 ~ 8G 81 92 

Spaces of developing tasHel 1 

, 

I
within th,;, whorL _______ 55 I 11 , 9 12 0 


Late-whorl stage: I 


Leaf surface. - • _.. _. - _____ j o 1 3 0 0 3 

rnlerfolillr space;; . .. 12 I 39 16 31 90


I
Splices of developing tassel i 1 

• within U~e wh~~·I. _______1 35 ; 18 42 46 1 


Florets of exposed tasseL _______ 47 j 35 21 20 2
Ear shoots____________________ 5 21 2 4
61
1 


Apparcntly other characters were responsible for the continued high 
propOl'tion (90 percent) of the larvae found in interfoliar spaces of 
the late-whorl stage of Golden Cross Bantam. Further examination 
showed 40 percent of the infesting population to be first instal's, 
although in many plants excavation of tissues ha(1 ceased after the 
initial effort of the llll'vae had been expended. Many of the feeding 
areas were pin-point, trial pits, rather than the larger and elongated 
areas of continued excavation usually observed in early market types 
of com. These pin-point feedin~ areas resembled those described by 
Patch (11) in his study of the resistant hybrid R 4. In general, larval 
activity in Golden Cross Bantam was in marked contrast to the con
tinued excavation, development to second instar, and penetration ~.o 
tnsscl arras chal'act,eristic of larvae inf,~sting Spancross and .Marcross 
in midwhOl'l and late-whol'l stages of plant growth. It was concluded 
thn,t the larvae infesting these stages of Golden Cross Bantnm did not 
obtain from this food sufficient energy to continue excavntion nt the 
same rate as in the earlier varieties of corn. 

Differences in the distribution of larvae in flants of the four hybrids 
compared in to.ble 8 suggest the same genera cause i that is, vlu:iation 
in the ratio of cal'bohydrates to nitrogen, which may occur in the 
larval food chal'llcteristic of these hybrids in midwhorI and late-whorl 
stages. It will be recalled that external differences between the four 
hybrids were noted in the development of the ear shoots and these 
(lIft'N'cnces were in the o1'(ler of varietal earliness. In these four hy
bt'ids length of cal' shoot o.nd endilless were associntcd with the length 
of th(', pl'rdominantly veg('tative period of lraf blade and :.;tnlk gl'owth 
dunng which translocated food elements arc predominantly nitrog
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enous. In the earlier varieties this pedod was shot't(\Ued ~lnd a more 
equal balance of the ccftrbohydmte-nitt'ogen rl1tio was indicated by 
earlier development, of ear and tassel organs. 'Yith an increase in tlw 
availability of carbohydrate compounds to infesting Im'vae, greatl'l' 
provision WIlS mllde for active excavation and contiuuous insto'!' 
growth in the carly Spancl"Oss and ~lar('ross than in the midsenson 
Golden Cross Bantam. Differences in the distdbution of larvae in 
MllI"Cl'OSS in 1940 and 1941 were attl-ibuted to reduction in the length 
of the vegetative (nitl"Ogen) cycle of plant metabolism during the 
eooll'l" 1940 SPllson, wherells in H)41 highc?' tempcratUl;~s and increased 
availt\bility of plnnt food extended the pcl"iod of vegetutive growth. 

APj)LICATJO~ OF L\SECTICfIJES 

The sequenec of biologicnl (·V(·nts during gro,,"th sing('s of thp com 
plllnt illdielltcd thC' physicill propcrtics lH'N\C'c\ in ills('cti(:iC\o Illntcrillis 
to eombitt eorn bon'l' nnd the pl'ocp<im'e rcquil'cd in their appliention. 
Thp flhehpr IU·('·IlS entered by eom borel' 11l1'vlle are more Ilccessible to 
inSP('ticitips hnving pelletrating properties, but in the studies discussed 
in this pllblkation, the Ifl.['VIlC as tlwy migmted £l'om one plaut part to 
nnolher wpre, aU subject to the efl'cct of dcposits 01' barliel's of in
s('('ll('ides at points of Plltry. 

As mlllly of til(' se('ond and third instl11'S had already become es
tablished in thp ('OIlCNllcd tflssd, inse(,tieides IlppUed dlll'ing the whod 
stnges wcre efl'ective lfu'gely against first-instill' invadel'S of interfolin:r 
spllces, 'fhe insectieide mll!;L (·ilher be ab\p to ppnetl'llte deeply or 
the insoluble deposits must be mobile. Ellrly llllll'ket types of sweet 
corn Wel'C fouud to b(' subjpet to a l'elatiyp\y high infestlttion rate, 
with cxtensive establishment find sUl'yival during miclwhorl and late
whorl stages (fig. I, Band 0), whieh indicated t,he importance of 
insecticidal t1'pntment during these stages. 

'\TI1en tt'etttments are appliNI during the cady green-tassel (fig. 2, A) 
01' the mid-green-tassel (fig. 2, B) stage, more thnn 50 Iwrcent of the 
larvae on the plant occupy shelter [t],PtlS in the fllri(·d tassel, where 
mnny of them are a(~cessible toinseetieide (\('posits, To insure maxi
mum reduction of bOl'el'S at this time the iusectieidC' IHust be capltble 
eithel' of penetl'lltillg closely felted andwl1.\.·Y components of thp tassl'l 
01' of providing bnLTiel's thllt will be efipctive against sllccessful mi
gmtion out of the tasspl by seeond-, thinl.-, and fourth-instal' borers. 

The stalk ean be pl'otetted by penetrant 01' bll['['iC'l' insecticides de
posited at lene slwath openin~s during late-green-tnssel (fig. 2, 0) and 
early silk (fig. 3, ..4) stages of plllnt growth. 

It was evident (\tll'ing these studies of initial and secondar.V estab
lishment thnt probably no single application of an insecticide will 
suffice to protect the ears. It WIlS concluded that cal' pl'Otection can 
be accomplished orily by the following pl'Occdul'cs: (1) Reduction of 
the totallal'val poplllati.{)n, as some of the larvae from other parts of 
the plant arc potential contributors to ear infestation; (2) usc of an 
insecticide sufficiently effC'etive to protect the ear from thil~d- Ilnd 
fourth-instal' migmnts i flnd (3) so di['Pcting the applicntion as to insure 
deposits on the developing eal' shoots. 
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SUMMARY 

The areas of the corn plant that srrve as shrlter fOl' larvae of the 
l~Ul'Op('ftll corn borer ~py,.a1LSt(L n1lbilalis CUbn,)) were studied to de
termine trlPir I'('itltion to inseeticide deposits, 

Types {)f shelt('r area ehfll'llctel'istic of each of 12 stages of plant 
growth W(,I'(I (lxnmineci, !lnt! the pl'('vnlence of Im'vae in them was found 
to b(l afr(I('t('(\ by th(' growth stage and varietal growth rate of the 
plant and by lhr ~rowing season, 

hll('('('ssi V(I IO(,llliol1s used by the larvae for entry during growth of 
til(' plflut Wl'r(' ns follows: (1) Intpl'folial' spaces, (2) immature tassPis l 
(3) tHssci /lOI'ptS, (4) ('fU' shoots, (5) l~af sheaths, and (6) ears, The 
I'xtpnt to which th(' I'psppctivfl locntions Wel'C utilized for initial estab
lishnwllt vf\.I'iet! with lh(1 mntllrity of the plants when the larvae were 
haldting, li'('l'(ling ar:(lns W(,I'(' either oblitcmted through growth or 
W('1'(, IHnde uIHHlitflble for ll'l1nlwy by chnngcs resulting from plant 
d('vplopnH'llt. Spn('Nl illside ll.'il,f slH:,aths Iwcame available to the 
Inr'vuP during till' l!llp-c'L'('('n-tnsspl stngc, when t,he completion of 
inlc'1'1I0dnlnl' 'g,'owth nllcr the loosening of the sheaths permitted the 
Innrn(> to pnUil', 

~ Iigl'lltion of lnl'vfll' from l('!;s pl'Otpeti ve to more protective areas was 
found to ol'('ompnn,\' til(' d(·\rploprnpnt of spe('ifie plant-growth stages. 
TIll' eli I'('('t iOI1 nnd ::;NI1I('II(,(, or tlH'se migl'lltions Wl'l'C as follows: (1) 
]i'l'orn int(·d'olinnvhorl Spil(,PS to spaces of the plll'tilllly enclosed tassel; 
(2) from intPJ'fnlinr whorl Sptle('S to spnce an'as of the exposed tassel; 
(3) from spn('ps bt,tw('('Tl pnrlB of the II nIlIl'ling tassel to its stem, or 
ppdllllC'[(" and to rill' shoot:;; ('1) out of the tassel Horcts to the leaf 
shealhs Ilnd the l~fU'S; and. (5) fl'Om the tnssd peduncle to the leaf 
sltNlths !In!! the (,ill'S. Th!'sl' migl'iltions WC'I'(' pl'oportiollntely more 
iuq)ol'taut during the lille-whod, mid-gl'('cll,·tnsspl, nnd midsilk stages, 

Fir'lt-instnl' IfllTIl!' \\P\'P found to feed habitunlly below the upper 
Il1nl'gin of the' inll-rfoliH.!, moisture film, and accompanied this film 
downwlIl'd with pilLllIi growth oJ'l'('ll1ained at higher levels when water 
nnd plllnt fluids \\'('1'(' mOl'(' abundant, During dry wcntiH'r the lnrvae 
d('s('('r\(l!'d with 1I1(' lI1oistlll'C' rUm mol'(' ([p('ply into the int{'rfoliar 
SPII('P$, will'l'C' 11H',Y bp('IIIt\(' 1(,5s Il('{'('ssi bit, to insl'ctiddal cl('posits. 
Jn llH' l'ul'iiPI' hylwicis, Splttle'I'o,>s and~llU'(,I'oss, sl'eond instal'S pene
lL'ntl'd from till' Int(,I'folinl' SPIt('('!> to the pal'Liillly enclosed tassel during 
till' miriwhorl lind In (I'-whorl stn.gl'S, 

'I'll!' di,,(riillItiol1 of InrVil(' and tiwil' d~'\~el()pm('nt to mntu]'iliy in 
51H'lt(,I' 1I1'('IlS of plllllts in l11itiwilod nncl [ah,-whol'! stng<,s of ~ro\Vth 
"uriI'd with til(' ('lIriinpss Hnt! sl'llsonnl growth of the hybrid SWI'('t com 
st j'ld ns. J~vid('n('(' SlI~~('sl(·d that lit(· vllriMioll$ W('I'O du(' to <Iifrer
('11('("5 in tilE' ('nl'il(!hytirn1p-nitl'ogc'n rnlio during the slnges of plant 
growth. 'I'll!' ('nl'li('I' illel'pns£' of cnrbohydj,ttte cOllslitlll'nts in the 
pl)l'!i('I' hybrids, Spnn(:ross Ilnd .Mnl't'ross, I'esnlted in Cllrli(,l~ ditr('l'enti
lI.lion I\nd d('vl'lopnwnt of elLI: shoots, rnthe later variety, Golden 
('ross Bllntaln, llll'vae faih·d to penC'tl'atc depply and to feed exten
sivply, pl'Obilbly lWen.lIs(' the prpponr!t'I'llIl('e. of \'('gl'tative Illl'tnbolism 
('ilnnl!'t('rh;tie of the rnidwhorl !lnt! illt('-whori slilg('s d('lwiv!'d 1Ill'1ll of 
sufli<'ipnt ('urbohydr'n.t(', C1H'l'gy-pl'oducing llutdcnts to elliLule them to 
eXt'fLvfLtC, the. pliUlt tissues, 
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The data obtained on the occurrence and utilization of shelter areas 
by the larvae should be uscfHI in interpreting the performance oJ 
insecticides tested for European com borer controL Direct applica- • 
tion of this type of information would indicate the physical properties 
an. insecticide must have if it is to be effective against the borer, and 
the degl'ce of plant protection to be expected from treatments directed 
at spedfic shelter areas. 
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